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1 Percentage change, annualized rate, etc
e Percentage change

— Many economic variables are expressed in percentage change terms

* GDP growth rate
+ CPI Inflation
* Population growth

— The percent change of X from ¢t — 1 to ¢ is computed as

X — Xy
Percent change = tXitl x 100% (1)
t—1

— For instance, the GDP of an island is 100 in year 2001 and 105 in
year 2002, then the GDP growth rate is (105 — 100)/100 = 5%.

e Compunding growth

— Sometimes we are interested in computing the compounded growth
rates. For instance, the GDP grows by 2% the first year and —3%
the second year, what is the growth rate over the two years?

Growth rate = (1 4+ 2%)(1 —3%) — 1= —1% (2)

— You may want to use a calculator to compute the above. But a math-
ematical trick is sufficient. If a% and b% are small, i.e. single-digit
percentage growth, we can approximate the compounding growth
using the formula below.

(1+a%)(1+b%) =~ 1+ a% + b% (3)

e Annualized growth rate



— Growth rates of something over the course of one year cannot be
comparable to that over one month, or one day. So conventionally,
economists like to express all growth rates for a fixed length of time,
one year. To put it differently, economists want to annualize them.

— We can convert both growth rates over a period shorter or longer
than one year. Below are two examples for both, respectively.

— Example 1. Assume that the housing price of the Baltimore grows by
0.5% each month, by how much would the housing price grow over a
year?

(1+05%) (14+0.5%)...(1+05%) —1=(1+05%)2 -1 (4)
month 1  month 2 month 12

where 12 is the number of months a year has. Hence, use 4 if you are
annualizing quarterly growth rates.

— Example 2. Assuming the GDP per capita in an island grows 4% from
June 2018 to December 2020, what is the average annual growth rate
during this period? Assuming the annual growth rate is g, then we
have

(149)%% = (144%) = (1+g) = (1+4%)25 — g = (1+4%)25 — 1
(5)
where 2.5 is the number of years between the two points of the time.

— So the general formula for the annualized growth rate between ¢; to

to
Annualized growth = (14 z)/(t2=1) 1 (6)
where z is the growth rate between t; and to, and ¢; - t5 is measured
in years.
2 Slope
The slope of a straight line is computed as the following. (See Figure 1)
Yo -Y;
Slope = ——— 7
ope = (7)

“Rise over run.”
The slope can be negative, positive, or zero. A horizontal line has a slope of
zero and a vertical one has a slope of infinity.

3 Movement along a curve v.s. a shift of a curve

A curve describes the relationship between X and Y, for instance, Y =2X + b
where b is a constant.



Figure 1: The Slope of a Curve
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A movement along the curve means Y’s value changes as X changes. See
Figure 2.
A shift of the curve means for the same X, the b changes. See Figure 3.

4 Geometric sum
e A highly useful formula is the sum of a geometric sequence of numbers

S ®)

—-T

atar+ar’+...+ar"=a

e If you extend the sequence foroever and if —1 < r < 1, then the sum is

1
1—7r )

a+ar+ar2+...:a

e This formula is important in macroeconomics. Imagine everyone in the
economy gets $1 and spends 0.2 fraction of it to buy something from an-
other person. The person who receives the $0.2 then spends a 0.2 fraction
of that $0.2 to buy something from a third person. If such a process con-
tinues forever, what would be the total spending resulting from that $1 in
the beginning? It is essentially

024022 +0.2%+... = =1.25 (10)



Figure 2: Movement along a curve

e Why does $1 person leads to $1.25 spending? This is called the multiplier
effect. You will learn this later in this class. 0.2 here is called “marginal
propensity to consume” (MPC) and 1.25 is called “spending multiplier”.

