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6 Long-Run Economic Growth

6.1 Review Questions

1. According to the growth accounting approach, what are the three sources
of economic growth? From what basic economic relationship is the growth
accounting approach derived?

[ e EmERE]

WEKBHE (Growth Accounting): 77 H38 K 7 i N B R BN KRN A 7= g K
(1%

LERAFR (Total Factor Productivity, TFP): % & &% A M 751 BN 2 M
M= R 2, WA RIBETRZE (Solow Residual).

BRMI ax SFNBB an: 53 W FEARBNFIZT ZINAE SN BT & E
A2 # (Production Function): Y = AF(K, N), H A NeBEEA K,

[ZECEE]

The three sources of economic growth identified by the growth accounting approach
are:

(a) Growth in capital (AK/K) — increases in the physical capital stock.

(b) Growth in labor (AN/N) — increases in labor input (quantity of workers or
hours worked).

(c) Growth in total factor productivity (AA/A) — improvements in technology,
efficiency, or how effectively inputs are combined.

The growth accounting approach is derived from the production function:
Y =AF(K,N)

Taking the total differential and dividing by Y, we obtain the growth accounting

equation:

AY _AA L AK AN
y 4 "MK TANTN

where ax = #5 is the elasticity of output with respect to capital (capital’s share
of income) and ay = w is labor’s share. Under constant returns to scale and
competitive markets, ax + ay = 1.

MPK-K

The term AA/A (the Solow residual) captures the portion of output growth not
explained by input growth—it represents technological progress and efficiency im-
provements.

[FREAREERE]

Solow Residual (RIEHRE): AA/A, 77 HIGK A TG FH 5 AN 57 51 35K AR R 1) 30
g, HrERAREEL.

Constant Returns to Scale (FUEIRBNAZR): Frf B[R] L] 38 bt 7= t DL )
Eeplsghn, Bl F(AK,AN) = AF(K,N).

Elasticity of Output (F=H#ME): BALZ) 1% B = HABZ 1 E 55 L.
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2. Of the three sources of growth identified by growth accounting, which one
is primarily responsible for the slowdown in U.S. economic growth after
19737 What explanations have been given for the decline in this source of
growth?

[ SORERRE]

AFEREE (Productivity Slowdown): 1973 453 E & H ALK IAE XK TFP K
R E P ERIR .

AP (Oil Shocks): 197374 41 1979-80 4 KM itk .

[S0EE]

The primary source responsible for the post-1973 U.S. growth slowdown was the de-

cline in total factor productivity (TFP) growth (AA/A). Before 1973, U.S.
TFP grew at roughly 1.9% per year; after 1973, it fell to about 0.5-0.8% per year.

Explanations offered for this TFP decline include:

(a) Oil price shocks (1973-74, 1979—-80): The dramatic increase in energy prices
made much of the existing capital stock (designed for cheap energy) economically
obsolete, reducing effective productivity. Firms had to spend resources adapting
to higher energy costs rather than improving efficiency.

(b) Decline in R&D spending: Some economists argue that the share of GDP
devoted to research and development declined, slowing the rate of technological
innovation.

(c) Increased government regulation: Environmental and workplace safety reg-
ulations (e.g., EPA, OSHA) imposed compliance costs that may have diverted
resources from productive activities without measured output gains.

(d) Measurement problems: Some of the apparent slowdown may reflect the dif-

ficulty of measuring output and productivity improvements in service industries
(which grew as a share of GDP).

(e) Exhaustion of easy technological gains: Earlier decades benefited from ma-
jor innovations (electricity, internal combustion engine, etc.); by the 1970s the
"low-hanging fruit” may have been picked.

(f) Decline in infrastructure investment: Reduced public investment in roads,
bridges, and other infrastructure may have lowered the productivity of private
capital.

[REREMFRE]

Capital Obsolescence (BATR): HTHARBHEF N NG, A EAN
HHAEZFHCER.

R&D (FFFEE5HK): A2 N QNEF AR BB AR 555 .
Measurement Problem (BEME): RE=H (RS BEFRE) A LAER
=i, S TFP AR

3. How did technology increase U.S. economic growth in the 1990s?

[ CRIEMRE]
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5 BHAREA (IT Revolution): 20 thzd 90 FEACHTHENL. FLIBCR FEAE BAR K
J 2 N A S (1 AR P SR s K
FEGF (New Economy): N IT Kk AVESR s 2E = 25 K 20 10 R AL A

(ZE0iRE]

Technology increased U.S. economic growth in the 1990s through several channels:

(a) Information Technology (IT) production: The rapid technological advance
in producing computers, semiconductors, and software meant that the I'T-producing
sector itself experienced enormous TFP growth. Even though this sector was a
relatively small share of GDP, its very high productivity growth contributed
significantly to aggregate TFP growth.

(b) IT capital deepening: Falling prices of computing equipment (driven by Moore’s
Law) led firms across all industries to invest heavily in IT capital. This capi-
tal deepening raised the capital-labor ratio and thus labor productivity (Y/N).
Workers became more productive because they had more and better IT tools.

(c) Network effects and reorganization: The Internet and communication tech-
nologies enabled firms to reorganize production, improve supply-chain manage-
ment, and reduce transaction costs. These organizational changes raised TFP in
[T-using industries (such as retail, finance, and wholesale trade).

(d) Increased competition and efficiency: E-commerce and digital platforms
increased market transparency and competition, forcing firms to become more
efficient.

Empirically, U.S. labor productivity growth rose from about 1.4% per year (1973—
1995) to about 2.5% per year (1995-2005), with roughly two-thirds of this accel-
eration attributable to IT (both production and use).

[RERERRE]

Capital Deepening (BARI): NHTA (K/N) 80, R T AR HRE.
Moore’s Law (BE/RERR): &7 LA AEHE RS 1824 MHB—F, SECGHE
HE I AR 2 T P

Network Effects (PI4&RURL): 1R ARKINBE L, ZEARI A7 HI4E
K

Labor Productivity (3781472 %): Y/N, &4 T AR HAKT.

4. Explain what is meant by a steady state. In the Solow model, which vari-
ables are constant in a steady state?

[ FCRIE#ERE]

1A (Steady State): £ & NI EA ALK HIIERA

Solow #AY: i Robert Solow fE 1956 SE4H& tH [1HT vl SLIG AR, O R BEARIR,
N G RFIEAR A arfe] o g K2 PR3 K .

[ 3% ]

A steady state is a long-run equilibrium in which all per-worker (or per-capita)
variables are constant over time. The economy settles into a situation where the
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forces pushing capital per worker up (saving and investment) are exactly balanced by
the forces pushing capital per worker down (depreciation and population growth), so
that k = K /N stops changing.

In the Solow model without technological progress, the following variables are con-
stant in the steady state:

« Capital per worker: k = K/N
o Output per worker: y =Y /N
« Consumption per worker: ¢ = C'/N

o Investment per worker: ¢ = [/N
The following aggregate variables grow at the rate of population growth n:

o Total capital: K
o Total output: Y

» Total consumption: C'

With technological progress (growth rate g4), per-worker variables grow at rate g4 in
the steady state, but per-effective-worker variables become constant. The "steady
state” is then defined relative to efficiency units of labor.

[AREAREMFRE]

Per-worker vs. Per-capita (AT A vs. A¥AH): Per-worker H1553 7] N i
BF, per-capita H &N BB

Efficiency Units of Labor (F3IZFBAL): UAEERARDE, HRGTEN AN,
Hrp A $TEG R
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5. What types of government policies can increase long-run living standards?
[ CREMERE]
KHAETE/KF (Long-Run Living Standards): % PLAYISEFR GDP 80 A\ J2)7H 7%
HIAR KT & .
#4H (Golden Rule): i A9 B KIS %,
[S0EE]

Government policies that can raise long-run living standards include:

(a) Policies to raise the saving rate:

« Tax incentives for saving (e.g., IRA accounts, lower capital gains taxes).
« Government budget surpluses (public saving adds to national saving).

o A higher saving rate raises the steady-state capital-labor ratio and output
per worker. However, this only raises living standards if the economy is
below the Golden Rule saving rate; if already above it, higher saving reduces
consumption per worker in the long run.

(b) Policies to raise productivity (TFP):

 Funding basic research and development (R&D).

 Improving the quality of education and training (human capital investment).
 Building and maintaining infrastructure (roads, ports, broadband).

» FEncouraging technology transfer and adoption.

o Maintaining a legal and regulatory environment that supports innovation

and entrepreneurship.

Unlike a higher saving rate, higher productivity raises long-run living standards
unambiguously.

(c) Policies to reduce the population growth rate:

o In the Solow model, a lower n raises steady-state k£ and y, increasing output
per worker. However, this is controversial as a policy goal and raises ethical
issues.

(d) Improving institutional quality:

o Protecting property rights, reducing corruption, and ensuring political stabil-
ity encourage investment (both domestic and foreign) and economic activity.

[RERERRE]

Golden Rule Saving Rate (R&HEMEERER): S o = f(k) — (n+d)k* HRMk
(¥ s, WiE MPK =n+d.

Human Capital (AABEA): TNELHE . BN IRG AR RE.
Public Saving (AFLAEE): BUMBIIISN I 22 BUR I SE AL 72 SCAT

6. Describe the main ideas of endogenous growth theory. What does it say
about the role of government in economic growth?

[P SCREMRE]
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WAMEKE® (Endogenous Growth Theory): W\ NH AR D fA: = 1 K &4
DA ZRWNESR R (1 R&D 8. AR AR) hER IR, MARSMER” KRG

q:%?’ .

AK BB f il PN AR KRR, AR Y = AK, BRSBTS
[0 E]

Main ideas of endogenous growth theory:

(a)

(e)

Technological progress is endogenous: Unlike the Solow model where AA/A
is exogenous, endogenous growth theory explains productivity growth as the out-
come of purposeful economic decisions—firms invest in R&D to earn monopoly
profits from new products or processes, and workers invest in education to raise
their human capital.

Non-diminishing returns to accumulable factors: Endogenous growth mod-
els often assume that the returns to capital (broadly defined to include human
capital and knowledge) do not diminish as the economy grows. For example, in
the AK model, Y = AK, the marginal product of capital is constant at A, so
the economy can grow indefinitely without relying on exogenous technological
progress.

Knowledge spillovers: One firm’s R&D creates knowledge that benefits other
firms (positive externality). Because individual firms cannot capture all the social
returns to their R&D, private R&D investment may be too low from society’s
perspective.

Human capital and learning-by-doing: Workers become more productive
as they accumulate experience ("learning by doing”), and this productivity gain
can offset diminishing returns to physical capital.

Two types of productivity growth: (a) improvements in the quality of exist-
ing products; (b) increases in the variety of available products.

Role of government in endogenous growth theory:

Because of knowledge spillovers and other externalities, the private return to
R&D and human capital investment is lower than the social return. Therefore,
without government intervention, growth will be suboptimally low.

The government should subsidize R&D, education, and training to close the gap
between private and social returns.

Strong intellectual property rights (patents, copyrights) encourage innovation by
allowing innovators to capture returns, but overly strong protection may stifle
knowledge diffusion.

Infrastructure investment and maintaining a stable macroeconomic environment
also support growth.

Importantly, in endogenous growth models, policies that raise the saving rate
(and thus the investment rate) can permanently raise the growth rate of output,
not just the level—a key difference from the Solow model.

[ARERIEMRE]
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Knowledge Spillover (FIR#EH): — KM SR A B2 A, &
TE A4 A — ol

Non-diminishing Returns (JEEMIRM): 55 A0 bR i ANBE 55 A F R 110N B,
MPK {E55T Ao

Learning by Doing (FH2%): T A EH AR RELEmME R, LHRiERX
R
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7. What effect should each of the following have on long-run living standards,
according to the Solow model?

a. An increase in the saving rate.
b. An increase in the population growth rate.

c. A one-time improvement in productivity.

[ SCRERRE]

HEFESHT (Comparative Statics): 70 #T/ME S W RS HAT M, A
FEL A

AR vs. HHCHE: ACT SIS A7 HACF 3 KSR A )
K.

[S0RE]

(a) An increase in the saving rate: An increase in s shifts the saving/investment
curve sf(k) upward. At the initial steady state, investment now exceeds break-even
investment (n + d)k, so k begins to rise. The economy converges to a new steady
state with a higher capital-labor ratio £* and higher output per worker y*. However,
consumption per worker ¢* = (1 — s) f(k*) may rise or fall depending on whether the
economy is below or above the Golden Rule saving rate. The long-run growth rate of
per-worker variables is unchanged (still zero without technological progress; still g4
with exogenous technological progress). This is a level effect, not a growth effect.

(b) An increase in the population growth rate: A higher n rotates the break-
even investment line (n+d)k upward (steeper). At the initial £*, break-even investment
now exceeds actual investment, so k falls. The new steady state has a lower £*, lower
y*, and lower ¢*. Living standards decline because the same saving must be spread
over more workers just to maintain a given capital-labor ratio. This is also a level

effect; the growth rate of per-worker variables is unchanged in the long run.

(c) A omne-time improvement in productivity: A one-time increase in A (or
equivalently an upward shift in the production function f(k)) raises output per worker
at every level of k, including the steady state. Both the f(k) and sf(k) curves shift
up. The new steady state has a higher k* (because higher output generates more
saving at each k) and higher y*. Consumption per worker also rises. However, this is
a one-time shift; once the new steady state is reached, growth in per-worker variables
again ceases (absent ongoing technological progress). The level of living standards is
permanently higher, but the long-run growth rate is unaffected.

[RERERRE]

Break-even Investment (FFFHH): (n + d)k, 4EFF4 5w AT ANKFEA T BT
i H AR

Level Effect (FKFRM): 420 B AR RS A K FAHA AR KGR

Growth Effect (BB S4B K APESAL KA K2 (Solow B )i
& RAAA K RERD o

8. What two explanations of productivity growth does endogenous growth
theory offer? How does the production function in an endogenous growth
model differ from the production function in the Solow model?

9
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[ SCRIEERE]

FEERZ M (Product Variety): Z835F A ] (1) A (8] 77 0 B B 24 77 i (0 F 2R 4 i 1
i

PR RN (Quality Ladder): &M & 2 R E T, RXTH BT

R&D =231,
[ e ]

Endogenous growth theory offers two main explanations for productivity growth:

(a) Increases in product variety: R&D leads to the creation of new types of
goods (intermediate inputs or final products). Greater variety raises productivity
because firms can use a wider range of specialized inputs, increasing the efficiency
of production (as in the Romer 1990 model). The production function for final
goods typically takes the form Y = AL~ ZZ L o5, where M is the number of
intermediate goods. As M increases, Y increases for given L.

(b) Improvements in product quality (creative destruction): R&D leads to
better versions of existing products (higher quality). Each successful innovation
replaces an older, inferior version—Schumpeter’s ”creative destruction” (as in the
Aghion—Howitt model). The quality ladder model generates ongoing growth as
firms compete to become the next monopolist with a better product.

Differences in the production function:

e Solow model: Y = AF(K,N) or in per-worker form y = Af(k). The key
property is diminishing returns to capital (f”(k) < 0). Without exogenous
technological progress (AA/A), long-run per-capita growth stops. The marginal
product of capital falls toward zero as k — oo.

« Endogenous growth model (e.g., AK model): Y = AK or in per-worker
form y = Ak. Here the marginal product of capital is constant at A (no dimin-
ishing returns). As the economy saves and invests, capital and output can grow
indefinitely at the same rate without any exogenous technological progress. The
growth rate is endogenous: AY /Y = sA —d.

« More generally, endogenous growth models treat A not as an exogenous pa-
rameter but as a function of accumulated knowledge, human capital, or R&D,
making growth self-sustaining.

[RERIEERE]

Creative Destruction (BIEHEMEIR): Schumpeter $& H MR, FREOAGHEIH &
IHEgAR . IHAME IR IS AR .

Diminishing Returns (FREM#): Bl 52 RN, HibFrr=t F . Solow
B A limy, o f/(k) = 0,

Intermediate Goods (FEIFEM): T4 R &2 MBS, mEAEEEHE R0
T i o

10
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9. What types of policies are available to a government that wants to promote
economic growth? For each type of policy you identify, explain briefly how
the policy is supposed to work and list its costs or disadvantages. How
does endogenous growth theory possibly change our thinking about the
effectiveness of various pro-growth policies, such as increasing the saving
rate?

[ SOREMERE]

FRWKEE (Pro-Growth Policies): B 7EH &K HAZ G G 2 1O T T i .
B (Crowding Out): BUR L H BLE 3K F BB 5Tl I 5
[SEE]

Types of pro-growth policies:

(a) Policies to increase the saving rate:

o How it works: Tax incentives (consumption taxes instead of income taxes,
IRA/401(k) accounts), reducing government budget deficits (raising public
saving).

o Costs/disadvantages: Lower current consumption; may disproportionately
benefit higher-income households; in the Solow model, this only has a level
effect, not a permanent growth effect. If the saving rate is above the Golden
Rule level, consumption falls in the long run.

(b) Policies to stimulate technological progress (R&D subsidies, patents):
o How it works: Government funding of basic research, R&D tax credits, strong
but balanced patent protection.

o Costs/disadvantages: Government may not pick winning technologies effi-
ciently; patents create temporary monopoly distortions; R&D subsidies re-
quire tax revenue (deadweight loss).

(c) Policies to increase human capital (education and training):

o How it works: Public funding of education, student loan programs, vocational
training subsidies. A more educated workforce is more productive and better
able to adopt new technologies.

o Costs/disadvantages: Expensive; long time horizon before benefits material-
ize; quality of education may be hard to improve; some trained workers may
emigrate ("brain drain”).

(d) Policies to reduce population growth:

e How it works: In the Solow model, lower n raises steady-state k and y.

o (osts: FEthically controversial; countries with low population growth face
aging-population problems and fiscal strain on pension systems.

(e) Institutional reforms:

o How it works: Strengthening property rights, reducing corruption, improving
the rule of law, liberalizing trade.

o (osts: Political difficulty of implementation; short-run adjustment costs from
trade liberalization.

How endogenous growth theory changes our thinking:

11
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e In the Solow model, raising the saving rate only raises the level of output per
worker, not its long-run growth rate. In endogenous growth models (like the
AK model), a higher saving rate can permanently raise the growth rate of
output, making such policies far more powerful.

« Endogenous growth theory emphasizes externalities (knowledge spillovers), im-
plying that the private sector underinvests in R&D and human capital. This
provides a stronger efficiency rationale for government intervention than ex-
ists in the Solow model, where outcomes are Pareto-efficient absent externalities.

o Policies aimed at technological progress become the most important lever for
long-run growth, rather than merely an exogenous factor we cannot influence.

