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Abstract 
 
We investigate the impact of climate change on the macroeconomic performance of a small 
open economy. The setup is a new Keynesian dynamic stochastic general equilibrium model of 
a small open economy without monetary policy independence in which a climate module that 
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economy. Our results, suggest that climate change implies a significant output loss and a 
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1 Introduction

Climate change has been recognized as one of the greatest threats for hu-
man’s welfare. In particular, and in terms of economic growth, it has been
argued that climate change and higher temperatures may reduce growth
rates and output levels (e.g., Dell et al., 2009, 2012). Given this claim, a
large and continuously growing literature has focused on investigating not
only the impact of climate change on economic activity but also ways to
moderate this impact (see, e.g., Nordhaus, 2007, 2014; and Stern, 2007,
2008).

Following the classic economic approach, economic policies for climate
change that aim at mitigation focus on carbon taxes or cap-and-trade poli-
cies (e.g., Stern, 2007, chapter 14; Golosov et al., 2014). Climate change
policy has therefore been predominantly fiscal policy. However, Economides
and Xepapadeas (2018) and Annicchiarico and Di Dio (2017), using new-
keynesian models, showed that also monetary policy may have to play an
important role and therefore there may be a role for Central Banks in the
battle against climate change.

Most of this literature uses closed economy models, or large open econ-
omy models, and therefore is incapable of investigating the effects of climate
change on a small open economy. This is important, because although a
small open economy cannot seriously affect the dynamics of climate change,
through its economic activity and the associated emmited pollution, it can
suffer from the impact of climate change. The latter may be translated into
output losses and a deteriorated competitiveness.

Therefore, this paper tries to fill this gap. In particular, our aim is to in-
vestigate the impact of climate change on a small open economy. The setup
is a new Keynesian dynamic stochastic general equilibrium (DSGE) model
of a small open economy featuring imperfect competition in product mar-
kets and Rotemberg-type nominal price fixities. The model of the economy
is coupled with a climate module, and we assume that energy, produced by
the processing of fossil fuels, enters as a separate factor in the firm’s produc-
tion function, thus increasing output. However, as already mentioned, the
quantity of GHG emissions produced in the small open economy is not large
enough to affect global warming. This means that in our setup, there is a
one-way link between climate change and small open economy’s economic ac-
tivity. Namely, climate change, through higher temperatures, operates as a
permanent negative TFP shock affecting adversely economic outcomes. Our
framework could be thought of as an integrated assessment model (IAM) in
the sense that we incorporate both an economic and a climate sector in
a unified setup. The model is solved numerically using common parame-
ter values, fiscal-public finance data, and data about temperature from the
Greek economy.

In the above described context we focus on the importance of the ex-
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change rate regime for a small open economy which is affected by climate
change. We first study the case in which there is not monetary policy inde-
pendence (i.e. this is equivalent to assuming that the small open economy
participates in a monetary union), and then we also investigate the case
with flexible exchange rates.

The main results are as follows. First, irrespectively of the type of the
exchange rate regime, climate change for which we assume that it causes
increases in the average temperature (which in turn is quantified using his-
torical data and estimated projections for the evolution of temperature in
Greece for the period extending from 2018 to 2100), implies a significant
output loss and a drastic deterioration in terms of trade. Second, given the
climate change, and in the case without monetary policy independence, the
effect of a, negative, temporary TFP shock, is clearly bigger relative to the
case without climate change. However, this quantitative difference ceases to
exist in the case with flexible exchange rates.

What is the value added of our paper? There are many papers using
open economy models, aiming at studying both various fiscal policy reforms
and monetary policy issues such as, among others, the papers by Coenen,
Mohr, and Straub (2008), Forni, Gerali, and Pisani (2010a, 2010b), Almeida
et al. (2013), Cogan et al. (2013), Erceg and Lindé (2013), Roeger and in ’t
Veld (2013), Schmitt-Grohé and Uribé (2003), Philippopoulos et al (2017a,
2017b). However, none of these papers combines an economy sector with a
climate sector in order to investigate the impact of climate change on the
macroeconomic performance of a small open economy.

The rest of the paper is organized as follows. Section 2 presents the
model. Section 3 presents the parameter values and the steady-state solu-
tion. Section 4 discusses the dynamics of climate change. Section 5 explains
the methodology used and the policy experiments on which we focus. The
main results are presented in section 6. Section 7 presents the case with
flexible exchange rates. Section 8 concludes the paper.

2 The model

Consider a small open economy where the interest rate premium is debt
elastic (see, e.g., Schmitt-Grohé and Uribe, 2003, and Philippopoulos et
al, 2017b). Our setup is the standard new Keynesian model of an open
economy with domestic and imported goods featuring imperfect competition
and Rotemberg-type nominal rigidities, and is extended to include a climate
sector and state-contingent monetary and fiscal policy rules.

The economy is comprised of a representative household; of a represen-
tative firm, producing the final good, indexed by h, by using intermediate
goods which are produced by N intermediate firms indexed by j; and of
monetary and fiscal authorities. Similarly, there is an imported good, in-
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dexed by f , produced abroad.
In this setup, we also allow for an energy sector, in which energy is

produced, and which in turn is used —together with the other factor inputs
—by the intermediate firms to produce the intermediate varieties.

2.1 Aggregation and Prices

2.1.1 Consumption Bundles

Household’s consumption bundle, ct, is defined as:

ct =

(
cht
)ν (

cft

)1−ν
νν (1− ν)1−ν

(1)

where ν is the degree of preference for domestic goods.

2.1.2 Consumption Expenditure, Prices and Terms of Trade

Household’s total consumption expenditure is:

ptct = pht c
h
t + pht c

h
t (2)

where pt is the consumer price index (CPI), pht is the price index of home
tradable good, and pft is the price index of foreign tradable good (expressed
in domestic currency).

We assume that the law of the one price holds, meaning that each trad-
able good sells at the same price at home and abroad. Thus pft = stp

h∗
t ,

where st is the nominal exchange rate (where an increase in st implies a
depreciation) and ph∗t is the price of foreign good produced abroad denomi-
nated in foreign currency. A star denotes the counterpart of a variable or a
parameter in the rest of the world. Note that the terms of trade are defined

as pft
pht

(=
stph∗t
pht

), while the real exchange rate is defined as stp∗t
pt
.

