{J GRINS
U FOUMNDATIORN

cauo

UNIVERSITA
DEGLI STUDI
DI PADOVA

The ‘dark green’ side of economic complexity:
evidence from Italian NUTS-3 regions

Roberto Antonietti & Pietro Luzzago

2nd PRIN2022 « GEOTWIN» workshop,
Trento, 8 November 2024



UNIVERSITA
DEGLI STUDI
DI PADOVA

» Explore the direct and indirect
effects of economic complexity
on environment-related issues,
i.e. CO, emissions

 Framework: Italian NUTS-3
regions, 2015-19

 Original database linking trade,
CO, emissions, and other
(NUTS-3) regional
characteristics

* Filling a gap on EC and the
environment at the regional level

Idea & Contribution
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* Emerging literature and examples on the «dark side» of innovation and its noxious
consequences

* ICT consumption (Ragpke et al. 2010; Bettiol, 2023)

» Agriculture-related issues (Wigboldus et al. 2016; Biggi et al. 2022)

» ‘Rebound effect’ of energy-efficient tech (Herring and Roy, 2007)

» Job anxiety from tech adoption (Ragu-Nathan et al., 2008)

» Trade-induced tech change and pollution (Managi and Kumar 2016)

. Izr(l)c1:2{ne inequality across cities and regions (Lee and Rodriguez-Pose 2013; Breau et al.,

» Toxicity of nanotech (Lu et al., 2012) and patents (Biggi et al., 2022)

» Dark side of open innovation on firm performance and survival (Veer et al., 2016)
« Technology and critical raw materials (de Cunzo et al., 2023; Li et al., 2024)

» See literature review by Biggi & Giuliani, /&/, 28(1), 2021
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« Emerging literature and examples on the «dark side» of economic complexity

* Income inequality within and between EU regions (Hartman and Pinheiro,
2022; Pinheiro et al. 2022)

« Wage inequality in the US (Sbardella et al., 2017)
* Income inequality in rural vs urban Chinese regions (Zhu et al., 2020)

« EC-income inequality-environmental degradation trade-off in Spanish regions,
2002-16 (Marco et al., 2022)

* Income inequality in Italian NUTS-2 regions (Antonietti and Fanton, 2023)
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the environment

 EC = lower waste generation, higher fire increase, no impact on air pollution and deforestation
(Swart and Brinkmann, 2020, Brazilian cities)

« EC = better environmental performance (EPI) but lower air quality (Boleti et al., 2021, panel
of 88 countries, 2002-12)

« EC = higher ecological footprint and energy consumption from fossil fuels in Japan and the
US (lkram et al., 2021; Shahzad et al., 2021)

« EC = higher ecological footprint using panel data (Ahmad et al., 2021; Neagu, 2020; Rafique
et al., 2021) + China, 1965-2016 (Ylanci and Pata, 2020)

« EC =» Inverted-U link: lower CO, emissions for high levels of EC (Chu and Le, 2021)

« EC = lower CO, per capita + lower CO2 content of trade (Can & Gozgor, 2017; Lapatinas et al.,
2019; Neagu & Toedoru, 2019; Romero and Gramkow, 2020; Qayyum et al., 2021)

» Dominance of country-level analyses, no evidence for Italy, possible indirect effects
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= Analyze whether and to what extent higher EC in a region corresponds to:

= Higher/lower CO, emissions at home: same region and neighbouring regions
= Higher/lower consumption of energy at home: same region and neighbouring regions

= Higher/lower import of CO, from foreign countries, and distinguishing

low vs high environmental performance countries

ecological reserve vs ecological deficit countries

quantity effect through higher imports

quality effect through higher imported Co2 emissions per unit of import
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» |ISTAT Coeweb = import and export by 103 Italian NUTS-3 regions, ATECO 3-
digit sector, and country of destination: 2015-2019

= CO, emissions produced and imported: EC/JRC-EDGAR 2023 (v8.0) + OECD
Trade in Embodied CO, database

» Energy use (GW/h): Terna s.p.a. - «Consumi provinciali»

= Other variables: ASTI, Istat, InfoCamere, OECD-REGPAT
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» Baseline model (OLS with het.-robust s.e.):

Vi2019 = Bo + P1ECIiz015 + X i20158x + Ur + €i2019

CO, production and energy use:

log(CO,/GDP) — total, manufacturing

log(energy use/GDP) — tot, industry

Imports:

log(import/GDP) — total, by group of countries
CO, imports:

log(import CO, /GDP) — total, by group of
countries (EPI, reserve/deficit)

log(CO, imported/CO, produced) — total, by group
of countries (EPI, reserve/deficit)

X =

log(POP/km?2) — population density

log(% manufacturing value added)

log(tot active firms)

log(urban)

log(HK)

log(tot patents)

