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Lessons from the Specific Factors Model of International Trade

Abstract:

The Specific Factors Model is an excellent learning tool. It provides insights into the meaning of economic efficiency. It shows how complex economies simultaneously determine prices and quantities (and that it is relative prices that matter). Furthermore, it shows how changes in demand conditions or technology can affect income distributions among owners of various factors of production.

This paper reports how this model can be presented using spreadsheets. Spreadsheets allow students to deal with “what-if” questions within already-prepared spreadsheets. They also give them the chance to look into the working of the model and, if they wish, to change its structure. In these regards, presenting the exercises in spreadsheet format provides important advantages over using “black box” presentations. Moreover, it presents students an opportunity to practice their use of spreadsheet software. The address for the workbook and related material is below (case matters):

URL: http://www.campbell.berry.edu/faculty/economics/SpecificFactors/SpecificFactors.html.

Lessons from the Specific Factors Model of International Trade

I. 
Introduction 

Paul Samuelson (1971) and Ronald Jones (1971) developed the specific factors model to provide insights into effects of international trade that the simpler Ricardian model overlooks. In particular, the Specific Factors model shows that, while trade does increase an economy’s consumption possibilities, it can cause some members of that economy to suffer losses compared to autarky. Along with this important substantive point, the model offers numerous pedagogical attractions. From a pedagogical viewpoint, the model has numerous attractions. Among others, it provides an in-depth investigation of marginal productivity theory of income distribution, an introduction to the equimarginal principle that must apply if economic efficiency is to be realized, and a development of the production possibilities curve. 

This paper describes a Microsoft Excel workbook that develops this model. Cahill and Kosicki (2000), Chizmar and Walbert (1999), and Paetow (1998) report advantages that using spreadsheets can provide the economics instructor. Spreadsheets offer an intimate look into many aspects of economic theory. Their application to the specific factors model is ideal for exploiting the advantage of spreadsheets.
 Section II provides an overview of the model. Section III presents excerpts from the workbook that demonstrate this workbook’s ability to capture model’s essence. Section IV describes the use of the worksheets in the classroom and summarizes student feedback on the use of the model. Section V concludes the paper.

II. Model Specification:

The three-factor specific-factors model of an economy’s production possibilities requires two production functions as follows: 

QM = QM (K, LM)








(1)

and


QF = QF (T, LF)








(2)

where QM and QF are quantities of manufactures and of food respectively. Capital (K) is specific to producing manufactures, and land (T) is specific to producing food. Labor is used in both sectors, so that


LM + LF = L,









(3)

where L is the fixed supply of labor (K and T are also in fixed supply). 

Addressing the issue of income distribution among the three factors within the neoclassical theory requires that the two production functions exhibit constant returns to scale. We employ the following Cobb-Douglas production functions: 

QM = AK0.3LM0.7








(4)

and


QF = BT0.3LF0.7.








(5)

In addition to these production functions, the model requires a “relative” demand curve for the two products. We use a simple unit-elasticity demand curve:

QM/QF = b(PF/PM).








(6)

Also, the model requires production functions for the food and manufactures sectors in the rest of the world. We refer to the other “country” as Japan.
 Again we use the same Cobb-Douglas functions, but with different constant terms. With this specification we develop a “relative supply” curve and determine a world equilibrium price ratio.

III.
The Workbook:

The workbook consists of seventeen spreadsheets.
 Figure 1 below identifies the worksheets. Each entry in the menu consists of two parts. The top part is a navigation button to take the user directly to the desired worksheet. The bottom part is a cell with an embedded comment. Placing the cursor on this cell results in a brief description of the worksheet. Further comments are dispersed throughout the workbook to provide guidance to the user.
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A. Marginal Product: 

Figure 2 illustrates the attraction of using spreadsheets. It shows the marginal product and value marginal product curves derived from the manufacturing production function. Students can easily see the relationship between total output (Quantity) and marginal product, and the relationship between marginal product of labor (MPL) and value marginal product (VMP=MPL x P). They can establish how changes in technology (A) and capital (K) affect MPL and VMP, and how a changed product price affects VMP given MPL.
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B. Production Possibilities. 

