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Abstract

Promoting investment in low carbon “clean” sectors has gained popularity over the last years
under the heading of sustainable finance, at the same time raising concerns about adverse welfare
effects of such policies. We analyze the economic impact of subsidizing investment in “clean”
industries in a stylized two-sector small open economy model. Such a reform increases gross
wages, but reduces national income due to the distortion of capital. At given national emissions
cap, worldwide emissions rise because imports of the high-carbon good will increase. When
adapting the emissions cap, the environmental policy becomes laxer if it is dominated by income
effects or by mitigating losses arising from the distortion of the allocation of capital. At the same
time, the shrinking high carbon sector reduces income gains from a higher cap and thus works
toward a stricter policy. Results are similar if capital in “dirty” industries is taxed. Though
sustainable finance policies do seem wasteful, we provide a rationalization in a setting with
irreversible investment, where a “green” government” uses such a policy to induce stricter
environmental measures after a possible switch to a “conservative” government.
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1. Introduction

Promoting investment in low carbon “clean” sectors has gained popularity over the
last years under the heading of sustainable finance, at the same time raising con-
cerns about adverse welfare effects of such policies. This policy can be seen as part
of a strategy to combat climate change, where carbon dioxide and other greenhouse
gases are held responsible to accelerate global warming. In several countries, there
are attempts to regulate financial investment in order to discriminate in favor of
“green” firms that do not use carbon intensively and against ,,dirty“ carbon-intensive
production. For example, the Norwegian oil fund already excludes investment in car-
bon-intensive industries (Norges Bank Investment Management, 2020). The Euro-
pean Union has developed a taxonomy of sustainable investment which employs
carbon-intensity of firms as a key criterion. While a first purpose of that taxonomy
clearly consists in regulating labeling of green funds, providing some orientation to
private and public investors (Schiitze et al. 2020), it is quite plausible that such a dif-
ferentiation paves the way for a differential tax treatment. A recent report (European
Banking Federation, 2019) summarizes plans and steps already undertaken at the
national level to subsidize green funds. At the same time, negative externalities of
emitting greenhouse gases are already addressed by environmental policy, for exa-
mple by setting an emissions cap. This situation raises concerns that sustainable fi-
nance policies are ineffective with respect to environmental goals, while bearing the

potential of income and welfare losses through distorting the allocation of capital.

Against this background our paper addresses the following questions. First, what are
the consequences of this policy for factor prices, sector sizes, national income and
worldwide emissions at a given national emissions cap? Second, will we have an in-
crease or a decline in overall emissions if endogeneity of the emissions cap is taken
into account? Third, can we provide an explanation why sustainable finance policies

are implemented?

We analyze a neoclassical two-sector model of a small open economy, with a clean
sector that does not use carbon, and a dirty sector. The sustainable finance policy

subsidizes capital in the clean sector, being financed by wage taxes and emission al-



lowances. We proceed in two steps: First, we consider impacts of an exogenous in-
crease of the subsidy. Second, we discuss impacts of the subsidy on the choice of the
emissions cap, which is determined so as to serve the interest of a representative

consumer.

It turns out that the subsidy to ,clean capital causes an inflow of capital and labor
into the clean sector, while the dirty sector shrinks. National income will fall since
the allocation of capital is no longer efficient. Gross wages will rise due to the higher
capital-labor ratio in the clean sector. Net wages will decline because the burden of
taxation falls on the internationally immobile factor labor. The price of an emission
allowance falls along with the productivity of carbon due to the outflow of capital
and labor from the dirty sector. Moreover, the trade pattern is affected where chan-
ges in production are mirrored abroad so as to keep consumption patterns constant.
Consequently, the sustainable finance policy meant to combat climate change by re-
ducing carbon emissions achieves the opposite because carbon emissions abroad

increase - provided that these are not limited by an emissions cap.

The impact on the political determination of the emissions cap is not obvious, as
there are counteracting forces. The decline in national income and the distortion of
the capital allocation both work toward a laxer policy - the latter because increasing
the cap reduces income losses arising from the wedge beween interest rate and mar-
ginal productivity of capital. By contrast, the reduction of the marginal output loss in
the dirty sector following a smaller emissions cap suggests cutting that cap. Conside-
ring a Cobb-Douglas example indicates that the last effect dominates when introdu-
cing a marginal subsidy. This result is likely to be turned around when further increa-
sing the subsidy because income losses and incentives to reduce them through a hig-
her emissions cap become substantial. In that event, sustainable finance yields more

emissions by inducing a laxer environmental policy.

We also analyze the alternative implementation of sustainable finance by taxing ca-
pitalin the dirty sector. The predicted outcomes stay similar to our main setting,
except for the now absent impact on gross wages. Moreover, the Cobb-Douglas spe-
cification indicates that the sustainable finance policy here now unambiguously in-

duces a laxer emissions cap.



Since these specifications do not provide a rationale why sustainable finance poli-
cies are implemented, we aim at resolving this puzzle in a framework with frictions.
In that extension, investment responds to the announcement of sustainable finance
policy, but is locked when, after a possible change in government, the emissions cap
is determined. In such an environment, a “green” government benefits from inducing
a stricter environmental policy after a possible switch to a “conservative” govern-
ment. From this perspective sustainable finance may be seen as a strategic political

instrument to achieve commitment to green policies - though in a wasteful way.

Our paper is related to several strands of the literature as follows. Many papers on
sustainable finance remain on a descriptive and empirical level, dealing with motives
of investors to hold green funds, their relative performance, and their attempts to in-
tegrate environmental criteria into corporate goals (Friede et al., 2015, Riedl and
Smeets, 2017; Dyck et al., 2019). Several contributions analyze taxes on carbon and
carbon-intensive capital in a growth context. Acemoglu et al. (2012) argue that ta-
xing carbon at a moderate pace can be useful for sustainable growth by redirecting
R&D toward clean technologies. At the same time, they stress that excessive taxation
of the exhaustible resource (carbon) will be detrimental for growth in the long run.
Analyzing a two-sector growth model, Jin et al. (2020) show that using carbon-inten-
sive capital may help to accumulate clean capital for an extended period. As key ar-
gument in favor of sustainable finance, Hong et al. (2021) claim that reducing the ca-
pital cost of sustainable firms by a subsidy enables them to engage in mitigation
spending (which identifies the sustainable firms), where the benefit of mitigation ac-
crues to the economy as a whole. By contrast, our contribution focuses on short-
term and medium-term effects working through factor mobility within and across
countries and adapting patterns of international trade, arriving at a more skeptical
view on sustainable finance policies. Our paper also bears relations to the literature
on carbon leakage (Babiker, 2005; Eichner and Pethig, 2011; Aichele and Felber-
mayer, 2015; Bohringer et al. 2017), arguing that tighter environmental regulation
within a country or a group of countries will increase carbon emissions in the rest of
the world via capital movements or changes in the pattern of international trade. In
our contribution, we emphasize similar mechanisms now applied to sustainable fi-

nance policies. We are able to identify determinants working in favor and against



higher emissions, both with and without an endogenous emissions cap. Finally, our
contribution relates to the literature on using commitment devices or specific poli-
cies so as to affect or constrain the behavior of future governments, well-known in
the area of fiscal and monetary policy (Kydland and Prescott, 1977; Alesina and Ta-
bellini, 1990).