« The theory also cautions that policies discouraging innovation (high taxes on cap-
ital, weak intellectual property protection) can have permanent negative effects
on growth, not just temporary level effects.

[REREFERE]

Deadweight Loss (FGiB#iK): Bl ml i i BISINA S & B i k.
Brain Drain (AF4MR): Zd&EFHAENAABRBNIFAMEK, FEERANIHE
AR BT [l PRI

Pareto Efficiency (THZRFEMZE): Joi AT AT N ARG 1 A H A N AR IR RS
Solow Y o 57 e P47 2 A B AT 20 (RN 254 T

12
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6.2 Numerical Problems

1. Two economies, Hare and Tortoise, each start with a real GDP per person
of $5000 in 1950. Real GDP per person grows 3% per year in Hare and 1%
per year in Tortoise. In the year 2020, what will be real GDP per person
in each economy?

[ SORE R ]

H &K (Compound Growth): 28 EAF4ERL [l E 1 4r i K, SERIEIRLL (1+9)"
70 ¥EN (Rule of 70): ZEFIHHTTHFL ~ 70/FHKZE (%),

€35 29

The formula for compound growth is:
GDPQOQO = GDP1950 X (1 + g)t

where t = 2020 — 1950 = 70 years.
Hare (g = 0.03):

GDPY&S = 5000 x (1.03)™ = 5000 x 7.9178 =~ $39,589

(Exact: 5000 x 1.037° = 5000 x 7.91782 = 39,589.1)
Tortoise (g = 0.01):

CDPyosieise — 5000 x (1.01)™ = 5000 x 2.0068 ~ $10,034

(Exact: 5000 x 1.017° = 5000 x 2.00676 = 10,033.8)

Interpretation: A seemingly small difference in growth rates (3% vs. 1%) produces a
nearly fourfold difference in living standards after 70 years. Hare’s GDP per person
is almost $40,000 vs. Tortoise’s $10,000. This illustrates the power of compound
growth.

Rule of 70 check: Hare doubles every 70/3 ~ 23.3 years — about 3 doublings in
70 years — 5000 x 23 = 40,000 (close). Tortoise doubles every 70/1 = 70 years — 1
doubling — 5000 x 2 = 10,000.

[REARERRE]

Rule of 70 (70 ¥:M): WA ELL % W&, JIHEIRE R RIZN 70/9 4.
Compound vs. Simple Interest (EF| vs. BF]): SF|FF EH NAK &= 4EH
B BAOOSYIIa AR EME . KPREZERE X,

2. Over the past 20 years an economy’s total output has grown from 1000
to 1300, its capital stock has risen from 2500 to 3250, and its labor force
has increased from 500 to 575. Calculate the contributions to economic
growth of growth in capital, labor, and productivity assuming (a) ax = 0.3,
anN = 0. 7 (b) ag = 05, anN = 0.5.

[ SOREERE]

WRBHEAR: §F = 28 + ax 55 + an S
RA /57 B %E%fqﬁ)\ﬂijﬁ’hﬁtlﬁ FH IR 2221 3 K DTk

13
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(SR E]

First compute the growth rates:

AY 1300 — 1000

v 1000 = 0.30 = 30%
AK 3250 — 2500

7 5500 = 0.30 = 30%
AN 575 —500

N 500 015 5%

(a) axk =0.3, ay =0.7:
AK
Capital contribution: a5 = 0.3 x 30% = 9%

AN
Labor contribution: aN— = 0.7 x 15% = 10.5%
AA AY AK AN
Ay Mg Wy
=30% — 9% — 10.5% = 10.5%

Productivity contribution:

So growth is attributed as: capital 9%, labor 10.5%, productivity 10.5% of the 30%
total.

(b) A — 05, anN = 0.5:
AK
Capital contribution: aK7 = 0.5 x 30% = 15%
AN
Labor contribution: aN— = 0.5 x 15% = 7.5%

AA
Productivity contribution: = 30% — 15% — 7.5% = 7.5%

Notice that the estimated productivity contribution is sensitive to the assumed factor
shares. When capital’s share is larger (0.5 vs. 0.3), capital’s contribution appears larger
and the Solow residual is smaller.

[ARERERRE]

Solow Residual Sensitivity (ZI&FRZERBURME): A/~ R T oT e T2 &R
RIS, ANF E SN g BUEATREANR] (SEEDEH AL 0.3 4.

Factor Share (BERMH): EF TP, ax FTHERAWNEBBANLH], ay
FEF AN L.

3. For a particular economy, Y = K%3N%7, Data given for 4 years.

a. Find total output, capital-labor ratio, and output per worker. Compare year 1
vs. 3 and year 2 vs. 4. Write per-worker production function.

b. Repeat assuming Y = K%3N08,

14
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[ CRIEMERE]

ANBIEFZR B (Per-Worker Production Function): #5247~ LR N,
| FH RRABE I I 4 S5 e 1k o N TR

Cobb-Douglas AEFZERE: Y = AKON?, f8EZ M a + 5 YL e R R

[ SECiRE ]

(a) Y = K*®*N%7 (constant returns to scale since 0.3 + 0.7 = 1):

Year | K N Y = K93NO7 k=K/N |y=Y/N
1 | 200 | 1000 | 200°3 x 1000%" ~ 617.0 0.200 0.617
2 | 250 | 1000 | 25093 x 1000°7 ~ 658.8 0.250 0.659
3 250 | 1250 | 25093 x 1250%7 ~ 771.9 0.200 0.618
4 1300 | 1200 | 300%3 x 1200%7 ~ 727.0 0.250 0.606

More precisely:

Y; = 200%3 x 1000%7 = 4.901 x 125.89 ~ 617.0
Y, = 250%3 x 10007 = 5.235 x 125.89 ~ 659.0
Y3 = 2503 x 1250%7 = 5.235 x 147.48 ~ 772.1
Y, = 300%% x 1200%7 = 5.535 x 131.65 ~ 728.7

Comparison year 1 vs. year 3: K same (200—250), N up 25%. k falls? Wait —
Year 1: k= 0.2, Year 3: k = 250/1250 = 0.2. Actually k is the same! But N increased
while K increased proportionally, so k unchanged. With CRS, y should be the same:
y1 = 0.617, y3 = 0.618 (approx. same, minor rounding).

Comparison year 2 vs. year 4: Year 2: k = 0.25, Year 4: k = 300/1200 = 0.25.
Same k, so y» = 0.659, y4 = 0.606. Wait, these differ because 0.3+ 0.7 = 1 but let me
recalculate...

Actually with Y = K%3N%7 the per-worker form is:

Y RN RV
N N N

So y = k%3, For k = 0.2, y = 0.23 ~ 0.617. For k = 0.25, y = 0.25%3 ~ 0.660.

Year 1: £k =0.2, y = 0.617. Year 3: £k = 0.2, y = 0.617 (identical, as CRS implies).
Year 2: k= 0.25, y = 0.660. Year 4: k = 0.25, y = 0.660 (identical).

Per-worker production function: y = k%3
(b) Y = K%3N%8 (increasing returns, 0.3 + 0.8 = 1.1 > 1):

Per-worker form:

K0'3 NO.S
N
This cannot be written purely as a function of k; it also depends on the scale N.
This reflects increasing returns to scale—bigger economies (more workers) are more
productive per worker at a given k.

Y — KO.3N—O.2 — kO.BNO.l
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Year Y = K03NO#® k=K/N|y=Y/N
1 20092 x 1000°® &~ 1234 0.200 1.234
2 25093 x 1000°8 =~ 1319 0.250 1.319
3 2503 x 1250°8 ~ 1552 0.200 1.242
4 | 300%% x 1200%% &~ 1470 |  0.250 1.225

Year 1 vs. 3: Same k = 0.2, but N3 > Ny, so y3 > y; (increasing returns means larger
scale raises productivity). Year 2 vs. 4: Same k = 0.25, but Ny > Ny, so ys > s
(actually Ny = 1000, Ny = 1200, yes y4 > y2).

The per-worker form cannot be written solely in terms of k: y = k*3N0-L,
[REREMRRE]

Constant Returns to Scale (CRS, #UEHRMAZE): o+ 5 =1, ABH~=HTE
N NI AR IR R AL

Increasing Returns to Scale (IRS, MUERMIERL): o + 5 > 1, A7 HAME
RT ks IEHURT AT N

Cobb-Douglas A¥jfb: y =Y /N = AK“NP~! = A(K/N)*No+8—1 = Aga No+B-1,
N o+ 5 =11 y APUKHT Eo

16
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4. Use data from Table 6.1 to calculate annual growth rates of GDP per capita
for each country over 1950-2018. Why did Germany and Japan have the
two highest growth rates?

[ CARERRE]

B S (Catch-up Effect / Convergence): ¥JUR % A7 EHARMIE S (% 4
W) AR A, B

&gk (Conditional Convergence): #EfilfaSkEHZE (BEHR. AOEKR
E) Ja, FTEEKIRTEE.

€35 2D

The annual growth rate z for country i satisfies:
(1 4 2)68 — GDP;OIS
GDP1g50

Taking logs:
68 ln(l + Z) = hl(GDPQOlg) - 111(GDP1950)

ln(l 4 2) _ 1H<GDP201688/GDP1950)
| DP DP
2 =exp ( H(G 201(;38/Gr 1950)) 1

Using representative data from Table 6.1 (approximate values):

Country GDP/cap 1950 GDP/cap 2018 Ratio Annual growth z
United States $14,560 $55,340 3.80 1.98%
United Kingdom $11,560 $44,120 3.82 1.99%
France $8,420 $42 860 5.09 2.42%
Germany $6,420 $50,430 7.86 3.08%
Japan $3.020 $42.760 14.16 3.98%

Germany and Japan had the highest growth rates because:

» Both countries suffered extensive capital-stock destruction during World War II.
After the war, their capital-labor ratios were far below steady-state levels.

o In the Solow model, an economy with a capital-labor ratio below its steady state
has a high marginal product of capital (M PK'). This high M PK generates rapid
capital accumulation and output growth as the economy converges toward its
steady state—this is the catch-up effect or convergence hypothesis.

« Additionally, both countries adopted modern technologies and institutions during
reconstruction, rebuilt with the latest capital (not just replacing old capital), and
benefited from high saving rates and strong education systems.

o The Solow model predicts conditional convergence: countries converge to
their own steady states, and those further below their steady state grow faster.
Post-war Germany and Japan were clearly far below their steady states.

17
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[ARERERRE]

Convergence / Catch-up Effect (W8/IBFERN): Solow B[P FGM: T HEA
fRE IR, WG k BARMEF R RAE S MPK, KL EAR R B K,
e 2 HAR S Ek

Conditional Convergence (FKHWSN): AFRIEZXAGARMIEES AT s, n, A
), WX ERE, 75 EBSKE N, gxtiid Cosf) W ErA Ex ik
BN F— UK, X AEEAE P AT

5. An economy has y; = 3k¥°, depreciation § = 0.1, population growth n = 0.05,
saving S; = 0.3Y}.
a. Steady-state k, y, ¢ (all per worker).
b. Repeat for s = 0.4.
c. Repeat for n = 0.08 (with s = 0.3).
d. Repeat for y, = 4k (original s, n).

[ CREMRE]

FRASFAE: sf(k*) = (n+ d)k*, WHERTET 4R NI TR ARAAL 5 K55
ANBHESE: = (1 —s)f(k*) = f(E*) — (n+ d)k*s

[Z0RE]

The steady-state condition is:

scy=mn+dk = 5-3k"=n+dk

(a) s=0.3, n=10.05, d =0.1:
0.3 x 3k*% = (0.05+0.1)k = 0.9k"° =0.15k

0.9
k0'5:—015 =6 = k*=36

yF=3x36""=3x6=18
¢ =(1-03) x 18 = 0.7 x 18 = 12.6
Or equivalently: ¢* = y* — (n + d)k* = 18 — 0.15 x 36 = 18 — 5.4 = 12.6.
(b) s = 0.4, n = 0.05, d = 0.1:

04 x 3k% =0.15k = 1.2k%% =0.15k

1.2
k0'5:ﬁ:8 = k*=064

Yy =3x8=24
" =06x24=144 (or24—0.15x64 =24 —9.6=14.4)

*

A higher saving rate raises k* and y*, and in this case also raises ¢* (since the economy
is below the Golden Rule).

18



Intermediate Macroeconomics — Homework 2 Solutions Chapters 6, 7, 9

(c) s=0.3, n=0.08, d=0.1:

0.9
0.9k%° = 0.18k = k"% = R 5 = k*=25
v =3x5=15

" =07x15=10.5 (or 15—-0.18 x 25 =15 — 4.5 = 10.5)
Higher population growth dilutes capital, lowering k*, y*, and c*.
(d) vy = 4k>%, s = 0.3, n =0.05, d = 0.1:

0.3 x 4k%% =0.15k = 1.2k%% =0.15k

1.2
k”zﬁ:S = k*=64

y* =4x8=232
" =07%x32=224 (or32—0.15x64=32—-9.6=22.4)

A higher productivity parameter (3—4) raises k*, y*, and ¢* proportionally: all increase
by a factor of 4/3.

[fERIERRE]

Golden Rule Check (&M LK): HEMRMERWB L MPK = n+d. i
MPK = 1.5k7%%, f£ (a) FF MPK = 1.5/6 = 0.25 > 0.15, UiWEERKTHE&H
K, IR E s 2fgm o

ELBIRRS. (Proportional Effect): X4 A f&mE (Wl (d)), k* #% A% tefsgm O
Cobb-Douglas y = Ak®, k* = (sA/(n+d))"/0=2), FrE AN E%Z a1,
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6. Closed economy: n = 0.01, y = 6k%°, d = 0.14.

a. Households save 10% (s = 0.1). Find steady-state k, y, ¢, ¢ (per worker).
b. What k£ doubles y from (a)? What saving rate achieves this?

[ SCRERRE]

#HH& B (Closed Economy): YV = C + 1+ G, JT#HEH 0. ELBUFIER T
I =5=5sY,
Hirf#& % (Target Saving Rate): JySEIUREE RS ™ /K1 IIr i 11 & % .

E3e 29
(a) s=0.1, n=10.01, d = 0.14: Steady state: sy = (n + d)k

0.1 x 6k°° = (0.01 +0.14)k = 0.6k"° = 0.15k

0.6
]{30'5:E:4 = k* =16
v =6 x4=24

" =sy" =01x24=24 (alsoi* = (n+d)k* =0.15x 16 = 2.4)
=y —i"=24-24=21.6 (orc = (1-0.1)x24=216)

(b) Target: double y* — y* =2 x 24 = 48: Since y = 6k%5, we need:
8 =06k = k=8 = k=064

Note: to double y, k must quadruple (since y o< k%, so k o 3?).
Now find s that makes k™ = 64 the steady state:

sXx6x64%°=0.15%x64 = sx6x8=96

485 =96 = s5=0.20

So households must save 20% of income (double the original saving rate) to double
steady-state output per worker. The required k quadruples from 16 to 64, and the
required saving rate doubles from 10% to 20%.

New steady-state values: k™ = 64, y*™ = 48, " = sy™ = 0.2 x 48 = 9.6, ¢ =
48 — 9.6 = 38.4.

[BREREFRE]

Quadruple (JUf%): y o< k0% BME ko y?, EAL y #fE, & TANEKK 4 £,
Saving Rate and Steady State (fEX5RE): WERTEFZBHE F B NRE
K 4 5 (FA k= [sA/(n+d))Y, 2 a =05 K k* < s?).

Crowding Out of Capital (BEAHTH): BUN I S8 F R & PR TS T
AAFHE.

Effective Saving Rate (ARE&ER): HEBUNTITHNERMER s = (Y - C —
G)Y, IRTRHANHEER,

Balanced Budget Multiplier (CFEERETRE): A h Bk se 2 H T BURIEE, A
AT, B T RN AR R,
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7. Population and workforce grow at n = 0.01. C = 0.5(1 — )Y, y = 8k%,
d = 0.09. Initially t = 0, no government purchases.

a. Find national saving per worker and steady-state investment per worker as func-
tions of k. Steady-state k, y, c, i.

b. Government purchases goods, balanced budget, t = 0.5. Repeat (a) and compare.

[ CAREERE]

ERAEE (National Saving): S=Y —C -G, fELBUNR N S=Y - C,
P (Balanced Budget): G =T = tY, BUMIEE 584 lHBIAEL P

[ZECEE]
(a) t =0, G = 0: Consumption: C' = 0.5(1 —0)Y = 0.5Y, so the saving rate is
s=1-0.5=0.5.

National saving: S =Y —C = 0.5Y Per-worker saving: s, = 0.5y = 0.5 x 8k°> = 4k
Steady-state investment per worker: i = (n + d)k = (0.01 + 0.09)k = 0.10k
Steady state: 4k%% = 0.10k

4

y* =8 x40 =320
v =0.10 x 1600 = 160
¢ =0.5x320=160 (also c" =y —i" =320 — 160 = 160)
(b) t=0.5, G =T = 0.5Y (balanced budget): Consumption: C' = 0.5(1—0.5)Y =
0.5 x 0.5Y = 0.25Y National saving: S=Y —C —G =Y —0.25Y — 0.5Y = 0.25Y

So the effective saving rate falls to s = 0.25. Per-worker saving: s, = 0.25 x 8k%° =
2K9-5

Steady state: 2k%5 = 0.10k

2
/&”’:m:zo = k*=400

y* =8 x 20 = 160
i* = 0.10 x 400 = 40
¢ =0.25 x 160 = 40 (also 160 — 40 — 80 = 40)

Comparison: The introduction of government purchases financed by income taxes
reduces national saving (from 50% to 25% of output), which lowers the steady-state
capital-labor ratio from 1600 to 400, output per worker from 320 to 160, consumption
per worker from 160 to 40, and investment per worker from 160 to 40. Government
purchases crowd out private capital accumulation and reduce long-run living stan-
dards in this model. This illustrates the negative effect of higher government spending
(financed by taxes) on long-run growth through reduced national saving.

[BEARIEMERE]
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Crowding Out of Capital (BEZAHTH): BUNIE I85> E R & K T iRS T
FAFE .

Effective Saving Rate (AR#ER): HEBUNEIITERMEER s = (Y - C —
G)Y, KT RHAHEER,

Balanced Budget Multiplier (CFAFHIREfeH): AR e 2 T BUFIESE, A
AT, BUF TRABEAR R,
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6.3 Analytical Problems

1. According to the Solow model, how would each of the following affect con-
sumption per worker in the long run (steady state)?

Destruction of a portion of the nation’s capital stock in a war.

a.
b. A permanent increase in the rate of immigration (raises n).

e

A permanent increase in energy prices.

e

A temporary rise in the saving rate.

e. A permanent increase in the fraction of the population in the labor force (n
unchanged).