Green RTA (dummy) — green specialization
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Focus 1: ECI
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Economic complexity approach
(Hausmann-Hidalgo 2009):

Revealed Comparative Advantage
(RCA) = RCA matrix

Diversity = nr of products where
region i has a RCA>1

Ubiquity =» nr regions with RCA in
product j >1

Method of eigenvalue to extract one
single score for each NUTS-3 region

Standardization

Average ECI in italian NUTS 3 regions
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+ EDGAR (Emissions Database for Global Atmospheric Research) v. 8 by EC-JRC:
https://edgar.jrc.ec.europa.eu/dataset _ghg80

« Data on tons of sector-specific total CO, emissions from fossil fuels, longitude, and latitude at country level
in 2015-19 =» Crippa et al. (2023a,b) algorithm that uses updated spatial information to disaggregate GHG
emissions at grid cell level https://data.jrc.ec.europa.eu/dataset/b54d8149-2864-4fb9-96b9-51d3a020c224

. Iaongitud)e and latitude are associated with the left bottom corner of each grid cell (squares of 0.1x0.1
egrees

* Using NUTS-3 regions shapefiles from EUROSTAT, we allocate grid-specific CO, emissions to a region
when the geographical coordinates of the grid cell are enclosed by the coordinates of that region's
boundaries

» Cross-check with the NUTS-2 CO, emissions from EDGAR 8.0
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* From OECD Trade in Embodied CO, data, we take CO, emissions (in kilotons) that were
exported in 2015-19 to Italy by different countries and different (2-digit) sectors

* We match OECD exporting countries and sectors with ISTAT-Coeweb importing
countries and sectors = CO, imported by ltaly from each partner country

» We distribute CO, imports to NUTS-3 regions using the following weight:

import;js

welghtyjs = import

where i represents the NUTS-3 region, j is the exporting country and s represents the industry. The
numerator measures the 2015-2019 average imports of each sector in each Italian NUTS-3 region
from foreign country j, while the denominator measures the corresponding total Italian imports.
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 We use the Environmental Performance Index to cluster countries

« Based on 40 performance indicators across 11 issue categories, mean 2015-19

« The EPI ranks 180 countries on climate change performance (including GHG
emissions), environmental health, and ecosystem vitality

* Low EPI = below median Vs High EPI = above median

« Correlation with GDP per capita = Low EPI = developing countries



UNIVERSITA

DEGLI STUDI Focus 4: country clusters 2

DI PADOVA

* Difference between biocapacity per capita and ecological footprint per capita.

« An ecological deficit occurs when the footprint of a population exceeds the
biocapacity of the area available to that population.

» Average for each country for the years between 2015 and 2019

« Ecological reserve —>score>0 Vs Ecological deficit > score<0
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(1 2 3) 4) Q)
VARIABLES  log(CO,/GDP)  log(CO,/GDP)  log(CO,/GDP)  |log(ENERGY/  log(ENERGY/
TOTAL MAN COMB MAN GDP) TOT GDP) IND
ECI -0.225%%* -0.530%** -0.422%** -0.168*** -0.400%**
(0.0839) (0.182) (0.153) (0.0319) (0.0578)
ECI? 0.0173 0.0366 0.0311 0.0417%** 0.102***
(0.0307) (0.0654) (0.0666) (0.0121) /(5.0195)
Controls v v v v min = 2 a
NUTS-2 FE v v v v v
Num. Obs. 103 103 103 103 103
R2 0.534 0.404 0.468 0.631 0.732
VIF <4 <4 <4 <4 <4
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(1) (2) 3) 4) (5) (6) (7 (3)
VARIABLES  log(IMP- log(IMP/PROD)  log(IMPHIEREPIT  Jog(IMPLOVEPT  Jog(IMPLOVEP /  Jog(IMPReS/IMP)  log(IMPP/IMP) log(IMPPe!/
CO,/GDP) MP) MP) IMPHightPT) IMPRes)

ECI -0.514%** -0.290%** -0.119*** 0.307%** 0.426%** -0.599%** 0.153%** 0.752***
(0.0796) (0.117) (0.0318) (0.0828) (0.107) (0.159) (0.0428) (0.193)
ECI? 0.113*** 0.0956**
(0.0240) (0.0372)
Min 2.27 1.51
Controls v v v v v v v v
NUTS-2 FE v v v v v v v v
N. obs. 103 103 103 103 103 103 103 103

