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�Linköping University. E-mail: gazi.salah.uddin@liu.se.
�Trinity Business School; Abu Dhabi University. E-mail: brian.lucey@tcd.ie.

1

mailto:haanh.le@hof.uni-frankfurt.de
mailto:gazi.salah.uddin@liu.se
mailto:brian.lucey@tcd.ie


A Theoretical Model

This model examines two distinct types of intermediate firms: green and brown. They are

subject to financial frictions and reserve requirements. The model is based on the work

of Le (2023) and is calibrated to the Euro Area1. We introduce wage stickiness and two

separate lending rate rules, making this model a further development of the previous work.

A Households

Households maximize the following objective function:

E0

∞∑
t=0

βt

[
log(Ct − κCt−1)−Ψ

H1+φ
t

1 + φ

]
(1)

with respect to the budget constraint:

Ct + It +
Dt

Pt

= rktKt−1 + wtHt +Rt−1
Dt−1

Pt

+ Tt (2)

The capital accumulation process is as follows:

Kt = (1− δ)Kt−1 +

[
1− Ωk

2

(
It
It−1

− 1

)2
]
It (3)

B Labour Union

Households operate under a labour union that creates wage stickiness. Hence, they face

quadratic nominal wage adjustment costs à la Rotemberg (1982), κw. At time t, union

j sets its wage Wj,t to maximize the utility of its average worker. To accommodate the

nonlinear solving exercise later, we derive the nonlinear wage Phillips curve is defined as

follows:

1We keep the derivations brief. Viewers can read Le (2023) for the detailed version.
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max
Wj,t

∞∑
s=0

Et+s

[
log(Ct+s − κCt+s−1)−Ψ

H1+φ
t+s

1 + φ
− κw

2

(
Wj,t+s

Wj,t+s−1

− 1

)2
]
, (4)

s.t. Hj,t+s =

(
Wj,t+s

Wt+s

)−εw

Ht+s (5)

Imposing symmetry , we have Wj,t = Wt and Hj,t = Ht which leads to:

Πw
t (1 + πw

t ) =
εw
κw

Ht

(
ΨHφ

t − εw − 1

εw
Wtλt

)
+ βEt

[
Πw

t+1

(
1 + Πw

t+1

)]
(6)

where λt =
1

Ct−κCt−1
− β κ

Ct+1−κCt
and ΠW

t = Wt

Wt−1
− 1.

C Wholesale and Intermediate Goods Sectors

Here, we have green and brown firms, adhering to the framework sketched in Bernanke et al.

(1999). YG,t and YB,t denote the production of green and brown sectors. The composition

of wholesale goods, Γt, is described as:

Γt = (ϕY
σ−1
σ

G,t + (1− ϕ)Y
σ−1
σ

B,t )
σ

σ−1 (7)

Cost-minimization implies:

YG,t = ϕσ

(
pG,t

pwc,t

)−σ

Γt, YB,t = (1− ϕ)σ
(
pB,t

pwc,t

)−σ

Γt (8)

pG,t and pB,t are the prices of goods from green firms and brown firms.

pwc,t = (ϕσp1−σ
G,t + (1− ϕ)σp1−σ

B,t )
1

1−σ (9)

Brown firms face an additional cost for carbon price and abatement expenses.

Yit = Aenv
it ωitK

1−α
it [(He

it)
1−θ(Hit)

θ]α, i = G,B (10)
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ωit signifies an idiosyncratic productivity shock in sector i, drawn from F (·) which is a

non-negative support distribution.

Aenv
t =

(
1−

(
d0 + d1 Xt + d2 X

2
t

))
At (11)

ln(At) =(1− ρa) ln(A) + ρa ln(At−1) + ϵAt , ϵAt ∼ N (0, σ2
a) (12)

Equation 12 is the AR(1) TFP shock process.

The environmental part includes the emission, et, the pollution, Xt, and the abatement,

zt.

Xt =η Xt−1 + et + erowt (13)

et =γ1 (1− µt) YB,t (14)

zt =θ1 µ
θ2
t YB,t (15)

Green firms must cover wages and capital costs for their operations within their capital

constraints.

