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Abstract. Learning from the experiences of other countries can support efforts to 
improve agricultural policies. Switzerland provides an interesting case because its pol-
icy is exceptionally targeted towards the establishment of sustainable production sys-
tems. We describe the history and the current state of Swiss agricultural policy, review 
evaluations of policy reforms, summarise their impact and outline the lessons learned 
for policy developments in other countries. We discuss four implications: i) some goals 
have been met, albeit at a high cost, and so, increasing efficiency of policies is key; ii) 
there is a need for more coherence and coordination regarding the different policy pro-
grammes (i.e. in the sense of a ‘food system policy’); iii) cross-compliance measures 
(i.e. minimum standards for receiving support) have an important leverage effect; and 
iv) policy differentiation (e.g. by spatial targeting) and increasing farmers’ discretion 
over how to achieve goals (e.g. by implementing results-based payments) are key for 
future policies.

Keywords:	 agricultural policy, comparative studies, policy comparison, policy evalua-
tion, agriculture and food policy, farm support.

JEL codes:	 Q01, Q18, Q57.

1. INTRODUCTION

Agricultural policies are essential in achieving a sustainable and resilient 
farming sector. Agricultural policy goals and instruments have high hetero-
geneity across nations, which reflects the different historical developments 
of and fundamental differences in societal needs with regard to agricultural 
policies worldwide (Swinnen, 2018). Policy learning from the experiences of 
other countries provides an important entry point for improving agricultural 
policymaking. Switzerland, which is geographically situated in the heart of 
Europe but not part of the European Union or the European Common Agri-
cultural Policy (CAP), provides an interesting case for policy learning. 

Agricultural policy in Switzerland is characterised by its strong govern-
mental support. The producer support estimate for Swiss agriculture is about 
50%, which implies that half of farmers’ gross receipts are based on public 
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support (OECD, 2022). The total amount of govern-
mental spending is approximately 4 billion Swiss francs 
(CHF)1 per year for about 50,000 farms and a total agri-
cultural area of 1.04 million hectares (FOAG, 2022b). 
The total cost for taxpayers and consumers in 2022 
amounts to roughly CHF130,000 per farm per year, or 
about CHF6000 per hectare of agricultural land per year.

In addition, Swiss agricultural policy has been a 
forerunner in environmental and animal welfare pro-
grammes. In 2022, about 40% of direct payments to 
Swiss farmers are targeted towards biodiversity conser-
vation, landscape maintenance, sustainable production 
systems and animal welfare. Swiss agriculture’s high lev-
el of support for environmental and animal welfare pro-
grammes, and its unique policy interventions in Europe, 
provides a valuable example for policy learning. This is 
especially so, given the plans to improve environmental 
performance in the CAP (e.g. via the Farm to Fork strat-
egy; (e.g., Schebesta & Candel, 2020) and by the UK as 
it tries to make its agricultural policies “greener” (e.g., 
Gravey, 2019).

In this paper, we present and analyse the goals 
and instruments of Swiss agricultural policy. We also 
describe the historical development and implementation 
of the policy and outline its effectiveness by reviewing 
policy evaluations over the last 20 years. We discuss the 
lessons learned from Swiss agricultural policy to provide 
insight for other countries, including not only the posi-
tive aspects that should be followed but also the negative 
ones that are better avoided. On this basis, we derive the 
implications of Swiss agricultural policy development 
that may have promise in other farming contexts and 
environments.

The design and development of Swiss agricul-
tural policy has previously only partly been described 
(e.g., Curry & Stucki, 1997; El Benni & Lehmann, 2010; 
Mann, 2003; Mann & Lanz, 2013; Schmid & Lehmann, 
2000). In its latest review of Swiss agricultural policy, 
in 2015, the OECD focused on recommending how to 
develop further existing policies on a strategic level 
(OECD, 2015). Since then, no overview has been pro-
vided of the most recent reform steps that aim to make 
Swiss agriculture more ecologically sustainable. Oth-
er agricultural policy reviews and comparisons, such 
as those between the EU and the US (Baylis, Peplow, 
Rausser, & Simon, 2008; Blandford & Matthews, 2019) 
and between the CAP and individual countries, such as 
the UK after Brexit (e.g., Roederer-Rynning & Matthews, 
2019), have provided insightful descriptions of ongoing 
policy changes. In this context, countries that want to 

