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Abstract

Green public policy goals can be met by a wide range of instru-
ments, which invites a comprehensive analysis of their direct and col-
lateral effects. This study is focused on the two regulatory instru-
ments, emission taxes and green public procurement, which differ in
compulsion and type of impact. We provide a general equilibrium
analysis in order to investigate welfare and environmental outcomes
of the both green policies in autarky and upon trade integration. The
model uses two sources of heterogeneity - across firms in regard to their
productivity and across countries in regard to the type and stringency
of environmental policy. We show that while taxation yields more
quantitatively significant social and ecological effects, green public
procurement is more efficient in environmental damage reduction per
unit of welfare loss. Exposure to international trade delivers incon-
clusive results when countries with lower taxation and higher eco-bias
in government purchases face increasing emissions and welfare. Coun-
tries with higher taxation and lower eco-bias in government purchases
experience decreasing emissions and welfare. Meanwhile, trade in-
tegration unambiguously favours trading partners if they introduce
identical taxation or green public procurement programmes.
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1 Introduction

Current rise of green public policy has its roots in the 1960s with the pub-

1 and the subsequent growth of

lication of Silent Spring by Rachel Carson
ecological concerns all over the world, bringing environmental issues to the
global agenda?. Since then environmental policy has been developed in dif-
ferent dimensions such as predominantly targeted areas, actors, ranges of
effects and instruments, causing intense debates on their efficiency, which
requires comprehensive analysis of their direct and collateral outcomes.

Our paper aims to compare the welfare and environmental impact of
two widely implemented environmental policy instruments, emissions taxes
(stick) and green public procurement (GPP, carrot). The choice of regula-
tory instruments is based on the following reasoning. First, they represent
two alternative approaches to regulation that feature mandatory wvs. volun-
tary participation and direct vs. indirect influence. Thus, emission tax is a
mandatory instrument that targets negative environmental effects directly,
while GPP offers producers a voluntary opportunity to affect the greening of
the production process through demand changes®. Second, we aim to investi-
gate the effect of GPP relative to taxation due to the growing expectations of
the former as an efficient and desirable policy instrument. Since public pur-
chasing accounts for 12% GDP in OECD countries (OECD, 2011) and 16%
of GDP within the European Union (EC, 2008), green public procurement
has a significant potential to influence markets and industries. Meanwhile,
theoretical research of its consequences challenges this point of view empha-
sising the sources of possible non-efficiency of the GPP programmes?*. In
order to enrich the analysis we provide an alternative approach to disclose

the channels of GPP policy influence, both direct and collateral, that have

LCarson, Rachel. Silent Spring. Houghton Mifflin Company, 1962.

2World-wide discussion of ecological threats started in the beginning of the 1970s at
the Paris Summit of the European Economic Community (1972) and the UN Conference
on the Human Environment in Stockholm (1972).

3Meanwhile, Lundberg and Marklund (2013) also stress the command-and-control na-
ture of green purchasing due to the direct criteria set by the government while defining
green products. Therefore, one can think of GPP as a mixed voluntary-mandatory regu-
latory instrument.

4See Section 3 for the overview of the relevant literature.



not been addressed before.

Green public policy yields a wide range of outcomes including such straight-
forward effects as greening the market and emissions decline as well as such
possible secondary effects as environmentally-friendly technological progress.
To focus on the primary effects of the chosen policy instruments we ignore
any possible impact of public policy on the decisions made by economic
agents beyond the immediate reaction to the regulation. Thus, we assume
no environmental bias in consumer and producer behaviour implying the
government to be the only source of ecological concerns. We particularly ex-
plore the transformation effect of regulation when producers are incentivised
to green the production process within the current technological framework.®

Another keystone of our approach relies on the magnitude of government
green purchasing. Data shows that the public procurement shares vary con-
ditionally on the type of products®. For example, one would expect nearly
monopolistic power of the government in the defence industry. Meanwhile,
in a wide range of industries such as textile and apparel, office equipment,
food products, etc., the degree of public intervention is much smaller and
comparable to other consumers in the market. The present paper ignores
the monopoly case focusing on the monopolistically competitive nature of
public and private agents’ behaviour.

Our research compares the effects of green taxation and GPP on the
“green intensity” of the economies and how they evolve with trade liberal-
isation in the general equilibrium setting. The model features monopolistic

competition, heterogeneous firms, tax incentives towards green technology,

5The literature emphasises two principal dimensions of GPP policy, transformation
and substitution. See Marron (1997), Lundberg et al. (2015), and Section 3 of the present
paper for the details.

6See, for example, Trionfetti (2001), Marron (2003), Briilhart and Trionfetti (2004).
Renda et al. (2012) report the heterogeneity of product groups subject to green procure-
ment. At least one EU core criterion is used while purchasing office IT equipment and
construction services (more than 60% of contracts). On the opposite side of the spectrum
are food products and catering services (48%) and electricity (23%). Meanwhile, any
green criteria regardless of their compliance with the EU rules are the most widely used
while purchasing office and IT equipment, transport, and cleaning services and products
(more than 60%). The lowest share of green contracts are in electricity, food products and
catering services (less than 50%) .



and green-biased government demand in the form that most closely represent
the current normative framework; that is, a minimum “green input require-
ment”.

The analysis shows the main and collateral effects of environmental reg-
ulation based on resources redistribution across industries and productivity
changes. The results can be aggregated in three main strands.

First, the model illustrates self-selection of producers when the most pro-
ductive ones aim for cleaner technologies while the less productive find it
optimal to preserve the initial status.

The second set of results shows the effects of green policy under autarky.
Thus, the expansion of both instruments decreases emissions and utility while
the absolute changes are more significant with environmental taxation. At
the same time, green public procurement is relatively more efficient, leading
to higher emissions reduction per unit of welfare loss. The model also illus-
trates the collateral effects of environmental policy in autarky that refer to
firms’ productivity dynamics. Green policy expansion toughens the competi-
tion, forcing the most efficient firms to implement eco-friendly technologies,
and the least efficient to leave the market”.

