
ECON 164: Theory of Economic Growth

Week 4: Evaluating the Neoclassical Growth Model

Levi Crews

Winter 2026



Recap: The neoclassical growth model (NGM)

F (Kt, AtLt) = Kα
t (AtLt)

1−α, Kt+1 = F (Kt,AtLt)−Ct + (1− δ)Kt

. . . with exogenous savings (the Solow model)

• ad-hoc consumption rule→ savings depend on current output yt only

. . . with endogenous savings (the Ramsey-Cass-Koopmans model)

• optimal consumption path→ savings depend on {wt, rt, τt}, β, k0, . . .

• can reincorporate population (gL) and productivity (gA) growth
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How does the NGM answer our three organizing questions?

1. Why are we so rich and they so poor?

→ differences in s (β, τ, . . .), gL, A0

2. What is the engine of economic growth?

→ only gA in the long run, but exogenous!

3. How do “growth miracles” happen?

→ transitional growth gK (faster if farther from BGP)

This week: How do these fit the data?
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Development accounting (I)



Why are we so rich and they so poor?

Recall from the Solow model:

yBGP
t = At

(
k̃ss

)α
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Why are we so rich and they so poor?

Suppose countries only vary in
their savings rates (s):

yBGP
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← Why isn’t it perfect?
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Why isn’t it perfect?

1. Countries don’t only vary in their savings rates→ variation in k̃ss
i not enough?

6 / 50



A first attempt at “development accounting”

We want to decompose differences in yi into k̃i vs. Ai (i indexes countries)

But how do we measure Ai? If we have data re: Yit, Kit, and Lit. . .

Ait =

(
Yit

Kα
itL

1−α
it

) 1
1−α

, k̃it =
Kit

AitLit
=

kit
Ait

So Ai is a “measure of our ignorance” (Abramovitz, 1956; Solow, 1957)

What could go wrong?
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Direct vs. indirect effects of productivity Ai (Klenow and Rodríguez-Clare, 1997)
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Two different decompositions

partial decomposition: only direct effect of productivity

ln yi = α ln ki + (1− α) lnAi

total decomposition: productivity gets credit for the capital accumulation it induces

ln yi = α ln k̃i + lnAi

How much of the variation in yi is due to each term?
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Partial decomposition: Mainly about Ai, but ki matters
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Total decomposition: Only about Ai, not k̃i
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Why isn’t it perfect?

1. Countries don’t only vary in their savings rates→ variation in k̃ss
i not enough?

• variation in productivity Ai matters a lot
• capital seems to only really matter insofar as it responds to productivity

2. Countries aren’t all on their (or the same) BGPs→ next section

3. . . . and many more reasons→ next class
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Growth accounting (I)



Rapid growth is transitional growth. . .

. . . back to the same BGP

post-WWII recovery from destroyed K
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Rapid growth is transitional growth. . .

. . . up to a new, higher BGP

what’s behind it?
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New, higher BGP due in part to. . .

. . . rise in savings rates (s)
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New, higher BGP due in part to. . .

. . . fall in pop. growth (gL)

15 / 50



Growth accounting (Solow, 1957)

From just the Cobb-Douglas production function. . .

yt = Atk̃
α
t

→ gy = α (gK − gA − gL)︸ ︷︷ ︸
transitional growth

+ gA︸︷︷︸
productivity growth

= A1−α
t kαt

→ gy = α (gK − gL) + (1− α)gA︸ ︷︷ ︸
direct effect only

Either way, with data from the Penn World Tables. . .

gA =
1

1− α
gy −

α

1− α
(gK − gL)

(works for any neoclassical F )

16 / 50
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Example: US vs. Japan

US growth was all productivity. . .

. . . but Japan was in transition
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UK growth accounting
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US growth accounting
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China growth accounting
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India growth accounting
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Convergence



Convergence, absolutely. . . (Barro and Sala-i Martin, 1992)

Recall from the Solow model:

gy = α
(
sk̃α−1

t − δ − gA − gL

)
+gA

→ growth is faster when far from s.s.

But why would we expect same s.s.?
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Convergence, conditionally (Mankiw, Romer, and Weil, 1992)

We wouldn’t! At least not worldwide. . .

Compare i w/ similar si, gLi ≈ same s.s.

Eq. for ln yBGP
i suggests a regression:

lnyi = ln

[
Ait

(
si

δ + gA + gLi

) α
1−α

]
= . . .

= β0 + β1 ln si + β2 ln gLi + εi

← plot gy vs. ϵi from this regression
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There is convergence of k̃i. . .

