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Key words: input-output economics; input-occupancy-output; GDP, AS-AD analysis; economic growth and inflation

Input-Occupancy-Output Economics
Liu Xinjian

School of Economics and Management, Yanshan University, Qinhuangdao 066004，PRC

E-mail: lxj6309@126.com
For economics, the core significance of input-output (IO) techniques is as a kind of economic analytic technology, which is a subject of methodology. However, from the description of an economic system, the input-output analysis framework is a complete description of the relationship of the material elements of the economic system, and more systematic than the mainstream economics. Leontief put his collected paper book named "Input-Output Economics", which reflects his wish to reform traditional economics with input-output transformation. He wrote
: "Between a shift in wages and the ultimate working out of its impact upon prices there is a complex series of transactions in which actual goods and services are exchanged among real people. These intervening steps are scarcely suggested by the classical formulation of the relationship between the two variables. It is true, of course, that the individual transactions, like individual atoms and molecules, are far too numerous for observation and description in detail. But it is possible, as with physical particles, to reduce them to some kind of order by classifying and aggregating them into groups. This is the procedure employed by input-output analysis in improving the grasp of economic theory upon the facts with which it is concerned in every real situation."

In the early eighty's of twentieth Century, when working on grain yield prediction project, Chen Xikang found that the occupancy factors on land and water resources have important influence on grain yield, and proposed the basic theory of input-occupancy-output analysis in 1988
. Input-occupancy-output techniques is an improvement and development to the traditional input-output techniques instead only an extension, and it reflects economic processes more complete. This paper will discuss some reform proposals to the traditional mainstream economics based on the input- occupancy-output framework.

1  Some basic concepts

The analytic framework of Input-output techniques to modern economy is a kind of methodology to describe the product relationship in an economic system. To describe the product relations in an economic system, there are two levels: static and dynamic. What static level means to describe an economic system with the presence of its substantial composition. In view of this, according to the basic production functions of economic materials, there are four basic types: labor, subjects of labor, instruments of labor and labor products. The first three are inputs, labor products is output. From the dynamic point of view, the core of the economic process is the process of production. In the production process, the labor uses instruments of labor to work on the subjects of labor to produce the labor product.

In a production process, three types of inputs are to change, but there are many change forms. After the production process，the subjects of labor, except some of the waste are transformed into labor product, therefore, labor products in the material form are the transformation of subjects of labor. However, in the economic form, labor product is some economic product of the three kinds of inputs, and takes the price form (total price or unit price, total price usually named as value simply) in the market economy, i.e. product price contains the value of three kinds of inputs.

In time process, any material shows both dynamic and relative static state. The quantities for the two states are called flow and stock respectively. Flow means the change of matter, stock means relatively invariable. With different length of time on study, the characteristic of the states may undergone a transfer.
In a certain period of time, if the physical and chemical properties of a certain substance are relatively constant, these substances are considered to be in a state of stock, and the amount of the material is called a stock quantity; if the physical and chemical properties of the material are changed, the amount of the changed material is considered to be flow quantity. It can be seen that stock is a statistical indicator by time, flow is a statistical indicator by period, and a flow can form and influence a stock. The use of materials in flow in a production process is called consumption, and the use of materials in stock is called occupancy. In a broad sense, both consumption and occupancy are the inputs of products or materials. Traditional input-output techniques neglect the use of stock as a necessary condition for production.

The subjects of labor in a production process changes in a given period and becomes some part of the products or semi-finished products, then the changed part is an input of flow; if it does not change and is in a state of "inventory", then it belongs to stock; if it rots or damages and is abandoned, it is also thought as flow which belongs to the change of inventory. When subjects of labors get into a production unit it is usually in inventory in the initial period, it takes the state of stock. Products is being produced continuously in a certain period of time, the amount of production is flow; when the produced products does not been transferred away from the production unit, it will be in stock state, and it may still be in the workshop, or have entered the warehouse of the factory or sales department.