5 Dealing with ratios

For a ratio X defined as following

N
X =—
D

e If N grows by n% and D grows by d% a year, the growth rate of X, x is
x =n% — d%

— Example 1. What is the growth rate of labor force participation
rate(LFPR) if labor force increases by 1% and total working age
population decreases by 0.5%7

Answer: 1% — (—0.5%) = 1.5%.
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Figure 3: Shift of a curve

Y=2X +2

Y=2X+1
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1. Production possibility frontier (PPF)

e Suppose a country A can produce two kinds of products, i.e. wine
and cheese. Since the resources in the country are limited, it can
either use all resources to produce a certain amount of wine, a certain
amount of cheese, or some amount of both. Production possibility
frontier (PPF) allows us to graphically capture this notion of “how
much you can produce” (Figure 1).

e The line is called “frontier” because it is the maximum production
that can be achieved when all resources are used (Figure 1).

e The whole triangle area within the line is all the possibility since the
country does not necessarily use up all the resources. It is “possible”
to produce that amount (Figure 1).

cheese

200

100 wine

Figure 1: PPF of Country A



2. Opportunity cost

e The absolute value of the slope of the PPF is the opportunity cost
of producing the good on the horizontal axis measured by the
units of the good on the vertical axis.

e Opportunity cost of producing something is defined as the maxi-
mum production of another good that has to be given up.

e More generally, the opportunity cost of doing A (giving up B) takes
the following form. Be careful with the positions of numerators and
denominators.

AB
Opportunity cost of producing A = |M

e So far, we are only talking about the opportunity cost of producing
one good by one country. Do not confuse them with any compar-
isons between two countries in terms of absolute and comparative
advantages.

3. Absolute advantage means the following

e Country A can produce one good more productively than country B.
If production possibility frontiers of A and B pass (0,y4) and (0,yg),
respectively, we say if y4 > yp, A has the absolute advantage over B
in producing cheese.

e More accurately speaking, country A uses less resource to produce
one unit of cheese than B does. Let us assume that country A needs
LS labors for one unit of cheese and country B needs L% labors.
Then A has an absolute advantage over B in producing cheese means
LG < L.

e Given the same amounts of labors in A and B, country A can produce

more cheese than B does. Assume total labors in A and B are both
L, then it means L/LY > L/LS.

4. Comparative advantage is a different concept. It speaks to not for one
good, but two goods. This is why we call it “comparative”.

Country A has a comparative advantage over B in producing cheese means
the following:

e The relative productivity of producing cheese and wine is higher than
country A than in country B.

e It is equivalent to that the opportunity cost of producing cheese is
lower in country A than in country B. (You are better at doing things
with low opportunity cost. A life lesson...)

e The slope of production frontier line with the vertical axis being
cheese is steeper for country A than in country B.



o A simple version (enough for our class) : it means ya/za > yp/z5,
namely, the relative amount of cheese produced relative to wine is
higher in A than in B.

e A more accurate version: relative productivity of cheese to wine is
higher in A than in B. i.e. LG /L% < L% /L.
5. Difference and Relationship
The key difference between the two concepts:

AA is for one good; CA is for at least two goods.

6. Graphical illustration
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Figure 2: Production possibility frontier

e Intercept stands for production from specialization.

e Negative slope is the opportunity cost (relative productivity).

Now let us think about how to combine the production possibility frontiers
of the two countries.

To fix idea, we start from one country, say country A. We know country
A can at most produce either 100 wine or 200 cheese.

Now since we know that it is country B who has the comparative advantage
of producing wine over cheese relative to country A, we are wondering what
would happen to total production if country B only focuses on producing
the good on which it has a comparative advantage, wine. That is 200 units
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Figure 3: Combined PPF and gains from trade

of wine. Then what we do is basically move the PPF of A horizontally to
the new dashed line in parallel to previous PPF of A in Figure 3. For any
point in the PPF of A, add 200 more units of wine.

Following the same logic, we can move up the PPF of country B vertically
by 200 since country A has the comparative advantage of producing cheese.

The two new dashed lines intersect at the point where either country
specilizes in the good on which it has comparative advantage. This point
together with the two intercepts make a combined production possibility
frontier of the two countries.

A special case of the combined PPF remins a line without a kink. This
is the case when the opportunity cost of producing either good by two
countries are the same, or the two lines have the same slopes.

A short-cut to combining two PPF's is the following.

(a) Determine the comparative advantages of the two countries.

(b) The intercepts are the total production of each good by two countries
when both only produce that good.

(¢) The kinked point of combined PPF can be determined by letting the
two countries specialize in producing the good on which they have a
comparative advantage in producing, respectively.



National Income Accounting, Nominal /Real,
Price Index and Inflation Indicators
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1 National Accounting

e Definition of GDP: the total value of final goods and service produced
within the border of the country over a period of time.

Only final product, not intermediate. Avoids double counting.

Does not deduct depreciation. This is why it is called gross.