1 Numbers refer to the year 2021. In 2023 1 Swiss franc (CHF) equals 
ca. 1.05 euro and 1.11 US dollar.

support more environment- and animal-friendly mul-
tifunctional agricultural sectors can gain insights from 
the experiences drawn from Switzerland’s highly com-
plex agricultural policy (e.g. 104 different direct payment 
measures are currently implemented), its specific policy 
programmes and their synergies and trade-offs.

Our analysis presents and discusses the lessons 
learned from Swiss agricultural policy approaches and 
provides implications for potential agricultural poli-
cy development in Switzerland and other (European) 
countries. Our contribution focuses on three aspects 
that extend the current literature on agricultural policy 
learning. First, we present details and experiences of 
a wide range of instruments within a multifunctional 
agricultural landscape and review a (almost) complete 
set of existing agricultural policy measures that have 
been applied. Such a comprehensive analysis provides a 
unique perspective on the fact that agricultural policy 
is more than the sum of its parts. Second, the recent 
shift in Swiss agricultural policy towards environmen-
tal and animal welfare goals and tailored policy instru-
ments may be exemplary for future European agricul-
tural policy development (Schebesta & Candel, 2020).2 
Despite such efforts, Switzerland is currently observing 
an increase in societal discourses that have revealed gaps 
between societal demand for what agricultural and food 
systems should deliver, especially in terms of environ-
mental performance and animal welfare, and what the 
current policies allow them to reach (e.g. Huber & Fin-
ger, 2019). It is likely that this is also emerging in other 
countries. Third, Switzerland covers a large gradient of 
natural environments, from Alpine regions to hilly land-
scapes and highly productive plains, and thus represents 
an interesting case for analysing the potential of differ-
entiated policy measures within an agricultural policy 
mix. The results from our analysis provide important 
entry points for the discussion of policy instruments and 
the transformation of food and agricultural policies not 
only for Switzerland but also for other countries. 

The remainder of this paper is structured as follows. 
We begin by describing the historical development of 
Swiss agricultural policy. In the second section, we pro-
vide an overview of the current goals, programmes, and 
instruments of Swiss agricultural policy. In the third 
section, we provide an overview of the goals achieved 
from the different policies and discuss the effectiveness 
and efficiency of the various policy measures, based on 
a review of Swiss agricultural policy evaluations. We 
then synthesise the impact of the different policies, dis-

2 We do not provide an explicit comparison between Swiss agricultural 
policy and the CAP beyond a short description of their historic devel-
opment (see the supplementary material)
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cuss the lessons learned and present the implications for 
policy-making and potential learnings to other country-
specific agricultural policies. 

2. HISTORICAL DEVELOPMENT OF SWISS 
AGRICULTURAL POLICY TO DATE

2.1. Protective policies in the twentieth century

Governmental regulation of the Swiss agricultural 
sector started at the beginning of the twentieth century. 
The evolution of a new “food regime” at the start of the 
previous century, when farmers were increasingly inte-
grated into the industrialising world and dependent on 
trade as well as mechanical and chemical inputs (Tauger, 
2020), had triggered various laws aiming to protect Swiss 
farmers from low producer prices due to imports, reduce 
their debt and maintain their production capabilities. 
After the world wars, a new constitutional article defined 
a liberal economic policy in Switzerland – albeit with 
the exception of the agricultural sector. This “exception-
alism” provided a new legal basis for protective policies. 
The subsequent 35-year phase (1950–1985) was charac-
terised by protective market regulations for grain, milk 
and sugar, during which Switzerland became the great-
est supporter of agriculture worldwide (Huber & Fin-
ger, 2019). The producer support estimate PSE – that is, 
the transfer from taxpayers and consumers to farmers 
– was at about 75% in the mid-1980s. This implies that 
three-quarters of agricultural gross receipts came from 
either market protection or other forms of price support 
(OECD, 2015).

