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Issues

Analyze the role of macroeconomic performance in shaping the

evolution of air pollutants (CO2: yes, we can) in a panel of EU
countries, 1990-2005

Background
@ With development, pollution is likely to go up and then down

Common or country-specific environmental Kuznets curves are an open
issue — e.g. Kelly (JEDC, 2003), Brock & Taylor (HoEG, 2004)

@ Costs of keeping emissions below some standards would
increase with higher levels of GDP growth

— Jorgenson and Wilcoxen (REE, 1993)
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Outline

@ Report facts on the evolution of air pollution conditioning on
its initial level
— Growth rate of emissions should be viewed jointly with the initial

emissions levels (Finland vs. France, ...)
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Real GDP pc NOg pc CO3 pc SO2 pc
1090 2000 4 | 1990 2000 1990 2000 5 1990 2000
De 2181 2661 2.2 | 551 390 29 | 1106 1083 02 | 344 054 84
Sw 2079 2364 14 | 378 282  -25 636 621 02 | 124 062 -5.0
Fi 2027 2379 17 | 602 456 -24 | 1073 990 -0.8 | 521 143 -7.3
Fr 2002 2236 12 | 327 237 28 645 680 06 | 229 104 -55
Be 1988 2378 20 | [B88] 321 [0 | BN w0s B | 33 161 56
Au 1981 2368 20 | 275 234  -15 722 804 L1 | 1.04 043 -58
Ge 1956 2286 17 | 358 199 -4.4 | [IBEH] 1026 671 077 -8.8
Ne 1048 2431 25 | 38 266 -3.1 | 1414 1566 1.1 | 128 048 6.2
It 1931 2178 13 | 388 236 [B0 732 778 06 | 308 130 -58
UK 1832 2219 21 | 481 28  -40 | 1043 920  -11 | 646 199 -6.9
mpU1o | 1992 2350 1.8 | 403 201 27 987 988 01 | 344 102 65
opuio | 092 137 043 | 1.06 079 115 283 304 105 | 210 054 130
5 1448 1805 25 | 310 334 08 583 795 36 | 540 373 31
Ir 1416 2638 86 | 337 330 0.2 738 1068 45 | 531 3.46 -35
Po 1231 1592 29 | 224 248 11 448 642 43 | 231 220 -05
Gr 11.97 1461 22 | 28 304 07 802 960 20 | 48 457 -0.6
mBUia | 1801 2214 24 | 371 295  -18 880 954 L1 | 373 173 52
ocpUla | 329 357 185 | 106 069 183 295 275 196 | 195 133 254
Cze 1350 1367 01 | 525 312 40 | 1216 1049 -14 | 1815 257 86
Sle 13.05 1574 21 | 315 292 07 676 801 19 | 981 498 -4.9
Sla 1198 1141 -05 | 409 198 52 814 693 -15 | 1026 230 -7.8
Hun 060 1044 09 | 230 18  -2.0 651 548  -16 | 974 485 -5.0
Pol 660 922 40 | 336 217 -35 850 748  -13 | 842 391 -54
mpU1o | 1616 1950 21 | 369 280 21 877 905 06 | 572 225 55
oBUle | 445 560 185 | 104 060 186 274 263 199 | 422 156 2.36
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Outline

@ Report facts on the evolution of air pollution conditioning on
its initial level

@ Interpret cross-country differences in pollution within a model
of economic growth

@ Identify sources of heterogeneity (countries/pollutants) from
macroeconomic performance (DPD estimates) with
implications for theory

— More structure: delays, adoption/diffusion,...