NG,t−1 +BG,t = wtHG,t + we
G,tH

e
G,t + rktKG,t (16)

The brown firms’s working capital constraints take the form:

NB,t−1 +BB,t = wtHB,t + we
B,tH

e
B,t + rktKB,t + θ1µ

θ2
t YB,t︸ ︷︷ ︸
zt

+τ et (1− µt)γ1YB,t︸ ︷︷ ︸
et

(17)

where Ni,t−1 represents the start-up equity and Bi,t designates external loans.

D Green and Brown Banks

In this section, we provide a detailed breakdown of the banking sector and the introduction

of dual rates. In this paper, we maintain the reserve requirement ratio at a steady state

level, which is the primary distinction from Le (2023).
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Following the BGG model, firms will choose bankruptcy if their productivity falls too

low. As a result, some firms go bankrupt each period, which elevates the default risk

associated with bank loans.

(rG,t − 1)(1− τt) = Renv
t − 1 (18)

(rB,t − 1)(1− τt) = Rt − 1 (19)

Following the suggestion of green targeted lending operations from the ECB, this paper

introduces the second operational rate for green lending banks, Renv
t . Instead of one Taylor

rule, we introduce a Taylor rule type for Renv
t also.

ln

(
Renv

t

Rss

)
= ρrln

(
Rt−1

Rss

)
+ (1− ρr)

(
ρyln

(
Yt

Yt−1

)
+ ρπln

(
Πt

Πss

)
+ ρeln

(
et
ess

))
(20)

ln

(
Rt

Rss

)
= ρrln

(
Rt−1

Rss

)
+ (1− ρr)

(
ρyln

(
Yt

Yt−1

)
+ ρπln

(
Πt

Πss

))
(21)

The remaining financial sectors are taken from Le (2023) and we use the same notation

for convenience. For simplicity, we represent the total emission costs:

costEt =
θ1(µt)

θ2yBt + τ et (1− µt)γ1y
B
t

ÃB,t(NB,t−1 +BB,t)
(22)

where ω̄B,t is defined as:

ω̄B,t =
ZB,tBB,t

ÃB,t(NB,t−1 +BB,t)(1− costEt )
(23)

The contract optimization process takes the following form:

max ÃB,t(NB,t−1 +BB,t)(1− costEt )f(ω̄B,t) (24)

ÃB,t(NB,t−1 +BB,t)(1− costEt )g(ω̄B,t) ≥ rB,tBB,t (25)
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The contract optimization process gives us:

NB,t−1

(NB,t−1 +BB,t)(1− costEt )
= − g′(ω̄B,t)

f ′(ω̄B,t)

ÃB,tf(ω̄B,t)

rB,t

(26)

At the end of period t, the total net worth includes the profits of firms that have survived

and the income of the entrepreneur in that sector. The variable δB represents the manager’s

survival rate.

NB,t = we
B,tH

e
B,t + δBÃBt(NB,t−1 +BB,t)(1− costEt )f(ω̄B,t) (27)

The problem of the green sector is identical with zero environmental policy cost, costEt = 0.

E Monetary Authority and Market Clearing Conditions

The monetary authority manages the standard Taylor rule, the green lending rule, and

the macroprudential rate. However, for this paper, we maintain a fixed response in the

macroprudential rate.

ln

(
Renv

t

Rss

)
= ρrln

(
Rt−1

Rss

)
+ (1− ρr)

(
ρyln

(
Yt

Yt−1

)
+ ρπln

(
Πt

Πss

)
+ ρeln

(
et
ess

))
(28)

ln

(
Rt

Rss

)
= ρrln

(
Rt−1

Rss

)
+ (1− ρr)

(
ρyln

(
Yt

Yt−1

)
+ ρπln

(
Πt

Πss

))
(29)

τ it = τss (30)

Yt = Ct + It +Gt + θ1µ
θ2
t yB,t +

κP

2
(πt − π̄)2Yt + ÃG,t(

nG,t−1

πt

+ bG,t)mg

∫ ¯ωG,t

0

ω dF (ω)

+ÃB,t(
nB,t−1

πt

+ bB,t)(1− costEt )mb

∫ ¯ωB,t

0

ω dF (ω)

(31)
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Gt denotes autonomous government spending. Capital and labour market equilibrium ne-

cessitate:

Kt−1 = KG,t +KB,t, (32)

Ht = HG,t +HB,t (33)

The loans market clearing implies:

BG,t

(1− τt)
+

BB,t

(1− τt)
= Dt (34)
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