ECON/SØK 475 International trade

Lecture 13: Technology diffusion

· The TRIPS agreement of the WTO

· A simple model of technology diffusion

· A complicated model of technology diffusion (not to be covered in the lecture). 

The TRIPS agreement of the WTO

· Knowledge and patents.

· What is the TRIPS agreement?

Knowledge and patents

Knowledge is a very special economic good. Knowledge is:

A) Costly to develop. In some sectors, R&D costs constitute a large share of sales-incomes. In the U.S. pharmaceutical industry R&D costs are 18 per cent of sales income.

B) Cumulative. New insights build on previously gained insights. Therefore, knowledge production involves positive externalities for generation of new knowledge.

C) Non-rival. Use of knowledge does not hinder other’s use of the same knowledge. 

D) In private markets, non-excludable. It is difficult (but not always impossible) to keep knowledge and technology secret. 

Therefore, knowledge has public-good characteristics. Public goods are not produced efficiently in private markets. There is a set of policy-responses to public-goods, like public provision, privatisation and subsidies.

For knowledge production, the patent system is one important policy response. 

A patent is a document issued by the government that gives the holder the exclusive rights to commercial exploitation of the described innovation. Other types of exploitation are not protected. Patent documents are public documents and can be used by others for instance as an input in R&D.

Normally, for an innovation to be patentable, it must be novel knowledge, contain a certain inventive step and be useful for commercial purposes.

The TRIPS agreement 

Patent institutions have normally varied between countries. For long there has been a set of international treaties for intellectual property rights. By the TRIPS agreement in the WTO member countries are obliged to establish a standardised system of protection of intellectual property rights. The TRIPS agreement came into force in 1995.

The required system of intellectual property rights has the following main characteristics:

· National treatment. This is one the main principles in the WTO and requires the countries to treat foreigners in the same way as domestic agents are treated.

· Most favoured nations treatment. This is also a basic principle in the WTO and means that countries should treat all countries equally well as they treat the one that is best treated. 

· Transparency. Laws, regulations and rules should be public.

· Copyrights (i.e. intellectual property of authors, musicals etc) should be protected for 50 years at the minimum.

· Trademarks and geographical indications should be protected without time limits.

· Patents

· Should be provided for all products and processes in all fields of technology.

· Should be provided in the fields of biotechnology and plants (with a few exceptions).

· Have a (potential) length of at least 20 years

· Industrial designs should be protected for at least 10 years.

Developing countries were given a five years transition period and the least developed countries enjoy a 15 years transition period. 

An improved system for intellectual property rights in the world economy was an initiative from the USA and EU during the Uruguay negotiating round (starting in 1986). The developing countries were sceptical. They claimed that such an agreement did not fit their needs for technology imports. Also, the tight minimum requirements in effect impose common standards on all countries.

A model of innovation and technology transfer (Krugman, 1979)

In this model, both the structure of trade, growth and income differences between countries are analysed. The model is inspired by the notion of product cycles: Goods are developed and first produced in the developed countries. There is scope for technology transfer to poor countries, so after a while, production of the new goods becomes possible in poor countries. 

We assume a world of two countries, a developed North and a developing South. There are two types of goods, old goods and new goods. Old goods can be produced in both countries (their technology is common property, as assumed in the neo-classical growth model). New goods, on the other hand, can only be produced in North. Both old and new goods are produced in a large number of varieties. 

The production technology for both types of goods are identical however: There is only one factor of production and units are chosen so that it takes one unit of labour to produce one unit of a good  (but keep in mind that new goods can only be produced in North). 

Individuals in both countries have identical utility functions of the CES-form:
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ci denotes consumption of each variety of goods. n denotes the number of varieties available. 

Note that in eq. 1) ( has the same role as ( in the previous lectures. The two forms are equivalent and their relation is (=((-1)/(. Below, ( will be used to expressed something different. The choice of symbols are used according to the texts.

The CES utility function used contain the property that utility increases with the number of varieties available (love of variety). Below, technological progress will take the form of increasing n. 

It is assumed to be perfect competition in the economy (so that profits are squeezed to zero) and with the production technology assumed, we have:
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(pn, ps ) are the prices and (wn,ws) are the wages in North and South respectively. 

Remember that new goods can only be produced in North. South only produces old goods. Whether North produces old goods depends on relative wages, wn/ws. If wn/ws=1, North is competitive in old goods. If wn/ws>1, North specialises in new goods. 

The relative wage depends on the demand for northern labour as illustrated in figure 1.

Figure 1
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Demand for northern labour falls with relative wage until the relative wage reaches 1. At wn/ws=1, the demand curve becomes infinitely elastic because northern and southern labour are perfect substitutes in production of old goods. In the figure, the northern labour force is set equal to A, so in equilibrium, wn/ws>1 and North produces only new goods. This is because A is to the right of where D becomes horizontal. We will assume that this is the case. Then the number of goods produced in each country can be identified. North produces only the exisiting numbers of new goods, nn and South produces the old goods, ns. The total number of goods is n=nn+ns.