[ SCRiERRE]
TEA (Transition Dynamics): &5 MAILEIRZS A T BE I B4
KA vs, B KA SRR BN A i R A, AN

[3ECEE]

(a) Destruction of capital stock in a war: The destruction of capital reduces
k below its steady-state value. However, the saving rate, production function, and
(n + d) are unchanged, so the steady state is unchanged. During the transition,
investment exceeds break-even investment, so k gradually rises back to k*. Consump-
tion per worker is temporarily lower (because output is lower while some output must

be devoted to rebuilding capital), but in the long run, consumption per worker returns
to its original steady-state level. Long-run c¢*: unchanged.

(b) Permanent increase in immigration (higher n): A higher n steepens the
(n+d)k line. The new steady state has lower k*, lower y*, and lower ¢*. Each worker
has less capital to work with, so output and consumption per worker fall permanently.
Long-run c¢*: decreases.

(c) Permanent increase in energy prices: Higher energy prices act like a negative
productivity shock: they reduce the effective A in the production function, shifting
f(k) and sf(k) downward. The new steady state has lower k* and lower y*. Since
both the production function and the capital stock decline, ¢* unambiguously falls.
Long-run c¢*: decreases.

(d) Temporary rise in the saving rate: During the period of higher s, the economy
accumulates more capital than it otherwise would, so k rises above its original steady-
state trajectory. When s returns to its original level, the economy finds itself with
k > k*. Since actual investment is now below break-even investment (because s is back
to normal but k is high), k gradually falls back to the original k*. The temporary saving
increase raises k and y temporarily but has no effect on the long-run steady state.
Long-run ¢*: unchanged. (Note: during the transition, there may be a period of
higher ¢ after the saving rate falls and before k fully returns to £*.)

(e) Permanent increase in labor-force participation (n unchanged): If a larger
fraction of the population works, then for a given population, N is larger. This is a
one-time increase in the [evel of labor input, not its growth rate. In per-worker terms,
nothing changes (the production function y = f(k) and steady-state condition are
unchanged). However, output per capita (per person in the population) rises because
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more people are working. In the Solow model, steady-state k (capital per worker), y
(output per worker), and ¢ (consumption per worker) are unchanged, but consumption
per capita rises. Long-run ¢ per worker: unchanged; c per capita: increases.

[FERIEMRR]

Steady-State Invariance (F&AZH): HKFWELTEAA LIRS, B s. f(k)
Al (n + d) REAL——1X 2 Solow BA KBTS B AAF B IKF AT K Y
17 6

Per Worker vs. Per Capita: %3l /15528 g8 TN RN E b,
I ABE TR, RE T AFIE AL,

Temporary vs. Permanent (B vs. 7KA): BH A E F L FHUCE K08 H
SR KA n THMEREAR Y.

2. An economy is in a steady state with no productivity change. Acid rain
permanently raises the depreciation rate.

a. Solow model: effects on steady-state k, y, ¢, and long-run growth rate of total
K?

b. Endogenous growth model: effects on growth rates of Y, K, C?

[ 3CRERRE]

#TIHZE (Depreciation Rate, d): &:HH 5T A B PR B 407 R0 R T T 4346 04 LLAG

FRW (Acid Rain): 1FEAFEEIT IHR KR RG] —— W i B %

(SR E]

(a) Solow model: A permanent increase in d rotates the break-even investment line

(n + d)k upward (steeper). At the original k*, break-even investment now exceeds
actual investment, so k begins to fall. The new steady state has:

o Lower k* (capital per worker falls).
« Lower y* (output per worker falls since y = f(k)).

o Lower ¢* (consumption per worker falls; both y* and k* are lower, and more
output must be devoted to investment just to maintain the now-higher depreci-
ation).

o Long-run growth rate of total K: unchanged —total capital still grows at
rate n (or n + g4 with tech progress) in the steady state. The depreciation rate
affects the level of the steady state, not the long-run growth rate.

(b) Endogenous growth model (e.g., AK model): In the AK model, Y = AK,

and the growth rate of capital is:
AK
— =sA—-d

A permanent increase in d reduces the growth rate directly:

AK

K = SA — dpew < SA — dgiq

new
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Since Y = AK and C = (1—s)Y, all three variables (Y, K, C) grow at the same rate.
Therefore:

o The growth rates of Y, K, and C' all permanently decrease.

o This is a growth effect, not just a level effect. A higher depreciation rate
permanently reduces the economy’s growth rate.

Key contrast: In the Solow model, the depreciation rate affects only the level of
steady-state variables; in the endogenous growth model, it affects the long-run growth
rate itself.

[REARIEMRE]

Growth Rate in AK Model: v = sA —d, JIIHEREHZLLMIEKZE, 5 Solow t#
R d A KRNI R R EE

Level vs. Growth Effect (/K°F vs. KM M): Solow A b 4= S EAAT 5038
FAAIKFs ARG BT AT e AR K K —— X R B R B AR A PR B SR

Z 5t

3. This problem adds the government to the Solow model. Government pur-
chases g per worker; balanced budget (7; = g/Vy); S; = s(Y; — T3).
a. Graphically show the steady state.
b. Effect of permanent increase in g on steady-state k, y, c. Is optimal g = 07
[ SCREMRE]
FHH B vs., —RMEBI: AR BOE — RVER) Qump-sum), A= AE AL
mo

BREE (Government Purchases): G, BUMHE %R fnfI RS, ARTHFC
o

[0 E]
(a) Graphical steady state:

National saving per worker is:

Sy Y, - T,
A Rl =s(y—g)

where y = f(k) is output per worker and ¢ = G/N is government purchases per
worker.

Steady-state condition:
s[f(k) — gl = (n+ d)k

Graphically, the saving curve is s[f(k) — g], which is the usual sf(k) curve shifted
down by sg. The break-even investment line is (n + d)k as usual. The steady state
occurs at their intersection.

Compared to the no-government case (g = 0), the saving curve is lower, so k* and y*
are lower.

(b) Permanent increase in g: An increase in ¢ shifts the saving curve s[f(k) — ¢]
further downward by s - Ag. The new steady state has:
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o Lower £*: less saving means less capital accumulation.
o Lower y*: less capital per worker reduces output per worker.

« Lower c¢*: consumption per worker ¢ = (1 — s)(y — g). Both y falls and ¢ rises,
so ¢ falls unambiguously.

Does this imply the optimal level of government purchases is zero? No.
This model assumes government purchases are pure consumption (waste) that provide
no utility or productive benefit. In reality, government purchases include:

« Public goods (defense, police, courts) that are essential for a functioning market
economy.

o Infrastructure (roads, bridges) that raise private-sector productivity.
o Education and health spending that builds human capital.

e Research funding that generates knowledge spillovers.

If we incorporated these benefits into the model (e.g., g entering the production func-
tion or household utility), the optimal g would be positive. The Solow model here
simply shows that government purchases financed by taxes reduce national saving and
thus steady-state capital, creating a trade-off between public and private uses of re-
sources. The optimal g balances the marginal benefit of public goods against the
marginal cost of reduced private capital accumulation.

[fFEREMRE]

Lump-Sum Tax (—RERM/ BHBL): AN ATH GO HREED B[
SEBA, A=A RN o

Public Goods (A3tih): RAAEFEA AR &, T oiia ddet, &
UM T

Trade-off (AU4F): BUR M S gD F 6k 8 BT AT, (BRI ] feilid 12
PR IL IR A R

4. Solow-type economy where S5, = sY; — hK;. Find steady-state k, y, c. Effect
of increase in h?

[ CRIEERE]

WA EMBL (Wealth Effect): W e ACT e, %% &8 MIK—AB#T —hK, T
(NI

WAEMBER: EEXAFHLHE M T EAfFEKT.

[ EE ]

National saving: S; = sY; — hK; Per-worker saving: s, = sy — hk

Steady-state condition: s, = (n + d)k
sf(k) — hk = (n+ d)k

sf(k)=(n+d+h)k
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This looks like the standard Solow condition but with an effective "depreciation-plus-
wealth-effect” rate of (n + d + h). The —hK; term acts like additional depreciation:
when wealth is higher, people save less, making it harder to maintain the capital stock.

Steady-state values: Given a specific f(k) (e.g., Cobb-Douglas), k* solves sf(k*) =
(n +d+ h)k*. Then y* = f(k*) and ¢* = y* — s, = f(k*) — [sf(k*) — hk*] =
(1 —s)f(k*) + hk*.

Effect of an increase in h: A higher h means saving falls more as wealth rises. This

shifts the effective break-even line (n + d + h)k upward (steeper). The new steady
state has:

o Lower £* and lower y*.

« Ambiguous effect on ¢*: ¢* = (1—s)f(k*)+hk*. Lower k* reduces (1—s) f(k*)
but higher h increases hk* (though k* itself is lower), so the net effect is ambiguous
and depends on parameters.

Intuitively, when h is higher, wealthier societies save less, so they accumulate less
capital and end up poorer in the long run (a self-fulfilling prophecy of sorts).

[EERIEMRERE]

Endogenous Saving (HAEME): i E1T NIRRT AFORES (g K, Tk
[t 5 LA

Effective Depreciation Rate (B¥#TIHZE): n+d+ h, A5 AN, YEEHTIH
R & RN = A FER A ) S8

Self-Fulfilling Prophecy (HREZIHITE): KIAMMIE G LGS, DiEE S
B AR, AR ST —TUH H LI
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5. Two countries are identical except one has a much higher capital-labor
ratio. According to the Solow model, which country’s total output will
grow more quickly? Does your answer depend on whether one country or
the other is in a steady state? How will your answer be affected if the two
countries are allowed to trade with each other?

[ SCRERRE]
gkt (Convergence): T AR R, T5AK D B B S EA K& 1R AL s
] . 57
A AT R
BEAWMB) (Capital Flows): & FH AN B 55 E (FASE MPK
=D, MRS
(3 3CHE%E])
Which country grows faster? According to the Solow model, the country with the
lower capital-labor ratio will grow faster. This is because of diminishing returns to
capital: when k is low, the marginal product of capital (M PK) is high, so a given
amount of investment generates more additional output. The growth rate of output
is:

AY AK sY—dK Y f(k)

Yy K K SR TdEs Ty

Since f(k)/k is a decreasing function of k£ (due to diminishing returns), a lower k
implies a higher growth rate.

—d

Does the answer depend on steady state?

o If neither country is in steady state, the one with lower k (further below its
steady state) grows faster. If both have the same steady state, the poorer country
grows faster (absolute convergence).

o If the country with higher k is at its steady state while the other is below it,
the lower-k country still grows faster. The country at steady state has zero
per-worker growth.

o If the higher-k country is above its steady state (unlikely in Solow but possible
after a shock), it would have negative per-worker growth and thus grow more
slowly.

o Generally, the prediction depends on each country’s distance from its own steady

state, not just the absolute level of k. This is conditional convergence.

Effect of trade: If the two countries are allowed to trade (and especially if capital is
mobile), the convergence process accelerates:

« Capital will flow from the high-k country (where M PK is low) to the low-k
country (where M PK is high), seeking higher returns.

o This capital inflow augments domestic saving in the poor country, speeding up
its capital accumulation and growth.

o In the extreme case of perfect capital mobility, M PK equalizes instantly across
countries, and output per worker converges immediately to the extent that coun-
tries share the same technology.
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o Trade in goods also helps: the high-k country may export capital-intensive goods
and the low-k country may export labor-intensive goods, allowing each to spe-
cialize according to comparative advantage, raising incomes in both.

Thus, trade and capital mobility accelerate convergence.
[FREREMRRE]

f(k)/k CPHBBArZH): B & B (R (k) < 0), Frblys EEK R &,
Absolute vs. Conditional Convergence (ZEXTUSH vs. M WER): 4axTUle ST
AT A E ZSLEN [F]— UK s 2B Sl s 2% i 8k 21 25 B AR S /K
Capital Mobility (BARIIME): RITFHEAEE RN, MPK ZRRESNERMNE
55 B, i sk,

6. Show that equal percentage increases in K and N leave y unaffected only
if a K tany = 1.

[ SCRERRE]
MR AZE (CRS): FTA BN [F ELAIIG D 7=t (5] B35 I i) i B2 AR ape +

CLN:10

WRKBEEESR: AY /Y = AA/A+ axAK/K +ayAN/N.
(SR E]

Let capital and labor both increase by z%: AK/K = AN/N = z.
Output per worker: y =Y /N. Growth rate of y:

Ay AY AN

Y Y N

Using the growth accounting equation:

AY AA  AK AN
~ = = tak—= +an——

Y A K N

Assuming no productivity change (AA/A = 0) and substituting AK/K = AN/N =

xZ:
Ay

v =0+4+ax-r+ay- -z = (ax +an)x

Then:

A
—y:(aK—l—aN)x—x:(aK—l—aN—l)x

For output per worker to be unaffected (Ay/y = 0), we need:
(ax +ay — 1)z =0
Since x # 0 (capital and labor are actually increasing), we require:

ag +any =1
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This proves that only when ax+ay = 1 (constant returns to scale) do equal percentage
increases in both inputs leave output per worker unchanged. When ax + ay > 1
(increasing returns), output per worker rises; when ax + ay < 1 (decreasing returns),
output per worker falls. The condition ax + ay = 1 is equivalent to the production
function exhibiting constant returns to scale, which is a standard assumption in the
Solow model.

[REREMRE]

Proof Logic (IEBi#E#): Ay/y = AY/)Y — AN/N. # AK/K = AN/N =z H
AAJA=0, W AY )Y = (ax+an)z, Bt Ay/y = (ax +any —1D)zs 4 ax +ay =1
i Ay/y = 0.

Constant Returns to Scale (CRS) EM: CRS 5 Solow HAIFEE H A4/~
By = f(k) BIATHE, WRMKEET ax +ay =1 FNAEFFEE L.

7. Economy with y = Ak*h'~%, h = Bk. Saving rate s, depreciation d. Find
long-run growth rates of K, h, Y.

[ SCARIEfERE]

AJBEAR (Human Capital): T ANFEREFIHIR, HAME X5 S 58 AR R LU h = Bk
AK BE: 4 h « k B, Cobb-Douglas BTN v o< k, B AK BERY, F=Az 94
WK,

[SECfRE ]

Given h = Bk, substitute into the production function:

y = Ak’a(Bl{)l_a _ Ak,’aBl_akl_a — ABl—ak,a-i—l—a — ABl_ak’

Let A= AB'"% Then: )

y = Ak
This is the AK model! The key insight: because human capital is proportional to
physical capital (h = Bk), the diminishing returns to physical capital alone are offset

by the fact that more physical capital also generates more human capital. The two
types of capital together act like a single accumulable factor with constant returns.

The growth rate of capital per worker:

Ak sy—dk gy s
?— 2 _SE_d_SA d

Since A = AB'"% is constant, the growth rate is constant and endogenous:

e = sAB'™ — d

Since y = Ak, output per worker grows at the same rate:

S _BE gt g

Human capital grows at the same rate because h = Bk:

Ah Ak .
o
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Long-run growth rates: All per-worker variables (k, h, y, and ¢) grow at the con-
stant rate v = sAB'™% — d. The economy experiences endogenous, self-sustaining
growth without any exogenous technological progress. The growth rate depends on:

o The saving rate s (higher s — higher growth, a growth effect).

o The productivity parameter A and the human-capital parameter B.

e The depreciation rate d.

If sAB'~% > d, the economy grows forever; if sAB!~¢ < d, it stagnates.
[fERIEERE]

Offsetting Diminishing Returns (HRVEIRENIER): 9 F AP B s gt 36 2
AR — B2 NJTREAR” BRI, SR RN T SR AR 2 AR LRI -
Endogenous Growth (WAMK): HKEHENTSE (s, A, B, d) k%, L
AN B AR o

AK Model as Reduced Form: A@E7R | AK B4 4] W SE OV 2866 (N T)
PEAR S ST ARI HAME) HES K
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7 The Asset Market, Money, and Prices

7.1 Review Questions

1. Define money. How does the economist’s use of this term differ from its
everyday meaning?
[ SCREMRE]
Hh (Money): B Z#ZAE NS T BB . HEHEDERE WE 80 ik
)\770
Mt (Liquidity): %77 DMIREAS . PROs 3828 5 B IR e 7T o
(330
In economics, money is defined as the set of assets in the economy that people reg-
ularly use to buy goods and services from other people. Money has three defining

characteristics: it serves as (1) a medium of exchange, (2) a unit of account, and (3)
a store of value.

The economic definition differs from everyday usage in important ways:

o In everyday language, people often say "I make good money” or ”she has a lot
of money,” where "money” is used loosely to mean income or wealth.

e An economist would say that income is a flow (earnings per period), wealth
is a stock (total assets minus liabilities), and money is a specific type of asset
(currency, checking deposits, etc.) that is part of wealth but is not the same as
either income or total wealth.

« For example, a billionaire may have very little money (as economists define it) if
most wealth is held in real estate, stocks, and bonds rather than in currency or
checking accounts.

In the U.S., the most common measures of money are:
e M1: Currency in circulation + traveler’s checks + demand deposits + other

checkable deposits.

o M2: M1 + savings deposits 4+ small time deposits 4 retail money market mutual
funds.

[FRERIEMRRE]

Stock vs. Flow (ffF& vs. iE): WERfFE CGE—BANE, WAZRE (AL
IR B o B2 T2 M e i) — 3870

M1 vs. M2: M1 2 L5 mE X GEH ), M2 &8 e X (B8
em AE .

2. What are the three functions of money? How does each function contribute
to a more smoothly operating economy?

[ CREMRE]
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YA (Barter): BELEEULRT MACHRT b, B FRoRIWEG A7,
TREIXNETS A (Double Coincidence of Wants): 58 % X7 £ H A5 1 75 4 77 4
A B b o

E3w 29

The three functions of money are:

(a) Medium of exchange: Money is what people use to buy goods and services.
Without money, the economy would rely on barter, which requires a double
coincidence of wants—you must find someone who has what you want and wants
what you have. This is extremely inefficient. Money eliminates this problem:
you can sell your labor or goods for money, then use that money to buy whatever
you need from anyone. This drastically reduces transaction costs and allows
specialization and trade to flourish.

(b) Unit of account: Money is the yardstick with which we measure and compare
economic value. Prices are quoted in money terms (dollars, euros, yen). Without
a common unit of account, with N goods there would be N(N — 1)/2 relative
prices to keep track of. Money reduces this to just N money prices, enormously
simplifying economic calculation, accounting, and contracting.

(c) Store of value: Money is a way to transfer purchasing power from the present
to the future. You can sell something today, hold the money, and use it to buy
something next month. This allows people to smooth consumption over time
and to save. However, money is not a perfect store of value because inflation
erodes its purchasing power. Other assets (bonds, stocks, real estate) may serve
as better stores of value, but they are less liquid.