2.2 The representative household

The representative household acts competitively. Its objective is to maxi-
mize the expected discounted lifetime utility:

E0

∞∑
t=0

βtU(ct, 1− ht, gt), (3a)

where ct is the household’s total consumption defined in (1), ht is the house-
hold’s hours of work, gt is per capita spending on public consumption,
0 < β < 1 is the discount factor and E0 is the rational expectations op-
erator. In our numerical simulations, we use a utility function of the form
(see e.g., Cooley and Prescott, 1995):
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u(ct, 1− ht,mt, gt) = µ1 log ct + µ2 log(1− ht) + (1− µ1 − µ2) log gt, (3b)

where µ1 and µ2 are standard preference parameters.
The budget constraint of the household, written in real terms, is (notice

that for simplicity, we assume a cashless economy; we report that our results
do not depend on this):

(1 + τ ct)

(
pht
pt
cht +

pft
pt
cft

)
+
pht
pt
xt + bt +

stp
∗
t

pt
ft +

φ

2

(
stp
∗
t

pt
ft −

sp∗

p
f

)2
=

= (1−τyt )(
pht
pt
rtkt−1+wtht+ ω̃t)+Rbt−1

1

πt
bt−1+Rft−1

stp
∗
t

pt

1

π∗t
ft−1+gtrt , (4)

where πt = pt
pt−1

and π∗t =
p∗t
p∗t−1

are the domestic and foreign gross inflation

rates respectively; and where small letters denote real variables. Here, bt, ft,
and ω̃t are the household’s real values, of end-of-period domestic government
bonds, of end-of-period internationally traded foreign assets denominated
in foreign currency (if negative, it denotes foreign private debt), and of
dividends paid by firms, respectively. Also, rt is the real return to inherited
capital; kt−1, xt is real domestic investment in physical capital in period
t; wt is the real wage rate; Rbt−1 and R

f
t−1 are the gross nominal returns

to domestic government bonds and international assets between t − 1 and
t; gtrt is a real transfer made to the household from the government; and
0 ≤ τ ct , τ

y
t < 1 are the tax rates on consumption spending, and on income

from capital, labor and firm ownership, respectively. Letters without time
subscripts denote steady-state values, apart from f which is an exogenously
set threshold. The parameter φ ≥ 0 measures adjustment costs related to
private foreign assets as a deviation from a target value, f . These adjustment
costs help us to avoid excess volatility and get plausible short-term dynamics
for private foreign assets following a policy change.

The motion of physical capital is given by:

kt = (1− δ)kt−1 + xt −
ξ

2

(
kt
kt−1

− 1

)2
kt−1, (5)

where 0 < δ < 1 is the depreciation rate of capital and ξ ≥ 0 is a parameter
capturing adjustment costs related to physical capital.

The household acts competitively, taking prices and policy as given.
The first-order conditions of its maximization problem include the budget
constraint in (4) and:

νpft c
f
t = (1− ν) pht c

h

t (6a)
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(1 + τ ct+1)c
h
t+1

(1 + τ ct)c
h
t

[
1 + ξ

(
kt
kt−1

− 1

)]
=

β

[
1− δ − ξ

2

(
kt+1
kt
− 1

)2
+ ξ

(
kt+1
kt
− 1

)
kt+1
kt

+ (1− τyt+1)rt+1

]
(6b)

(1 + τ ct+1)c
h
t+1

(1 + τ ct)c
h
t

= β
1

πht+1
Rbt (6c)

(1 + τ ct+1)c
h
t+1

(1 + τ ct)c
h
t

stp
∗
t

pt

(
1 + φ

(
stp
∗
t

pt
ft −

sp∗

p
f

))
=

β
st+1p

∗
t+1

pt

1

π∗t+1
Rft

πt

πht
(6d)

µ2
1− ht

pht
pt

=
µ1νwt(1− τ

y
t )

(1 + τ ct)c
h
t

(6e)

Equation (6a) is derived after we combine the first order conditions with
respect to cht and c

h
t respectively and denotes that the weighted spending

volumes on the domestic and the imported good must be equal. Equations
(6b), (6c) and (6d) are the standard Euler equations for capital, domestic
bonds and foreign assets respectively. Equation (6e) is the optimality con-
dition for work hours. Therefore, equations (6a-e) together with equation
(4) summarize the optimal behavior of the representative household.

2.3 Firms

We assume that there is only one firm producing the final good by using
intermediate goods which are produced by N intermediate firms. In this
setup, we also allow for an energy sector, in which energy is produced,
and which in turn is used —together with the other factor inputs —by the
intermediate firms to produce the intermediate varieties.

2.3.1 Final goods production

The final good producer combines intermediate goods, yht,j , to produce y
h
t .

Using the Dixit-Stiglitz aggregator (Dixit and Stglitz, 1977), we define ag-
gregate output as:

yht =

 N∑
j=1

λj(y
h
t,j)

θ

 1
θ

, (7)
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where j = 1, 2, .., N are intermediate goods, and where in order to avoid scale
effects we assume that

∑N
j=1 λj = 1. The parameter θ > 0 is the elasticity of

substitution across intermediate goods produced and measures the degree of
imperfect competition in the intermediate goods market. Obviously, when
θ = 1, intermediate goods are perfect substitutes and thus their market is
perfectly competitive.

The final good producer chooses yht,j to maximize its profits, which are
given by:

pht y
h
t −

N∑
j=1

pht,jλjy
h
t,j . (8)

Taking prices as given, the first-order condition with respect to yht,j yields:

yht,j = yht

(
pht
pht,j

) 1
1−θ

, (9a)

or equivalently:

pht,j = pht

(
yht
yht,j

)1−θ
. (9b)

Equations (9a)-(9b) give the demand (inverse demand) faced by each
intermediate firm for its product.

2.3.2 Intermediate goods production

There are N intermediate firms, each of which aims at maximizing the fol-
lowing intertemporal profit function (written in nominal terms):

∞∑
t=0

(
βf
)t

Ω̃h
t,j (10)

where:

Ω̃h
t,j = pht,jy

h
t,j − pht rtkt−1,j −Wtht,j − P et Et,j − T et Et,j−

x

2

(
pht,j

pht−1,j
− πhj

)2
pht y

h
t ,

subject to equation (9b), and the following production function:

yht,j = Âtk
α1
t−1,jh

α2
t,jE

1−α1−α2
t,j , (11)
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taking the domestic price level and aggregate output, pht and y
h
t respectively,

as given. Et,j is firm j’s demand for energy, which in turn is used in the
production process; P et is the price of each unit of energy; and T

e
t is a carbon

tax per unit of energy used, imposed by the government.
Notice that we follow Rotemberg (1982) and introduce sluggish price

adjustment by assuming that the firm faces a resource cost that is quadratic
in the inflation rate of the good it produces. This is captured by the last term
in equation (10), where xmeasures the degree of price stickiness and πhj is the
equilibrium gross inflation rate on the price of commodity j. This is similar
to functional forms used by Schmitt-Grohe and Uribe (2004) and Bi et al.
(2013). The specific adjustment costs penalize large price changes in excess
of steady-state domestic inflation and make the firm’s problem dynamic.
Obviously, if x = 0, prices are fully flexible. Regarding intermediate firms’
discount factor, βf , we will assume that, ex post, it equals to β (1+τct )ct

(1+τct+1)ct+1
(see e.g. the discussion in Uribe and Schmitt-Grohe, 2017, pages 110-111).