2.2. The era of decoupling

The flipside of this massive support until the begin-
ning of the nineties was that the Swiss government spent 
almost CHF 2 billion to guarantee high farm-gate pric-
es and sell production surpluses from domestic over-
production on international markets, while increasing 
environmental awareness brought to light the severe 
environmental problems of this highly intensive pro-
duction system. At the same time, the negotiations in 
the Uruguay round of the General Agreement on Tariffs 
and Trade, and the subsequent foundation of the World 
Trade Organization (WTO), placed additional pressure 
on Swiss border protection measures and level of support 
for producers. This domestic and international pressure 
led to a major change in Swiss agricultural policy in the 
1990s as Switzerland adapted its federal constitution to 
public and international demands and income and price 

policies were decoupled. This decoupling was implement-
ed in two successive reform steps. The first of these was 
in 1992, when Switzerland rejected economic integration 
with the European Union but decided to pursue a route 
of agricultural policy reform combined with bilateral 
agreements, especially with other European countries 
(El Benni & Lehmann, 2010). Price support was reduced, 
and decoupled direct payments were introduced for all 
farmers without geographical restrictions. In addition, 
farmers could voluntarily apply to a so-called integrated 
production programme,3 for which additional payments 
were provided (Finger & El Benni, 2013).

With the next reform step, in 1999, price guarantees 
(e.g. for crops and milk) were abolished. Governmental 
spending was converted into direct payments, and tariff-
rate quotas were introduced that complied with WTO 
rules. Direct payments were divided into general (lump-
sum area payments) and ecological direct payments. To be 
eligible for these direct payments, cross-compliance meas-
ures were introduced that guaranteed a minimum envi-
ronmental and social standard across all farms. Farmers 
located in hilly and mountainous regions additionally 
received payments to compensate for unfavourable pro-
duction conditions and thus maintained production and 
concurrent landscape maintenance in remote mountain 
areas. While the first reform step, in 1992, was legally 
based on two articles, 31a and 31b, newly introduced into 
agricultural law, the regulatory change in 1999 was based 
upon the new Article 104 of the federal constitution, 
which had been accepted in a public vote in 1996. 

Article 104 (see the box in the online supplementary 
material A) defined multifunctionality as the underlying 
justification for public support of agriculture (Hediger, 
2006) and led to a stable political phase between 1999 
and 2015. Decoupling shifted the financial burden for 
agricultural support from the consumer (via consumer 
prices) to the state, and thus the taxpayer (via tax money 
used for direct payments). Switzerland’s new constitu-
tional article explicitly foresaw a periodic examination 
of the agricultural policy strategy. The annual federal 
budget for the agricultural sector, amounting to around 
CHF 4 billion (approximately 7% of total governmental 
spending) had to be approved every four years by the 
Swiss parliament. 

This recurrent review of the Swiss agricultural pol-
icy led to four consequent reform steps named after the 
targeted years of the reforms (AP02, AP07, AP11 and 

3 In addition, farmers founded the private food label organisation Inte-
grated Production (IP Suisse) with the goal to align agricultural pro-
duction with environmental principles such as farm nutrient balance, 
diversified crop rotation, soil protection and the targeted application of 
pesticides.
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AP14–17). Policy developments in this period were in 
line with the reform agenda, including various deregu-
lation and liberalisation steps, e.g. the bilateral trade 
agreement on cheese with the EU and abolition of milk 
quotas (El Benni & Lehmann, 2010). During this time, 
the development of agricultural policy was dominated by 
the administration and the executive (Hirschi, Widmer, 
Briner, & Huber, 2013). Overall support and protection 
decreased slightly, and the producer support estimate 
amounted to about 50% in 2021, compared to around 
18% in the European Union (see Figure 1).

