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M otivation

m Technological advancements play a crucial
ameliorating role in managing the long-standing
problems of climate change, energy security,
and local environment

m A changein relative factor pricesstimulates
Inventions directed at saving the factors (that
have becomerelatively expensive) (Hayami and
Ruttan, 1971, and Jaffe et al., 2003).

m Energy tax spur Technological Change (TC)
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Objectives

m | dentification of Exogenous and Energy Price
Induced TC

m Find how thechangesin energy pricesare
related to induced innovationsthat are not
only energy saving, but also emission reducing.
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Background

m Popp (2002, AER) findsthe effect of energy
priceson US patent over 1970 to 1994.

m Newdl et al. (1999, QJE) find energy prices
are positively associated with the energy
efficiency of electrical appliancesin USusing a
product-char acteristics framework.
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Our Modd:
Directional Distance Function

m Thedirectional function isa particular
I epresentation of a multi-output, multi-input

production technology and it ssmultaneoudly seeks
to expand output and contract inputs.

m Thedirectional distance function and profit
function are dual to each other
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I nputs

TFP Change =
Efficiency Chg* Technological Chg 6
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Estimation

D(x,y,b;g)=max{g:(y+ Blg,.b-Llg,)0P(x).
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Data

m Conventional Output and Inputs: GDP, Labor,
Capital and Energy Consumption

m Environmental Bads: CO2 and SO2

m Longterm Energy Price: 3-year moving aver age of
past energy prices

m 1971-2000, 80 countries
m Data Source: SO2 from Stern (2005)
CO2from World Development Indicators

GDP per capita (measured in real PPP-adjusted
dollars) isfrom the Penn World Table6.1. Othersare
from Extended Penn World Table
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Main Results

m Developed countries experienced higher exogenous
TC in comparison with developing countries and
the gap between the two groups has increased.

m On average, an absence of energy price-induced
TC.

m Both groups of countries observed substantial
energy price-induced TC when long-term oll prices
wererising.

m Thegrowth rateismorevolatilein developed
countriesthan in developing countries.



"
Main Results

m Thedirection of TC was GDP-increasing and

emissions-reducing in the 1970s in the devel oped
countrieswhen olil priceswererising.

m However, thedirection was both GDP- and

emissions-increasing during the 1980s and the
1990s.
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Estimation Result

= |nefficiency; 0.08

m Thepotentialsare 11.5% (developed
countries) & 5.5% (developing countries).

m Total factor productivity hasincreased by
about 0.26% per year
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Output Blases T echnological Change

m Exogenous: GDP saving and emission-
Increasing technological progress

m |nduced: In favor of emissions but against
GDP.
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" .
Output Blases T echnological Change

m Developed countries: GDP and emissions-
Increasing
- But, in the 1970s. GDP increasing and
emissions-saving
- USA, Japan: emissions-saving
(high induced effect)

m Developing countries. GDP-saving and
emission-increasing
- India: emissions-saving when oil pricerises
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| nput Blases T echnological Change

m Theworld observed input-increasing TC

m USA: In favor of labor and capital and against
energy consumption. The magnitudeof ITC

bias against energy consumption was higher
than ETC bias.

m Japan:
- ITC wasenergy saving, but ETC was energy
INncreasing
- Thedirection of | TC waslabor and capital

using, but thedirection of ETC waslabor and
capital saving from 1982 to 1999.

14



| nput Blases T echnological Change

m India

- ITC: labor and capital saving and ener gy
using.

- ETC: labor and capital saving and energy
using during 1971 to 1988,

- but it was all inputs (capital, labor and energy)
saving from 1989 to 1999.
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Annual Change
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Exogenous and Induced Technological Change
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|
Conc‘us ons

m Thisstudy finds how the changesin energy
pricesarerelated to induced innovations that

are not only energy saving but also measure
the impact on emissions.

m Wefind substantial energy price-induced
technological progress when long-term oil
priceswererising.
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Estimation
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|
Conc‘us ons

Theimplications of the output biasfor carbon
taxation debate

m Energy pricesinduce TC that internalizesthe
externalities. The output biasleadsto TC
biased in favor of emissions and against GDP.

m TC isGDP-saving and emission-augmenting in
developing countries.

m Theseresultsimply that developing countries
areinsenstiveto increasing energy prices.
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Luenberger Productivity Indicators

EC:(b—a)—Ef —d)

TC =0.5((f —€)+(c—b)) =0.5(((f —k) +(k—e€))+((c—])+(] —b)))
or

TC=05((f -k)+(c—]))+05(k-¢e)+(]—b)) =ETC+ITC
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Becomposmon of Price Induced

Innovation

Labor

Energy
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Estimation
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Fechnological Ch ogical Changes
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A nnual Change
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