Includes inventory. To put it another way, once it is produced as a
final product, it counts as GDP, even if it does not get sold.

Its definition does not preclude including informal economy (under-
ground economy), and illicit activities. But in reality, it has not been
measured well.

— Does not include non-market activities such as housework and child-
care (But we probably should include it.).

— Does not take into account a wide range of factors that affect people’s
welfare, i.e. environment pollution, subjective happiness, etc.

— Says nothing about the income distribution.

— Says nothing about the efficiency use of the resources. Dig a hole on
the ground and fill it. That is part of the GDP even if it is a waste
of resource.

— Difference with GNP.

* GDP includes production by foreign residents within the country,
while GNP does not.

* GDP excludes production by citizens outside of the country,
while GNP counts it.

+* Example 1. The sale revenue of Ernest Hemingway’s Old Man
and Sea in the U.S. (written in Cuba) counts as U.S. GDP? (No)
U.S. (Yes) GNP? Cuba GDP (Yes)?

— It is a flow concept instead of a stock concept.



* Flow. change from a point of time to another. i.e. income this
year, consumption this year, investment this year, etc.

* Stock: the level of the variables at any particular point of the
time. The volume of the swimming pool, national wealth, capital
stock, etc.

— It is in monetary value, instead of in the units of the products. There-
fore, the prices enter in the GDP.

e GDP, GNP, and Gross National Income

GNP — Depreciation = Net GNP

GNP — Statistical Discrepancy = Gross National Income
e Different approaches to counting GDP.
— Expenditure approach.

GDP = Consumption +Investment+Net Exports
—_———
Personal Consumption+Government Consumption

x Can be thought as counting the product by the “use” of the
income.

* Government spending does not include transfers.

— Income approach.
GDP = Household Income + Firms’ Income + Government Income

* Basically, by source.

* Financial income is not treated as income if it is purely a transfer
from losers to winners in the market.

— Value-added approach.

* Directly look at the production sector. Since we only focus on
final products, we need to deduct the intermediate goods to avoid
double counting.

e An example.

— An island with only one orange farm which hires one worker.
— The farm produces $10 worth of oranges.

— The worker in the farm earns $5.

Then a factory turn these oranges into orange juice.

The factory hires one worker.

Factory worker is paid by $10.



— The factory spends $10 on buying all the oranges from the farm.
— The factory produces juice worth of $100.

— The factory sells $80 worth of juice (to whom? to the two workers!)
with $20 inventory.

— The sale revenue of the orange juices either go to the worker or going
to the firm.

— Value-added approach. From seeds to orange, value-added is $10.
From oranges to juice, $90. Total value-added is $100.

— Income approach. Worker salary is $104+$5 = $15. Income to the
farm is $10 - $5 = 5. Income to the factory is $ 100 -$10 -$10= $80.
Total income is $100.

— Expenditure approach. Workers consumption is $80. Investment
is $20 worth of inventory. No government. So in total is $100.

2 Nominal and Real

e Why do we make the distinction?

— Comparing the monetary value in different periods of time requires
that the units remain the same. You cannot simply say $100 in 2019
and $100 in 1979 have the same value.

— Wage needs to be measured by how much of the goods it can buy.

— The interests earned from deposit accounts need to be adjusted to
reflect the change in its purchasing power. For instance, you earn a
2% deposit interest next year, but the price becomes more expensive
by 3%. Then you lost!

— GDP is the monetary value of the total product. Its change comes
from changes in quantity and price. We only care about the first, i.e.
how much more things we produce?

e How we convert nominal to real.

— Use GDP deflator.
— Use the price of the base year to compute the GDP of different years.

3 Price Index and Inflation
e Price index is a weighted average of a basket of goods.

PI = pywy + powz + .. + prwy,

wy +ws +..w, =1

— Weights.



x Weights are fixed so that the price levels at different points of
time are comparable.

* Once for a while, weights need to be adjusted by the statistical
agency to reflect the underlying change in the composition of
households consumption.

* Weights may be country-specific.
- Include price of meat in the bundle of a vegetarian country?
Not a good idea.
— Consumer’s basket.
Food is included.
Housing price is not included.
Housing rent is included.

EE .

In reality, every household has a different bundle. But we find a
representative bundle for a average household.

— Survey methods.