Another useful combining of graphics and tables occurs in the derivation of the production possibilities frontier (PPF) for the economy, appears in Figure 3. The figure provides a table showing specific points on the frontier as a direct result of the allocation of the mobile factor, labor.  This illustration provides students with a quick calculation of a PPF that is not usually apparent from textbook graphs. It also depicts the direct link between the inputs of production and the shape and position of the PPF.
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The tabled values can be related to the various quadrants in the familiar four-quadrant development.
 Columns (1) and (2) show the labor allocation, typically shown in the third quadrant. The two production functions, which appear in quadrants two and four, show up here in columns (1) and (3) for manufacturing, and (2) and (4) for food. Thus, the development above complements that provided in textbooks. As with other worksheets, the user may change various parameters and determine how the changes affect the production possibilities.

C. The Equimarginal Principle. 

Figure 4 shows how the equimarginal principle is used to determine the allocation of labor between the two sectors. This figure reflects information about the effects of price level changes on resource owners’ income levels.
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The graph focuses attention on the equimarginal principle. It would be a simple matter for the instructor to have the student set LF equal to some value other than the one at which the condition is satisfied and shade in the resulting loss in value of output. 

The user can also explore the implications on each factor’s income of each of the following: industry-specific technical change (or general technical change by changing both coefficients proportionately), changed resource endowments, and changed product prices. In the case of product price change, the examination of real income change necessarily involves an index number. We adjust the income using a Paasche index, a “GDP Deflator.” Using this deflator to adjust income of labor, landowners, and capital owners requires the assumption that each group consumes manufactures and food in the same proportion. (Comments in the appropriate cells inform the user of the nature of the adjustment process.) 

D. Price determination. 

To close the model requires demand and supply curves, as shown in Figure 5. In both cases, the nature of the spreadsheet requires that we draw inverse curves, with the relative quantity and the independent variable. The demand curve is straightforward. Its height (the relative price) is inversely proportional to the relative quantity.

The development of the supply curve is one of the attractive features of the workbook, but also requires restrictions on the production functions. Rather than positing an ad hoc relationship between the relative price and relative supply of the two goods, the model uses the fact that the slope of the production possibilities curve equals the ratio of marginal costs for the two goods, and from this relationship derives the height of the supply curve (as with demand, relative price). This “closing of the model,” which lets the user see how the world price ratio is determined and how the ratio depends on supply and demand factors, does come at a cost, however: For technical reasons we must impose equal exponents on all production functions.
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E. General Equilibrium. 

Spreadsheets prove most effective in illustrating the general equilibrium effects of changing some of the model’s parameters. Figure 6 shows a “wrap-up” of the model. In this spreadsheet, the student can see how parameter changes affect the equilibrium values of the model’s variables. For example, an increase in Japan’s capital endowment would reduce the relative price of manufacturing, in turn reducing the amount of labor used in the manufacturing sector and increasing labor employment in the food sector in the United States. It will also reduce the output in the manufacturing sector and increase the output in the food sector, reduce the wage rate, reduce income to labor and capital, and increase income to land. The exercise set (see the appendix) lets students observe these changes. (See question number 22. ) Instructors could add many such changes in their use of the workbook in classroom demonstration or in assigned exercises.
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IV.
Classroom Use of the Model and Student Feedback:

We have used this spreadsheet to teach the Specific Factors model in an international trade class. We first presented the model using the standard lecture/chalkboard approach. Then we introduced the workbook was used to demonstrate the connections between the different markets and the numerical changes of the equilibrium values as a result of changing some of the parameters. Also, students were given a homework assignment that required answering twenty-two questions that specifically referred to the workbook.
 Students also used the exercise set and the workbook to help prepare for the exam.

We find that students appreciate the use of workbook to provide numeric solutions in addition to the more usual graphic representation of the model. They also benefit from observing the exact shifts that result from changing some of the parameters and better understand the general equilibrium results. The workbook and other similar workbooks proved to be beneficial in instruction, as they made the model less abstract, and therefore easier to explain. Though developing workbooks like this one is time consuming, the instructor could reduce the cost by making it part of the student assignment and/or by accomplishing the same results with less fancy workbooks. (The more time consuming part of the development of the model is inserting the buttons and developing the macros: Functioning workbooks that plot graphs and summarize results would not be as time-consuming and would still accomplish the same results).

