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ABSTRACT
Keynes (1936) wrote his magnum opus, The General Theory Of Employment, Interest And Money during the Great Depression of the 1930-s. At about the same time, Leontief (1936) came up with his seminal article that culminated in the genesis of the Leontief Input-Output System. These two revolutionary ideas provided the foundations on which researchers developed two major strands of economy-wide quantitative methodologies, namely Macro-econometric Modeling and Input-Output Models. Over time, both approaches have developed a rich tradition of empirical studies, focusing specially on economic analysis and policy prescriptions for managing the economy. Klein (1978, 1986) advocated the integration of these two systems into a framework that incorporates substantive structural details, allowing for both structural and macroeconomic policy. Several countries have developed models using this integrated approach, in the light of Klein’s ideas. The present paper makes a critical review of these Integrated Macro-econometric And Input-Output Models with respect to their objectives, methods of estimation and their results. The review includes, among others, selected developed countries such as the USA, Canada and Japan and several developing nations of the world. Models reviewed from developing countries include, among others, Bangladesh, Nepal, Sri Lanka, India and Iran from Asia, Egypt and Nigeria from Africa and Brazil and Mexico from Latin America. This critical review will contribute to the further development and refinement of the Keynes-Leontief-Klein type of models, which have become especially relevant in the light of the economic crisis in the present era of globalization. 
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1. INTRODUCTION

Keynes (1936) wrote his magnum opus, The General Theory of Employment, Interest and Money during the Great Depression of the 1930-s. At about the same time, Leontief (1936) came up with his seminal article that culminated in the genesis of the Leontief Input-Output System. These two revolutionary ideas provided the foundations on which researchers developed two major strands of economy-wide quantitative methodologies, namely Macro-econometric Modeling and Input-Output Models. Over time, both approaches have developed a rich tradition of empirical studies, focusing specially on economic analysis and policy prescriptions for managing the economy.

A Macro-econometric Model consists of behavioral equations and identities that indicate the various interrelationships of a macroeconomic framework and portray the structure of an economy. The numerical relationships embedded in the equations and identities are estimated using econometric techniques.  The results provide a systematic explanation of how the economy works. Such a model can be validated empirically and used for simulating the effects of policy changes. Bodkin, Klein and Marwah (1986a, 1986b, 1991), Bodkin and Marwah (1988) and Bodkin (1988) discuss the trends in Macro-econometric Modeling from the 1960-s through late 1980-s. Diebold (1998), Valadkhani (2004) and Jayawickrama (2007) also provide comprehensive historical accounts of Macro-econometric Modeling. 

An interesting way of looking at the literature on economy-wide econometric modeling is to distinguish between Structural and Non-structural Models with a view to assessing the future of Macroeconomic Forecasting (Diebold, 1998). Structural Models are based on some underlying theoretical underpinnings whereas non-structural models are, generally speaking, a-theoretical in nature (Diebold, 1998). The importance of Structural Macro-Econometric Modeling grew rapidly during the 1950’s and 1960’s and has since played a very influential role in economic policy formulation. The late 1970’s, the 1980’s and 1990’s saw several critiques of this methodology. These criticisms have been based on the systems, expectations and dynamics of the models (Pandit, 2001). Monetarist critics (Anderson and Carlson, 1970) constructed the St. Louis Model. The Rational Expectations School developed rapidly to overtake Monetarism and Sargent (1976) constructed the first forward-looking Macro-econometric Model. As a response to these criticisms, Econometricians and policy-makers rallied together with the consensus that eclectic Macro-Econometric Modeling should be pursued vigorously (Klein, 1986; Pandit, 2001; and Bhattacharya & Kar, 2002). It would be very pertinent to note that Economic and Econometric Models reflect the way in which people actually behave, rather than the way they ought to (Klein, 1986), which provides a very strong rationale in favor of serious Macro-Econometric Modeling exercises in the context of  both developing and developed economies. Although structural modeling took a backseat following the decline of Keynesian Theory, in recent years powerful new dynamic stochastic general equilibrium theory has been developed, and structural macroeconomic forecasting is poised for resurgence (Diebold, 1998). In spite of the development of new methods of modeling such as Vector Auto-regression (VAR), as also alternative approaches like Computable General Equilibrium (CGE) modeling, Hall (1995) argues that none of these approaches can replace the approach of structural modeling. With these observations, we now attempt to develop a brief overview of Input-Output Models.

The Input-Output model is an adaptation of the neo-classical theory of general equilibrium to the empirical analysis of interdependence between different activities (Leontief, 1966). An Input-Output table is essentially a detailed account of the inter-relationships that exist among various sectors of an economy. It provides a detailed and very useful framework for analyzing various types of economic issues. An article by Leontief (August, 1936) on Input-Output relationships in the US economy marked the beginning of this major branch of quantitative economics. After that, Leontief (1941, 1951 and 1953a) developed his methodology and applied it to the detailed study of  the structure of the US economy. Extensive surveys of the various applications of Input-Output analysis and its extensions are available in Stone (1984) as well as Rose and Miernyk (1989). Miller and Blair (2009) and ten Raa (2005) provide excellent comprehensive theoretical and empirical discussions on I-O models.

The Input-Output Model is versatile. Input-Output models can readily incorporate pricing and dynamics. Input-Output models can be used for such purposes as forecasting and planning. In general, Input-Output can be used in conjunction with other methodological approaches to policy analysis, such as scenario modeling, simulation and optimization. In the area of planning, Input-Output  can serve as a substitute for the information that might otherwise be provided by the market, or it can provide some insights into the consistence of future outcomes in a market system. The Input-Output model is also used in regional and inter-regional analysis. Small area Input-Output models have been constructed at country or even community levels. On the other extreme, Leontief and his associates (1977) have constructed a global model in which blocks of countries are considered ‘regions’. 

Input-Output and Macro-econometric models can be connected together. Klein (1978, 1986) advocated the integration of these two systems into a framework that incorporates substantive structural details to analyse and   forecast economic trends and fluctuations allowing for both structural and macroeconomic policy. A typical Macro-econometric-Input-Output Model uses econometric methods to estimate final demand expenditures such as consumption expenditure, investment expenditure, net exports etc., which in turn are used to construct the series of final demands in the input-output framework. The final demands for the various producing sectors of the economy are related to gross industry outputs by the usual input-output relationships. Finally, the assumption of constant shares of value added in gross industry outputs provided estimates of gross national product originating in the different sectors of the economy.  Concisely, the Input-Output model needs something to ‘drive’ it, if it is to be used to project output for future years. This typically involves the use of exogenous forecast of final demand elements, which is based on a Macro-econometric model (Rose and Miernyk, 1989). 

The combining of an Input-Output Model and an Econometric model dates back to the Brookings Quarterly Forecasting Model (Duesenberry et al., 1965). Another early use of Input-Output analysis in combination with conventional Macro-econometric modeling is found in a monograph prepared by a committee of ten Japanese econometricians under the Economic Planning Agency of the Government of Japan (1965). More recent work by Stevens et al. (1981) has conjoined the two models at regional level. 

The organization of the present paper is as follows. Section 2 provides an overview of the methodology of an Integrated Macro-econometric and Input-Output Model. Sections 3 and 4 survey some of the Integrated Macro-econometric and Input-Output Models constructed for various developed and developing countries respectively. Section 5 provides a brief overview of Inter-industry Macro-econometric Models, a close variant of the Integrated Macro-econometric and Input-Output Model. Sections 6 and 7 present similar surveys of Inter-industry Macro-econometric Models, constructed for various developed and developing countries respectively. Sections 8 outlines a simple integrated approach based on the review of the literature and Section 9 concludes the paper.  

2. MACRO-ECONOMETRIC-INPUT-OUTPUT MODELS

As far as could be determined, input-output techniques were first combined with Macro-econometric modeling in the Brookings Econometric model of the US economy, volume [7,8]. Another early use of input-output analysis in combination with conventional Macro-econometric modeling is found in a 1965 monograph prepared by a committee of ten Japanese econometricians, under the Economic Planning Agency of the Government of Japan. Two other systems that integrate conventional Macro-econometric modeling and input-output analysis may be mentioned explicitly. The first is the path-breaking work of Professor Richard Stone and his associates in Cambridge, England in 1962 through 1965. Secondly, Clopper Almon (1966) combined input-output analysis with behavioral relationships estimated by regression techniques, in order to study problems in the allocation of labor among industries. In the Brookings Model volume [7], input-output techniques are used for output conversion along the following lines. Nineteen types of final demand by category of use such as consumption of non-durables, non-farm residential construction expenditures, net exports etc., were considered. These served selectively as explanatory variables for the constructed series of final demands (the input-output concept) for each of the seven major producing sectors. The final demands for these producing sectors were related to gross industry outputs by the usual input-output relationships. Finally, the assumption of constant shares of value added in gross industry outputs provided estimates of gross national product originating in the seven sectors producing of the economy. 

3. MACRO-ECONOMETRIC-INPUT-OUTPUT MODELS FOR DEVELOPED ECONOMIES

Large-scale Macro-econometric and input-output modeling flourished during the 1960s. During this period, the Brookings Model (Duesenberry et al., 1965) was constructed. Comprehensive macro models like the Wharton (Preston, 1972, 1975), and CANDIDE (McCracken, 1973), were built (Valadkhani, 2004) to provide information to private enterprises. The general belief was that full-grown models would contribute substantively to the understanding of economic processes as also the solution to real-world economic problems (Sowey and Hargreaves, 1991). Some of the major works in this area are as follows.