Finally, in the open economy setting we show the ambiguity of welfare and
environmental outcomes of trade integration across countries which introduce
green public regulation. We show that relatively low taxes and significant
GPP policy incur higher emissions and higher welfare®, while relatively high
taxes and modest GPP policy deliver the opposite results. The only pos-
sible “win-win” situations occur when identical countries opt for identical
tax or GPP policy which leads to an increase in welfare and no changes or
decrease in emissions. Therefore, the model predicts the harmonisation of
green public policies to be beneficial for all trading countries. The model also
illustrates collateral open economy productivity effects stemming from the

type of green public policy. We show that while taxes do not influence market

"The latter result is conditional on the emission intensity of production process. We
report here the outcome obtained under a more general assumption when the production
process is relatively emission efficient. See Section 5 for the details.

8Throughout the paper we consider ”pure” welfare without accounting for environmen-
tal damage.



efficiency, GPP generates additional exit/entry dynamics for firms: exposure
to trade enlarges the non-environmentally friendly sector of the market due
to the tougher competition in the environmentally-friendly sector and to the
reallocation of production factors.

This study aims to enrich the theoretical research on GPP which remains
scant despite the growing GPP implementation all over the world. Remark-
able exceptions are the studies by Marron (1997), Lundberg and Marklund
(2013), Lundberg and Marklund (2011), and Lundberg et al. (2015).° We
contribute to the literature by investigating the impact of GPP within the
model that incurs two types of heterogeneity: across countries in the strin-
gency and type of environmental policy and across producers in their pro-
ductivity. To the best of our knowledge, this has not been done before. This
framework is applicable both to closed and open economy settings. Our ap-
proach is also in line with two other strands of literature on the environmen-
tal impact of trade integration with heterogeneous firms (see, for example,
Batrakova and Davies (2012), Cui et al. (2012), Kreickemeier and Richter
(2014), Forslid et al. (2015)), and on the impact of public procurement on
the market outcomes (see, for example, Trionfetti (2001) and Briilhart and
Trionfetti (2004)).

The rest of the paper is organised as follows. Section 2 introduces envi-
ronmental taxation and GPP as green public policy instruments. Section 3
overviews the literature on GPP. Section 4 introduces the model. Section 5
investigates the outcomes of different policy scenarios both in autarky and

upon trade integration. And Section 6 discusses the results and concludes.

2 Environmental Policy Instruments

Green policy toolkit contains numerous differentiated instruments reflect-
ing the complexity of arising environmental problems and corresponding
structure of environmental governance. The regulatory approaches can be

grouped in three main categories: direct or command-and-control regulation

9See Section 3 for the literature review.



(e.g., technological standards and certification), market-based instruments
(e.g., emission quotas and taxes, subsidies, tradable permits), and disclos-
ing approaches (e.g., environmental labelling and promotional programmes)
(Marron, 2003). These instruments differ in several ways, including targeted
goals, stringency, compulsion (mandatory or voluntary), or type of impact
(direct or indirect). In general, they can be predominantly prohibitive to
impose a burden on economic agents or incentivising to encourage them to

improve the production process (Albrizio et al., 2014).

Environmental Taxation. The European Commission defines an envi-
ronmental tax as “a tar whose tax base is a physical unit (or a proxy of a
physical unit) of something that has a proven, specific negative impact on

7Tt is a

the environment, and which is identified in ESA95'° as a tax
widely used market-based green policy instrument directly addressing the
market failure of ignoring the negative ecological impact of the production
process. The first green tax was introduced in 1959 in French water legis-
lation, and in 1971 in the Netherlands and Germany to address the effluent
control (McEldowney and Salter, 2015). In the 1970s the US started to de-
velop market-based green policy by introducing taxes on gas-guzzling cars
(1978) and chemicals (1980) (Milne, 2011). Since then environmental taxes
have been widely represented all over the world accounting for 5.07% of the
OECD total tax revenue (OECD, 2017).

The European Commission puts environmental taxes into four main cat-
egories: energy taxes (including fuel for transport) - 77% of EU-28 environ-
mental tax revenues; transport taxes (excluding fuel for transport) - 20%;
pollution and resources taxes - 4% (EU, 2016). Overall they account for
2.4% of the EU-28's GDP varying from 0.77% in Liechtenstein to 4.14% in
Denmark (Figure 1, Eurostat, 2013).

10ESA95 abbreviates the European system of national and regional accounts.
HRegulation (EU) No 691/2011 of the European Parliament and of the Council of 6
July 2011 on European environmental economic accounts, 16/06/2014.



Figure 1: Environmental Tax Revenues: percentage of GDP (source - Euro-
stat, 2013)
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Green Public Procurement. Green Public Procurement (GPP) is de-
fined by the European Commission as “a process whereby public authorities
seek to procure goods, services and works with a reduced environmental tm-
pact throughout their life cycle when compared to goods, services and works
with the same primary function that would otherwise be procured”'?. The
majority of GPP practices were launched in the early 1990s, meanwhile,
such pioneering countries as Germany, Austria and Japan introduced the
first initiatives up to 15 years earlier'3. Often GPP activities coincide with

the establishment of eco-labels as a voluntary environmental policy tool.'4

12C0M(2008) 400 Public procurement for a better environment, pp.3.1.

13Brief retrospective analysis of GPP’s development is provided, for example, by Ochoa
et al. (2003).

14Because GPP development is an issue of recent interest, the corresponding data on
its implementation is rare and incomplete. One of the exceptions is the Collection of
statistical information on Green Public Procurement in the EU (PricewaterhouseCoopers
and Ecofys, 2009) that presents the impact of GPP instruments in Austria, Denmark,
Finland, Germany, the Netherlands, Sweden, and the UK in 2006/07.



Figure 2: Uptake of GPP (based on the EU GPP criteria set) in the EU27
(share of all contracts in 2009/10 by value for 10 product groups) (Renda
et al., 2012)
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The data is obtained from a target survey of authorities for the ten product groups:
cleaning products and services; construction; electricity; catering services and food
products; gardening services and products; office IT equipment; copying and graphic
paper; textiles; transport; and furniture.

