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Development economics
Lecture 2, 3: Traditional growth models and poverty traps, and
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Where are we on our path?

I Lectures
1. Introduction
2. Traditional growth models
3. Modern (endogenous) growth models
4. Taking stock on growth models and poverty traps
5. Games in economic development
6. Measuring poverty and inequality
7. Group differences and discrimination
8. Culture, institutions, and the role of history
9. Health and nutrition

10. Education
11. The role of foreign aid
12. Credit markets and microcredit
13. Risk and insurance
14. Behavioral development economics
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Economic growth

I Rapid economic development started some 150 years ago.
I 1820-90: Netherlands a major driver of economic growth:

annual growth of 0.2%
I Current rates of about 2% enormous growth rates if one takes

into account the exponential growth. Time to double GDP:
I x(1 + r)t = 2x
I t = log(2)

log(1+r)
I Example: 2% growth → doubling time: 35 years



5/54

Economic growth Harrod-Domar model Solow model Convergence Poverty traps

Economic growth (1870 - 1978)
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Economic growth

”I do not see how one can look at figures like these without
seeing them as representing possibilities. Is there some
action a government of India could take that would lead
the Indian economy to grow like Indonesia’s or Egypt’s? If
so, what exactly? If not, what is it about the ’nature of
India’ that makes it so?” — Robert Lucas

I But growth is very unequal and poor countries have to do a
lot to catch up →
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Economic growth (unequal starting points)

I More recent
data in
Stata...
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Harrod-Domar model

I But: What causes growth and how to generate it?
I Note: Economic growth is the abstention from current

consumption (i.e. translates into investment in the (richer)
future).

I Commodities:
I Consumption goods
I Capital goods
I (often these cannot be categorised in a single category)

I Households save (do not spend everything on consumption),
savings are invested by firms (to increase capital stocks)



10/54

Economic growth Harrod-Domar model Solow model Convergence Poverty traps

Harrod-Domar model

I Macroeconomic balance: savings = investments:
S(t) = I(t)
I Q: Examples?
I Q: Does this necessarily hold at every period t?

I Accounting equation: Y (t) = C(t) + S(t), Y (t)... total
GDP (not GDP per capita)

I So Y (t) = C(t) + I(t), as S(t) = I(t)
I Investment increases the stock of next period capital goods

K (t + 1). In this period the share of δ depreciates:

K (t + 1) = (1− δ)K (t) + I(t)
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Harrod-Domar model

K (t + 1) = (1− δ)K (t) + I(t)

I To examine growth, we define the following:
I Savings ratio:

s = S(t)
Y (t)

I Capital-output ratio – how much capital is needed to produce
one unit of output:

θ = K (t)
Y (t)

I From macroeconomic balance we get:

K (t + 1) = (1− δ)K (t) + S(t)
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Harrod-Domar model

K (t + 1) = (1− δ)K (t) + S(t)

I We know that S(t) = sY (t) and K (t) = θY (t)
I Plug this into the capital stock equation:

θY (t + 1) = (1− δ)θY (t) + sY (t)

I Then divide by θ and by Y (t) to get:

Y (t + 1)
Y (t) = Y (t)

Y (t)(1− δ + s
θ

)
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Harrod-Domar model

Y (t + 1)
Y (t) = Y (t)

Y (t)(1− δ + s
θ

)

I Subtract Y (t)
Y (t) to get:

Y (t + 1)− Y (t)
Y (t) = s

θ
− δ

I And we get the Harrod-Domar equation (g = Y (t+1)−Y (t)
Y (t) ):

s
θ

= g + δ
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Harrod-Domar model and population growth
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Harrod-Domar model and population growth

g = s
θ
− δ

I Population growth requires more capital (i.e. requires higher
investment to sustain per capita growth)

I Population increases at the rate of n:

P(t + 1) = P(t)(1 + n)

I Let per capita income be: y(t) = Y (t)
P(t)

θy(t + 1)P(t + 1)
P(t) = (1− δ)θy(t) + sy(t)