[FERIEMRR]

Transaction Costs (FEA): HEAT2E 5 AL B it (a). kg oM<k, 5% M oKiE
BREAR 1 I LB AR

Relative Prices (FHXM#8): — Bl ot LA 53 — Fh i it RS I A& o N FlR i A
N(N —1)/2 MHXH

Purchasing Power (WE77): — A7 57 MR SE 7 o AR 55 B0, BPARAS K
I

3. Who determines the nation’s money supply? Explain how the money sup-
ply could be expanded or reduced in an economy in which all money is in
the form of currency.

[P CREERE]

HIRERAT (Central Bank): &3 [ X Ot MR . SCit 0% I BUR ML (32 BX i
Fed).

ATETH3HEAIE (Open Market Operations): H 9L ERAT SESLEUR 5 95 DASCE B8 it
I o

E3e 29

In most modern economies, the nation’s money supply is determined jointly by:
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o The central bank (e.g., the Federal Reserve in the U.S.): controls the mon-
etary base (high-powered money) through open market operations, discount
lending, and reserve requirements.

o« Commercial banks: create money through the money multiplier process
when they make loans, since deposits created by lending count as money.

e The public: decides how to allocate holdings between currency and deposits,
affecting the money multiplier.

In an economy where all money is currency (no banks):

o The money supply equals the monetary base (currency in circulation).

o To expand the money supply: The central bank prints currency and uses it
to buy assets (typically government bonds) from the public in an open market
purchase. The public receives newly printed currency in exchange for bonds,
increasing currency in circulation.

e To reduce the money supply: The central bank sells government bonds to
the public in an open market sale. The public pays with currency, which the
central bank removes from circulation (destroys or retires).

o Alternatively, the government could simply print money to finance its spending
(monetizing the deficit), though this is typically inflationary.

[FREARIEMRE]

Monetary Base / High-Powered Money (Z:Al5E M/ SREH M) 4 1 5t h
+ HUTHERS & AP REUTEEERIN SR,

Money Multiplier (¥t fise#): Bt Mty 5 Eml G ML ER . R0 SARAT I
FETFRT 1.

Open Market Purchase/Sale (AFFHIHEN/LH): H I RAT E LIS DA R
1T RGN HE S S A BT AR

4. What are the four characteristics of assets that are most important to
holders of wealth? How does money compare with other assets for each
characteristic?

[ SCRERRE]
B E (Portfolio): R BE#H FFA &Rt S .
RS- (Risk-Return Trade-off): 57U as 9877 10 5 11 Bl ray XU
€352
The four key characteristics of assets for wealth holders are:
(a) Expected return: The average return (interest, dividends, capital gains) the
asset is expected to provide over time. Money (currency and most checking de-

posits) pays zero or very low interest, so it has a low expected return compared
to bonds, stocks, or real estate.
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(b) Risk: The degree of uncertainty about the asset’s return. Money is very low risk
(especially if insured by deposit insurance); its nominal value is stable (except for
inflation risk). Bonds have moderate risk (interest rate risk, default risk). Stocks
have high risk (price volatility).

(c) Liquidity: The ease and speed with which the asset can be converted into a
medium of exchange without significant loss of value. Money is the most liquid
asset by definition—it is the medium of exchange. Other assets must first be sold
(incurring transaction costs and possible price concessions) to obtain money.

(d) Time to maturity: The length of time until the asset makes its final payment
or can be redeemed at face value. Money has zero time to maturity—it is
available immediately. Bonds have varying maturities (from days to 30 years);
longer maturities typically offer higher returns but greater interest-rate risk.

Summary comparison:

Asset Return Risk Liquidity =~ Maturity
Money (currency, checking) Very low Very low  Highest Zero
Savings deposits, MMMF Low Very low High Zero/short
Government bonds Low-moderate Low Moderate Short-long
Corporate bonds Moderate Moderate Moderate Short-long
Stocks High High Moderate Infinite
Real estate Varies Varies Low Very long

Money’s unique role is that it offers maximum liquidity, which compensates for its low
return.

[AERIEMERE]

Liquidity Premium (JRz0EEEM): 08 # RS2 BRI & DA B i s v,
IXFERE T AT 25 IR 2 AR T oAt 5877

Default Risk (FEZIXKE): 37 TCiE LN AT B R o U (5t 77 18 5 B A N
/i LAY PN

Interest Rate Risk (FIZEXKY): iInFR AL 3 EG IS 0k s 10 XU, PR Bk
K KSR
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5. Describe the expectations theory of the term structure of interest rates.
Why isn’t it sufficient? What must be added?

[ SCREERE]

FIRHHBR L5 (Term Structure of Interest Rates): /s[A PR 575 HF % 2 8] 1)
KA, WE R A RN

W iR (Yield Curve): By, MDA Z 4 .

E3F 2D

The expectations theory of the term structure states that the interest rate on a

long-term bond equals the average of the expected future short-term interest rates
over the life of the bond. Formally, for an n-year bond:

. . . .
tig H 1 Tl T T U

Int =
n
where i, is the n-year bond rate today and 47, ; is the expected one-year rate for

year t + J.
Why the expectations theory is insufficient:

o The pure expectations theory predicts that the yield curve should be flat on
average, since short rates are equally likely to rise or fall. Empirically, the yield
curve is upward-sloping most of the time—long rates exceed short rates.

o It cannot explain why long-term bonds consistently offer higher average returns
than short-term bonds.

o It implies that expected holding-period returns are equal across all maturities,
which is contradicted by data showing long bonds earn a premium.

What must be added — the liquidity premium (or term premium) theory:
The more accurate theory adds a term premium (or liquidity premium) to long-
term bond yields:

ATk TR U o S R

Int = + Qn
n

where 6,, > 0 is the term premium, which generally increases with maturity n. The
term premium exists because:

« Long-term bonds have greater interest rate risk (their prices fluctuate more
when market rates change).

o Investors typically prefer short-term bonds (liquidity preference) and must be
compensated with a higher yield to hold long-term bonds.

» Borrowers may prefer to issue long-term debt to lock in funding costs, and must
offer a premium to attract lenders.

This combined theory explains the typical upward-sloping yield curve and can also
explain inverted yield curves (when expected future short rates are sufficiently low to
offset the term premium).

[fREREMGRE]
Term Premium / Liquidity Premium (BiRREM /RN PEREA): KIHGTR N %E
PR BT ARAE AR 230 XU T S A A A M IS 2

36



Intermediate Macroeconomics — Homework 2 Solutions Chapters 6, 7, 9

Inverted Yield Curve (BlHEWtaiZEihLR): MIARIR T KIARIZE, @EHNAsE

BATIE .
Holding-Period Return (FH#WaR): 7E5E A WA 5~ akas (FE + 3
ESAIEC DN

6. List and discuss the macroeconomic variables that affect the aggregate
demand for money.

[ SCRERRE]

RMFTER (Money Demand): A Ay BEFA MR MAE (PASEFRES ).
RHFER. FPFFER BHLFER: Keynes #H HF- 52 A= KshHl.

(ZE0iRE ]

The main macroeconomic variables affecting aggregate money demand are:

(a)

Real income/output (Y'): Higher real income means more transactions in the
economy, so people and firms need more money to conduct these transactions.

The income elasticity of money demand is positive (typically less than 1, around
0.5-2/3 empirically). M?/P = L(Y,i) with OL/dY > 0.

The nominal interest rate (i): The nominal interest rate is the opportunity
cost of holding money. Money pays little or no interest, while non-monetary
assets (bonds) pay interest . A higher i makes holding money more costly
relative to holding bonds, so money demand falls. The interest elasticity of money
demand is negative and small (around —0.1 to —0.3 empirically). dL/0i < 0.

The price level (P): The demand for nominal money is proportional to the
price level. If all prices double, people need twice as much nominal money to
conduct the same real transactions. Real money demand (M¢/P) is independent
of the price level (money demand is homogeneous of degree 1 in P).

Payment technology and financial innovation: The introduction of credit
cards, debit cards, electronic payments, ATMs, and mobile banking reduces the
demand for money (currency and traditional checking deposits) at any given
level of income and interest rates. These innovations reduce transaction costs
and allow people to economize on money holdings.

Expected inflation (7¢): Higher expected inflation raises the nominal interest
rate (via the Fisher effect: i = r 4+ 7¢), thus raising the opportunity cost of
holding money and reducing real money demand.

Wealth: Greater wealth may increase money demand (money is part of the
wealth portfolio), but empirically this effect is relatively weak since money is a
small fraction of most portfolios.

The standard money demand function is:

Md

7= L(Y,r 4+ 7°)

with 0L/0Y > 0 and 0L/0i < 0.
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[#REREMRRE]
Opportunity Cost of Holding Money (FFHALERA): F6 T8 Ml f6i 25
ZIISULE TR

Homogeneity of Degree 1 (—iRFTik{E): & P #ifE, M WA, LhaftmFHR
A (e TR LI,
Fisher Effect (SVFML): 4 FI% = Shifl% + BUMEIKE: i =r +7°

7. What are the major components of M1? What are the major components
of M2? Describe each component.

[ SCRERRE]
HHEE (Monetary Aggregates): fZisl 1M iy KR 7 AN [ JZ Ok B B2 1T

o

#HH M (Near Money): JaIPERSAR T M1 H A5 5 54 978 5y A1 5872
€3y 29|

M1 (Narrow Money — Transaction Money):

(a) Currency in circulation: Coins and paper money held by the non-bank public.
This excludes currency held by banks (vault cash) and the central bank.

(b) Traveler’s checks: Prepaid checks issued by financial institutions (declining in
importance).

(c) Demand deposits (checking accounts): Non-interest-bearing accounts at
commercial banks that allow unlimited check-writing.

(d) Other checkable deposits: NOW (Negotiable Order of Withdrawal) accounts,
ATS (Automatic Transfer Service) accounts, and share draft accounts at credit
unions that earn some interest but allow check-writing.

M2 (Broad Money — M1 plus Near Monies):
(a) M1 (all of the above).

(b) Savings deposits: Interest-bearing accounts at banks with no check-writing
privileges, but funds can be withdrawn on demand (though banks may reserve
the right to require notice).

(c) Small time deposits: Certificates of deposit (CDs) with denominations under
$100,000 that have fixed maturities (e.g., 6 months, 1 year). They pay higher
interest than savings deposits but impose penalties for early withdrawal.

(d) Retail money market mutual funds (MMMFs): Investment funds that
hold short-term, low-risk securities (Treasury bills, commercial paper) and allow
limited check-writing. They are offered by mutual fund companies, not banks.

M2 is less liquid than M1 but still relatively easy to convert to transactions money.
The choice of which aggregate to target has been an important issue for monetary
policy, especially as financial innovation blurs the lines between categories.

[FERERERE]
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NOW Account (FJ#ibIRFEKIESKT): SASHLE H AR vE SRR RATIR .
CD (F3KE/ EHIFFE): 258 [ e WIR AR R ERAT 73K, SRl SCHUGH A 3146
MMMF (5 i3t RIEE): %5 TRINESRRILFEIEE, W% o vFa R SRR
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8. Why is equilibrium in the asset market described by the condition that real
money supply equal real money demand? What aggregation assumption is
needed?

[ SCRIERRE]

BT (Asset Market Equilibrium): J7 55710 R 5% T LA FRE
BLRNHHEN (Walras® Law): #7 n — 1 NizabT- 2%, WE n A>T E .
€35 2D

Asset market equilibrium requires that the quantities demanded and supplied are equal

for every asset in the economy. However, we can summarize the entire asset market

by the single condition:

M
- = L(Y,r+7°)

i.e., real money supply equals real money demand.

Why is this sufficient? This simplification relies on Walras’ Law applied to assets.
The idea is that if there are n asset markets, and we assume that n — 1 of them are in
equilibrium, then the nth market must also be in equilibrium automatically, because
total wealth is fixed.

Specifically, an individual’s budget constraint for asset holdings is:
Total Wealth = M? + B? + (demand for other assets)
The total supply of assets is:
Total Wealth = M* + B® + (supply of other assets)

If the money market clears (M¢ = M?), and total wealth adds up, then the sum
of excess demands across all non-money assets must be zero. If we further assume
that all non-money assets are perfect substitutes (the aggregation assumption),
then equilibrium in the money market guarantees equilibrium in the non-money asset
market as well.

The aggregation assumption: We assume that all non-monetary assets (bonds,
stocks, real estate, etc.) can be treated as a single composite asset. This requires that
these assets are perfect substitutes in investors’ portfolios, meaning they offer the
same expected return (after adjusting for risk and liquidity). Under this assumption,
we only need to model two assets: money (which pays no interest or a fixed rate i,,) and
the composite non-money asset (which pays the market interest rate ¢). Equilibrium
in the money market then implies equilibrium in the non-money asset market.

[ARERERRE]

Walras’ Law (FLRBLHEN): P L R RS A g sk 2 FIfESE T %
LRI IA T A E G, M s — it ik

Perfect Substitutes (SB&EM): HEFHNAF G TLlwlf 27 O, RS
W), PURMEI IR

Composite Asset (E&HF=): ¥ 20 EA M FRHAE R 5= 6 I — P RR 5 =
SUBLI
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9. What is the relationship between the price level and the nominal money
supply? What is the relationship between inflation and the growth rate of
the nominal money supply?

[ AR EERE]

RMEBEL (Quantity Theory of Money): MV = PY, B2t 507Kk
1EE.

HeHiHtE (Monetary Neutrality): 57 Mt N ARALFZ 44 AL &, AN SEBRAR
%o

€38 T

Price level and nominal money supply: In equilibrium, the price level is propor-
tional to the nominal money supply:

M

P=———
L(Y,r + 7°)

For a given level of real money demand, a higher nominal money supply M leads to
a proportionally higher price level P. If M doubles, P doubles (assuming real money
demand is unchanged). This is the central implication of monetary neutrality: the
nominal money supply determines the price level, not real output.

From the quantity theory equation MV = PY":

MV

P
Y

If velocity V' and real output Y are constant (or grow at stable rates), then P is
proportional to M.

Inflation and money growth: Taking growth rates of the quantity equation:

AP_AM+AV_AY
P M 174 Y

or:

AM AY AV
MY TV
where m = AP/ P is the inflation rate.

If velocity is stable (AV/V & 0), then:

T

_AM AY

T —_—

M Y

In the long run, inflation is primarily a monetary phenomenon: sustained inflation
requires sustained money growth in excess of output growth. A one-time increase in
M causes a one-time increase in P (a change in the level), while a permanent increase
in the growth rate of M causes a permanent increase in the rate of inflation.

Empirical evidence: Across countries and over long time periods, there is a strong
positive correlation between money growth rates and inflation rates, especially for
high-inflation countries.

[ARERERRE]
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10.

Velocity of Money (% MEEE): V = PY /M, —HAALRHE SN HT
G IR

Quantity Equation (BIE&HFENR): MV = PY, 1S G230, HAEWM V fax
B e oy b EE R .

Inflation as Monetary Phenomenon (GERKAERNH MIAR): Milton Friedman )

%5 : 7Inflation is always and everywhere a monetary phenomenon.”

Give an example of a factor that would increase the public’s expected rate
of inflation. How would this increase in expected inflation affect interest
rates?

[ SCRERRE]

VHERK (Expected Inflation, 7¢): A AU AR & K- _E KA (1 T .
BEXSL (Fisher Effect): Tk - T334 SOR 25540 ETt.

[S0RE]
Factors that increase expected inflation:
(a) An announced increase in the money growth rate: If the central bank

announces it will permanently raise money growth from 3% to 8% per year, the
public rationally expects higher future inflation.

(b) A large and persistent government budget deficit: If the government is
expected to finance deficits by money creation (monetizing the debt), expected
inflation rises.

(c) A supply shock that the central bank is expected to accommodate:
If an oil price shock occurs and the central bank is expected to increase money
supply to prevent unemployment, inflation expectations may rise.

(d) Observed high current inflation: If people have adaptive expectations, they
may extrapolate recent high inflation into the future.

(e) War or political instability: These events often lead to expectations of deficit
monetization.

(f) Exchange rate depreciation: A falling currency raises import prices, which
may feed into higher expected inflation.
Effect on interest rates: According to the Fisher equation:
1=r+mn°
where 7 is the nominal interest rate, r is the real interest rate (determined in the goods
market by saving and investment), and 7¢ is expected inflation.
An increase in 7°:
+ Raises the nominal interest rate ¢ one-for-one, assuming the real rate r is
unchanged (the Fisher effect).

o This happens because lenders demand compensation for the expected erosion of
purchasing power, and borrowers are willing to pay higher nominal rates since
they will repay in cheaper dollars.
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 Reduces real money demand: Higher : = r 4+ 7€ raises the opportunity cost
of holding money, so M<¢/P = L(Y,r + 7°) falls.

« Raises the current price level: With a given nominal money supply M, the
decline in real money demand requires P to rise to restore equilibrium (M /P =
L).

[REREFRE]

Adaptive Expectations (&EMNMAETEA): 2Tk LHARIMERK, W78 =7 1o
Rational Expectations (BEPEFH): 2 O H P 7] HME BIE 8ot AR RAZ 5 1) i
LRI o

Monetizing the Debt (55 mHit): H BT ENELISEBUR i 7, 4 W BUR 4%
e mig i,
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7.2 Numerical Problems

1. Interest rates: one-year bond today 6%, one-year bond one year from now
expected 4%, one-year bond two years from now expected 3%. Term pre-
miums: 0y = 0.5%, 03 = 1.0%. Find two-year and three-year bond rates today
and the yield curve shape.

[ SCRERRE]

HRRAEYT (Term Premium): 65578 H UL A R P S K AR -
BI#AFIZE (Spot Rate): X4iidy L4eE IR GIFIA

(S0 E]
Using the expectations theory with term premiums:

. . .
R U S W e el S RO 0
Int = n + n

Two-year bond rate today:

. 6%+ 4% 10%
th:%+0.5%: 20

+0.5% = 5%+ 0.5% = 5.5%

Three-year bond rate today:

:6%+4%+3%+1'0%: 13%

3 3 +1.0% = 4.33% + 1.0% = 5.33%

13t

Shape of the yield curve:

o l-year rate: 6.0%
o 2-year rate: 5.5%
o 3-year rate: 5.33%

The yield curve is downward-sloping (inverted). This occurs because expected fu-
ture short-term rates are declining (6% — 4% — 3%), and the decline is steep enough
to more than offset the term premiums. Without term premiums, the curve would be
even more steeply inverted (5%, 4.33%). An inverted yield curve often signals mar-
ket expectations of an economic slowdown, as lower future interest rates are typically
associated with weaker economic conditions and lower inflation.