Finally, we assume that Ât ≡ e−ψ
h(Tt−T0)At is an adjusted TFP factor

which incorporates the detrimental effects of climate change into the produc-
tion function, and where Tt is the average small open economy’s temperature
at time t, and T0 is the average small open economy’s temperature in the
pre-industrial period. Thus Tt − T0 can be interpreted as the temperature
anomaly at time t relative to the pre-industrial period, and e−ψ

h(Tt−T0) is
a damage function defined in terms of the temperature anomaly. Parame-
ter ψh measures the magnitude of damage due to climate change of home
country and is known as the damage elasticity of output.

Therefore climate change exerts a detrimental effect on the production
through the adjusted TFP parameter, Ât. Each intermediate firm does
not internalize, when making its decisions, the aforementioned detrimental
effect, hence it takes the environmental externality as given. The first-order
conditions of firm’s maximization problem with respect to factor inputs,
kt−1,j , ht,j and Et,j respectively, are:

−pht (yht )1−θ
(
yht,j

)θ
α1(1− θ)k−1t−1,j + α1p

h
t,jy

h
t,jk
−1
t−1,j − p

h
t rt+

+x(πht,j − π̃h)
(
pht

)2 (
pht−1,j

)−1 (
yht

)1−θ (
yht,j

)θ−1
(1− θ)α1k−1t−1,jy

h
t −

−βfx(πht+1,j − π̃h)pht+1p
h
t+1,j

(
pht,j

)−2
pht

(
yht

)1−θ
X

(
yht,j

)θ−1
(1− θ)α1k−1t−1,jy

h
t+1 = 0 (12a)
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−pht
(
yht

)1−θ (
yht,j

)θ
α2(1− θ)h−1t,j + α2p

h
t,jy

h
t,jh
−1
t,j −Wt+

+x(πht,j − π̃h)
(
pht

)2 (
pht−1,j

)−1 (
yht

)1−θ (
yht,j

)θ−1
(1− θ)α2h−1t,j y

h
t −

−βfx(πht+1,j − π̃h)pht+1p
h
t+1,j

(
pht,j

)−2
pht

(
yht

)1−θ
X

(
yht,j

)θ−1
(1− θ)α2h−1t,j y

h
t+1 = 0 (12b)

−pht
(
yht

)1−θ (
yht,j

)θ
(1−α1−α2)(1−θ)E−1t,j +(1−α1−α2)pht,jyht,jE−1t,j −P

e
t −T et +

+x(πht,j−π̃h)
(
pht

)2 (
pht−1,j

)−1 (
yht

)1−θ (
yht,j

)θ−1
(1−θ)(1−α1−α2)E−1t,j y

h
t −

−βfx(πht+1,j − π̃h)pht+1p
h
t+1,j

(
pht,j

)−2
pht

(
yht

)1−θ
X

(
yht,j

)θ−1
(1− θ)(1− α1 − α2)E−1t,j y

h
t+1 = 0 (12c)

2.3.3 Energy sector

In the energy sector, we assume a single firm which uses fossil fuels to
produce energy. Therefore, the problem faced by this firm is to maximize
its intertemporal profits, which in nominal terms, is given by:

Ω̃e
t =

t∑
s=0

βt(P es − Ce)Es, (13a)

or in real terms is:

ω̃et =
t∑

s=0

βt(pes − ce)Es, (13b)

subject to:

t∑
s=0

Es ≤ S0, (13c)

where S0 is the stock of fossil fuels; ce is the real cost of producing one unit
of energy, which, for simplicity, we assume remains constant; and pes is the
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relative price of each unit of energy. Maximization problem (13a), assuming
that the resource constraint is not binding because fossil reserves are not
exhausted during the planning horizon, implies that in each period t, the
relative price of each unit of energy must be equal to the real marginal cost
of producing this unit of energy. That is:

pet = ce (13d)

which in turn implies zero real profits.

2.3.4 Government budget constraint

The budget constraint of the consolidated government sector, expressed in
real terms and aggregate quantities, is:

dt + τ ct

(
pht
pt
cht +

pht
pt
cft

)
+ τyt (rt

pht
pt
kt−1 + wtht + ωt) + τ et

N∑
j=1

λjEt,j =

= Rbt−1

(
1

πt

)
λt−1dt−1 +Rf∗t−1

stp
∗
t

pt

pt−1
p∗t−1st−1

1

π∗t
(1− λt−1) dt−1+

pht
pt
gt + gtrt +

φg

2
[(1− λt)dt − (1− λ)d]2 (14)

where dt =
Bt+stf

g
t

Pt
is the real and per capita value of end-of-period total

public debt, and where fgt denotes end-of-period internationally traded for-
eign assets denominated in foreign currency (if positive, it denotes public
foreign debt). Thus, total nominal public debt, Dt, can be held by domestic
private agents, λtDt, as well as by foreign private agents, (1− λt)Dt, where
the fraction 0 ≤ λ ≤ 1 is exogenously given. The parameter φg ≥ 0 mea-
sures adjustment costs related to public foreign debt; these costs are similar
to those of the household in equation (4) above.

In each period, one of the fiscal policy instruments, τ ct , τ
y
t , τ

e
t , λt, gt, g

tr
t

and dt, has to follow residually to satisfy the government budget constraint.

