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1. Introduction 

As stated by Gilbert and Tower (2013), a model is mathematically “closed” when we have 

enough independent equations to explain the endogenous variables. Besides, the election 

of exogenous and endogenous variables also determines the computability and 

complexity of the model (Hosoe, Gasawa & Hashimoto, 2010). As noticed by Decaluwé, 

and Monette (1988), Sen (1963) was one of the first that shed light on this issue by 

showing the complexity of simultaneously determine several economic variables in one 

single model. Nevertheless, from an economic perspective, the distinction between 

exogenous and endogenous variables goes beyond its mathematical tractability. The 

model closure directly alters the economic adjustment of the model and hence, the policy 

conclusions (Taylor & Lysy, 1979). More precisely, it affects key aspects of a project 

such as its financing, which can be done through direct taxation, indirect taxation, private 

savings, or debt raised from international capital markets. Each way has got different 

implications on income redistribution and the future dynamics of the economy.  

 

Finally, the model closure also affect the social welfare, which, compared with a 

counterfactual scenario, determine its final social benefit. So far, the literature on CGE 

has addressed the issue of the model closure focusing on its macroeconomic impact and 

the sectoral implications, rather than its effect in welfare (Sen, 1963; Decaluwe & 

Monette, 1988; Dewatripont & Michel, 1987; Rattso, 1982; Robinson, 2006; Adelman & 

Robinson, 1988; Doi, 2006; Hosoe et al, 2010 or Gilbert & Tower, 2013). In some of 

these cases, they do not even explicitly model a representative household, the so-called 

macro CGE models (Sen, 1963; Dewatripont & Michel, 1987; Rattso, 1982; Robinson, 

2006) or they assume non-homothetic preferences in household behaviour difficulting 

welfare comparisons (Adelman & Robinson, 1988). In other cases, they describe the 

theoretical macroeconomic implications of adopting some of the closures (Doi, 2006 

Hosoe et al, 2010 or Gilbert & Tower, 2013).   
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Thissen (1998) briefly introduces the Sen´s model mathematically as follows: 

𝑌𝑌 = 𝑓𝑓(𝐾𝐾, 𝐿𝐿)                                                                                                             (1) 

𝑤𝑤 = 𝜕𝜕𝜕𝜕(𝐾𝐾,𝐿𝐿)
𝜕𝜕𝐿𝐿

                                                                                                               (2) 

𝑌𝑌 = 𝑟𝑟𝐾𝐾 + 𝑤𝑤𝐿𝐿                                                                                                           (3) 

𝑆𝑆 = 𝑆𝑆𝑝𝑝𝑟𝑟𝐾𝐾 + 𝑆𝑆𝑤𝑤𝑤𝑤𝐿𝐿                                                                                                   (4) 

𝐼𝐼 = 𝐼𝐼∗                                                                                                                        (5) 

𝑆𝑆 = 𝐼𝐼                                                                                                                         (6) 

 

Equation (1) denotes the production function being 𝐾𝐾 (capital) and 𝐿𝐿 (labour) the factor 

of production. Equation (2) represents the demand of labour from production 𝑌𝑌, equation 

(3) denotes the income constraint of this economy where incomes from capital (𝑟𝑟𝐾𝐾 ) and 

labour (𝑤𝑤𝐿𝐿) equate total production 𝑌𝑌. Savings in this economy are assumed 

endogenously (equation 4) and they are represented as a share of their respective income 

(𝑆𝑆𝑝𝑝 and 𝑆𝑆𝑤𝑤) which, in a closed economy setting, equate investment (equation 6). Finally, 

equation 5 assumes that the level of investment in this economy have to match some sort 

of optimal investment equilibrium (𝐼𝐼∗).  

 

In total, the model consists of 6 equations and 5 endogenous variables. As explained by 

Thissen (1998), this model can be mathematically solved by dropping equation 5. Since 

Sen (1963), different model closures have emerged and nowadays they are generally 

classified into the following blocks: the savings-investment identity, the current 

account balance (open-economy setting) or the government behaviour. Some authors 

such as Gilbert and Tower (2013) define the previous block more compactly as macro-

closures1. While, at the same time, they distinguish other closures more focused on factor 

markets, micro-closures. For instance, whether prices of capital and stock of capital are 

assumed exogenous or endogenous; or especially the existence of unemployment in the 

                                                 

1 Thissen (1998) provides additional model closures, but focused on macro CGE models 
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model. Any of the previous closure blocks are ultimately linked to each other. I.e., the 

role of the government rising of lowering taxes affect disposable household income 

influencing both consumption and investment. On the other hand, assuming a fixed level 

of current account deficit/surplus or allow it to vary (endogenous) will determine the total 

level of savings of the economy as well.  

 

The remainder of the deliverable is structured as follows: Section 2 reviews the literature 

on the model closures. Section 3 covers the explanation and simulation of the main 

closures (savings-investment, government behaviour and current account balance) and 

micro-closure (unemployment). The shock in all models is the same and entails a rise in 

the capital endowment of 10%2. 

