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Motivation

> Economic development

- ldea hinges on the adoption of modern, complementary, technologies
- Distortions hinder this process — underdevelopment

- Industrial policies targeting key sectors are called for alleviating these
distortions and promoting the investment in modern technologies
(Hirschman, 1958)

> Recent developments in multisector with 1O networks

- Relevance of sectoral distortions
(Bagaee and Fahri, 2020; Bigio and La’O, 2020)

- Relevance of sector policies as effective tools to alleviate distortions
(Liu, 2019)

» Open questions

- How to think about industrial policy for economic development?

- Which sectors/ policy instruments to foster development?

= OUR PAPER!



Our paper

v

Quantitative study of technology adoption in a multisector economy
with complementarities
(Buera, Hopenhayn, Shin and Trachter, 2021)

» Ingredients: tech. adoption, distortions, rich 10 structure
> Use size distr. to estimate distribution of technologies by sector

> Laboratory for sectoral industrial policy, local analysis

> Which sectors, policies instruments to foster development?

== Sectoral Development Multipliers
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Plan for today

1. Theory

Multisector model of technology adoption; multipliers; sources of amplification; alternative

instruments

2. Parameterization
Identification; GMM partial information estimation; empirical fit/ model validation; measure

adoption

3. Sectoral revenue multipliers

Amplification through adoption; decomposition

4. Alternative policy instruments

most effective instrument; decomposition of most effective instrument

5. Concluding remarks

next steps



THEORY



Model

CES consumption aggregator across sectors s, C =], (Cs)™ , T = [vs]

n=1 n-1
Monopolistic competition within each sector, Y; = (f Yjs dj)

Firm heterog.: Ex-ante, Pareto with tail ; Ex-post, € ~ N(—%,X)

Produce using labor and intermediate inputs w/ rich 10 architecture
» Intermediate input aggregate is X, = [T (X5 )“ss" , Q = [wssr]

(Cobb-Douglas) Production, with traditional or modern tech

> Traditional: tech As, cost in labor ks (w = 1)
> Modern: tech A,,, cost in labor ks and in goods Prskms
> v: share of intermediate aggregate in production

Capital-embodied tech. adoption: compet. sector combines inputs,
A =[Ass]

Subsidies: revenue, 7, labor, !, intermediate inputs, 7, and adoption, r®



Profits, entry and adoption thresholds

(Ex-post) Operating profit of a intermediate input producer in sector s,

-n P
71'7?5(2,5) =max7‘sp(£) Yg— xs
p,x,l P,

x
s Ts

1 -n
z——1, st zA;efz’ 117V > (ﬁ) Ys
1
Ty Py

Ex-ante problem, entry and adoption thresholds

» Entry with traditional tech: 7y, (2¢s) = Ee [70 (2t5,€)] = Kits

» Entry with modern tech: 72, (zms) — T2 (2ms) = PT’Q‘* Koms

Price indexes: P =[Ps], Py =[Pss]s Pm =[Pms]

Then, fraction of establishments operating modern tech. is

ag _ 1_F(Zm,s) _ ( Zts

¢
e 1 F () ) <1,a=[as] ,e=[es]

zms



Equilibrium

Given subsidies r, %, r* and 72, a symmetric eq. consists of

> thresholds {zis, Zms } ses,
> demands for labor and intermediate inputs and aggregate demand C,
> and prices P., P, P, and P,,,

such that establishments maximize profits and markets clear,

Y. —’ys*C+Zwss 5/+Z)\55 S Gt ime for all s
L:ZLS+ZeSKJts
with,

X,

-/ ’" v (2)df () + [ T s (), wis(2) = Eelaia(z,0)]

