This is a version of lecture 11 in which an important error is corrected. 

ECON/SØK 4415 International trade

Lecture 11

Lectures 11: Technology, trade and growth

Lectures 2 through 10 focused on trade based on factor endowments and increasing returns in production as the source of trade. 

In the next three lectures, focus will be on technology as a determinant for trade, income and growth. The plan for these lectures is the following:

Lecture 11 Technology and trade

· Basics of Ricardian trade theory

· Ricardian trade theory with a continuum of goods. 

· Trade and growth in the Ricardian model

Lecture 12 Growth and trade policy

· A model with protection to support industrial development

Lecture 13 Technology transfer

· Technology transfer and the world distribution of income

· The impacts of the TRIPS agreement

Technology and trade

Readings: Dornbusch, fischer and Samuelson (1977), pp. 823-828 and Lucas (1988), pp. 27- 35. 

Basics of Ricardian trade theory
A one-factor economy with two goods, wine and cheese.

To produce one litre of wine, it takes aw hours of labour. To produce one pund of cheese, it takes ac hours of labour. The economy has in total L hours of labour. Qw is the amount of wine produced and Qc is the amount of cheese.

The limits on production is therefore:

awQw+ acQc(L

The opportunity cost of cheese in terms of wine is ac/aw.

Pc is the price of cheese, Pw is the price of wine. We assume that there is no profit (squeezed away by competition?) so the wage rate per hour is the same as what a worker can produce in an hour times the price: Pc/ ac. Wage rate in wine sector is Pw/ aw. 

Only if Pc/Pw=ac/aw, wages are equal in the two sectors and there will be production in both sectors. 

So, on absence of trade, the relative prices of goods are equal to their relative unit labour requirements.

Trade 

Let * indicate the foreign country. Assume that 

ac/aw<ac*/aw*, or

ac/ac*<aw/aw*

So home’s relative productivity in cheese is higher than it is in wine. That is: Home has a comparative advantage in cheese. 

Home will specialise in wine if world market price is

Pc/Pw<ac/aw
Home will specialise in cheese if world market price is 

Pc/Pw>ac/aw
Foreign will specialise in wine if world market price is 

Pc/Pw<ac*/aw*

Foreign will specialise in cheese if price is 

Pc/Pw>ac*/aw*

If 

ac/aw < Pc/Pw<ac*/aw*

home specialises in cheese and foreign in wine. These conditions specify the world supply curve for cheese. Prices and quantity will be determined by demand as well as supply.
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Gains from trade

Home can produce wine directly (A) or home can produce cheese and trade cheese for wine (B).

A) Home uses one man hour to produce 1/aw litre of wine.

B) Home uses one man hour to produce 1/ac pounds of cheese. This cheese can be used to buy wine for the price Pc/Pw, so the man hour buys (1/ac)( Pc/Pw) litres of wine. This will be more efficient than A) if (1/ac)( Pc/Pw)> 1/aw, or Pc/Pw>ac/aw.
Many goods

Assume a continuum of goods indexed by z ([0,1]. a(z) and a*(z) are unit labour requirements for producing good z at home and abroad, respectively. Order the goods so that A(z)=a*(z)/a(z) is decreasing in z:

a*(z1)/a(z1)>....>a*i/ai>...>a*n/an

This means that home’s relative comparative advantage is decreasing in z (a high z implies a low A which implies low relative unit labour requirements abroad). Therefore, A’<0

NB: In the previous version of this lecture note the text said:

This means that home’s relative comparative advantage is increasing in z (a high z implies a low A which implies high relative unit labour requirements abroad). Therefore, A’<0
For any pair of wage rates, the unit labour costs of producing z at home is less than abroad if wa(z)<w*a*(z), or A(z)>w/w*. Therefore, home produces all and only those goods for which A(z)>w/w*. Define ω=w/w*.

Formally, home will produce the range of goods for which 

0<z<z+(ω)

where z+ is defined as the good for which 

z+=A-1(ω)

where A-1 is the inverse of of A. The foreign country produces the goods in the range

z+(ω)<z<1

Since we have constant returns to scale, prices will equal unit costs (when there is perfect competition). The relative price of a commodity z in terms of another commodity z’, when both are produced at home, is equal to the ration of unit labour costs:

P(z)/P(z’)=wa(a)/wa(z’)=a(z)/a(z’) where z<z+, z’<z+. 

The relative price of home produced z in terms of z’’ produced abroad is

P(z)/P(z’’)=wa(z)/w*a*(z’’)=ωa(z)/a*(z’’) where z<z+<z’’.

Relative wages are determined by demand conditions. Assume Cobb-Douglas preferences where consumers spend a constant share, b(z), of their income on good z. For discrete goods, we have bi=PiCi/Y being the demand functions, where Σbi=1. 