We asked students to comment on the use of this workbook (as part of the exercise set) in addition to commenting on the general use of Excel in learning international trade (in the middle of the semester). One of the workbook-specific comments was: “this really enhanced my ability in understanding the material that was presented in class.”
 Some of the general comments on the use of Excel (through similar workbooks) included: “Excel helps me better understand the material; it gives a good review of the material covered in class,” “I enjoyed the exercises: the data and graphs help solidify the concepts and provide error-free graphs. Sometimes, not having to draw the graphs, and thus mess them up, can be beneficial,” and “Excel exercises are very beneficial.”

V.
Conclusion:


In addition to its importance in the international trade literature, the Specific Factors Model is an excellent learning tool. It incorporates much of what is central to neoclassical theory into a simple general equilibrium model. In doing so, it provides students with insights into the meaning of economic efficiency and into the way that economies simultaneously determine prices and quantities (and that it is relative prices that matter). 

This paper reports how this model can be incorporated into a Microsoft Excel workbook. Using this powerful spreadsheet program lets students deal with “what-if” questions within already-prepared spreadsheets. It also gives them the chance to look into the working of the model and, if they wish (or if an assignment insists on it) to change the structure of the model.
 The paper also documents the use of the workbook in a classroom setting and highlights the advantages of its use to both instructors and students.
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Appendix

Excel Exercises to accompany the Specific Factors Model

ECO 440 International Economics

NAME: ____________________________

Fall 2000 




Due on: _______________________________
Please download the Microsoft Excel file titled specific_factors.xls.

You can reach it by going to the web address:

http://www.campbell.berry.edu/faculty/economics/SpecificFactors/SpecificFactors.html 

and choosing Specific Factors workbook. Select the worksheets as indicated to answer the questions below.

Production, 1 Good. The worksheet introduces concept of a production function. A single input labor is employed in variable quantities. The level of the specific (to Manufacturing) factor capital is fixed.

1.
Why does output increase at a decreasing rate when labor increases?

Production, 1 Good – Simulation. This worksheet extends the analysis above by showing the output level for Manufactures at each employment level for labor, given two different levels of capital.

2.
What does an increase in capital do to output at each level of labor?

MPL and (MPLxP). This worksheet looks at the marginal product of labor—the change in the quantity of manufactures per one-unit change in the amount of labor employed in their production. It also converts this to monetary terms by multiplying the MPL times the product price.

3.
What does an increase in capital do to MPLM? Why do you think this is the case?

4.
What does it mean in economic terms to say that a higher price shifts the (MPL x P) curve upward? 

Production Possibilities. This worksheet shows the economy’s production possibilities. These possibilities are attainable given the current technology and endowments of resources (land, capital, and labor). Attaining a point on the curve requires that labor be allocated efficiently between the two industries, Manufacturing and Food.

5.
What is the economic interpretation of the fact that the production possibilities frontier is concave?

6.
How is the production possibilities frontier affected by:


a.
An increase in labor?


b.
An increase in land? Be specific. Do not just say “It shifts outward.”


c.
An increase in capital? Be specific. Do not just say “It shifts outward.”

Labor Allocation. This worksheet shows you how the total amount of labor must be divided between the food and manufacturing sector if that labor is to be allocated efficiently. It also shows how this division is affected by a change in total labor available, land, capital, price of food and price of manufacturing.

7.
Explain how a decrease in the total amount of capital will affect each of the following?


a.
The equilibrium wage rate.


b.
The amount of labor used in food production.


c.
The amount of labor used in manufactures production.


d.
The quantity of food produced.

e. The quantity of manufactures produced.

f. Income of capital owners

g. Income of land owners

8.
Explain how an increase in the price of manufactures will affect each of the following?


a.
The equilibrium wage rate.


b.
The amount of labor used in food production.


c.
The amount of labor used in manufactures production.


d.
The quantity of food produced.

e. The quantity of manufactures produced.

f. Income of capital owners

g. Income of land owners

Allocation and Output. This worksheet recasts the results of the preceding sheets with explicit attention to output. It shows how the output levels of the two goods change in response to price-level changes.