 

2. Literature Review  

This section reviews CGE models built to examine the welfare impact of policies or 

projects. We do not intend to provide a complete review of all possible CGE models with 

a welfare measure, but rather mention some of the models and examine their treatment of 

closure. CGE models have in the past decades widely been used to model socially relevant 

questions. It has been argued that CGE model findings are not much use unless the 

modeller pays attention to some details, such as the level of sectoral and household 

disaggregation, assumptions made about the specification of key relationships, and the 

extent to which it represents a good approximation of the working of the studied economy 

(De Maio, Stewart & Van Der Hoeven, 1999). Thus, CGE models are often criticised for 

the reliance on the assumptions made in developing them. A key issue concerns the 

closure of the model, namely macro-economic, factor market, and foreign exchange 

account closures. Zalai and Révész (2016) rightly point out that despite the early warning, 

the issue of model closure is largely neglected in CGE studies.   

                                                 
2 All closures have been modeled in Mixed complementarity format (MCP) (Böhringer et al, 2003). 

Under this format, the profit condition show a complementarity condition with the activity variables, 

the market clearance condition with the prices variables and the budget constraint with the income 

level. 
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Taylor (2016) argues that while sectoral disaggregation is central to CGE analysis, the 

sectoral outcome of the model depends strongly on the closure of the model. Although it 

has long been established that model closure affects it qualitative outcomes (Taylor and 

Lysy, 1979; Rattsø, 1982; Adelman and Robinson, 1988; De Maio et al., 1999; Taylor, 

2016), most models do not test the sensitivity of their results to model closure. 

 

De Maio et al. (1999) review CGE models developed to analyse the impact of adjustment 

policies on the poor in Africa and point out that macroeconomic and distributional 

outcomes of the models are a reflection of assumptions made about the parameters, 

behavioural assumptions and closure of the models. The authors indicate that a CGE 

model is only useful is assessing the implications of a policy or project proposal if the 

assumptions reflect the realities of the economy concerned.  

 

Dewatripont and Michel (1987) investigate the microeconomic foundations of the closure 

problem using a simple temporary competitive equilibrium model with perfect foresight 

assumption. The authors demonstrate the implications of price expectations for the 

construction of a temporary equilibrium framework. Kilkenny and Robinson (1990) show 

that despite the relatively small part of agriculture in the U.S. economy, the nature of the 

impact of changes in agricultural policies depends among others on the degree of factor 

mobility and microeconomic closure assumptions.  

 

Cloutier, Cockburn, Decaluwé, Raihan and Khondker (2008) provide a review on how 

the closure has been modelled in empirical CGE studies on the welfare implications of 

trade liberalisation in developing countries. They argue that most studies reviewed 

concluded that trade liberalisation a positive effect on the overall welfare of an economy. 

However, equally, other studies found no aggregate welfare effect. They pointed out that 

it is useful when evaluating findings to examine carefully the assumptions employed in 

the models concerning closure rules and market structure. The author indicates that it is 

not welfare gains from trade liberalisation are generally significant when the fixed foreign 

savings constraint is relaxed or when the models assume imperfect competition. They 

found that most models surveyed are closed in the (Neo) classical way, assuming fixed 
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investment, endogenous wages, exogenous labour and full employment. Most 

importantly, despite its fundamental role in the construction and simulation process, some 

studies failed to provide sufficient guidance about how the model is closed. 

 

Various authors carried out comparative analyses of alternative macro and factor market 

closures, such as Taylor –Lysy (1978), Rattso (1982), De Melo and Robinson (1989). 

Adelman and Robinson (1988) construct a CGE model to estimate the distributional impact 

of macroeconomic adjustment programmes in developing countries. Their model 

incorporated different closures, namely neo-Keynesian, neoclassical, alternative macro 

closures for the balance of trade, and a variety of structuralist macro closure rules. The 

authors concluded that, the functional distribution (i.e. distribution between profit earners 

and wage earners) but not the size distribution of income was sensitive to macro closure 

rules, and that the balance-of-trade closure was at least as important in determining 

distributional outcomes as the savings-investment closure.  

 

Bourguignon, Branson and de Melo (1989) construct a CGE model that incorporates a 

financial sector with a treatment of asset markets that closely correspond to the stylised 

description of developing countries financial markets. They use the model to examine the 

effects of stabilisation and structural adjustment mechanisms in emerging economies and 

conclude that the distribution of income and wealth is likely to be affected by alternative 

financial market closures. Rattsø (1982) claims that rather than building a general model 

and applying to all sorts of policy-experiments, “the particular economic problems should 

inform both model-closure and model-formulation”. The importance of simulating CGE 

models is confirmed by Decaluwé et al. (1987), who demonstrate that disturbances 

stemming from the supply or demand side of the economy may have different quantitative 

and qualitative impacts depending on the choice of a particular closure rule. 

