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An Evaluation of the RAS Method for compiling Asian International Input-Output Tables, Focusing on the Stages of Economic Development 
Yoshifumi Ishikawa1, Nanzan University
1.Introduction

When compiling Asian International Input-Output tables, It is necessary to accurately estimate input coefficients, the component ratio of the final demand by sectors, and international trade coefficients. Of these, the most important factor is the input coefficients. There is a disparity in the input coefficients among the countries in East Asia and the USA, which are the countries considered in this study. Moreover, as shown by Ishikawa(2004) and Nakamura(2004), the input structure also change depending on the stage of economic development.   
When compiling an input-output table for the target year without conducting a survey, methods such as the RAS technique can be adopted in order to estimate the input coefficients. In fact, even the Institute of Developing Economics (IDE) in Japan has always employed the RAS technique in order to obtain the input coefficients of the target year, when the compiling Asian Input-Output Tables. However, if the input coefficients are estimated by using a simple method in a short time, then the input coefficients used for the estimation are in fact older input coefficients for the base year. Therefore, it can be stated that a considerable error will eventually occur in the estimations. 
In this study, we evaluate the accuracy of input coefficients when estimated using the RAS technique, which is the most popular method for estimating input coefficients. In particular, We focus on the rapid changes taking places in the input structure during the different stages of economic development. In addition, we evaluate
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the changes in the input coefficients in Asian countries that are at different stages of economic development. For the purpose of this study, we analyze the characteristic features of substitution and fabrication effects from 1985 to 1990 and from 1990 to 1995.

2. A Comparison of the Varying Economic Structures among Asian Countries

In this paper, we evaluate the use of the RAS method for compiling Asian IO tables, which were compiled by the IDE in Japan. Since 1975, the IDE has compiled Asian IO tables at five-year intervals. The tables were compiled for the following 11 countries: Japan, Korea, China, Hong Kong, Taiwan, the Philippines, Indonesia, Singapore, Malaysia, Thailand, and the USA.
First, we provide an outline of the economic structure and development in Asian countries. Over the past 10 years, the gross output has increased dramatically. Figure 1 shows the nominal gross product of each country in 1995. Among the Asian countries, excluding Japan, China has the highest gross product, which is twice that of South Korea.
    Each country displayed a high level of growth rate of the nominal gross product; in particular, the growth rate of the nominal gross product of Korea, Singapore, Malaysia, and Indonesia was no less than 10% for the period from 1975 to 1985 and that of Korea, Singapore, Thailand, Taiwan, and Japan was also no less than 10% for the period from 1985 to 1990. From 1990 to 1995, the growth rate was over 10%, as the nominal output, in Korea, Singapore, Malaysia, Indonesia, China, and the Philippines. However, the growth rate of the Philippines remained at a low level because they were unable to improve their economy over the years.
In general, as has often been stated, the NIES countries achieved economic development earlier than the ASEAN countries.
　 
3. The Methodology Used in This Study and the RAS Technique
By providing observations on the total outputs, total interindustry sales, and total interindustry purchases for a particular year, the RAS technique generates an input coefficient matrix for that year, using an earlier coefficient matrix as the starting point. The direction of the substitution and fabrication effects is determined by the information obtained from only one period, i.e., the base year to the target year. Therefore, it is difficult to determine the accuracy of the input coefficients that are estimated using the RAS technique in terms of the stage of economic development. Consequently, in this study, we adopted the RAS technique in two periods, i.e., from 1985 to 1990 and from 1990 to 1995. Further, in order to verify the stability of the input coefficients, we prepared Asian international IO tables (24 sectors) for 1985, 1990, and 1995.
Next, we explain the economic content of the RAS procedure. In the early development of the RAS procedure, Stone (1961) described that the uniform changes along any row and down any column reflect what he termed the economic phenomena of substitution and fabrication effects. Substitution effect means the substitution of one input for another, for example, the use of sector A products as a substitute for those of sector B. The implication is that all aij in the sector A row would increase and all aij in the sector B row would decrease. The term fabrication effect refers to the altered proportion of the value-added items in a sector’s total purchases. In other words, the product of a particular sector may eventually depend more on high technology capital equipment or skilled labor. Thus, proportionately, a dollar’s worth of the product embodies less interindustrial inputs and more value-added inputs.
4. A Consideration of the Substitution and Fabrication Effects