[ARERERRE]

Inverted Yield Curve (BlEEW2IFRML): FIHA A TRAHR. Pl LR E
FE L G AR I ] SE TR b o

Forward Rate (IZHIFIZR): B 78 4 B i 2 il 4o b iR SR — I I A 2,y
MRIHIAI A HE 2

2. Money demand: M?/P =500 + 0.2Y — 1000i.

a. P=100,Y = 1000, ¢ = 0.10: find real money demand, nominal money demand,
velocity.
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b. Price level doubles to P = 200. Find the same.
c. How is velocity affected by changes in Y, i, and P?

[ SCRERRE]

HRTREEE (Velocity): V = PY/M =Y /(M/P), %4 X GDP 5 Mt L.
SRR M FER (Real Money Demand): M9/ P, VLR & AR 55 Sq i & 02 T &

Eye
(a) P =100, Y = 1000, i = 0.10:
d

M
T = 500 + 0.2(1000) — 1000(0.10) = 500 + 200 — 100 = 600

Real money demand = 600.
Nominal money demand: M9 = P x (M?/P) = 100 x 600 = 60,000.

Velocity: V = £X = 10é)ox010%00 = 16000&000 ~ 1.667. Equivalently: V =Y /(M/P) =
1000/600 = 1.667.

(b) P =200, Y = 1000, ¢ = 0.10: Real money demand is independent of P:

d

M
— = 500 +0.2(1000) — 1000(0.10) = 600 (unchanged)

Nominal money demand: M? = 200 x 600 = 120,000 (doubles).

.17 _ 200x1000 _ 200000 _
Velocity: V = 123900 = To0p00 = 1-667 (unchanged).

(c) Effects on velocity: Velocity is: V = le//P = 500+0'2§_1000i

. . . 0V __ (500+0.2Y —1000i)—Y(0.2) __ 500—10003 .
« Increase in real income Y 55 = 055000007 = Gooroav—ioonz: LIS

is positive if ¢ < 0.5, which is normally the case. So velocity generally increases
with Y (the income elasticity of money demand is less than 1, at 0.2Y/600 =~
0.33 here, so money demand rises less than proportionally with income).

o Increase in nominal interest rate i: A higher i reduces real money demand,
so the denominator falls and velocity increases. People economize on money
holdings when the opportunity cost is higher.

o Increase in price level P: Real money demand is independent of P, so nominal
money demand is proportional to P. Velocity is unaffected by changes in P
(velocity is a real phenomenon in this model). Mathematically, V' = PY /M, and
both P and M change proportionally.

[RERERRE]

Income Elasticity of Money Demand (5 &R ABLPE): (0M/0Y) x
(Y/M?) = 0.2 x 1000/600 ~ 0.33, /M 1 EMELETL” FEM BRIIT—IRA
By N QT FE S e 0=l = o 7 A N NS o ) = PR P N o 9220 A

Velocity as Real Phenomenon (JUBEEENLRIRE): V =Y /(M/P), {LH
R SEPR AR BANAT NS, SIEKFEIEC.
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3. Jason has wealth $100,000. Invests $50,000 in bonds plus $5000 more for
every percentage point iponds €xceeds ichecking-
a. Demand for money formula.
b. Demand for bonds formula. Sum of demands?

c. Everyone identical to Jason. Fixed supplies: $80,000 bonds per person, $20,000
checking per person. Checking pays 0%. Find equilibrium bond interest rate.

[ CRIERRE]

TR KK# (Asset Demand Function): iR & 764N [F] % 7= 2 8] 73 FL 47 A
Jitgo

b gaaiip 2k (Asset Market Equilibrium): SHE ARG, IR (RIE) A
R T

[S0E]
Let i, = bond interest rate, i. = checking account interest rate (both in percentage
points).

(a) Jason’s demand for money (checking accounts): Jason invests $50,000 +
$5000(ip — i.) in bonds. The remainder goes to money:

M*® = 100,000 — [50,000 + 5000(i, — i.)]
M? = 50,000 — 5000(i, — i.)
Since i, = 0: M? = 50,000 — 50004y
(b) Jason’s demand for bonds:
B? = 50,000 4 5000(iy — 4.) = 50,000 4 50004, (since i, = 0)
Sum of demands: M9+ B% = 50,000 — 5000i + 50,000 4+ 50004, = 100,000. This always

equals Jason’s total wealth, as required by the budget constraint.
(c) Market equilibrium: Fixed supplies per person: B* = 80,000, M* = 20,000.
Asset market equilibrium requires M? = M?* (or equivalently B¢ = B*, since M¢ +
B? = M* + B* = 100,000):

50,000 — 5000z, = 20,000

50001, = 30,000

i, =06
So the equilibrium bond interest rate is 6%.
Check: At i, = 6%, M? = 50,000 — 5000(6) = 20,000 = M* = 20,000. v B? =
50,000 + 5000(6) = 80,000 = B* = 80,000. v/
[RERERRE]
Budget Constraint for Assets (BF=-HELAR): ME = EMHER + fidxFHK =
temften + figpfitas.
Equilibrium Interest Rate (B/HIRI): 77 7RI 17 4T Fl i B4 A2 i
b 2R A R AR AT R A A B 2 B B8 A 7 40
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4. Quantity theory holds, velocity constant at 5, output fixed at Y = 10,000,
price level P = 2.

a. Real and nominal money demand.

b. Government fixes M = 5000. With flexible prices, new P? If M rises to 60007

[ FCRIE#ERE]

WEHERX: MV =PY, HV MY EE, WP5MBIEL.

W& R (Price Flexibility): % B i %8 LU 737 i .

[3ECEE ]

Quantity equation: MV = PY

(a) Real and nominal money demand: With V' =5, Y = 10,000, P = 2:

PY 2% 10,000

M = = = 4000
V 5

Nominal money demand = 4000.

Real money demand: M /P = 4000/2 = 2000. Equivalently: M/P = Y/V =
10,000/5 = 2000.

(b) Government fixes M = 5000: With flexible prices and Y and V fixed:

MV 5000 x5

P = = 2.
Y 10,000 k

The price level rises from 2 to 2.5 (a 25% increase) because the money supply is 25%
larger than the initial equilibrium level (5000 vs. 4000).

If M rises to 6000:
~ 6000 x5

10,000 30

The price level rises to 3.0 (a 50% increase from the original P = 2, proportional to
the 50% increase in M from 4000 to 6000).

Key insight: With constant velocity and fixed output, the price level is strictly
proportional to the money supply. A doubling of M would double P. This is the
essence of the quantity theory of money.

[RERIEMERE]
Proportionality (HL#ItE): fEERIRE T, P=(V/Y)M, MK FE5 T maLR
RS R LA

Price Level Determination (##&/KFHRRE): 45w S br= B AREER, 42 LTt
NERPINATS S 11 N

5. Constant M, constant Y = 100, constant » = 0.10. Income elasticity of
money demand = 0.5, interest elasticity = —0.1.

a. % change in P if Y increases to 106 (r stays at 0.10).
b. % change in P if r increases to 0.11 (Y stays at 100).
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c. If r increases to 0.11, what Y keeps P unchanged?

[ SCRERRE]
#iE (Elasticity): —MEEAZE 1% M5 —DEELRE . AL 9y = 0.5,
i = —0.1,
R 7.12: AP/P = AM/M —nyAY )Y —n;Ai )i (44 XA AR AM /M = 0).
(SR E]
With constant nominal money supply (AM /M = 0):
AP AY Ar
p -y T
where ny = 0.5, n; = —0.1, and 7 = r since 7° =~ 0.

(a) Y increases from 100 to 106 (AY /Y = 6%), r unchanged:

AP

2 —0.5 x 6% = —3.0%

The price level falls by 3%. Higher income raises real money demand; with fixed
nominal M, P must fall to increase real money supply.

(b) r increases from 0.10 to 0.11 (Ar/r = 10%), Y unchanged:

AP 0.01

The price level rises by 1%. Higher interest rates reduce real money demand; with
fixed nominal M, P must rise to reduce real money supply.

(c) r increases to 0.11. What Y keeps P unchanged? We need AP/P = 0:

AY
0.5 x ~v = —(=0.1) x 10% = 1%
AY 1%
Y 05
So Y must increase by 2% to Y = 102. The higher income raises money demand,

which exactly offsets the reduced money demand from the higher interest rate, leaving
the price level unchanged.

2%

[ BB ARIERERE]
Elasticity Form of Money Demand (& T & REBHERR): A(M4/P)/(MI/P) =
ny AY Y + i i

Price Adjustment Mechanism (##&HZBHLH]): 22 L MHLE [ e, Sebriy
T R R AT A AR (SR s br e Mmpkes ) kPl

Offsetting Effects (HEIEZRL): URAIEGIN ($Em e mifE=k) AR LA (B M
oKD AR KR AH SCRZ e AT DL B AR AR -
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6. Real money demand: L(Y,r + 7€) = S‘Eg, Y =150, r = 0.05.
a. M growing at 10%/year, expected to persist. M = 300. Find real money supply
and current P.

b. M = 300. Central bank announces 5% money growth. Find real money supply
and current P. Explain effects of slowdown.

[ SCRIERRE]

TR SR M HER: @S A R G =r+ 70 R THHER.
mmgKEEK: KT, BREKEREEKE: 7= AM/M - AY /Y.
[3ECfEE ]

(a) Money growth = 10%, expected to persist: With Y constant at 150, output

growth is 0%, so in the long run @ = AM /M = 10%. If this is expected to persist,
¢ = 0.10.

Nominal interest rate: ¢ = r 4+ 7¢ = 0.05 + 0.10 = 0.15.

Real money demand:
M4 001 x150 1.5

= = =1
P 0.15 0.15 0

In equilibrium, real money supply = real money demand:

M 300
Iz 0 = 10 30
Real money supply = 10, price level = 30.

(b) Central bank announces 5% money growth: If credible, 7¢ falls to 0.05.
New nominal interest rate:

t=1r4+7°=0.05+0.05 =0.10

New real money demand:

M?  0.01x150 1.5 e
P 010 010

With M still at 300 (the change is in future growth, not current level):

M 300

— =1 P=—=2

Iz 5 = B 0
Real money supply = 15, price level = 20.

Effects of the slowdown in money growth:

e The announcement of slower future money growth reduces expected inflation
from 10% to 5%.

o This reduces the nominal interest rate from 15% to 10% (Fisher effect).

o The lower nominal interest rate increases real money demand from 10 to 15,
because the opportunity cost of holding money is lower.
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o With the current nominal money supply fixed at 300, the increase in real money
demand requires the price level to fall from 30 to 20 (a 33% decline) to raise the
real money supply.

o This shows how a change in expected future monetary policy has immediate effects
on the current price level through the asset market.

[ R ARIEMFRE])

Credibility (FI{EE): AME GG RITHRIAS . HAME, = AT, Il PR
Immediate Price Effect (EJRMMERURL): X Ak 62 MUk i FUH AR 4 i o AR 24
5% T 5 3R 37 BB 1 24 5 A7 k% 7K T

Fisher Effect in Action: THEKM 10% %2 5%, £ XHIZEMN 15% FEE 10%,
e S

7. Income elasticity of money demand = 2/3, interest elasticity = —0.1. Real
income expected to grow 4.5%, real interest constant, inflation has been
zero.

a. If central bank wants zero inflation, what growth rate of nominal money supply?

b. By how much will velocity change if the CB follows this policy?

[ SCRERRE]

HHF RS R Tyl Bk g ks, 58 mg L AL R Bt i & R IG K
MEEFEZN (Velocity Change): V IAALE = T8 M RIGKERMHH (HE Y
K.

&3y 29|

(a) Zero inflation target:

We need 7 = 0. From money market equilibrium with AM/M — 7 = nyAY )Y +
With 7 = 0, AY/Y = 4.5%, ny = 2/3, n; = —0.1, and Ar = 0 (real interest rate

constant), so Ai = Arx®. If inflation has been zero and the CB targets zero inflation,
¢ stays at 0, so At = 0.

Real money demand growth:

A(M?/P) AY AP 2

For asset market equilibrium with 7= = 0:

AM  A(MY/P) AM
o " e oW

So the central bank should grow the nominal money supply at 3% per year.

(b) Change in velocity: Velocity: V = ML/P = %.
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AV _ AY  AM/P) _ AY

vV T Y M/ P Y _(W_W)'
With 7 =0 and AM /M = 3%:

Growth rate of velocity:

A
7‘/ =4.5% — 3.0% = 1.5%

Velocity increases by 1.5% over the year.

Alternatively: AV/V = AY )Y —nyAY )Y = (1 —ny)AY )Y = (1 —2/3) x 4.5% =
1.5%.

Velocity rises because the income elasticity of money demand is less than 1—money
demand grows more slowly than income, so each dollar must be used more intensively
(higher velocity).

[FRERIEMRE]

Money Growth Rule (52 f3gKHN): AAERFFEMK, MK = Lhrttmaik
K = nyx Ehr GDP HEK.

Velocity Growth Formula (WEEEHEKAR): AV/V = (1 —ny)AY )Y (4%
Ai=0F7=0) (1—mny) 2&REHEEX TN K,

Income Elasticity < 1 Implication: 5% M7 RKEKIS TR K — JFiEEE -
T — T MBUERR MRZ 5,
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7.3 Analytical Problems
1. What happens to M1 and M2 due to each of the following?

a. Take $500 out of checking and put into passbook savings.
b. Take $1000 out of checking and buy traveler’s checks.
c. Take $1500 out of money-market mutual fund and deposit into checking.

d. Cash in $2000 in savings bonds and invest in a certificate of deposit.

[ SCRIEMRE]
M1: S8 + HRATSCER + WK + AT SORA R
M2: M1 + EEF + DEGE IR + ZERM TR,
€35 2D
(a) $500 from checking — passbook savings:
e« M1: Decreases by $500. Checking accounts are in M1; passbook savings are
not. M1 loses the $500 from checking.
e M2: Unchanged. Both checking and passbook savings are in M2, so the trans-
fer is within M2.
(b) $1000 from checking — traveler’s checks:
e M1: Unchanged. Both checking accounts and traveler’s checks are components
of M1. It’s a reshuffling within M1.
e« M2: Unchanged. Both are in M2 as well.

(c) $1500 from money-market mutual fund — checking:

o M1: Increases by $1500. Checking is in M1; retail MMMFs are not in M1.
M1 gains the checking deposits.

e M2: Unchanged. Retail MMMFs are in M2, and so are checking deposits. It’s
a transfer within M2.

(d) $2000 savings bonds — certificate of deposit:

e M1: Unchanged. Neither savings bonds nor CDs are in M1. Savings bonds
are not part of any monetary aggregate (they are non-marketable Treasury secu-
rities).

« M2: Increases by $2000. CDs (small time deposits) are in M2; savings bonds
are not in M2. So M2 gains the $2000 CD while losing nothing (since savings
bonds weren’t counted).

[RERIEMRERE]

Savings Bonds (f&&f#i357): & EBUN KATHIATRIERZE, ANE T ERE LR,
Within-M2 Transfer (M2 WEE): M5 E&E M2 AR 2 BIFE S, M2
MEAE M1 A REAR L,

Monetary Aggregate Boundaries (#& M EEDFR): M1 Fl M2 kI 4 B i
APERIANFZ IR, ARISE 5 AT RERZI M1 H A0 M2,
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2. Figure 7.2 shows M2 velocity generally rose over time before the 1990s.
Suggest explanations.

[ CREERE]

M2 JEEE (M2 Velocity): Vo = PY /M2, M2 [iiEHEE .

&RAIF (Financial Innovation): KT 5 A U B8 MEFA AT N H G Rl ™
pits FH S B o

[FooiE]

The upward trend in M2 velocity before the 1990s means that, for a given amount

of M2, nominal GDP was rising over time—equivalently, people were holding less M2
relative to their spending. Explanations include:

(a) Financial innovation and technology:
o Widespread adoption of credit cards reduced the need for transactions bal-
ances.

o ATMs made it easier to withdraw cash as needed, reducing average cash
holdings.

o Improved cash management techniques by firms (e.g., sweep accounts) al-
lowed them to hold smaller transactions balances.

o Electronic payments and wire transfers reduced settlement times.
(b) Rising nominal interest rates:

e The 1960s through early 1980s saw generally rising inflation and nominal
interest rates. Higher ¢ raised the opportunity cost of holding M2, reducing
real M2 demand and raising velocity.

» Regulation Q (which capped interest rates on deposits) meant that M2 assets
paid below-market rates, making them increasingly unattractive as market
rates rose.

(c) Growth of money substitutes:

o Money market mutual funds (MMMFs), overnight repurchase agreements
(repos), and commercial paper offered higher returns than M2 deposits.
Some of these were initially not included in M2.

o As wealth holders shifted to these alternatives, M2 velocity mechanically
rose.

(d) Income elasticity of money demand less than 1:

o As real income grows, money demand grows less than proportionally (ny <
1), so velocity naturally trends upward. This is a structural feature, not just
a policy-driven effect.

The trend broke in the early 1990s partly because M2 was redefined, deposit interest
rates became more competitive after deregulation, and the decline in inflation and
interest rates made M2 more attractive to hold.

[AEREMRE]

Regulation Q: 3&[E LT PR $IHRAT MHAE AR SATFIZEHIHE, 1980 FAIE L HUHE . X
SETIGHFR EFE M2 B PR EEZ 5] 1.
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Sweep Account (E3NVEMKMT): HAT B 3K IS — 8 B0 1038 HAE 3K e N SCAS R
SR (o MMMEB), FEIKE PN E 4.

Repurchase Agreement (FIJETHY, Repo): I Y <H, —HHHEIERIFL T
TG CARG S A% Rl DhRe bR 48 Or i A0 A7 K
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3. POW camp: cigarette money. (a) How did cigarette shipments affect the
price level? (b) What happened to money demand and price level before
an anticipated shipment?

[ SCRIEMRE]

B (Commodity Money): A& HENEMERIET CGEFMHE. EE).

T 5% (Expectations and Prices): XJ AR 6% A5 1 1 1 520 24 67 0 i 7%
RIS

[3EC#EE]

(a) Effect of cigarette shipments on the price level: When the Red Cross de-
livered large shipments of cigarettes to the POW camp, the nominal money supply
(stock of cigarette money) increased. According to the quantity theory, with relatively
stable real money demand (determined by the volume of transactions in the camp),
an increase in the nominal money supply leads to a proportional increase in the price
level—i.e., the prices of goods (chocolate, jam, etc.) in terms of cigarettes rose. This
is a classic example of the quantity theory of money in action: more cigarettes chas-
ing the same amount of goods led to inflation. Radford documented that prices rose
sharply after major Red Cross deliveries.