+* Random sampling across regions and type of retailers.
* The surveying staff records the prices.

e Inflation is the percentage change in the price index.

PIL, — PI,_,

1
PL x 100%

Inflation =

— Without knowing weights, one cannot compute the inflation even if
the price change of each type of good is known.

x Average of the change # the change of average unless the weights
are equal across different goods.

e Annualized inflation.

e Different measures of inflation

— CPI
— Core CPI, CPI excluding

* food
* energy

— PCE

* CPI is based on a survey of what households are buying; the
PCE is based on surveys of what businesses are selling.

*x The CPI only covers out-of-pocket expenditures on goods and
services purchased. It excludes other expenditures that are not
paid for directly, i.e. medical spending paid by medical insur-
ance.



x CPI fixes the weights, while PCE accounts for substitution effect.
e Extended discussion.

— Long-term change in good prices (See Figure 1).
— Online shopping and price index.
* Online price be included? How much weight?
* Does it change the method of collecting price data?
* Does it change the patterns of price?
- Less dispersion across regions.
- More frequent adjustment.



Price changes (Jan. 1997-Dec. 2017)
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Figure 1: Chart of the century
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Indicators of the Labor Market
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Unemployment rate and other concepts

. Basics.

Verbally speaking, the unemployment rate is the share of the labor force
who are not employed but are available and willing to work. The numer-
ator is the unemployed labor force. The denominator is the total labor
force.

The number of unemployed

Unemployment rate = x 100%

Labor force

¢ Unemployed

— available to work
x including absence for temporary illness

— actively looking for a job over the past 4 weeks(1 month)
% or in temporary laid-off while expecting to return the job
* if not, not in labor force.

— but does not have a job.

e Labor force

— Who are out of labor force? (See the figure [1| below)

* not available for working, i.e. young people, students in
school.
* the disabled

* discouraged workers, those able to work but withdraw from
work and searching for jobs, i.e. a healthy 25-year-old who
choose to stay at home all day playing video games.

x A laid-off worker who gave up the efforts to find for a job.

*x A young mom who quits her job and stays at home taking
care of her baby.

— Only civilian and non-instituaional labor force, excludes
* workers in active duty in armed forces.
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Figure 1: Out of the Labor Force

- non-military job in military is considerred as civilian
* prison workers.
— Civilian non-institutional population D labor force D the unem-
ployed. (See Figure )
e Type of unemployment
— Frictional UE: someone who is in the search for a suited posi-
tion after quitting her previous job.

— Structural UE: the workers who were replaced by robots in
Amazon warehouses.

— Cyclical UE: the weak consumer confidence in the current quar-
ter leads retailers to fire 20% of their cashiers. But they may hire
some back when the economy picks up in the future.

e How do we get these numbers?

— Household surveys. Ask households.
— Payroll surveys. Ask firms.

2. Labor force participation rate (LFPR)

LFPR — Labor force

Working-age population

e Labor force defined as above.

e Working-age population is civilian and non-institutional.



» Working *  Employed

» Absent from job (vacation, ill, etc.)
Labor

Mot force

i working
Civilian

noninstitutional - On layoff awaiting recall

i * Unemployed
population
age 16 and older
J Actively looking (last 4 weeks)
& available for work

» None of the above Not in the
labor force

Figure 2: The Breakdown of Civilian noninstitutional population

e The working age in the U.S. is 16 or older.
e Either employed or unemployed, by definition.

3. Alternative measures of unemployment rates

e U-3 is the official measure defined above.

e U-6 is a broader measure.

U-6 = U-3+the marginally attached to labor force+part-time workers for economic reasons

— marginal attached workers: who have given up looking for jobs.

— part-time workers for economic reasons: working less than 35
hours per week who want to work full time.

e Example 1: Uber drivers.
— Depending on how many hours worked.

e Example 2: a video blogger who works at home.
— The same as above.

e Other measures (See Figure (3

— U-1, persons unemployed 15 weeks or longer, as a percent of the
civilian labor force;

— U-2, job losers and persons who completed temporary jobs, as a
percent of the civilian labor force;

— U-4, total unemployed plus discouraged workers, as a percent of
the civilian labor force plus discouraged workers;



Table A-15. Alternative measures of labor underutilization

HOUSEHOLD DATA
Table A-15. Alternative measures of labor underutilization
[Percent]