In the continuous goods case, home produces all goods indexed lower than z. In this case, the share of world income devoted to its total input is 
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The income spent on home’s products must equal its total income. Its total income equals its total wage income in a competitive equilibrium. Similarly, the share of income spent on the foreign country’s goods is 1-v(z+). Domestic income wL equals world spending on domestically produced goods. Therefore we have v(z+)(wL+w*L*)=wL. We can solve for relative wages ω as: 
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The B function starts at zero and approaches infinity as z+ approaches unity. Note that we can rewrite the expression v(z+)(wL+w*L*)=wL as [1-v(z+)]wL=v(z+)w*L*. This expression says that imports are equal to the value of exports. 

We now have to expressions for the relationship between w/w* and z+. The first, A(z)<w/w*, is decreasing. The second, B(z+;L*/L) is increasing. The relative wages, and therefore, the pattern of trade, is determined by their intersection. 

Figure 1
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Comparative statics

The equilibrium in the above figure is determined by tastes, technology and relative size L*/L. 

Changes in relative size

Assume that the foreign country increases in size so that L* increases. This will shift the B-curve upward in proportion to the change in relative size. This will increase the relative wage (from ω’ to ω’’)of the home country and reduce the range of goods produced there (from z+’ to z+’’). 

In figure 2 it is evident that the domestic relative wage increases proportionally less than the decline in the relative size. 

Figure 2
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How can this be understood? The relative productivities of the two countries for each good are unchanged. The relative size of the foreign country increases. Therefore the relative supply of the foreign country’s labour increases. This results in lower relative wages abroad and higher relative wages at home. This makes some industries at home uncompetitive and production of these goods are relocated the foreign country. 

The welfare implication of this is a clear improvement of home’s real income and reduced income per head abroad. 

From the definition of v(z+)=wL/(wL+w*L*), we see that reduced relative size also reduces home’s share of world income, although per capita income increases. 

Technical progress

Let’s assume reduced a* in all industries (i.e technological progress abroad). This causes A(z) to shift down. This will cause a reduction of z. This also causes a decline in the real wage. In part, the reduced wage will offset the decline in comparative advantage. Therefore, the reduction of domestic wages will be proportionally less than the decline in the relative unit labour requirement abroad. From the expression of relative prices, P(z)/P(z’’)=wa(z)/w*a*(z’’), we find:
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Above, a ‘hat’ denotes relative changes. From this we see that domestic and foreign real incomes increase. The range of domestically produced goods decreases however. 

Technology transfer is another type of technological change. This would tend to flatten the A(z) curve. This will tend to benefit the low-wage country and it may reduce income in the high wage country. Complete technological harmonisation would imply that ω=A(z)=1 so that a country having higher wages than the other country would loose its high wage advantage. 

Demand shifts

What would be the effects of shifting demand from high z commodities to low z commodities? This would cause the B-curve to shift up and to the left. Domestic relative income would rise while the range of domestically produced goods would decline. Domestic income is allocated to a narrower range of goods that are consumed with higher density while labour is spread over a larger range of goods. 

Transfers

Suppose that the home country receives transfer from abroad. In this case neither curves are shifted. The reason is that residents in the home country spend their income identically as do residents in the foreign country. Therefore, the home country will have a trade deficit, equal to the transfer, but there is no change in the terms of trade.  

Trade and growth in the Ricardian model
Much new growth theory is based on either R&D or external learning by doing. These models have in common that they generate constant growth rates as a result of economic mechanisms rather than exogenous growth models which assume growth in the long run to be generated by exogenous forces. 

Often one assumes that human capital accumulates in an industry as a result of experience in that industry often. Experience may be approximated by the accumulated production in this industry. Lucas (1988) incorporates these features of technology into a trade model.

Assume a two-goods (c1 and c2) economy. Let production be given as

ci=hiuiN

ci denotes production of good i. hi  denotes the human capital in this industry. ui denotes the share of the total labour force in the economy used in this industry. N is the total labour force. Therefore, uiN is the use of labour in industry i. It is seen that there are constant returns to scale in this industry since use of labour per unit is given by uiN/ci=1/hi which will be treated as a constant for each firm. 

Also note that u1+u2=1. 

Now assume that hi increases as a function of the effort ui devoted to producing good i. We write
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Now assume that one industry, good 1, is a high-technology industry. That is δ1>δ2. This implies that the potential for growth in this industry will be higher than in industry 2. 

Now, the intuition in the model to presented is the following: The differential equations for productivity growth in each industry will, in an autarky, generate economic growth. If the economy is such that the two goods are close substitutes, the industry with the highest growth, will take over the economy. If the two goods are poor substitutes, growth in the high technology industry will free resources to be used in the low growth industry. In a border case, the two industries will maintain their share of the industry. 

Now if two countries with the above technologies start to trade, it might be the case that they specialise according to short run comparative advantages. However, one of the industries will have higher growth potential than the other. In some cases this will cause a country specialised in a low-tech industry to loose from trade. 
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