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A growth rate is the proportionate (or percentage) rate of change per unit
time. A simple growth rate is calculated like a simple percentage change:

X=X/X -1 (G.16)

Throughout this book we shall use the circumflex or “hat” (") over a variable
to indicate a growth rate.

Example G.28: In 2002, U.S. real GDP (in 2005 constant dollars) was
$11,553 billion and in 2003, $11,841 billion. What was the growth rate of
GDP?

Answer: Va3 = 11,841/11,553 — 1 = 0.025 or 2.5 percent per year.

Note that the two ways of writing the answer (in natural units as 0.025 or
percentages as 2.5 percent) are equivalent. Generally, in reporting results
one should use percentages. In many cases, natural units are preferred for
calculations. (Excel hint: to ensure that calculations show as percentages,
either multiply the answer by 100 or on the Number tab of Format Cells,
click Percentage.)
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Compound Annualization
If data are observed annually, then the simple growth rate is annual (per
year). If they are observed monthly or quarterly, then the simple growth rate
is per month or per quarter. It is easier to understand growth rates and to
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make comparisons between them if they are all annualized or re-expressed
in annual units. The general rule is:

X=X/ X" -1, (G.17)

where m is the number of periods per year (4 for quarterly data; 12 for
monthly; and so forth).

For example, to convert a quarterly rate of growth to a compound annual
rate, we apply the following formula:

X =(X/X-) -1 (G.17)
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Example G.29: U.S. real GDP in the fourth quarter of 2003 was $12,042.8
billion and in the first quarter of 2004, $12,127.6 billion. What was the
compound annualized growth rate of GDP in the first quarter of 20042

Answer: Vaoou1 = (12,127.6/12,042.8)* — 1 = 0.028 or 2.8 percent per year.

To annualize monthly rates of growth, replace the power 4 with the
power 12.

Annual Growth Rates
It is still possible to compute annual (not annualized) rates of growth from
monthly or quarterly data. To use quarterly data to compute an annual rate
of growth, use the formula:

X=X/X— 1. (G.18)

Example G.30: U.S. real GDP in the first quarter of 2003 was $11.645.8 bil-
lion. What was the annual rate of growth in the first quarter of 2004 over
the same quarter in 20037

Answer: Vo041 = (12,127.6/11,645.8) — 1 = 0.041 or 4.1 percent per year.

To use monthly data to compute annual rates of growth, replace t — 4 with
 — 12 in the formula. As Figures 2.11 and 2.14 (Chapter 2) show. the time
series of annual rates are smoother than those of compound annualized
quarterly (or monthly) rates.

Average Growth Rates
‘We sometimes want to know the average rate of growth — in other words,
that rate of growth that if steadily maintained would carry a time series from a
starting value to a finishing value in the time that separates them. The formula
is just a variation on the compound annual growth rate formula:

X=(X/X )"k -1 (G.19)
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‘where k is the interval in time between the beginning point (f — k) and the
end point (f), measured in years: and the bar over the growth rate indicates
that it is an average.

Example G.31: U.S. real GDP in the second quarter of 1999 was $10.684.0
billion and in the third quarter of 2003 was $11,935.5 billion. What was the
average rate of growth over this period?

Answer: The period is 4.25 years, so ¥ = (11,935.5/10,684.0) 42 — 1
or 2.6 percent per year.

0.026
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The Algebra of Growth Rates
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Because growth rates are closely linked to logarithms, they follow rules anal-
ogous to the rules governing the use of logarithms (see section G.11.2):

Ifz=xy, thenz~3x+3j. (G22)
Ifz=x/y. thenz~i—J. (G.23)
Ifz=x". thenZ~ yi. (G.24)
Ifz=yx. thenz=i/y. (G.25)

These rules hold only approximately. The approximations are excellent
‘when the growth rates are small, but become worse as they grow larger.

Example G.35: Suppose that nominal wages are growing at 5 percent per
year and inflation as measured by the CPl is 2 percent per year. How fast
are real wages growing?

Answer: real wage = (w/p). so that according to rule (G.23), the growth rate
of the real wage = i — p =5 — 2 = 3 percent per year.

Application of the other rules is straightforward.
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The Essentials of Growth Rates
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Simple Growth Rates