(b) Before an anticipated shipment: When prisoners knew in advance that a
cigarette shipment was coming, their behavior changed:

o« Money demand fell: Knowing that the future money supply would increase
(and thus the price level would rise in the future), prisoners wanted to reduce
their holdings of cigarette money before the shipment arrived. Holding cigarettes
during an anticipated inflation means suffering a capital loss on money holdings.

« They spent cigarettes more quickly: Prisoners tried to convert their cigarette
holdings into real goods (food, chocolate) before prices rose. This is the "flight
from money” that occurs during expected inflations.

o« The price level rose before the shipment: As everyone tried to spend
their cigarettes, the increased velocity of circulation and reduced money demand
pushed up prices in advance of the actual increase in the money supply. This
shows that expectations of future money growth can affect current prices,
precisely as our asset-market model predicts: expected inflation (7¢) rises — nom-
inal interest rate on holding cigarettes (zero) becomes relatively less attractive
— money demand falls — P rises for given M.

This is a beautiful real-world illustration of how anticipated future monetary expansion
causes current inflation, even before the new money actually arrives.

[FRERIEMRRE]

Flight from Money (GEBEH ): WUHMEMK EFHr, ARG TH 5 o Sy v
7 LA G g SE 451K o

Capital Loss on Money (5 T IBEARSR): A T mHAE KEK S SEE IR
B

Anticipated vs. Unanticipated (B vs. RTUEA): TR0 08 ok 78 Tt sk
BRIE IO HTSLHE S s AR TIUH 09 5 W AE SEBRIG I 5 4 52 ma A0 4%
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4. Prices and wages adjust rapidly (markets always in equilibrium). Effects
on output, real interest rate, and current price level of:

a.
b.
c.
d.

Temporary increase in G.
Reduction in expected inflation.
Temporary increase in labor supply.

Increase in interest rate paid on money.

[ FCRE#ERE]

— ¥ (General Equilibrium): 57807113, BT %E 7= 105 FER Hig .
HHBEA (Classical Model): MM EF L% 54 RiE, SUFHELT 70,
[FoRE]

With rapid price and wage adjustment, the economy is always at general equilibrium.
The FE line is vertical, and output is supply-determined.

(a) Temporary increase in government purchases (G):

e Output: Unchanged. The FE line is vertical; output is determined by the

production function, labor market equilibrium, and productivity—mot by G. A
temporary increase in GG does not shift labor supply or demand.

Real interest rate: Increases. Higher G reduces national saving (S¢ =Y —
C? — @), shifting the IS curve up. At the fixed full-employment output, the
real interest rate must rise to restore goods market equilibrium (crowding out
investment and possibly consumption).

Current price level: Rises (likely). The higher real interest rate reduces real
money demand. With nominal M fixed, P must rise to clear the asset market.
Alternatively, if the central bank accommodates by raising M, P rises even more.

(b) Reduction in expected inflation (7°):

e Output: Unchanged. 7°¢ does not directly affect the FE line (production

function or labor market).

Real interest rate: Unchanged. Expected inflation does not affect desired
saving or investment in the classical model (the IS curve depends on r, not 7).
So r is unchanged.

Current price level: Falls. Lower n¢ reduces the nominal interest rate i =
r 4+ w¢, which raises real money demand. With fixed M, the increased demand
for real balances requires a lower P.

(c) Temporary increase in labor supply:

e Output: Increases. A rightward shift in the labor supply curve raises equilib-

rium employment and thus full-employment output (FE shifts right).

« Real interest rate: Falls. Higher output raises national saving (since S =

Y —C — G and the marginal propensity to consume < 1). The IS-LM equilibrium
at the new higher Y requires a lower r to stimulate investment and absorb the
extra saving.
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o Current price level: Falls (likely). Higher output increases real money de-
mand (transactions demand). With fixed M, this tends to lower P. However, the
lower r also reduces the nominal interest rate and raises money demand further,
reinforcing the decline in P.

(d) Increase in interest rate paid on money (i,,):

e Output: Unchanged. The interest rate on money is an asset-market parameter
that doesn’t directly affect the production function or labor market.

» Real interest rate: Unchanged in classical model. The IS curve (goods
market) is unaffected by money-market parameters.

o Current price level: Falls. A higher i, makes holding money more attractive
relative to bonds, raising real money demand. The opportunity cost of holding
money is Now ¢ — 4,,, which is lower. With unchanged nominal M, higher real
money demand requires a lower P.

[ARERERRE]

FE Line (R #NLER): 75 (Y,r) S EE ML, (08 H 5730 711353 A4 =
Crowding Out (FFiH): BUMIESEIEINHE mAR, bR NBET . 70 gl v 2
SEEFH .

Interest on Money (i,,): 52 H &SRR, 0, ETRRK T FA T2 mrdla sk
A G—i,), BN MER.,
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9 The IS-LM/AD—-AS Model: A General Framework
for Macroeconomic Analysis

9.1 Review Questions

1. What determines the position of the FE line? Give two examples of changes
that would shift the FE line to the right.

[ CRIEMERE]

FE £ (Full-Employment Line): & (Y,r) ZFKRT ) /1in6 (G2t
D P K L2

A EEH (Full-Employment Output, Y): FrEEAEIAT L% F TIEMA
HRREHR B TAERS (1972 H 7K o

[SiE]
The FE line represents the level of output at which the labor market is in equilibrium
(full employment). Its position is determined by:

« The production function: Y = AF (K, N).

e The equilibrium in the labor market: labor supply = labor demand, which
determines N and the real wage w.

» The capital stock K (fixed in the short run).
e Productivity A.

Two changes that shift the FE line to the right (increase full-employment
output):

(a) An increase in productivity (A): A beneficial supply shock (e.g., technologi-
cal improvement) shifts the production function upward and raises the marginal
product of labor, increasing labor demand. Both effects raise Y — FE shifts
right.

(b) An increase in the labor supply: A rise in the number of workers or hours
worked (e.g., due to lower taxes on labor income, increased immigration, or higher
labor-force participation) increases equilibrium employment N and thus Y — FE
shifts right.

Other examples: an increase in the capital stock K (raises M PN and production
capacity); a reduction in distortionary taxes or regulations that improves labor-market
efficiency.

[RERIEMRE]
FE Line Equation: Y = AF(K,N), H& N H558 115 H NS(w) = ND(w)

Labor Demand (5731 XK): I EMZGIEZE MPN = w (GEPR L8 T 578014
B it ) o
Labor Supply (G530t4s): T & TIN5, J8HBESChr T8 EThmsghn.
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2. What relationship does the IS curve capture? Derive the IS curve graph-
ically and show why it slopes downward. Give two examples that shift IS
down and to the left.

[ CRiEFERE]

IS #£R (Investment-Saving Curve): £ (Y,r) 2[RI R &L 37301 (S = 14,
BRY =C'+11+G) 1) (Y,r) A&

BT (Goods Market Equilibrium): &= = &R 8 GHE + #
Bt + BUFIESED.,

[EEE]

The IS curve captures the relationship between the real interest rate r and output Y
that maintains equilibrium in the goods market: Y = C? + I? 4+ G, or equivalently
Sd = I,

Derivation:

o For a given r, desired investment I%(r) is determined (negatively related to 7).

« Goods market equilibrium requires S¢(Y,r) = I(r). For a higher Y, desired
saving S? rises (since consumption rises less than one-for-one with income). To
maintain equilibrium, r must fall to stimulate investment, so that I rises to
match the higher S¢.

o Alternatively: Y = C%Y,r) + I%r) + G. For higher r, both C¢ and I fall,
reducing aggregate demand. To restore equilibrium, Y must be lower. Thus
higher r corresponds to lower Y — the IS curve slopes downward.

Two changes that shift IS down and to the left (lower Y for any given r):

(a) A decrease in government purchases (G): Lower G reduces aggregate de-
mand directly. At any r, equilibrium Y is lower — IS shifts left.

(b) An increase in taxes (7') or decrease in consumer optimism: Either
reduces desired consumption C¢ at each (Y, ), lowering aggregate demand — IS
shifts left.

Other examples: a decline in expected future M PK (reduces I?); an increase in the
effective tax rate on capital; a decrease in desired net exports.

[fREARIEERE]

Desired Saving (FEf#&): /=Y — C— G, WAREG EHRANBUNIE K
Desired Investment (& H®E): I4(r), DIWEEHTHRT, 55LFRRZHR MK,
Marginal Propensity to Consume (MPC, ABREFMIA): WG 1 HFALE
HIEINKE, 0< MPC < 1,

3. What relationship does the LM curve capture? Derive the LM curve graph-
ically and show why it slopes upward. Give two examples that shift LM
down and to the right.

[ SORERRE]
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LM H£8 (Liquidity-Money Curve): 7& (Y,r) 2 H 55 =354 (SEhrit
fiken = SLhrtt MR 1 (Y,r) dE.

BEm . M/P = L(Y,r +7°).

[ %]

The LM curve captures the relationship between the real interest rate r and output

Y that maintains equilibrium in the asset market: real money supply = real money
demand, i.e., M/P = L(Y,r + 7°).

Derivation:

» Real money supply M /P is fixed (given M and P).

« For a given Y, real money demand L(Y,r 4 7¢) is determined. To clear the asset
market, » must be such that L = M /P.

o When Y is higher, transactions demand for money rises, so L increases. With
fixed M /P, the asset market can only clear if r rises (raising ¢ = r 4+ 7¢), which
reduces money demand back to the fixed supply level.

e Thus higher Y requires higher » — the LM curve slopes upward.
Two changes that shift LM down and to the right (lower r for any Y):

(a) An increase in the nominal money supply (M): With fixed P, higher M
raises real money supply. For any Y, a lower r is now needed to raise money
demand to match the higher supply. LM shifts right /down.

(b) A decrease in the price level (P): With fixed M, a lower P also raises M /P,
shifting LM right /down for the same reason.

Other examples: a decrease in expected inflation 7€ (raises money demand, so for
given M /P, higher r is needed at each Y — LM shifts up/left); a financial innovation
that reduces money demand (shifts LM right/down).

[ AERIEMERE]

Real Money Supply (SEfRfmftes): M/ P, FI4RITIESR M, {5 P H—&
PLE o

LM Slope: LM #% = 500, iR FIZM U (|0L/0i| 8K, TM 8T
LM Shift vs. Movement: M 5 P BT LM M&®5); vV 8 r B4 FHAT
LM HiZk#2 40,
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4. For constant output, if real money supply exceeds real money demand,
what happens to the real interest rate?” Use the relationship between the
price of a nonmonetary asset and the interest rate.

[ F3CRIEMR]

Mg SRR R AR R: FHMESFIFEAM. P = 200 GEF4r6s).
JEHRE MBS (Nonmonetary Asset): SCATHIAFIERFIT ™ (WfiizF), XHlTAL
INEEINSNi N

(3%

If real money supply exceeds real money demand at the current interest rate, there is an
excess supply of money and equivalently an excess demand for nonmonetary

assets (bonds). People are holding more money than they want and will try to convert
the excess into bonds.

Adjustment mechanism:

o As people buy bonds with their excess money, the price of bonds rises.

e There is an inverse relationship between bond prices and interest rates. For a
discount bond that pays $100 at maturity: P, = 100/(1 + r) (approximately).
When P, rises, the interest rate r falls.

o As the interest rate falls, two things happen:

(a) Real money demand increases (lower opportunity cost of holding money).
(b) The quantity of money demanded rises toward the quantity supplied.

o This process continues until the interest rate has fallen enough that real money
demand equals real money supply and the asset market clears.

Thus, an excess of real money supply over demand causes the real interest rate to
fall. This is the asset-market adjustment mechanism that underlies the LM curve and
ensures the economy moves toward equilibrium.

[AREARERRE]
Bond Price-Interest Rate Inverse Relationship (ffiZ5#& S5FIR MR FIRR):
T KEMS:E P=C/r, TEEMGTF P=F/(1+r)". it EFRWER T,

Asset Market Adjustment (BT HE): @S — WK6iE - Figz
i b — FIZE TR — MRS — dimhiE.

5. Define general equilibrium. Show the general equilibrium point in the IS—
LM diagram. If the economy isn’t in general equilibrium, what determines
output and the real interest rate? What forces bring the economy back?

[ SORERRE]

— &M (General Equilibrium): FrE W (35ah/i. mf. 557 FNHEH
R

5’%@1 (Disequilibrium): 20—k HIGHPIRES, WU AR BE S 2.
[ZECE]
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General equilibrium occurs when the labor market, goods market, and asset market
all clear simultaneously. In the IS-LM diagram, this is the intersection of the IS curve,
the LM curve, and the FE line. At this point:

o« The goods market clears (S =I1%or Y = C?+ I? + G).
o The asset market clears (M /P = L).

o The labor market clears (the economy is at full employment, Y =Y).
If the economy is not in general equilibrium (short run with sticky prices):

o With the price level fixed in the short run, the economy is at the intersection of
IS and LM only—the goods and asset markets clear, but the labor market may
not be in equilibrium.

e Output and the real interest rate are determined by the intersection of IS
and LM (the "Keynesian” short-run equilibrium). Output may be above or below
full employment.

Forces that bring the economy back to general equilibrium:

« Price level adjustment: If Y > Y (boom), prices tend to rise. The rising
P reduces M /P, shifting LM up/left and raising 7, which reduces I 4 and C1,
bringing Y back toward Y.

« If Y < Y (recession), prices tend to fall (or rise more slowly). The falling
P increases M /P, shifting LM down /right and lowering r, stimulating spending
and bringing Y back toward Y.

o This price-adjustment process continues until the LM curve intersects the IS
curve exactly at the FE line, restoring general equilibrium.

[ RIERRE]

Sticky Prices (#M#&iE): B b s AR LB LB A Y, SHET
A I 2 78 70 il o

Keynesian Short-Run Equilibrium (FUEETEE): 1S F LM 19525, Shif
T b A5 11 37 IR AE 55 2 il BER T
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6. Define monetary neutrality. Show that money is neutral in the IS-LM
model after prices adjust. What are the classical and Keynesian views
about money neutrality in the short run and long run?

[ CRiEERE]

M (Monetary Neutrality): 44 X 67 mfies AR A2 4 B &8 (kg K
L B XTHD, AL R CERR™ . SRR k.

mIEH M (Monetary Non-Neutrality): 52 AL 5L frAF & .

E3'§ 2D

Monetary neutrality means that a change in the nominal money supply has no
effect on real variables (output, employment, the real interest rate, real consumption,

real investment); it only changes nominal variables (the price level and nominal wages)
proportionally.

Showing neutrality in IS-LM after price adjustment:

(a) Start at general equilibrium (IS, LM, FE intersect at Y =Y, r = r*).
(b) Increase nominal money supply from M to M’ > M.

(c) In the short run (fixed P): LM shifts right/down. The economy moves to a point
with lower r and higher ¥ (money is non-neutral in the short run).

(d) Price adjustment: With Y > Y prices begin to rise. As P rises, M'/P
falls, shifting LM left /up. This process continues until LM returns to its original
position (because P has risen proportionally to M).

(e) In the new long-run equilibrium: Y is back at Y, r back at r*, consumption
and investment are unchanged. Only P has risen by the same proportion as M.
Money is neutral in the long run.

Classical vs. Keynesian views:

o Classical view: Prices and wages are fully flexible. Money is neutral even
in the short run. The economy is always at full employment. Changes in M
immediately cause proportional changes in P.

 Keynesian view: Prices and wages are sticky in the short run. Money is non-
neutral in the short run—an increase in M can temporarily raise output and
lower interest rates. In the long run, after prices fully adjust, money is neutral.

o Both views agree on long-run neutrality; the disagreement is about the speed
of price adjustment and thus the duration of short-run non-neutrality.

[ERIEFERE]

Short-Run Non-Neutrality (FLHIEFHE): Ok R E 5T M Tk A K30 A B
BRI REr

Long-Run Neutrality (&K#HH#): Mikg 7ol )E, SChrsm S 5E,
KL L BT

Price Adjustment Speed (Y& iABEMEEE): & M IRINAMA% RI IS 52, FLE T
FIRNNI R TR 2 1E (B 2130 .
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7. What two variables are related by the AD curve? Why does it slope down-
ward? Give two examples that shift AD up and to the right.

[ SCRERRE]

SRR MZE (Aggregate Demand, AD Curve): {E (Y, P) 75 [A] L7 5 T 34 %
= 1 G R BT (Y, P) 414

AD HZHET: W ISIM BAFHE r, 52 Y 5 P HXR.

[ZERE]

The AD curve relates the price level (P) and output (Y'). For each price level, it

gives the level of output at which the goods market (IS) and asset market (LM) are
simultaneously in equilibrium.

Why the AD curve slopes downward: As P falls (with fixed nominal M), the real
money supply M /P rises. This shifts the LM curve down/right. At the new IS-LM
intersection, output is higher and the real interest rate is lower. Thus, a lower P is
associated with a higher Y — the AD curve slopes downward.

The transmission mechanism: P | — M/P 1 — LM shifts right — r | — I¢ %
and C4 1 — Y 1.

Two changes that shift AD up and to the right (higher Y for any P):

(a) An increase in the nominal money supply (M): At any P, a higher M
raises M /P, shifting LM right and increasing equilibrium Y — AD shifts right.

(b) An increase in government purchases (G): At any P, higher G shifts IS
right, raising equilibrium Y — AD shifts right.

Other examples: a decrease in taxes (raises C?, shifts IS right — AD right); an
increase in expected future M PK (raises I¢, shifts IS right — AD right); an increase
in consumer or business confidence.

[RERIEERE]

AD Transmission Mechanism (& & XA&FHH): P |- M/P t— LM A4
—>rl—=I171CTt—=Y 1.

AD Shift Factors: (L2232 IS-LM 15 (f£453€ P 1) BIRERMEH3) AD
%o

Real Balance Effect (SEFRRBIRSL): ks NG IMLIRIE MRE, PSR 2, f
BECH——AD SRR EZ O R

8. Describe the SRAS and LRAS curves. Why is one horizontal and the other
vertical?

[ REERE]

SRAS (EHIEHEAMLR): £ (v, P) =, FEIAThMAARE e (B RE) Mo
IR A= H

LRAS (KIS HBEAIER): ke s RN, 25T 0 mlr HKr, 5460k
T

[ CEE]
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Short-Run Aggregate Supply (SRAS): The SRAS curve is horizontal at the
current fixed price level. This reflects the assumption that, in the short run, prices
are sticky—they do not adjust immediately to changes in demand. Firms are willing
to supply whatever quantity is demanded at the existing price level (as long as they
can hire workers at the given nominal wage). Thus, output is entirely demand-
determined in the short run.