 

Most CGE models developed to examine welfare implication have focused on trade 

policies. However, there has been in recent years a growing volume of CGE models about 

the welfare impact of, for example, externalities and climate policy regimes (Juana, 

Strzepek & Kirsten, 2008; Twimukye and Matovu, 2009; Devarajan, Go, Robinson & 
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Thierfelder, 2011; Pradhan and Ghosh, 2012; Dennis, 2016; Maddah, Berijanian & 

Ghazizadeh, 2018) or tourism expansion (Blake, Arbache, Sinclair & Teles, 2008; 

Wattanakuljarus and Coxhead, 2008; Li, Blake, & Thomas, 2013; Pratt, 2014; Njoya, , 

Semeyutin, & Hubbard, 2020). A review of these studies reveals that the majority of these 

studies undertook a sensitivity test to explore the robustness of the model findings to key 

parameters and elasticities, concluding that the results in different sensitivity analyses do 

not differ significantly (in magnitude and direction) from those in the base case (Li, Blake 

& Cooper, 2011; Dennis, 2016). However, like in most CGE models, these studies did 

not incorporate a sensitivity analysis to assess the sensitivity of the findings to different 

closure rules. 
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3. Model Closure 

3.1 Investment-savings closure 

Let assumes a closed-economy, with one representative household, two factors (capital 

(𝐾𝐾) and labour(𝐿𝐿)) and two goods (𝑋𝑋1,𝑋𝑋2). Equations (1.1) and (2.1) denote the zero-

profit condition equating total costs (𝐶𝐶𝑋𝑋𝑋𝑋(𝑃𝑃𝑙𝑙,𝑃𝑃𝑘𝑘)) and total incomes 𝑃𝑃𝑋𝑋𝑋𝑋at their respective 

initial values (𝑋𝑋�𝑋𝑋)3. Equation (3.1) represents the “zero-profit” condition of the 

representative household where the total level of expenditure (𝐸𝐸(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)) equates his 

welfare price index (𝑃𝑃𝑤𝑤); with an initial value of 𝑊𝑊� . The investment decision is introduced 

in a similar way to the previous equations being 𝐼𝐼(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2) the investment function and 

𝑃𝑃𝑋𝑋𝑖𝑖𝑖𝑖 the price of the total investment; with an initial value of 𝐼𝐼.̅ This economy faces a 

fixed level of capital (𝐾𝐾�) and labour (𝐿𝐿�) which are demanded as factors of production to 

produce 𝑋𝑋1 and 𝑋𝑋2 as shown in equations (5.1) and (6.1), where 𝑋𝑋�𝑋𝑋,𝑘𝑘 and 𝑋𝑋�𝑋𝑋,𝑙𝑙 denotes the 

initial demand of each sector (𝑋𝑋1and 𝑋𝑋2) concerning each factor (𝐾𝐾, 𝐿𝐿). Both goods (𝑋𝑋1 

and  𝑋𝑋2) are finally consumed (𝑊𝑊�𝑥𝑥1
𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥1
𝑊𝑊 and 𝑊𝑊�𝑥𝑥2

𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)
𝜕𝜕𝑃𝑃𝑥𝑥2

𝑊𝑊 ) or invested ( 

𝐼𝐼�̅�𝑥1
𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥1
𝐼𝐼 and 𝐼𝐼�̅�𝑥2

𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)
𝜕𝜕𝑃𝑃𝑥𝑥2

𝐼𝐼) according to equations  (7.1) and (8.1), where 

𝑊𝑊�𝑥𝑥1,𝑊𝑊�𝑥𝑥2, 𝐼𝐼�̅�𝑥1 and 𝐼𝐼�̅�𝑥2 denotes the initial demand from household and investment 

concerning each good, respectively. As shown in equation 10.1, the level of investment 

and consumption rely on the household endowment which is formed by the incomes 

obtained from labour (𝑤𝑤𝐿𝐿�) and capital (𝑟𝑟𝐾𝐾�) minus the total savings (𝑆𝑆̅) available in this 

economy that is assumed fixed (savings-driven closure). As it can be appreciated in 

equation (10.1), the existence of savings in this economy detract final consumption from 

the representative households affecting the welfare (𝑊𝑊) that can be attained (equation 

9.1). Finally, equation 11.1 equates investment (𝐼𝐼) and savings (𝑆𝑆̅).  

  

                                                 
3 Variables with an upper bar denotes initial values. See table A.1 to see the initial values of all models 
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𝑋𝑋�1𝐶𝐶𝑋𝑋1(𝑃𝑃𝑙𝑙,𝑃𝑃𝑘𝑘) = 𝑃𝑃𝑋𝑋1𝑋𝑋�1                                           (1.1) 

𝑋𝑋�2𝐶𝐶𝑋𝑋2(𝑃𝑃𝑙𝑙,𝑃𝑃𝑘𝑘) = 𝑃𝑃𝑋𝑋2𝑋𝑋�2                                           (2.1) 

𝑊𝑊�𝐸𝐸(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2) = 𝑃𝑃𝑤𝑤𝑊𝑊�                                              (3.1) 

𝐼𝐼�̅�𝐼(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2) = 𝑃𝑃𝑋𝑋𝑖𝑖𝑖𝑖𝐼𝐼 ̅                                               (4.1) 

𝐾𝐾� = ∑ 𝑋𝑋�𝑋𝑋,𝑘𝑘
𝜕𝜕𝐶𝐶𝑖𝑖(𝑃𝑃𝑙𝑙,𝑃𝑃𝑘𝑘)

𝜕𝜕𝑃𝑃𝑘𝑘
𝑋𝑋𝑋𝑋𝑋𝑋                                             (5.1) 

𝐿𝐿� = ∑ 𝑋𝑋�𝑋𝑋,𝑙𝑙
𝜕𝜕𝐶𝐶𝑖𝑖(𝑃𝑃𝑙𝑙,𝑃𝑃𝑘𝑘)