2.3. Increasing societal pressure triggers more environmen-
tal sustainability and animal welfare 

In Switzerland, citizens can influence public policy 
via plebiscites. Popular initiatives allow any citizen to 
launch a proposal to revise the Federal Constitution. 
In the period from 2016 to 2022, ten popular initiatives 
were launched that addressed agricultural policy issues, 
including food security, food sovereignty, speculation on 
foodstuffs, fair-trade and animal welfare and pesticides. 
As a result of these, two opposite societal concerns col-
lided. On the one hand, farmers’ organisations wanted 
to re-introduce protective measures (e.g. stricter import 

restrictions, higher governmental market control); on 
the other, Swiss citizens criticised the fact that agricul-
ture had not been meeting its environmental and ani-
mal welfare goals. The increase in popular initiatives 
represented a shift from a government-driven process 
towards “grass-roots initiatives” that had been developed 
and articulated outside, or in addition to, the legislative 
and executive processes. This phenomenon revealed an 
increasing gap between societal demand and the poli-
cies and plebiscites, which could be seen as a barometer 
of the changes in societal preferences for agriculture and 
related policies (Huber & Finger, 2019). While nine out 
of ten popular initiatives had been rejected by Swiss vot-
ers, they still had a considerable impact on the devel-
opment of Swiss agricultural policy by putting envi-
ronmental issues at the top of the agenda (Finger, 2021; 
Schmidt, Mack, Möhring, Mann, & El Benni, 2019). The 
pressure led, for example, to the introduction of a new 
constitutional article (104a) in 2017 that evolved from a 
counter proposal to a popular initiative that extended 
the role of agricultural policy towards a more compre-
hensive “food system policy”. Moreover, even though the 
latest reform process in Switzerland had been delayed 
(AP22+), the public pressure had still led to a strength-
ening of agricultural laws on pesticide use and nitrogen 
policies. More precisely, from 2023 onwards, agricultur-

Figure 1. Comparison of producer support estimates (PSE) between Switzerland and the EU. Data from OECD (2022). The different colours 
refer to the gradient of coupling between the policies and agricultural commodity output. The instruments represented in green are fully 
decoupled from agricultural production (e.g. a biodiversity conservation programme). Light green refers to support that is not linked to 
current output (e.g. area-based payments for landscape maintenance). Red refers to payments coupled to production (e.g. area-based pay-
ments for a specific crop, such as sugar beet). Blue refers to support that is coupled to commodity outputs or input use.
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al policy aims to reduce nitrogen and phosphorus sur-
pluses by 20% until 2030, and the risks associated with 
the use of plant protection products should be halved by 
2027 (FOAG, 2023).4 

Swiss agricultural policy and the CAP have very 
similar roots and goals, and they developed on par with 
respect to the decoupling of income and price policies 
(see online supplementary information B). However, 
Swiss agricultural policies have on average gone further 
than those of the EU with respect to aspects of environ-
mental and animal welfare (see e.g., Metz, Lieberherr, 
Schmucki, & Huber, 2020; Pe’er et al., 2014). The ques-
tion is whether and how other countries could learn 
from the Swiss experience to better consider environ-
mental challenges in agricultural policymaking (Alons, 
2017; Pe’er et al., 2020).

4 These targets are, however, still discussed in the ongoing political pro-
cess of the AP22+.

3. CURRENT PROGRAMMES AND INSTRU-
MENTS IN SWISS AGRICULTURAL POLICY

Swiss agricultural policy is a sectoral policy at the fed-
eral level. The main regulations are concentrated within a 
few laws with little linkage either to each other or to cross-
sectoral policy areas such as regional, environmental and 
climate policy (Figure 2). In the following, we summarise 
the overarching goals of Swiss agricultural policy and 
describe its interventional logic. We then present two key 
policy instruments of the agricultural law, namely direct 
payments, and market regulation. Details of the other pol-
icy programmes in the agricultural law (that is structural 
support, input regulation and research and education) are 
presented in the online supplementary material C.