OECD countries introduced the idea of the public procurement environ-
mental performance to the global agenda in 2002.> Within the EU the
importance of GPP was stressed in 2003 when the member states were urged
to adopt national plans for greening the public purchasing policy by the end
of 2006.1¢ In 2008 the European Commission adjusted the target calling for
the increase of GPP compliant with the EU core criteria!” to the 50% of all
public procurement. The monitoring accomplished in 2012 shows that the

target has not been reached. Nevertheless, 55% of the contracts signed by

15See the OECD Recommendation of the Council on Improving the Environmental Per-
formance of Public Procurement, C(2002)3, 23 January 2002.

16See the European Commission Communication Integrated Product Policy - Building
on Environmental Life-Cycle Thinking, COM/2003/0302.

"There are two types of criteria within the EU, the core and the comprehensive crite-
rion. The core criterion addresses the key environmental impacts and implies a minimum
additional verification while the comprehensive criterion identifies the best environmen-
tally friendly products. Thus, the former criteria requires relatively lower spendings to
the production process adjustment in comparison with the latter.



European public authorities in 2009/10 included at least one EU core GPP
criterion. More than 80% of public contracts were green in Sweden, Den-
mark, the Netherlands, and Belgium. And Finland was the ultimate leader

18 The results also

by value (more than 80% of all signed contracts value)
show that for a wide range of industries'® 38% of the total public procure-
ment value in the European Union is related to green purchases based on
EU, national, regional, local, or any other environmentally friendly criterion

(Figure 2, Renda et al. (2012)).

3 Literature Review

Upon implementation of the GPP programmes certain obstacles come to
light such as relatively higher prices of green goods and services, lack of clear
environmental standards, and absence of monitoring and evaluation mecha-
nisms (OECD, 2015). These issues are of particular importance due to the
risk of sacrificing the major goals of public procurement: the support of
environmental and sustainable development may contradict the public pro-
curement “value-for-money” principle. Nevertheless, policymakers generally
consider GPP as a driver for greening the production process and subsequent
development of clean technologies and environmental degradation reduction
(EC, 2016). They also stress the “leading-the-way” impact: GPP can raise
environmental concerns in the society strengthening green bias in preferences
(Oosterhuis et al. (1996), Marron (2003)).

Practical implementation of GPP is well-represented in the literature.
See, for example, studies on China - Geng and Doberstein (2008), Ho et al.
(2010), Qiao and Wang (2011), Zhu et al. (2013), Denmark - Mosgaard et al.
(2013), Finnland - Parikka-Alhola (2008), Hungary - Valké and Kiss (2005),
Italy - Cerutti et al. (2016), Testa et al. (2012), Testa et al. (2016), Japan -
Ho et al. (2010), Norway - Fet et al. (2011), Igarashi et al. (2015)), Michelsen

8For the particular examples of GPP implementation see, for example, OECD (2015),
EC (2012).

19Cleaning products and services; construction; electricity; catering services and food
products; gardening services and products; office IT equipment; copying and graphic pa-
per; textiles; transport; and furniture.



and de Boer (2009), South Korea - Ho et al. (2010), Sweden - Arvidsson and
Stage (2012), Lundberg et al. (2015), Parikka-Alhola (2008), Taiwan - Ho
et al. (2010), Tsai (2017), Thailand - Ho et al. (2010), the USA - Simcoe
and Toffel (2014). However, its theoretical analysis remains rather scant. A
few notable exceptions are the studies by Marron (1997) and Lundberg et al.
(2015) who investigate GPP in partial equilibrium settings assuming a range
of different market structures, from perfect competition to oligopoly, and
different degrees of substitution between brown and green varieties (Lundberg
et al. (2015) also introduce a competitive tendering process), and papers by
Lundberg and Marklund (2011) and Lundberg and Marklund (2013) who
focus on the role of awards in GPP contracts within the auction theory
framework.

In general, GPP is considered as a substitution (Marron, 1997) and/or
a transformation (Lundberg et al., 2015) policy. Substitution policy urges
buyers to choose environmentally cleaner (green) over environmentally dirt-
ier (brown) varieties, and transformation policy incentivises producers to
“green” the production process. Lundberg and Marklund (2013) state that
substitution policy can be considered as a special case of the transformation
policy.

The findings of the theoretical analysis of GPP are rather dubious. The
key concerns can be structured in three general sets of findings. First, the
literature argues that GPP impact should be judged not only on the basis of
government but also private purchases. Private market responses to GPP can
offset, amplify or sterilise government purchases conditional to the marginal
cost changes that are often overlooked upon implementation. The second
strand of concerns stresses the fact that public procurement can alter both
the size of the green sector and of the whole market. In the latter case it
may lead to the emissions growth ruining the main goal of the green public
policy. And, third, Lundberg and Marklund (2013) provide evidence of the
cost-inefficiency of GPP as an emissions reducing instrument.

Overall, the existing analysis shows that the impact of GPP heavily de-
pends on market structure and on government market power as well as on

consumer attitudes towards brown and green varieties. It stresses the lim-

10



itations of the GPP efficiency challenging the common public attitude to
consider government green purchasing as an efficient and desirable public
policy instrument.

In order to contribute to the current discourse, we designed a general equi-
librium model that explores new channels of green policy impact aiming to

compare GPP with a more traditional environmental instrument - taxation.

4 The Model

The economy is comprised of two countries indexed by i (i = F, H), three
sectors, the manufacturing sector, Z, the government sector, G, and the ser-
vice sector, §, and one factor of production, labor, whose supply is constant
and equal to L;.

The service sector is an outside good and serves as a numéraire. As such,
S is produced by perfectly competitive firms that use a constant-returns-
to-scale technology which requires a unit of labor input per unit of output.
Sector § is assumed to be costlessly traded and big enough to absorb all
changes in demand for labor emanating from the monopolistic competitive
sector. Accordingly, the model assumes both countries to produce & which
assures the price of S is the same across countries. We normalise it to one.
This setting yields equal wages that take the value of one.