3.1 The Brookings Model, USA

A later version of the Brookings model is described in a book (Fromm and Taubman, 1968). In this version, a second, improved estimate of gross national product originating in a particular sector is obtained by regressing the measured level of product originating in each of the sectors of the model on the respective first round estimate and on the lagged value of the discrepancy between the measured value and the first round estimate. On the side of prices, the duality of the price conversion process with the output conversion process was clearly recognized. With the coefficients obtained from the above regressions, the Brookings authors were able to generate first round estimates of the implicit deflators of nine categories of final demand expenditures as linear homogeneous functions of the industry prices of for the seven major producing industries. Refined estimates of the implicit deflators were obtained by regressing these final demand deflators on their respective first estimates and the lagged discrepancies between the actual deflators and their respective first round estimates.

3.2 The Wharton Model, USA

In The Wharton Annual and Industry Forecasting Model, Preston  (1972) takes 19 categories of final demand by ultimate use and converts them first into final demands by industry and then, by using the standard Leontief inverse, into gross outputs by industry. Finally, the gross outputs are converted into gross national product originating by some 50 industries. Thus, given a structure of final demand, it is possible to generate predictions of gross national product originating in 50 industries under the assumption of constant coefficients of the three conversion matrices for the year 1958. These estimates of the gross national products of the various industries can be compared to the national income estimates (prepared by the US Department of Commerce) of the actual amount of gross national product of the corresponding industries. Preston solves what he calls the “problem of changing coefficients” by a set of adjustment equations that model the discrepancies between the measured and calculated levels of gross national product originating from each of the 50 industries. On the side of price determination, Preston makes use of the duality principle inherent in the use of an input-output model for the determination of real output by industry. Starting with seven major sector price levels which represent the sector deflators of the 50 industries of his model and which are either exogenous or determined elsewhere in the model, Preston forms linear combinations to obtain first estimates of  the expenditure deflators. The linear combinations are derived from the transpose of the three conversion matrices described above in the determination of real output by industry in Preston’s model. Finally, these first estimates are subjected to an autoregressive correction equation. Thus, Preston’s method of correction in the price determination process is similar to the method employed by the Brookings Model.

3.3 The CANDIDE Model, Canada

The CANDIDE (McCracken, 1973) model builders took a good part of their inspiration from the seminal work on the US economy by Preston (1972). This was The Wharton Annual and Industry Forecasting Model. The acronym CANDIDE model derives from the CANadian Disaggregated Inter-Departmental Econometric model (or project), which is a large-scale model of the Canadian economy, fitted to annual data, for medium-term analysis. It intended to be a general-purpose model, though not a panacea for all policy problems. The simultaneous core of the CANDIDE Model 1.0 contained more than 1000 non-linear equations and the entire model contained more than 1500 equations, which requires the use of high-speed computational facilities. An important feature of the CANDIDE model was its disaggregating nature at two levels, namely the real magnitudes (quantity of outputs) and prices. The principal differences between Preston’s approach and the CANDIDE model are the fact that Preston uses a square Input-Output system while a rectangular system is used for the CANDIDE Model and the fact that the two models were developed for the US and Canadian economies respectively. The rectangular input-output sub-model used in CANDIDE was a condensation of a large rectangular input-output system for Canada described in The Input-Output Structure of the Canadian Economy, 1961, developed by the Input-Output Research Division of Statistics, Canada (1969). The CANIDE Model 1.0 determines 166 time series of final demand data by category of final use. There are 41 consumption expenditure categories, 6 categories of government expenditures on the current account, 39 machinery and equipment investment categories, 40 categories of investment in structures, 12 categories of imports, 25 export categories and 3 categories of inventory investment. Government spending on capital account appears in one of the several investment expenditures categories. The model leads to the determination of real gross domestic product originating in 43 industries. In the first stage, the 166 categories of final use are converted into demand classified by some 84 commodities by a rectangular Converter-Matrix of Expenditures, E*. This produces the vector of commodities block Y, in constant dollars. Total requirements of each of these 84 commodities are calculated by adding the sum of intermediate uses of each commodity in all the 51 industries together with the final requirements. This step uses the well-known “industry-technology” assumption and postulates that the ratios of intermediate commodity inputs to total industry outputs are (provisionally) constant. The associated matrix of dimension 84x51 is defined as A. Next, a moderately strong assumption that industries maintain (to a first approximation) their shares in the total outputs of the various domestically produced commodities, a “market shares” matrix D of dimension 51x84 is constructed. This matrix converts the vector of gross outputs of the 84 commodities into the gross outputs of the 51 industries in the input-output classification used in the model. Thus, in matrix notation, we have 

Y = E*. F

Q= AX + Y where X is the 51x1 vector of domestic industry output and 

X = DQ = D(AX + Y) = DAX + DY. Thus, we have

(I-DA)X = DY

It is not difficult to show, under certain reasonably realistic conditions that the generalized Leontief matrix is in fact non-singular and so possesses an inverse matrix, which has a standard matrix series approximation. Given the existence of the generalized Leontief inverse (I-DA) -1, we obtain the unique solution of gross outputs of the 51 industries by the input-output classification. This is given by X = (I-DA) -1 DY. The gross outputs are aggregated into 43 sectors and the sector-level value addition is calculated for each sector by using a diagonal matrix of shares of gross domestic products in gross industry outputs. 

3.4 Models for European Countries

Recently this integration framework has gained importance in the literature. Kratena and Streicher (2009) provide an outline of options and strategies for closing Input-output Models by stepwise endogenisation of  variables and embedding the IO core into a general macroeconomic model. The process of endogenising and modeling includes different steps like endogenising final demand and factor demand, applying macroeconomic closure rules and full modeling of factor markets. 

Kratena, Mongelli and Wueger (2009) have estimated a household demand system including price and income parameters as well as other socio-demographic variables by consistently combining time series and cross section data of aggregated household expenditure for EU15 countries and a cross section data set of household budget surveys for five European countries. The estimated demand system is integrated into an Econometric Input-Output model based on Eurostat Supply and Use Table, recently proposed by Kratena and Streicher (2009).  It captures the response of European Household Budget allocation to changes in commodity price, income and household characteristics and analyses the impacts on output and employment in Europe.

3.5 Models for Japan

The Economic planning Agency of the Government of Japan (1965) developed a sequence of five econometric models in which the time horizon gradually shortens and the degree of detail progressively increases. The final two models in this finite sequence are the inter-industry model and the integrated model for macroeconomic and inter-industry projections make extensive use of what the Brookings authors call “real side conversion” (output conversion). The principal focus of the inter-industry model is the issue of translating final demand by category of final use through the medium of final demand by product (industry) into output by some 60 industries. The gross value added or gross domestic product is calculated in real terms for these 60 producing sectors, and the outputs are aggregated into some 25 sectors, from which labor and capital requirements are calculated. The labor requirements are calculated by a log-linear relationship between the real wage and the average product of labor while the capital requirements are obtained by inverting a Cobb-Douglas production function, which allows for neutral technological progress. These developments are carried further in the case of the integrated model. The integrated model extends the analysis of the inter-industry model by adding a prices block, a number of equations for determining functional shares of income and by some final demand equations, which are specified in nominal terms. In this integrated model, a number of repercussions of industrial output levels on the determination of final demand can be taken into account. 

Using a short-term Multi-Sector Japanese Macro-econometric Model (MS-JMACRO), Takeshita (2002, 2004) has carried out policy simulations and discussed the multiplier effect of public investment in Japan. According to the simulation results, the multiplier becomes large when public investment is allocated more to the agriculture, construction and tertiary industries in Japan.

The next section takes a look at some of the integrated models constructed for developing countries.

4. MACRO-ECONOMETRIC-INPUT-OUTPUT MODELS FOR DEVELOPING ECONOMIES

The use of the Input-output Table in a Macro-econometric model ensures that the supply side has not been neglected since both the intermediate and final demand encompass demand for capital goods and other factors of production (Klein, 1965). The volume of work in this area in developing countries is not small. We have been able to source models for several Asian countries including India, Bangladesh, Nepal, Iran, Indonesia, Malaysia, the Philippines, Thailand, Korea, Singapore, China, and Taiwan as well as two African countries – Egypt and Nigeria. In addition, we have come across models of Brazil and Lithuania. The present authors have also developed and estimated an Integrated Model for the developing economy of Sri Lanka (Ghosh, Dhar and Chakraborty 2007, 2008a, 2008b and Ghosh, 2010). Now we discuss some of these works in brief. 

4.1 A Model for Egypt

Elkhafif (1997) developed a Macro-econometric Input-Output Model for forecasting and simulation of Egypt (MIMFSE). The model consists of equations of a macroeconomic model and input-output relations. On the macroeconomic side there ate three main blocks namely the Domestic Expenditure Block, Fiscal Relations and Money Supply, and External Balance. The macro model analyses National Income, Factors of Production, Wages and Prices, as well as the Population and Labor Force. The Domestic Expenditure Block explains total consumption and investment expenditure in the economy in real terms. Total real consumption expenditure has two components, private and government. Real government expenditure is explained as the ratio of total nominal government consumption to the implicit GDP-deflator. Real Private Consumption expenditure is on food and non-food items. Each of these is explained by regressions in logarithmic terms. Real consumption of food depends upon its own one-period lagged value, real Disposable National Income, relative price of food and the ratio of the wage bill to the operating surplus after adjustments for transfer payments. Similarly, the real consumption of non-food items depends upon the real disposable national income, ratio of factor incomes, relative price of non-food items and its own one-period lagged value. Private Real Investment is explained by a regression equation in logarithmic terms that has five explanatory factors, namely real GDP at Factor Cost, the average lending rate of interest, an index of energy prices, Government real Investment expenditure at a one-period lag and other real government capital expenditure including capital transfers. Total real investment is the sum of private and government real investment. 