The remainder of the paper is organized as follows. Section 2 introduces the model,
Section 3 presents the comparative static analysis of the sustainable finance policy
by subsidization of capital in the clean sector, and Section 4 deals with the impacts
on the choice of the emissions cap. Section 5 analyzes the consequences of the alter-
native approach to tax capital used in the dirty sector. Section 6 considers the ratio-
nalization of the sustainable finance policies with a sequential time structure. The

final Section 7 concludes and indicates directions for further research.

2. Setup

We analyze a two-sector small open economy, with a dirty and a clean sector. For
simplicity, the clean sector does not use or produce emissions. Technology of the

clean sector adheres to the neoclassical standard of constant returns,

X = F(Ky, Ly) (1

with Fy > 0> Fygand F, > 0 > F;.

Modeling the dirty sector, we use the framework of Oates and Schwab (1988) and
Sinn (2003) in which emissions generate output. Put differently, avoiding emissions
comes at a cost. The dirty sector is described by a constant returns to scale produc-

tion function

Y =G(Ky, Ly, Z) (2)



with positive and diminishing marginal productivities, where Y is , dirty“ output, Ky
is capital input, Ly is labor input, and Z are emissions. Factors are complements in

the sense that all cross derivatives are positive, Gx;, > 0, Ggz > 0,G; > 0.

Let the clean good X be the numeraire, where P denotes the relative price of good Y.
Capital is assumed to be internationally mobile, while labor is treated as mobile
between sectors, but immobile internationally. Firms maximize profits, taking prices

as given. Profit of a representative firm is

Iy = F(Kx,Lx) —wxLy — 7Ky 3)

in the clean sector X, and

Hy = PG(Ky, Ly, Z) - WyLY - rKy —0Z (4‘)

in the dirty sectorY.

In this expression, wy and wy denote the wage in the respective sector, r is the (net)
interest rate in the world market, and 6 is the price of an emission certificate related
to one unit of emissions. Keeping the analysis as simple as possible, we consider a
small open economy scenario in which both the output price P and the (net) real in-
terest rate r are fixed. With that specification, the wages and the price of an emission
certificate 8 are endogenous, as well as import and export. Considering a framework
of incomplete specialization, we assume that the economy under consideration al-

ways produces both goods.

Profit maximization implies that emission certificates will be used until

=P oG 5
=P (5)
Assuming that the market for certificates clears, (5) determines the certificate price
6. Perfect mobility of workers within the country ensures equalization of wages,

W=WX=WY:



oF oG

Accordingly for capital:

oF oG

T=ﬁ=Pﬁ (7)

The value of the output is maximized at going prices since the technical marginal ra-
tes of substitution are identical:

JdF 0G

W_0OL _9dL

‘r‘_a_F_a_G (8)
JdK 0K

The representative consumer maximizes utility U(C%*, CY) with respect to good de-
mands C* and CY subject to the budget constraint C* + PCY < I at given price P
and given national income I. The utility function U is homogenous with U; > 0 >
Ui, Uy > 0 > Us,.

Income of the representative consumer in terms of the clean good is
I=rK+(1—-17)wL (9)

where K and L = Ly + Ly denote capital endowment and labor force of the eco-
nomy under consideration, respectively, while 7 is the tax rate on wage income. The

consumer optimum satisfies

U,

50 = F (10)

According to a well-known result, homogenous preferences imply that the demand

functions CX(P,I) and CY(P,I) are linear in I at given P. Moreover, with linear ho-

mogeneity of U, indirect utility derived from consumption U*(I, P) = U (CX*(I, P),

cY(1, P))) can be expressed by k(P)I, where the sign of k'(P) depends on whether



the clean good is exported or imported. We also consider a version with diminishing
marginal indirect utility from income. The budget constraint of the representative
consumer implies that the value of imports equals the value of exports, where net fo-

reign capital income adds to the capacity of imports :

For simplicity, capital income from abroad is repatriated in units of the dirty good.
Moreover, consumption in the rest of the world stays constant throughout, while the
production pattern in the rest of the world is adapted such that the world market for
the clean and the dirty good clears at constant price P. When the environmental po-
licy is endogenous, the government applies the preferences of the representative
consumer to pick the emissions cap Z. Preferences of the representative consumer
are specified by W = U(C¥,CY) — V(Z), where V expresses disutility from emissi-
ons, with V' > 0and V" > 0. Accordingly, the emissions cap will be chosen by the
government such that

Vi(Z) =——= (12)

Thus, the cap is chosen such that the marginal damage by higher emissions in terms

of income, % just offsets the income gain that could be achieved by increasing
al

the cap,g—;.

3. Subsidizing ,,clean* capital

Now suppose a sustainable finance policy is implemented in which capital invested
in the clean sector is subsidized at rate o. In this section, we take the emissions cap
Z as given. Not adding further distortions, the subsidy is financed by emission certifi-
cates and taxing wages at rate 7, which is tantamount to a lump-sum tax (if positive)

or a lump-sum benefit (if negative):



aFK =twlL + 6Z 13
UaK ¥ =TW (13)

The arbitrage condition for investors becomes
r=(140)Fx = PGy (14)

Perfect mobility of labor between sectors still ensures equalization of wages accord-
ing to equation (6). Since the value of the marginal product of capital is not equali-
zed, the allocation is not efficient. Hence, some national income is lost due to distor-

tion of the capital allocation.

Regarding technical marginal rates of substitution, we now obtain

oF oG

w_ oL _ 9L

raro % )
999K OK

With fixed output price P and fixed interest rate, a higher subsidy will increase the
capital-labor ratio in the clean sector and the wage rate. Proposition 1 summarizes

the comparative static impacts on employment, output, and factor prices.

Proposition 1. Increasing the subsidy rate to capital in the clean sector a increases the
wage rate w, the capital-labor ratio in the clean sector, IL{—X, as well as capital demand
X

Ky, employment Ly and output X in the clean sector. Moreover, increasing o reduces
the price of an emission allowance 0, capital demand Ky, employment Ly and output Y

in the dirty sector.
Proof. See Appendix A.

The increase of the subsidy rate o, for example from zero to some positive level, rai-
ses the net return in the ,,clean sector X, making investment more attractive. Capi-
tal flows into that sector from abroad and/or from the dirty sector Y until net returns

are equalized again.



As a consequence of additional investment in sector X, and possibly an outflow of
capital from sector Y, a migration incentive for workers from sector Y to sector X
emerges. The inflow of capital to sector X increases the wage in that sector, while an
outflow of capital from sector Y reduces wages in sector Y. The only way to reduce
the wage differential lies in having migrating workers from sector Y to sector X. This
in turn induces some capital from sector Y to move to sector X as well. A new equilib-

rium requires identical wages and identical net returns to capital.

In the small open economy setting with internationally mobile capital, the net inte-

rest rate r ultimately remains constant. Due to the subsidy to capital in the clean sec-
IZ—X increases, being accompanied by a
X

higher gross wage w. As factor demand for both capital and labor increase in the

tor, the capital-labor ratio in the clean sector

clean sector, clean output will also rise. In the dirty sector, at given emissions cap Z,
the price of a certificate 6 falls. This happens due to the outflow of both capital and
labor from sector Y, as we assume that all factors are complements in production.
Output of the dirty sector shrinks because factor demand for capital and labor de-

clines.