The states of instruments of labor in a production process are more complex. First, instruments of labor should be divided into two types: tools and auxiliary materials. As tools, instruments of labor will be in relatively constant states in a long or short period, then they are stock. However, changes are absolutely to occur and the tools will wear or tear when observational time extends. For this nature of the tool, some convenient processing is carried out in economic management statistics. A tool, as long as its production function is still, although it may have gone through many important repairs, it is still recorded as a fixed asset stock; general maintenance inputs of production tools are included in the flow input; small tools which have very low prices are simply recorded as flow. Second, auxiliary materials through a production process get into a waste generally, so they are flow. Some auxiliary materials , such as cooling water, are used recycled in production processes, while the economic statistics only records the amount of the initial inflow in a period, so it is actually flow. 

Its exact definition should be clear before to analysis labor. There are usually two definitions in use of labor in the literature. One is that a labor refers to a person who has the ability to work as the production subject which may be in two types of states——employed and unemployed. The second definition is that labor is the labor ability of workers and equals the sum of physical and brain power. Marxian economics thinks that labor is a commodity and sold to capital, and the labor remuneration is the value for labor reproduction, which makes labor be the second definition. The labor ability here includes the inherent ability to work and the capacity to be consumed in use. The inherent ability of a worker is the accumulated outcome in his long-term living, practice and learning and can be kept in long-term, so it is stock. The labor capacity able consumed is determined by the physiological conditions, the use of it is a process to spend matter energy so it can be referred to as labor energy. To labor is to use labor. What the abstract labor of Marxian economics uses is labor energy, the concrete labor must take the inherent ability as a foundation, which applies inherent ability to drive labor energy. The reproduction of labor consists of simple reproduction and expanded reproduction. As the sum of the brain and physical power, labor energy is consumed in the use of process, then to recover it will have to carry out some consumption, which is a simple reproduction. The consumption of labor energy in a production process is flow. The expanded reproduction of labor means firstly the growth of workers' own inherent ability which is conducted mainly through study as well as that the practice itself can also increase the inherent ability, and secondly the birth and growth of new workers. The remuneration for labor in the economy includes the cost of simple reproduction and expanded reproduction. If it is said labor remuneration is the purchase of the labor, then this purchase is a social purchase. If capital owns the right of possession to labor, i.e., the worker becomes a slave, then the labor remuneration will be squeezed to the extent which can only recover the labor energy. This explains that the majority of enterprises are not willing to bear the workers training, only want to recruit skilled workers. The modern state finance bears the main cost of the expanded reproduction of labor in economic form. In the context of globalization, the economic system of a country is to make a compromise between the high wages to attract top talents and the pursuit of social justice through social security system.

Production function is the productivity reflection of an economy. The basic factor to determine and promote the productive forces of an economy is the situation of occupancy on labor means. The innovations to occupancy factors can improve labor productivity, liberate human from the burden of repeated simple labor, and also promote the birth of new products and enriches human being’s social life. Under given production technology, the production function can be constructed by the combination of input variables of the flow factors or with the occupancy of stock elements, the two ways are equivalent. Some attention should be payed to the time characteristics of the variables in formulas: flow variables are rates at time or total quantities in a period, and stock variables take quantities at time. What a stock determines at a moment is flow rate at that time instead of total quantity in a period.

2  About the Accounting of Gross Domestic Product

For GDP accounting, it is well known that:
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but from the view of input-output economics,
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where X is intermediate use or input, C is final resident consumption, G is public consumption, I is capital formation (investment), NX is net export, D is depreciation fund, W is labor remuneration, NT is net production tax, M is operate surplus.

Although it seems X in Eq. (1) could be offset from two sides without the balance relation, the different treatments to the composites of X will influence the accounting value of GDP. For example, subtracting a quantity from X and adding it to final use and primary input meanwhile will increase GDP. This is not an imaginary issue but a real practice in modern GDP accounts. Three aspects are discussed in the following.

2.1  About Government Sector

By economics, X is the consumption of the production department in an economic system, however, there is no clear definition for the category of production department in modern national economic accounting. The ordinary enterprises are no doubt to belong to production department, however, the government sector seems to bear a dual role as seen in an input output table. First, the government sector appears in the intermediate use sectors as a producer, secondly it presents as consumer in the final sectors as a consumer. Taking government sector as purely public management service producer, then in the input-output account, what the government sector consumes actually on various products are recorded in the intermediate part, while the total quantities of products produced by government departments are in the final consumption column, that is, the government departments’ products by the production sector is not consumed at all by intermediate use but consumed by the final use as public consumption. However, it is well known that the government not only provides services for residents, but also provides services for enterprises, and what the businesses consume to all kinds of products should be accounted as intermediate use. In this way, the GDP accounted as the present way is more assessed than it should be. The more the government departments provide services to enterprises in the proportion, the larger the GDP is overestimated. This is equivalent to say that what is supposed to be added to X, but is now recorded in NT and G.