Good Z is produced in many varieties in a monopolistically competitive
market by firms using an increasing-returns-to-scale technology that requires
fixed and variable labor input. Any variety of Z is traded internationally at
an iceberg cost by which for one unit sent only a fraction 7 € (0, 1] arrives.
Varieties may be produced using a green or a brown technology which differ
by fixed and marginal labor input. The marginal labor input not only differs
by technology but may also differ across firms within a technology since it
has a random component. The technology is observed by the government
but not by consumers. Let M;, My, ;, and M,,; denote, respectively, the set
of all varieties, brown varieties and green varieties available to consumers in
country i; obviously M; = My,.; + My,; and My,.; N M,,; = 0.

11



Households. Households preferences are described by a Cobb-Douglas util-
ity function defined over S and Z : U; = Z*S! ™ with p € (0,1), and where
Z; is a CES aggregate of all varieties (green and brown).?® The elasticity of
substitution among any pair of varieties is ¢ > 1. National income is L;, and
households are taxed at a rate 7', same in both countries. Utility maximi-
sation under budget constraint and aggregation over households yields the
demand emanating from domestic and foreign residents for any variety m of
the manufacturing good produced in i:

! = p; "B} + p;; 7 B) Vme®, i,j=HF i#j (1)
where in d? the superscript " refers to household demand (distinct from
government demand), the subscript ; refers to the country where the variety
is produced, B! = P7~'ul! is a household demand shifter, P; denotes the
CES price index relevant for households in ¢, and p;; is the price a firm in ¢
charges to residents in 7, and p;; is the price a firm in ¢ charges to residents in
J; I represents national disposable income; the variety index m is omitted in
order not to burden the notation but obviously the price of different varieties
may differ because marginal cost may differ due to technology and/or to the
random component of marginal labor input. Indirect utility is represented
as V; = [P 7",

Technologies. Production of any variety of Z requires a fixed input and
a constant marginal input per unit of output. Firms may choose between
a green technology and a brown technology. The green technology requires
higher fixed and marginal labor inputs than the brown technology. Further-
more, even within a technology (brown or green) the marginal labor input

is the realisation of productivity represented by a random variable ¢ whose

29Government services do not enter the consumers utility function due to the assump-
tion of the exogenous tax rate that is not necessarily optimal. The model can also be built
in the spirit of the public finance literature allowing for the optimal taxation determined
endogenously. Meanwhile, this approach combined with the consumers eco-ignorance re-
quires zero green public procurement bias. Thus, we eliminate this additional welfare
effect in order to focus on the green public policy impact rather than on discovering the
optimal policy design.

12



cumulative distribution function is Q(¢) defined in the set [¢g,00). To be
specific the labor input per ¢ units of output is ly. = Fy,. + gy /¢ for brown
firms and [, = F, +cq,-/¢ for green firms where F, > F}, and ¢ > 1. Natu-
rally, green and brown technology differ also in terms of emission per unit of
output which, for a brown and a green firm respectively are e, = (¢)~® and
egr = 0(¢)~* where o > 0 captures the assumption that more productive
firms pollute less and also allows for no relationship between productivity
and emission intensity?!, and § € (0,1) captures the fact that the green

technology is less polluting.

Governments. Governments produce a general service G by inputting
the CES aggregate Z and labor in a Cobb-Douglas production function:
G: = Z'LI™". The cost shares are the same as expenditure shares; this is
made for notational convenience and has no qualitative consequences on the
results. We consider two distinct green policy instruments: taxation and

public procurement.

e Taxation, or “Stick” policy. Government can introduce a carbon
tax t; > 0 that represents a fee per one unit of emissions. Collected tax

payments are transferred as a subsidy to consumers.

e Green Public Procurement, or “Carrot” policy. Government
can implement a policy by which a fraction ; € (0,1] of total gov-

22 The remaining

ernment purchases is reserved for green products.
fraction is spent on all varieties regardless of whether they are green

or brown. As a consequence, two distinct demand functions emanate

21The assumption of a negative relationship between productivity and pollution is based
on the empirical findings of Batrakova and Davies (2012) (data on Ireland), Cole et al.
(2008) (data on China), Forslid et al. (2015) (data on Sweden), Cui et al. (2012) and
Scott Holladay (2016) (data on the US). The assumption of no relationship between pro-
ductivity and emission intensity is supported, for example, by the empirical findings of
Rodrigue and Soumonni (2014) (data on Indonesia).

22We introduce GPP policy in the form of a set-aside target spendings. Meanwhile,
another common way of the green purchases implementation can be shaped as price pref-
erences when the government sets the allowed mark-up for cleaner products.

13



from each government:

@ = B rptB YmeM, ij=HFitj (2)
dy,i = Dy B+ B Ym e My, i,j=H F;i#j. (3)
where BY = PY~'(1 — y)uTL; and BS,, = P5 ' yuT L; are government

demand shifters such that P; and P, ; correspond to CES price in-
dexes that contain all and only green varieties available in the market

respectively.

Pricing. Firms are profit maximizers. The demand addressed to brown

and green firms is, respectively,

Qori = d? + dzg Vm € Mb?’,iu ZJJ = HJ F,Z # ] (4)
Qori = d? + dzg + dgrﬂ' Vm € Mgr,ia l,] - H, sz 7é j (5)
Profits are Torig = (p - tigbr,i)Qbr,i — Il and Tgri = (p - tiggr,i)qgr,i - lgra

therefore, the profit maximizing prices are

Y It _ DPbrii

pbr,zz((b) — o—1 (qb + qb“) ) pbr,zy — - (6)
Y c to _ DPgrii

pgr,ii(qb) - o—1 (¢ + ¢a) Pgrij = T (7)

The terms in parenthesis are the tax-inclusive marginal cost of the brown

and green technologies, respectively.

Emissions. Emissions of a brown and a green firm are, respectively,

Quri

Ebrii = Eorori = ;a (8)
q %

ggr,i = Egrlgr; = 5# (9)

Emissions depend on productivity through two opposite channels: a higher

productivity corresponds to a higher output and, therefore, higher emissions

14



but also to a lower emission per unit of output. We assume, as it seems
reasonable, that the first channel dominates the second. Accordingly, we
set the total derivatives of emission with respect to ¢ to be positive, which
requires o > a.