Trade and welfare effects are summarized in Proposition 2. The sustainable finance
policy will reduce disposable income and - given taxation of wages - the net wage.
Moreover, aggregate worldwide emissions rise since lower domestic production of
the dirty good at unchanged emissions will to some extent be offset by higher foreign

production of the dirty good.

Proposition 2. Introducing the subsidy rate on capital in the clean sector o reduces
national income | and the net wage (1 — T)w. Net export of the clean good X — Cx and
net import of the dirty good P(Cy — Y) — r(K — Ky — Ky) increase. Worldwide emissi-
ons increase if higher foreign output of the dirty good is associated with higher emissi-

ons.

Proof. See Appendix B.

10



National income declines due to the distortion of the capital allocation. Even if the
value of domestic output increases via capital imports induced by the (increased)
subsidy to capital employed in the clean sector, its marginal product falls short of
the income that is paid to such capital. As the perfect capital market ensures that net
returns to domestic capital are unaffected by political measures, the decline of in-
come must be reflected in shrinking net wages though gross wages rise. This result
need not contradict political support for the sustainable finance policy. First, it may
happen that workers uphold a tax illusion, as understanding the positive impact on
gross wages is easier than seeing through the consequences on the tax burden. Se-
cond, it may be possible that taxes are collected in a different manner, say by taxing

a fixed factor like land, not modeled here.

Regarding emissions, the initial goal to implement a green policy backfires. While do-
mestic production of the clean good increases and domestic production of the dirty
good falls at constant emissions, the trade pattern is adapted. As worldwide con-
sumption will be associated with similar shares of the clean and the dirty good, the
clange in the domestic production pattern is mirrored abroad. Hence, clean output
abroad will decline and dirty output will increase. If the latter is accompanied by in-
creasing emissions, worldwide emissions rise. The positive impact of foreign output
of the dirty good on emissions occurs unless all countries collected as rest of the

world regulate emissions by a cap.

4. Endogenous emissions cap
In this section, we focus on impacts of the sustainable finance policy on the determi-

nation of the emissions cap. Let the representative voter care only about domestic

emissions, related to a domestic emissions goal, naively assuming that foreign emis-

11



sions are not affected by setting that cap. With fixed price and homogenous prefe-
rences, the first-order condition determining the most preferred emissions of the re-
presentative consumer Z* satisfies (12). Income can be expressed as function of the

subsidy and the emissions cap:

1(0,2) = X(Kx(0,2),Lx(0,2)) + PY(Ky(0,2),L — Lx(0,2),Z)
+1(K — Kx(0,2) — Ky(0,2)) (16)

The direction of change of the welfare maximizing cap is determined by the sign of

the cross derivative of the welfare function:

dzZ* oW 02U* 0l a1 0U* 0]
] =sgn =sgn (17)

S‘gn[da 92090 91z 900z T oI 3200

It turns out that three impacts of increasing the clean investment subsidy determine
whether the environmental policy becomes laxer by increasing the emissions cap or
stricter by tightening it. First, shrinking the dirty sector size reduces losses from
tightening the cap - which we call the structural effect, working toward a stricter po-
licy. Second, increasing the wedge between interest rate and marginal productivity
of capital in the clean sector raises income gains from increasing the cap by shrin-
king the clean sector - which we call the distortion effect, working toward a laxer cli-
mate policy. Third, an income effect arises with diminishing marginal utility of in-
come, where income losses following the distortion of the allocation of capital in-
creases welfare losses from decreasing the cap, again inducing a laxer environmen-

tal policy. Proposition 3 discusses the situation in the absence of the income effect,
a%u*

o2 =0.

which is achieved by imposing constant marginal utility of income

Proposition 3. At constant marginal utility of income, marginally raising the

sustainable finance subsidy rate a induces a decline of the most preferred emissions

12
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cap Z* ifand only if 7 < Py

, that is, if and only if the distortion

effect works stronger than the structural effect.

Proof. See Appendix C.

After increasing the clean capital subsidy o, capital and labor shift away from the
dirty sector, reducing the marginal product of emissions and hence the value of in-
creasing the emissions cap. In itself, this structural effect reduces the most preferred
emissions cap, hence implies a stricter environmental policy. A counteracting effect
arises with a positive capital subsidy in the clean sector because employment of ca-
pital in that sector then reduces national income. This happens because the margi-
nal product of capital falls short of the price that has to be paid for its use. Increa-
sing the cap would lead to lower capital input in the clean sector - as capital shifts to
the dirty sector - resulting in additional gains in national income, calling for a more
lenient environmental policy. Intuitively, the distortion effect becomes stronger with
an increasing distortion, hence with a higher preexisting level of the clean capital
subsidy . Inspection of the terms shows that even at ¢ = 0 the distortion effect
does not vanish. Hence, even in the absence of the income effect, which always
works toward a more lenient policy, an increase of the sustainable finance policy will
lead to a stricter environmental goal only if the structural effect outweighs the dis-

tortion effect.

Assuming diminishing marginal utility of income instead of linear indirect utility is
clearly more realistic. In that event, the government attaches higher value to given
additional output from a higher emissions cap after the introduction of the capital
subsidy - because the latter reduces national income. The direct effect of increasing

the subsidy onincome is

13



al [OX 0Ky 0Ky or 0Ky (18)

r
o @_r do _[1+a_r] dc 140 do

as all other terms are zero. This suggests that the income effect grows with an increa-
sing rate of subsidization o. At the same time, it remains negligible for sufficiently

small subsidy rates o since the direct impact of the subsidy on income vannishes at

the boundary o = 0, see: g—;(a =0)=0.

The example presented in Appendix D considers a Cobb-Douglas specification for
both sectors, with X = Ay (Ky)*(Ly)? and Y = Ay (Ky)Y (Ly)%Z¢. In the absence of
an income effect, it is demonstrated that the distortion effect works stronger than
the structural effect at 0 = 0 if and only if @ > 8. Hence, as theoretical prediction,
the sign of the reaction of the emissions cap to increasing the clean capital subsidy is
ambiguous, depending on parameters. For a plausible empirical assessment, note
that a represents the income share of capital in the clean sector. Capital income
shares generally lie below 0.5 - usually around 0.3. We can conclude that introducing
a suffciently small clean capital subsidy will typically be dominated by the structural
effect - which involves a declining cap, hence a stricter policy goal. As both the in-
come effect and the distortion effect grow in size with higher subsidy rate o, a plau-
sible pattern of the chosen emissions cap with growing 0 may display a decrease as
long as @ remains very small and increase at higher values of ¢. Since the distortion
effect works through capital income, it is intuitive that its weight grows with an in-
creasing capital income share in the sector that experiences the wedge between in-

terest rate and marginal product of capital.

Summarizing, it is not obvious whether the environmental policy is tightened or
loosened upon the introduction of the capital subsidy. While the income effect and
the distortion effect work toward a laxer policy, they may be dominated by the coun-

teracting structural effect if the subsidy remains sufficiently small.

14



Should the objective determining the emissions cap consider worldwide emissions

Z + 7 instead of domestic emissions, rising projected emissions abroad Z, as predic-
ted by Proposition 2, will lead to a tighter policy goal in the country under considera-
tion, though the domestic cut will typically not fully compensate for the increase ab-

road.