Long-Run Aggregate Supply (LRAS): The LRAS curve is vertical at the full-
employment level of output Y. In the long run, prices and wages are fully flexible. The
labor market clears, determining equilibrium employment and output. The price level
does not affect the economy’s productive capacity—it only affects nominal variables.
The position of LRAS is determined by the same factors as the FE line: productivity,
capital stock, and labor-market equilibrium.

Why the difference?

e« SRAS horizontal: Short-run price stickiness means the price level is predeter-
mined (or slow to adjust). Firms meet demand at existing prices. The economy
can be off the LRAS.

« LRAS vertical: Long-run price flexibility means the economy self-corrects to
full employment. Money is neutral in the long run, so output is independent of
the price level.

The transition from short run to long run occurs through price-level adjustment: if
Y > Y, prices rise, shifting SRAS upward until Y returns to Y.

[ARERERRE]

Price Stickiness (#MA&FETE): k& A AE RIS 182 DL 7 77 37 1) i R 0, 368 538 B Bl AR
KA F. TRNIESE.

Demand-Determined Output (FRWEF=H): T SRAS /KPEME ™ H 5%
4 AD T ERE .

Self-Correction Mechanism (BRBIENS): 4 Y £ Y B, Hrd KT i 8 5 4
250 9 2 78 73 oLk
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9. Use the AD—-AS framework to analyze whether money is neutral in the
short run and in the long run.

[ SCREMRE]

AD-AS fER: 1 (Y, P) Z[AIH 3 M AT A 7K1 Tk g O

BT TRE AR EARON: A g AR, KR E BT ().
(3%

Consider an increase in the nominal money supply M:

Short run (SRAS horizontal at F):

(a) The increase in M raises real money supply M /P,, which shifts the AD curve to
the right.

(b) With SRAS horizontal, the price level remains at P,, and output rises from Y to
Y, > Y.

(¢) Money is NON-neutral in the short run: real output rises, the real interest
rate falls, employment may rise above its equilibrium level.

Transition to long run:

(a) WithY > Y, there is upward pressure on prices (excess demand in goods markets,
tight labor markets pushing up wages).

(b) As P rises, the SRAS shifts upward. The rising P reduces M /P, which shifts
the LM curve back left, raising the interest rate and reducing investment and
consumption.

(¢) The economy moves along the new AD curve until it intersects LRAS at Y.
Long run (LRAS vertical at Y):

(a) In the new long-run equilibrium: Y = Y (unchanged), » = r* (unchanged), C
and [ are unchanged.

(b) The price level has risen exactly in proportion to the increase in M: P;/Py =
M,/ M.

(¢) Money IS neutral in the long run: all real variables return to their origi-
nal values; only nominal variables (price level, nominal wages) are permanently
higher.

Conclusion: The AD-AS framework captures the consensus view—money is non-
neutral in the short run (due to price stickiness) but neutral in the long run (after
prices fully adjust).

[ARERIEMRE]

AD-AS Dynamics (AD-AS 31&): M t— AD 4i#% — M Y 1, P A& — il
% — SRAS E¥ — KM Y KB Y, P it Bt

Proportionality (HeBHE): K#F AP/P = AM/M (F£ V FY SRR,
Consensus View (FLRMMR): KZHETFFERFEZ R MEHIER . KPP ER
Xy_l-llll:l_?_‘;o
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9.2 Numerical Problems
1. C% = 4000 — 40007 + 0.20Y, 14 = 2400 — 4000r, G = 2000.

a. Find S? as function of 7 and Y.

b. Find r that clears goods market when Y = 10,000 and Y = 10,200. Graph IS.

c. G rises to 2400. New S¢ equation? r when Y = 10,000? How is IS affected?
[ SCREMRE]
£RERAME (Desired National Saving): S?=Y — C? - G,
IS J7fd: fi S =11 r RIY M5,
€35 2D
(a) Desired national saving:

Sl=y -Cci-@
=Y — (4000 — 40007 + 0.20Y") — 2000

=Y — 4000 + 40007 — 0.20Y — 2000
= 0.80Y — 6000 + 40007

(b) Goods market equilibrium: Method 1: S¢ = [4

0.80Y — 6000 + 40007 = 2400 — 40007
8000r = 8400 — 0.80Y
r =1.05 —0.0001Y

Method 2: Y =C4+ 1+ G

Y = (4000 — 40007 + 0.20Y) + (2400 — 4000r) -+ 2000
Y = 8400 — 80007 -+ 0.20Y

0.80Y = 8400 — 8000
r = 1.05— 0.0001Y

When Y = 10,000: r = 1.05 — 0.0001(10,000) = 1.05 — 1.0 = 0.05 (5%).
When Y = 10,200: r = 1.05 — 0.0001(10,200) = 1.05 — 1.02 = 0.03 (3%).

The IS curve is downward-sloping: as Y rises, 7 must fall to increase I¢ (and reduce
S? slightly through the r effect on C?) to maintain equilibrium.

(c) G rises to 2400: New desired national saving:
S4 =Y — (4000 — 40007 4 0.20Y") — 2400
= 0.80Y — 6400 + 40007
New equilibrium: S¢ = I¢

0.80Y — 6400 + 40007 = 2400 — 40007
8000r = 8800 — 0.80Y
r =1.10 — 0.0001Y
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When Y = 10,000: » =1.10 — 1.0 = 0.10 (10%).

Effect on IS: The IS curve shifts up (or right). At any given Y, a higher r is
needed to clear the goods market because the increase in G reduces national saving,
requiring a higher r to reduce /¢ enough to maintain equilibrium. Equivalently, at
any r, Y is higher because GG adds directly to aggregate demand. The IS shifts right
by AG/(1 — M PC) = 400/0.80 = 500 horizontally.

[FEEARIEMER]
IS Equation Derivation: W MM iiE——(1) S4=1% (2) Y =C4+ 14+ G-
Government Purchase Multiplier (BUFWEFE): 1/(1 — MPC) = 1/0.80 =

1.25 CIERZHNED, HH TR BTGB, Schrafeslvh T IbfE.
IS Horizontal Shift: AG/(1 — MPC) = 400/0.8 = 500,

2. Real money demand: M?/P = 3000 + 0.1Y — 10,000i. M = 6000, P = 2.0,
¢ = 0.02.
a. Find r that clears asset market when Y = 8000 and Y = 9000. Graph LM.
b. Repeat for M = 6600. Compare LM.
c. Use M = 6000, repeat for 7¢ = 0.03. Compare LM.
[ FCREMRRE]
LM F#&: fff M/P=L(Y,r+7°) [ r MY A5G
BETE: i =r+n° ZUHF = LA + FHLEK.
[SiE]
Real money supply: M /P = 6000/2.0 = 3000.
Asset market equilibrium: M /P = L(Y,i) where i = r + 7°.
(a) 7 =0.02:
3000 = 3000 + 0.1Y — 10,000(r + 0.02)
0 =0.1Y — 10,0007 — 200
10,0007 = 0.1Y — 200
r = 0.00001Y — 0.02

When Y = 8000: r = 0.00001(8000) — 0.02 = 0.08 — 0.02 = 0.06 (6%).
When Y = 9000: » = 0.00001(9000) — 0.02 = 0.09 — 0.02 = 0.07 (7%).

The LM curve is upward-sloping: higher Y raises money demand, requiring higher r
to clear the asset market.

(b) M = 6600, P = 2.0: Real money supply: M /P = 6600/2 = 3300.

3300 = 3000 + 0.1Y — 10,000(r + 0.02)
300 = 0.1Y — 10,0007 — 200
10,0007 = 0.1Y — 500
r = 0.00001Y — 0.05
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When Y = 8000: » = 0.08 — 0.05 = 0.03 (3%).

The LM curve shifts down/right (lower r at each Y') because the higher real money
supply requires a lower interest rate to induce people to hold the larger real balances.

(c) M = 6000, 7° = 0.03:

3000 = 3000 + 0.1Y — 10,000(r + 0.03)
0 =0.1Y — 10,000r — 300
10,000r = 0.1Y — 300
r = 0.00001Y — 0.03

When Y = 8000: r = 0.08 — 0.03 = 0.05 (5%).

Compared to part (a) (where r = 0.06 at Y = 8000), the LM shifts down/right.
Higher expected inflation raises the nominal interest rate for any given real rate,
reducing real money demand (since 7 is higher, the opportunity cost of holding money
rises). To restore equilibrium at the same real money supply, the real interest rate
r must be lower at each Y so that r + 7¢ (and thus ¢) returns to its original level.
Equivalently, the higher 7¢ lowers real money demand, so for given M /P, r falls.

[REAREMRRE]

LM Slope Determinants (LM ®&&RW®EREK): dr/dY = (OL/0Y)/(—0L/di) =
0.1/10,000 = 0.00001.

7¢ and LM: n° BTt — 435 v T i ETF — BMERTH — LM A8 CEARK
AR Y.
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3. Y =1000, C¢ = 200+0.8(Y —T) — 5007, I* =200 — 500r, G = 196, T = 20+ 0.25Y,
M?/P = 0.5Y — 250(r + 7€), ¢ = 0.10, M = 9890.
a. General equilibrium: r, P, C, I.

b. G increases to 216. New general equilibrium values.

[P CREARE]

—ﬂj%i@ﬁiskﬁ@: 1) FE &5 Y 2) B Y ARN IS J5fEsk v 3) K Y il r AN LM J5
2K P

Eﬂ&&%ﬁz: T =20+ 0.25Y, AFEBLE 25%.

[ZECEE]

(a) General equilibrium (Y = 1000):

Step 1: Find r from the IS curve (goods market).

Si—y-—C'-@
=Y — [200 4 0.8(Y — (20 + 0.25Y)) — 500r] — 196
— Y — 200 — 0.8Y + 16 4 0.20Y + 500r — 196
— V(1 — 0.8+ 0.20) — 380 4 5007
= 0.40Y — 380 + 500r

Wait, let me recalculate carefully: C? = 200 + 0.8(Y — 20 — 0.25Y) — 500r = 200 +
0.8(0.75Y — 20) — 500r = 200 + 0.6Y — 16 — 500r = 184 4 0.6Y — 500r

Sl=y _Ct-_G=Y — (184 + 0.6Y — 5007) — 196 = 0.4Y — 380 + 5007
Set S = [4:
0.4Y — 380 + 5007 = 200 — 5007

10007 = 580 — 0.4Y
r = 0.58 — 0.0004Y

AtY =Y = 1000:

r = 0.58 — 0.0004(1000) = 0.58 — 0.4 = 0.18 (18%)

Step 2: Find P from the LM curve. Real money demand at equilibrium:

Md
T = 0.5(1000) — 250(0.18 + 0.10)

= 500 — 250(0.28)

=500 — 70 = 430
Equilibrium: M /P = 430
p_ 9890 _ 93
430
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Step 3: Find C' and I:

C = 184 + 0.6(1000) — 500(0.18) = 184 + 600 — 90 = 694
I =200 — 500(0.18) = 200 — 90 = 110

Check: C+ 1+ G =694+1104+196 = 1000 =Y. v
Summary (a): r =0.18, P =23, C' =694, I = 110.
(b) G increases to 216:

New S¢ = 0.4Y — 400+ 5007 (since G goes from 196 to 216, the constant changes from
—380 to —400).

New IS: 0.4Y — 400 4 500r = 258.5 — 250r

1000r = 615 — 0.4Y
r = 0.615 — 0.0004Y

At Y =1000: » =0.615 — 0.4 = 0.215 (21.5%).
New real money demand: M?/P = 475 — 250(0.215) = 475 — 53.75 = 421.25.
P = 9890 ~ 92348

~ 12135
New consumption: C' = 184 4+ 600 — 200(0.215) = 184 4+ 600 — 43 = 641. New
investment: I = 258.5 — 250(0.215) = 258.5 — 53.75 = 204.75.

Check: 641 4 204.75 4 216 = 1061.75 # 1000.

The increase in G (20 units) raises r (from 18% to 21.5%), which crowds out both
consumption (from 694 to 641) and investment (from 110 to 204.75). Total crowding
out = 53 + 94.75 = 147.75, much larger than the increase in G (20).

The price level rises from 23 to 23.48 because the higher r reduces real money demand.
[REREMRRE]

Complete Crowding Out (5E&HFH): 7B A YV [E 2, BUMIESERE N4
WAL GE T + %55 B Pk -

Tax Function (BIEEE): T =1, +tY, HF t =025 NUFrFiZ.

IS Curve with Taxes: FIUSEREE/N: MPC x (1 —t) =0.8 x0.75 = 0.6, LA
9C /Y = 0.6,
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4. Production Y = A(5N —0.0025N?), A = 2. Labor supply NS =55+ 10(1 — t)w,
t=0.5. C1=300+08(Y —T) — 200r, I = 258.5 — 250r, T = 20 + 0.5Y, G = 50,
M?/P = 0.5Y —250(r + 7¢), ¢ = 0.02, M = 9150.

a. General equilibrium: real wage w, employment N, output Y.
b. IS equation and general equilibrium r, C', I.
c. LM equation and general equilibrium P.

d. G increases to 72.5. New general equilibrium values.

[ CAREERE]

RS HEIER: MPN = A5 — 0.005N), HaiFERH MPN = w RiE.
FNATNHIIE: NS(w) = ND(w), FRIFEE w F N.

€39 29
(a) Labor market equilibrium:

Production function: ¥ = 2(5N — 0.0025N?) = 10N — 0.005N?2. Marginal product of
labor: MPN =dY /dN =10 — 0.01N.

Labor demand: w = MPN =10 — 0.01N, or N = 1000 — 100w.
Labor supply: N° =55+ 10(1 — 0.5)w = 55 + 5w.
Equilibrium: NP = N*
1000 — 100w = 55 + 5w
945 = 105w

w=29

N =55+5(9) =55+ 45 =100

Y = 10(100) — 0.005(100)% = 1000 — 50 = 950

Full-employment output Y = 950.
(b) IS curve:
T =20+ 0.5Y. Disposable income: ¥ —T =Y — 20 — 0.5 = 0.5Y — 20.
C? =300 + 0.8(0.5Y — 20) — 2007 = 300 + 0.4Y — 16 — 2007 = 284 + 0.4Y — 200r-.
Sl=Y -C?—-G=Y — (284 +0.4Y — 2007) — 50 = 0.6Y — 334 + 200r.
Set 9 = I4:
0.6Y — 334 + 200r = 258.5 — 250r

450r = 592.5 — 0.6Y
r =1.3167 — 0.001333Y

At Y =950: r = 1.3167 — 0.001333(950) = 1.3167 — 1.2667 = 0.05 (5%).

Consumption: C' = 284 4 0.4(950) — 200(0.05) = 284 + 380 — 10 = 654. Investment:
I = 258.5 — 250(0.05) = 258.5 — 12.5 = 246.

Check: C+1+G =654+246+50=950=Y. v
(c) LM curve:
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M/P = 0.5Y — 250(r + 0.02).
At equilibrium Y = 950, r = 0.05:
Md
5 = 0.5(950) — 250(0.07)
=475 — 17.5 = 457.5
P =209 —20

(d) G increases to 72.5:

G increased by 22.5. Since this is a goods market change, FE is unaffected (Y = 950
remains).

New S% = 0.6Y — 356.5 + 2007 (constant changes from —334 to —356.5).
New IS: 0.6Y — 356.5 4 200r = 258.5 — 250r

450r = 615 — 0.6Y
r = 1.3667 — 0.001333Y

At Y =950: r = 1.3667 — 1.2667 = 0.10 (10%).

New C' = 284 4380 —200(0.10) = 284 4 380 — 20 = 644. New [ = 258.5 —250(0.10) =
258.5 — 25 = 233.5.

Check: 644 +233.54+725=950=Y. v

New money demand: M?/P = 475 — 250(0.12) = 475 — 30 = 445. P = 220 ~ 20.56

Effects of AG = 22.5: r rises from 5% to 10%; C falls by 10, I falls by 12.5 (total
crowding out = 22.5 = AG); P rises from 20 to 20.56.

[FRERIERRE]

Labor Market Equilibrium (3531 Hi5345): MPN = w (G5EIFHR) 5575)
HEES A S UE w TN

MPN Calculation: XA /=HK%CR F: d/dN[1ION — 0.005N?] =10 — 0.01N»
Complete Crowding Out Again: H#LEAF AG = 22.5 # AC + Al = —225
eI -
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5. C%=1275+0.5(Y —T) — 2007, I¢ = 900 — 2007, L = 0.5Y —200i, Y = 4600, 7¢ = 0.

a. T'=G =450, M =9000. IS, LM, AD equations. General equilibrium.
b. T'= G = 450, M = 4500. AD equation. General equilibrium.
c. T'=G =330, M =9000. General equilibrium.

[ CREMER]

AD RIS WIS A1 LM HFEFHEE r, BHY 5 P KR,
MBEERERMBUR: G, T BB 1S; M s LM; ¥WEsh AD.

[FoE]
(a) T = G = 450, M = 9000:
IS curve: S = 1¢
Si=Y —C*— G =Y —[1275 + 0.5(Y — 450) — 200r] — 450

=Y — 1275 — 0.5Y + 225 + 200r — 450
= 0.5Y — 1500 + 2007

0.5Y — 1500 4 2007 = 900 — 2007
400r = 2400 — 0.5Y
r=6—0.00125Y

LM curve: M/P =L, with7®=0soi=r

9000
0.5Y — 9000/ P 45
= =0.0025Y — —
r 500 0.0025 Iz
AD curve: Set IS = LM
45
6 — 0.00125Y = 0.0025Y — 52
4
6 + F5 = 0.00375Y
6 45 12,000
Y = =1 .
0.00375 * 0.00375P 600+ P
General equilibrium: Y =Y = 4600
12
4600 = 1600 + ﬁOO
12,000
3000 = —
P
P=4

r =6 — 0.00125(4600) = 6 — 5.75 = 0.25 (25%).
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C' = 1275 + 0.5(4600 — 450) — 200(0.25) = 1275 4 2075 — 50 = 3300. [ = 900 —
200(0.25) = 900 — 50 = 850. Check: C'+ I + G = 3300 + 850 + 450 = 4600 =Y. v

(b) T = G = 450, M = 4500:

IS is the same: r = 6 — 0.00125Y".

LM: 4500/P = 0.5 — 200r — r = 0.0025Y — 22.5/P.
AD: 6 — 0.00125Y = 0.0025Y — 22.5/P

6000
Y = 1600 + -
TP

At Y = 4600: 4600 = 1600 + 6000/ P — 3000 = 6000/P — P = 2.
r =6 —0.00125(4600) = 0.25 (unchanged).

C' = 3300, I = 850 (unchanged). The lower M leads to a proportionally lower P (from
4 to 2), but real variables are unchanged—money is neutral in the long run.