𝜕𝜕𝑃𝑃𝑙𝑙
𝑋𝑋𝑋𝑋𝑋𝑋                                               (6.1) 

𝑋𝑋�1𝑋𝑋1 = 𝑊𝑊�𝑥𝑥1
𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥1
𝑊𝑊 + 𝐼𝐼�̅�𝑥1

𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)
𝜕𝜕𝑃𝑃𝑥𝑥1

𝐼𝐼              (7.1) 

𝑋𝑋�2𝑋𝑋2 = 𝑊𝑊�𝑥𝑥2
𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥2
𝑊𝑊 + 𝐼𝐼�̅�𝑥2

𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)
𝜕𝜕𝑃𝑃𝑥𝑥2

𝐼𝐼              (8.1) 

𝑊𝑊�𝑊𝑊 = 𝑀𝑀
𝑃𝑃𝑤𝑤

                                                                  (9.1) 

𝑀𝑀 = 𝑟𝑟𝐾𝐾� + 𝑤𝑤𝐿𝐿� − 𝑆𝑆̅                                                      (10.1) 

𝐼𝐼�̅�𝐼 = 𝑆𝑆̅                                                                         (11.1) 

 

There are 11 endogenous variables are: 𝑋𝑋1,𝑋𝑋2,𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2,𝑃𝑃𝑘𝑘 ,𝑃𝑃𝑙𝑙 ,𝑃𝑃𝑤𝑤,𝑃𝑃𝑋𝑋𝑖𝑖𝑖𝑖,𝑊𝑊, 𝐼𝐼,𝑀𝑀, for 11 

equations. Thus, the model is “closed”. Alternatively, total savings can be assumed 

endogenous by modifying the following equations in the model: First let assumes that 

total savings (𝑆𝑆) vary according to the new equation (12.1) where (1 − 𝛼𝛼) represents the 

share of total income (𝑀𝑀) devoted to savings. As a result, equation (9.1) and (10.1) are 

rewritten as shown in equation (9a.1) and (10a.1), respectively. Now both investment and 

savings are endogenously determined within the model. 

  

  



10 D2: Theoretical issues of concern of the C- Bridge 

 

 

  

On the other hand, It should be also noted that if we now fix investment (𝐼𝐼)̅ while keeping 

saving endogenous the model would be also closed (investment-driven closure). 

 

𝑆𝑆 = (1 − 𝛼𝛼) 𝑀𝑀
𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖

                   (12.1) 

𝑊𝑊 = 𝛼𝛼 𝑀𝑀
𝑃𝑃𝑤𝑤

                             (9a.1) 

𝑀𝑀 = 𝑟𝑟𝐾𝐾� + 𝑤𝑤𝐿𝐿�                     (10a.1) 

 

The differences in results when adopting one of these two savings rules can be better 

appreciated when simulating both models. Assuming Cobb-Douglas cost functions 

(𝐶𝐶𝑋𝑋(𝑃𝑃𝑙𝑙,𝑃𝑃𝑘𝑘) = 𝑃𝑃𝑙𝑙
𝛾𝛾𝑖𝑖𝑃𝑃𝑘𝑘

1−𝛾𝛾𝑖𝑖)  for the production of both goods, investment (𝐼𝐼(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2) =

𝑃𝑃𝑥𝑥1
𝛽𝛽 𝑃𝑃𝑥𝑥2

1−𝛽𝛽) and household expenditure (𝐸𝐸(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2) = 𝑃𝑃𝑥𝑥1
𝜇𝜇 𝑃𝑃𝑥𝑥2

1−𝜇𝜇).The parameters of the 

models were calibrated according to the values shown in Table A.1 in Annex I .  

 

As shown in Table 1, the economic impact is very similar in magnitude in both closures 

and trigger the same economic adjustment. For instance, the variation in the sectoral 

production (𝑋𝑋1 and 𝑋𝑋2) is 1.116 and 1.076 in both cases, respectively. Besides as 

expected, the capital-intensive sector (𝑋𝑋1) is the most benefited of the rise in the capital 

endowment in both closures. And the price of capital reduces because of the rise in the 

supply of capital. Moreover, the variation in prices shows small differences in both cases. 

Nevertheless, the biggest differences emerge when analysing the change in welfare and 

investment. Assuming a fixed level of savings allow for higher welfare gains (1.191), 

while assuming savings endogenously detract consumption attaining lower welfare gains 

(1.095), but rising investment (1.095).  
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Table 1: results of investment-savings closure (deviations from  the initial equilibrium) 

 Exogenous-savings Endogenous-savings 

𝑋𝑋1 1.116 1.116 

𝑋𝑋2 1.076 1.076 

𝑊𝑊 1.191 1.095 

𝐼𝐼 1 1.095 

𝑃𝑃𝑥𝑥1 0.973 0.977 

𝑃𝑃𝑥𝑥2 1.009 1.013 

𝑃𝑃𝑘𝑘 0.904 0.908 

𝑃𝑃𝑙𝑙 1.085 1.090 

𝑃𝑃ℎ 0.991 0.995 

𝑃𝑃𝑋𝑋𝑖𝑖𝑖𝑖 0.991 0.995 
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3.2 Government closure 

The government fulfils the role of collecting taxes (both indirect and direct ones) while 

providing public goods and social transfers to households. Depending on which of these 

mechanisms are determined “out” or “within” the model affect the economic adjustment 

and the results. These variables may also vary to achieve some level of surplus/deficit. 