. . . as predicted by NGM
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. . . but not of Ai

Not just variation in A0 then. . .

. . .but even in gA
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Summary so far

• This class, we studied empirical growth patterns through the lens of the NGM

• For most countries:

• Variation in yi determined by productivity levels Ai, directly and indirectly

• Growth gy determined by productivity growth gA, directly and indirectly
• Convergence happens for effective capital k̃, as in the NGM. . .

• . . . but that is swamped by huge, persistent productivity differences

• Not a smashing success for the neoclassical growth model

• Has nothing to say about determinants of Ait

• Next: What is Ait? Why does it vary across countries?
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What is A?



The measure of our ignorance

NGM with Cobb-Douglas: Given data and an estimate of α. . .

Ait =

(
Yit

Kit
αLit

1−α

) 1
1−α

→ find huge differences in Ait!

What’s behind this?

1. mismeasurement: maybe we’re not measuring Yit, Kit, Lit correctly

2. misspecification: maybe we’re using the wrong Fit(·, ·), omitting inputs, . . .

3. true productivity differences: maybe some i really are way more efficient!

27 / 50
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Mismeasurement of labor Lit

What are we really trying to measure?

• it’s time to distinguish between labor Lit and population Nit again

• recall, Lit/Nit is the labor force participation rate (Week 1)

• naive measure: Lit = total hours = # of workers × avg. hours worked

• avg. hours worked decrease w/ yit (Bick, Fuchs-Schündeln, and Lagakos, 2018)

• but what about quality of labor? one worker in Malawi ̸= one worker in Singapore

• human capital = education, training, skills, health, . . . (Becker, 1964)
• “capital” b/c it’s a stock produced by investments
• lowest-income countries avg. 4–5 years of schooling, highest-income avg. 12–13
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Adding human capital to the NGM

Suppose now that the production function includes human capital:

Yit = Kα
it(AithitLit)

1−α

=

(
Kit

AithitLit

)α

AithitLit

=

(
K1−α

it

(AithitLit)1−α

) α
1−α

AithitLit

=

(
Kit

Kα
it(AithitLit)1−α

) α
1−α

AithitLit

=

(
Kit

Yit

) α
1−α

AithitLit

yit ≡
Yit

Nit
=

(
Kit

Yit

) α
1−α

Aithit
Lit

Nit
=

(
k̃ss

)α
Aithit

Lit

Nit︸ ︷︷ ︸
before, just Ait!
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Mankiw, Romer, and Weil (1992): Just add human capital!
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Young (1995): Now the East Asian growth miracle is not so “miraculous”

31 / 50



Young (1995): Now the East Asian growth miracle is not so “miraculous”

31 / 50



How do we measure human capital?

• MRW (1992): h =
√

share of working-age pop. enrolled in H.S.

• why : available for many countries, seemed to fit the data. . .

• . . . but lots of later work pointed out issues (only counts H.S., no quality, . . . )

• main problem: implausibly big vs. micro evidence on returns to schooling

• instead, set lnhit = µEi where Ei is avg. years of schooling

• why : can show
lnwit = Λit + lnhit = Λit + µEi

so µ is the % increase in the wage for an extra year of schooling

• lots of estimates of µ (“Mincer returns”)→ µ ≈ 0.10 worldwide

• so just need data on Ei (Barro and Lee, 2013)
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Development accounting, revisited (Hall and Jones, 1999)

Same idea as before: solve for Ait as a residual in terms of data

yit =

(
Kit

Yit

) α
1−α

Aithit
Lit

Nit
→ Ait =

yit(
Kit

Yit

) α
1−α

eµEit Lit

Nit

We’ll focus on comparing to the US in 2019:

yi
yUS

=

[
(K/Y )i
(K/Y )US

] α
1−α

× Ai

AUS
× hi

hUS
× (L/N)i

(L/N)US
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Development accounting, revisited

• very little variation in k̃ss rel. to US

• more variation in human capital hit

• still huge variation needed in Ait

• overall, literature typically finds:

• contribution of k̃it ≈ 5%

• contribution of hit ≈ 30%

• contribution of Ait ≈ 65%
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Punchline: Ai/AUS is still the best predictor of yi/yUS
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Growth accounting, revisited (Jones, 2016)
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Still an active area of research

How much of the variation in yi is accounted for by hi?