— More variables: abatement, state of technology, regulation,...

o (Evaluate the evolution of emissions in terms of the targets
signed in 2000 for 2010)
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Key Observations

@ The ratio emissions to GDP (often) shows a descending path

@ Some countries exhibit larger reductions in air pollution
intensity than other starting in a more favorable situation

@ The macroeconomy can contribute to explaining the observed
heterogeneity across countries and pollutants
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The aggregate amount of pollution

We define the aggregate amount of pollution as
t
Z) =1 / P(s) e~ (@=/mt=9) g

—00

@ 1> 0 is the fraction of un-recycled pollutants that adds to
the stock of say Total Suspended Particulate (TSP), Z(t)

— The inverse of an abatement intensity factor: output amount 7(n)

@ 0, € (0,1) is the rate at which aggregate pollution is absorbed
by the environment

— The damage of emissions of vintage ¢ is reduced by e~ (%=/M¢
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Pollution emissions

@ Canonical model of growth with natural resource use assumes
E(s) accumulates in Z(t), rather than P(s),

— Further, E(t) = —R'(t), and extraction costs

e and then specify Y = F(A, K, N, E, A, Z)
— F is difficult; also A and A®; Z here or there
@ This paper: proposes a short-run version of Stokey (1998)
where P = G(K, Z)

Extra carbon in atmosphere has an output cost rather than a
productivity cost (again, two countries, same productive
capital, different emissions vs 7(n);

and a bit of measurement). More below
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. 5 ¢
)= B0 (20) ). 0<o<
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Pollution emissions are a function of aggregate output in
efficiency units y(t) = AoF [k(t)] adjusted by a factor of dirtiness

_ 2 ¢
= B(t) @2) y(t), 0<¢<1

Therefore, p(t) = G [k(t), z(t)]

p(t

~—
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Pollution emissions

Pollution emissions are a function of aggregate output in
efficiency units y(t) = AoF [k(t)] adjusted by a factor of dirtiness

2 Z(ﬂ)“5
t)y=B({)| —= ] y(), 0<op<1
pto) = B) (1) o
Therefore, p(t) = G [k(t), z(t)]
@ p(t) is a side-product, not a choice variable in the short-run
@ p(t) is a reduced-form, e.g. for the state of energy efficiency

[cf. Diaz & Puch (RED, 04), Boucekkine, Diaz & Puch (stand by, 08)]
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Pollution emissions

Pollution emissions are a function of aggregate output in
efficiency units y(t) = AoF [k(t)] adjusted by a factor of dirtiness

N
p(t) = B(1) (yg) y(), <<l

Therefore, p(t) = G [k(t), z(t)]
@ p(t) is a side-product, not a choice variable in the short-run
@ p(t) is a reduced-form, e.g. for the state of energy efficiency

[cf. Diaz & Puch (RED, 04), Boucekkine, Diaz & Puch (stand by, 08)]

@ p(t) may still fall as a consequence of technology
improvements in emission process, B(t) = Bpe %, 2, > 0
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Household preferences

@ Represented by an instantaneous CRRA utility function

vy (7 \1—v\1-o
U(C.2) = (C"h(Z)tv) 7 =1

)

1—0
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Household preferences

@ Represented by an instantaneous CRRA utility function

vy (7\1—v\1—o
U(C.2) = (C"h(Z)v) 7 =1

)

1—0

e C is consumption

e h(Z(t)) is an indicator of the state of health that relates with
the aggregate amount of pollution, Z(t), with b’ < 0

@ Separable case: identification of structural parameters from
the coeff. characterizing the local dynamics
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OG with pollution
Baseline Model

The competitive equilibrium for an optimal growth economy with
pollution can be derived from the solution to the following problem

o /0 T e [, h (Z()] N dt

subject to
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The competitive equilibrium for an optimal growth economy with
pollution can be derived from the solution to the following problem

o /0 T e [, h (Z()] N dt

subject to

and
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OG with pollution
Baseline Model

The competitive equilibrium for an optimal growth economy with
pollution can be derived from the solution to the following problem

o /0 T e [, h (Z()] N dt

subject to

K(t) = <Y (1) = (6 +n)K(t) = C(t) < =in)

and

Z(t) = nP(t) - 5.2(1),

given K(0) = Ko, Z(0) = Zy and with discount factor p > n
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Optimality Conditions