Additionally, this closure may also interact and affect the investment-savings closure in 

two ways: firstly, indirectly by changing the endowment of the representative households, 

which, in the last term, will also affect the level of welfare. And, secondly, directly by 

allowing the government to invest. In any case, the government behaviour assumed will 

entail economic adjustments which finally affect the outcome of the economy. The 

government is introduced in the economy as follows: 

 

�̅�𝐺𝐺𝐺(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2) = 𝑃𝑃𝑥𝑥1𝛼𝛼 𝑃𝑃𝑥𝑥21−𝛼𝛼 = 𝑃𝑃𝐺𝐺�̅�𝐺                                                                        (13.1) 

𝐺𝐺𝐺𝐺𝐺𝐺 = 𝑖𝑖𝑡𝑡𝑡𝑡𝑥𝑥𝑡𝑡𝑡𝑡 + 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡𝑟𝑟𝑡𝑡 + 𝑡𝑡𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡                                                             (14.1) 

𝑋𝑋�1𝑋𝑋1 = 𝑊𝑊�𝑥𝑥1
𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥1
𝑊𝑊 + 𝐼𝐼�̅�𝑥1

𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)
𝜕𝜕𝑃𝑃𝑥𝑥1

𝐼𝐼 + �̅�𝐺𝑥𝑥1
𝜕𝜕𝐺𝐺(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥1
𝐺𝐺                          (7a.1) 

𝑋𝑋�2𝑋𝑋2 = 𝑊𝑊�𝑥𝑥2
𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥2
𝑊𝑊 + 𝐼𝐼�̅�𝑥2

𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)
𝜕𝜕𝑃𝑃𝑥𝑥2

𝐼𝐼 +�̅�𝐺𝑥𝑥2
𝜕𝜕𝐺𝐺(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥2
𝐺𝐺                          (8a.1) 

𝑀𝑀 = 𝑟𝑟𝐾𝐾� + 𝑤𝑤𝐿𝐿� − 𝑆𝑆̅ + 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡𝑟𝑟𝑡𝑡                                                                       (10b.1) 

𝑋𝑋�1𝐶𝐶𝑋𝑋1(𝑃𝑃𝑙𝑙,𝑃𝑃𝑘𝑘) = 𝑃𝑃𝑙𝑙
𝛾𝛾𝑖𝑖𝑃𝑃𝑘𝑘

1−𝛾𝛾𝑖𝑖 = (𝑃𝑃𝑋𝑋1 + 𝑖𝑖𝑡𝑡𝑡𝑡𝑥𝑥𝑡𝑡𝑡𝑡)𝑋𝑋�1                                                  (1a.1) 

𝑋𝑋�2𝐶𝐶𝑋𝑋2(𝑃𝑃𝑙𝑙,𝑃𝑃𝑘𝑘) = 𝑃𝑃𝑙𝑙
𝛾𝛾𝑖𝑖𝑃𝑃𝑘𝑘

1−𝛾𝛾𝑖𝑖 = (𝑃𝑃𝑋𝑋2 +𝑖𝑖𝑡𝑡𝑡𝑡𝑥𝑥𝑡𝑡𝑡𝑡) 𝑋𝑋�2                                                   (2a.1) 

 

Equations (13.1) denotes the expenditure function of the government, where �̅�𝐺 and 𝑃𝑃𝐺𝐺  

represents the initial level of government expenditure and prices, respectively. The initial 

market clearance condition (7.1) and (8.1) have to be redefined to accommodate the 

demand of goods from the government (7a.1) and (8a.1).  The government demand these 

goods, provides social transfers to households (𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡𝑟𝑟𝑡𝑡) and collects indirect taxes 

(𝑖𝑖𝑡𝑡𝑡𝑡𝑥𝑥𝑡𝑡𝑡𝑡) according to equation (14). The production of goods 𝑋𝑋1 and 𝑋𝑋2, equations (1.1) 

and (2.1), have also to be modified to account for the burden of the indirect taxes (1a.1) 

and (2a.1). Finally households endowment is also extended to include the social transfers 
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(𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡𝑟𝑟𝑡𝑡) (10b.1). Initially, indirect taxes are endogenous while transfers and surplus 

are fixed (exogenous-transfers). 

Now, Let assumes that the government decides also varying the social transfers 

(𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡𝑟𝑟𝑡𝑡) (endogenous-transfers) to keep the government surplus constant as shown 

in equation 15.1. Alternatively, the surplus may also be assumed endogenously yielding 

different results.     

𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡𝑟𝑟𝑡𝑡 = 𝑖𝑖𝑡𝑡𝑡𝑡𝑥𝑥𝑡𝑡𝑡𝑡 − 𝑡𝑡𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡                     (15.1) 

 

Table 2: results of investment-savings closure (deviations from  the initial equilibrium) 

 Exogenous-transfers Endogenous-transfers 

𝑋𝑋1 1.059 1.059 

𝑋𝑋2 1.039 1.039 

𝑊𝑊 1.081 1.064 

𝐺𝐺 1.098 1 

𝐼𝐼 1 1 

𝑃𝑃𝑥𝑥1 0.991 0.991 

𝑃𝑃𝑥𝑥2 1.010 1.010 

𝑃𝑃𝑘𝑘 0.953 0.953 

𝑃𝑃𝑙𝑙 1.049 1.049 

𝑃𝑃𝑤𝑤 1 1 

𝑃𝑃𝑋𝑋𝑖𝑖𝑖𝑖 1 1 

𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡𝑟𝑟𝑡𝑡 1 1.098 

𝑡𝑡𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡 1 1 

 

As shown in Table 2, both closures,  Exogenous-transfers and Endogenous-transfers, lead 

to equivalent economic adjustments in term of production and prices, but they slightly 

differ in the change in welfare, 1.081 and 1.064, respectively. As it can be also 
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appreciated, with fixed transfers, the rise in the collection of taxes raise the consumption 

of the government as well (1.098). While allowing transfers to vary, the level of 

consumption keep constant for the government.  

 

3.3 Current-Account closure 

The last macro closure refers to the consequence of adopting an open-economy 

framework. In this case, the main issue of concern is related to the existence of foreign 

deficit or surplus and how financing it. Moreover, it should be remembered that this 

deficit/surplus is directly linked to the level of savings in the economy. I.e., now in an 

open-economy situation total savings is disentangled into domestic (𝑆𝑆𝑑𝑑) and foreign 

savings (𝑆𝑆𝜕𝜕) widen the investment-savings closure (𝐼𝐼 = 𝑆𝑆𝑑𝑑 + 𝑆𝑆𝜕𝜕). At the same time, the 

government closure can be also affected when assuming public foreign deficit/surplus. 

The standard closure assumes a fixed current account surplus/deficit, while the exchange 

rate, imports and exports vary to match the initial surplus/deficit. This closure is widely 

used in small open economies where international prices are assumed exogenous and the 

availability of foreign savings is limited (Hosoe, at al, 2013; and Gilbert & Tower, 2013). 

Besides, this closure also enhances the welfare analysis because it prevents from welfare 

change caused by changes in the net foreign position (borrowing/lending from abroad). 

the open economy is modelled using equations (1.1) to (11.1) and adding the following 

equations (16.1-19.1) (exogenous current-account): 

 

�̅�𝐴𝑋𝑋𝐴𝐴𝑋𝑋 = �̅�𝐴𝑋𝑋𝑚𝑚𝑋𝑋
𝛼𝛼𝑖𝑖𝑑𝑑𝑋𝑋

1−𝛼𝛼𝑖𝑖 ;  where   𝑖𝑖 = 𝑋𝑋1,𝑋𝑋2                            (16.1) 

𝐸𝐸𝑋𝑋����𝑥𝑥1𝑃𝑃𝑥𝑥1 = 𝑃𝑃𝑓𝑓𝑃𝑃𝐸𝐸𝑋𝑋����𝑥𝑥1                                                           (17.1) 

𝐸𝐸𝑋𝑋����𝑥𝑥2𝑃𝑃𝑥𝑥2 = 𝑃𝑃𝑓𝑓𝑃𝑃𝐸𝐸𝑋𝑋����𝑥𝑥2                                                           (18.1) 

𝑀𝑀 = 𝑟𝑟𝐾𝐾� + 𝑤𝑤𝐿𝐿� + 𝑑𝑑𝑡𝑡𝑓𝑓𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡����������                                                     (19.1) 

 

Equation (16.1) allows for imperfect substitution between imports (𝑚𝑚𝑋𝑋) and domestic (𝑑𝑑𝑋𝑋) 

goods/services (Armington, 1969) where 𝛼𝛼𝑋𝑋 and (1 − 𝛼𝛼𝑋𝑋)  represents the share of imports 

and domestic goods, respectively. Equations (17.1) and (18.1) denotes the share of the 
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domestic production (𝑋𝑋1 𝑡𝑡𝑡𝑡𝑑𝑑 𝑋𝑋2) that is devoted to exports. Where 𝑃𝑃𝑓𝑓𝑃𝑃 denotes the real 

exchange rate, and 𝐸𝐸𝑋𝑋����𝑥𝑥1and 𝐸𝐸𝑋𝑋����𝑥𝑥2 the respective initial values of exports.  The income 

constraint is also modified to encompass the inclusion of the current account deficit that 

is assumed fixed (𝑑𝑑𝑡𝑡𝑓𝑓𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡����������). The positive sign of the déficit denotes that the rest of the 

world is financing the economy. The adjustment of the income constraint would be the 

same in the case of current account surplus, but with a negative sign (𝑀𝑀 = 𝑟𝑟𝐾𝐾� + 𝑤𝑤𝐿𝐿� −

𝑡𝑡𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡����������) denoting that the economy is financing the rest of the world. 

 

Combining equations (16.1-19.1) with equation (20.1) allows endogenizing the current 

account deficit that was held constant in equation (19.1) (endogenous current-

account). 𝜕𝜕𝑥𝑥1 and 𝜕𝜕𝑥𝑥2 denote the share of exports in the total production for 𝑋𝑋1 and 𝑋𝑋2, 

respectively.   𝑖𝑖𝑡𝑡𝑖𝑖𝑑𝑑𝑡𝑡𝜕𝜕,  𝑖𝑖𝑡𝑡𝑖𝑖𝑑𝑑1, 𝑖𝑖𝑡𝑡𝑖𝑖𝑑𝑑2, 𝑖𝑖𝑡𝑡𝑖𝑖𝑚𝑚1, 𝑖𝑖𝑡𝑡𝑖𝑖𝑚𝑚2 denotes the initial values of the current 

account deficit, the initial domestic production of good  𝑋𝑋1 and 𝑋𝑋2, and the initial imports 

of 𝑋𝑋1 and 𝑋𝑋2, respectively. 