3.1. Policy goals and interventional logic

The goals of the Swiss agricultural policy are derived 
from the federal constitution (see online supplementary 

Figure 2. Overview of Swiss agricultural policy, including major legal fundamental agricultural law, federal law on rural land, law on lease-
hold, spatial planning law and environmental law (grey circles). Financial support to farmers is mainly provided through the agricultural 
law, whereas the other laws include command-and-control regulations. Major instrument categories within Swiss agricultural law are the 
direct payment system (green), input regulation (light green), research and consulting (dark green), market regulation and production (red) 
and structural support (blue). Icons reflect the major policy programmes in these areas. The numbers in CHF are monetary transfers from 
consumers and taxpayers to farmers per year, which have been stable since 2010. The figure has been adapted from Huber (2022). Please 
note that the bubbles are for illustrative purpose only and do not represent the (monetary) size of the respective law area.
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material A). There are two key elements: First, the arti-
cle defines the multifunctional role of agriculture; that 
is, the agricultural sector should contribute towards a) 
the reliable provision of foodstuffs to the population, 
b) the conservation of natural resources and upkeep of 
the countryside and c) the decentralised population set-
tlement of the country. This implies that the agricultur-
al sector not only has a role as a producer of food but 
also as a steward of the environment and a key player in 
rural development. Second, the constitution states that 
these goals should be achieved by means of a sustain-
able and market-orientated production policy. In princi-
ple, this reflects the main intervention logic5 (see Figure 
3) and the idea of decoupling income and price support 
in the agricultural sector; that is, market prices should 
be based on the principle of economic freedom, whereas 
the confederation can supplement incomes by means of 
direct subsidies. It is important to note, however, that 
market-orientated production does not imply fully lib-

5 An intervention logic links the objective that needs to be met with the 
policy options that exist.

eralised and deregulated markets. To fulfil the goal of 
ensuring food supplies, Swiss agricultural policy directly 
and indirectly supports market prices, the competitive-
ness of the agricultural sector and farm structures and 
rural infrastructure.

Article 104 of the Federal Constitution also pre-
defines four categories of instruments that should be 
used to achieve these goals (see Figure 3). These main 
policy categories are i) direct payments to support meth-
ods of production that are specifically natural and ani-
mal friendly; ii) market regulation to protect farm gate 
prices and declare the production origin and quality of 
foodstuffs; iii) structural support (i.e. the provision of 
investment aids and regulation of the consolidation of 
agricultural property holdings); and iv) input regulation 
to protect the environment, e.g. against the excessive use 
of fertilisers, pesticides and other inputs. The article also 
provides the basis to support agricultural research, coun-
selling, and education, providing the basis of the Swiss 
agricultural knowledge system (Obrist, Moschitz, Home, 
& 2015). Finally, the article provides links to other impor-

Figure 3. The basic intervention logic summarising the different and overlapping links between the policy goals, main instrument catego-
ries, outputs, and indicators in the Swiss agricultural law. The goals of Article 104 are in green; the additional goals of Article 104a are in 
the white dashed box; instruments with higher impacts on production are in darker blue. Other laws as well as research and extension are 
depicted as basis or supporting categories. Sources for indicators and target values: ‡FOAG (2022a); +FOAG (2023); †FOAG, BLV, and 
BAFU (2023) *FC (2020) with reference to the year 2021. Please note that the bars and arrows are for illustrative purpose only and do not 
represent the (monetary) size of the respective instrument. Formulation of the goals are taken from the original translation of the Federal 
Constitution of the Swiss Confederation (admin.ch).

http://admin.ch
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tant laws, such as the Federal Law on Rural Land and 
Leasehold and the Environmental Law. The output indi-
cators and the targets of the different policies are set out 
in various reports of the Federal Office for Agriculture 
(FOAG, 2022a) and/or the Federal Office for the Environ-
ment (BAFU & BLW, 2016), although they are constantly 
debated and revised as part of political processes. 

Article 104a, which was introduced in 2017 through 
a public vote, strengthens the role of food security for-
mulated in the original 104; that is, it states that the 
confederation should safeguard the basis for agricultur-
al production by maintaining the extent of agricultural 
land and guarantee that food production is adapted to 
local conditions. In addition, the new article also speci-
fies the role of trade in securing food availability by stat-
ing that cross-border trade relations should contribute to 
the sustainable development of the agriculture and food 
sector. Finally, the article also states that food should be 
used in a way that conserves natural resources (related 
to food waste, as an important policy goal). 