Emission tax income is represented as

Tax; :/
M,

Accordingly, consumers disposable income I" = (1 — T)L; + Tax;.

EpridQp) + / EgridA(p) (10)

Mg, ;

T,

Zero cut off profits and no-arbitrage condition. Revenue functions
are Tyri = PoriiQeri and Tgri = Pgr.iiQeri and the profit functions are m,.; =
Tbri/ 0 — Fy and my, ; = 14,;/0 — Fy. The zero cutoff profit condition defines
the value of ¢ to which correspond zero profit for cutoff firms. Defining Aw; =
Tgri — Tori, We obtain limg 0 Am < 0 and limg_,.o Am > 0. Consequently,
in a market where brown and green firms coexist, it is always the case that
any brown firm is less productive than any green firm.?* Therefore, the zero
cutoff profit condition (ZCP) concerns only brown firms. Such condition,
described in equation (11), defines the cutoff value of productivity denoted
¢;.. The no-arbitrage condition (NAC) described in equation (12) defines the
value of ¢ for which the profits of a brown firm and a green firm are equal.
Such value, denoted ¢

monotonically with ¢.

o> 18 necessarily higher than ¢j, since profits increase

ZCP mu(dh) = 0 (11)
NAC 7rb7”,i<¢;r,i) = Wgr,i(qszni) 20 (12)

234Single colour” equilibria where only brown or only green firms exist may arise in
our model. We rule them out for the moment since they are less interesting and less
reasonable.

15



Sales and profits. Applying equations (11)-(12) to the profit functions we

obtain the cutoff revenues:

Tori(Ppri) = 0Fbr, (13)
T9T775(¢Z7”,i) = rbT’,i(qb;T,i) + 0 (Fgr — Fir). (14)

For any two firms with different productivity but using the same technology
the relative sales depend only on the different realizations of ¢. Thus, for

two firms with realizations ¢’ and ¢” we have:

rora(¢) _ < Porii(&) ) 4 Teald) _ (pgr,ii(w) )
Tbr,'i (¢//) pbr,ii (¢/I> o 7agr,i <¢//) pgr,ii (¢”) (15)

Applying (15) to the cut off firms and to any other firm we obtain firms sales:

Tbr,i(¢) = (M) _ o Fy, (16)

Prii (Pp

@ = (Peal®) N7 _
Tg"’ﬂ(gb) - P (gb* ) [Tbr,l(qbgr,i)—i_o-(Fgr Fb?‘)} (17)

Aggregation Average (or expected) values are obtained by integration of
all firms in the set to which the firm belongs and aggregate values are obtained
by multiplying the average by the mass. Allpowered average will be denoted
by a tilde and regular average by an over-line. Appendix 7.1 provides the

details of aggregation.

Free entry and exit. Free entry and exit assures that in equilibrium the

expected profit prior to entry is equal to the entry cost F:

[1 - Q((é;r,z)} fg'r,i + [Q(¢;r,z) - Q(¢zr,z>] ﬁb?“,i = F€ (18)

Masses of firms. Let’s denote by M, ; a mass of potential entrants to the

market of good Z; and by M; a mass of survivals in country ¢ in equilibrium

16



such that
M, = 1~ Q(63,,)| M. (19)

The surviving firms are allocated across brown and green market segments
according to the productivity distribution and the equilibrium cutoff produc-

tivities such that

(Pgri) — Q)

M= T g .

M T T %
" 1 - Q((bi);r,z)

Goods market clearing. Firms profit maximisation requires (4) and (5)
for each firm to hold assuring the goods market clearing condition (22) to be
satisfied.

Mbr,inr,i + Mgr,ifgr,i - Mbr,iabr,i + Mg'r,ic_ig'r,ia 1= H7 F) (22)

where Ty i, Tgris dpri, and dg.; represent average revenues and demand of

brown and green goods respectively (see Appendix 7.1).

Labor market clearing. Labor demand emanates from the service sector,
Ls; = S;, from the government sector, Lg; = (1 — p)T'L;, and from the
manufacturing sector, Lz; = Ly, ; + Lgri + Le i, where Ly, i, Lgp i, Le; denote
the labor required by brown, green and entering firms of sector Z respectively.

The labor market clearing condition is
L; = Lsi+ Lgi + Lz; (23)

Equilibrium. After replacing average prices, price indices, and a mass of
entering firms into (11), (12), and (18), these equations constitute a system
of six independent equations that determines the six endogenous variables of
the model {gb;;r,i, Pyris MZ*} .1 = H,F. To close the general equilibrium we

require the labor market clearing condition (23) to hold which will determine

the size of the outside sector Lg;. Note that the equilibrium is based on the
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assumption that an outside sector S is big enough to absorb all possible

changes in demand for labor that requires Ls; > u(Ly + Lr),i = H, F.

5 Policy Scenarios

The designed framework allows the study of the outcomes of different types
of environmental policy in autarky and upon opening to international trade.
In autarky we compare the efficiency of carrot and stick policies. In open
economy three scenarios are to be investigated depending on the choice of the
policy type across countries: two analogous when both implement taxation or
green public procurement, and one dissimilar when countries opt for different
programmes. When countries introduce analogous strategies, we can also
study the impact of policy stringency heterogeneity across countries.

We investigate the comparative statics of all the scenarios and illustrate
the results with numerical simulations. The numerical analysis is based on
the following set of parameters: emissions intensity a = 0.5 and o = 1,
elasticity of substitution between varieties ¢ = 4, productivity is Pareto-
distributed with shape & = 4.25 and scale ¢g = 1, fixed costs: of entry F, = 1,
brown technology F, = F,, green technology F, = 1.25F;; increase in variable
costs and decrease in emissions due to cleaner technology introduction ¢ =
1.05 and 6 = 0.9 respectively; emissions efficiency o = 1; size of the economy
L = 1000; income tax T" = 0.06, Cobb-Douglas expenditure share p = 0.3.

5.1 Autarky

In autarky two green policy scenarios are considered - stick policy (environ-
mental taxation) and carrot policy (GPP).