From maximisation of the utility function we know that the relative demand for any two goods, say i and j, will be given by (cf. previous lecture notes):
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Demand for labour in each of the two countries will equal demand for each good times the number of goods. Therefore relative demand for labour in North and in South can be written:
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Therefore, relative wages is a function of relative labour forces and the ratio of new to old goods:
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Innovation and imitation

In this model, innovation means increasing n, the number of goods available. In line with much new growth literature, we assume that the number of new goods is a positive function of the number already developed. We assume innovation to be proportional to the number of goods in existence:
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Therefore the rate of growth in the number of available goods is assumed to be equal to i >0.

The rate of technology transfer will be assumed to be arbitrary in the sense that at a point in time, there is a positive probability that some western goods becomes imitated. Therefore, technology transfer to the South is a constant fraction, t>0, of the new goods produced in North:
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Therefore, the change in the number of new goods (those only produced in North) will be the difference between the rate of innovation and the rate of technology transfer:
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Now, let ( denote the share of new goods on the economy, (=nn/n. We have:
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In steady state equilibrium σ is constant. Therefore (=i/(i+t) in equilibrium. The ratio of new to old goods, nn/ns, determines the relative wages. It is given from the equilibrium value of (:
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In conclusion therefore:

There is a steady state in which there is a constant rate of introduction of new goods and a constant rate of imitation. Relative wages between North and South are constant and equal to the ratio of the rate of innovation and the rate of imitation. North exports new goods to South and imports old goods. Each good is first produced in North and thereafter in South. When the technology becomes available in South, production re-locates like in a product- cycle.

Changes in the parameters in the model involves both efficiency effects and distribution effects. 

Efficency effects:

Innovation represents productivity increase. More goods become available and increase welfare. 

Technology transfer also increases efficiency. The reason is that more goods can be produced for lower costs.

Distribution effects:

Remember the expression for relative wage rates from eq. 4):
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It is seen that the relative wages increase with the rate of innovation. Therefore, innovation disproportionately benefits North. While both North and South benefits, North benefits more because innovation increases its monopoly power vis-à-vis South.

Technology transfer works in the opposite direction. For a constant n, increased technology transfer implies that nn is reduced by the same amount as ns increases. Therefore, technology transfer benefits South on the expense of North. 

An extension

Now, assume that in addition to labour, production also depends on capital. While labour is immobile, capital is assumed to be perfectly mobile between countries. Assume away net-investments so that the total quantity of capital is fixed. Assume that all goods are produced according to a usual neo-classical constant returns to scale production function. All other assumptions from above are kept unchanged. 

The relative supply of the two (composite) goods, new and old, was fixed by the relative labour supplies above. With capital introduced, it becomes variable because capital can move between the countries. Capital moves until it earns the same rate of return in each country. Since production is assumed to be neo-classical, the marginal product of capital, which also reflects the demand for capital, will be downward sloping in the rental price of capital and quantity of capital space (r, K-space).

In figure 2, the vertical axis shows the rental rate of capital in terms of old goods. Ds shows the marginal product of capital in South and also the demand for capital there. Dn shows the marginal value product of capital in North (measured in terms of old goods at a given relative price of new goods). 

At any given relative price of new goods to old goods, there is an equilibrium rental price of capital, r, with a share of capital, Ks, allocated to South and a given share, Kn, allocated to North. Ks+Kn is the world stock of capital.

Figure 2
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If the relative price of new goods rise, so does the marginal value product of capital in North. This is illustrated with a shift of Dn to Dn’. This causes a rise in the rental price of capital from R1 to R2  and capital moves from South to North. Output in North rises and output in South decreases. 

Innovation extends the range of new goods and therefore increases the demand for new goods. This causes increased prices and capital movement from South to North. Income in North rises because a) the relative price of their good increases and b) their real wage (in terms of their own products) rises because of reallocation of capital.

Technology transfer shifts demand towards southern goods so capital moves south.

Appendix (which will not be covered in the lectures)

Another, more complicated, model of innovation and technology transfer (based on Helpman, 1993 which is an extended version of Krugman, 1979).
In the Krugman-model technological progress in the North occurred at a steady exogenous rate. Imitation made technology available to the South. There was a common growth rate in the South and the North but their relative incomes were dependent on the rate of imitation. 

Here the model will be extended to fit better to a situation in which patents motivate R&D. There are three main differences between the two models:

· Here, we introduce intertemporal preferences in order to determine an intertemporal consumption path.

· We introduce monopoly prices for newly invented goods, and therefore monopoly rents, in order to motivate R&D.

· We introduce an R&D sector to model innovation. 

Consumers’ preferences are
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This intertemporal utility function is the same as presented in lecture 13, except that ( is set equal to one. ( denotes consumers’ time preferences.
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Eq. 2) is the same instantaneous utility function used in the previous model of North South technology transfer. xi denotes consumption of variety i of a consumption good.  n is the total number of goods, consisting of new goods that are produced in the North, nn, and old goods that are produced in the South, ns. Therefore, n=nn+ns. 

From previous lectures (cf. previous lecture notes), we know that given total expenditures in a period, E, demand for each variety is given as:
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Above, P denotes the price index facing consumer and pi the price of variety i.