In the Fiscal and Monetary Block, Total Government Consumption is defined as the sum of Government Consumption on health and education and other government expenditure including defense and security. Each of these components is in nominal terms. Per capita GDP  at market prices and total Energy Demand together explain the Government Nominal Consumption Expenditure on Health and Education. Total Government revenue is defined as the sum of government taxes, import duties, grants and other government revenues, each variable measured in nominal terms.  Tax revenues depend upon GDP at market prices, both variables measured at current prices, in nominal terms. Import taxes are a function of Imports. Government transfer payments net of subsidies are a function of government revenues at current prices. Welfare payments and subsidies are added to the government’s transfer payments net of subsidies to obtain government transfer payments including welfare and subsidies. The government’s outstanding foreign debt is also included in this block of equations. Interest payments on foreign debt and the outstanding principal amounts are modeled separately. Total government outlays are obtained by adding Government Consumption, Government Investment Expenditure, Government Transfers including Welfare Expenditures and Subsidies, Annual Debt-Service Payments, and Other Government Capital Expenditures including Capital Transfers. This helps to formulate the Budget Deficit as the excess of Total Government Outlays over Total Government Revenues. The Budget Deficit net of Foreign Financing is met out of credit from the domestic Banking Sector. Now the Money Supply appears. It is linked with bank credit to the government and the private sectors as also the Balance of Payments. A Dummy Variable is included to account for structural changes in the money supply.

The External Block is modeled in real terms. It considers major categories of exportable such as cotton, Manufactured Goods, Suez Canal Revenues, oil exports, other exports and non-factor services. Workers’ remittances appear as an additional source of funds from the rest of the world. The major categories of imports considered are non-durable and durable consumption goods, capital goods, raw materials, intermediate goods, fuel and a residual category of imports. The current account balance at current prices derives from the gap between export earnings, workers’ remittances, unrequited transfers – all on one side – and total value of imports on the other side. The capital account balance in current prices is defined as the sum of net inflow of FDI and other types of foreign capital, exceptional financing including foreign debt, loans and grants for BOP support, and inflow of external debt net of principal repayments of previous external debt. Foreign reserves are defined as the sum of their own one-period lagged values, the current balance and net revaluation in the foreign reserves, in nominal terms.

From the domestic expenditure Block, Fiscal and Monetary Block and the International Trade Block, we arrive at the real GDP on the expenditure side. These are converted into value additions in the major sectors of the economy such as Agriculture, Manufacturing, Oil and Gas, Public Utilities and Construction, and the service sector after pre-multiplying by the Leontief Inverse and Value-addition coefficient matrix. For each category of value addition thus arrived at , there is a corresponding residual value added. These residual value additions are separately explained by regressing each residual category on a time-trend, own one-period lagged values and other relevant variables such as dummy variables for structural shifts, world oil prices and energy index. Thus, the Input-Output model converts GDP on the expenditure side to Real National Income at factor cost or value addition at factor cost. Real National Income at market prices is obtained by adding Net Indirect Taxes. Nominal GDP at factor cost is the product of Real GDP at factor cost and the GDP Deflator. Similarly Nominal GDP at market prices is calculated by multiplying real values with the corresponding implicit GDP deflator. Real GNP, Real Net National Income and Real National Disposable Income are also estimated.

The Factors of Production consist of capital stock and the level of employment. Total Energy Demand is arrived at by adding the demand for electricity, oil and Natural gas. Each of these three categories is modeled in of energy demand is modeled in logarithmic terms. Electricity demand depends upon its own one-period lagged value, electricity price, Real Disposable National Income, and the existing capital stock. Demand for oil is a function of prices of oil and Natural Gas, a time trend, Real GDP at Factor Cost, own one-period lagged values and a dummy variable. The demand for Natural Gas depends upon gas prices, a time trend, a dummy and own one-period lagged values. Wages and prices are also modeled explicitly in this block. This completes the circular flow of the economy. Equations are developed to estimate the wage rate index, energy price index, implicit GDP deflator,  Food Price and Non-Food Price indexes, Import and Export Price Indexes, the Average Wage Rate, Real Value Added, Wage Bill after adjustments for transfer payments and Real operating Surplus after adjustment for transfer payments. Finally, the population and labor force are modeled by using demographic variables  such as Birth Rates, Death Rates and Immigration. A base-population is estimated for the age group six to sixty-five years. The Labor Force and Unemployment rates were estimated from the participation rates and employment data. This elaborate model was used for studying the energy pricing policy and economic growth in Egypt as a part of Research in Human Capital and Development in 1997.

4.2 A Model for Nigeria

A similar model developed by Ajakaiye (1986) also integrates macroeconomics and input-output theory with the purpose of simulating employment and manpower implications of Macroeconomic policies in Nigeria. The Input-Output coefficients are segregated into domestically sourced input coefficients and imported input coefficients. The integrated model has five main components – Sector-level Outputs, Employment, Income, Private Final Consumption Demand and the Price Formation Block. Estimates of Macroeconomic variables were developed at sector levels and converted into estimates of Sector-level Outputs using the Leontief inverse computed from the domestic input-output coefficients. The model estimates employment from these sector outputs by using coefficients of sector-level manpower requirements. Wage and Profit Coefficients, together representing unit-level value addition, convert the gross outputs into Total Income. Private Final Consumption Expenditure is estimated from Total Disposable Income after allowing for Taxes and deducting the private savings. The Price formation equations are adopted from the standard Input-output structure where each sector-level price is derived from input prices of capital, labor and imported intermediate inputs. Net Indirect Taxes and Depreciation are included in the Market Prices. The Exchange Rate is used to convert the foreign currency prices of imported intermediate inputs into domestic currency prices.

4.3 A Model for Bangladesh

Another developing country for which an integrated Macro-econometric and input-output model has been developed is Bangladesh (Chowdhury, 1983, 984). Chowdhury argues strongly in favor of using this type of a model specifically for developing economies, by citing references from Klein (1965, 1978, 1982), and Morishima (1972), where it has been suggested that the Keynesian and Leontief Systems should be welded together. Chowdhury’s model (1983) analyses the working of the Bangladesh economy for the period 1959-60 to 1980-81. The Macro-econometric sub-model is highly aggregative. It estimates Private Consumption, Total Gross Fixed Investment and three categories of imports – consumer goods, investment goods and intermediate goods. Government Consumption and Exports are exogenous to the model, used in the definition of GNP. Private Consumption is a function of Disposable Income, which in turn is Income net of Tax Revenues collected by the government. Tax revenue is exogenous. Investment depends upon GNP, Total Credit advanced to Private and Public Sectors and Foreign Capital Assistance. In the absence of a well-developed money and capital market, the model uses the credit channel to explain the behavior of investment in Bangladesh. The coefficients of all the explanatory variables are found to be significant at either 1% or 5% levels. There are different methods of tying up the macro model with the input-output structure. An abridged version of Chowdhury’s paper (1983), based on the work of Preston (1972), uses a conversion matrix to transform GNP by Final Expenditure into GNP by Value Addition.  The conversion matrix is obtained by post and pre-multiplication of the Leontief Inverse with the Industrial Distribution (of the Final Demand) Matrix and the Value Addition Matrix respectively. The Industrial Distribution Matrix considers the sector-level final demands to be in fixed proportions of the final demand structure of a given Input-output table. Chowdhury has worked out the Conversion Matrix using a forty-seven sector Input-output table of Bangladesh for 1970-71. The utility of this approach is that it shows the impact of a change in any component of the final demands of  each sector of the economy, for the given input-output table. Hence it can be used to decompose the aggregate components of Final Demand i.e. Private Consumption, Gross Investment, Exports etc. into the sector-level final demands for final consumption, investment and so on. This is worked out by substituting the Macro-econometric estimates of the Final Demand Components into the equation Y=EG, where Y is the column-vector of sector-level Final Demand, E represents the Conversion Matrix H(I-A)-1B, H is the Industrial Distribution Matrix, B the Value Addition Matrix and G is the column-vector of Macro-econometric Estimates of Final Demand. Since the estimated Macro-econometric equations at the aggregate level contain the exogenous variables of the model, the final demand for each sector is a function of the same exogenous macroeconomic variables. That is, for the ith sector we have, Yi = fi ( Credit, Government Consumption, Foreign Capital Assistance, Exports, Government Total Revenue). Each of the exogenous variables in the function can now be used as a policy variable to simulate the working of the economy.  The model is validated by calculating the Root Mean Square Percentage Errors and a consistency check of the 1981-82 government budget is worked out. 

4.4 A Model for Nepal

Ra and Rhee (2005) report that in Nepal too, a combined Macro and Input-Output model was introduced in the preparation of the long-term industrial planning 1989. Another source of this information is a mimeograph by Development Study Consultants (1990). The Input-Output model of 39 sectors was jointly developed and combined with the Macro Model to derive policy implications of alternative development strategies at the detailed industrial level as well as the National level. The main objective of the model was to determine the optimum volume of investment under an acceptable rate of inflation, acceptable ratio of deficit, realistic level of foreign assistance, and a stipulated  growth rate of per-capita consumption. A similar version of the Macro-econometric model was also used in the formulation of the Eighth Plan. Further, while the Tenth Plan was being formulated, the Integrated Macro and Input-output model was used to set the growth rates as well as to determine the investment levels at both, the sector-levels and the aggregate level with disrupting Macroeconomic Stability.

4.5 A Model for Iran

Valadkhani (1996) has constructed a Macro-econometric--Input-Output Model for the Iranian economy using annual time-series data for the period 1964-1992. This model attempts to incorporate the production structure of an I-O system into the econometric model for Iran. A conversion matrix translates the aggregate demand components into the sector-level value additions, to capture the interdependencies among the related sectors, as suggested by Klein (1983) and Bodkin (1976).