5. Taxing dirty capital

An alternative implementation of a sustainable finance policy lies in taxing capital
invested in the dirty sector instead of subsidizing capital in the clean sector. In this
section, we analyze the version in which the return is taxed at rate t. Accordingly, the

government budget equation (13) is replaced by

aG
W(Ly + Ly) + 0Z +tP Ky = 0 (19)
where tax rate on wages 7 will now always be negative. The arbitrage condition

becomes

r=F¢=(1-t)PGyg (20)

Obviously, income losses arise again because the allocation of capital is not efficient.
The comparative static results are collected in Proposition 4. Taxing dirty capital be-
ars some similarities to subsidizing clean capital in achieving a growing clean sector
and a shrinking dirty sector. However, there are some differences due to the techno-
logical asymmetry. In particular, the gross wage stays constant when taxing dirty ca-

pital.

15



Proposition 4. Increasing the tax rate on capital income the dirty sector t leaves the
wage rate w and the capital-labor ratio in the clean sector, IL(—)’:, constant. Capital de-
mand Ky, employment Ly and output X in the clean sector increase. Moreover, increa-
sing t reduces the capital-labor ratio IL{—: the price of an emission allowance 8, capital

demand Ky, employment Ly and outputY in the dirty sector.

Proof. See Appendix E.

Since the marginal product of capital in the clean sector stays at the level of the inte-
rest rate, the capital-labor ratio in the clean sector is not affected, which necessitates
a constant wage. The direct impact of the tax consists in driving down the net return
to capital in the dirty sector, inducing an outflow. This in turn decreases the wage in
the dirty sector, implying a migration incentive for workers to the clean sector. A new
migration equilibrium is achieved with identical wages in each sector. Since wages
ultimately stay constant, the flow of labor to the clean sector must be accompanied
by higher capital demand in the clean sector. The gross marginal product of capital
in the dirty sector has to rise until its net return is back to the world market level,
associated with a lower capital-labor ratio in the dirty sector. Due to the outflow of
capital and labor from the dirty sector, the carbon allowance price decreases. The
factor movements imply that the clean sector grows and the dirty sector shrinks in

terms of employment and output.

Trade and welfare effects are summarized in Proposition 5. The sustainable finance
policy will again reduce disposable income and - even with negative taxation of wa-
ges - the net wage. Aggregate worldwide emissions typically rise since lower domes-
tic production of the dirty good at unchanged emissions will to some extent be offset
by higher foreign production of the dirty good. If realistically the rest of the world
does not apply an emissions cap, this will generally be associated with higher emissi-
ons abroad and hence higher worldwide emissions.

16



Proposition 5. Introducing a positive tax rate on capital in the dirty sector t reduces
national income | and the net wage (1 — T)w. Net export of the clean good X — Cx and
net import of the dirty good P(Cy — Y) — (K — Ky — Ky) increase. Worldwide emissi-
ons increase if higher foreign output of the dirty good is associated with higher emissi-

ons.

Proof. See Appendix F.

Regarding the determination of the emissions cap, national income can be written as

1(t,2) = X(Kx(t,2), Lx (£, Z)) + PY (Ky (¢, 2),L — Lx(t, Z), Z)
+7(K — Ky (t,Z) — Ky(t,2)) (21)

The direction of change of the welfare maximizing cap is determined by sign of the

cross derivative of the welfare function:

[dZ*] B 2w B d%2U* al ol +6U* 021 22
I ae | = %9 azae| T %9 a1z acaz T ol azot (22)
The direct effect of increasing the subsidy onincome is

al ay 0Ky r JKy tr 0Ky

at [ 9Ky r] at [1—15 d ot 1—¢t ot (23)

as all other terms are zero. This suggests that the income effect grows with an increa-

sing tax rate t, while it vanishes at t = 0.

As in the case of the clean capital subsidy, the tax on dirty capital gives rise to a

structural effect, a distortion effect, and an income effect. The structural effect works
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in favor of a lower emissions cap since the shrinking dirty sector reduces income los-
ses from tightening the cap. At the same time, the distortion effect calls for a laxer
policy, hence a higher cap, because addtional capital income can be accrued by ex-
ploiting the difference between the marginal product of capital in the dirty sector
and the interest rate. Finally, the reduction in income due to the tax on dirty capital
may increase the marginal utility of consumption which raises the marginal cost of
tightening the emissions cap and therefore works so as to increase the cap. In the
absence of that income effect, the emissions cap increases if and only if the structu-

ral effect is dominated by the distortion effect:

Proposition 6. At constant marginal utility of income, marginally raising the
sustainable finance tax rate t induces a decline of the most preferred emissions cap Z*

if and only if the distortion effect works stronger than the structural effect, that is, if and

tr aKy «
o a0(z*) . 0 (1+t) 07 (z )]
only if o < o .

Proof. See Appendix G.

While Proposition 6 looks symmetric to Proposition 3 in our analysis of the clean ca-
pital subsidy, the evaluation differs when using the same example as in Appendix D.
Keeping that specification with X = Ay (Kx)*(Ly)? and Y = Ay (Ky)" (Ly)%Z¢, the
distortion effect always works stronger than the structural effect, see Appendix H .
The marginal effects offset each other only at t = 0. Intuitively, placing the distortion
in the dirty sector through the tax on dirty capital weakens the structural effect by
driving away capital from that sector relative to the approach of subsidizing clean

capital.

Comparing the outcomes under the two implementation strategies of sustainable fi-

nance, it seems more difficult to achieve political support for taxing dirty capital
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than for subsidizing clean capital since gross wages do not rise here. At the same
time, the budget surplus available for redistribution through lump-sum transfers
shrinks. In fact, existing plans of sustainable finance policies generally suggest using

subsidies to clean investment.

6. Sequential game: a positive theory of sustainable finance

Up to this point, a rationalization of the sustainable finance policy is missing. As any
emissions cap can be implemented without adding a sustainable finance policy, the
analysis suggests income losses without providing any environmental benefits.
Hence, leaving aside the difficult argument that workers may achieve income gains
through redistribution, and successful attempts to deceive uninformed voters by
greenwashing communication, we are unable to explain the increasing popularity of

sustainable finance policies in a rational agents framework.

The current section fills this gap by considering a sequential time structure acknow-
ledging that physical capital investment is not easily reversible. The sequential time
structure allows to rationalize the sustainable finance policy. Let there be two par-
ties - green (indexed by gr) and conservative (indexed by cons) - that are differenti-
ated with respect to their propensities to pay for reducing carbon emissions. The
green party in power determines the clean capital subsidy o. Afterwards, capital is
invested, which is irreversible. Next, election takes place, where for simplicity the
outcome is exogenous. With probability g, the green party stays in power; with pro-
bability 1 — g, the conservative party takes over. The new government chooses the
emissions cap. Finally, internal migration of labor will equalize wages. At each stage,
players entertain rational expectations. For simplicity, the price of the dirty good is

fixed at P throughout.
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Knowing how capital is invested and how political variables are set, workers‘ mobi-
lity ensures equality of wages, w = F;, = PG, where the level generally depends on

which party is in power.

The new government sets the emissions cap Z at given sustainable finance subsidy
rate and given capital stocks. Foreseeing the resulting internal migration, the
government of party a € {gr, cons} maximizes its welfare function U*(I(Z), Z, b%)
where [ is disposable income available for consumption and b9" > b¢°™ > 0 is a pa-
rameter indicating the party-specific emissions aversion. Let U{* > 0, US <

0, and U < 0 with cross derivatives Uy, = Ujs = 0 > Us,, where subscripts refer to

derivatives with respect to the ith argument.