Zms
Ls= f
zt

Lo (2)df (2) + [Z“’ Lins (2)df(2) , Lis(2) = Ec[lis(2,€)]

ms



Aggregates
TFP
—_—
» Aggregate output in sis Y, = Zy XYL, where
1

Zs :(14?71 fzms 217 f(2)dz + AT fm z"“lf(z)dz)ﬁ
Zms

Zts
» Sector prices

In 1 I-(I-vQ)™" (an+1nr+(1—V)lnrl +vinr®)
1-v n-1

lnP:(

=dnP.=T'dInP, =>dlnPy =Q'dln P, = dIn Py, = AdIn P

> Adoption and TFP

=£>0
- S M.20
1 Cel-p ARt oAt ——
dnz -t ¢r1-ndm Tt diag(M)dIna
n-1 ¢ Al

More adoption — Higher Z — Lower P — Lower MC and adoption costs — More adoption

— Interactions generate complementarities across plant investments



Development multipliers

Let €,5 denote the sectoral revenue development multiplier in sector s,

dinC

dIn Tslp=1
—_———
subsidy elasticity

/(Fiscal cost of policy)

€rs

(local, first-order, analysis)

Markup distortions. Effect of revenue subsidy
> Production. Subsidy affects demands for [ and x — effect on C
> Adoption.

1. Subsidy affects incentives to adopt.
2. Adoption is converted to TFP through dln Z = fdiag(M)dlna
3. Changes in TFP are converted to changes in C'



Subsidy and TFP elasticity of Aggregate Consumption

Consider independent changes to dinr and dIn Z = Bdiag (M) dIna,

production channel TFP channel
e

~ ~ -1
dnC= (¥'-@') dnr+ (\1:’ - L\If’)dan
n

Production channel (Bagaee-Fahri)

1 I’ -1 Pr m
> Forward Domar weight, ¥ = (TV + A’A) (I -vQ)™!, A = Smprm.

(output cumulative effects)

- First round effects prop. to final demand elast., I and A’A
- All subsequent rounds prop. to intermediate input elast., 2

(T +AA) (T+v2+ @)’ +..) = (' + A'A) (T -vQ)7!
> (Backward) Domar weight, ¥ = (I' + A’A) (I - 72 02) "
n
(labor or gross output)

- direct: labor used by sector
- indirect: labor used by all sectors supplying to the sector

Markup distortions — gross labor shares and final demand elast. differ!



Subsidy and TFP elasticity of Aggregate Consumption

Consider independent changes to dinr and dIn Z = Bdiag(M)dlna,

. TFP channel
production channel
-1
dnC= (%' -@') dnr+ (xi/ - pr’) din Z
n

TFP channel:

» Same logic that in production channel, but cost discounted by
inverse of markups

> resource cost is the product of the cost per unit of adoption x
reciprocal of adoption elast. of TFP, (91nZs/9Inas)~!

- Cost per unit of adoption is given by profits of marginal adopter,
prop. to 1/n

- Increase in adoption required to implement a given change in TFP is
prop. ton -1

- Fall in i, lower change in adoption required for a given change in
TFP

— lower 7 implies that fewer resources are needed to increase sector TFP!



Subsidy elasticity of adoption

> Log-differentiating the marginal adopter's condition,

-1
dinr-(n-1)dInZ +dIn(PoY) - %dlna:—dlnra+dlan

> Subsidy elasticity of adoption,

direct effect amplification
—

-1
dlna- —S— {I—L[A(I-un)‘l—(n—1)1]5diag(M)—vay,a} dlnr®
n-1 n-1 n-1

=Vga,ra

Double-Leontieff inverse!
- Inner: adoption raises TFP, lowering sector prices and thus cost of
adoption ... Leontieff Inverse
- OQuter: adoption raises TFP, lowering MC of production in other
sectors, fostering adoption in other sectors ... Leontieff Inverse

» Simple case, M =mI & Vpy,o=0. Let dinr® =1,

¢ 1
R =

dlna =



Multiplier, «, =

dinC
dlnrg

/(Fiscal cost of policy)

Consider revenue r and adoption subsidies %,

dlncz(\i:’—\p’)dlnr

~ -1
+ (\p _ n_\II’)IB diag (M) Vg,ra [I+VPY',,,. +A(I—Vﬂ)_1]dll’l’f'
n

S -1
+ (\Il’ - 77_\11') B diag(M)Vgq,redlnr®
n

- W: influence in production - Acemoglu et al.