4.6 Models for Brazil and Mexico

Perobelli, Mattos, Haddad and Silva (2007) developed a paper that shows a possible extension of the Macro-econometric-Input-Output paper constructed by Mattos et al. (2005) for Brazil. This paper uses the approach of Vector Auto-Regression and Error Correction models to link with the IO part. Seguy and Ramirez (1975) developed a paper to integrate an input-output matrix in a national income determination Macro-econometric model for the Mexican economy. Simulation multipliers are computed and compared for three sectors: agriculture. basic metal industries and transportation. One of the interesting results is that the agricultural multipliers are the highest ones leading to the conclusion that development efforts should give more attention to agriculture.

4.7 A Model for Lithuania 

Frits et al. (2005) present a medium-sized macro-economic and multi-sector model of the Lithuanian economy using econometrics on a limited number of quarterly observations. A central element in the model is a 12-sector input/output table of the Lithuanian economy facilitating analyses of structural changes. The general formulation of equations is the error correction model. Model properties are illustrated in a standard public consumption simulation experiment. 

4.8 A Model for Sri Lanka

Ghosh, Dhar and Chakraborty (2007, 2008a and 2008b) and Ghosh (2010) have developed and estimated a Keynes-Leontief-Klein type of an Integrated Macro-econometric and Input-Output Model for Sri Lanka. Several simulations have been used to study the past performance, make future projections, analyze the government finances with a policy perspective and to study the structure and growth of the economy. 

4.9 A Model for India

India has a rich tradition of building economy-wide quantitative models. Indian Macro-econometric Models are rich in content, by any standards. Krishnamurty (2002) provides an excellent summary of Indian Macro-econometric Models. Indian researchers also made team-efforts to build and maintain models for India. Two such teams are the IEG-DSE Research Team (May 1995) and the IEG-CPB-IPC Research Team (1997). One of the latest available reports based on the CDE-DSE-IEG Model for India is the “India Link - Fall Forecast, October 2008” (Dua, Bhanumurthy and Kumawat, 2008). Input-Output Models have also been extensively used in the Indian context. Studies on the Indian Economy including Indian Planning Models have extensively used IO techniques since the 1950’s. These are extensively documented in four volumes edited by Mathur and Bharadwaj (1967), Mathur and Venkatramaiah (1969), and Mathur (1976a, 1976b). A more recently edited volume by Somayajulu and Prasad (2000), contains articles that analyze the Indian Economy in the I-O framework. The question therefore arises whether there is any necessity of developing an integrated Macro-econometric and Input-output Model for Economic Policy making in India. In this context, it needs be mentioned that Indian Planners have used such integrated models in their multifarious exercises. A typical example is the mathematical scaffolding of the Technical Note to India’s Fifth and Eighth Five-Year Plans (GOI 1973, 1995). The need of the hour is to revive that tradition and carry it forward. 

4.10 An International model

A paper by Yano and Kosaka (2003) aims at analyzing exchange rates and trade patterns of Indonesia, Malaysia, the Philippines, Thailand, China, Korea, Singapore, and Taiwan in relation to Japan and the United States, with reference to the Asian currency crises in 1997. In order to analyze these issues, they constructed an international Input-Output model linked with Macro-econometric models of the ten countries/regions. 

Next we turn to a close variant of  Keynes-Leontief-Klein type of models, namely the Inter-Industry Macro-Econometric Models.

5. INTER-INDUSTRY-MACRO-ECONOMETRIC (IM) MODELS
The history of Inter-Industry-Macro Models (IM) models is almost as old as the macro models. The empirical implementation of these models has generally evolved along with the available computing resources. Klein (1986) gives an example of a model he calls a ‘Keynes-Leontief’ model that is a Macro-IO model with details that cause it to be close to an IM model. The general idea of an IM model is to use econometric equations to predict the behavior of each sector of each real final demand category at a detailed level. Then the detailed predictions are used along with the input-output coefficient matrix to generate sector-level outputs. In an economy modeled with four sectors, the IM approach would estimate 20 separate equations for final demand – 5 final demand types, with 4 sectors each. In contrast, the Macro model would estimate 5 equations – one for each type of final demand. Then the Macro-IO model would ‘share’ out these projections with the specific industries. The advantage of IM over Macro-IO model for sector-level analysis is economic consistency. Sector-level developments drive the Macro totals creating a ‘bottom-up’ flow. GDP, total employment and other aggregates are derived by adding up the sector-level predictions. This is in direct contrast to the Macro-IO approach but it is more like the Computable General Equilibrium or Applied General Equilibrium (AGE) models. The major advantage of the IM approach over the AGE approach is that it uses as much data about the economy as the modeler can feed into it.
IM models for some developed economies are reviewed in the next section.

6. IM MODELS FOR DEVELOPED ECONOMIES
Several developed countries including the United States, Canada, Japan Germany, Austria, France, Italy, Belgium, Austria, Mexico, Poland, United Kingdom, and Spain have been using Inter-industry Macro-econometric models to address economic issues. We shall discuss some of these models.
6.1 An IM model for the USA
Several developed countries including the United States, Canada, Japan Germany, Austria, France, Italy, Belgium, Austria, Mexico, Poland, United Kingdom, and Spain have been using Inter-industry Macro-econometric models to address economic issues. We shall discuss some of these models. Almon et al (1974) is a good source for the early background of IM models. Currently an IM model called LIFT, (Long Term Inter-industry Forecasting) designed for the US economy is being maintained by INFORUM (Inter-industry Forecasting at the University of Maryland), USA. The project was founded by Almon in 1967. McCarthy (1991) presents a more recent survey that covers the structure of this model. LIFT has three component parts: 1) the real or product side 2) the price or income by industry side and 3)the accountant.  The real side estimates final demands, output by producing sector, and labor requirements. The price side estimates both the components of gross product originating by industry (value added) and the unit prices by product. The accountant closes the model with respect to income, determines economic aggregates, and estimates transactions that have not been calculated elsewhere in the model. The three parts are run iteratively until the model converges to a solution. LIFT is a macroeconomic model in that it determines all the variables considered in macroeconomics – income, savings, employment, interest rates, inflation and so on. There is no aggregate driver. The model differs from most other macro models for industry detail is central for the model’s structure and causation. 

6.2 A model for Poland

An INFORUM Model was developed for the Polish economy at the by a team at the Lodz University (Orlowski and Tomaszewicz, 1991), consisting of four blocks – the input-output equations, the final demand equations, the income and price equations and the foreign trade equations. 

6.3 A model for Germany

A fully integrated dynamic econometric and input-output model was developed for the erstwhile Federal Republic of Germany (Diechheuer, Meyer and Schuman, 1984), which treats  prices and quantities as endogenous variables. 

6.4 A model for Italy

The Italian member of the INFORUM Group, INTIMO (Inter-industry Italian Model) also has fully integrated real and nominal sides. INTIMO has been described by a number of papers. The real side of the model is outlined in Grassini (1983a, 1983b). A set of 40 equations form the system of demand functions modeling private consumption. The foreign sector is based on 26 equations respectively for imports and exports of commodities and about 11 equations for imports and exports of services. The foreign sector is discussed in Barnabani (1983), Grassini (1983c) and Barnabani, Grassini (1985). The integration of the real and price side is covered in Ciaschini, Grassini (1983). The price side of the Italian model is presented by Grassini (1987). Bardazzi, Grassini and Longobardi (1991) have used the INTIMO model to analyze the and clarify the treatment of Value Added Tax in the Italian economy.

6.5 An international Model

The international linking of the INFORUM Models of various countries is presented in Nyhus (1983, 1986, 1991) and Almon (1979). National economies are inter-related by various ties but above all by trade flows and prices. The linkage of country-level integrated Input-output-Macro-econometric models by means of international trade and prices has added a new dimension to integrated modeling. By the end of the 1980-s, Models for the United States, Canada, Japan Germany, Austria, France, Italy and Belgium were already linked while Austria, Mexico, Poland, United Kingdom, Spain and South Korea were also being gradually drawn together (Nyhus, 1991).  Some bilateral linkages were also formed. The INFORUM Models of Mexico and USA were linked together with bilateral trade flows and used to simulate a free trade agreement (Almon, Riuz-Moncayo and Luis Sangines, 1991).

The next section reviews some of the IM models for developing economies.

7. IM MODELS FOR SOME DEVELOPING ECONOMIES
Literature on this area is relatively thin for developing countries. Two studies can be mentioned, one for China and another for Thailand.

7.1 A model for China

The evolution of China from a command to a mixed economy was modeled by using MINFAN       (Medium- term Inter-industry Forecasting and Analyzing Tool) model (Chen, 1991). The major ingredients of this model are about 100 behavioral equations and a  24x24 input-output matrix. The model provides year-to-year forecasts, five to ten years into the future, for mode than 100 important economic variables such as gross output values for 24 production sectors, met output values for 5 material production sectors, employment and fixed asset investment for 20 sectors, personal income, consumption expenditures, price indexes and all the variables in the Material Product Balance System. The major exogenous variables in the MINFAN Model are input-output coefficients, total bank loans, Planned Fixed Asset accumulation rate, sector-level net exports, public consumption and population.