2.2  The consequence of the way to deal with imported products

In the accounting formula of Eq. (1), C, G, I and X all contains imported products, and the sum of the imports in this four parts equals to the value of imports in NX. Since the imported products are used by both the intermediate and final parts, why the total imports are subtracted from final use? What is the basis of economic theory in it? Input-output techniques must be used to answer this question.

Showing imports separately, a new input-output table form appears as following:
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Here let’s take Home country and Foreign country as country names. In Eq.(2), the first line is the use to Home products, 
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; the second line is the use to Foreign products, 
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, and IM equals the total imports; 
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 seems to be the GDP as aggregating the economy into one sector according to the expenditure measure of GDP, but it is 
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 according to production measure as well as equals to that by income measure of GDP. Such that a paradox appears. Which is correct? The key factor to interpret this is the treatment of 
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already is produced by Home. This paradox cannot appear in traditional main economics because it never considers intermediates theoretically.

To deal with the above three kinds of accounting inconsistencies, the key is to find out the economic significance of GDP. Fundamentally speaking, GDP accounting is not a kind of physical accounting, but a value accounting or nominal income accounting. In order to clear the economic implications of GDP, see the following two IO tables.
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Eq. (3) takes Foreign country as a production sector, but only has the import and export trade activities with Home country. In Eq. (3),
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 is the net import. Eq. (4) only considers the production of Home, Foreign country has no production activities in Home so that its gross output is zero in Home. In Eq. (4),
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It is easy to show that
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In Eq. (3), the world was taken as a general economy and IM is the gross output of Foreign as production sector, then it can be seen that the economic meaning of Z is the gross income of Home with intermediate consumption excluded while
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as the gross income of Foreign equals the net export of it and the net import of Home. From the use of perspective, except for consuming final product Y in Home, Z is also used to support Foreign net use
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The net use by foreign is a savings of Home or a loan to Foreign.

In Eq. (4),  Foreign has no production in Home so that its gross output is recorded as zero. By that way, it seems that GDP of Home should be 
[image: image26.wmf]Y

Y

Y

Z

Z

F

D

F

=

+

=

+

according to income method of accounting when taking Foreign as a production sector of Home, which means the total income of Home equals the final use of Home. If 
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 is the gross income of Home adding the loan from Foreign; If 
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is the gross income of Home excluding the savings in Foreign.The gross income of Home includes the money surplus borrowed from Foreign for intermediate or final consumption.

Based on the analysis of Eq.(3) and (4), we can see that GDP is not the physical product of Home. In fact, by physical form, Q is the total product of Home which all produce in a given period. Essentially, GDP is the income of all resident units of Home got from the productive activities in a given period. 
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 is got by foreign residents so it cannot be included in GDP; 
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 is consumed by production itself and no resident unit get it so it cannot be included in GDP. By such meanings of income, according to accounting identities, GDP may be defined as:
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The above accounting analysis depended on the traditional input-output analysis framework has not covered all the economic factors of production. In a national economic accounting, the comprehensive accounting of a country's economy must include all the income of productive factors in the country. The production factors of a country are used not only in home but also in foreign countries, so that the indicator of gross national income i.e. GNI is given in SNA. The income accounting of production factors needs to consider the occupancy of stock.

2.3  About the GDP accounting reform related to the input of R&D

Five major international organizations——The United Nations, the European Commission, the Organization of Economic Cooperation and Development, the International Monetary Fund, the World Bank jointly issued the System of National Accounts 2008 (SNA 2008) which is the latest version of SNA. An important proposal in this version is to include the expenditures on R & D activities in investment statistics. In July 2013, the Bureau of Economic Analysis (BEA) of U.S.   released the GDP account which lead the GDP of United States in 2012 increased by 3.6%. According to Brent Morton, the director of BEA, in the new GDP accounting methodology of U.S., the spending on R & D by corporate, government and non-profit organizations will be considered as fixed capital investment, and the spending on original work of entertainment, literature and art  will also be included into fixed investment statistics, another category will include film, long-term television programs, books, recording, etc. In addition, a number of taxes on housing traction and the deficit of Defined Benefit Plan of Pension will be incorporated into the calculation of fixed investment, as well.