If we restrict to F'[k] = Agk® and G [z, k] = Bz?k?, with
0=a(l—¢),and

vy (71— 1—o
UC,z) = (C"h(2)™) _1, 0>0, velo1]

l—0

_ % (onk“ —lp+o+a6]-(1-0)(1-v)e <"5+"+ i))

= §Aoka_l—%—[5+n+x],

= nB? k09 (5, + 2+ n),

ISR S =l = L I I

withd=1-v(l —0) and B = Boe—wbtA(()l—¢)
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Balanced Growth Path

A steady state is defined by ¢(t) = k(t) = 0, so that ks and ¢, are
given by

cady 1/1-«
<[P+5+$5]+(1—0)(1—V)€(fﬁ+n—fvb/(1—¢))> ’

cs = GAkY — (0+n+x)ks.

ks =

Assuming decreasing B, then 2(t) = z(t) e(@/(1=%)) is constant
along the BGP

. ( Bon )1/(1¢) o
s b +x+n—x/(1—¢) 87
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(BGP cont.) so that the per capita pollution-output ratio
decreases at x/(1 — ¢) and is given by

P(t)/Y(t) = BIBS/(1—¢)ef(xb/(lf¢))t’

o/(1-¢)

where By = ((5Z+1’+n—xb/(1—¢)
Further, the degree of dirtiness along the bgp of the pollution

technology is given by,

6 6/(1-9) o
Zs _ Bn B(0—a(1=9))
(y) :A¢(5+m+n) (ko) 078

The pollution/output ratio along the bgp is constant and equal to:

—alld)— Bn ¢/(1=8)  (-a(e)
— BA0—a(l—9)—¢) Sl S a-e
Ps/Ys A (ks) ,
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Empirical Implications
local to steady state

The empirical model is derived from log-linear approximation around the steady
state. For the separable case:

( log k (t) — log ks ) _ ( e Pt 0 > ( log k (0) — log ks )
log Z (t) — log Zs Bl_&ﬁ (efﬂut ) log z (0) — log Zs
together with the definition of the technologies, imply

logy(t) — log ys

(logy(0) —logys) e ?* and

logp(1) ~logp, = (logp(0) ~logp)e *=* + X (logy(0) — logys) (e — ¢~ %+*)
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Consequently,

log (1) —log5(0) = (log5(0) — log s — A (logy (0) —logy.)) (¢ — 1)
+ A(logy (t) — logy (0))

where A is a nightmare, but jointly with .. may allow for identification of ¢
and 4,
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The emissions growth equation (in discrete time, the unit of time is a year):
GPi = a(l=N =a/(1=9)+ [(1=e ") /T] (5. = Ap.)

- [(1 - e—ﬁuT) /T] log Pt + A {(1 - e—ﬁuT) /T] log Yi,o—7 + AGY 1,
where GP; ¢ = +log(P;/Pit-r) and GY; 1 = 7 log(Yi/Yie-1)

@ Where

_ _ sz ?
/\7((1 ¢)+ﬁu—ﬁa)'

@ The model imposes restrictions between the coefficients of the regressors
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Empirical Model

The competitive equilibrium of the model economy can be
rewritten as

GPi=a—BlogP 7+dlogYi 17+ oGY; 1+ €y

where § = Sy

o Cross section regression: T is sample length
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The competitive equilibrium of the model economy can be
rewritten as

GPi=a—BlogP 7+dlogYi 17+ oGY; 1+ €y

where § = Sy

o Cross section regression: T is sample length

e Controlling for Py and Yy, as well as average macroeconomic
performance
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Empirical Model

The competitive equilibrium of the model economy can be
rewritten as

GPi=a—BlogP 7+dlogYi 17+ oGY; 1+ €y

where § = Sy

o Cross section regression: T is sample length

e Controlling for Py and Yy, as well as average macroeconomic
performance
e Then, analysis of residuals: growing clean or dirty
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Figure 2.2: Relative Growth of per capita CO2 emissiens (1990-2000), observed rate and adjusted values for initial
conditions and economic performance
(A positive value shows a bad data and a negative level a good ane)
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Dynamic Panel Data