7.2 A model for Thailand

A Dynamic Inter-industry Optimization Model has been developed for Thailand by Manprasert (2004) in the tradition of the INFORUM Models. It is a long run forecasting model based on a dynamic inter-industry framework incorporating detailed sector-level interrelationships. The model can be used for policy simulations and demonstrates an optimization technique which allows policy-makers to choose an optimal path for tax rates to affect inflation and unemployment. The model uses a series of 26-sector Thai Input-Output Tables and adopts a bottoms-up approach. Estimations are conducted at sector-levels. The sums of the sector estimates provide the values of the aggregate variables. The Input-output table is the core of the model ensuring a consistency between production and price-income variables. Further discussion about the structure of the model is available in Almon, Buckler, Horwitz Reimbold (1974), McCarthy (1991), Klein, Welfe and Welfe (1999) and Almon (2000). A large database is required for such a detailed approach to policy modeling. National income Accounts of Thailand and Five-yearly Input-Output Tables published by the National Economic and Social Development Board (NESDB) of Thailand were used.  The Input-output tables of Thailand consist of five interrelated tables: a table of flows in purchaser prices, a table for wholesale margins on those flows, a table of retail margins on those flows, a table for transportation costs included in the flows and a table of imports included in the flows. The process of estimation in this model consists of three major steps: Initialization, Simulation and Convergence-Test (Manprasert 2004, page 24-25). The Initialization process begins with the values of Industry Output, Prices and Disposable Income. These values are put into the model, which passes these values to the next step, the Simulation. In this step, there are four main calculations: Final Demands, Output-Employment Variables, Price-Income Variables and finally, the Accounting Calculations. After this the model proceeds to the Convergence-Test, which compares the simulated values of sector-level outputs and prices to the initial values. If the simulation gives convergent results, the  model proceeds to the next period. Otherwise the model places the simulated values as the initial values and re-simulates the model until the results converge. One the Real Side of the economy, the Final Demands are calculated for seven major categories – Private Consumption, Fixed Investment, Inventory Change, Government Expenditure, Exports, Special Exports, and Imports. For each category of Final Demand, regressions are run at the sector-levels to obtain the category-wise sector-level final demands. These are used to calculate (simulate) the sector-level outputs by using the standard Leontief Output Solution. Similarly, on the Price-Income side of the economy, the Leontief price Solutions are used to calculate (Simulate the sector-level prices, wages and profits and other elements of Value Addition. Some of these regression equations are now discussed in brief.

The study employs the Perhaps Adequate Demand System (PADS) suggested by Almon (1996) to model 33 private consumption expenditures in Thailand. Using a Bridge Matrix, these are converted into the 26-sectors of the Input-Output Table. The Functional form of PADS posits that per capita private consumption depends upon real income, change in income, time trend reflecting changes in tastes, own price and relative prices of related goods. Fixed investment is modeled on the basis of the acceleration principle, where the desired capital stock is taken to be a linear function of output. This helps in the simulation of economic crisis periods. Inventory changes are functionally related to Final Sales, Changes in Final Sales in the current period and previous periods, and a dummy variable. A bridge matrix also used for converting the investment demands into the 26-sector Input-Output Framework. The sector-level Imports are functions of sector-level total demands. In the forecasts of the model, the Logistic Curve projects the Input-Output coefficients. 

The major costs of the INFORUM type of models is the enormous data base necessary to support the model and the time and energy it takes to maintain and improve the detailed regression equations. Because the different parts of the model are so tightly linked, an equation for a small sector that inadvertently strays off into uncharted territory can carry the whole model with it. While this can happen with any model that uses regression-based parameters, the problem is magnified in IM models due to the sheer volume of equations to estimate and test. In practice, the volume of equations has raised some interesting issues relating to stability of estimated parameters and the usability of sector-level equations for forecasting aggregate behavior.

A summary of the KLK and IM models review for developed countries is presented in the following table.
Table1. Keynes-Leontief-Klein and Inter-Industry Models for developed countries

	Country Model 
	Objectives 
	Salient features 
	Method of Solution/ Estimation 
	Experiments / Results 

	BROOKINGS, USA (Fromm and Taubman 1968) 
	Combining IO techniques with conventional macro-econometric modeling, to develop a large-scale policy-model for the USA. 
	Nineteen types of final demand by category of use such as consumption of non-durables, non-farm residential construction expenditures, net exports etc., were considered. 
	Estimate of gross national product originating in a particular sector obtained. On the side of prices, the duality of the price conversion process with the output conversion process was recognized. 
	Various policy simulations including the effects of oil scarcity. 

	WHARTON, USA (Preston 1972, 1975) 
	Annual Inter-Industry Forecasting 
	19 categories of final demand by ultimate use and converts them first into final demands by industry and then, by using the standard Leontief inverse, into gross outputs by industry. Finally, the gross outputs are converted into gross national product originating by some 50 industries. 
	Preston solves the “problem of changing coefficients” by a set of adjustment equations that model the discrepancies between the measured and calculated levels of gross national product originating from each of the 50 industries.  Prices were also determined.
	Policy simulations for business cycles and their impacts on various sectors of the economy.

	CANDIDE, Canada

(McCracken, 1973) 
	CANadian Disaggregated Inter-Departmental Econometric model (or project), which is a large-scale model of the Canadian economy, fitted to annual data, for medium-term analysis. It intended to be a general-purpose model, though not a panacea for all policy problems.
	Time Series of 166 categories of Final Demand F,.Converter Matrix E of Expenditures,

Input-Output Relations,

Matrix of Value-added shares,

Autoregressive adjustment equations for value-added to correct for the constancy for the elements of the IO matrices.

Simultaneous core of the CANDIDE Model 1.0 contained more than 1000 non-linear equations. 
	Y=E*.F, where Y is the 84x1 vector of commodity final demands

Q= AX + Y where X is the 51x1 vector of domestic industry output and A is the 84x51 industry technology matrix

X =DQ where D is the 51x84 market share matrix

X=D(AX + Y) = DAX + DY. 

Thus, we have

     (I-DA)X = DY
	Real Output Determination in 43 industries,

GNP Estimation, 

Tracking the historical experience of the economy,

Counterfactual  simulations,

Projection Exercises using Conditional Simulations



	CAMBRIDGE GROWTH PROJECT,

England (Stone 1960; Barker 1976; Barker and Peterson 1987)
	Presentation and examination of feasible alternatives regarding the future of the economy – 

Full Employment and BOP equilibrium, 

Faster growth, 

Higher levels of Public Services, 

Egalitarian Distribution of Income etc. 
	Commodity supplies and Demands, 

Input-Output Relations,

Import & Export Functions,

Investment and Employment Functions,

Consumption Function and Linear Expenditures System, 

Price formation 
	The Operational Form contained 693 technical and Behavioral relations not including the details of inter-industry flows.

System solved by the Gauss-Seidel algorithm. Given the quantities, solve for prices. Then use prices to  recalculate quantities and so on, till results show convergence 
	Effects of  increase in Consumer Expenditures

Investment Incentives for higher Growth

Higher public Services

Effects of Fiscal Instruments such as Income Tax, 

Value-added tax, 

Investment incentives,

 Public Expenditures on Health, Education and Social Services

Effects of changes in exchange rates 

	MSJ-MACRO, Japan (Takeshita 2002,2004)
	Policy simulations and evaluation of  the multiplier effect of public investment in Japan. 
	Multi-Sector Japanese Macro-econometric Model 
	Iterative convergence-based solution
	Estimation of Short Term, Medium Term and long term Multipliers 

	International Model for EU (Kratena, Mongelli and Wueger, 2009) 
	Econometric and IO model for EU countries 
	Estimation of a household demand system including price and income parameters and other socio demographic explanatory variables 
	Econometric estimation is by consistently combining Time Series Cross-Section data set of EU15 countries and a cross-section data set of five European countries. 
	Results give a sound representation of European household budget allocation behavior in response to change in commodity prices, income and household characteristics and its various impacts on output and employment in Europe. A set of policies and socio-demographic scenarios analyzed.

	LIFT, USA

(Almon, 1966, 1991) 
	Long Term Inter-Industry Forecasting Model 
	LIFT has three component parts: 1) the real or product side 2) the price or income by industry side and 3)the accountant. The three parts are run iteratively until the model converges to a solution. 
	The real side estimates final demands, output by producing sector, and labor requirements. The price side estimates both the components of gross product originating by industry (value added) and the unit prices by product. The accountant closes the model with respect to income, determines economic aggregates and other transactions. 
	Various policy simulations such as Free-Trade Agreements, Monetary Policy, Deregulation of Domestic oil. Inter-industry forecasting for USA.

	INFORGE, Institute of Economic Structures Research, Germany, ongoing project 
	Developing a Bottom-up fully integrated econometric IO model 
	Inter-industry flows for 59 sectors, modeling of personal consumption, government, equipment investment, construction, inventory investment exports as well as prices, wages, output, imports, employment, labour compensation, profits, taxes, etc. for each sector as well as for the macro economy. In addition the model describes the income redistribution in full detail. 
	Similar to LIFT
	Theme-specific Macro-models focusing on various aspects like Energy requirements, Tourism Sector development and other carrying out simulations Similar to LIFT

	Germany (FRG),

(Dieckheuer, Meyer and Schumann, 1984)
	Simultaneous determination of prices and quantities in a dynamic model
	Final demand estimation at sector levels with prices included as explanatory variables. Explicit estimation of price functions incorporated.
	Approach similar to LIFT
	Analysis of the dependence of FRG’s global and sector-level variales on foreign economic development.

	INFORUM INTERNATIONAL MODEL

(Almon, Nyhus 1991) 
	Links 14 IO models on the sectoral lvel via international trade 
	High degree of endogenity through international  trade linkages 
	Time series econometric methods
	Forecasts the economic development of Belgium, Gremany, France Great Britain, Italy, Netherlands, Austria, Spain, USA, Canada, Mexiceo, Japan, China, S.Korea at sector-levels 


As evident, a number of developed countries have applied the KLK or IM type of models for economy-wide quantitative modeling. In the next table (Table2), we summarize the basic features of these two types of models reviewed for developing countries. 

