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FIGURE 4-1 Isoquants for a Fixed-Coefficient Production Technology

‘With constant returns to scale, the isoquants will be L-shaped and the production function

- ﬁml{he the straight line through their minimum-combination points.
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l’!mcul;ms are hased on the assumption that capital and labor need to be used in a
ﬁ}ﬁﬁli proportion to each other to produce different levels of output. In Figure 4-1,
fgr];gg first isoquant, the capital-labor ratio is 10 million:100, or 100,000:1. In other
WQ, ﬂﬂﬂ,{lﬂﬂ in capital must be matched with one worker to produce the given
gym;;gfnr the second isoquant, the ratio is the same: $20 million:200, or 100,000:1.

: ;ﬁﬁiﬂ nstant capital-labor ratio is represented in Figure 4-1 by the slope of the ray
~ fror om the ﬂﬂgm through the vertices (@ and b) of the isoquants. These vertices rep-
nt ia' 3 1gﬂﬁt cost and hence most efficient mix of capital and labor to produce
oy qﬂﬂnﬂf}r nf uutplll’- In the case of fixed coefficients, this mix is the same for

| '-+ 5 d of production function, if more workers are added without invest-
gjﬁﬂutput does not rise. Look again at the first isoquant, starting at
@im’q workers and $10 million in capital). If the firm adds more work-
? sing to 200 workers) without adding new machines, it moves hor-
the I'lght along the first isoquant to point c. But at this point, or at any
this Q&quan;, the firm still produces just 100,000 keyboards. In this

; -..;.- ction, new workers need more machines to increase output.
rs without mac hines results in idle workers, with no increase in
'_:___-- mai " Ty withuut additional workers results in underused
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in this case equal to 1:50,000, meaning that each worker produces $50,000 worth of

keyboards, or 1,000 keyboards each.

THE CAPITAL-0UTPUT RATIO AND
THE HARROD-DOMAR FRAMEWORK

The fixed-coefficient, constant-returns-to-scale production function is the center-
piece of a well-known early model of economic growth that was developed inde-
penderrl:l}r during the 1940s by economists Roy Harrod of England and Evsey Domar
of MIT, primarily to explain the relationship between growth and unemployment
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production function. The constant » turns out to be the capital-output ratio because,
' by rearranging the terms in equation 4-7, we find

v=K/Y [4-8]

The capital-output ratio is a very important parameter in this model, so it is worth
dwelling for a moment on its meaning. This ratio essentially is a measure of the pro-
ductivity of capital or investment. In the earlier example in Figure 4-1, it took $10 mil-
lion in investment in a new plant and new equipment to produce $5 million worth of
keyboards, implying a capital-output ratio of 2:1 (or just 2). A larger v implies that more
capital is needed to produce the same amount of output. So, if v were 4 instead, then
$20 million in investment would be needed to produce $5 million worth of keyboards.

The capital-output ratio provides an indication of the capital intensity of the pro-
duction process. In the basic growth model, this ratio varies across countries for two
reasons: either the countries use different technologies to produce the same goods
or they produce a different mix of goods. Where farmers produce maize using trac-
tors, the capital-output ratio will be much higher than in countries where farmers
rely on a large number of workers using hoes and other hand tools. In countries that
produce a larger share of capital-intensive products (that is, those that require rela-
tively more machinery, such as automobiles, petrochemicals, and steel), v is higher
than in countries producing more labor-intensive products (such as textiles, basic
agriculture, and foot wear). In practice, as economists move from the v of the model
to actually measuring it in the real world, the observed capital-output ratio can also
vary for a third reason: differences in efficiency. A larger measured v can indicate
less-efficient production when capital is not being used as productively as possible. A
factory with lots of idle machinery and poorly organized production processes has a
higher capital-output ratio than a more-efficiently managed factory.

Economists often calculate the incremental capital-output ratio (ICOR) to
determine the impact on output of additional (or incremental) capital. The ICOR
measures the productivity of additional capital, whereas the (average) capital-output
ratio refers to the relationship between a country's total stock of capital and its total
national product. In the Harrod-Domar model, because the capital-output ratio is
assumed to remain constant, the average capital-output ratio is equal to the incre-
mental capital-output ratio, so the ICOR = v.