2.3.5 Resource Constraint and Balance of Payments

The market-clearing equations in the domestic market for goods and services
is given by:

cht + kt − (1− δ)kt−1 +
ξ

2
(
kt
kt−1

− 1)2kt−1 + gt + pet
pt

pht
Et + cf∗t = −

9



yht −
x

2

(
πht − π̃h

)2
yht (15)

whereas, the balance of payments from the view point of the domestic econ-

omy is given by:

pft
pt
cft +

ϕg

2
[(1− λt)dt − (1− λ)d]2 +

stp
∗
t

pt
fht +

φ

2

(
stp
∗
t

pt
ft −

sp∗

p
f

)2
+

+Rft−1
stp
∗
t

pt

pt−1
st−1p∗t−1

1

π∗t
(1− λt−1)dt−1 =

= (1− λt)dt +Rft−1
stp
∗
t

pt

1

π∗t
ft−1 +

pht
pt
cf

∗

t (16)

2.4 The Debt-Elastic Interest Rate premium

As said above, here, we endogenize the interest rate faced by the domestic
country when it borrows from the world capital market, Rft . In particu-
lar, following Schmitt-Grohe and Uribé (2003), García-Cicco, Pancrazi, and
Uribe (2010) and Philippopoulos et al. (2017b), we assume that the country
premium between t and t+ 1, namely Rft −R∗t , is an increasing function of
the end-of-period total nominal public debt as share of nominal GDP, Dt

pht y
h
t
,

when the latter exceeds a certain threshold. In particular:

Rft = R∗t + ψQ
(
Dt

pht y
h
t

− d
)

(17)

where R∗t is the world interest rate (given for the domestic economy), d is
the abovementioned exogenous public debt threshold, and and the parameter
ψQ measures the elasticity of the interest rate with respect to deviations of
total public debt from its threshold value.

2.4.1 Exchange Rate and Fiscal Policy Regimes

To solve the model, we need to specify the exchange rate and the fiscal
policy regimes. Concerning exchange rate policy, we solve it for a case
without monetary policy independence.1 In particular, we assume that the
nominal exchange rate, st, is exogenously set and, at the same time, the
domestic nominal interest rate on domestic government bonds, Rbt , becomes
an endogenous variable. Concerning fiscal policy, we assume that, along the
transition, the residually determined public financing policy instrument is
the end-of-period total public debt, Dt.

1However, in section 7 below, we also study the case with flexible exchange rates.
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Before we turn to fiscal policy rules in the next subsection, it is worth
clarifying that, along the transition path, nominal rigidities imply that mon-
etary policy and the exchange rate regime are not neutral, and in particular,
matter to the real economy.

2.4.2 Fiscal Policy Rules

Without monetary policy independence, only fiscal policy can be used for
policy action. Here, we focus on simple rules, meaning that the fiscal author-
ities react to a small number of easily observable macroeconomic indicators
capturing the current state of the economy.

Specifically, we allow total transfers as share of output, sgt to react to
the ratio of total public debt to GDP as a deviation from a target value,
(dt−1 − d), as well as to the contemporaneous GDP gap, (yt − y), where
yt = TT ν−1t yht , according to the simple linear rule:

2

strt − str = −γd(dt−1 − d)− γy(yt − y) (18)

where γd and γy are feedback policy coeffi cients on public debt to GDP and
output target, respectively. Notice that, in the above rules, a policy target
value will be the steady-state value of the corresponding variable.

2.4.3 Exogenous Variables

In this subsection, we define the exogenous variables and, among them,
the exogenous processes that drive extrinsic fluctuations in our model. We
assume that foreign imports or, equivalently, domestic exports, cf∗t , are a

function of terms of trade, TTt =
pft
pht
:

cf∗t = TT γt (19)

where 0 < γ < 1 is a parameter denoting the elasticity of foreign imports
with respect to changes in terms of trade. The idea is that foreign imports
rise as the domestic economy becomes more competitive.

Finally, apart from changes in temperature, fluctuations are also coming
from shocks to TFP. In particular, after the realization of the (positive
or negative) shock, At (i.e., TFP productivity ) evolves according to the
following deterministic AR(1) rule:

At = (A)1−ρA (At−1)
ρA (20)

where the persistence parameter ρA is set at 0.95,3 while the value of A (i.e.,
2For similar rules, see, e.g., Schmitt-Grohé and Uribe (2007), Bi (2010), and Cantore

et al. (2012). As said above, see European Commission (2011) for similar fiscal reaction
functions used in practice. On the other hand, see Kliem and Kriwoluzky (2014) for a
critical approach.

3Our results do not depend qualitatively on the value of ρA.
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the steady-state TFP productivity) is set at 1.

2.4.4 Decentralized equilibrium (for Any Feasible Policy)

We now combine all the above equations to present the decentralized equi-
librium (DE) which is for any feasible policy. The DE is defined to be a
sequence of allocations, prices, and policies such that (i) households max-
imize utility; (ii) firms maximize profits; (iii) all constraints, including the
government budget constraint and the balance of payments, are satisfied;
(iv) markets clear; and (v) policymakers follow the feedback rules assumed
in subsection 2.4.2. In particular, the DE is summarized by the following
equations:

ct =

(
cht
)ν (

cft

)1−ν
νν (1− ν)1−ν

(21a)

νTT tc
f
t = (1− ν) cht (21b)

(1 + τ ct+1)c
h
t+1

(1 + τ ct)c
h
t

[
1 + ξ

(
kt
kt−1

− 1

)]
=

β

[
1− δ − ξ

2

(
kt+1
kt
− 1

)2
+ ξ

(
kt+1
kt
− 1

)
kt+1
kt

+ (1− τyt+1)rt+1

]
(21c)

(1 + τ ct+1)c
h
t+1

(1 + τ ct)c
h
t

= β
1

πht+1
Rbt (21d)

(1 + τ ct+1)c
h
t+1

(1 + τ ct)c
h
t

TT 2ν−1t

(
1 + φ

(
TT 2ν−1t ft − TT 2ν−1f

))
=

βTT 2ν−1t+1

1

π∗t+1
Rft

πt+1

πht+1
(21e)

µ2
1− ht

TT ν−1t =
µ1νwt(1− τ

y
t )

(1 + τ ct)c
H
t

(21f)

yht = Âtk
α1
t−1h

α2
t E

1−α1−α2
t (21g)

ω̃ht = TT ν−1t yht − TT ν−1t rtkt−1 − wtht − petEt − τ etEt−

x

2

(
πht − πh

)2
TT ν−1t yht (21h)
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rtkt−1 = α1θy
h
t + x(πht − π̃h)πht (1− θ)α1yht −

−βfx(πht+1 − π̃h)
(
πht+1

)2
(1− θ)α1yht+1 (21i)

TT 1−νt wtht = α2θy
h
t + x(πht − π̃h)πht (1− θ)α2yht −

−βfx(πht+1 − π̃h)
(
πht+1

)2
(1− θ)α2yht+1 (21j)