Table2. Keynes-Leontief-Klein and Inter-Industry Models for developing countries
	Country Model 
	Objectives 
	Salient features 
	Method of Solution/ Estimation 
	Experiments / Results 

	Bangladesh (Chowdhury, 1983, 1984) 
	To analyze the working of the Bangladesh economy for the period 1959-60 to 1980-81, Chowdhury argues strongly in favor of using this type of a model 
	The Macro-econometric sub-model is highly aggregative. It estimates Private Consumption, Total Gross Fixed Investment and three categories of imports – consumer goods, investment goods and intermediate goods. It is combined with the IO model. 
	Y=EG, where Y is the column-vector of sector-level Final Demand, E represents the Conversion Matrix 
H(I-A)-1B, 
H is the Industrial Distribution Matrix, 
B the Value Addition Matrix and G is the column-vector of Macro-econometric Estimates of Final Demand. 
2SLS METHOD OF ESTIMATION
	The final demand for each sector is a function of the same exogenous macroeconomic variables. That is, for the ith sector we have, Yi = fi ( Credit, Government Consumption, Foreign Capital Assistance, Exports, Government Total Revenue). The exogenous variables in the function can now be used as a policy variable to simulate the working of the economy. 

	Nepal (Long-term industrial planning, 1989) 
	A combined Macro and Input-Output model introduced in the preparation of the long-term industrial planning 1989. The main objective of the model was to determine the optimum volume of investment under an acceptable rate of inflation, acceptable ratio of deficit, realistic level of foreign assistance, and a stipulated  growth rate of per-capita consumption 
	A combined Macro and Input-Output model introduced in the preparation of the long-term industrial planning 1989. The main objective of the model was to determine the optimum volume of investment under an acceptable rate of inflation, acceptable ratio of deficit, realistic level of foreign assistance, and a stipulated  growth rate of per-capita consumption 
	N.A.
	A similar version of the Macro-econometric model was also used in the formulation of the Eighth Plan. Further, while the Tenth Plan was being formulated, the Integrated Macro and Input-output model was used to set the growth rates as well as to determine the investment levels at both, the sector-levels and the aggregate level with disrupting Macroeconomic Stability.

	Sri Lanka

(Ghosh, 2010) 
	Analyzing the Structure and Growth of the economy with special reference to

Linkage and multiplier analysis in IO framework to analyze structural change 

Estimation of macro model, 

GNP by Value added

Tracking the historical experience of the economy,

Counterfactual  simulations,

Future Projection Exercises 
	Three sets of  IO Tables to account for changes in IO relations,

Complete Macro Model,

Behavioral equations at individual commodity-level for different categories of final demand, 

Analysis of public Debt, 

Growth performance at aggregate and sector levels.
	Two stage least squares estimation of macro model

Individual regressions for sector-level estimation,

Integration of Macro model and IO relations, 

Formation of difference equation showing dynamics,

Iterative procedure for  counterfactual simulations in historical time 
	Policy analysis with alternative instruments -

Bank Credit to private sector,

Bank Credit to  the government,

FDI

Analysis of future under alternative scenarios – 

Business as usual,

Government’s policy

Suggested Modifications

	ESCAP MODEL (Kaya, Onishi and Smit, 1984)
	Long Term Projection of Economic Growth in ESCAP member countries.
	Asian Macro-econometric Model AMEM combined with Asian IO model AIOM.
	Macro part dynamic, IO part static. Results from AMEM reflected in AIOM.
	Scenario building on performance of ESCAP developing countries, effects of agricultural output constraints, impact of export-led growth, implications of growing protectionism in developed industrial economies.

	MIMFSE, Egypt

(Elkhafif, 1997) 
	Macro-econometric and Input-Output Model for forecasting and simulation of Egyptian economy 
	On the macroeconomic side there are three main blocks namely the Domestic Expenditure Block, Fiscal Relations and Money Supply, and External Balance. 

The macro model analyses National Income, Factors of Production, Wages and Prices, as well as the Population and Labor Force 
	From the domestic expenditure Block, Fiscal and Monetary Block and the International Trade Block, we get real GDP on the expenditure side, which is converted into value additions in the major sectors of the economy. Residual value additions are separately explained by regressing each residual category on a time-trend, own one-period lagged values and other relevant variables such as dummy variables for structural shifts, world oil prices and energy index. 
	This elaborate model was used for studying the energy pricing policy and economic growth in Egypt as a part of Research in Human Capital and Development in 1997.

	Nigeria (Ajakaiye 1986) 
	Building an integrated macroeconomic and input-output model for simulating employment and manpower implications of Macroeconomic policies in Nigeria.
	The Input-Output coefficients are segregated into domestically sourced input coefficients and imported input coefficients. The integrated model has five main components – Sector-level Outputs, Employment, Income, Private Final Consumption Demand and the Price Formation Block.
	Estimates of Macroeconomic variables were developed at sector levels and converted into estimates of Sector-level Outputs using the Leontief inverse computed from the domestic input-output coefficients.

Price formation equations are adopted from the standard Input-output structure where each sector-level price is derived from input prices of capital, labor and imported intermediate inputs. 
	Various exercises simulating employment and manpower implications of Macroeconomic policies in Nigeria 

	Brazil (Perobelli, Mattos, Haddad and Silva, 2007) 
	Construction of an integrated Econometric  + IO model for Brazil, for long-run forecasting of energy consumption by type and sector 
	Model shows five types of energy – 1.Electricity, 2.Natural Gas, 3.Renewable Energy Sources, 4.Diesel and

5.Other Sources

Yearly Forecasts are produced for 2006-2010 
	Econometric model describes the behavior of final demand components. Time series techniques and vector error-correction methods are incorporated in estimating the final demand components.

These components enter as exogenous variables in an IO model which describes production by sectors The production sector variables again enter as exogenous variables into  an energy demand module which shows sector-level energy consumption. 
	Two forecasting scenarios are developed – an expansionist fast growth scenario and a damped or smooth growth scenario. Natural gas is the source that puts less pressure on the economy in its growth trajectory 

	Mexico (Seguy and Ramirez, 1975) 
	Integration of IO Table with a Macro-econometric model of Income determination 
	IO Table with 15 sectors and 6 categories of final demand

The 15 value added equations were aggregated into three sectors – Agriculture, Industry ad Tertiary 
	Y=B(I-A) -1 HG

Y= value added vector

G = Estimated Final Dd  for 15 sectors 
	Policy simulations for the three sectors, to study the effects of

1.Technical Change and 

2. Government  Investment.

Results show that simulation multipliers are highest for agriculture. Hence agriculture should be the focus of development efforts. 

	Lithuania (Frits et al. 2005) 
	Developing a medium-sized macro-economic and multi-sector model of the Lithuanian economy using econometrics on a limited number of quarterly observations. 
	A central element in the model is a 12-sector input/output table of the Lithuanian economy facilitating analyses of structural changes. 
	The general formulation of equations is the error correction model. 
	Model properties are illustrated in a standard public consumption simulation experiment. 

	International Model (Yano and Kosaka, 2003) 
	The model aims at analyzing exchange rates and trade patterns of Indonesia, Malaysia, the Philippines, Thailand, China, Korea, Singapore, and Taiwan in relation to Japan and the United States 
	The exercise is with reference to the Asian currency crises in 1997 
	
	

	TIDY, Thailand

(Manprasert 2004) 
	Dynamic Inter-industry optimization model for Thailand. It is a long run forecasting model based on a dynamic inter-industry framework incorporating detailed sector-level interrelationships. 
	The model uses a series of 26-sector Thai Input-Output Tables and adopts a bottoms-up approach. Estimations are conducted at sector-levels. The sums of the sector estimates provide the values of the aggregate variables. The Input-output table is the core of the model ensuring a consistency between production and price-income variables. 
	The values of Industry Output, Prices and Disposable Income are put into the model, which passes these values to the next step, where there are four main calculations: Final Demands, Output-Employment Variables, Price-Income Variables and finally, the Accounting Calculations. After this the model proceeds to the Convergence-Test.
	The model was used for policy simulations and demonstrates an optimization technique which allows policy-makers to choose an optimal path for tax rates to affect inflation and unemployment. 


The models reviewed and those summarized in Tables 1 and 2 were developed with specific purposes using the Keynes-Leontief-Klein or the Inter-Industry modeling approach. However, these models were developed before the recent economic crisis of 2007-08. How to use the Keynes-Leontief-Klein approach to address the crisis is a challenge to the economist.

The next section develops an integrated Keynes-Leontief-Klein model to study the current economic crisis.

8. AN OUTLINE OF THE INTEGRATED MODEL

On the basis of the review of literature, the present section outlines a Keynes-Leontief-Klein approach which might be appropriate for addressing the present financial crisis.

The Flow-Chart for the model is presented in Figure1.

Figure1.   The Flow-Chart for the Model
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Recent events have resurrected Keynes.  “The so-called ‘Great Moderation’, which seemed to vindicate the new regime of deregulated markets, lasted less than 10 years: from today’s perspective it resembles nothing so much as the ‘roaring twenties’, which preceded the Great Depression of 1929–32. With the financial collapse of 2007–8 the ‘new classical’ belief in self-regulating markets has proved to be as illusory as the old classic belief” (Skidelsky, 2010). 

The purpose of the General Theory (Keynes, 1973) was to explain “how an economy could get stuck in a low employment trap. This explanation was provided by the theory of effective demand. Demand is effective at the point where the aggregate supply and demand schedules intersect; the theory of effective demand states that any inequality between the two is removed—equilibrated—by a change in output (or income) and not price. That is how economies could get stuck in—or, alternatively, oscillate around—a state of ‘underemployment equilibrium’. The theory of the income or employment multiplier showed much extra demand needed to be pumped into a depressed economy to bring it back to full employment. The income/expenditure model that is conventionally taken to be the core of Keynesian theory was thus the bit of Keynes most suitable for the policy-maker” (Skidelsky, 2010).