The clear setting of the linkage between the objec-
tives and instruments shows that Swiss agricultural 
policies are strongly anchored in the Federal Constitu-
tion. The fact that the Swiss public can suggest directly 
amending the constitution by popular initiatives, and 
that this democratic tool has been increasingly used in 
recent years, means that the Swiss constitution can be 
seen as a “social contract” between the agricultural sector 
and the rest of the society (see e.g., Feindt et al., 2019).

This brings a high level of legitimacy to the deci-
sion-makers on Swiss agricultural policy. On the flip-
side, the federal constitution is a reservoir of conflicting 
goals6 that have led to many practical trade-offs in the 
implementation of agricultural policy programmes and 
instruments, as well as their intended outcomes. This 
is also shown in the basic intervention logic (see Figure 
3), illustrating the many overlapping links between the 
main objectives in the constitution and the four policy 
categories.

3.2. Direct payments

At the heart of decoupling income and price poli-
cies, as well as incentivising the uptake of more sus-
tainable farming practices, is the substitution of price 
regulations with direct payments that remunerate farm-
ers for their multifunctional role in society. The Swiss 
agricultural direct payment system has two conceptual 
pillars. First, payments are conditional on cross-compli-

6 Switzerland does not have a constitutional court, and conflicting arti-
cles may be added to the constitution.

ance measures. This implies that a farm is only eligible 
for direct payments if it fulfils minimum environmental 
requirements (in the so called “proof of ecological per-
formance”) and those of individual farmers (e.g. age, 
education; see online supplementary material C1 for a 
detailed description of these standards). 

Second, the conceptual design of the current direct 
payment system is inspired by the so called Tinber-
gen rule, which states that each individual instrument 
should address a single goal (Mann & Lanz, 2013). This 
implies that there exists a direct payment programme 
for each specific goal of Swiss agricultural policy, namely 
i) ensuring food supply, ii) the maintenance of cultural 
landscapes, iii) the promotion of landscape quality, iv) 
increasing resource efficiency, v) biodiversity conserva-
tion and vi) the development of environmental- and ani-
mal-friendly production systems. The conceptual align-
ment of the Swiss direct payment programme with the 
Tinbergen rule aims to ensure that the schemes within 
the corresponding programme are well-targeted to agri-
cultural policy goals (e.g., S. Wunder et al., 2018). An 
overview of these payment schemes, and their budgets 
can be found in Table 1.

In addition to the targeting, each of the programmes 
may consist of different direct payment schemes and 
measures, which allows the corresponding direct pay-
ments to be “tailored” to production regions, farm types 
or landscape elements, which should ensure the addi-
tionality7 of the policy (e.g., Guerrero, 2021). For exam-
ple, the development of a nature- and animal-friendly 
production system contains payments for organic farm-
ing, crop production with restricted use of pesticides, 
animal welfare and reducing concentrated feed in milk 
and meat production. Each of these schemes, in turn, 
consists of different measures (i.e. payments tailored to 
crops or livestock units). Overall, the Swiss direct pay-
ment system consists of 104 different payments.8 

The design and legal development of direct pay-
ments is driven by national authorities, while the 
responsibility for their administration (control, pay-out, 
cuts etc.) lies within the Swiss cantons. Thus, the subsid-
iarity of Swiss agricultural policy is rather low.

3.3. Market Regulation

Market regulations in Switzerland are based on the 
following four pillars: i) the regulation of imports, ii) the 

7 Additionality implies that the direct payment improves environmental 
outcomes compared to the baseline (e.g., business as usual).
8 Note that these payments are often characterised by complex sub-
structures and conditions, so the complexity is even higher than the 104 
payment schemes. 
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Table 1. Overview of direct payments in Swiss agriculture (as of 2022).