The efficiency of stick policy depends on the green technology parameters.
Within the current framework firms introduce an eco-friendly programme if
the latter allows selling goods at lower prices in comparison with brown
programmes. A decline in prices is related to higher emissions efficiency
yielding lower tax payments.

No firms choose green technology if Vo, (é + ¢%> < <§ + ;—‘i) That
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implies ¢!~ < t((cl:?). If the latter holds, an additional policy instrument
such as subsidy is required to reach the environmental goals. Thus, for low
tax levels firms tend to remain brown. Only when the tax ratio reaches the
threshold that allows producers to reduce the variable costs by introducing
environmentally friendly technologies, the green sector is developed.

Comparing the two policies, we observe analogous changes in welfare,
emissions, and green productivity cutoffs under both scenarios while the dy-
namics of a brown productivity cutoff remains the same under the carrot
scenario but depends on the emissions elasticity under the stick scenario (see
Appendix 7.2 for the comparative statics analysis and Figures 3 and 4 for
the numerical simulations).

Under the environmental taxation scenario, emissions efficiency o deter-
mines the price structure: if a € [0, 1), taxes dominate production costs in
the price structure, the opposite otherwise. Accordingly, if there are highly
polluting industries a € (0,1) the redistribution of environmental tax rev-
enues to consumers significantly affects the demand. Therefore, more strin-
gent policy allows room for new less productive firms to enter the market. If
the industry is relatively less polluting o € [1, 0], higher taxation strength-
ens the competition forcing the least productive firms to leave the market.
Meanwhile, the dynamics of green cutoff productivity is not related to emis-
sion efficiency: in any case it is decreasing as a result of firms’ willingness to
lower the impact of taxation by introducing more environmentally-friendly
technology. Tougher taxation naturally leads to a decrease in welfare and
emissions.

More benevolent carrot policy also toughens the competition enlarging
the green segment and leading to the exit of less efficient brown firms. The
effect on welfare and emissions is identical to the stick scenario.

To compare the efficiency of stick and carrot regulation we introduce
elasticity of aggregate emissions with respect to aggregate welfare %, where
& represents aggregate emissions and V' - indirect aggregate utility. Figure
5 shows that for all considered levels of policy instruments the elasticity is
positive: the negative environmental impact can be reduced at the expenses

of welfare. Meanwhile, despite the fact that stick policy generates higher
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Figure 5: Flasticity of aggregate emissions with respect to aggregate welfare
m autarky
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environmental effects in absolute dimensions, the carrot approach is more

pollution-welfare efficient.

5.2 Trade

Upon trade integration we consider three cases - “stick-stick”, “carrot-carrot”,
and “stick-carrot” - according to the implemented environmental policy (see
Appendix 7.3 for comparative statics analysis and Table 1 for the results).
In the first two scenarios we study the model under two assumptions when
countries introduce the same type of policy. In each case we compare the con-
sequences of trade integration when green policy is similar (tg = tp =ty = 1,
Y% = v = v = 0.5) or different (ty = 0.75, tp = 1.25; vy = 0.25,
vr = 0.75) in its stringency/benevolence. The third scenario illustrates the
case when one country introduces environmental taxation (tg = 1, yg = 0)

while the trading partner opts for a GPP programme (tx = 0, vp = 0.5).
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Table 1: Effects of green policy with exposure to trade

Scenario Brown | Green | Welfare | Emissions
cutoff | cutoff
Tax-Tax
identical 0 0 M 0
higher 0 0 (2 (3
lower 0 0 T T
GPP-GPP
identical [} T s [}
higher \ fr fr fr
lower [} T [} [}
Tazx-GPP
tax 0 0 (2 (3
GPP J fr gl fr

Note: Under the highlighted scenarios countries benefit from trade integration.

5.2.1 “Stick-stick” scenario

First, let’s consider the case when both trading countries introduce environ-
mental taxation. If the level of taxation is identical across countries (to = 1),
the only change induced by increasing openness to trade is welfare growth
(Figure 6). This result is well-known in the literature as “love-of-variety”
effect: consumers benefit from a wider range of products due to trade in-
tegration. That corresponds to a “win-win” situation when both countries
benefit from exposure to trade.

Second, let’s assume that country H is less eco-concerned in comparison
with country F' such that ¢y = 0.75 < tp = 1.25. Then emission intensity
determines the initial composition of brown cutoff productivities: if a €
[1,0), ¢ > ®pnpr» the opposite otherwise. Thus, as under autarky, low
emissions intensity combined with a tax transfer to consumers opens room
for less productive firms to enter the market. Meanwhile, the order of green
cutoffs remains the same ¢p, » < ¢7. 4.

Due to the absence of fixed exporting costs we observe a collateral effect

on cutoff productivities with increasing trade integration. In contrast to
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Figure 6: Trade, "stick - stick” scenario, « =1, tg =1, tg =0.75, tp = 1.25
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the case with identical countries, the impact on emissions and welfare is
conditional to the green policy stringency. Country H with a relatively less
severe regulation experiences welfare and emissions growth. Both effects
stem from a relatively higher level of domestic producers’ competitiveness as
a result of lower taxation. Country F' who introduces more severe regulation
faces the opposite situation: consumers lose due to higher distortion based
on taxes but at the same time the economy gains from lower emissions.
Accordingly, lower taxation fosters incomplete specialisation of country H
on manufacturing products leading to emissions growth, while country F
experiences emissions decline as a result of stricter taxation. Therefore, the
overall effect of trade integration on both countries is conditional to the
relative magnitude and perception of environmental degradation and welfare

growth.
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5.2.2 “Carrot-carrot” scenario

In the second case we consider GPP programmes to be the only type of green
policy. In comparison with a “stick-stick” scenario, exposure to trade leads
to changes in all parameters of interest, particularly, cutoff productivities,
emissions, and welfare (Figure 7).

In both cases, when GPP policies are identical or different, collateral ef-
fects are the same across countries. Trade toughens competition in the green
segment that becomes more productive which, in its turn, pins down the price
index increasing eco-biased demand. At the same time the least productive
green firms who are forced to discontinue environmentally-friendly produc-
tion disengage the labor required by cleaner technologies. That opens the
market for less efficient newcomers who join the brown segment. As a result,
the green cutoff productivity increases and the brown cutoff productivity
declines.