TT 1−νt (pet + τ et )Et = (1−α1−α2)θyht +x(πht − π̃h)πht (1−θ)(1−α1−α2)yht −

−βfx(πht+1 − π̃h)
(
πht+1

)2
(1− θ)(1− α1 − α2)yht+1 (21k)

dt + τ ct

(
TT ν−1t cht + TT νt c

f
t

)
+ τyt (rtTT

ν−1
t kt−1 + wtht + ω̃ht )+

+τ etEt =

= Rbt−1

(
1

πt

)
λt−1dt−1 +Rft−1TT

2ν−1
t TT 1−2νt−1

1

π∗t
(1− λt−1) dt−1+

+TT ν−1t gt + gtrt +
ϕg

2
[(1− λt)dt − (1− λ)d]2 (21l)

cht + kt − (1− δ)kt−1 +
ξ

2
(
kt
kt−1

− 1)2kt−1 + gt + petTT
1−ν
t Et + cf∗t =

yht −
x

2

(
πht − π̃h

)2
yht (21m)

TT νt c
F
t +

ϕg

2
[(1− λt)dt − (1− λ)d]2 + TT 2ν−1t ft+

+Rft−1TT
2ν−1
t TT 1−2νt−1

1

π∗t
(1− λt−1)dt−1 =

= (1− λt)dt +Rft−1TT
2ν−1
t

1

π∗t
ft−1 + TT ν−1t cf

∗

t (21n)
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cF∗t = TT γt (21o)

Rft = R∗t + ψQ

 dt
pht
pt
yht

− d

 (21p)

πt =
(
πht

)ν (
πft

)1−ν
=
(
πht

)ν ( TTt
TTt−1

)1−ν
(21q)

πht =
TTt−1
TTt

εtπ
h∗
t (21r)

where εt = st
st−1

is the depreciation rate. In the case without monetary
policy independence εt = st

st−1
= 1. We thus end up with a first-order non-

linear dynamic system of eighteen equations (21a-21r) in eighteen unknown
variables, namely, ct, cht , c

f
t , ht, kt, ft, w̃

h
t , y

h
t , rt, wt,.Et, R

b
t , R

f
t , c

f∗
t , TTt,

πt, πht and dt. This DE is given the values of feedback policy coeffi cients in
the policy rule (18); the exogenous variables; and initial conditions for the
state variables.

3 Parameterization and steady state

3.1 Parameterization

Table 1 reports the baseline parameter values for policy, technology and
preferences used to obtain the values of the endogenous variables. We use
conventional values. We note at the outset that our main results are robust
to changes in these parameter values. Thus, although our numerical simu-
lations below are not meant to provide a rigorous quantitative study, they
illustrate the qualitative dynamic features of the model in a robust way.

Table 1 here
Parameterization

The time unit is a year. Regarding preference parameters, we use values
employed by most of the related literature. The discount factor, β, and
the depreciation rate of physical capital, δ, are set equal to 0.98 and 0.015
respectively, to be consistent with a value for the real interest rate of about
5% per year.4

4The value of the discount factor implies an annual time discount rate of around 1%.
There has been a long discussion about the choice of the time discount rate (see, e.g.,
Dasgupta, 2008). Our choice of 1% is within the range regarded as appropriate in the
relevant literature. The discount factor of Golosov et al. (2014) implies an annual time
discount rate of 1.5%. Note that our results are robust to changes in time discount rate
choices around 1%.
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The degree of preference for domestic goods, ν, is set at 0.5. The weights
given to private consumption and leisure, µ1 and µ2 are set equal to 0.45
and 0.5 respectively. The weight given to public goods and services then
follows residually and is equal to 0.05 (see, e.g., Cooley and Prescott, 1995).

The parameters ϕ and ϕg, measuring adjustment costs associated with
changes in private and public foreign assets, are both set to 0.3. These values
give plausible short-run dynamics for private foreign assets and, in turn, for
the country’s net foreign debt. However, we report that our results do not
depend on this. Similarly, the value of ξ measuring capital adjustment costs
is set equal to 0.3.

Regarding technology parameters in the production function of goods
(see equation (21g)), the Cobb-Douglas exponents of physical capital and
labor, α1 and α2, are set equal to 0.33 and 0.60 respectively, so that the
exponent of energy input follows residually and is equal to 0.07. These
values are within standard ranges (see, e.g., Cooley and Prescott, 1995).
The scale parameter in the same function, A, is set at 1. Following Bi et al.
(2013), we set the parameter x, which measures the degree of price stickiness,
equal to 100. Following Eggertsson et al. (2014), we use a value equal to
0.85 for the elasticity of substitution across intermediate goods produced, θ,
which is also a measure of imperfect competition.

Concerning the exogenous variables, the rest-of-the world variables, πh∗t
and R∗t , we set their values equal to 1 and 1.01 respectively.

The steady-state values of the exogenously-set fiscal policy instruments
are set close to their data averages for the Greek economy, using Eurostat
data. For instance, the consumption tax rate, τ ct , and the income tax rate,
τyt , are set equal to 0.19 and 0.33 respectively, which are close to the averages
of the respective effective tax rates in the data. These values are kept
constant during the planning horizon. Moreover, we set the government
consumption, gt, and total transfers, gtrt , both as a share of GDP, s

g
t and

strt , equal to 0.2. During the planning horizon, sgt remains constant, whereas
—in order to ensure dynamic stability —we allow strt to react to deviations
of debt over output from its steady-state value, as well as to deviations of
real income from its steady-state value (see also equation (18)). Regarding
the carbon tax, τ et , we set its value equal to 0.3 so as the associated tax
revenues represent a fraction of total tax revenues close to the data.5 Also,
λ, which is the fraction of total public debt held by domestic private agents
is set at 0.3, which is again a value very close to the data. Finally, regarding
the feedback policy coeffi cients on public debt to GDP and output target,
γd and γy respectively (see equation (18)), we set them to be 0.2 and 0.105
respectively.

5The aforementioned fiscal policy mix produces a long-run public debt-to-output ratio,
dt
yt
, equal to around 1.44.
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The real cost of producing energy, ce, is set equal to 1.1. Notice however
that our results do not depend qualitatively on the value of ce.

