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Grounded?



All hype?

Technologically feasible
Economically viable



Literature on impact of HIC’s automation on 
developing countries
• Artuc, Bastos and Rijkers (2019) show that a 10-percentage point increase in robot 

density in developed countries is associated with a 6.1 percentage point increase in 
their imports from less developed countries and a 11.8 percentage point increase 
in their exports to these countries

• Comparing growth in hearing aid trade – which is entirely 3D printed – with other 
similar products, Freund, Mulabdic and Ruta (2019) find that 3D printing increased 
trade by 58 percent over a decade. Early innovators in Europe, such as Denmark 
and Switzerland, remain the main export platforms.
• Beyond hearing aids, the authors find that 35 products that are increasingly being 3D printed 

have also experienced faster trade growth relative to other similar goods.

• Kinkel, Jager and Zanker (2015) using data on 3000 firms, find that firms using 
industrials robots in their manufacturing processes are less likely to offshore 
production activities outside Europe.

• Artuc, Christiaensen, and Winkler (2019) show that an increase of one robot per 
thousand workers in the U.S.—about twice the increase observed between 2004–
2014—lowers growth in exports per worker from Mexico to the U.S. by 6.7 
percent.



0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

China EAP ECA LAC MNA SAS SSA HIC
1994 2000 2005 2010 2015

0

5

10

15

20

25

30

35

40

45

China EAP ECA LAC MNA SAS SSA HIC

1990 2000 2010

Source: World Development Indicators database.  Countries categorized by income level in 1994 Sources: ILOSTAT database, International Labour Organization (ILO); Key Indicators of the Labour Market (KILM)
database, ILO; Groningen Growth and Development Centre (GGDC) 10-sector database, University of Groningen,
Netherlands.  HIC categorized by income level in 1994.



ARE

AUS

AUT
BEL

CAN
CHE

CYP

DEUDNK ESP

FIN

FRA

GBR

HKG

IRL

ISR

ITA

JPN
KWTNLDNOR

NZL
PRT

QAT

SGP

SWE

USA

SRBARG

BHR

BRA

CHL

CZE

GAB

GRC

HUN

KOR

LBY

MEXMUS

MYS

OMN

PRI

SAU

SVN

TTO

URY
ZAF

AGO

BGR

BLR

BOL

BWA

COLCRI
CUB

DOM

DZA ECU

EST

GTM

HRV

IDN

IRN

IRQ
JAM

JOR

KAZ
LBN

LTU

LVAMAR

MDA

MKD

NAM

PAN

PER
PHL

PNG

POL

PRK

PRY

PSEROU RUSSLV

SVK

SWZ

SYR

THA

TKM

TUN

TUR

UKR

UZB

VEN

AFG

ALB

ARM

AZE

BDI BENBFA

BGD

BIH

CAF

CHN

CIV

CMR

COG

EGY

ERI

ETH

GEO

GHA

GINGMB
GNB

HND

HTI

IND

KENKGZ

LAO

LBR

LKA
LSO

MDG
MLI

MNG

MOZ

MRT

MWI

NER

NGA

NIC

NPL

PAK

RWA SDN

SEN

SLE

SOM

TCD

TGO

TJK

TZA

UGA

VNM

YEM

ZMB

ZWE

0

1

2

3

4

5

6

7

-30 -25 -20 -15 -10 -5 0 5 10 15
Change in the Share of Manufacturing Value Added (% points)

HIC UMC LMIC LIC

R
a

ti
o

 o
f 
c
h

a
n

g
e

 i
n

 a
b

s
o

lu
te

 t
e

rm
 o

f 
M

V
A

 

(c
o

n
s
ta

n
t 
2

0
1

0
 U

S
D

)

Source: World Development Indicators database.



middle-income

-4

-3

-2

-1

0

UK DNK FIN CAN USA

Food and beverages Textiles and wearing apparel

Computer and electronics Transport equipment

-6

-3

0

3

6

SVK HUN CZE KOR MYS

Food and beverages Textiles and wearing apparel

Computer and electronics Transport equipment

Source: United Nations Industrial Development Organization (UNIDO) Industrial
Statistics (INDSTAT) database.



Source: World Development Indicators database.



Cumulative FDI projects from HICs to LMICs
by source country, 2004-2015 (log scale)
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Cumulative Number of FDI projects from HICs to 
LMICs, by sector, 2004-2015 (log scale)
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Operational Stock of Robots per 1000 Employees
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Operational Stock of Robots per 1000 
Employees in HICs, by sector, 2004-2015
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Ratio of Robot Stock per 1000 Employees in electronics to apparel in HICs 
and Ratio of Cumulative FDI Flows in electronics to apparel from HICs to 
LMICs, 2003-2015
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Estimation

ln(1 + 𝐹𝐷𝐼)𝑖𝑠𝑡 = 𝛼 + 𝛽1ln(1 + 𝑅𝑜𝑏𝑜𝑡𝑠𝑖𝑠𝑡) + 𝛽2ሾ
ሿ

ln(
)