“When the financial system crashed in 2008, dragging down the real economy with it, governments stepped in everywhere with ‘stimulus packages’ made up of a mixture of bailing out insolvent banks, printing money, providing tax rebates or subsidies for private spending and big increases in loan-financed public spending. This was all according to Keynesian prescription. Even Robert Lucas, high priest of Chicago economics, admitted that ‘we are all Keynesians in the foxhole’” (Skidelsky, 2010).

The present study uses the Keynes-Leontief-Klein methodology that integrates both the macroeconomic and sector-level behavior of the economy. The Keynesian Macro-Model is demand determined. The Leontief System on the other hand serves the purpose of a detailed production function, connecting the production of the economy with the Final Demand and the Value Added in the economy. Therefore, the integration of the Macro-econometric and the Input-output Models translates the total Final Demand of the economy into the Total Value Added, which is equal to it. 

We now present the Integrated Keynes-Leontief-Klein Model developed for an economy. It is composed of a Macro-econometric sub-model and an IO sub-model. The Macro-econometric Model is presented in Table 3.

Table 3.  The Macro-econometric Model
	 Equations for the Expenditure Block

	 CP          =  f1 (GDPD,CP-1,RR, WE, DT)
	Equation 1

	 CG          =  f2 (CG-1,GR, BCG,FL)
	Equation 2

	ID         =  f3 (BCP, BCG,FDI,RR, GDP-1,)
	Equation 3

	EX        =  f4 (EXCH, EXPW)
	Equation 4

	IM         =  f5 (EXCH, GDP)
	Equation 5

	Equations for the Monetary Block

	R            = f6 (GDP, MS)
	Equation 6

	CPI        = f7 (CPI-1 ,MS,GDP )
	Equation 7

	Equations for the Fiscal Block

	GTR      = f8 (GDP,IM)
	Equation 8

	GNTR   =  f9 (GDP,GNTR-1)
	Equation 9

	Identities 

	GDPD   = GDP – GTR
	Identity 1

	GR        =  GTR+GNTR
	Identity 2

	GDP = (CP + CG) + ID + (EX - IM)
	Identity 3

	RR         =  R-INFL
	Identity 4

	INFL     = (CPI-CPI-1)/CPI-1
	Identity 5

	Exogenous & Predetermined Variables: CP-1, CG-1, BCG, GNTR-1, GDP-1, FDI, FL, EXPW, BCP, EXCH, MS, CPI-1.

	Endogenous Variables: CP, GDPD, CG, GR, GTR, GNTR, ID, GDP, EX, IM, CPI, R, RR, INFL.


The variables, parameters and their respective notations are defined below.

CP               =   Private Consumption Expenditure

CP-1            =   Lagged Private Consumption Expenditure

GDPD          =   Disposable GDP

GDP 
=   Gross Domestic Product or Aggregate Demand in the Economy

GDP-1
=   Lagged Gross Domestic Product

CG
=   Government Consumption Expenditure

CG-1
=   Lagged Government Expenditure

GR
=   Government Revenue

GTR            =   Government Tax Revenue

GNTR         =   Government Non-Tax Revenue

GNTR -1
=   Lagged Government Non-Tax Revenue

ID                =   Investment 

EX               =   Exports

IM               =    Imports

BCG            =   Bank Credit to the Government Sector

BCP
=   Bank Credit to the Private Sector

FDI              =   Foreign Direct Investment

FL               =   Foreign Loans

EXCH         =   Exchange Rate 

MS              =    Money Supply

CPI              =   Consumer Price Index

CPI-1           =   Lagged Consumer Price Index

R                 =   Nominal Rate Of Interest

RR               =   Real Rate of Interest

INFL           =   Inflation 

EXPW        =   World Demand

WE             =   Index of change in Asset Prices indicating Wealth Effect

DT              =  Outstanding debt of the Household sector.

This macro-model consists of nine equations and five identities. The model, beginning with the Expenditure Block and moving onto the Monetary and Fiscal blocks in succession, is explained below.

8.1 The Expenditure Block

This forms the core of any Keynesian Macro Model. The Expenditure Block shows that the total real output of an economy is made up of consumption, investment and net exports.  These are the three uses to which the total real output of an economy can be put. Econometric estimates of these three components of final demand are added to arrive at the estimate of the gross domestic product.  

(i) Private Consumption, CP

Equation 1 shows Private Final Consumption Expenditure CP as a function of Disposable Gross Domestic Product GDPD, Lagged Consumption CP-1 as also the Real Rate of Interest RR. These three explanatory variables show the effects of current disposable income, influences from the past consumption behavior and the possibility of inter-temporal substitution respectively. Disposable GDP is defined as GDP less Government tax revenue GTR, in Identity 1. The basis for the specification of the consumption function CP is straightforward. The aggregate consumption in an economy depends on the aggregate level of real output according to Keynes (General Theory, 1936). Subsequently, the works of Modigliani and Brumberg (1954) as well as Modigliani and Ando (1963) led to the Life-Cycle Hypothesis that extends the Keynesian version over time. The Chicago School led by Milton Friedman (1957) made another contribution in this field by explaining ‘permanent consumption’ as a function of ‘permanent lifetime-income’ in his Permanent Income Hypothesis. This form led to the inclusion of lagged consumption CP-1 as an explanatory variable in the consumption function. Modern mainstream macroeconomics takes a synthetic eclectic view of the consumption function by incorporating the classical (Fisher, 1930) notion of a budget constraint in determining aggregate consumption. The idea is that consumers face a trade-off between present and future consumption based on the possibility of borrowing or lending in the loan market. The bridge between present and future consumption is the real rate of interest RR. All these elements are included in equation 1 above. 

The transmission of crisis financial from the financial to the real sector occurs through aggregate demand (Bhaduri, 2010). A sudden decline in real investment is a typical mechanism of such transmission in usual Keynesian analysis. But during the recent crisis, it was the fragility of private consumption that played a pivotal role. Thus one may focus on the influence of rising asset prices on consumption expenditure to study the interaction between aggregate demand and financial instability.

Private consumption expenditure may be positively influenced by Wealth Effect of rising asset values and capital gains. This can be denoted by (dW/dt), where W denotes Wealth and t stands for time. The increase in wealth is mostly through higher prices of assets including housing and real estates. While borrowers can meet their debt repayment obligations without difficulty from capital gains, lenders also take a more lenient approach on account of rising asset prices. On the other hand, the stock of inherited debt D is expected to exert a negative influence on consumption through the repayment burden. Thus a simple reformulation of the traditional Keynesian Consumption Function which includes these two effects may be made as:

C = c1 y + c2 (dW/dt) –c3 D + k, where c1, c2, c3, k >0

These two additional factors are included in our model through the variables WE (wealth effect) and DT (Outstanding debt)

(ii) Government Consumption, CG

The next component of final demand arises from the government’s purchases of an economy’s final output. The government purchases for consumption as also for investment. We first take up Government Consumption. Government Consumption is a matter of Public Debate in today’s world. The general inclination is that the government should be interested in governance alone and leave economic decision making to the rationality of private individuals or corporate bodies. Excessive government consumption is being pointed out as a manifestation of indiscriminate irrational government intervention creating government failure and culminating in crises, especially in the developing world. The public documents on the economic policy of many countries (for example the recent Annual Reports of the Central Bank of Sri Lanka) freely subscribe to this view. Keeping this in mind, we have considered a functional form for Government Consumption that puts in place a Government Budget Constraint. Equation 2 shows that Government Consumption CG depends on its own lagged value since the government has its pre-commitments. It also includes government revenues GR as an argument because the government partially finances its outlays through its revenues. The government can also borrow funds from the Banking System. This is represented through the variable Bank Credit to the Government BCG. The proposed explanatory variable FL in the equation stands for Foreign Loans available to the government. Identity 2 defines government revenue GR as the sum of tax and non tax revenues, GTR and GNTR respectively. Government Tax revenue GTR and Government non-tax revenue GNTR are explained in Equations 8 and 9 will be explained in detail in the discussion on the Fiscal Block .

(iii) Investment, ID

Investment is the mainspring of economic growth. About this, there is no difference of opinion. Debates centre on the efficacy of the ‘Invisible Hand’ in bringing about the necessary pattern and quantum of investment in an economy. Classical economists underscore that free markets are efficient enough to generate the desired mix of investment from savings. We have chosen a Keynesian type of model that rests on the premise that the ‘invisible hand can only be grasped through a very dark glass indeed’ (Chakraborty, 1988). Equation 3 explains Investment ID as a function of  lagged real output GDP-1, bank credit to the government BCG, bank credit to the private sector BCP, Foreign Direct Investment FDI as also the real rate of interest RR. Considering the fact that capital markets in developing economies are far from perfect, both the credit-view and the money-view are incorporated as explanatory factors for investment. The Accelerator type of investment behavior accounts for the inclusion of lagged real output GDP-1 as an explanatory variable in the ID function. The Acceleration Hypothesis (Samuelson, 1939 and Hicks, 1950) provides that current investment depends upon the current demand for consumer goods. Current consumption however is anticipated from the past GDP. Hence GDP-1 is considered as an explanatory variable for investment. According to some economists (Bernanke and Gertler, 1995), the credit channel affects investment on both the demand and supply sides. On the demand side tighter credit conditions squeeze out aggregate investment spending while on the supply side it leads to reduced lending by banks, creating a crunch for funds and arresting investment expenditure partially. A small open economy has to consider the international business environment as a given platform which rationalizes the treatment of Foreign Direct Investment as an exogenous or policy variable.