So far, we have been discussing total output, not growth in output. The produc-
tion function in equation 4-7 easily can be converted to relate changes in output to

" : changes in the capital stock:

AY = AK/v [4-9]

‘The growth rate of output, g is simply the increment in output divided by the total
_amount of output, AY/Y. If we divide both sides of equation 4-9 by Y, then

e

R 1 g = AY/Y = AK/Yv [4-10]
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determinant of growth in output and that saving makes invest 8
attention on two keys to the growth process: saving (s) and the productivity of capital

(v). The message from this model is clear: Save more and make productive invest-

ments, and your economy will grow.

Economic analysts can use this framework eith
the amount of saving required to achieve a target growth rate. The first step 1s to try
to estimate the incremental capital-output ratio (v) and depreciation rate (d). With a
given saving rate, predicting the growth rate is straightfo rward. If the saving (or invest-
ment) rate is 24 percent, the ICOR is 3, and the dep reciation rate is 5 percent, then the
economy can be expected to grow by 3 percent (because 0.24/3 — 0.05 = 0.03).

How does this model work in practice? Consider Indonesia, which from 2002
to 2007 had an investment rate of about 30 percent and recorded a GDP growth just
;1;;1;: 5.5 percent per year. Assuming a depreciation rate of 5 percent, the implied
ICOR was approxi = 10
il ppr JﬂtﬂtEﬂ:Elj,'F v = 2.86." Would these figures have helped the Indo-

sian government predict the 2007-08 growth rate? In 2008, the i
. . : , the investment rate
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STRENGTHS AND WEAKNESSES OF THE
HARROD-DOMAR FRAMEWORK
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in Chapter 3, individual decisions about how much income to save and consume
are central to the growth process. People prefer to consume sooner rather than later,
but the more that is consumed, the less that can be saved to finance investment. The
Harrod-Domar model makes it clear that saving is crucial for income to grow over time.

The model, however, has some major weaknesses. One follows directly from the
strong focus on saving. Although saving is necessary for growth, the simple form of
the model implies that it is also sufficient, which it is not. As pointed out in Chap-
ter 3, the investments financed by saving actually have to pay off with higher income
in the future, and not all investments do so. Poor investment decisions, changing
government policies, volatile world prices, or simply bad luck can alter the impact of
new investment on output and growth. Sustained growth depends both on generat-
ing new investment and ensuring that investments are productive over time. In this
vein, the allocation of resources across different sectors and firms can be an impor-
tant determinant of output and growth. Because (for simplicity) the Harrod-Domar
assumes only one sector, it leaves out these important allocation issues.

Perhaps the most important limitations in the model stem from the rigid
assumptions of fixed capital-to-labor, capital-to-output, and labor-to-output ratios,
which imply very little flexibility in the economy over time. To keep these ratios
constant, capital, labor, and output must all grow at exactly the same rate, which is
highly unlikely to happen in real economies. To see why these growth rates must all
be the same, consider the growth rate of capital. If the capital stock grew any faster or
slower than output at rate g, the capital-output ratio would change. Thus the capi-
tal stock must grow at g to keep the capital-output ratio constant over time. With
respect to labor, in our original five-equation model, we stipulated (in equation 4-5)
that the labor force would grow at exactly the same pace as the population at rate n.
Therefore, the only way that the capital stock and the labor force can grow at the
same rate is if n happens to be equal to g. This happens onlywhenn = g = s/v — d,
and there is no particular reason to believe the population will grow at that rate.

In this model, the economy remains in equilibrium with full employment of
the labor force and the capital stock only under the very special circumstances that
labor, capital, and output all grow at the rate g. On the one hand, if n is larger than g,
the labor force grows faster than the capital stock. In essence, the saving rate is not
high enough to support investment in new machinery sufficient to employ all new
workers. A growing number of workers do not have jobs and unemployment rises
indefinitely. On the other hand, if g (or s/v — d) is larger than n, the capital stock
grows faster than the workforce. There are not enough workers for all the available
machines, and capital becomes idle. The actual growth rate of the economy no lon-
ger is g, as the model stipulates, but slows to n, with output constrained by the num-
ber of available workers.

So, unless s/v — d (or g) is exactly equal to n, either labor or capital is not fully
employed and the economy is not in a stable equilibrium. This characteristic of the
Harrod-Domar model has come to be known as the knife-edge problem. As long as
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In the 1960s, Thailand's agrarian economy depended heavily on rice, maize, rub-
ber, and other agricultural products. About three-quarters of the Thai population
derived its income from agricultural activities. Gross domestic product (G DP) per
capita in 1960 (measured in 2005 international dollars) was around $1,200—less
than one-tenth the average income in the United States. Life expectancy was
53 years and the infant mortality rate was 103 per 1,000 births. Few observers
expected Thailand to develop rapidly.