In our baseline parameterization, the threshold parameter value of the
public-debt-to-GDP ratio above which sovereign interest rate premia emerge,
d, is set at 0.9 (see equation (17)). This value is consistent with evidence
provided by, e.g., Reinhart and Rogoff (2010) and Checherita-Westphal and
Rother (2012) that, in most economies, the adverse effects of public debt
arise when it is around 90—100 percent of GDP. It is also within the range
of thresholds for sustainable public debt estimated by the European Com-
mission (2011). In turn, the associated premium parameter, ψQ, is set to be
0.0505 which means that a 1 percentage point increase in the debt-to-GDP
ratio leads to an increase in the interest rate premium by 5.05 basis points.
This is a rather reasonable assumption, however we report that our results
do not depend on this. The exogenously set threshold of foreign assets is set
equal to 0.3 (our results do not depend on this). The elasticity of foreign
imports with respect to changes in terms of trade is set equal to 0.9.

4 Climate Change Damages

To quantify the impact of climate change on a small open economy we need
to provide an estimate of these damages. More specificaly in terms of the
new Keynesian model developed in this paper an estmate of the parameter
ψh is required. In this section we provide such an estimate for the Greek
economy.

4.1 The aggregate damage function for the Greek economy

When analyzing climate change impacts for a small country it should be
noted that the small country cannot affect the global climate change through
its own emissions policy, i.e. mitigation, because these emissions are very
small relative to the global emissions. On the other hand the small country
suffers the impact of climate change, which in this case is exogenous and
independent of the small country’s mitigation policy.

Therefore, the damage function for the small country should determine
damages in the country’s GDP resulting from changes in the local tempera-
ture. It is important however to emphasize that the local temperature does
not depend on the country’s mitigation or fossil fuel policy, but it is the
result of the way that global climate change shapes the evolution of local
temperature. In a sense local temperature depends on global mitigation,
since local mitigation is an infinitesimal share of global mitigation, so that
it cannot affect local temperature changes.

Thus to determine the local damage function the local temperature
anomaly, that is the change in the local temperature relative to the prein-
dustrial period should be linked with losses in local GDP. There is a large
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literature on damage functions from global warming measuring damages as
proportions of GDP (see for example the surveys by Nordhaus and Moffat
(2017) and Tol (2018)), with values ranging from +0.1% to -6.7% of GDP.
These values correspond to alternative assumptions about the change in
temperature relative to the preindustrial period which range from 1◦C to
6◦C (see table 1 in Tol (2018)). The majority of these estimates correspond
to global GDP. For the small country analysis, however, the local impact
on GDP from changes in the local temperature is required, with the local
temperature determined by global climate change.

Tol (2018, Appendix C) provides the following linear regression equation
with dependent variable the impact Ic of climate change as proportion of
GDP in country c and independent variables GDP per capita yc and average
temperature Tc in country c .

Ic = −13.4 + 1.70 log yc − 0.46Tc
(8.7) (079) (0.14)

(22)

The impact of GDP per capita is to reduce damages from climate change,
since developed countries have greater ability to reduce the impact of climate
change through adaptation. To use this regressions for Greece data on GDP
per capita and average temperature are needed. Using the most recent esti-
mate of Greek GDP per capita, which is, in 2017, is 23027.4 in constant 2010
US$6 , and an average temperature of 15.4◦C as reported in Tol (2108)7)
the climate change impact as proportion of GDP is -3.41%. This estimate
is not, however, useful for future predictions. Using it to estimate future
damages would imply that GDP per capita and average temperature will
remain constant, which is not a realistic assumption. In the next session
we provide estimates of climate change damages as proportions of GDP for
the period up to 2100, which is the typical period covered by most climate
models’forecasts.

4.2 Prediction of aggregate climate change damages for the
Greek economy as proportion of GDP: 2018 - 21008

The first step for this prediction is to provide a forecast of the evolution of
the Greek GDP per capita. In the figure below this evolution is depicted for
the period 1960-2017.

6The source of all GDP data is the World Bank.
https://data.worldbank.org/indicator/NY.GDP.PCAP.KD?locations=GR&view=chart.

7http://users.sussex.ac.uk/~rt220/totalimpactreep.xlsx
8This section uses average IPCC temperature data. A more refined estimate of climate

change damages in Greece will be obtained by using the recent climate data calculated
for Greece at regional, seasonal and global level, by Zerefos and Kapsomenakis, Athens
Academy (2018). This is our future research task.
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Figure 1 here
Greece, GDP per capita in constant 2010 US$

The average annual growth rate of the Greek GDP per capita for this pe-
riod was 2.125%, while for the Eurozone the corresponding rate was 2.286%.
To make the long-term predictions for the period 2018-2100 we consider four
scenarios.

1. S1: The GDP per capita grows, from the initial value of 23027.4 in
2017, with an average annual rate of 1%.

2. S2: The GDP per capita grows, from the initial value of 23027.4 in
2017, at its historic average annual rate of 2.125%.

3. S3: The GDP per capita growth converges in average to the Eurozone
historic growth rate, and grows from the initial value of 23027.4 in
2017, at the average annual Eurozone rate of 2.286%.

4. S4: The GDP per capita growth converges to the level of Eurozone
GDP per capita in 2100 with the Eurozone GDP per capita growing at
is annual average historic growth rate of 2.286%. The implied average
annual growth rate for the Greek GDP in this case is 2.98%.

Clearly S1 is the pessimistic scenario and S4 is the most optimistic. We
obtain the average GDP per capita during 2018-2100 for each scenario as.

yAVj =
1

T

T∑
i=1

y2017 (1 + gS j)
T , T = 2100− 2017, j = 1, 2, 3, 4. (23)

Having obtained the average GDP per capita for the period 2018-2100,
the next step is to obtain an estimate of the average temperature in Greece
during the same period.

The IPCC (2014) estimates suggest that the temperature anomaly in the
Mediterranean area for the period 1901-2012 was in the range of 1◦−1.5◦C.
The NASA data on the temperature anomaly9 indicate the in the zone 22o N-
44o N , which includes Greece the temperature anomaly in 2017 relative to
the average of 1951-1980 was 1.3◦C .

Therefore the use of the value of 15.4◦C for the average surface temper-
ature in 2017 in Greece seems reasonable. For the future we adopt central
predictions of the two polar IPCC scenarios the RPC2.6 (optimistic) and
the RPC8.5 (pessimistic). The RPC2.6 predicts an increase of approxi-
mately 1◦Cfor the period 2000-2100, while the RPC8.5 predicts an increase
of approximately 4◦C for the same period. Given these estimates we as-
sume point estimates of the average temperature in Greece for 2018-2100,

9https://data.giss.nasa.gov/gistemp/
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of 15.9◦C for the optimistic scenario (OPT) and 17.4◦ C for the pessimistic
scenario (PES).