9.
Confirm your answers for question number 8.
Proportional Price Changes. This worksheet examines the effect of changing both prices in the same proportion. Doing so shifts both “Value Marginal Product” upward in the same proportion. The result is no change in any real variable.

10.
Change the two prices by a proportion. The proportion chosen is ________ percent. Confirm that the real wage rate remains the same after the price-level changes.

Single Price Change. This worksheet deals with the effect of changing the price of one of the two products. A single price-level change does have real implications.

11.
Confirm your answers to question number 8. 

Changed Ps and Qs. This worksheet recasts the information in the preceding one in terms of quantities produced.

12.
Confirm your answer to question number 8.

Relative Demand and Supply. This worksheet shows where prices come from. The demand and supply curves are stated as functions of relative prices. The supply curve is derived directly from the Production Possibilities curve. The demand curve is not derived; rather, it is simply posited. The precise nature of demand is irrelevant; its purpose is to illustrate how markets generate relative prices.

13.
How does an increase in Relative Demand affect the equilibrium relative price and relative quantity? 

14.
How does a decrease in Relative Supply affect the equilibrium relative price and relative quantity? 

ChangedSpecificFactors. A change in the supply of either of the specific factors, capital or land, will change all values. This worksheet shows the nature of these changes.

15.
Explain how a decrease in the total amount of land will affect each of the following?


a.
The equilibrium wage rate.


b.
The amount of labor used in food production.


c.
The amount of labor used in manufactures production.


d.
The quantity of food produced.


e.
The quantity of manufactures produced.

16.
How will an increase in the total amount of capital affect each of the following?


a.
The equilibrium wage rate.


b.
The amount of labor used in food production.


c.
The amount of labor used in manufactures production.


d.
The quantity of food produced.


e.
The quantity of manufactures produced.

Trade & Relative Prices. The worksheet shows relative demand for the goods as a function of their relative prices. Likewise, it shows relative supply, which is an average (not a simple average, however) of the supply curves of the two trading countries.

17.
Confirm that the following are approximately true, given the initial values underlying the demand curve and the supply curves, and that the relative price ratio is 0.86: the relative quantity ratio for the world = 0.674, the relative quantity ratio for America = 0.381, and the relative quantity ratio for Japan = 2.055. Do this by placing the cursor on the relevant supply curve and reading the value for the quantity (the first of the pair of numbers).


Now shift the supply curve to the left. The new equilibrium relative price ratio is ______. At that relative price (approximately), the relative quantity ratio for the world = _______, the relative quantity ratio for America = _______, and the relative quantity ratio for Japan =_______.

BudgetConstraint. The country’s Production Possibilities curve combines the relative price ratio determined in the world market to determine the consumption possibilities in the trading country. This worksheet illustrates the determination of consumption possibilities.

17.
What determines the slope of the Budget Constraint? Explain how.

18.
What determines its position? Explain.

Imports&Exports. Determining the prices of the two goods establishes the quantity of each that the home country produces. If home consumption of manufacturers exceeds the quantity established by the prices, the country’s citizens import manufactures; otherwise, they export manufactures.

19.
a.
Verbally explain why trade is beneficial for this country.


b.
Is trade beneficial for the country’s trading partner(s)? 

Equilibrium. This worksheet illustrates the nature of equilibrium when trade involves two countries. By assertion, manufactures consumed is 3000 more than manufactures produced in America, and 3000 less in Japan. That is, equilibrium is imposed. Given relative prices, the quantity of food that must be traded is established. A more complete model would involve preferences in each country, so that quantities demanded of both goods are determined independently of the quantities produced.

20.
Choose a price for each of the two goods. The price for manufactures is $_______ per unit; the price for food is $_______ per unit. At this price ratio, Japan imports _______ units of food and the U. S. imports _______ units of manufactures. Explain what the ratio of manufactures imports to that of food must be as indicated.