(with exogenous productivity: impact of productivity shock to sectoral output)

- (Vara) fdiag (M) ¥: influence in adoption - Paco and Nico

(impact of productivity shock to sectoral adoption technology)

Total fiscal cost of policy:

-1
rs: s, TS Vs, ri: AQ-v)s, re: 5s=nT,3Ms1/1s<'¢ls

Multiplier under uniform subsidies Alternative instruments Adoption: goods vs. labor



PARAMETERIZATION OF MODEL



Roadmap

0. Data (2013 Indian Economic Census, 30 2-digit sectors)
1. Partial information (GMM) estimation
From problem of estab., Inl=InA; +InZ;+£, i€ {t,m}

> reduced-form entry & adoption thresholds
> technology gap, ex-ante, ex-post heterogeneity
> Validation w/ proxy measure (traditional vs. modern power)

2. Calibration

> T, Q: WIOD, 2010; A: vom-Lehm and Winberry, from BEA
> 1 =3: Broda and Weinstein, Hsieh and Klenow
> v =0.75: match intermediate input share (0.49) in WIOD 2010

3. Full structural calibration

» Use full model to identify structural costs, {Kis, Kms for a1 s
(unique mapping! ®)



SECTORAL (REVENUE) MULTIPLIERS



Sectoral (revenue) multipliers

€r
w
T
—se
— e

- Estimated multipliers are tight!

- Top engines of development: 11. M-Basic Metals, 15. M-Machinery and
Equipment, 1. Mining, 13. M-Computer and Electronic, 14. M-Electrical
Equipment



Components of sectoral revenue multipliers

Subsidy elasticity of C
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The ranking of multipliers changes with adoption

Top 5:
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11,1, 19, 12 and 10 — Top 5: 11, 15, 1, 13, and 14



Amplification through adoption

6 B e s S B e e
T B

5l

al

N

2

1

NUBReEA D0 LeReel PP IPPEPD PR

A= {(\i/ - ”—_lxp’) Bdiag (M) Va,pa [I+Vpy,s+ A (I - vﬂ)’l]} 0w’
n



Decomposing amplification through adoption |

direct incentive (SMALL)

A:(\i/@\p’— 77—_11),3<1iag(M)L
n n-1

price of adoption, Py,

+ [(xi/ - L_lxp) Bdiag (M) —S— A (I- un)‘l] 0w
n n-1

feedback through adoption

+ {(\i;’ _ L_llll’) Bdiag (M) [I+A(I-vQ)™"] (Va,ra - %1)} 0¥’
n n-

aggregate demand (SMALL)

_, -1
+ [(‘p’ - L‘p’) Bdiag (M) Vu,,r”'VPy,a] oW,
n

> Direct incentive - closely related to Liu's. For 'average’ sector,

=0.115 =0.038
<3 ——
N . ¢ ¢
direct incentive = €72 fm—— + m € [0.038,0.383]

n-1 n(n-1)



Decomposing amplification through adoption I

5
x Py
45 /. Feedback
41

S S S S B SR
NYEED AR RN EONRRPP PP RPN PRSP

> Price of adoption channel is crucial!

> Feedback effect accounts for 20 to 30% in top sectors

(relevance of the Double-Leontieff Inverse)



The price of adoption channel

» How important is centrality in £ vs A?

A-v) ' =QU-v) "' +(A-Q)(I-vQ)"

P Y S S S
NYD XD oA IRN ORI ROPP PP RPRPN PP



ALTERNATIVE POLICY INSTRUMENTS



Alternative policy instruments

s
i

[}
oo

> Consistent with theory results with no adoption
> Top sectors always with adoption subsidies: 11, 1, 15, 12 and 13

> Why? Cost-effective!