Using the estimates for the average GDP per capita and average tem-
perature in equation (22) we obtain the following average impacts of climate
change on Greek GDP for the period up to 2100.

Table 2 here
Climate change damages as % of GDP. Average 2018-2100

Assigning arbitrary subjective probabilities {0.1, 0.4, 0.4, 0.1} to the
growth scenarios S1-S4 respectively results in an expected GDP per capita
average annual growth of 2.16%. Assigning probabilities {0.5, 0.5} to cli-
mate scenarios {OPT,PES} respectively, results in an expected average tem-
perature of 16.65, which implies an anomaly of 2.65◦C relative to the prein-
dustrial period. Combining these results the average damage as proportion
of GDP is

Average Damage = −2.25% (24)

Assuming an exponential damage function in terms of the temperature
anomaly T a of the form

D (T at ) = eψ
h(Tat −T0), T0 = 14◦C. (25)

the parameter γ can be calibrated by using

1− 0.0225 = eψ
h×2.65 (26)

resulting in
ψh = −0.0085914 (27)

To determine damages for different values of the anomaly we use a simple
approach, instead of trying to specify an exact annual path. Thus we assume
that in each temperature scenario the anomaly increases by equal amounts
per decade. This assumption results in the following paths for the anomaly
at the PES and OPT climate scenarios.

Table 3 here
The temperature anomaly 2018-2100

4.3 Prediction of aggregate climate change damages for the
Greek economy : 2018 - 2100.

Having determined climate change damages as proportions of GDP a next
step would be the estimation these damages in value terms. Since the evo-
lution of per capita GDP is predicted by the four scenarios, the estimate of
the evolution of GDP requires prediction of population. The evolution of
the population of Greece between 1950 and 2015 is shown in Figure 2.
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Figure 2 here
The population of Greece

The population of Greece peaked in 2010 at 11,446,000 and since then it
follows a downwards trend which could be attributed to the economic crisis.
We assume that the population will recover and will tend to an average value
of 11.5 million for the examined. Given this estimate the present value of
climate change damages during the period 2018-2100 can be obtained as:

Dij = αij

T∑
t=1

(23047.4×11, 500, 000)

(
(1 + gSj)

(1 + r)

)t
, i = OPT,PES, j = 1, 2, 3, 4

(28)
where αij are damages as proportion of GDP, gSj is the GDP per capita
growth rate in each scenario and r is the social discount rate (SDR).

We use two values for the SDR r = {0.015, 0.02}. As it is well known
the deterministic Ramsey formula for the SDR

r = ρ+ σ
ċ

c
, (29)

where ρ is the utility discount rate, σ is the elasticity of marginal utility,
for isoelastic utility function, and ċ/c is the consumption rate of growth,
results in a SDR above 2% for commonly accepted values of parameters .
However, it has been established in the relevant literature that the deter-
ministic SDR should be reduced under conditions of uncertainty, in order
to incorporate precautionary concerns, and should reduced even further to
account for environmental damages in the long run. A detailed analysis of
these two effects on the SDR for the Greek economy is an area of future
research. Thus, for the purpose of this preliminary estimate we use the ball
park values or 1,5% and 2%. The results are shown in the table below.

Table 4 here
Aggregate Climate Change Damages in Greece, 2018-2100

The sensitivity of the results to the choice of the SDR is clear.

5 Steady state

Table 5 reports the steady-state solution of the small open economy new
Keynesian model presented in section 2, when we use the parameter values
and the policy instruments discussed in subsection 3.1 and presented in
Table 1. The resulting long-run solution is well defined and intuitive.

Table 5 here
Steady State Solution

In what follows, this steady-state solution, called status quo, will serve
as a point of departure to study the impact of climate change.
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6 Methodology and policy experiments

In this section, we explain the experiments and focus on how the effects
of these experiments are computed. Recall that, nominal rigidities imply
that monetary end exchange rate policy matter to the real economy. Recall
also that, along the transition path, different counter-cyclical policy rules,
and hence different values of feedback policy coeffi cients, can have different
implications.

6.1 Methodology

Using the above numerical values, we solve the system described by equa-
tions (21a)-(21r) by using a Newton-type non-linear method as implemented
in DYNARE. DYNARE uses a relaxation algorithm in order to numerically
solve the non-linear equations. We solve the model under perfect foresight
in the sense that the distribution of shocks with which we feed the model is
known to the agents of the economy. In other words, the dynamics of our
model will be driven by the projected changes in temperature due to climate
change as well as by temporary changes in the value of At.

6.2 Policy experiments

The main experiment we want to consider in this paper is the case in which
the economy departs from the status quo and travels over time - due to
climate change - to a new steady state. We will investigate the impact of
climate change on the evolution of per capita real income and on compet-
itiveness. Moreover, we will compare the impact of a standard TFP shock
with and without climate change. As mentioned above, temperature anom-
aly for Greece is estimated using data projections about the evolution of
temperature for the period extending from 2018 to 2100.

7 Main results

This section presents the main results of our numerical simulations. As
already mentioned, the focus will be on investigating both the effect of cli-
mate change on our small-open economy’s output and competitivenes and
on the impact of a temporary negative TFP shock with and without climate
change. Notice that in our model setup, climate change is represented by a
continuous increase in temperature relative to the temperature in the pre-
industrial period. This change in tempretarure affects TFP productivity
through Ât (see equation (11) above) and operates as a permanent negative
TFP shock.
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7.1 Climate change and real income

The path of the per capira real income is presented in Figure 3a below.

Figure 3a here
Per capita real income and Climate Change in an economy without

monetary policy independence

As can be seen in Figure 3a, climate change seems to imply significant
income losses for the small-open economy, which, cummulatively, account
for more than 100% of current real income.

7.2 Climate change and competitiveness

Moreover, as can be seen in Figure 3b below, climate change is associated
with a dramatic deterrioration of small-open economy’s competitiveness re-
flected in a serious worsening of terms of trade, TTt.

Figure 3b here
Climate Change and Competitiveness in an economy without monetary

policy independence

This is reasonable, since climate change causes a decrease in domestic
production which in turn increases domestic price level, worsening signifi-
cantly the terms of trade which are given by the ratio pf

ph
.

7.3 Climate change and the impact of a negative TFP shock

As can be seen in Figure 3c below, in the presence of climate change, the
impact of a negative TFP shock is stronger in the sense that it implies a
clearly bigger decrease in real income relative to the case in which there is
no climate change.