Tables 2 and 3 and figures 3–6 present the results of the substitution and fabrication effects in Asian countries. First, we discuss the range of substitution and fabrication effects in each time period. In the periods from 1985 to 1990 and from 1990 to 1995, considerable changes in the substitution effects have been observed in ASEAN countries, such as Indonesia, Malaysia, the Philippines, Singapore, and Thailand. This suggests that the substitution of the demand for an intermediate commodity progressed in these countries. This trend of the substitution effect during the period from 1985 to 1990 was noticeably comparable to that of the substitution effect during the period from 1990 to 1995. In particular, in Indonesia, a significant substitution change was evident from 1985 to 1990; however, the substitution effect from 1990 to 1995 reduced.
In comparison to the substitution effects in the ASEAN countries, those in Taiwan, Korea, Japan, and the USA were smaller. During the period from 1985 to 1990, the substitution effects were almost equal to those during the period from 1990 to 1995. In developed countries, the substitution effects were small; this suggests that the substitution of the demand for an intermediate commodity retreated. In China, the substitution effects from 1985 to 1990 were more significant. However, there was a minimal change in these effects from 1990 to 1995.
Further, it was observed that the fabrication effects were smaller than the substitution effects in almost all countries, particularly Indonesia, the Philippines, and Thailand. The fabrication effects in Japan, the USA and the NIES countries such as Taiwan and Korea were almost negligible. In particular, in Japan and the USA, there were marginal fabrication changes in both time periods. Both Taiwan and Korea showed considerable fabrication effects for the period from 1985 to 1990; however, the changes for the period from 1990 to 1995 reduced, becoming equivalent to the changes observed in Japan.
Next, let us examine the direction of the changes in the substitution and the fabrication effects during both periods. In Indonesia, Malaysia, and the Philippines, which are ASEAN countries, and in China, the direction of changes in these indexes for the periods from 1985 to 1990 and from 1990 to 1995 was opposite to one another. In contrast, there were many industries in Singapore, Thailand, Taiwan, Korea, Japan, and the USA that displayed the same direction of changes in both periods. In most countries, the substitution effects for forestry, other mining products, and petroleum products were smaller than 1 in both periods. It can be stated that these industries progressed toward substitution by other goods as the demand for the intermediate goods decreased. However, the substitution effects for the forest industry in the USA, other mining industries in Indonesia, and petroleum products in China were larger than 1 in both periods; moreover, these industries expanded in these markets as the substitution of intermediate goods progressed. In Taiwan, Korea, and Japan, the substitution effects for paddy, mining, petroleum, and textiles were smaller than 1 in both periods; thus, these industries displayed a contractive tendency because of the decreasing demand and the progression toward substitution by other goods. In contrast, the substitution effects for commerce and the service industry were larger than 1 in both periods; hence, for these industries, the demand was increasing.

With regard to the fabrication effects, the following considerations were obtained. In most industries in Indonesia, Malaysia, the Philippines, Thailand, and China, the fabrication effects were in opposite directions, with a threshold value of 1 for each period. Moreover, the direction of changes for the periods from 1985 to 1990 and from 1990 to 1995 was inconsistent. In contrast, there were many industries in Taiwan, Korea, and Japan that displayed the same direction of changes in both periods; further, these countries showed stable developments. There were few sectors in the four ASEAN countries that displayed stable fabrication effects. Moreover, the direction of changes for other agricultural products, the livestock industry, crude petroleum and natural gas, other mining industries, and other manufacturing industries in all four countries was in opposite directions in both time periods, i.e., from 1985 to 1990 and from 1990 to 1995. In Taiwan, Korea, and Japan, the fabrication effects for the livestock industry, fisheries, food industry, textiles, nonmetallic mineral products, other manufacturing industries, and electricity and gas were in the same direction for the periods from 1985 to 1990 and from 1990 to 1995.

５. The Accuracy of the Prediction of Input Coefficients Estimated Using the 
RAS Method

The prediction of the input coefficients for 1990 with the input coefficients for 1985 and that for 1995 with the input coefficients for 1990 were calculated to examine the accuracy of the prediction of input coefficients estimated using the RAS method. The accuracy of the RAS method was verified by comparing the predicted values and the actual values from 1990 and 1995. The four indexes used for the verification were as follows: standardized total percentage error, mean absolute difference, Theil’s U (uncertainty coefficient), and root mean squared error. First, based on the standardized total percentage errors, while the predicted values for the period from 1985 to 1990 with an error less than 5% were obtained only for Korea and Japan, the predicted values for the period from 1990 to 1995 with an error less than 5% were obtained for Indonesia, Thailand, Taiwan, Korea, Japan, and the USA. This is indicates that with regard to accuracy, the number of countries in the second period increased significantly. In general, for these countries, the mean errors of the predicted values for 1995 with the values of 1990 were smaller than those of the predicted values for 1990 with the values of 1985. It can be stated that although the RAS method produces a sizeable error when the level of economic development is low, this error decreases when the economy develops and growth stabilizes. In contrast, the mean errors for Malaysia, the Philippines, and Singapore exceeded 20% for both periods; this implies the limit of the RAS method. The magnitudes of the mean errors for 1990 were larger than those of the mean errors for 1995. Although almost all indexes displayed the same tendency as the standardized total percentage errors, only Theil’s U showed an increase for USA.

６. Conclusion 

It can be stated that the RAS method is effective when it is used for countries with an almost developed economy. However, it can also be stated that the RAS method is ineffective when used for countries with a developing economy. These facts can be further analyzed by calculating r and s, and subsequently, checking the variances of the calculated values. 
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Figure 1.Gross Output（1995）
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Figure 2.　The Growth rate of the Nominal Gross Output
Table.1 Errors of the Estimated and Actual Coefficients
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Table.2 Substitution Effects (1)
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Table3. Fabrication Effects (2)
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Figure.3 Range of Substitution and Fabrication Effects (1985-1990) (1)
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Figure.4 Range of Substitution and Fabrication Effects  (1985-1990) (2)
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Figure.5  Range of Substitution and Fabrication Effects(1990-1995) (1)
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 Figure.6 Range of Substitution and Fabrication Effects(1990-1995) (2)