This reform of the GDP accounting methodology is essentially the operation to transfer some  economic quantity of X in the original first quadrant of an input-output table into its second and third quadrant. As has been stated, an input-output table is a database of comprehensive record of the economic activities for a national economy, and the input and output of any activity in it has been included under the case of statistical integrity. Except the compensation of fixed asset consumption, that whether a quantity is included in intermediate input or final output is not a problem for tangible items. However, in the modern economic theory, the concept of intangible assets is put forward, which makes changes on the nature of some economic activities. For example, the cost of advertising is usually included in the cost of production in a given year, but if it is thought that this “investment” has formed some kind of assets, then advertising payments as intangible asset accounting is reckoned as fixed capital formation seen from the row direction of an IO table. At the same time, looking into the column direction, it will be removed from the intermediate input, so that the cost of enterprises will be reduced in the year and the surplus will increase. Secondly depreciation will happen as a fixed asset, so that there will be an increment in the depreciation row of the IO table in current or next year. Because the depreciation rate of intangible assets would be much faster than the general fixed assets, so that a bigger quantity would be decreased from gross value-added and GDP to calculate the net value-added and NDP. Of course, the reform has not yet suggest to put advertisement expenditure into fixed asset investment, however, R & D input has the same properties. 

R & D activities as production activities of investment product belong to a different industry because the representation nature of their products is very different from majority enterprises. The results of R & D activities are generally scientific and technological outcomes. The value of scientific and technological achievements are not reflected on the specific carrier forms (hard copy or electronic version), but based on their content, generally known as intangible assets. The differences of before and after accounting reform are discussed in two cases in following. 

Case 1. The producer of science and technology is independently a productive institution, and its products are traded in markets. According to the old accounting method before reform, there is a correspondent form of IO table as following,
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In Eq.(7), the second sector is the science and technology industry, the other sectors’ inputs of it is treated as intermediate use（
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Based on Eq.(8), the GDP of the economy increases 
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. Because the gross output of every sector doesn’t change due to the new accounting method, the surplus in primary inputs should  increase as a balance item. This case seems enterprises buy large fixed assets, the spending on this product cannot be taken as the cost of the current year.

Case 2. The science and technical activities carried out by the R&D department of an enterprise are accounted together with the main production process, and the outcomes do not take part in market transaction as well as not the part of the gross output. By the case, according to the old accounting method, the corespondent IO table as following:
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In this table, 
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are respectively the input of intermediate, depreciate and wage for R&D activities, tax and surplus can not be divided into two parts——the main production activities and technology activities. It is assumed that the outcomes of scientific and technological activities are not sold in the market as products, but used in the internal of enterprises, so that the gross output will not be increased directly by the scientific and technological achievements. Now, we take the science and technology activities as a sector separately, according to the new accounting methodology, the corresponding input-output table form is as following:
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One question now is: how does the market value of the outcome of the scientific and technological activities is accounted as the internal work result of an enterprise? According to the traditional economic accounting practice, there are two ways to deal with it. One is following the way to deal with the gross output of government sector, the total output is equal to the total cost; the second way is to have a virtual market price by taking a reference to the similar independent market enterprise . The first way is just discussed in the following. In accordance with the first method, 
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. This output is used by the main production sector as a fixed capital and put in the final use column of capital formation. It is Obvious that the GDP got by new accounting method is
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bigger than the old one. How is this part reflected in the table? It is natural to discover in the expenditure approach, but it cannot be covered in the primary input quadrant without changing the input composition of the original main production sector. In the new table, the gross output of the main sector will not change, W, T and D are not changed as well, what can be only changed is operating surplus which is just 
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more than the original. In this way, from the perspective of income approach, the value-added of scientific and technological sector seems to be calculated twice, one as the value-added of science and technology sector, second as the operating surplus of the main production sector.