Not seasonally

adjusted Seasonally adjusted
Aug. | July |Aug. Aug.| Apr. May June July Aug.
Measure 2018 2019 2019 2018 2019 2019 2019 2019 2019

U-1 Persons unemployed 15 weeks or longer, as a percent of the civilian labor force 13 12 12 14 13 13] 13 13 13
U-2Job losers and persons who completed temporary jobs, as a percent of the civilian labor force 18 18/ 18 18 16 16 17 17 18
U-3 Total unemployed, as a percent of the civilian labor force (official unemployment rate) 39 40 38 38 36 36 37 37 37
U-4 Total unemployed plus discouraged workers, as a percent of the civilian labor force plus discouraged workers 42) 42 41 41 39 38 39 39 40

U:5 Total unemplayed, plus discouraged workers, plus allother persons marginally attached to the labor force, as a percent of the civilian | 4 g
labor force plus all persons marginally attached to the labor force -
U-6 Total unemployed, plus all persons marginally attached to the labor force, plus total emplo rt time for economic reasons, as a

percent of the villan Tabor lorcp:plus all p?.snnsymarginany ‘attached to the (aglor e = 74 73 73 74 73 71 72 70 72

48 47 47 44 44 46 46 46

NOTE: Persons marginally attached to the labor force are those who currently are neither working nor looking for work but indicate that they want and are available for a job and have looked for work sometime in the past 12
months. Discouraged workers, a subset of the marginally attached, have given a job-market related reason for not currently looking for work. Persons employed part time for economic reasons are those who want and are
available for full-time work but have had to settle for a part-time schedule. Updated population controls are introduced annually with the release of January data.

Figure 3: Alternative Measures of Unemployment Rate

FRED £/ — Civillan Labor Force Participation Rate: Men
— Civilian Labor Force Participation Rate: Women
— Civilian Labor Force Participation Rate

m

Percent

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Shaded areas indicate U.S. recessions Source: U.S. Bureau of Labor Statistics fred.stlouisfed.org

Figure 4: The Trend of Labor Force Participation of the U.S. Poulation

— U-5, total unemployed, plus discouraged workers, plus all other
marginally attached workers, as a percent of the civilian labor
force plus all marginally attached workers;

4. Some examples.

e Example 1. UE increased from 2.3% in 2010 to 5% in 2012. What
drove the change?

— The numerator 1: more people found jobs given the same size of
the labor force.
— the denominator |: the number of people in work did not change,
while the size of the labor force decreased.

e Example 2.

— There was a rise in LFPR of the total population between 1950-
2000 while the LFPR of men decreased in the same period. What
could you infer about the trend of LFPR of women? (See Figure

i)



Reference

1. Glossary and Definition by BLS: https://www.bls.gov/cps/definitions.
htm#laborforce


https://www.bls.gov/cps/definitions.htm#laborforce
https://www.bls.gov/cps/definitions.htm#laborforce

Economic Growth

Tao Wang
March 4, 2022

1 Decomposition of Growth Rate

e Long-run sustainable growth rate (LTSG)
e Why “long-run”?

— We ignore the short-run business cycle fluctuations, i.e. economy
could outperform / underperform from year to year simply because
demand is higher or lower due to short-run reasons.

— We typically take an average of growth rate over a long period of
time to get its long-run growth rate.

— For instance, the average growth rate of U.S. real GDP between 1950-
2018 is 3.1%.

e What contributes to this growth in Y'? The real GDP growth of an econ-
omy can be decomposed into two components

LTSG = ALP + ALF (1)

— Growth rate of labor force, i.e. more people working brings more
output.

* Note sometimes we measure LF' by total number of hours worked
instead of the number of workers. The key is that it measures
how much labor input is used in the production.

* Population growth, i.e. especially the population growth in prime-
age workers.

* A higher labor force participation rate for a given size of work-
ing age population, i.e. women’s LFPR increased over the past
decades.

* Immigrants flows.

— Growth rate of labor productivity, i.e. higher efficiency of using the
same amount of labor input brings about higher output.

x Technological progress/innovations.
* More educated workers.



+ Better economic institutions that facilitate social cooperation.

e Some math

e The formula above could be also used to
ductivity (which is not directly observable) using the growth rate of ¥
and LF', both of which are observed.