Trade & Consumption. This worksheet focuses on how trade expands consumption opportunities. For any specified point on the production possibilities frontier (which would correspond to consumption possibilities absent trade), the graph shows how more of either of the goods (or both) can be consumed via trade.

21.
Select the quantity of manufactures equal to 3798.289 from the menu in cell E6. Choose two or three different prices of manufactures, holding the price of food constant, and observe the effect on consumption possibilities. Describe what you find.

General Equilibrium. This worksheet ties everything together by tracing how a change in any or a combination of the variables affects the equilibrium values of all the other variables.

22.
Change the price of manufacturing. Original price is _______. New Price is ________. Describe what you find. Explain the change in labor income, land income, and capital income. Also explain the change in the output mix for both the United States and Japan.

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

How long did it take you to finish this exercise set?

Please rate its difficulty. Circle one of the numbers on the scale below

1


2

3

4

5

Extremely easy






extremely difficult

Please rate its clarity. Circle one of the numbers on the scale below

1


2

3

4

5

Extremely clear






extremely confusing

Please suggest ways to improve the exercise set, in terms of either clarity or content.

� Most of the worksheets are based on the specific-factors model as presented by Krugman and Obstfeld (2000).


� We choose these exponents for the following reasons. First, the functions exhibit the requisite constant returns to scale. Second, this specification returns seventy percent of income to labor, consistent with observed values. (See Reynolds (1995) regarding labor’s share of income.) Third, using the same exponent for capital in both sectors is necessary for one of the spreadsheets. We indicate in the workbook which of the worksheets could not be solved without imposing equal coefficients for both production functions. Instructors who wish to have students rework the model might wish to establish what we discovered, that the illustrations change very little when different exponents are employed in the two sectors. See footnote 8 below.


� We follow Krugman and Obstfeld in naming the two countries and the two commodities.


� We use Microsoft Excel, but all of the work could be replicated using other spreadsheet software.


� In this case we deviate rather markedly from the familiar four-quadrant graph to show how the production functions determine production possibilities. Technical aspects preclude our following this approach. The data on which the Production Possibilities curve is based is in clear view. This makes constructing the four-quadrant graph an unnecessary exercise.


� The “Comment” cell explains to the user why the two production functions have the same coefficients. The instructor could easily have students replace our specification with others. Extensions could include explorations into the implications of increasing returns to scale. Before doing so, we recommend that the student be instructed to make a copy of the sheet and experiment with the copy.


� The questions in the accompanying exercise set asks students to examine the effect of specific changes to parameters of the model on the income accruing to factors of production. See section IV for a discussion of the exercise set.


� This is required because solving for the supply curves requires solving for quantities (home, foreign, and total) as functions of relative prices and then computing ratios. This proves intractable using a general Cobb-Douglas formulation. The equation for the allocation of labor within a country becomes:


LM1-/(L – LM)1-= [( / )(A/B)(K1-T1-)(PM/PF)].					(7)


Here A and  are the coefficient and exponent for labor of the manufacturing production function, and B and  are the coefficient and exponent for labor of the food production function. When  , we could not solve the equation; when  = , the solution is direct. Therefore, we set  = , using a common value of 0.7. For the sake of continuity, we use the same exponents throughout the workbook, but these values can be changed (as indicated in the sheets) if the user wishes.


� The exercise set presented here differs slightly from the one given to students because of some modifications in response to referees’ comments. We expect to continue to change the exercise set and the workbook in response to student feedback.


� Instructors who wish to use this workbook are certainly not limited to our use of it. They could also use it extensively as the basis for lecturing, base take-home exam questions on it, or even ask students to develop some of the worksheets on their own based on varying some of the coefficients of the functions.


� The comment section for the workbook at the end of the exercise set was left blank by most students.


� More frequent use of spreadsheets and more feedback are needed before we could make statistical inferences on how valuable they are. Students’ comments, however, are promising and have led us to update the workbook to be used again in future classes.


� Another advantage of using relatively open software like Excel is that it is easy to make changes. Accordingly, we welcome suggestions for improvements in either style or content.
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