Concluding remarks

Build a lab. for the study of industrial policy in multisector economy

(technology adoption enhances complementarities, generating amplification)
Provide novel insights regarding amplification of policies through adoption

Estimate model of tech. adoption with rich IO architecture,

> Heterogeneity in technology use across and within sectors

(different shapes in the distributions)

Quantitative results regarding industrial policy,
» Great amplification through adoption
» Tech. adoption crucial for our understanding of important sectors

» Adoption subsidies are the most effective instrument

Related application: Policies to foster adoption of



Uniform subsidies & ATFP, dlnr=dlnZ =1

Production TFP
—_—— ——
1 1 1
-v 1-v|n1-p2L
n

dInC =(1+3)

The complexities of the 1O structure do not show up! (no Q!)

- Same as in a one-sector economy with roundabout production

Lower 7 or higher v: higher elasticity

- Positive level effects through both channels



Revenue and adoption multipliers with uniform subsidies

> Simple case, M =mI & Vpy,a =Vpy,r=0. Let dinr=dinr® =1

production efficiency €[0,1) >1
—— ——— ———
“ v 1 -1 u 1
€. = - + 7Bm €al|ll+
T 1 r 1
v n -v

» Revenue subsidy affects both production and TFP channels

> Revenue subsidy is more expensive than adoption subsidy (Js < ¥s)

— Which instrument is more effective to promote development?



Alternative Uniform Subsidies with No Adoption

Contribution of r is the sum of contributions of #* and 7!,

intermediate inputs labor
revenue

. . -1 . -1
dlncz(\p’—xp’)u(V\I/—VL@’)H[(1—u)w’—(1—u” )\p’]1
n n

v 1 1 1 e
O:eul<e$: 7<5:fz: - - T =v<l1
T 1-vn 1-vn €y

> Labor: no gains from promoting uniformly the use of a fixed input
Gains are due to reallocating across sectors

(reminiscent of Liu)
> Intermediate inputs has larger multiplier than revenue

+ With revenue, the labor effect is zero, and thus only effect goes
through intermediate inputs, thus v

+ With %, only effect through the share of production v

+ Therefore, they have same elasticity but revenue has higher cost

Note: With adoption, this may not be true



Uniform Subsidies: Goods Only vs. Labor Only Adoption

> Uniform revenue subsidy & prod. impact dlnr=1and dlnZ =1

- -, om-1
dlncz(\l/fxp’)u(\p’f L\p’)1
n

» If adoption good is produced only w/ labor

dinC = (%' - @)1+ ! [(171/)&/7(171/"_1)@']1
1-v n

=0
— Aggregate effects result from reallocating adoption across sectors

» Symmetric economy with roundabout production, Q =1,

r'f(1-v)(1-v)'1- (1—/77_1) (1—1/7;]1)11] =0’ .

— Each sector's contribution through TFP must be zero!
(reminiscent of Atkeson-Burstein)

— No gains from reallocating adoption



Partial Information estimation |
From the problem of the firm, i =¢,m,

Inl=lnA; +InZ, +&

A.— An-1 5 _ n-1 PsYgs 7 ﬁfﬁrl
(vvhere:\]:_—\[ L Z2s=(1-v) S Z,/,L/ , and & |

1. Firm size proportional to GE object (encoded within =)

2. Inzs + £: generates unimodal size distributions

3. Selection wrt. who operates A; or A,, is a force towards two modes
4. Estimate reduced form parameters w/ GMM

Then, employment-size pdf,

= -2 ~
ha (1) =171 S eff“%f?{,af[@(l“"’"“ Inl+fi+X C)
< t

Zts X
(I)(lnz“ 1n{+u+X 4)]+A'fn [1_¢(1n5,,,,a —1n~l+,1+)225):|}
X X
(where (= 52, x=(n-1)x, iz (n-1Dp=-%2/2)
So that employment share pdf,
Iha(l
s(l) = (~)



Partial Information estimation Il

» Assume A; = 1.