𝑓𝑓𝑑𝑑𝑡𝑡𝜕𝜕𝑋𝑋𝑑𝑑𝑋𝑋𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖𝑑𝑑𝑡𝑡𝜕𝜕 = (𝑖𝑖𝑡𝑡𝑖𝑖𝑥𝑥1𝜕𝜕𝑥𝑥1𝑋𝑋1 + 𝑖𝑖𝑡𝑡𝑖𝑖𝑥𝑥2𝜕𝜕𝑥𝑥2𝑋𝑋2)− 𝑖𝑖𝑡𝑡𝑖𝑖𝑚𝑚1𝛼𝛼𝑥𝑥1𝐴𝐴𝑥𝑥1 − 𝑖𝑖𝑡𝑡𝑖𝑖𝑚𝑚2𝛼𝛼𝑥𝑥2𝐴𝐴𝑥𝑥2               (20.1) 

Finally, including equation (21.1) forces that any change in savings is financing through 

foreign savings. 

𝑑𝑑𝑡𝑡𝑠𝑠𝑓𝑓𝑠𝑠𝑐𝑐𝑤𝑤 𝑃𝑃𝑓𝑓𝑃𝑃 =  𝑓𝑓_𝑑𝑑𝑡𝑡𝑓𝑓𝑖𝑖𝑑𝑑𝑖𝑖𝑡𝑡 𝑃𝑃𝑋𝑋        (21.1) 

 

According to table 3, the biggest changes are in prices, foreign deficit ( 

𝑓𝑓_𝑑𝑑𝑡𝑡𝑓𝑓𝑖𝑖𝑑𝑑𝑖𝑖𝑡𝑡) and real exchange rate. With an endogenous current account the foreign deficit 

rises with the rise in the capital endowment. But, the change in welfare and investment 

remains the same when assuming financing investment through foreign savings. 

Nevertheless, in the latter the economy is more expensive (𝑃𝑃𝑤𝑤=1.028) than in the other 

two closures.  
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Table 3: results of current-account closure (deviations from  the initial equilibrium) 

 Exogenous  
current-
account 

Endogenous  
current-
account  

Endogenous  
current-account* 

 

𝑋𝑋1 1.061 1.061 1.061 

𝑋𝑋2 1.036 1.036 1.036 

𝑊𝑊 1.044 1.049 1.049 

𝐼𝐼 1.044 1.049 1.049 

𝑃𝑃𝑥𝑥1 0.979 0.979 1.012 

𝑃𝑃𝑥𝑥2 1.010 1.010 1.044 

𝑃𝑃𝑘𝑘 0.952 0.949 0.981 

𝑃𝑃𝑙𝑙 1.047 1.043 1.078 

𝑃𝑃𝑤𝑤 0.999 0.995 1.028 

𝑃𝑃𝑋𝑋𝑖𝑖𝑖𝑖 0.999 0.995 1.028 

𝑓𝑓_𝑑𝑑𝑡𝑡𝑓𝑓𝑖𝑖𝑑𝑑𝑖𝑖𝑡𝑡 1 1.049 1.049 

𝑑𝑑𝑡𝑡𝑠𝑠𝑓𝑓𝑠𝑠𝑐𝑐𝑤𝑤 - - 1.049 

𝑟𝑟𝑡𝑡𝑡𝑡𝑠𝑠_𝑡𝑡𝑃𝑃𝑑𝑑ℎ𝑡𝑡𝑡𝑡𝑎𝑎𝑡𝑡_𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 1.004 0.995 1.028 

*financing investment through foreign savings 
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3.4 Unemployment closure 

The existence of unemployment can easily be included in the CGE framework by 

extending the income constraint as follows: 

 

𝑀𝑀 = 𝑟𝑟𝐾𝐾� + 𝑤𝑤𝐿𝐿�

1−𝑈𝑈0
− ( 𝑤𝑤𝐿𝐿�

1−𝑈𝑈0
)𝑈𝑈                                             (21.1) 

𝑃𝑃𝑙𝑙 = 𝑃𝑃ℎ                                                                             (22.1) 

 

𝑈𝑈0 denotes the initial unemployment level and 𝑈𝑈 is a variable that initialy equates 𝑈𝑈0. 