— When A growth s at a percent and B grows at b percent a year, the

annual grow rate of A x B is approximately a + b percent a year.

— It is also equivalent to the annualized growth rate of A x B is (1 +

a)(l+b)—1=ab+a+bra+b.

— In the example above, A is LP and B is LF.

“infer” the growth rate in pro-

2 Solow Growth Model

Solow economic growth model more formally analyzes the drivers of economic
growth described by the decomposition in the previous section.

2.1 Production function

A production function describes how a certain amount of factors of pro-
duction are used as inputs and converted into a certain amount of outputs,
and how different inputs are combined, exactly.

In its most simplistic version: labor is the only input.
More realistically, labor and capital as both inputs.

The most common production function in macroeconomics, i.e. Cobb-
Douglass production function takes the following form.

Y = AK® L'

A: total-factor productivity. The greater A is, the more is produced
with the same amount of inputs, thus more productive.

K: the capital stock. (It is stock, not flow.)
L: labor.

« : the contribution of the input to the production. The greater o
is, the more capital is required for the production. Another way of
saying it, more capital-intensive.

K is to the power of o and L is to the power of 1 — «a, the two
summing up to one has to do with the constant return of scale (CRS)
property. If increasing inputs by n times, one produces n times of the
output. For instance, doubling the capital and labor exactly doubles
the production.



Figure 1: Production function

diminishing marginal constant marginal
return to capital g return to capital
y = Ak
High A
Low A
k
k

AQK)*(2L)' ™ = 2AK“L'~°

— Economists conventionally analyze economic growth in terms of out-
put per worker. This is because the size of the labor force is in starkly
different magnitudes today compared to, say, 200 years ago. The ag-
gregate production is not as informative as production per capita.
y = Y/L, i.e. output per worker is total output divided by total
number of workers or number of hours worked. k = K/L capital per
worker is equal to total capital divided by total number of workers
or total number hours worked.

— Thus we divide the equation above by L on both sides of the equation.

Y K

L q2ye

L (L)
—y= A k<

productivity capital per worker
where y is the production per capita and k is the capital per capita.
We can plot the production function in the graph. (See Figure 2.1)

— Depending on if @ < 1 or @ = 1, the production function in per
capita is decreasing return of scale or constant return of scale.



2.2

— A few observations we can make from the graph above.

* « above is typically between 0 and 1. This corresponds to the
Diminishing marginal return from capital, i.e. each addi-
tional unit of increase in capital per worker brings less and less
additional output per worker. !

* It means the marginal product of production with respect to
capital per capita decreases with k;

* Graphically, the slope of the production function is smaller with
a higher £, or the curve become flatter and flatter as k increases.

x Bigger A shifts the curve up. Higher productivity allows one to
produce more with the same capital per capita.

* If @ = 1, the production function curve becomes linear. (But not
necessarily 45-degree line, which is the case only when A = 1. )

Sources of economic growth

Using the production function y = Ak®, Solow model states that there are two
ways of getting a higher output, thus driving the economic growth of a country.

Higher productivity. A 1. Factors that increase A: better education of
labors, better institutions, better management, etc.

Capital deepening. k 7. Giving each worker more capital helps economic
growth.

Since capital deepening brings less and less increase in output, it cannot
drive economic growth forever. Once it recedes, it is the innovation, the
increase in A , that drives sustainable economic growth.

Solow residual: if we first try to explain the observed economic growth
per worker Ay by the observed change in capital per worker, Ak, we have
something “left”, which can be only due to chagne in A. This is why we
call it “residual”.

There is a natural limit to growing by deepening physical capital. Why?

— Decreasing marginal return, i.e. the return to capital or the marginal
product of capital (MPK) decreases with k.

— Therefore, an increase in the capital can only bring about less and
less economic growth.

Steady-state capital.

1For the discussion about economic growth, economists like to assume « is constant. Ac-
tually, it was a fair assumption for a long period of time. For instance, estimated from U.S.
data, ay.s. &~ 0.33. But in the recent decade, there is mounting evidence that the capital
share increases over time. This implies the share of income going to labors’ decline. (Not
good to income equality.)



— Until one point in which the new accumulation of the capital from
growth in the previous year is only enough to keep you at the same
level of the capital.

— This is called steady state capital.