The chosen emissions cap satisfies the first-order condition
vs +uell _ g (24)
2 1 aZ -

In the optimum, we have

ug ol

3=z (25)

stating that the marginal propensity to pay for an emissions reduction, — %, equals
1

. ] . a2 .
the related marginal cost é. We impose U} a_zi + U3, < 0to ensure uniqueness of

the party-specific optimal emissions cap. With this specification, it can be shown that
a green government pursues a stricter environmental policy, where Proposition 7

collects further comparative static results.
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Proposition 7. In the sequential game at a given date, a green government in power
chooses a stricter policy, hence a lower cap Z, than a conservative government. Accord-
ingly, the wage rate and national income will be higher with a conservative govern-
ment in power. The return to capital in the clean sector will be higher with a green
government in power, and the return to capital in the dirty sector will be higher with a
conservative party in power. With given government, a higher capital stock in the clean
sector Ky yields a decreasing emissions cap, while a higher capital stock in the dirty

sector Ky leads to a laxer policy, thus a higher cap.

Proof. See Appendix .

The proposition is easily understood. At given capital stocks, a green government
chooses a lower emissions cap due to its higher propensity to pay for an emissions
reduction. The direct impact of the stricter policy is a reduction of the marginal pro-
ductivity of labor in the dirty sector, inducing migration of labor from the dirty to the
clean sector, resulting in a lower national wage rate. With fixed output prices, the lo-
wer capital-labor ratio in the clean sector is associated with a higher return to capital
in that sector. At the same time, both the lower emissions cap and the lower labor

supply in the dirty sector contribute to a lower return to capital in the dirty sector.

A higher capital stock in the dirty sector increases the return to increasing the cap,
resulting in a higher cap. By contrast, a larger clean sector induces a reallocation of
labor toward that sector, reducing the marginal productivity of emissions, resulting

in a lower cap.

Turning to the investment decisions, risk-neutral forward-looking investors ensure

that expected returns are equal to the world market interest rate:
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(1 + 0) [q[Fe (Ke(0), Ly (0,297 (0)) (26)
+(1 = Q)Fy (Ke(0), Lx (0,25 (0)) )] = 7 = 0
PlqGk(Ky(0),L — Lx(0,297(0)),Z97) (27)

+(1 = )6k (Ky (0), L — Ly (0,2°"(0)), 2™ (0) )| = = 0

where Z97 (o) = Z9"(Kx(0), Ky(0)) and Z°™S(g) = Z°"(Kx (o), Ky(0)). Accord-

ingly Lx (0,297 (0)) = Ly (Kx (0), Ky (0), 29" (Kx (0), Ky (0)).

Uniqueness of investment Ky (o), Ky (o) requires that additional capital, taking all

repercussions into account, reduces the respective marginal product. Hence, Fxx +

dLy . OLy aza] [6LX dLy 9Z%
Fier [aKX +5za dKx < 0and Gyk + Gxz — Gre dKy toza dKy

] < 0. With these mild
assumptions, Proposition 8 will demonstrate that increasing the sustainable finance
subsidy raises investment in the clean sector and reduces investment in the dirty

sector.

Completing the backward induction argument, the first step consists in the green
government choosing the sustainable finance subsidy, maximizing expected welfare

using its own preferences:

EW9T = quIT (197 (0,297 (0)), 297 (0), b97) (28)
+(1 _ q)Ugr(Icons(o.lZconS(O.)),ZconS(o.), bgr)

When setting the subsidy, the government takes into account both direct effects on
income and those that work through adaptation of the emissions cap. According to

Proposition 7, we will always have Z¢°™ > Z9" and [°°™ > [97,
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Proposition 8 summarizes the impacts on the capital stock and on income. Moreover
it demonstrates that it is worthwhile for green governments to engage in a

sustainable finance policy.

Proposition 8. In the sequential game, introducing a sustainable finance subsidy o in-

duces an increase of the capital stock in the clean sector Ky and a decline in the capital

gr _ cons
stock of the dirty sector Ky. Expected income changes according to Slal +(ala D _

or 0K . . ..
— Ea_ax' A forward-looking green government in power can raise its expected wel-

fare by introducing a small sustainable finance subsidy rate a > 0.

Proof. See Appendix J.

The sustainable finance subsidy distorts capital investment. While capital flows into
the subsidized sector, the expectation of both outmigration of labor from the dirty
sector and a stricter environmental policy reduces expected marginal productivity of
capital in the dirty sector, thus cutting investment. As in the basic model, the direct
effect - disregarding consequences for setting the emissions cap - of the subsidy on
income is negative due to distorting the allocation of capital. However, this negative

impact is negligible when introducing an infinitesimal subsidy.

Given the sequential time structure, the interesting aspect of the subsidy lies in affec-
ting the choice of the emissions cap, which will be reduced. While that impact is
neutral from a green vantage point if the green party remains in power, the cut un-
dertaken after a possible switch to a conservative government is perceived as benefi-
cial. The reason lies in a higher propensity to pay for the emission cut of the conser-

vative government. At the same time, losses in expected income occur due to the
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distortion of the allocation of capital, which deteriorates welfare irrespective of poli-
tical preferences. For a sufficiently small subsidy ¢ the expected income loss is domi-

nated by the adaptation effect.

7. Concluding discussion

Our analysis has shown that that the sustainable finance policy may work against its
purpose to reduce emissions, achieving the opposite. First, though the clean sector
grows and the dirty sector shrinks as expected at fixed domestic emissions cap, dirty
production abroad increases so as to meet worldwide demand again. The latter will
be associated with higher emissions provided that an emissions cap regulation is not
employed in the entire rest of the world. Second, it may easily happen that environ-
mental policy is loosened and not tightened upon the implementation of the
sustainable finance policy. While the structural effect of a smaller dirty sector with a
smaller productivity of carbon indeed calls for a stricter policy, the decline in income
and the income losses arising from the distortion of capital work toward relaxing the

cap constraint.

A typical policy trying to avoid carbon leakages through imports consists in border
adjustments. Ifimported units of the dirty good face a lower emission price abroad,
they may be subjected to a border adjustment tax set so as to avoid discrimination
of home production of the dirty good. This would work like an import tariff on the
dirty good. Presumably such a policy reduces national income further while all other

effects are mitigated, but not neutralized.

When considering a sequential time structure, noting that physical capital invest-
ment is not easily reversible, we arrive at different conclusions. If investment is lo-
cked, income gains due to reallocation of capital following a laxer emissions cap

with distorted allocation of capital do not occur, inducing the government to pursue
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a more ambitious environmental policy. Employing a sustainable finance subsidy of
any given size will induce a stricter emissions cap since the distortion effect has been
eliminated. While the ambition to align sustainable finance with a tougher emissions
regulation in the dirty sector works out here, national welfare will be lower. Fo-
reseeing the income losses from the distorted capial allocation, the government

would always fare better by abstaining from sustainable finance subsidies or taxes.