16/54

Economic growth Harrod-Domar model Solow model Convergence Poverty traps

Harrod-Domar model and population growth

θy(t + 1)P(t + 1)
P(t) = (1− δ)θy(t) + sy(t)

I Divide the whole equation by y(t)θ:

y(t + 1)
y(t)

P(t + 1)
P(t) = (1− δ) + s

θ

I Note that y(t+1)
y(t) = y(t+1)−y(t)+y(t)

y(t) = 1 + gpc

I Per capita growth rate: gpc = y(t+1)−y(t)
y(t)

I Recall: P(t+1)
P(t) = (1 + n)

I And we get the per capita Harrod-Domar equation:
s
θ

= (1 + gpc)(1 + n)− (1− δ)
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Harrod-Domar model and population growth

s
θ

= (1 + gpc)(1 + n)− (1− δ)

I We can disregard the product gpcn, since both are usually
very small. Q: When not?

I Then we get the approximate per capita Harrod-Domar
equation:

gpc ≈
s
θ
− (n + δ)
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Harrod-Domar model and population growth

gpc ≈
s
θ
− (n + δ)
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Sachs (2004): Harrod-Domar evidence
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Beyond Harrod-Domar model

gpc ≈
s
θ
− (n + δ)

I Recipes on how to increase growth?
1. Increase the (household) savings rate. How?
2. Reduce the the population growth. How?
3. Reduce the capital output ratio (production efficiency). How?

I All of the above can be endogenous (savings, population
growth, capital-output or technology).
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Beyond Harrod-Domar model: endogenous savings (1)
I Poverty trap of savings: you cannot start saving unless you

reach certain threshold (subsistence level)
I One of reasons for Sachs et al. (2004): MDGs & big push

I Note: correlation vs. causation (savings vs. growth)
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Beyond Harrod-Domar model: endogenous population (2)
I Demographic transition

I Why do poor countries have so different distributions?
I Why do poor countries have such high fertility rates?
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Beyond Harrod-Domar model: endogenous θ (3)

I Next.
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Solow model
I Constant returns to capital?

I Recall previous lecture and the Lucas Paradox: Capital and
labor work together. Capital should be most productive where
there is abundance of (cheap) labor.

I Note: capital now transforms to product using a production
function in combination with labor. Further we relax the
assumption of constant returns of capital. E.g.,
Cobb-Douglas:

Y (t) = A(t)K (t)αP(t)1−α

I Recall:
I Technology: A = 1

θ
I Macroeconomic balance: S(t) = I(t)
I Saving rate: s = S(t)

Y (t)
I Capital accumulation: K (t + 1) = (1− δ)K (t) + sY (t)
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Solow model

K (t + 1) = (1− δ)K (t) + sY (t)

I Notice: We still assume exogenous s and will assume that
population growth is constant (n). Why?

I Rewrite the capital accumulation in per-capita terms again:

(1 + n)k(t + 1) = (1− δ)k(t) + sy(t)

I Production per capita using Y (t) = A(t)K (t)αP(t)1−α is
then:

y(t) = A(t)k(t)α
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Solow model: diminishing returns to capital

(1 + n)k(t + 1) = (1− δ)k(t) + sA(t)k(t)α

I So: f ′(k) = αA(t)kα−1 and f ′′(k) = α(α− 1)A(t)kα−2

I Recall: k(t) = K (t)/P(t)

I output-capital ratio falls with
labor shortage (diminishing
returns)!
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Solow model: dynamics

(1 + n)k(t + 1) = (1− δ)k(t) + sA(t)k(t)α

I Steady state: k∗ where k(t) = k(t + 1)
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Solow model: steady state

(1 + n)k(t + 1) = (1− δ)k(t) + sA(t)k(t)α

I Steady state: k∗ where k(t) = k(t + 1)

(1 + n − 1 + δ)k∗ = sA(t)(k∗)α

(k∗)1−α = sA(t)
n + δ

k∗ =
(sA(t)

n + δ

) 1
1−α
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Mankiw, Romer, and Weil (1992): Solow evidence

I Implicit assumptions:
countries in steady
state

I We’ll calculate this in
the tutorial, but:
estimated values of α
as in Y (t) =
A(t)K (t)αP(t)1−α too
large.