— Because the capital you use for production jn next period comes from
the saving of the previous year, which itself is proportional to your
total production . If higher capital cannot increase the size of the
saving fast enough, the capital accumulation stops at some point.

— Graphically, it is when the production function intersects with a 45-
degree line of y = k. Once reaching that point, there is no way to
attain growth from increasing capital. (See Figure 2 )

Figure 2: Steady state capital in Solow growth model

y=k

stedy state k k

3 Endogenous Growth

e Where is productivity growth from?

— We see human society has grown for about hundreds and even a thou-
sand years, it has to be due to the first channel, i.e. the productivity
itself grows over time without reaching some natural limit yet.

— Specifically, assuming productivity A is not a constant, but it grows
at a% a year, then given the same capital k, the growth of the output
per worker is



%BY = %A = a%

— But we remain silent about why A could grow at a%.

— We need to have a theory of why productivity itself, unlike the phys-
ical capital such as machines, land, factories, can grow without being
constrained by the natural limit. To put it simply, why is the tech-
nology itself not decreasing return but increasing return?

— It turns out that the magic lies in the distinctive feature of the factor
that drives technological growth: the knowledge.

e What is special about knowledge?

— Non-rival: one using the knowledge does not naturally preclude oth-
ers from using it.

* Do not confuse it with patent law protecting intellectual prop-
erty.

— Positive externality.
e As a result, a few important patterns arise.

— As a byproduct of the production process, knowledge and know-how
is generated that can be used for production in the future. This is
as if the knowledge is accumulated as stock.

— The bigger the stock of the knowledge, the more likely the new ideas
are produced. This is the idea of increasing the return of scale (IRS).

— Even though each firm seeks its own goal of profits-maximizing, their
production and investment bring about positive externality to the
society by contributing to the stock of the knowledge.



Okun’s Law

Tao Wang
April 25, 2022

1 Okun’s Law

e What is the use of Okun’s law? You, an economist, or a policymaker,
seeing the unemployment rate being 3% for the time being, remain clue-
less about where the economy is on its track. To put it another way, is
3% too good, or still not as good as the economy’s better potential? You
need a benchmark of the economy so that you can determine where you
are really. As a rule of thumb, Okun’s law describes such a handy rela-
tionship between change in unemployment from one time to another and
the corresponding output growth for the same period.

%AY = LRSG — Okun’s Coefficient * AU

where %AY is the change in output and AU is the change in the unem-
ployment rate.

e %AY is the percentage growth rate of the output from one point of time
to another.

e AU is in percent. i.e. 3% — 2% = 1%, in the same unit as the unemploy-
ment rate.

e LRSG, the long-run sustainable growth rate is obtained from the following
equation.

LRSG = Growth rate of labor productivity + Growth rate of labor force

How do we get this? Assuming a production function that takes only labor
as inputs in the following form.

Y =AL

The growth rate of Y is equal to the sum of the growth rate of A and L.
Economic growth comes from either making the production more produc-
tive, i.e. each worker produces more, or bringing more people to work.



e Okun’s law coefficient

— If 1% decrease in UE, leads to exactly the employed population to
grow by 1%, then we should expect the output to grow by 1%. Why?
Output growth is equal to growth of labor given the same productiv-
ity. Therefore, the Okun’s coefficient should be exactly 1.

— But in economic expansions, the coefliient is above 1. Because, nu-
merically speaking, 1% decrease in UE brings about more than 1%
increase of output. Why? One reason might be the employed popu-
lation increases by more than 1%. This is due to the labor force, the
denominator in the UE formula, increases as well. So an 1% decrease
in UE means more than 1% of increase in employed population.

— By the same token, the coefficient may be less than 1 in economic
recessions.

e A few important things to be aware of regarding the application of Okun’s
Law.

— It can be between any two points of the time. But it needs to be
consistent on both sides. For instance, if AY is between 2017 and
2019, a two-year growth rate, then the change of unemployment rate
AU needs to be also the difference of unemployment rates between
2017 and 2019.

— More importantly, LRSR needs to be adjusted for the corresponding
length of time horizon. For instance, in the example above, the two
points of time are 2 years apart, therefore, you need to plug a two-
year compounding rate of LRSG in Okun’s law equation. Specifically,
assuming LRSG is the annual growth rate, you need to use (1 4+
LRSG)? — 1 in the Okun’s law equation.