@ The following DPD model is implied:

log Py =a; +m +Alog Piy—1 4+ 0logYi i1+ oGYit + iy

/\Ivarez, Marrero & Puch Air Pollution and the Macroeconomy



Motivation & Preliminary Evidence
Outline Theory
Findings

Dynamic Panel Data
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@ The following DPD model is implied:
log Pt =a; +m +Alog Piy—1+6logYii—1 + oGYit + iy

e associated A = —3 + 1 accounts for conditional convergence

e parameter constraint § = B¢ is not being imposed

@ Regressors are endogenous : needed valid instruments in a
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Dynamic Panel Data

@ The following DPD model is implied:
log Pt =a; +m +Alog Piy—1+6logYii—1 + oGYit + iy

e associated A = —3 + 1 accounts for conditional convergence

e parameter constraint § = B¢ is not being imposed

@ Regressors are endogenous : needed valid instruments in a
system (persistence)-GMM approach

moment conditions under GMM estimates robustly supported
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DPD estimations
Unrestricted, with fixed effects

@ mild conditional convergence in CO2

OLS-POOL WG-Fixed Effects GMM-SYS
coef p-val coef p-val coef p-val
CO2 - EU24
Lag of emissions 0.972 0.000 0.822 0.000 0.904 0.000
Associated 3 0.028 0.178 0.096
GDP growth 0.756 0.000 0.501 0.000 0.609 0.000
Lag of GDP 0.036 0.000 0.071 0.040 0.050 0.006
Check § = B X ¢ 0.021 0.089 0.058
Haussman-test - 33.39 0.000 - |
ml-test - - -3.814 0.000
m2-test - - -0.085 0.932

Pit = o + Mt + AP t—1 +0Yit—1 + P9Yi,t + Vit
Robust Standard Errors
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DPD estimations
Unrestricted, with fixed effects

@ mild conditional convergence in CO2

@ GDP growth positively affect the level of emissions, GDP level does
not (EKC rejected; convergence interacts with activity)

OLS-POOL WG-Fixed Effects GMM-SYS
coef p-val coef p-val coef p-val
CO2 - EU24
Lag of emissions 0.972 0.000 0.822 0.000 0.904 0.000
Associated 3 0.028 0.178 0.096
GDP growth 0.756 0.000 0.501 0.000 0.609 0.000
Lag of GDP 0.036 0.000 0.071 0.040 0.050 0.006
Check § = B X ¢ 0.021 0.089 0.058
Haussman-test - 33.39 0.000 - |
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Robust Standard Errors
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DPD estimations
Unrestricted, with fixed effects

@ SO2 shows no evidence of convergence << NO2 < CO2

S02 NO2 CO2
coef p-val coef p-val coef p-val
GMM - SYS
Lag of emissions 0.999 0.000 0.910 0.000 0.904 0.000
Associated 3 0.001 0.090 0.096
GDP growth 0.222 0.426 0.816 0.000 0.609 0.000
Lag of GDP 0.002 0.898 0.024 0.277 0.050 0.006
Check § = B X ¢ 0.000 0.074 0.058
ml-test -3.833 0.000 -3.502 0.000 -3.814 0.000
m2-test 0.554 0.569 -1.799 0.072 -0.085 0.932

Pit = o + Mt + Apit—1 + 0Yi,t—1 + PgYi,t + Vit
Robust Standard Errors
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DPD estimations
Unrestricted, with fixed effects

@ SO2 shows no evidence of convergence << NO2 < CO2
@ GDP growth counts more for NO2