One reason for the GDP accounting reform of the United States is likely to pay more attention to its greatly much input for R&D activities. Its R & D input had always been a cost before in old accounting way, after the reform, it becomes final use from intermediate use, i.e. Input becomes Output; from the perspective of income approach, cost was reduced and profit increases, so cost becomes profit, and thus GDP was created. Especially the scientific and technological activities in the internal of an enterprise were completely not reflected in GDP, so the increase in GDP after the reform would be quite large. However, the defect of this reform should also be examined. First of all, the value entering the gross product is equivalent to waste if the correspondent R & D fails. Second, although the reform increases a current year GDP, but, its depreciation problems also appear after the outcomes of R & D get into fixed capital accounting. In later years, depreciation funds need to be increased, so the operating surplus will be reduced, therefore, the net value-added in accounts will decrease. Because the loss rate of scientific and technological achievements may be even greater, the net value-added is further smaller than the value-added, thus NDP is further smaller than GDP. Third, whether should the R & D outcomes be accounted as inventory if they were not sold? In addition, this reform of the GDP accounting would be much complicated if it demand to reform the enterprise accounting and tax system, which is related to the enterprise's income tax and depreciation accounting problems. From the view of simplification, this reform may be limited to the macro GDP accounting statistics.

3  About the aggregate supply-demand (AS-AD) analysis in macroeconomics

As noted in the introduction, a significant difference between the Input-Output Economics and the modern mainstream economics is about intermediate inputs and intermediate demands. In fact, not taking into account the intermediate demands and inputs is a very big flaw which results a serious logically narrative scar in modern mainstream economics. First, the cost can not be fully considered in the analysis of firm behavior in microeconomics because the intermediate inputs are not included but saying only to consider labor and capital as inputs in sake of simplification. Secondly, in macroeconomics, because it did not consider the intermediate demand, the economic fluctuation caused by intermediate product cannot be analyzed in AS-AD analysis so that the stagflation had not been effectively explained for a long time to. Later, the possibility of stagflation shows up in a new model due to the contract move of supply curve and the concept of cost push inflation was introduced, however, the cost factor cannot be introduced naturally in the theoretical model and only a cost parameter was forced into, which became a pain in the hearts of economists who lamented that there is not a room to present the oil price in the aggregate supply and demand relations
. If the AS-AD analysis model is established by applying the input-output technique frame, it is natural to bring the price of oil into perspective and to analyze more impact factors, such as wage rate and surplus rate.

Suppose there is an IO table as:
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In this IO table model, it is supposed that (1)there is not government sector; (2)the import of oil is all used to supply production sectors, the volume is R; (3)there is no depreciation. Supposing the oil price P2，the price of other product is P1，then
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In Eq.(12) and (13), C, I, NX, W and M are nominal. Let nominal GDP is Y, and net export is 
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Let


[image: image57.wmf]aQ

X

=

，
[image: image58.wmf]bQ

R

=

，
[image: image59.wmf]wlQ

W

=

，
[image: image60.wmf]mY

M

=

，
[image: image61.wmf]cY

C

=


where a is intermediate input coefficient，w is wage rate，l is the labor demand by unit gross output whose reciprocal is labor productivity on gross output，m is surplus rate relative to value-added，c is final consumption ratio to GDP, such that
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It can be obtained from the above equations that
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Denoting real GDP as 
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Based on the solution of price and real GDP above, the change of oil price would not impact nominal GDP if investment didn’t change by supposing trade is balanced. However, the rise of oil price will promote P1 if wage rate and surplus rate do not change, which would increase inflation level, then real GDP would contract and stagflation would happened. In order to avoid inflation, it needs to decrease the surplus rate under unchanging the wage rate, i.e. to cut down the profit level of enterprise, which would not shrink real GDP as well. If import and export are not balanced and government sector and tax are introduced, situation would be complicated, but the basic conclusion will not change, i.e. Stagflation could be avoided by adjusting the behaviors of the domestic economic subjects
. It can be seen that the macroeconomic models can more naturally explain the happen of stagflation and put forward some ways to relieve it.