(iv) Net Exports, EX - IM

Net Exports is the difference between Exports EX and Imports IM of an economy. A closed economy cannot consume anything beyond its own production basket. However, international trade opens up the possibility of a consumption locus that is different from the production possibility curve. This difference arises from the difference between domestic and world prices, given the respective production vectors of the domestic and the world economy. Therefore, the international demand for Exports would depend upon the relative prices of goods and services of the country and the world demand.  In the model outlined above, Exports depend on the exchange rate EXCH and the world demand EXPW, as shown in Equation 4. These two explanatory variables represent the effects of the relative price and the real income respectively, in the export function. By the same logic, Equation 5 shows that imports depend on the exchange rate EXCH and the country’s own real output GDP.

Identity 3 represents gross domestic product or real aggregate demand GDP as the sum of Private Consumption CP, Government Consumption CG, Investment ID and Exports EX net of Imports IM. 

8.2 The Monetary Block

Money links the present to the uncertain future (Keynes, General Theory 1936). In the Monetary Block, we consider the Nominal Rate of Interest and the Price Level. 

(i) The nominal rate of interest, R
The nominal rate of interest  is determined in the money market through the equality of Money Demand and Money Supply. This nominal interest rate deflated by the price index forms the real rate of interest RR that is an explanatory variable in the investment function (Equation 3 in the macro-model). In the monetary sector, the nominal rate of interest R is explained in Equation 6 to be dependent on the real output GDP and the nominal money supply MS. We have considered the money supply MS to be determined by the Central Bank, exogenous to the macro-model.

 (ii) The Price Level, CPI

In the mainstream macro-model, the aggregate price level is determined by the interaction of Aggregate Demand and Aggregate Supply. In the model, the Aggregate Supply is replaced by the set of Leontief Production Functions for the different sectors of the economy. In order to determine the aggregate Price level we have utilized the premise that in the ultimate analysis, the price level is determined by the nominal money supply in the economy. The price formation mechanism is shown in Equation 7. It states that the Consumer Price Index is a function of the Nominal Money Supply MS, the real output GDP as also inertial factors that are reflected in the variables CPI-1. 

The Real Rate of Interest and Inflation can be derived from the monetary variables. Identity 4 shows that the real rate of interest is the difference between the nominal rate of interest R and the rate of inflation INFL. The rate of inflation is captured through the percentage change in the consumer price index CPI in Identity 5.

8.3 The Fiscal Block

The Fiscal Block deals with the expenses and revenues of the government. The macro-model considers Government Consumption CG directly in sub-section 5.1(ii) of the Expenditure Block discussed above. On the revenue side, Government Revenue GR is defined in Identity 6 as the sum of Government’s Tax Revenue GTR and its Non-Tax Revenue GNTR. Now we discuss the Behavioral relationships explaining GTR and GNTR.  

(i) Government Tax Revenue, GTR

Tax revenues of the Government GTR are taken to depend on the overall level of economic activity, which is captured by the concept of the Gross Domestic Product GDP of the economy. In addition, customs duties may form a significant source of revenue for the  Sri Lankan government since the economy is very open. Hence GTR is posited to depend on the level of real output GDP as also on the Imports IM This is shown in Equation 8. 

(ii) Government Non-Tax Revenue, GNTR
Government non-tax revenue GNTR in Equation 9 depends on real output GDP as also its own lagged value, GNTR-1.

8.4 Sector-Level Details within the Econometric Model

Detailed sector-wise estimates of the behavioral relationships are obtained in order to supplement the Macro-Economic estimates. For example, in the area of private consumption expenditure, individual functional forms are estimated for as many different sectors as permissible, given the data availability and compatibility constraints. Total investment expenditure is divided into major categories like Construction and Transport & Machinery and a similar detailed estimation procedure may be carried out. In the area of Foreign Trade commodity-wise export-import data can be used to develop the detailed sector-level estimates. These points are elaborated in the next two sub-sections.

8.5 The role of the Input-Output Model
Input-Output Model is used to supplement the Macro-econometric Model through the fundamental equality of Final Demand and Value Added in the economy. To this end, we elaborate of the Final Demand components at the sector-levels and the corresponding Value Additions in each sector of the economy. The Leontief Solution is mentioned here. 

                                           x = (I-A) -1 f                                                           ……(1)

                      (                 x = L f                                                                  ..……(2)

where f  is the vector of final demands. It is the sum of final consumption demand vector fC, final investment demand vector fI, final government purchases vector fG and the net exports vector fE - fIM. Hence it is defined as

                                           f ′ =   [  fC + fI + fG + fE - fIM ]                               ……(3)

Each of the final demand component-vectors contains nineteen elements corresponding to the nineteen sectors of the economy. The purpose of the Input-Output Model is to accommodate the nineteen sector-level final demand estimates for each different component of final demand. This provides a method of detailing the entire model at nineteen sector- levels. The gross output of each sector is made up of intermediate inputs and value added in that sector. The fixed co-efficient Leontief Production Function is described by the Technology Matrix A  = [aij] in equation (1) above. The (ij)th  element of the Matrix [aij]  denotes the ith input per unit of the jth output. Therefore, the gross output in each sector given by 
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x j = n∑i=1  aij.x j   + v j  ,  j = 1,2,….,n
……(4)
where n∑i=1  aij.x j   stands for the total intermediate inputs used for producing the jth output and v j represents the value added in the jth sector.This implies that the value added in each sector is the gross output x j less the total intermediate inputs n∑i=1  aij.x j . Hence we obtain   

                                          v j = x j  -   n∑i=1  aij.x j      ,  j = 1,2,….,n

                                       = (1 -   n∑i=1  aij) xj       ,  j = 1,2,….,n
In matrix notation, considering an economy with n-sectors, we have:
or,                           
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Or,

                                           v  = β x                                                                  ……(5)

                                              = β L f  (using 4.2.2)                                         ……(6) 

where                                 β = [1- n∑i=1  aij ]
The Input-Output system now acts as a bridge between the final demand and the value added in the economy. The bringing into play of joint Keynes-Leontief Models with fully articulated Input-Output Systems is likely to be important for the development of more specific policy decisions requiring the use of microeconomic details. Both Macro-econometric Modeling and Input-Output Methods can play a major role in this integrated program. The total model is rounded up by the inter-industry relationships that constitute the Input-Output System.

8.6 Integration of the two sub-models
The basis for the integration is the equivalence between the final demand and the value added in the economy. The final demand vector f can be expressed as a sum of the vectors of various types of final demand, [ fC + fI + fG + fE –fIM ]. 

If element in the ith row of the final demand vector f is fi = fiC + fiI + fiG + fiE -fiIM . Dividing  each  type of final demand vector by  its own column  total,  one can  obtain

aiC = [ fiC  / e( fC ] ;  aiI = [ fiI  / e( fI ] ;  aiG = [ fiG  / e( fG ] ;  aiE= [ fiE  / e( fE ] ;   aiIM = [fiIM / e(fIM ]. Here, e denotes the unit-level column vector.
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 The array of  these final demand coefficients make up a rectangular matrix H, such that f = HG   where G( = [ C I  G  E  -IM] . Thus, one can write f = HG   = (I-A) x,  which gives us x = (I-A) –1 HG. Thus, each sector’s gross output is expressed as a weighted sum of the components of GDP. It shows how a model of GDP can be transformed into individual sector-level outputs by using the matrix of Input-Output and final demand coefficients. This transformation may be extended from gross output values to the values added by each sector. 

However, the model tries to improve upon this method by estimating each sector-level final demand component separately. The disaggregated components of final demand in a hypothetical n-sector economy is shown in the following matrix, without any loss of generality. 

Now at the sector-level, each final consumption demand component can be modeled as 

                                         fiC = fiC (GDP), i = 1,2,….,n. 

Similarly, detailed sector level regressions can be fitted for investment, government purchases as also net exports. However, at the practical level, data constraints may not allow the researcher to develop each of these individual relationships. For example, only two sector-level regressions f1C  and f2C may be found. In such cases, the residual sector-level final consumption demand is defined as 

                                       fC, res  = (f1C + f2C + …. + fnC ) – (f1C + f2C)
 where   (f1C + f2C + …. + fnC ) =  Macro-estimate of Total Consumption. 

Then for each of the residual sectors, final consumption demand is estimated by the method of pro-rata distribution based on the relevant Input-Output Table in a manner that has been described above. The same method applies for each of the other final demand components at the sector-levels. In this way, the Macro-econometric estimates are tied up with the sector-level estimates of each component of final demand in the economy. We are now in a position to apply equation (6) described above and to obtain the sector-level value additions from the Integrated Keynes-Leontief-Klein Model for the economy in question. Thus, we have a complete circuit: GDP ( Final  Demands ( Sector-Level Production (Values Added ( GDP. This approach provides a substantial and detailed production-and-supply-side content to conventional Macro-Econometric Models and remedies the short-circuit problem of conventional open static I/O models, where initial  exogenous increases in final demand do not create subsequent rounds of income-induced multiplier-led expansions of consumption and investment expenditures. 

9. CONCLUSION
The above survey shows that there is a considerable similarity between the approaches to integrated modeling in the developed and developing nations of the world.

Various refinements of econometric modeling techniques such as using structural time-series estimation techniques, use of expectations in macro-modeling and so on, are also being incorporated in the integrated model.

A critical factor in the integrated methodology is the feature of forecasting errors that arise from the IO component of the model. Various techniques are being experimented upon to address this issue and minimize such errors (Ghosh, Ghose and Chakraborty, 2010).

Another interesting area which needs to be explored is the linking of IO tables with Funds-Flow tables to develop international asset-flow linkages across nations.

The above discussions show the importance and relevance of the integrated Macro-econometric and input-output model for monitoring an economy, especially in today’s world. 
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