Meanwhile, the welfare and emission effects depend on the cross-country
GPP policy differences. Exposure to trade between identical countries (v =
0.5) leads to a welfare increase. This is in line with the well-known result of
trade integration and emissions decrease that is at odds with some findings
in the literature arguing that trade integration leads to emissions growth?*.
Thus, the model delivers a “win-win” situation when both countries observe
lower emissions and higher welfare.

When countries introduce different GPP programmes, the outcomes are
ambiguous. A higher share of government spendings to green goods increases
the competition and, accordingly, welfare as a result of the higher produc-
tivity of producing firms. Meanwhile, the attractiveness of the market also
incurs higher emissions. The effects for the country with relatively lower
spendings on GPP are the opposite. As a result, the outcomes for both
countries are inconclusive and depend on the relative magnitude and percep-
tion of pollution and welfare as in a “stick-stick” scenario with heterogeneous

green policies.

24Gee Cherniwchan et al. (2017) for a recent overview of the problem.
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Figure 7: Trade, “carrot-carrot” scenario, « = 1, vy = 0.5, yg = 0.25,
vr = 0.75
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5.2.3 “Stick-carrot” scenario

In the third scenario we consider when countries are heterogeneous in the type
of implemented green public policy: country H introduces environmental
taxation (ty = 0.75) but no GPP (yg = 0) while country F' opts for green
public purchasing (v = 0.5) but zero carbon tax (tp = 0).

As in a “stick-stick” scenario, emission intensity determines the ratio of
brown cutoff productivities across countries: « € [0,1) dampens the cutoff
in country H who opts for an environmental tax policy.

The trade integration effects in the “stick-carrot” scenario is analogous
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Figure 8: Trade, “stick-carrot” scenario, « =1, tg = 0.75, tp =0, vg = 0,
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to the “carrot-carrot” scenario with heterogeneous green policies. The only
difference stems from the stability of productivity cutoffs in country H for

any level of trade costs (Figure 8).

6 Discussion and Conclusion

Our analysis aims to better understand the main and collateral effects of two
different green policy instruments, environmental taxation and green public
procurement. The former represents a traditional mandatory approach that
directly impacts ecological damage while the latter implies voluntary deci-
sions acting indirectly through the government demand. At the same time,
both instruments incentivise producers to introduce more environmentally
friendly technologies. The object of the research is of current importance
due to the topicality of environmental problems and the ongoing intensive
investigation into the most efficient and least distortive regulatory instru-

ments.
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Moreover, our focus on GPP reflects the worldwide intention of policy
makers to promote green purchasing as a tool with strong potential to address
a wide range of environmental problems. This attitude is at odds with the
theoretical literature where the findings concerning GPP remain unconvinced
and vigilant of highly likely negative side effects.

Our research contributes to the existing studies in several dimensions,
however, we do not assert this work as a comprehensive model covering all
key consequences of the both instruments of interest. On the contrary, we
consider several limitations to the analysis to focus on the pure effect of gov-
ernment policy without supportive actions of other economic agents. Thus,
the assumptions of the model imply environmental indifference of consumers,
innovation-incentive nature of the mandatory approach, and absence of fixed
exporting costs that allows all firms to benefit from trade integration.

The model highlights a set of new pros and cons concerning both the
implementation of regulatory instruments in autarky and upon opening to
trade. The analysis partly challenges the scepticism about GPP showing
the relative efficiency of the instrument in comparison with taxation under
particular assumptions.

Our results contribute to a wide discussion on the environmental effects of
trade integration which can be deconstructed into four partial effects: a scale
effect related to the economic activity increase; a technique effect related to
firm-level emissions intensity changes (for example, as a result of changes in
environmental regulation); a composition effect related to a factor allocation
across sectors; and a reallocation effect related to the exit of less productive
and more pollution intensive firms?®. In our approach we mainly focus on the
scale and technique effects. The latter also covers reallocation as a result of
productivity changes under GPP regulation. We show that both effects can
correspond to beneficial outcomes - conditionally, depending on the degree
of trade integration and the composition of policy instruments.

Thus, we show a higher relative efficiency of GPP in comparison with tax-

25The first three effects were proposed by Grossman and Krueger (1993) and then theo-
retically shaped by Copeland and Scott Taylor (2004), and the fourth one was introduced
by Kreickemeier and Richter (2014).
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ation under autarky. In the open economy setting we illustrate the ambiguity
of welfare and environmental outcomes across countries upon trade integra-
tion. If trading partners introduce analogous public policies, they both face
a simultaneous decrease or increase of emissions and welfare, conditional to
the green public policy cross-country differences, which makes the overall
effect inconclusive. If trading partners opt for different public policies, GPP
strategy delivers potentially worse ecological outcomes which creates higher
emissions but higher welfare in comparison with taxation that leads to wel-
fare and emissions decline. The only possible “win-win” situations are when
both trading partners choose identical taxation or GPP programmes that
leads to emissions decline and welfare growth. Therefore, our findings con-
tribute to the discussion of green public policy design and the cross-country
harmonisation of regulatory instruments in the open economy. The har-
monised regulation, both GPP and taxation, can potentially benefit both
parties while in heterogeneous policy settings the outcomes are inconclusive.