I Inputing the realistic
value of α = 0.3 yields
R2 of 0.29
(intermediate sample)
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Solow model: implications

I Savings no long-term effect on growth of per capita income
(long-run growth equal to population growth):
I What about Harrod-Domar model (growth vs. level effects)?

I Higher n⇒ ↓ k∗ and ↑ total output
I To examine now:

1. Need to study technological progress (A, or 1
θ ).

2. Hypothesis of international convergence (every country
converges to k∗, irrespective of the historical starting point)

3. Assumption: marginal product of capital highest where capital
least available
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Solow model: Technical progress

k∗ =
( sA

n + δ

) 1
1−α

I Technology affects the level
effects

I Only constant technical progress
increases growth persistently

I Two questions:
1. What is the ”technical

progress”?
2. Why and when technical

progress arises?
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Solow model: Unconditional convergence

I Do data support the conclusions of the Solow model that in
the long term all countries should converge to the same k∗
and that the richest countries should stop growing (unless
persistent differences in technical progress, savings, and
population growth)?
I How to test this empirically?
I g = α + βlog(yt0) + ε
I What would be the Harrod-Domar model prediction?
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Solow model: Unconditional convergence

Figure 1: Annual growth rate of GDP
per capita between 1870 and 1979 and
log GDP per worker in 1870 (16
countries, Baumol, 1986)

Selection issue: countries that were
rich ex-post selected.

Figure 2: Annual growth rate of GDP
per capita between 1870 and 1979 and
log GDP per worker in 1870 (15 + 7
countries, DeLong, 1988)

Solving selection: equally rich
countries ex-ante.
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Detour: survivorship bias

I Selecting a sample based on
final outcome rather than on
initial conditions

I Example: examining damages to
bombers returning(!) in World
War II fights. How to asses
problematic aircraft parts?
I Statistical Research Group

recommendation: ”add armor
to the areas that showed the
least damage.”
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Solow model: Unconditional convergence
Figure 3: Annual growth rate of GDP per capita between 1960 and 2000
and log GDP per worker in 1960 (world)

Source: Acemoglu (2007)
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Solow model: Unconditional convergence

I So is Harrod-Domar better than Solow?
I Hardly, constant returns to capital unrealistic assumption.

I But countries can all have different saving rates, levels of
technology, or population growth → conditional
convergence to different k∗
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Solow model: Conditional convergence

Figure 4: Convergence in growth rates

Source: Ray (1998)

I AB and A’B’ converge to
different states due to
differences in s and n, but
given constant technology
lines parallel
I Q: Why constant

technology assumed?
I Q: What can we say

about growth of initially
poorer and richer
countries?
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Solow model: Conditional convergence
Figure 5: Annual growth rate of GDP per capita between 1960 and 2000
and log GDP per worker in 1960 (OECD)

Source: Acemoglu (2007)
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Solow model: Conditional convergence

Source: Johnson and Papageorgiou (2020)
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Convergence: taking stock
I Johnson and Papageorgiou (2020, JEL): What Remains of

Cross-Country Convergence?
I Extensive literature review on convergence theory
I No evidence supporting absolute convergence in cross-country

per capita incomes (thousands of papers!)
I Only exception: Rodrik (2013): unconditional convergence in

some manufacturing industries
I Finding: growth rather ”start and stop”; significant country

heterogeneity.
I Note: convergence a theoretical construct!
I Reality: several mechanisms of divergence and convergence

are concurrently at work. Focus of future macro research!
I Remember this next time when you read in newspaper about

”lions on the move,” ”the next convergence,” and ”no
shortage of economic growth in Africa” (Roxburgh et al. 2010;
Spence 2011; Economist 2013, respectively)

I Economic achievements in developing economies → removing
inefficiencies: institutions (we talk about them soon)
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Detour: Marginal product of capital differences?

