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1 National Income and Product Accounts

1.1 Gross Domestic Product (GDP)

Can be measured in three different, but equivalent ways:

1. Production Approach.

2. Expenditure Approach.

3. Income Approach.

1.1.1 Computing GDP through Production

• Calculate nominal GDP by adding value of production of all industries:
production surveys.

• Problem of double-counting: i.e. Mittal Steel and Volvo.

• Value Added = Revenue − Intermediate Goods.

• Nominal GDP = Sum of Value Added of all Industries.

1.1.2 Computing GDP through Expenditure

Y ≡ C + I +G+ (X −M)

Y = Nominal GDP

C = Consumption

I = (Gross Private) Investment

G = Government Purchases

X = Exports

M = Imports

Consumption (C)

• Durable Goods: 3 years rule.

• Nondurable Goods.

• Services.



Gross Private Investment (I)

• Nonresidential Fixed Investment.

• Residential Fixed Investment.

• Inventory Investment.

• Stocks vs. Flows.

Government Purchases (G)

• Sum of government, regional, and municipal purchases of goods and ser-
vices.

• Certain government outlays do not belong to government spending: trans-
fers (social security, etc).

• Government Investment.

Investment and the Capital Stock

• Capital Stock: total amount of physical capital in the economy

• Depreciation: the part of the capital stock that wears out during the
period

• Capital Stock at end of this period = Capital Stock at end of last period
+ Gross Investment in this period − Depreciation in this period

• Net Investment = Gross Investment − Depreciation = Capital Stock, end
this period.− Capital Stock, end of last period.

Inventory Investment

• Why included in GDP?

• Inventory Investment = Stock of Inventories at end of this year.− Stock
of Inventories at the end of last year

• Final Sales = Nominal GDP.− Inventory Investment

Exports (E) and Imports (M)

• Exports: deliveries of US goods and services to other countries.

• Imports: deliveries of goods and services from other countries to the US.

• Trade Balance = Exports.− Imports

• Trade Deficit: if trade balance negative.

• Trade Surplus: if trade balance positive
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1.1.3 Distribution of National Income

1. Employees’ Compensation: wages, salaries, and fringe benefits.

2. Proprietors’ Income: income of non-corporate business.

3. Rental Income: income that landlords receive from renting, including “im-
puted” rent less expenses on the house, such as depreciation.

4. Corporate Profits: income of corporations after payments to their workers
and creditors.

5. Net interest: interests paid by domestic businesses plus interest earned
from foreigners.

Labor and Capital Share

• Labor share: the fraction of national income that goes to labor income

• Capital share: the fraction of national income that goes to capital income.

• Labor Share = Labor Income
National Income

• Capital Share = Capital Income
National Income

• Proprietor’s Income?

2 Calibrating a model of the national accounts

2.1 Parametric class

The first step in actually calibrating any framework is to restrict the paramet-
ric classes of the model economy. If we are primarily interested in questions
concerning developed economies, we restrict our attention to economies that
display balanced growth. In balanced growth, consumption, investment and
capital all grow at the same rate while hours worked stay almost constant. The
basic observations about economic growth suggest that capital and labor shares
of output have been approximately constant over time even while the relative
prices of these inputs have changed.

A Cobb-Douglas production function has the form

F (Kt, Nt) = Kα
t N

1−α
t .

We know from Euler’s homogeneous function theorem that since the Cobb-
Douglas production function is first-order homogeneous (which implies constant
returns to scale) we have

F (Kt, Nt) = Kt
∂F (Kt, Nt)

∂Kt
+Nt

∂F (Kt, Nt)

∂Nt

3



If we assume perfect competition (for all goods in all markets) then each
factor of production (capital (Kt) and labor (Nt)) are paid the value of their
marginal products (∂F (Kt, Nt) /∂Kt and ∂F (Kt, Nt) /∂Nt), denoted rt and
wt, respectively. With a first-order homogeneous function we have

rtKt + wtNt = F (Kt, Nt) , (1)

ie. the value of the output is split between the two factors of production: capital
and labor.

In particular, with the Cobb-Douglas specification

rt =
∂F (Kt, Nt)

∂Kt
= α

Kα
t N

1−α
t

Kt
and wt =

∂F (Kt, Nt)

∂Nt
= (1− α)

Kα
t N

1−α
t

Nt
.

From Equation (1)

F (Kt, Nt) = rtKt + wtNt = α
F (Kt, Nt)

Kt
Kt + (1− α)

F (Kt, Nt)

Nt
Nt

hence

α =
rtKt

F (Kt, Nt)
= 1− wtNt

F (Kt, Nt)
.

In words, with the Cobb-Douglas specification capital’s and labor’s shares of
output are given by the constant parameter α.

Since we want our model to match the observation about economic growth
that capital and labor shares of output have been approximately constant over
time even while the relative prices of these inputs have changed, the Cobb-
Douglas specification is a natural choice.