However, the sequential time structure enables us to rationalize the sustainable fi-
nance policy without relying on the difficult argument that workers may achieve in-
come gains through redistribution. A green party in power is willing to sacrifice in-
come through implementing a sustainable finance subsidy in order to induce a stric-
ter environmental policy after a possible change in office. Such a behavior makes
sense from the point of view of the green party if the welfare gain in case of success
of the conservatives in the election more than compensates the welfare loss should
the greens stay in power. An objection against this line of reasoning is that income
losses can be avoided by committing to future emission caps through international
agreements -using the climate conferences framework or related international insti-
tutions- instead of introducing a price distortion by implementing sustainable fi-
nance. The case for choosing sustainable finance in view of this less costly alterna-
tive could lie in the feature that a new government finds it easier to abolish the cli-

mate conference commitment than the national sustainable finance subsidy.

Allowing for endogenous output prices, say by considering a large open economy
scenario, sustainable policy tends to increase the price of the dirty good following
changes in worldwide excess demand upon domestic supply-side reactions in sector
sizes. Such a reaction tends to mitigate the impacts sketched in our analysis while

not changing their signs.
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Regarding innovation incentives, if anything, the sustainable finance policy discoura-
ges private investment in filtering technologies. This prediction could only look diffe-
rent if a discrete jump can achieve to avoid the discrimination of investment, so that

the dirty sector is no longer classified as such and participates in the subsidy.

In sum, it is likely that the well-intended policy backfires in terms of the environmen-
tal policy objective. It harms citizens in the country that implements sustainable fi-
nance in terms of income and consumption, while the process of global warming by

greenhouse gas emissions is accelerated instead of decelerated.

Appendix

A. Proof of Proposition 1

Since F is linearly homogenous, we have F(Ky, Ly) = LyF (? 1) = Ly f (k,) with
X

k, = IL{—;‘ Accordingly, Fx(Ky, Ly) = f'(k,). Demand for capital in sector X is deter-

ok

mined by (1 + o) f'(k,) = r. Since f"" < 0, we obtain a—; > 0. Moreover, as the wage
icfi ’ 5} ow 0k,
satisfiesw = F,(Ky, Ly) = f(ky) — ky f'(ky), we have % = %; > 0.

Regarding the dirty sector, marginal productivity of capital stays constant with fixed
randP:

—PaG Al

Since Gg;, > 0 and Z is unchanged, a constant marginal productivity of capital requi-

res that Ly and Ky will move in the same direction, sgn [%] = sgn [%Y]. It can be

excluded that they stay constant since the wage in the dirty sector has to increase as
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well. Finally, they cannot both increase since this would imply% > 0, which toge-
ther with Z—Z > 0 constant r and constant P constitutes a contradiction. Hence,

sgn [aa%] = sgn [aa%] < 0, which at fixed Z implies% < 0 and 3—Z <0.

Next, due to the labor endowment equation L = Ly + Ly, the reduction of labor

supply in the dirty sector is associated with an increase of labor supply in the clean

sector, 6@% > 0. Since from above the capital-labor ratio in the clean sector rises, ca-
pital demand in the clean sector has to increase as well, a% > 0. Higher inputs in the

clean sectorimply a higher output, Z—j > 0.

B. Proof of Proposition 2.
Consider the problem to maximize national income
I = X(Ky,Ly) + PY(Ky,L — Ly, Z) + (K — Ky — Ky) (A2)

with respect to Ky, Ky and Ly. Since the objective function is strictly concave, the

problem has a unique solution, being determined by the first-order conditions

) ) ¢
Fro T 43
ol Y
a—Ky=Pa—Ky—T=O (A4)
al  aX )

=——-P—=0 (45)

oLy 0Ly 0Ly

With o = 0, all three conditions are satisfied. This does no longer hold with a positive

subsidy, o > 0. Thusg—:r < 0.
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. . ac ac . ax al
With homogenous preferences, we obtain a—IX > 0 and 6_IY > 0. Smce; >0, " <

> 0. Then the

0, and aa% > 0, excess supply of the clean good increases, a[Xa_JCX]
budget equation (11) necessitates a reduction in excess demand for the dirty good

o[P(Y-Cy)+r(K-Kx—Ky)]
do

< 0. Thisin turn implies that foreign output of the dirty good

increases. If a higher foreign output of the dirty good is associated with more emissi-
ons, worldwide emissions must increase.
Looking at the factor income side, disposable national income equals net capital in-

come plus net wage income:

Since 7K is a constant and the labor force Ly + Ly is given,g—(l7 < O requires a(ll;;)w <
0.
C. Proof of Proposition 3
Differentiating (16) with respect to the emissions cap Z yields
ol _Pay+ 0X p oY ]aLX+ 0X aKX+ oY 0K, A7
9z~ 9z oLy, Ta—-rLplaz "ok, 1oz ok, Tlaz  “D
B 6Y+[6X ]GKX_ or 0Ky
Tz ok, TNz TV T +o) oz

since oX _ P ov
Ly  9(L-Ly)

dueto (6), and P¥ 9 and pY according to equations
9z aKy

(5) and (14). Further note that (14) impliesaaTX =r/(1 + o). Moreover, notice% <
X

0, yieldingg—; > 0. Finally, 8(c = 0) > 68(c > 0). Since g—;(a =0) = PZ—;(O' =0) >
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2—; (6 > 0).AsV(Z) is convex in Z, the first-order condition (Zz_‘;/ (Z*) = 0implies a lo-

2
wer level of Z* at marginally higher o if and only ifai—alo > 0, or equivalently,

or 0Ky, «
06(z*) a[(1+a) 9z © )]
— < - .
do do

D. Example with subsidy

Consider a Cobb-Douglas specification
X = AX(KX)a(LX)B (A8)

for the clean sector, with @ = 1 — B. Profit maximization yields

X

(XK—X(1+O')—T=0 (Ag)
X

B——-w=0 (A].O)
Ly

Inserting these results into the production function, we obtain

1+ 0)\* (8
X = Ay <u> (E) x (@+pB) (A11)
T w
Thus
a1+ 0)\" B\
xa-a-p) — 4 (L +9) <_) A12
NG -
Since a + 8 = 1, this can be solved to determine the wage w(o) with g—: > 0. Isola-
tingw yields
1+ 0)\“*
w = ﬂAxl/ﬁ <M> (A13)
where

@D
ow a(l+0)\P "« a /B &1 w
— gAY Z=gaAYE(Z 1 B =—— (Al4
90 BAx ( - ) " BAx (r) (1+0) s (A14)
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Notice that the wage does not depend on the emissions cap Z. From the two first-or-
der conditions,

w B Kx
et o) iy (A15)

determining the capital-labor ratio in the clean sector. Solving for that capital-labor
ratio yields

Ky a(l+0)
—_— w

L~ B (416)
Thus

oK«

Li - 21y (140 2] =2 417
FERET) I Vo5l T B (417)

Let the production function of the dirty sector be

Y = AY(KY)V(LY)(SZE

(A18)

withy + § + & = 1. Profit maximization in the dirty sector yields

ik =0 A19
Vg, T (419)

PY
§——-w=0 (A20)

Ly

ik 0=0 A21
e —0= (421)
Inserting these results into the production function, we obtain
Y=4A4 (Z)y (E)S (E)s (py)(y+5+£) (A22)

"\r/ \w/ \o

Sincey + & + € = 1, this equation determines the certificate price 6 as function of
the wage rate w. Recalling that w is independent of the emissions cap Z, this applies

to the allowance price 6 as well. Solving for the allowance price yields
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0= e(pape (1) @)y (a23)

