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Technology diffusion and climate policy

Diffusion of low-emission technology key in climate policy:
"Parties, noting the importance of technology for the implementation of
mitigation and adaptation actions under this Agreement and recognizing
existing technology deployment and dissemination efforts, shall
strengthen cooperative action on technology development and transfer."
(The Paris Agreement, Article 10.2)
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Source: IEA Renewables 2017
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Technology diffusion and climate policy

Previous work on the diffusion of renewables:
- adoption analyses
(Popp et al., 2011; Pfeiffer andMulder, 2013; Polzin et al., 2015)
- patent data
(Dechezleprêtre &Glachant, 2014; Verdolini & Bosetti, 2017)
- data from the Clean DevelopmentMechanism
(Dechezleprêtre et al., 2008; Dinar et al., 2011; Lema & Lema, 2013)

Here: Diffusion can involve network effects
(Hidalgo et al., 2007; Chaney, 2014)
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Project GREEN-WIN:
how to accelerate the diffusion of green technology

What are the structural properties of the network?

What explains the formation of network links?
Estimate the determinants of the existence of a vintage of wind
technology in a country at time t.

Halleck Vega, S. andMandel, A., 2018.
Technology diffusion and climate policy: a network approach and its
application to wind energy. Ecological Economics 145, 461-471.
Halleck Vega, S., Mandel, A., andMillock, K., 2018.
Accelerating diffusion of climate-friendly technologies: a network
approach. Ecological Economics 152, 235-245.
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APPLICATION

Use actual data on diffusion of an important renewable energy
technology.
The "WindPower" database (1983-2016):
223wind technology diffusion cascades.
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Technology cascades

A vintage: manufacturer and turbine size

The length of cascades: 4-20 years
Analysis of extensivemargin: 94 countries have installed at least
onewind turbine
195 nodes and 34 time periods
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Challenges

Firms are the vectors of technology diffusion in this case. We
observe the presence of a particular vintage in a country.

Diffusion is affected by policy and a function of the relationship
between countries and independent of the firm.
The actual bilateral transfer is not observed.
Usemaximum likelihood to estimate the parameters that maximise
the probability to obtain the observed technology cascades.
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Method
(Gomez Rodriguez et al., 2010;Wu et al., 2013)

Epidemiological approach: diffusion process explained by country
characteristics.
Each country pair (ij) is characterized by a set of features: xi, yj, zi,jthat determine the diffusion probability.

Assume the cascades are independent, the likelihood of the set of
observed cascades is

Lα,β,γ(S) =
∏
v∈V
Pv
(α,β,γ)(X,Y,Z)
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Potential determinants of diffusion of wind energy

unilateral variables



Institutional quality
Annual windpower generation
Technological capacity (ArCO)
Renewable energy support policies
Trade facilitatingmeasures for wind energy

link variables

Geographic proximity
Economic integration agreements
International environmental agreements (Kyoto Protocol)
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Results
The structure of the technological diffusion network:

Absence of large hubs in developing countries.
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The structure of the technological diffusion network
(Halleck Vega andMandel, 2018)

Absence of large hubs of technology diffusion.
China does not appear prominently.

Apart from in Europe, connections within regional clusters are
weak.
Can showwhich country pairs a technology should be "seeded" in
to speed up technology diffusion.
Comparison with CDMdata:
Actual diffusion is more evenly spread (not only China, India, or
Brazil).
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Results
Dyadic variables:

Geographic proximity is not important.

A deeper level of trade integration increases the probability of
technology transfer.
Higher diffusion probability if one country ratified the Kyoto
Protocol, compared to if both did so.

Source and target country variables:
Direct support policy for RE in the source country has a positive
impact on technology diffusion.
No effect of indirect tariff reductions in the target country.
Technological capability: strong impact from a source country
perspective.
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Conclusions & policy implications

This research proposes to bridge the technology diffusion and the
network formation literatures.

Shows the important role of link characteristics for the diffusion of
wind technology, in particular economic integration agreements.
Smaller role of unilateral environmental support policy on the
extensivemargin.
Technology diffusion a key element in climate clubs.
(Nordhaus, 2015; Keohane and Victor, 2016)
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Other applications
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Thank you!
email: millock@univ-paris1.fr
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Method
(Gomez Rodriguez et al., 2010;Wu et al., 2013)

ai,j = P(α,β,γ)(xi, yj, zi,j) :=
1

1+ e−(α·xi+β·yj+γ·z(i,j))

The diffusion of technology is captured by a ‘cascade" , i.e., a series
of dates (t1, · · · , tN)where ti is the date at which the technological vintage was adoptedin country i.
Such a cascade can also be represented by a binarymatrix of
adoption status Sv ∈ {0,1}N×Twhere Sv(i, t) = 1 if the vintage v is present in country i at time t and
Sv(i, t) = 0 otherwise.
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Method

The probability for a non-adopting country j to remain non-adopting in
period t+ 1 is ∏

{i|Sv(i,t)=1}
(1− P(α,β,γ)(xti , ytj , zti,j))

The probability that the country adopts is
1− ∏

{i|Sv(i,t)=1}
(1− P(α,β,γ)(xti , ytj , zti,j))
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Method
The probability of the transition from the adoption vector Sv(·, t) to theadoption vector Sv(·, t+ 1) is given by:∏
{j|Sv(j,t+1)=0}

∏
{i|Sv(i,t)=1}

(1− P(α,β,γ)(xti , ytj , zti,j))×

∏
{j|Sv(j,t+1)=1}

1− ∏
{i|Sv(i,t)=1}

(1− P(α,β,γ)(xti , ytj , zti,j))

 (1)

The likelihood of cascade Sv is:

Pv
(α,β,γ)(X,Y,Z) =

T−1∏
t=0

∏
{j|Sv(j,t+1)=0}

∏
{i|Sv(i,t)=1}

(1− P(α,β,γ)(xti , ytj , zti,j))×

T−1∏
t=0

∏
{j|Sv(j,t+1)=1}

1− ∏
{i|Sv(i,t)=1}

(1− P(α,β,γ)(xti , ytj , zti,j))

 (2)
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Method

Assume the cascades are independent, the likelihood of the set of
observed cascades is

Lα,β,γ(S) =
∏
v∈V
Pv
(α,β,γ)(X,Y,Z)

Convex programming problem solved using the algorithmNETRATE
(Gomez-Rodriguez et al., 2010, 2011)
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Results
Maximum likelihood estimations (N = 195, T = 34)

Link variables: Effect Significant?
Geographical proximity +
Economic Integration Agreements + YES
Kyoto ratification - YES
Unilateral variables:
Rule of law (target country) + YES
Wind generation (source country) + YES
ArCo (source country) + YES
ArCo (target country) -
RE direct policy (source country) + YES
RE direct policy (target country) -
RE tariff exemptions wind (target country) +

Geographical distance not an obstacle for wind technology diffusion.
(cf. Chaney, 2014; Ferrier et al., 2016)
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