However, since the mid-1960s, the Thai economy has grown rapidly (if not
always steadily), benefiting from relatively sound economic management and a
favorable external environment. The government regularly achieved surpluses on
the current account of its budget and used these funds (plus modest inflows of
foreign assistance) to finance investments in rural roads, irrigation, power, tele-
communications, and other basic infrastructure. At least until the mid-1990s,
the government's fiscal, monetary, and exchange rate policies kept the macro-
economy relatively stable with fairly low inflation, despite the turbulent period of

~ world oil price shocks in the 1970s and 1980s. Beginning in the 1970s, the
government began to remove trade restrictions and promote the production of
labor-intensive manufactured exports. These products found a ready market in
" the booming Japanese economy of the 1980s and provided a growing number
- of jobs for Thai workers.
" Thailand’s ability to make investments and deepen its capital stock
~ depended on its capacity to save. The country's saving rate averaged about
20 percent in the 1960s, already high for developing countries, and increased
~ steadily over time to an average of 35 percent in the 1990s, falling to about
32 percent during the 2000s. These high saving rates, combined with rela-
~ tively prudent economic policies, supported very rapid economic growth and
- development.
" Thailand's development experience has been far from completely smooth,
wever. In mid-1997, a major financial crisis erupted. Huge short-term offshore
~ borrowing combined with a fixed exchange rate and weak financial institutions
" led to a collapse of a real estate bubble, rapid capital flight, a substantial depre-
ie Eﬁn of the Thai baht, and a deep recession (see Chapter 13). In some ways,
‘ :Eymﬂhad become the victim of its own success, with its rapid growth attract-
significant numbers of investors looking to gain quick profits, who rapidly
once the bubble began to collapse. After two years of negative growth (with
> falling 10 percent in 1998), the economy began to recover and growth
Jed to 39 percent between 1999 and 2007,
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of saving. But it is quite inaccurate for most countries over longer periods of time
and implies that saving is sufficient for growth, although it is not. Indeed, in the late
1950s, Domar expressed strong doubts about his own model, pointing out that it was
originally designed to explore employment issues in advanced economies rather
than growth per se and was too rigid to be useful for explaining long-term growth.”
Instead, he endorsed the new growth model of Robert Solow, to which we now {ufti
our attention.

~ THE SOLOW (NEOCLASSICAL) GROWTH MODEL

THE NEOCLASSICAL PRODUCTION FUNCTION

In 1956, MIT-economist Robert Solow introduced a new model of economic growth
that was a big step forward from the Harrod-Domar framework.”” Solow recognized
the problems that arose from the rigid production function in the Harrod-Domar
model, Solow’s answer was to drop the fixed-coefficients production function and
replace it with a neoclassical production function that allows for more flexibility
and substitution between the factors of production. In the Solow model, the capital-
output and capital-labor ratios no longer are fixed but vary, depending on the relative
endowments of capital and labor in the economy and the production process. Like
the Harrod-Domar model, the Solow model was developed to analyze industrialized
economies, but it has been used extensively to explore economic growth in all coun-
tries around the world, including developing countries. The Solow model has been
enormously influential and remains at the core of most theories of economic growth
in developing countries.

The isoquants that underlie the neoclassical production function are shown
in Figure 4-2. Note that the isoquants are curved rather than L-shaped as in the
fixed-coefficient model. In this figure, at point @, $10 million of capital and 100
workers combine to produce 100,000 keyboards, which would be valued at $5 mil-
lion (because, as stated earlier, keyboards are priced at $50 each). Starting from
this point, output could be expanded in any of three ways. If the firm’'s managers
decided to expand at constant factor proportions and move to point b on isoquant II
m pmduﬁe 200,000 keyboards, the situation would be identical to the fixed propor-

“Evsg? Domar, Essays in the Theory of Economic Growth (Oxford: Oxford University Press, 1957).

- “The two classic references of Solow's work are his "A Contribution to the Theory of Economic
-Gj.‘nwtl;:l" and “Technical Change and the Aggregate Production Function,” Review of Economics and Sta-
E 9 (August 1957), 312-20. For an excellent and very thorough undergraduate exposition of the Solow
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: i;@fﬁﬂ;'ef_madgls of economic growth, see Charles 1. Jones, Introduction to Economic Growth (New York:

s and Company, 2001). In 1987, Solow was awarded the Nobel Prize in economics, primarily
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