• Jones (2014): include imperfect substitutability→ all the rest of it

• Caselli and Ciccone (2019): change Jones (2014) assumptions→ none of it

• Hendricks and Schoellman (2018): check ∆wi for migrants→ ≈ 60% of it

• Angrist et al. (2021): build a harmonized measure of learning-adjusted years of
schooling around the world (but not accounting for Jones (2014))→ ≈ 25% of it
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Mismeasurement of capital Kit

What are we really trying to measure?

• capital stock Kit measured from expenditure Iit w/ perpetual inventory method
• add up across different types of capital w/ price or user cost weights

• main problem: conflates price and quantity of investment
• relative price of K has long been falling (Greenwood, Hercowitz, and Krusell, 1997)
• relative price of K is higher in poor countries (Hsieh and Klenow, 2007)

• capital share α depends on how we treat self-employment (Gollin, 2002)
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Mismeasurement, generally

Should we even trust the data?

• Jerven (2013) Poor Numbers (h/t Oliver Kim)

• late 1980s, Tanzanian yit dropped by 33%, but it probably didn’t happen
• how many people live in Nigeria? failed censuses + fast pop. growth = no clue!
• World Bank Statistical Capacity Indicator avg. score in Africa was 61.4/100

• Angrist, Goldberg, and Jolliffe (2021): hard to measure in LMIC because. . .
• limited statistical capacity
• use of outdated data and methods
• large share of the agricultural sector
• informal economy
• limited price data

• still debate even for the US: Feldstein (2017) vs. Syverson (2017)
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Misspecification: Increasing returns to scale

• How could our production function be misspecified?

• Imagine all countries produced with the same production technology (A = 1):

Y = F (K,L) =
[
KαL1−α

]γ
where γ > 1 indicates increasing returns to scale: F (λK, λL) = λγF (K,L)

• As observers, we don’t know this and apply our formula from before:

A =

(
Y

KαL1−α

) 1
1−α

= Y
γ−1

γ(1−α)

• Although all countries have the same technology, we pick up differences in A!
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Misspecification: Imperfect substitutes (Caselli and Coleman, 2006)

Our setup has assumed workers of different skills are perfect substitutes. . .

yit = kαit(Aithit)
1−α = kαit

(
Ait

(∑
j
hjit

)
︸ ︷︷ ︸
worker types

)1−α

. . . but the micro evidence suggests they’re quite imperfect:

yit = kαit [(A
u
ith

u
it)

σ + (As
ith

s
it)

σ]
1−α
σ

for skilled s and unskilled u labor
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Misspecification: Imperfect substitutes (Caselli and Coleman, 2006)
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Misspecification: Sectoral heterogeneity (Caselli, 2005)

. . . large differences in TFP could also be the result of variation in the weights
in GDP of sectors with different sectorial-level productivity—even when these
sectorial productivities are identical across countries

• poorest countries have the highest agricultural employment shares. . .

• . . . but the lowest relative productivity of agriculture!
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Misspecification: Misallocation (Hsieh and Klenow, 2009)

• what if many, heterogeneous firms with productivity Aj? (j indexes firms)

• can show: measured economy-wide A is highest when. . .

MPKj = MPKj′ ∀j, j′

MPLj = MPLj′ ∀j, j′

. . . which happens in equilibrium if no distortions (taxes, market power, . . . )
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Misspecification: Misallocation (Hsieh and Klenow, 2009)
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True technology differences: Management

• What if the variation in Ai across countries partly captures true productivity
differences?

• Bloom et al. (2013): Randomly provide management consultants to Indian
manufacturing plants to help with things like:

• Inventory management
• Preventative maintenance, measurement of defects
• Daily meetings, standard operating procedures
• . . .

• Hugely successful: In one year, productivity rises 17% at treated plants,
increasing profitability by $300,000!

• Why was this not implemented before? Mostly lack of knowledge!
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True technology differences: Management
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True technology differences: Soccer balls
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True technology differences: Soccer balls

• Is the more efficient stamp adopted? Not that much! Why?
• Cutters and printers are paid per panel cut→ no incentive to waste less
• Learning the new technique slows them down initially, costs wage

• Organizational design and misaligned incentives can inhibit tech. advance!

• Atkin et al. (2017): Randomly pay cutters and printers to learn new technology
and show to owner

• This created widespread adoption

49 / 50



Summary

What’s behind huge variation in the “measure of our ignorance”?

1. mismeasurement: maybe we’re not measuring Yit, Kit, Lit correctly

2. misspecification: maybe we’re using the wrong Fit(·, ·), omitting inputs, . . .

3. true productivity differences: maybe some i really are way more efficient!

next: Models that endogenize Ait
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