Figure 3c here
The impact of a negative TFP shock with and without Climate Change in

an economy without monetary policy independence

The above result is reasonable and intuitive given the mechanism through
which climate change affects our economy.

8 The same economy with monetary policy inde-
pendence

This section resolves the baseline model developed in section 2 under the
fiction of flexible exchange rates, other things being equal. The departure
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point will be the same as in the status quo steady state presented in sub-
section 3.2. In terms of modeling, the only difference from the model in
section 2 is that now the exchange rate becomes an endogenous variable.
Thus, Rbt and st exchange places. The former was endogenous in section 2,
while now it is the latter that becomes endogenous, with the former being
free to follow a national Taylor-type rule for the nominal interest rate (see
e.g. Taylor, 1979, 1993, 1999). In particular, we assume that:

Rbt = Rb + γπ (πt − π̃) (30)

where γπ is feedback monetary policy coeffi cient on price inflation, as devia-
tion from its steady-state value.10 Regarding the feedback monetary policy
coeffi cient, and following most of the relevant literature, we assume that
γπ = 1.5

As can be seen in Figures 4a and 4b below, the qualitative results remain
analogous to those presented in section 5. Regarding Figure 4c, it seems that
when the small open economy has more policy instruments at its disposal
(i.e. monetary policy independece), the impact of a temporary negative
TFP shock, on economic activity, is not affected by whether there is climate
change or not.

Figure 4a here
Per capita real income and Climate Change in an economy with monetary

policy independence
Figure 4b here

Climate Change and Competitiveness in an economy with monetary policy
independence
Figure 4c here

The impact of a negative TFP shock with and without Climate Change in
an economy with monetary policy independence

In other words, the loss of monetary policy independence is not a big
loss, at least in this class of New Keynesian models with Rotemberg-type
nominal fixities, when we investigate the long-run implications of climate
change for a small open economy.

9 Concluding remarks

In this paper we extended the standard new Keynesian model of a small
open economy by allowing for climate change effects. Within this setup, our

10We report that the results would not change qualitatively in case we assumed a richer
Taylor-type rule of the following form: Rbt = Rb + γπ (πt − π̃) + γy (πt − π̃) + γε (εt − ε̃),
where γy and γε are feedback monetary policy coeffi cients on output, and exchange rate
depreciation.
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objective was to investigate the impact of climate change on the economic
outcomes of the small open economy with and without monetary policy
independence. Our results suggest that climate change implies a significant
output loss and a dramatic deterioration of competitiveness. These results
are independent of the type of the exchange rate regime. Moreover, in the
case without monetary policy independence the impact of a standard TFP
shock, in the presence of climate change, is clearly bigger relative to the case
without climate change. It should be noted that these results are robust to
parameter changes.

The present model could be extended along different dimensions. Since
a criticism to IAMs is the damage function (see Pindyck, 2013), different
functional forms and parametrizations for the damage function could be ex-
plored, along with the explicit introduction of tipping points. Moreover, the
current setup could be augmented by introducing a properly modeled finan-
cial sector to investigate the financial risks associated with climate change.

Finally, in the case with monetary policy independence, it would be
interesting to focus on optimal policies by examining what should be the
optimal coeffi cients of reaction to deviations from target in the simple Taylor
rule, when for instance the objective is the maximization of household’s
intertemporal welfare.

We leave these extensions for future work.
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Table 1: Parameterization
Parameters and Description Value
policy variables

β discount factor 0.98

ν degree of preference for domestic goods 0.5

µ1 weight given to consumption 0.45

µ2 weight given to leisure 0.5

1− µ1−µ2 weight given to public consumption 0.05

α1 exponent of physical capital 0.33

α2 exponent of labour 0.6

1− α1−α2 exponent on energy 0.07

A TFP productivity 1

δ depreciation rate of physical capital 0.015

x degree of price stickiness 100

θ measure of imperfect competition 0.85

τ ct consumption tax rate 0.19

τyt income tax rate 0.33

τ et carbon tax rate 0.3

ψQ interest rate premium parameter 0.0505

d threshold parameter of public debt over output 0.9

γ terms of trade elasticity of foreign imporrts 0.9

ξ adjustment cost parameter on physical capital 0.3

ϕ adjustment cost parameter on private Foreign debt 0.3

ϕg adjustment cost parameter on foreign public debt 0.3

λ fraction of total public debt held by domestic agents 0.3
gt
yt

government cons/GDP 0.2
gtrt
yt

government transf/GDP 0.2

ψh damage effect 0.0085914

ce real cost per unit of energy 1.1
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Table 2: Climate change damages as % of GDP. Average
2018-2100

Table 3: The temperature anomaly 2018-2100
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Table 4: Aggregate Climate Change Damages in Greece,
2018-2100

(Present value in billion 2010 US\$)
Damages as \% of GDP in parenthes
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Table 5: Steady-State Solution
Variable Description Value

y real income 1.3657

yh production of home good 0.544183

k physical Capital 2.88835

h labour supply 0.285788

e energy 0.0580423

c consumption 0.88202

ch consumption 0.175727

cf consumption of home good 1.10677

TT terms of trade 0.158774

d/y debt over output ratio 1.43324

(1− λ)d/y foereign public debt to output ratio 1.0033

g public consumption 0.108837

gtr government transfers 0.27314

w wage 1.1249

r real return to capital 0.052848

R nominal return to goverment bonds 1.02041

Rf nominal return to international assets 1.03693

c/y consumption over output ratio 0.6458

inv/y investment over output ratio 0.08

W welfare −0.3357
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Figure 1: Greece, GDP per capita in constant 2010 US$

Source: The World Bank

Figure 2: The population of Greece

Source: UN, World Population Prospects: The 2017 Revision population
data
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Figure 3a
Per capita real income and Climate Change in an economy

without monetary policy independence
(% deviation of real income from its initial steady state value)

Figure 3b
Climate Change and Competitiveness in an economy without

monetary policy independence
(% deviation of terms of trade from its initial steady state value)
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Figure 3c
The impact of a negative TFP shock with and without Climate
Change in an economy without monetary policy independence

(% deviation of real income from its steady state value)
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Figure 4a
Per capita real income and Climate Change in an economy with

monetary policy independence
(% deviation of real income from its initial steady state value)

Figure 4b
Climate Change and Competitiveness in an economy with

monetary policy independence
(% deviation of terms of trade from its initial steady state value)
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Figure 4c
The impact of a negative TFP shock with and without Climate
Change in an economy with monetary policy independence

(% deviation of real income from its steady state value)
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