Differentiating with respect to g, we can derive the structural effect:

006 v/e —(%4+1)0
= —o(pape (L) /(6)5/€(w) (86 )% (424)
Y/e —(2+1
= —seeapye (1) @yoreauny (5 2
0
- e(14+o0) o

From the first two first-order conditions (A19) and (A20), we obtain

Ky yw

= (A25)

showing the capital-labor ratio of the dirty sector ? as proportional to the wage-in-
Y
terest ratio. Taking the derivative with respect to the subsidy rate yields

o X
Ly vy ow yw
_yow _ _ A26
do rddec rS(1+o0) (426)
The third first-order condition (A21) determines output of the dirty sector Y, increa-

sing with Z at given subsidy ¢ as follows: Z—Z = g. At given output Y, capital input is

_)/PY
T or

Ky (A27)

If the wage w and dirty sector output Y are determined, labor input in the dirty sec-

tor follows from
_8PY

= A28
y=— (428)
Thus,% = %PZ—Z = %. Using the labor endowment equation Ly = L — Ly, this im-
. aL oL 56 . . .
plies a_zX = _6_ZY = ——. Rearranging (A15), it transpires that
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OKx _ walto)dlx _ _wal+a) 50 _ —m. The size of the distortion effect is
0z r B 0z r B &w rPe

determined as follows: The income gain from reducing the distortion by marginally

higher emissions cap is

or 0K, _. aodo

(14+0) 0Z Z)= Be

(A29)

Following the proof of Proposition 3, the total income gain from a higher emissions

capis
a 9— or [1 aa5] 430
oz~ (1+o0) aZ (430)
Differentiating this with respect to the subsidy rate yields
021 _69(2*)[1+a05]+9(z*)a5 131
0Z00  do Be Be (431)
00(Z*) L ad a0(Z*)
9o il ),8 [1 do e(z*)
é
=TTl T )_[1 5(1+a)

- 9%[%(1 _5(16-(i a)) 1+a]

This expression can take any sign, as can be demonstrated by considering introdu-

cing a marginal subsidy:

021
sgn [6260 (o = O)l = sgn [% - 1] = sgnla — B] (A32)

E. Proof of Proposition 4

Following the Proof of Proposition 1, demand for capital in sector X is determined by

f'(ky) =r.Since f"” < 0,we obtaln = 0 and, as the wage satisfiesw = f(k,) —
ow ow dky
k f(kx) also E—a—kxﬁ—o
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Regarding the dirty sector, marginal productivity of labor stays constant with

constantwand P :

P oG A33
w=P-r (A433)
Since Gk, > 0 and Z is unchanged, a constant marginal productivity of capital requi-
res that Ly and Ky will move in the same direction, sgn [a:t ] = sgn [aa ] It can be

excluded that they stay constant since the gross marginal productivity of capital in

the dirty sector has to increase. Finally, they cannot both increase since this would

imply % > 0, which together with a_w = 0, constant r and constant P constitutes a

contradiction. Hence, sgn [aK ] = sgn [—] < 0, which at fixed Z |mpl|es— < 0and

0
E<0.

Next, due to the labor endowment equation L = Ly + Ly, the reduction of labor

supply in the dirty sector is associated with an increase of labor supply in the clean

sector, aﬂ > 0. Since from above the capital-labor ratio in the clean sector stays
constant, capital demand in the clean sector has to increase as well £ > 0. Higher

inputs in the clean sector imply a higher output, a—f > 0.

F. Proof of Proposition 5

Following the proof of Proposition 2, the income maximizing allocation of capital

and labor has to satisfy the first-order conditions (A3)-(A5). With t = 0, all three con-

ditions are satisfied. This does no longer hold with a positive tax t > 0. Thusﬂ <0.

acy

With homogenous preferences, we obtain 2% > 0 and 2 > o, Slnce— >0, — < 0,

a[x cX]

and %X > 0, excess supply of the clean good increases, > 0. Then the

budget equation (11) necessitates a reduction in excess demand for the dirty good

o[P(Y-Cy)+r(K-Kx—Ky)]
ot

< 0. Thisin turn implies that foreign output of the dirty good
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increases. If a higher foreign output of the dirty good is associated with more emissi-
ons, worldwide emissions must increase.
Looking at the factor income side, disposable national income equals net capital in-

come plus net wage income:

. = .. al . 1-tw
Since rK is a constant and the labor force Ly + Ly is given,— < 0 requires —— <

0.

G. Proof of Proposition 6

Differentiating (16) with respect to the emissions cap Z yields

oKy

o1 _ ,0v [ox o ]aLx+[ax 0Ky , [p 0¥ ] 1as
0z~ "oz " oLy oL -rLplaz " lok, "laz ok, Tlaz 43>
Y [ Y 10K, tr 9K,
=P—+|P——7

iz \Pax, Tz =0 T ar oz

since ox _ P ov
Ly  9(L-Ly)

dueto (6), and P¥ 9 and pY according to equations
0z 0K x
(5) and (14). Further note that (14) implies P;TY =r/(1—t).Moreover, noticeaa% <
Y
). . . al ay
0, yleldlngE > 0. Finally, 8(t = 0) > 6(t > 0). Since g(t =0) = Pg(t =0)>

2—; (t > 0).AsV(Z) is convexin Z, the first-order condition Z—MZ/ (Z*) = 0implies a lo-

wer level of Z* at marginally higher t if and only if% > 0, or equivalently,

tr 0Ky, .
_00(z") < — oy 0z ¢ )]
at at )

H. Example with tax
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Consider again the Cobb-Douglas specification

X = AX(KX)a(LX)B (A36)

for the clean sector, with « = 1 — B. Profit maximization yields

X = A37
aKX r = ( )
X
B —w= (A38)
Ly

Inserting these results into the production function, we obtain

- ) e
Thus g ,
X(-a-) = 4, (;) <W) (A40)

Since a + f = 1, this can be solved to determine the wage w:

w = BAYF (g)a/ﬁ (441)

r

Notice that the wage does not depend on the emissions cap Z. From the two first-or-
der conditions,

w B Kx
X A42
r  aly ( )
determining the capital-labor ratio in the clean sector:
A 2 A43
L, 8" (A443)
Let the production function of the dirty sector be
Y = AY(KY)V(LY)SZS (A44)
withy + § + & = 1. Profit maximization in the dirty sector yields
PY
ym—@A-t)—r=0 (A45)
Ky
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PY

§——-w=0 (A46)
Ly
PY

e 6=0 (A47)

Inserting these results into the production function, we obtain

o (T2 (8 & oo

Sincey + 6 + € = 1, this equation determines the certificate price 8 as function of
the wage rate w. Recalling that w is independent of the emissions cap Z, this applies

to the allowance price 6 as well. Solving for the allowance price yields

_ v/e
6 = e(PA,)YE (M) (6/w)d/¢ (A49)

Differentiating with respect to t, we can derive the structural effect:

96 % v/€ v,

== Y(PAYE(D) (/w1 - D) (450)

0

s(1-1)

From the first two first-order conditions (A19) and (A20), we obtain

L = (451)

showing that the capital-labor ratio of the dirty sector ? decreases in the tax rate t:
Y