4  About the relation of economic growth and inflation

In a real economy, economic growth is typically accompanied by inflation. In order to maintain a certain growth rate, people will worry about deflation, hope the inflation rate maintained at above a certain level. Then, to have an explanation on the correlation of growth rate and inflation rate based on fundamental economic theory is an important subject. Traditional mainstream economics has discussed the inflation theory on the basis of the quantity theory of money
 and reckoned inflation as a monetary phenomenon. By the frame of input-output techniques, we put forward a point of view
: growth will be inevitably accompanied by inflation in a fairly broad conditions.

4.1  Price equation

Suppose an economic system without government sector and international trade —— a closed economy, then there are following basic relations:
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Let
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To divide both sides of Eq.(22) by Qj，then it has
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Integrating all sectors into on sector, then there is
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Note. We here denote identity matrix as 1 which may also represent number 1 depending on context.
4.2  Basic dynamical model

Let
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where 
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 is the quantity of product produced by Sector i and used as capital by Sector j (inventory included) at the end of period t, 
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is the diminution or wastage of product i as capital used by Sector j during a production period t. It can be got from input-output row model that
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Let                
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where all quantities are in one period, so that the time identification t will be omitted in following.

4.3  Dynamic equilibrium

Supposing the saving rate of labor remuneration in Sector j is 
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If the product structure vector of resident consumption by current price is 
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Bring Eq. (28) into the dynamic model, it has
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In the following, the total economy is integrated into one sector, and the capital letters in the above equations are substituted by lower-case letters, and those matrix or vectors noted with lower-case letters will not change only cancelling the transpose symbol, as well as 
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Solving Eq. (31) and price equation (24) simultaneously with unknown quantity p and m, it gets
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From Eq.(32), it can be seen that, for given saving rate of labor remuneration and capitalization rate of surplus, surplus rate and price level will increase with growth rate raise when wage rate, labor productivity and intermediate usage are stable. Because wage rates are in raising generally when economies grow, the labor productivity should be promoted in order to decrease inflation when economic growth is in high level. It is obvious that economic growth is not beneficial to laborers and makes a trend to widen the difference gap of income distribution unless the wage rates get enhance enough. 

The above conclusion of inflation accompanied with growth is got under the assumption of closed economic condition, but because the global economy is a closed economy, the inflation is inevitable in the world average level although some regions can escape from inflation. Especially for a big country like China, the conclusion will hold probably.

For multi-sector model, the above conclusion will hold as well because a single-sector model is equivalent to the average of a multi-sector model. Even though the prices of some sectors are down, the price level of the overall economy will rise following the economic growth.

In addition, for who is cause and who is effect among inflation, economic growth and surplus enhance, the above equation can not have a resolution. The above equations are the result of equilibrium, which means to maintain the proportional relationship between economic variables. No matter which quantity changes antecedently, it will drive the dual variable to make a fit to that change.

5  Conclusion

Modern mainstream economics is not a completely theoretical system with an internal consistency, Its description to an economic system is not complete and has defects. It is a very worthwhile research direction to establish a new economic paradigm on the base of input-occupancy-output analysis framework
. The paradigm of mainstream economics is based on optimization model, and the movement of so-called the establishment of a micro foundation of macroeconomics is an attempt to starting macroeconomics from the behavior optimization of economic subjects. The characteristics of input-occupancy-output paradigm is equilibrium analysis which is directly  based on the relations of proportional dependence between economic variables and economically technological links. It is due to the systematic nature of input-occupancy-output techniques, the economic meanings of product accounting can be clearly analyzed and the limitations of GDP definition can be revealed. It is because of the consideration of intermediate inputs, the explanation of stagflation is more natural and reasonable, and the way to cure it can be found. It is due to the strict equilibrium constraints which makes it possible to explain smoothly the adjoint relationship between economic growth and inflation. Input-occupancy-output Economics has more advantages when it needs to consider structure relationships. For example, the impacts of changes of resource price and wage rate on the price of each sector are able to be studied with the analysis of intersector price relation model, which can further analyze the influence on the living expenses of residents with different income levels. Especially, the issues of environmental economics need input-output techniques to analysis thoroughly and comprehensively. In fact, Leontief has shown the great economic analytic power of input-output techniques through his works in Input-Output Economics where some areas cannot be systematically analyzed by traditional economics. We look forward to input-occupancy-output techniques to make groundbreaking contributions for the birth of a new paradigm of modern economics.
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