Production of goods is assumed to require one unit of labour per unit produced. 

In the North, there is only production of new goods. These are sold under monopoly. Therefore, northern producers solve the maximisation problem
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Above, wn denotes the northern wage level and pn prices for northern produced goods (and the subscript i is dropped because all firms are equal). 

A difference from the previous model should be noted; prices in the North is higher by the factor 1/( because of monopoly pricing.

Profits are given by (n=(1-()pnxn.

In the South there is perfect competition, so prices are equal to southern wages:
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In the previous model, innovation was exogenous and occurred at the rate i. All labour was used for production of goods. Here we assume that innovation is the result of investments in R&D. We assume that the R&D production function is linear in existing knowledge and use of labour in R&D, l:
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Hence, the labour markets have the clearing conditions:
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The rate of technology transfer will be assumed to be arbitrary in the sense that at a point in time, there is a positive probability that any western goods becomes imitated. Therefore, technology transfer to the South is a constant fraction, m>0, of the new goods produced in North:
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When a new good becomes imitated, the market power of its producer vanishes. The probability that no imitation has occurred at time ( is 

e-m(. Therefore, the possibility of being imitated has the same effect as an addition to the rate of interest. At time t<(, future profits at time ( is therefore valued as ((t)=(e-(m+r)((-t).

Now, define the share of goods that has not yet been imitated as ((=nn/n). By using the definition of nn(=n-ns), differentiating ( w.r.t. time and inserting from eq. 6) and 9) we obtain (as in the previous model):
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In equilibrium, the value of extra patents, Vn, has to equal the expenses of the research costs. Therefore:
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Furthermore, the value of patents equals the risk-discounted profits they result in:
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Derivate eq. 12) w.r.t. time to obtain:
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Eq. 13) is a standard asset pricing equation that says that capital gain plus the profit rate should equal risk adjusted interest rate. 

We had profits of northern firms as (=(1-()pnxn and the condition for labour market clearing as Ln=i+nnxn (implying that xn=(Ln-i)/nn). Therefore we get

(n=(1-()pn(Ln-i)/nn=[(1-()/(]wn(Ln-i)/nn
where the last equality arised from inserting the expression for northern prices.

By inserting the expression for profits into eq. 13) and using eq. 11) we obtain
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A condition for an optimal consumption path is:
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This is explained at the end of this appendix.

The only difference here is that expenses on consumption goods, En, replaces C and ( is set equal to one. Expenses on consumption goods in the North have to equal the value of production of consumption goods (there is trade, but trade is balanced), En=pnnnxn. Therefore, we obtain:


[image: image30.wmf](

)

(

)

(

)

r

r

-

=

-

-

=

-

=

+

=

r

i

L

i

p

p

r

x

n

dt

x

n

d

p

p

E

n

n

n

n

n

n

n

p

n

n

&

&

&

&

&

n

n

n

E

E

       

16)

E


The last equation results when inserting for the labour market clearing condition and derivating it w.r.t. time (note that the labour force is assumed constant).

We have:
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so
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Remember equation 14):
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Therefore:
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Therefore:
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and we had eq. 10):
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Eq. 10) and eq. 18) are two differential equations in i and (.  i is the rate of innovation and therefore the rate of growth and ( is the share of goods that have not yet been imitated. In a steady state, the rate of growth and the share of goods not imitated have to be constant. From eq. 18) therefore:
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 In the last case  i becomes zero when
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From eq. 10) we have:


[image: image39.wmf]m

i

i

n

s

+

=

+

=

n

n

n

n

s


Eq. 18) defines a decreasing curve in the (i,() space while eq. 10) defines an increasing curve. These are illustrated in figure 3:

Figure 3
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The effects of improved intellectual property rights

Remember the expression for diffusion of technology:
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Improved intellectual property rights can be interpreted as reduced m. This reduces the risk adjusted interest rate facing innovating firms and it increases (, the share of goods that have not yet been imitated. Both the curve for constant innovation and the curve for constant ( shift out in the figure. From the figure, it is clear that ( increases while it is not graphically possible to conclude what happens to the rate of innovation. In this specific model however, with the chosen form of preferences, innovation decreases as intellectual property rights improve.
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Intertemporal utility maximisation. 

Assume a consumer with the utility function
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The utility function is one with constant elasticity of substitution, (, and a rate of time preferences, (. ( expresses a preference for smoothing consumption over time while ( expresses that consumption is valued less the later into the future it happens.

The consumer faces the following budgetary conditions:
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Above a denotes the consumers wealth. A2) expresses the temporary budget which says that wealth grows with its return deducted temporary consumption. A3) says that welfare in the long run has to be non-negative. In addition we have the condition that c(0. In many models, factor income is included in the budget to explore general equilibrium characteristics. Here only a positive fixed initial wealth is assumed in order to illustrate conditions for intertemporal maximisation.

Now define the Hamilton function for the problem:
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In A4) (, which is a function of time, is the so-called costate variable. 

This function is parallel to the Lagrange multipliers in static problems.

Now it can be showed that conditions for maximisation are:
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Now, we get from A6) and by differentiating A5) w.r.t. time:
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