To the best of our knowledge, this is the first attempt to address the issue
of GPP in comparison with environmental taxation in the general equilibrium
framework with several types of heterogeneity. However, our model overlooks
a set of possibly relevant effects. The most significant elements missing from
our model are the eco-blindness of consumers and producers, the absence
of obstacles while opening to international trade, and the similarities across
countries. Although these assumptions allow us to isolate the effect of gov-
ernment policy, by relaxing them one could obtain results that would overrule
the outcomes of this paper. However, the current research sheds more light
on the consequences of green public procurement, adding a set of arguments

to the topical discussion on the optimal design of environmental regulation.
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7 Appendix

7.1 Aggregation

Average brown and green prices

» i 1 ¢2r
Por = Q( * )_ Q(¢Z ) /¢>* p;;o(qﬁ)dQ(qb)
L gr T br
o . 1/(1~0)
Pgr = T@ﬁ*)/qﬁ Pyr 7 (6)dA)
L gr br

1/(1-0)

(24)

(25)

Accordingly, price indexes for brown and green sectors, and for the whole

market

Py = [Mi,brﬁéfa}i

P’i,gr = [Mi,grﬁ;;a}i
P [P R

Average demand for brown and green varieties respectively

dpri = Py (Big + B} + TU_I(Bg + BJh))

dyri = Doy (B + B+ B + 777 1(B! + B4, . + B

grt gr,J

Average revenues of brown and green firms
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*
br

Average brown and green profits

br b
_ 1 >
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Average labor demand of brown and green firms

_ 1 ¢27‘
lyr = " / ly()d2(p (35)
’ Q( ;7“> - Q(¢br> 5, b( ) ( )
- 1 e
lr:—/zTgbqus (36)
g 1_Q(¢;1~) ¢ng() ( )
Labor in manufacturing sector
Ly = My, (Zbr + Fbr) + Mgr (Zgr + Fgr) + M.F, (37)

Aggregate emissions

o My, () 5 M,,  4or ()
T ;T)_Q<¢Zr)/¢ oo WHOF 1— O Zr)/¢ gn 1He) (38)

*
br

7.2 Comparative Statics: Autarky

For the autarky case we drop the country index.

7.2.1 Taxation

Plugging zero profit condition (11) into no-arbitrage (12) and free entry (18)
conditions, we obtain the system of two equations (39) and (40) with two
unknowns, ¢;. and ¢p, that allows for comparative statics analysis of cutoffs
productivities:

Fr_Fb'r

Por (D)7 {Pgr (0,)' 77 = por(85,)' 7} = 7 (39)
Por —o - —0
Fovpn(6)° { /¢ Por(6)1-7d06) + /%pgrw)l dw)} (“0)
— Fy [Qy,) — QUep,)] — For[1 — Q(0g,)] = Fe
Accordingly,
oy, | o Je 7T(85)T = 6170]de) "
dt t:o_% Jor ¢°71dA9) )
" Of o—1 (5?:;71 *T l—a _ pl=a| 4O
iy S [ o
dt |,_, Jo: @771dA9)
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Aggregate emissions
&=
UL |7 pn(9)77972dA) + 6 [ por(6) 06~ d20)
75 b (02 (00 (6) — 167 )AUG) + it [ pyr(0) (03 (6) — 06 )d2o)
(43)

Indirect utility is represented as V = I" P~* where

Fiy oo
L (6)7

57 P (D)7 (Do (9) — 107V dUG) + it [ Pyr(9) 77 (gr (@) — 56~)dA9)
3 P (@)177dUO) + [ por(6)'odY9)

Pa—l _

(44)
I"=(1-T)L+1& (45)
Then o
Dby <0, 0<a<l1 (46)
dt |,_,
2 B 0, a>1 (47)
dt |,_,
d *
& <0 (48)
dt iy
| 0, L (49)
dt t=0 dt t=0

7.2.2 Green public procurement

Zero profit condition (11) and the definition of a price index allow to obtain
mass of firms M as a function of cutoff productivities such that

L= QL1 =/ T)(05,)7"

M = e — (50)
oFy { 27 071a0(0) + 1= [ om1d0(6) |
Then
l1-0o —
1o_ (0 pL(1 —AT)(},)""
P= (0 - 1) o Fy, (51
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pl-o _ ( o )1_” pL(L = T)(},) " (52)
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Plugging (51) and (52) into no-arbitrage (12) and free entry (18) condi-
tions, one can obtain the system of two equations (54) and (55) with two
unknowns, ¢;. and ¢y, that allows for comparative statics analysis:

Accordingly,

¢*r 0'—1
F o FbT . s . 1 f(z)zi (b dQ((b) Cl—a
~Ey ) ) ‘Q—ﬂ)ﬁ%ﬂmm+er

—1 (54)
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Then
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Indirect utility function
V=LA-T)P* (58)

Aggregate emissions
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Accordingly,

4o, > 0, 0y <0 (60)
d/y v=0 d/y v=0

v <0, de <0 (61)
dfy ~=0 dfy ¥=0

7.3 Comparative Statics: Trade Integration
7.3.1 7 Stick-Stick” Scenario

In the "stick-stick” scenario we follow the same procedure as under autarky
to obtain the direction of cutoff productivities. Accordingly,

Ay, Aoy,
g, S = HF 2
dw ’ dw >t T (62)

where w = 7771 is a measure of trade openness.

Aggregate emissions
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Accordingly, if tg = tp,

d&i| 0, Vil 0, i=HF (65)
dw|,_, dw|,_o
If tg <tp,

d€ A€
ZeH 0, —X 0 (66)
dw w=0 dw w=0
av dv
2 >0, =E <o (67)
dw w=0 dw w=0

7.3.2 7”Carrot-Carrot” Scenario
Following the same strategy as under autarky we obtain
(1= Q(ey,;)) L

My = = Py ) (13T — e (64,) (L = )] i = HLF

(68)
Free entry and non-arbitrage conditions are represented as
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where J,,.; = f;;mpg(qﬁ)l*”dﬁ(gb).
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Accordingly,

Aoy dez,. .
@il o il o i—mF (73)
dw w=0 dw w=0
Aggregate emissions
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7.3.3 7”Stick-Carrot” Scenario

Under a ”"stick-carrot” scenario let’s assume {tyg # 0,7y = 0} and {tp =
0,vr # 0}. Then masses of firms are represented as

PL(L = QS5 1) TP (Sp)' 7 — w1 = 1 T)por (95,0)" 7

My = 79
P R (= wMn— ptalno Fy G

1 — Q¢ p) | pL(1 —~5T) Mnu
M _ T, . * l- ¢ -7 80
r JF o by, b ((bbr,F) wl - Q(¢ZT,H) ( )

Following the same procedure as in two previous cases we obtain the
following results
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