I Convergence → MPK should be highest for poorest countries
with lots of free labor.

1. Large observed differences in use of capital relative to labor
(capital-labor ratios): up to 100 times between richest and
poorest countries!

I Recall Lucas paradox: why not more capital flowing to poor
countries? His suggestions:

1. International credit market frictions (Lucas skeptical there)
2. Differences in other factors such as human capital or total

factor productivity (technology)
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Detour: Marginal product of capital differences?

I Earlier studies found a difference in MPK.
I Caselli and Feyrer (2007 QJE): The marginal product of

capital.
I Simple accounting: MPK = rc
I IC = MPK × K

I rc . . . rate of return to capital
I IC . . . capital income
I K . . . capital stock

I We know total income, value of capital stock, and capital
share in income → we can recover MPK without additional
assumptions

I When not accounting for type of capital, poor countries MPK
more than twice as large if not accounting for this. In line with
previous literature. This is what Penn World Tables allow us to
do.
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Detour: Caselli and Feyrer (2007 QJE)
I Key innovation: capital differentiated here between natural

(”resources”) and reproducible capital (”machines”).
I Recall during tutorial: Capital share often assumed to be

accounted as a complement to labor share (1− Ls) (see call
for such measurement in Feenstra et al. 2015 AER)

I Finding: MPK equalized between rich and poor countries(!)
while keeping capital type fixed (recall Rodrik 2013)

I Key implications:
I Credit market frictions unlikely.
I Focus on human capital and TFP (next lecture)

I But poor countries also exhibit:
I higher capital relative to consumption good prices (some

discussion next lecture on Hsieh and Klenow)
I lower share of reproducible capital (”machines”)

I Note: no explanation for differences in capital type!
I Note: does not cover informal economy!
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Returns to capital: poverty trap

I Solow model assumptions for convergence:
1. Savings rate constant for all levels of income: No!
2. Population growth constant for all levels of income: No!
3. Highest returns to capital for the poorest – sf (k)?

I What if some threshold level of capital is required for
production using more efficient technologies. Why?
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Capital threshold in Harod-Domar model

I Recall Harod-Domar:

gpc ≈
s
θ
− (n + δ)

I What if only for certain levels of capital k > kT : s
θ > (n + δ)

I Only then g > 0; negative growth for low capital levels —
poverty trap
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Capital threshold in Harod-Domar model
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McKenzie and Woodruff (2003): Do Entry Costs Provide
an Empirical Basis for Poverty Traps?

I Monthly returns!
I Use cross-section of Mexican microenterprises.Why

methodologically problematic?
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De Mel, McKenzie, and Woodruff (2008): Returns to
capital in microenterprises

I Q: Are returns to capital so low for the poorest?
I Experiment with small firms in Sri Lanka (≈ $250

non-housing capital). Sample: Existing businesses!
I Firms divided in three groups (Why?):

1. Received nothing, just observed (control group)
2. Received $100 (treatment group)
3. Received $200 (cash or in-kind, randomly)

I Profits increased by 6% per month (≈ 60% per year) → high
returns to capital. Trap? Why not more loans offered to the
poor?
I But: Average treatment effects vs. heterogeneity: 60% have

returns lower than market rates. Variance in returns!
I Returns were higher for men relative to women. That is a

puzzle, since most of microenterprises in developing countries
are run by women.
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De Mel, McKenzie, and Woodruff (2008)

Yit = α +
4∑

g=1
βg Treatmentgit +

9∑
t=2

δt + λi + εit
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Taking stock

1. Dramatic global growth rates over the past century
2. Models with strict assumptions and exogenous parameters in

line with empirical data (Harrod-Domar)
3. More realistic models (Solow) not in line with data
4. Unconditional convergence not happening
5. Poverty traps do not seem to bind even for those with fairly

low initial wealth (conditional on entry - existing businesses
only!)

I Where next? Endogenous growth models and taking stock on
growth.
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