» Estimate via GMM

vary across sectors common across sectors
——— —_—
{Zts: st}sES B Am, <, X

» Moments:

> binned employment shares (40 bins for each of the 30 sectors)

> tail coefficient (whole economy)



Partial Information estimation IlI

Division as/es Ms Kes 413,:;2%
1. Mining 0.021 0.606 1.387 0.023
2. M-Food 0.002 0.358 0.235 0.005
3. M-Textiles 0.001 0.305 0.337 0.004
4. M-Wood 0.000 0.004 0.262 0.000
5. M-Paper 0.534 0.948 0.366 0.179
6. M-Printing and Media 0.000 0.033 0.819 0.000
7. M-Petroleum 0.031 0.648 0.607 0.029
8. M-Chemicals and Pharma. 0.149 0.824 1.745 0.080
9. M-Plastics 0.761 0.978 0.536 0.224
10. M-Other Non-Metallic 0.098 0.780 0.938 0.061
11. M-Basic Metals 0.054 0.711 1.078 0.042
12. M-Metal Products 0.002 0.340 0.810 0.005
13. M-Computer and Electronic 0.070 0.742 1.083 0.049
14. M-Electrical Equipment 0.074 0.748 0.990 0.051
15. M-Machinery and Equipment 0.011 0.532 0.624 0.016
16. M-Motor Vehicles 0.227 0.868 8.340 0.104
17. M-Other Transport 0.100 0.782 50.892 0.062
18. M-Furniture and Other 0.000 0.000 0.422 0.000
19. Utilities 0.024 0.622 0.640 0.025
20. Construction 0.001 0.277 0.369 0.003
21. Trade 0.000 0.003 0.156 0.000
22. Transportation 0.000 0.209 0.125 0.002
23. Food and Accommodation 0.000 0.005 0.391 0.000
24. Information 0.000 0.000 0.585 0.000
25. Professional Services 0.015 0.568 0.577 0.019
26. Finance and Insurance 0.617 0.961 0.185 0.196
27. Real Estate 0.001 0.313 0.316 0.004
28. Education 0.994 0.999 0.282 0.265
29. Health and Social Work 0.000 0.000 0.614 0.000
30. Other Services 0.000 0.002 0.125 0.000




Partial Information estimation IV: examples
4. M-Wood (0.000)

1. Mining (0.021)

: log Employment : o

16. M-Motor vehicles (0.227)

Lol

back to roadmap

,,,,,,,,,,,,

Whole economy

Agessie




Partial information estimation V: adoption proxy
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Modern estabs. employment share, data proxy

back to roadmap



Parameters of full model

> Given 7 =3,

Ex-ante heterogeneity, ¢ Ex-post heterogeneity, x Technology, A,

3.16 0.57 2.18
[3.03, 3.19] [0.49, 0.60] [2.01, 2.31]

(95% confidence intervals computed with bootstrap)

— Given {Zts, Zims for all s+ ---» UNiquely back out costs
{/"Cts-, "{ms}se 2-digit

Costs consistent with the relative size of sectors (through v,I", € and A), and
the size distribution within sectors (through {Zts, Zms }oy i o+ Ams G, -..), given

Key insight: given all these other objects, linear set of equations on the
structural costs



Decomposing adoption multipliers

direct incentive feedback through adoption

€a :(\i:’@\p’— L_11) noc [(\if - L_I\Il') Bdiag (M) (vwa - LI)] oA,
n 1 n n

> Direct incentive is guaranteed to be large here,

=2.37 =0.79
—_—

U ¢
n-1n-1 n-1n(n-1)

direct incentive, 1" = €rq

(only difference is size of fiscal cost!)



Decomposing adoption multipliers

O Direct incentive
9r X Feedback

€
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