— Economists implicitly assume the coefficient is constant and it has
been estimated from the historical data. But there are ongoing de-
bates among researchers whether the coefficient is as stable as before.

— LRSR can be seen as the a special case of Okun’s law. Plug AU =0
in the equation of Okun’s law, we have

%AY = LRSG

This basically means that when the unemployment rate does not
change anymore, in its natural level, then the economy exactly at-
tains its long-run sustainable growth rate.



Aggregate Expenditure Model
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1 Aggregate Expenditure Model

1.1 What is aggregate expenditure

e Essentially, it is how much an economy as a whole plans to spend, or what
macroeconomists call aggregate demand.

e What are the different components of the aggregate demand?

Consumption by households, of course.

Investment, i.e. firm needs to buy equipment to produce things.
Investment also includes inventory, things that don’t get sold and
goes to their warehouses.

Government needs to buy things, i.e. military base, infrastructure,
ete.

In an open economy, net exports, exports - imports, which you sell
to other countries minus what you buy from countries.

This gives the following formula.

AE=C+I1+G+NX

e How is C determined?

There are two components. One component is not dependent upon the
income. The other component increases with the income.

C': autonomous consumption.

* Necessities for basic living.

* Consumption driven by sentiment.
Marginal Propensity to Consume (M PC) x Y

* how much you want to spend depends on how much you can
make

* Y: income



* MPC governs the degree to which each additional unit of income
turns into consumption.
- Marginal: the fraction to be spent out of one additional
dollar of income.
- Very important to understand macroeconomics.
- Factors that affect MPC

1. Interest rate: higher interest rate makes it more worth-
while to put money in the bank, more savings, hence, less
consumption, hence, lower MPCs.

2. Wealth: wealthy households have low MPCs, i.e. think
about giving a $100 check to Bill Gates and what he would
do with it?

3. Expected future income, better future income expectations
lead to higher MPCs, i.e. no need to save as much as you
would need in the low-income expectations scenario.

— G is determined by policy makers. We will learn later that govern-
ment could use G as a tool to change the equilibrium output.

e How is I determined?

— More accurately, we should think I as planned investment.

* Investment decisions are inherently forward looking.

* Firms make plans based on their expectations of how much they
can sell and where the future economy is going.

* How much the firm invests depends on what how much they
expect them to be able to sell.
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— But note that firms may turn out be “wrong”, i.e. building too much
inventory but fail to sell all of them. The unplanned investment
needs to go up or down depending on how the economy realized.

1.2 How is the the equilibrium determined?

e The equilibrium of the economy is when the aggregate expenditure is equal
to the total output or income Y.

Y = AE (1)

e A more intuitive way of thinking of this is that what you plan to spend as
an economy (AE) is equal to the amount of income the economy ultimately
generates.

e Mathematically, we need to solve the equilibrium income Y* by finding
the Y that satisfies the following equation

C+MPCxY+I+G+NX=Y (2)



which gives -
v CHI+G+NX
 1-MPC

(3)

e Graphically, we can draw a 45-degree line, corresponding to AE =Y, in
addition to the AE line, the intersection of the two lines is the equilibrium
output/income of the economy.

1.3 The relationship between the AE and GDP

Think of the real GDP as the realized output/income of the economy, which
could be, in theory, different from the Y* we solved above. Why? Because that
Y™ is under the assumption that firms perfectly plan their investment, such that
the planned investment (PI) is equal to actual investment(AI).

PI = Al (4)

or equivalently, the unplanned investment (UPI) is equal to zero.

UPI=AI—-PI=0 (5)

But it is often unlikely that what actually happens in the economy goes as
planned. Therefore, the realized real GDP could be lower (left to Y* in Figure
1) or higher than Y* (right to Y* in Figure 1). The former could happen, for
instance, when aggregate demand turns out to be weak, and firms could not sell
all their products and unexpectedly increase their inventory (thus investment).
This means UPI > 0 or AI > PI. The latter happens when the aggregate
demand turns out to be stronger than the firms predicted and the inventories
go down faster than planned. Hence, UPI < 0, or AI < PI.

For any value of realized GDP, say GDP, we can solve the corresponding
value of the unplanned investment (UPI) by plugging RGDP in the following
equation.

C+ MPC x GDP + P+ UPI + G + NX = GDP (6)

It turns out even easier to find the answer directly in the graph, as in