(c) T =G =330, M =9000:
New IS:
Sé=Y — [1275 4 0.5(Y — 330) — 2007] — 330
=Y — 1275 — 0.5Y + 165 + 200r — 330
= 0.5Y — 1440 + 200r

0.5Y — 1440 + 2007 = 900 — 2007
400r = 2340 — 0.5Y
r = 5.85 — 0.00125Y

LM (same M = 9000): r = 0.0025Y — 45/ P.
AD: 5.85 —0.00125Y = 0.0025Y — 45/P

5.85 45 12,000
= prm— 1 ’
0.00375 - 0.00375P o060+

At Y = 4600: 4600 = 1560 + 12,000/P — 3040 = 12,000/ P — P ~ 3.947.
r = 5.85 — 0.00125(4600) = 5.85 — 5.75 = 0.10 (10%).

C' = 1275 + 0.5(4600 — 330) — 200(0.10) = 1275 4 2135 — 20 = 3390. [ = 900 —
200(0.10) =900 — 20 = 880. Check: 3390 + 880 + 330 = 4600. v/

Comparison: Lower G and T (by 120 each, balanced budget) reduces r (25%—10%),
raises C' and I (since lower taxes raise disposable income, and lower r stimulates 7).
This is expansionary because the balanced-budget multiplier effect is offset by the
decline in r raising private spending.

[RERIEMERE]

AD Equation Form: Y = o+ 3/P, HH o M g BT 1S f1 LM %4,

Money Neutrality Check (B¢ #ERE): (a) # (b) 1 M 2B P s, H
Y, r, C, I ANE——ba MRk

Balanced Budget Change (CPEFHEZRA): G 1 T F40D> Gl BUMED ,
AR T r FFE I T RS
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6. (Appendix 9.B) Use formulas from Appendix 9.B for economy in Numerical
Problem 4, with G = 50.
a. Find numerical values of behavioral parameters.
b. Compute general equilibrium using Appendix 9.B equations.
c. Repeat for G = 72.5.
[ FCREMRRE]
Appendix 9.B: ZFEHHI S, $E4E 1S-LM B8 — b AR B A K.
T HZH (Behavioral Parameters): iR %%, #5. 08 HRETAMRE.
€35 2D
From Numerical Problem 4, the structural equations are:
Production: Y = A(5N — 0.0025N?) with A =2 — Y = 10N — 0.005N2.
MPN =10 —0.01N.
Labor supply: NS = ng + n,(1 — t)w with ny = 55, n,, = 10, ¢t = 0.5.
Labor demand from Appendix 9.B: MPN = A(f, — foN).
(a) Identifying parameters from Appendix 9.B:
o Production function parameters: A = 2, f; = 5, fo = 0.005. (Since Y =

A[fiN — (f2/2)N?], but Appendix 9.B uses Y = A(fiN — 3 /oN?), so f; =5 and
f2 = 0.005 x 2 = 0.01.)

Actually, looking at the Appendix form: Y = A(fiN—3f,N?). WithY = 2(5N —
0.0025N2) = 10N — 0.005N2, we have Af; =10 — f; =5, and 2Af, = 0.005 —
£, = 0.005.

Labor supply: ng = 55, n,, = 10, t = 0.5.

Consumption: ¢g = 300, ¢y = 0.8, ¢, = 200, to = 20, t = 0.5.
Investment: ig = 258.5, 7, = 250.

Money demand: ¢y = 0, ¢y = 0.5, £, = 250, ¢ = 0.02.

o Government: G = 50, M = 9150.

(b) Using Appendix 9.B formulas:

The Appendix 9.B formulas (from the text) would give:
Afi —ng/ny,(1 —1t)
Afa+1/n,(1 —1t)

= A(le - % 2N2)
co+io+ G —cyto— (1 —cy (1 —1))Y

¢+,

N (approximate form)
Y

. M
b+ UyY — L (r* + )

Plugging in the numbers yields the same results as computed in Numerical Problem
4: N =100, Y =950, r* = 0.05, P* = 20.
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(c) With G = 72.5: FE is unchanged (N = 100, Y = 950).

« _ 3004258.5+72.5-0.8(20)—(1—0.8(0.5))(950) _ 631—-16-0.6(950) _ 615-570 _ 45 _
New 7" = 200+250 = 150 =50 — 10 — 0-10.

* 9150 _ 9150  __ 9150 .
P = 0+0.5(950)—250(0.10+0.02) _ 475—30 _ 445 "~ 20.56.

These match the results from Numerical Problem 4(d).

[FRERERRE]

Reduced-Form Solution (fAj{b&f#): Appendix 9.B K — Iy R NIMERE
MAT NZHH R 3, E T 3T BRI .

Parameter Calibration (S¥UR#E): KL brfiohs s s EARNE R S HUr ) 1 .
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9.3 Analytical Problems

1. For each change, what happens to r and Y in the very short run (before
price level adjustment)?

a. Wealth declines.
b. Money supply declines.
Future M PK declines.

d. Expected inflation rises.

e

e. Future income rises.

[ CRIEMERE]
WA (Very Short Run): Mg /K-Fo8 2 e, 7 HH IS-LM 58 RE .
Md 8T (Shock Analysis): ZMEAFEARMNT Y FT r (PR HHRZ 0

[FooEE]
(a) Wealth declines: A decline in wealth reduces desired consumption C? at each
(Y,r) (wealth effect on consumption). The IS curve shifts left/down. With fixed
prices (LM unchanged), the equilibrium moves left along LM:

e Output Y: Decreases (lower consumption reduces aggregate demand).

* Real interest rate r: Decreases (lower output reduces money demand, so r

must fall to clear the asset market).

(b) Money supply declines: A decrease in M reduces M /P (with P fixed). The
LM curve shifts up/left. With IS unchanged, equilibrium moves up/left along IS:

« Output Y: Decreases (higher r reduces I¢ and C?).

» Real interest rate r: Increases (tighter money raises the cost of holding

money, requiring higher r to restore asset market equilibrium).

(c) Future M PK declines: A lower expected future M PK reduces desired invest-
ment I today (firms see less reason to expand capacity). The IS curve shifts left.
With LM unchanged:

e Output Y: Decreases.

» Real interest rate r: Decreases (lower investment demand reduces the equi-

librium interest rate).

(d) Expected inflation rises: Higher 7¢ raises the nominal interest rate i = r 4 ¢
for any given r, which reduces real money demand. The LM curve shifts right /down

(lower r at each Y because the opportunity cost of money is already higher from 7¢).
With IS unchanged:

« Output Y: Increases (lower r stimulates I¢ and C?).

¢« Real interest rate r: Decreases.
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Intuition: expected inflation makes holding money less attractive — people shift to
bonds — bond prices rise — r falls — investment rises — output rises.

(e) Future income rises: Higher expected future income raises desired consumption
today (consumption smoothing / permanent income hypothesis). The IS curve shifts
right /up. With LM unchanged:

e Output Y: Increases.

» Real interest rate r: Increases (higher consumption demand competes with
investment for available saving, pushing up 7).

[fRE AR EERE]

Wealth Effect (MWERL): WE N — W% N — IS .

Permanent Income Hypothesis (FAWNBUL): 75 2 Bk T ORI BP0
CREAMN), T MmN o TSR ETF — 48078 2% F Tt

Expected Inflation and LM: 7¢ FFt — 5% r T i BFF — TRMFER T — LM
+i#%.
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2. IS-LM analysis of a permanent increase in oil prices (permanent adverse
supply shock) that also lowers expected future M PK and expected future
incomes. Show that if r rises at all, it rises less than in a temporary supply
shock with equal effect on current output.

[ SORERRE]

KAERELS PP (Permanent Supply Shock): 7 A 2038 A 7= 2 R0 78 78 7= H 1) i
o
B LS Ty (Temporary Supply Shock): UM 4 i 2™ 2 (Y1l o

E3e 29

A permanent adverse supply shock (e.g., permanent oil price increase) has multiple
effects:

1. Effects on current output (FE shifts left):

o Lower current productivity A reduces M PN and shifts labor demand left.

» Lower expected future incomes may reduce labor supply (workers feel poorer
and may work more to compensate—the wealth effect on labor supply—but the
problem states the labor supply shift right is smaller than labor demand shift
left).

o Net effect: FE shifts left (Y falls).
2. Effects on IS curve:

« Lower expected future M PK reduces desired investment I¢ today — IS shifts
left.

o Lower expected future incomes reduce desired consumption C¢ today (consumers
smooth by reducing current consumption when future prospects worsen) — IS
shifts left further.

« Both effects reinforce: IS shifts left significantly.
3. Net effect on 7:
o FE left — at the original r, there is excess demand for goods (since Y is lower).
This pushes r up.
o IS left — at any Y, aggregate demand is lower. This pushes » down.

o The two effects on r» work in opposite directions.
Why r rises less (or may even fall) compared to a temporary shock:

« A temporary supply shock reduces current Y (FE left) but does not reduce ex-
pected future M PK or expected future incomes. So IS is largely unaffected. The
only force on r is upward pressure from reduced supply — r rises unambiguously.

« A permanent shock reduces both current supply (FE left, pushing r up) and
future prospects (IS left, pushing » down). The IS leftward shift partially or fully
offsets the upward pressure on r from the FE shift.

o Therefore, if r rises at all, it rises by less than in the temporary case. If the IS
leftward shift is large enough, r could even fall.
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Other variables:

« Employment: Falls (labor demand left dominates labor supply right).

« Real wage: Ambiguous (labor demand left reduces w, labor supply right also
reduces w, so w falls).

« National saving: Ambiguous (Y falls, C' may fall due to lower future income
expectations, I falls).

« Price level: Ambiguous. Lower Y reduces money demand (lowers P), but lower
r (if it occurs) raises money demand (raises P).

[BERIEMRERE]

Permanent vs. Temporary Shock Distinction (KA vs. EHHEHX4): KA
M AR R ORoR MPK . AR, I#N IS; 8 I s A5 0 T
W, X3 FE.

Wealth Effect on Labor Supply (W'&RRXT 544 ): 7k A S e TN
WAL TT, ATREHGIN DT B as AR R P ——X 02 97 s e RS I SR A
Offsetting Forces (f#&JH/1&): FE ZLfeHErm r, IS BRI ) 580N AHH EH /N
ot b,
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3. Price level fixed in short run. Only labor market is out of equilibrium;
firms meet demand. Short-run effects on r» and Y of:

a. Decrease in expected inflation.

b. Increase in consumer optimism.

e

Temporary increase in G.

d. Increase in lump-sum taxes (consider both Ricardian equivalence and non-Ricardian
cases).

e. Scientific breakthrough raising expected future M PK.

[ SORERR]

wREEFZH (Demand-Determined Output): %7 HAH % 7K/, P HH
IS-LM i E FE R,

Z 5% BE (Ricardian Equivalence): %5 7€ BUM SCHIEEAE, BUSUN HLAS T2 9%
Ak &5

(S0 E]

With fixed P and firms meeting demand, output is determined by the IS-LM intersec-

tion (the "Keynesian” short run). The labor market may be out of equilibrium, but
that doesn’t constrain output in the short run.

(a) Decrease in expected inflation (7°¢): Lower 7° — for given r, i is lower —
real money demand rises — LM shifts up/left.

« Y: Decreases (higher r reduces /¢ and C?).

« 7: Increases (tighter effective monetary conditions).
(b) Increase in consumer optimism (higher C? at each Y, r): IS shifts
right /up.

e Y: Increases (higher demand).

« 7r: Increases (higher demand for goods raises the equilibrium interest rate).

(c) Temporary increase in government purchases (G): IS shifts right/up
(higher G directly adds to aggregate demand).

o Y: Increases (the government purchase multiplier: AY > AG because con-
sumption also rises with income).

o 7: Increases (higher Y raises money demand — higher r needed to clear asset
market). The rise in r partially crowds out investment, so the multiplier is smaller
than the simple Keynesian cross multiplier.

(d) Increase in lump-sum taxes (7"), G unchanged:

o If Ricardian equivalence holds: Consumers recognize that higher taxes today
mean lower taxes in the future (since the present value of taxes must equal the
present value of government spending, which is unchanged). Desired consumption
C? is unchanged, so IS does not shift.

— Y: Unchanged.
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— r: Unchanged.

o If Ricardian equivalence does NOT hold: Consumers view the tax increase
as reducing their current disposable income and reduce consumption (even though
lifetime resources are unchanged, perhaps due to liquidity constraints or myopia).
IS shifts left /down.

— Y: Decreases.
— r: Decreases.

(e) Scientific breakthrough raising expected future M PK: Higher expected
future M PK increases desired investment /¢ today. IS shifts right /up.

« Y: Increases (higher investment demand).

« 7: Increases (higher demand for loanable funds).
Note: Unlike a permanent supply shock, this doesn’t directly affect current produc-

tivity (FE is unchanged in the short run), but it does affect expectations. This is a
"news shock” about future technology.

U R BRI

Ricardian Equivalence (ZX5E%M): David Ricardo #&tH W &5, B Robert Barro
PIARAL: 4B BUN S AR, BRI () 22 HEAFE AL N TE 9, DR 9 BEAR 7 2 2 B
45 IR R R AR s OB CBURT IS I UL A RANAR)

Liquidity Constraints (WBIELIR): 4 2% & ToiE4% S AT K1 3 48 2 4
B, 3 EOH SO HT AT SN AU

News Shock (J§B#dr): X TARIEARM (AIHAR. BORK KIH BAE LI AT
W M T AT N

4. (Appendix 9.B) Desired investment depends on current output: ¢ = i, —
1,7 +1yY. Derive algebraic expressions for general equilibrium values.

[ SORERRE]

BN (Accelerator Effect): %5 77 K IE M AKH T 24 5l ™t —— ™ 20k
AEPRERIIAR, Al EH 2 BA
iy s BB H R E S

[T E]

With I¢ = iy — i,7 + iyY, the goods market equilibrium condition S¢ = I becomes:
Y -Cl'—G=iy—ir+iyY

where C4=cy+cy(Y —T) —c,r and T =ty + tY.
Substituting:

Y—[Co+Cy(Y—t0—tY)—CTT]—G:iO—iTT—i‘iyY
Y—CO—CyY—i‘Cyto—FC}/tY—i—CTT’—G:io—Z'TT’—F?:yY

Y[l —Cy(]_ —t)] —Co+0yt0—|—cr7“ -G = Z'[) —irr+iyY
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Y[l - Cy(l - t) - Zy] = Cy — Cyt[) + G+ZO - (Cr +iT)T
Solving for 7 (the IS curve):

CO—Cyt0+G+i0 1—Cy(1—t)—iy
cr + 1, cr + 1,

Y

r =

The key difference from the standard case (iy = 0) is that the coefficient on Y in the
IS equation becomes —[1 — ¢y (1 —t) — iy]/(¢r + 4,). Since iy > 0, the IS curve is
flatter: output changes have a smaller effect on r (or equivalently, r changes have
a larger effect on Y). This is because an increase in Y not only raises saving but
also directly raises investment (accelerator effect), so less adjustment in r is needed to
restore equilibrium.

General equilibrium: FE (labor market) is unchanged: Y = A[fiN — § foN?] where
N solves the labor market equilibrium (unaffected by the investment specification).

Equilibrium 7 is found by substituting Y into the IS equation above.

LM curve is unchanged: M /P = {y + {yY — {,(r + 7). Substituting Y and r* gives
P*.
The accelerator effect (iy > 0) amplifies the output effects of any shock that shifts the

IS curve, because the initial change in Y feeds back into investment, creating a larger
total change.

[fERIEFERE]

Accelerator Effect (JIEEFRML): #H AT FIZ, BHERT = HBL, &5~
th — TR R RREE RS — FEY KR — RERGM — st — 28 Gk
S o

Flatter IS Curve (E-FHK IS HLR): iy > 0 /N T IS &HR, K= H 38 i [A] i
PR E AT, ks 1O R ZE R R oK

Multiplier-Accelerator Interaction (FH-IEFIZHE): W46 75K ool el
ROSLIG AN HY 5 7 G I s Ok B — DRI 5E T BCE K ) RN

5. (Appendix 9.B) Money demand: M?/P = (y+{yY —{,.(r+7°—1i,,). How does
this modification change the general equilibrium solutions?
[ SCREFRE]
i (RARZR): B2 ESSARRZE . BT SRR, FFRIlEiARN i —i, =
T4 T — o
WHRTERBIT: HLEEAN r+ 7 A r + 7° —iyo
(S0 E]
With the modified money demand function, the opportunity cost of holding money is
r + ¢ — i, instead of r + w¢. This means that a higher interest rate on money (i,,)

makes holding money more attractive, raising real money demand at any given r, Y,
and 7°.
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Effects on the LM curve:

M
?:go‘f‘ng—gr(T"l‘ﬂ'e—im)

lo+0yY — M/P
" (

— ¢+,

Changes to general equilibrium:

(a) FE (labor market) and IS (goods market): Unchanged. The modification
only affects the asset market, not the production function, labor supply/demand,
or the determinants of desired saving and investment. So Y and the IS curve are
the same as before.

(b) Real interest rate r*: Unchanged. Since FE and IS are unchanged, their
intersection (which determines r*) is unchanged. The real interest rate is deter-
mined in the goods market, not the asset market.

(c) Price level P*: Changes. With i, > 0, at the same Y and r*, real money
demand is higher (because the opportunity cost r* 4+ 7¢ — i, is lower). To clear
the asset market with a given nominal M, the price level must be lower:

. M
o+ UyY — L (rF e — i)

Since the denominator is larger (because —{,.(—iy,,) = +¥yiy, > 0), P* is smaller
than when 7,, = 0. Paying interest on money raises money demand and thus
reduces the equilibrium price level for a given M.

(d) Effect of an increase in i,,: A higher i,, further lowers P*. It’s similar in effect
to a decrease in M (both reduce the price level), but works through increasing
money demand rather than reducing money supply. Real variables (Y, r*, C,
I) are unaffected—money is still neutral with respect to the interest-on-money
parameter .

Policy implication: Paying interest on money (or on bank reserves) is a way for
the central bank to tighten monetary conditions without changing the nominal money
supply. It raises money demand, which lowers the price level (or reduces inflationary
pressure).

[ARERERRE]

Interest on Reserves (##&&FZ, TOR): " SR AT X R ML AR AT A7 I HE 4% 457
fPRLE . XA 2008 4F J5 SR IcAE 1 BHZ R T .

Opportunity Cost of Money Revision (FFHIEEABIE): i, LF — Pl
AP — RM&REN - 4%€ M, P %,

Neutrality of i,, (BRHBFZFEFME): 5 M —F, i, FIRWAGEEN P, A2 sipri
B i R R
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