R? 0.781 0.808 0.363 0.445 0.431 0.374 0.500 0.409
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(1) (2) 3) 4) (%) (6) (7)
VARIABLES log(IMP) log(IMP/GDP)  log(IMP/POP) | log(IMPHighEPl/  ]og(IMPLOWEP/G  log(IMPReseve/G  log(IMPPeficit/GD
GDP) DP) DP) P)
ECI -0.571%** -0.513%** -0.510%** -0.343%** -0.505%** -0.804 % -0.269%**
(0.0937) (0.0851) (0.0893) (0.0964) (0.0909) (0.1309) (0.0942)
ECI? 0.143%** 0.157%** 0.147%** 0.056** 0.160%** 0.164%** 0.041%*
(0.0282) (0.0255) (0.0262) (0.0251) (0.0383) (0.0432) (0.0234)
Min 2.0 1.7 1.74 3.07 1.57 2.45 3.28
Controls 4 v v v v v v
NUTS-2 FE 4 v v v v v v
Num. Obs. 103 103 103 103 103 103 103
R? 0.869 0.719 0.786 0.689 0.730 0.595 0.740
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Ateco sectors at the 3-digits level ordered by respective PEII

» Product Emission Intensity Index (Romero-
Gramkow 2020, inspired by Hausmann et al., 2007) ™

=D Vimama
g T2 e

Links emissions to a product/sector computing a
weighted average of total CO,/GDP of each NUTS-3
region that has a RCA in that specific product/sector.

1
* PEIll; = N_SZT M ss,sEL

M, : Element of RCA matrix
El. : Emission intensity of NUTS-3 region rin 2019
s.s . Share of region’s r exports of product s

Ng =), M,¢s,¢ : Normalization factor

T3 w3 w3 oy 4
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Positive correlation between PEIl and PCI = products with a higher complexity usually require a
higher emission intensity

Ateco Description PEI PCI Ateco Description PEI PCI

Products derived from petroleum 2 275 Household appliances 016 -134
192 : 1 361 PP
Lot L - Metal forming machines and other ;1. 57
262 Computers and penpheral units 086  0.03 machme tools ' N
agy  Dasic chemicals, fertilizers and nitrogen -5 097 257 Cutlery, tools and hardware items 016 -033
compounds, _ - Tamned and processed leather; travel
103 Products of the dairy industri 067 067 5 goods, handbags, :
DENach: i the charty = J =l leather goods and saddlery; prepared oL b
303 Aircraft spacecraft and related devices 065 1.69 and dyed furs
S L S e T 313 Sporting goods 0.13  -0.63
- emet, ane Sypem o ) Irradiation instruments, electromedical z
166 FYA T e : 010 -0.52
211 Basic pharmaceutical products 058 011 AP QU IEH
233 Earthen construction materials 005  -130
1M Other porcelam and ceramic products 057 0.08 : =
e v e : 131 Textile fiber yams 0007 -1.77
grochemicals and other agricultural - -
i chemicals i | W Tobacco 0004 071
191 Coke oven products 034 335 132 Textiles 0 -1.44
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« Data

» Inter-regional trade matrix from World Input Output Database (WIOD)
2014

 NUTS-3 employment weights: source Istat-ASIA-UL

« Creation of spatial weights matrices
« Distance/contiguity W matrix
* Inter-regional trade matrix (IR10)

« Spatial Durbin Model (robust s.e.)
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IRIO trade matrix 2
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(D (2) 3) 4)
VARIABLES log(CO,/GDP) TOT log(ENERGY/GDP) 1log(ENERGY/GDP) IND log(IMP-CO,/GDP)
TOT
Direct
ECI -0.253%** -0.124%** -0.250%** -0.247%**
(0.0705) (0.0322) (0.0717) (0.0919)
ECIZ 0.006 0.051 *** 0.115%** 0.107**
(0.0293) (0.0151) (0.0339) (0.0420)
Indirect
ECI 0.022 0.435% 1.252%* 1.645%%**
(0.2911) (0.2392) (0.5837) (0.6018)
ECIZ -0.007 0.147 0.238 0.137

(0.1231) (0.1055) (0.2493) (0.2506)
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Regions with higher levels of EC are those with lower CO, emissions and energy
use at home

Non-linear effects: the (few) top EC regions show increasing energy use and
imports per GDP, especially from low-EPI countries

CO, import-biased EC

- greater product sophistication associated with a higher share of CO, imported from developing, low-
performing countries as compared to more developed, high- performlng ones

. 'dre]rc\dency to increase the share of CO, imported from countries that are already showing an ecological
eficit

* This is not due to increased imports per se but to the type of products imported (high-emission
products)

Indirect cost of EC =» Social cost claiming for compensation?
« trade-induced pollution?
 spillover-induced pollution?
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e Mean ECI 2015-19 v

_ * Instrumental variable regressions
» Dependent variables computed as

means over 2015-19 v/

» CO, content of products imported

» CO, emissions produced from the from low environmental

European Pollutant Release and performance countries
Transfer Register (E-PRTR) v/
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