5 K
Ly yw
—=r _ _ = A52
at rd (452)
The third first-order condition (A21) determines output of the dirty sector Y, increa-
sing with Z at given subsidy 8 as follows: g—; = %. At given output Y, capital inputis
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K, =w (453)

If the wage w and dirty sector output Y are determined, labor input in the dirty sec-

tor follows from

6PY

Ly = — A54
v=— (454)

dLy _ 8POY _ 80 | . . 7 —_—
Thus,— 57 = ag = oo using the labor endowment equation Ly = L — Ly, thisim
plles aLX %y~ % Erom (A43) we obtain

0z ew

9Ky _wadly  _walb _ _ad8 The size of the distortion effect is determined as
0z r ﬁ a9z rfew rfe

follows: The income gain from reducing the distortion by a marginally higher emissi-
onscapis

tr 0Ky tyH
EnE AR e (455)

Following the proof of Proposition 6, the total income gain from a higher emissions

capis
o _ 0 — Ky _ =0 [1 ] A56
aZ = (1-10) az (456)

Differentiating this with respect to the tax rate yields

21 80(z")

0Z0c ot [: ]+9(Z) , , (457)
_5(1—t)‘91(z*)[1t+?]“9(2*)2
—atl1_ __
_95[1 1—t (1—t)e]

This expression is zero at t = 0 and negative forany t > 0.

I. Proof of Proposition 7
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Perfect mobility of workers across sectors ensures
F (Kx(0),Lx) = PG,(Ky(0),Z,L — L) (A58)

Hence,aaizx <0, implyingg—)z( < 0and Z—Z > 0. Labor supply in the clean sector in-
creases with higher investment in the clean sector, g% > 0, and decreases with hig-
X

her investment in the dirty sector, Z% < 0. Regarding marginal productivities, we

ow _ 9F (Kx(0),Lx) 0Ly

obtain a higher wage upon a higher cap, — oy = T Sy > 0, a lower marginal

0Fg(Kx(0),Lx) aLx

< 0, and a higher producti-
aLx

productivity of capital in the clean sector

0Gk(Ky(0),Z,L-Lx(Z))
0z

vity of capital in the dirty sector, Pdd% =P [ +

0Gg(Ky(0),Z,L—Lx(Z)) 0Ly
dLx

22| > 0.

Next, the emissions cap is set so as to satisfy the first-order condition (24). Since

Ui, = U3 = 0, we obtain

_ _ dZdb
ab - "auei oo (459)
0l 0Z?% * 077
oU 921 *
as_--—+ ﬁ < 0 at any candidate Z* satisfying the first order condition is neces-

sary to ensure uniqueness of Z*. Accordingly, Z9" < Z¢°n$ and < 0, yielding
weons = Ffons > FI7 = w9 Thisin turn implies F°™ < EZ". Moreover, as Z9" <
ZnS and L — L™ > L — L', positive cross derivatives G, > 0 and Gz, > 0 yield

gr
GCO‘H.S > GK .
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A higher capital stock in the clean sector reduces labor supply in the dirty sector at

any given cap, therefore reduces the marginal productivity of increasing the cap, re-

4z, Conversely, a higher capital stock in the dirty

sulting in a lower optimal cap: x
X

sector increases marginal productivity of emissions directly and via an expected hig-

az*
K

> 0.
d

her labor supply in the dirty sector, thus

Y

J. Proof of Proposition 8

Differentiating the arbitrage conditions (26) and (27) yields

a,xdK, + a;ydKy + mda =0 (A60)
azdex + azydKY - O (A61)
with

dix =4

oLy oLY 9z97
Fkg}: + Fkg{[ X X l

0Ky = 979" 0Ky

aLg(ons aLg(ons aZCOTlS

+ <0
0Ky « 0Z0mS 9K,

+(1-q)

cons cons
Fgg~ + Fgr, l

oLy | oLy az9r
0Ky 0Z9" 0Ky

aL(),‘(OnS aLg(OTLS aZcons
Ky |« 9zOns 9Ky

Ay = qFIEqu [ ] +(1- Q)Fzggns[ ] <0

oLy N oLy 9z9" cor VA
0Ky =~ 0Z9" 0Ky KZ 9Ky

aLS'(OTLS aLS'(OTLS aZCOTLS
9Ky | 9z°™ oK,

oLy oLy azgrl or azgrl

a,y = Pq I—GI?LT I
cons

0Ky

+P(1 - q) [—G,ggns [ l + GEgs <0

G
0K, T azer 0Ky Kz oK,

aLg(ons + aLg(ons aZCOTlS aZCOTlS
oK, & 9z%ns 9K, oKy

4y = Pg [G,g,; 6o [

+P(1—q) lGE‘}Z‘S — G [ <0

Uniqueness of Ky (o), Ky (o) requires a;x < 0, a,y < 0and a,xa,y — a;yazx > 0. Ac-

cording to the implicit function thorem we obtain:
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r

0K 1+ )2 dey
x___(d+0) >0, (462)
do A1xAzy — A1y ldzx
" _a
0K 1+ 5)2 “2x
v__(+o0) <o. (463)

do A1xdzy — QqyQox

Expected income can be written as follows:

EI(0,2) = q|X (Kx(0), Lx(0,297(0)) ) + PY (Ky(0), L — Ly (0,297 (0)), 2" (o) )|
+(1 = @) [X (Kx(0), Ly (0,2°°" () ) + PY (Ky(0), L — Ly (0, 2°™(0)), 27 (o) )]

+7(K — Kx(0) — Ky(0)) (A64)

Recalling the migration equilibrium and the investment arbitrage condition, we ob-

tain
OEI _[ X7 a )axcm ]aKX [ ]aKx 65
ao 179K, V3K, 1+o (465)
_ or aKX
(1471 do

d 0 . . d
Hence,ﬂz Oatg =0and L < 0ife > 0 since 2% > 0.
do do do

Differentiating welfare of the green government (28) with respect to the subsidy rate

yields

OEWIT ar rar gory [P, 01 0Z9T) aror gm0 »
9 —q[U 19,z )[ t oo | T U2 U2 ] (A66)

_|_(1 _ CI) [UQT(Icons ZCOTlS) [alcons :;C;T:S azcons] + Ugr(lcons ZCOTlS) 0z ons]
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6197’ cons
= qUITUT, 25 S + (1 = QUET (™, 27)
cons aZCOTlS
+(L = q) (U7 U™, Z2m) o+ UST (1775, 27) | ——

since U7 (197, 797y 2L - UJ"(197,Z97) = 0. Accordingly, the first-order condition

8zdr
: .. . . areons _ ygons(jeons zcons) . .
with respect to the emissions cap implies o70oms —  y£ons (reoms zeomsy; Inserting this
result, we obtain
OEW9Ir o197 alcons
= C[Ugr(lgr ZHT) + (1 _ q)UQT(Icons ZCOTLS) (A67)

do
Uégr(lcons ZconS) UzconS(Icons ZconS) gzceons
Uigr(lconslzcons) - Ulcons(]COTlS,ZCOﬂS) do

_|_(1 _ q) Uigr(lcons'zconS)

Evaluating this derivativeat g = 0 ylelds (a =0)>0 because—(a =0) =

geons Uégr(lcons ZconS) UconS(Icons’ZconS)

Py (o —0)—OandUgT < 0 while2

VA ns
o < 0.

(Icons Zcons) UCOHS(Icons,Zcons)
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