@ GDP level is not significant

S02 NO2 CO2
coef p-val coef p-val coef p-val
GMM - SYS
Lag of emissions 0.999 0.000 0.910 0.000 0.904 0.000
Associated 8 0.001 0.090 0.096
GDP growth 0.222 0.426 0.816 0.000 0.609 0.000
Lag of GDP 0.002 0.898 0.024 0.277 0.050 0.006
Check § = B X ¢ 0.000 0.074 0.058
ml-test -3.833 0.000 -3.502 0.000 -3.814 0.000
m2-test 0.554 0.569 -1.799 0.072 -0.085 0.932

Pit = o + Mt + Apit—1 + 0Yi,t—1 + PgYi,t + Vit
Robust Standard Errors
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DPD estimations
Energy variables

S02 NO2 CO2
coef p-val coef p-val coef p-val
GMM - SYS
Lag of emissions 1.001 0.000 0.935 0.000 0.986 0.000
Associated (3 -0.001 0.065 0.014
GDP growth -0.286 0.132 0.147 0.075 0.022 0.677
Lag of GDP -0.058 0.050 0.005 0.687 0.004 0.528
Check § = B X ¢ 0.000 0.010 0.000
Energy growth 1.207 0.000 0.757 0.000 0.956 0.000
Lag of Energy 0.076 0.160 -0.007 0.761 0.002 0.869
Change mix oil -0.851 0.321 0.399 0.202 -0.379 0.038
Change mix gas -3.093 0.010 -0.092 0.750 -0.366 0.052
Change mix nuclear -2.220 0.008 -0.780 0.001 -1.150 0.000
Change mix renewable -2.556 0.008 -0.150 0.615 -1.218 0.000

Pit = 0 + Mt + Apit—1 + 0Yit—1 + @gyi,e + 01ei 11 + 02ge; ¢ + ZJJ=1 Himgi e+ Vit
White Heteroskedasticity-Consistent Standard Errors and Covariance
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DPD estimations
Energy variables, different regions

CO2 - EU10 CO2 - EU15 CO2 - EU24
coef p-val coef p-val coef p-val
GMM - SYS
Lag of emissions 1.007 0.000 0.997 0.000 0.986 0.000
Associated 3 -0.007 0.003 0.014
GDP growth 0.207 0.002 0.127 0.018 0.022 0.677
Lag of GDP 0.005 0.294 0.008 0.056 0.004 0.528
Check 6 = B8 X ¢ -0.001 0.000 0.000
Energy growth 0.836 0.000 0.842 0.000 0.956 0.000
Lag of Energy -0.010 0.172 -0.007 0.379 0.002 0.869
Change mix oil -1.745 0.000 0.899 0.015 -0.379 0.038
Change mix gas -0.859 0.000 -0.450 0.038 -0.366 0.052
Change mix nuclear -1.914 0.000 -1.638 0.000 -1.150 0.000
Change mix renewable -1.769 0.000 -1.696 0.000 -1.218 0.000

Pijt = + Mt + APit—1 +0Yit—1 + P9yt + 01e5 -1 + O2ge; ¢ + 23]:1 Himji ot + Vit
White Heteroskedasticity-Consistent Standard Errors and Covariance

/\Ivarez, Marrero & Puch ir Pollution and the Macroeconomy



Motivation & Preliminary Evidence
Outline Theory
Findings

Concluding Remarks

@ The evolution of emissions in the short-run is determined by
initial levels (as a proxy for the state of the pollution
technology)

— once energy patterns: i) in NO2 remains, ii) in CO2 comes
from Eastern
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Concluding Remarks

@ The evolution of emissions in the short-run is determined by
initial levels (as a proxy for the state of the pollution
technology)

— once energy patterns: i) in NO2 remains, ii) in CO2 comes
from Eastern

@ Under vigorous economic growth a slowdown in the reduction
of emissions can be expected only in NO2
— it is energy, not GDP

@ Emissions of some pollutants corrected by macroeconomic
performance shows mild compatibility with (descending
branch of) EKC

@ There is evidence of region-specific (descending branches of)
EKCs (to be interpreted as adoption of abatement
technologies and its diffusion) and the role of regulation (SO2)
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