In summary, we have

Product approach to output: Yt = F (Kt, Nt) = Kα
t N

1−α
t (2)

Expenditure approach to output: Yt = Ct + It +Gt + (Xt −Mt) (3)

Income approach to output: Yt = rtKt + wtNt (4)

Law of motion for capital: Kt+1 = (1− δ)Kt + It. (5)

2.2 Match the model to the measurement

Aligning a theoretical framework with measurements is a two-way street. The
general procedure is to set parameter values so that the behavior of the model
economy matches features of the measured data in as many dimensions as there
are structural parameters. We observe over time that certain ratios in actual
economies are more or less constant. This suggests that parameters are set to
match statistical moments (mean, standard deviation, ...) of ratios associated
with long-run growth.
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In particular, as we have shown

rt =
∂F (Kt, Nt)

∂Kt
= α

Kα
t N

1−α
t

Kt
, wt =

∂F (Kt, Nt)

∂Nt
= (1− α)

Kα
t N

1−α
t

Nt
,

Yt = rtKt + wtNt = α
Kα
t N

1−α
t

Kt
Kt + (1− α)

Kα
t N

1−α
t

Nt
Nt,

and

α =
rtKt

Yt
= 1− wtNt

Yt
.

In words, the parameter is equal to capital’s share of national income. We
therefore set the value of the parameter α in our model economy to match the
first moment (the mean) of the time series for capital’s share of national income.

Along a de-trended balanced growth path, capital is constant. From the law
of motion for capital it follows that

δK = I

or

δ =
I

K

The investment-to-capital ratio is rarely reported, but two often-reported ratios
are the investment-to-output ratio and the capital-to-output ratio. We therefore
set the value of the parameter δ in our model economy to match the product
of the first moments (the means) of the investment-to-output ratio and the
capital-to-output ratio,

δ =
I

Y

(
K

Y

)−1

.

3 Simplifying the model to study the dynamics

We will make two simplifying assumptions to the model:

1. Closed economy: No trade with other countries, hence

Xt = Mt = 0

for all times t.

2. Behavior: Individuals in the economy save a given fraction σ of their
income. Since it is a closed economy investment is equal to savings, hence

It = σ (rtKt + wtNt) = σYt

We will soon relax this assumption.
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In addition, we abstract for the public sector and let Ct denote both private
and public consumption and It both private and public investments.

We have

Product approach to output: Yt = F (Kt, Nt) (6)

Expenditure approach to output: Yt = Ct + It (7)

Income approach to output: Yt = rtKt + wtNt (8)

Law of motion for capital: Kt+1 = (1− δ)Kt + It (9)

Behavioral assumption: It = St = σYt. (10)

3.1 Study the model analytically

In order to simplify the analytical study of the economy, we rewrite the model
in per-capita terms:

Product approach to output: yt = f (kt) ≡ F (kt, 1) (11)

Expenditure approach to output: yt = ct + it (12)

Income approach to output: yt = rtkt + wt (13)

Law of motion for capital: kt+1 = (1− δ)kt + it (14)

Behavioral assumption: it = st = σyt. (15)

where all lower-case letters denote per-capita variables.
As most of you will recognize now, this is the model that you proba-

bly referred to as the “Solow model” in your undergraduate macro
textbook. A key insight is that the Solow model is essentially the study of
the mechanics of the national accounts for a closed economy and given a very
strong behavioral assumption.

For every feasible savings rate, ie. σ ∈ [0, 1], the model has a unique steady
state. Let variables without time subscript denote steady state values. Com-
bining the law of motion for capital with the behavioral assumption, we have

δk = σy.

Combining this with the production approach to output

y = kα

and solving for k as a function of the structural parameters we have

k =
(σ
δ

) 1
1−α

.
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The steady-state values of the other endogenous variables expressed as functions
of the structural parameters:

y =
(σ
δ

) α
1−α

,

i = σ
(σ
δ

) α
1−α

,

c = (1− σ)
(σ
δ

) α
1−α

,

r = α
δ

σ.

3.2 Study the model numerically

Given the law of motion for capital which connects every two consecutive pe-
riods, we have a small, tractable dynamic model. It’s almost as if it begs to
be implemented on a computer. We will try to answer a few simple questions
numerically.

Question 1. A small economy was on a balanced growth path. Along this growth
path, the mean labor’s share of income was about 0.65, the mean investment-
to-output ratio was about 0.18, and the mean capital-to-output ratio was about
3.0. The calibrated values of the structural parameters were

α = 0.35

δ = 0.06

The individuals in the economy saved about a fifth of their income every year,
ie. σ = 0.20.

One year a terrible natural catastrophe hits the country a destroys 50% of
the capital stock. If the individuals don’t change their behavior, how much of
the capital stock would have been rebuilt after 50 years?

Question 2. How did consumption and investment evolve in this economy?
What were the output growth rates? In addition to output and investment, com-
pute also consumption and output growth rates. Make one plot with consumption
and investment and one plot with output and output growth rates.

Question 3. How many periods (years) will it take before output is within 0.5%
of it’s pre-catastrophe level?
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