1 +
𝑅𝑜𝑏𝑜𝑡𝑠𝑖𝑠𝑡

2 + ln(1 + 𝐸𝑥𝑝𝑜𝑟𝑡𝑠𝑖𝑠𝑡) + 𝛾𝑖𝑠 + 𝛿𝑖𝑡 + 휀𝑖𝑠𝑡

• Estimate impact of automation on outbound FDI at the country-sector-
year level

• Controlling for country-sector and country-year fixed effects

• Allow for non-linear impacts of automation

• And control for exports, other ICT intensity



OLS

Full sample Full sample To low-income 

countries only

To middle-income 

countries only

(1) (2) (3) (4)
Ln (1 + Exports) -0.0123

(0.0415)

-0.0160

(0.0415)

0.0525

(0.1026)

0.0184

(0.0465)
Ln (1 + Robots per 1000 employees) 0.0551**

(0.0224)

0.1329***

(0.0426)

0.1624*

(0.0985)

0.1722***

(0.0476)
Ln (1 + Robots per 1000 employees-

squared)

-0.0209**

(0.0098)

.0126673

(.0235536)

-0.0187*

(0.0109)
Country-sector fixed effect Yes Yes Yes Yes
Country-year fixed effect Yes Yes Yes Yes
R-squared 0.980 0.980 0.801 0.977
Observations 2,208 2,208 840 2,196

1. Direct effect is positive and significant
2. The non-linear effect is negative
3. But – only for middle income countries
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Robustness – not driven by one sector or by 
China; larger effects in more recent period

Pre-crisis

period

Post-crisis

period

Transport

equipment

sector excluded

China included

as a source

country, but

excluded as a

destination

IT stock 

included as an 

explanatory 

variable

(1) (2) (3) (4) (5)
Ln (1 + Exports) -0.2291*

(0.1213)

0.033

(0.0359)

0.0139

(0.0623)

.0281136

(.0419495)

0.0079

(0.0578)
Ln (1+ Robots per 1000 employees) -0.1202

(0.1158)

0.132***

(0.045)

0.3907***

(0.0845)

0.1832***

(0.0428)

0.2331***

(0.0688)
Ln (1 + Robots per 1000 employees-squared) 0.0553

(0.0349)

-0.0179**

(0.0103)

-0.1048***

(0.0220)

-0.0293***

(0.0101)

-0.0639***

(0.0162)

Ln (1+ IT stock per 1000 employees) -0.1086*

(0.0588)
Country-sector fixed effect Yes Yes Yes Yes Yes
Country-year fixed effect Yes Yes Yes Yes Yes
R-squared 0.986 0.995 0.981 0.979 0.983
Observations 736 1,288 1,157 2,340 1,275



Instrumental variable estimation – results are stronger (i.e. 
controls for feedback from FDI to lower incentive to automate)

Full sample Transportation equipment 

sector excluded

China included as a source 

country, but excluded as a 

destination country

(1) (2) (3)
Exports -0.00367

(0.0586)

0.0085

(0.0637)

-0.0044

(0.0586)
Robots per 1000 employees 0.2276**

(0.1239)

0.6546***

(0.2284)

0.2269*

(0.1243)
Robots per 1000 employees-squared -0.0793***

(0.0286)

-0.2123***

(0.0665)

-0.0778***

(0.0286)
IT stock per 1000 employees -0.0832

(0.0613)

-0.0518

(0.0707)

-0.0023

(0.0021)
Country-sector fixed effect Yes Yes Yes
Country-year fixed effect Yes Yes Yes
Observations 1275 1157 1275
(Centered) R-squared 0.983 0.981 0.983
Under identification test (Anderson canon. corr. 

LM statistic)

366.909 127.493 366.162

Weak identification test (Cragg-Donald Wald F 

statistic)

213.133 58.638 212.525

Instrumented robots per 1000 employees, robots per 1000 employees-squared; 

robots per 1000 employees in the 4 most similar countries in terms of GDP per capita,

and squared

Instruments



Instrumental variable estimation – results are stronger (i.e. 
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Nearshoring?  Not in ECA 
Dependent variable: Natural logarithm of share of FDI among a “region pair”

Full sample Europe and 

Central Asia 

only

(1) (2)

Ln (1 + Exports) 0.0082

(0.0119)

0.0189

(0.0123)

Ln (1 + Robots per 1000 employees) -0.0181

(0.0119)

-0.0444***

(0.0139)

Ln (1 + Robots per 1000 employees-

squared)

-0.0042

(0.0028)

0.0005

(0.0033)

Country-sector fixed effect Yes Yes

Country-year fixed effect Yes Yes

R-squared 0.866 0.883

Observations 2,021
1,741



Computer, electronics and optical 
equipment

Pharmaceutical products

Furniture; manufacturing n.e.c.

Textiles, wearing apparel and 
leather products
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TRANSACTIONAL INFORMATIONAL OPERATIONAL

Matching supply and 
demand

Computing and 
storage

Replace labor

Cloud computing

Big data analytics

Machine learning

Platforms

Blockchain

Smart robots

3D printing

Drones

Digital technology is not monolithic… 

Technology category

Source of 
efficiency gains

Types of technologies

Source: Europe 4.0 Team



…which matters for Europe to attain its Triple Objective

Transactional Informational Operational

Europe’s competitive 
position

Impact on market 
inclusion

Impact on geographic 
convergence
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Thank you