Equation (22.1) represents the shadow price of labour and assume that workers are willing 

to work when the variation of salaries equate the variation of the cost of living. Finally,  

the variable 𝑈𝑈 acts as a complementary variable of this equation as follows: (𝑃𝑃𝑙𝑙 = 𝑃𝑃ℎ) ⊥

𝑈𝑈4. Besides, the investment is omitted from this model for the sake of clarity. Thus, the 

model with an unemployment closure is based on equations (1.1) to (9.1), but omitting 

equation (4) and detracting the investment demand from equations (7.1) and (8.1). Now 

both goods are demanded as follows: 

 

𝑋𝑋�1𝑋𝑋1 = 𝑊𝑊�𝑥𝑥1
𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥1
𝑊𝑊        (7b.1) 

𝑋𝑋�2𝑋𝑋2 = 𝑊𝑊�𝑥𝑥2
𝜕𝜕𝜕𝜕(𝑃𝑃𝑥𝑥1,𝑃𝑃𝑥𝑥2)

𝜕𝜕𝑃𝑃𝑥𝑥2
𝑊𝑊        (8b.1) 

 

As shown in Table 4, there are significant changes in production and welfare when 

assuming unemployment. The rise in capital endowment together with the unemployment 

ease an induced effect.  On the contrary, prices vary sharply with full employment.  

 

                                                 
4 An alternative common way of modeling unemployment is assuming a wage curve (Banchflower & 

Oswald, 1995). 
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Table 4: results of unemployment closure (deviations from  the steady state) 

 Full employment unemployment 

𝑋𝑋1 1.059 1.100 

𝑋𝑋2 1.039 1.100 

𝑊𝑊 1.049 1.100 

𝑃𝑃𝑥𝑥1 1.040 1 

𝑃𝑃𝑥𝑥2 1.060 1 

𝑃𝑃𝑘𝑘 1.001 1 

𝑃𝑃𝑙𝑙 1.101 1 

𝑃𝑃𝑤𝑤 1.050 1 
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Appendix  

Table A.1: calibrated initial values of the CGE model* 

 Investment-

savings-closure 

Government-

closure 

Current-

account 

closure 

Unemployment closure 

𝛾𝛾𝑥𝑥1 0.6 0.6 0.6 0.6 

𝛾𝛾𝑥𝑥2 0.4 0.4 0.4 0.4 

𝛽𝛽𝑥𝑥1 1 1 1 1 

𝜇𝜇𝑥𝑥1 0.5 0.5 0.5 0.5 

𝜇𝜇𝑥𝑥2 0.5 0.5 0.5 0.5 

𝛽𝛽 0.5 0.5 0.5 0.5 

𝜕𝜕𝑥𝑥1 - - 0.40 - 

𝜕𝜕𝑥𝑥2 - - 0.40 - 

𝛼𝛼𝑥𝑥1 - - 0.45 - 

𝛼𝛼𝑥𝑥2 - - 0.45 - 

𝐸𝐸𝑋𝑋����𝑥𝑥1, 𝑖𝑖𝑡𝑡𝑖𝑖𝑥𝑥1 - - 40 - 

𝐸𝐸𝑋𝑋����𝑥𝑥2, 𝑖𝑖𝑡𝑡𝑖𝑖𝑥𝑥2 - - 40 - 

𝑚𝑚�𝑥𝑥1, 𝑖𝑖𝑡𝑡𝑖𝑖𝑚𝑚1 - - 50 - 

𝑚𝑚�𝑥𝑥2, 𝑖𝑖𝑡𝑡𝑖𝑖𝑚𝑚2 - - 50 - 

𝑖𝑖𝑡𝑡𝑖𝑖𝑑𝑑𝑡𝑡𝜕𝜕 - - 20 - 

𝑓𝑓_𝑑𝑑𝑡𝑡𝑓𝑓𝑖𝑖𝑑𝑑𝑖𝑖𝑡𝑡 - - 1 - 

𝑑𝑑𝑡𝑡𝑠𝑠𝑓𝑓𝑠𝑠𝑐𝑐𝑤𝑤 - - 1 - 

𝑋𝑋1��� 100 100 100 100 

𝑋𝑋2��� 100 100 100 100 

𝐼𝐼 ̅ 100 100 100 - 

*initially all prices are equal 1.  
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Table A.1 (continue): calibrated initial values of the CGE model 

 Investment-

savings-closure 

Government-

closure 

Current-

account 

closure 

Unemployment closure 

𝑊𝑊�  100 120 120 200 

𝑀𝑀�  100 120 120 100 

𝐾𝐾� 100 100 100 100 

𝐿𝐿� 100 100 100 100 

�̅�𝐺 - 20 - - 

𝐺𝐺𝐺𝐺𝐺𝐺������ - 20 - - 

𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑓𝑓𝑡𝑡𝑟𝑟𝑡𝑡�������������� - 20 - - 

𝑑𝑑𝑡𝑡𝑡𝑡𝑥𝑥𝑡𝑡𝑡𝑡������� - 20 - - 

𝜕𝜕𝑥𝑥1 - - 40 - 

𝜕𝜕𝑥𝑥2 - - 40 - 

𝛼𝛼𝑥𝑥1 - - 0.45  

𝛼𝛼𝑥𝑥2 - - 0.45  

𝐴𝐴𝑥𝑥1 - - 110 - 

𝐴𝐴𝑥𝑥2 - - 110 - 

𝑚𝑚𝑥𝑥1 - - 50 - 

𝑚𝑚𝑥𝑥2 - - 50 - 

𝑑𝑑𝑥𝑥1 - - 60 - 

𝑑𝑑𝑥𝑥2 - - 60 - 

𝑑𝑑𝑡𝑡𝑓𝑓𝑖𝑖𝑑𝑑𝑖𝑖𝑡𝑡 - - 20 - 

𝑈𝑈0 - - - 0.1 

𝑈𝑈 - - - 0.1 
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