Objective Payment for… No. of 
measures Measures tailored to… Design

Budget 
(million 

CHF)

Share 
(2021)

Ensuring food 
supply

Producing food on 
agricultural land 8

Production zones (decreasing 
with altitude); lower payments 
for areas under the biodiversity 
scheme; additional payment for 

crop rotation area

Action-based scheme (payment 
per ha of agricultural land) 1078 39%

Landscape 
maintenance

Cultural landscapes 5 Production zones (increasing 
with altitude; zero for lowlands)

Action-based scheme (payment 
per ha of agricultural land) 140 5%

Steep slopes and very 
steep slopes 7

Different gradients of steepness 
(and specific payments for 

grapes)

Action-based scheme (payment 
per ha of agricultural land) 149 5%

Summering pastures 6

Specific animals (cattle v sheep) 
and differentiating between farms 
that send or receive animals for 

summering

Action-based scheme (payment 
per livestock unit living 100 days 

on summering pastures)
239 9%

Biodiversity 
conservation

Areas that support 
biodiversity maintenance 17

Production zones and type of 
biodiversity element or measure 

(e.g. less intensively used 
grassland, flowering fallows, 

trees)

Action-based scheme (payment 
per ha; elements like trees are 

converted on a ha basis) 
159 6%

Areas that support 
biodiversity of high 

quality
17

Production zones and 
biodiversity elements. No 
payments for measures on 

cropland

Result-based scheme (payment 
per ha for a certain quality, i.e. 

minimal number of rare species 
found)

163 6%

Agglomeration bonus 6 Production zones and 
biodiversity elements

Collaborative payment scheme 
(payment per ha)* 113 4%

Landscape 
quality Landscape quality 4 Project goals (i.e. ecological 

elements or land-use types)

Collaborative payment scheme 
(payment per ha or livestock unit 

on summering pastures)*
147 5%

Sustainable 
production 
systems

Organic agriculture 3 Crops (vegetables and grapes, 
other crops and grassland)

Action-based scheme (payment 
per ha) 67 2%

Extensive production of 
cereals 1 -

Action-based scheme for crop 
production without pesticides, 
except for herbicides (payment 

per ha)

36 1%

Grassland-based milk and 
meat (GMF) 1 -

Action-based scheme that 
restricts the concentrated use of 

roughage-consuming animals and 
the proportion of maize silage 

from arable land (payment per ha 
of grassland)

112 4%

Animal-friendly housing 
systems 3 Animal type (pigs, poultry, cattle 

and sheep/goats)
Action-based scheme (payment 

per livestock unit) 98 3%

Animals under free-range 
production systems 7 Animal type Action-based scheme (payment 

per livestock unit) 198 7%

Resource 
efficiency Agricultural practices 19

Agricultural practices (direct 
sowing, precision agriculture 

techniques, wash-up systems in 
pesticide applications, reduced 

nitrogen in feed for pigs)

Action-based scheme (payment 
per ha or livestock unit) 43 2%

Total 104 2’732 100%

*Farmers receive a bonus payment on top of the action-based payment if they designate land for conservation that is in close proximity to 
neighbours’ conservation areas. Eligibility depends on the project (defined by farmers, cantons, farm advisors and members of ecological 
planning firms). Data are from OECD PSE (OECD, 2022). For details of the different payments, refer to the online supplementary material 
C2. Note that in 2023, there have been further adjustments in direct payment schemes (e.g. Mack, Finger, Ammann, & El Benni, 2023).
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legal principles for the regulation of domestic markets, 
iii) the regulation of labels and promotion of domestic 
sales and iv) the specific support of sensitive product 
markets (crop, wine, cattle, and dairy). These policies 
create a highly regulated market environment for Swiss 
farmers and other market actors. In the following, we 
describe the key policies in each of the four domains.

Border protection was and still is one of the most 
important instruments in Swiss agricultural policy. With 
the exception of the free trade agreement for cheese 
between the European Union and Switzerland (see Fin-
ger, Listorti, & Tonini, 2017; Irek, 2022), the import of 

agricultural products is restricted by tariffs and gov-
erned by tariff-rate quotas. Consequently, almost 40% 
of the total support for Swiss farmers (as measured by 
the producer support estimate) stems from market price 
support (see Table 2). 

In contrast to imported food, Switzerland does not 
regulate domestic production under public law. However, 
it provides a legal basis for private regulations via stake-
holders in the food value chain. The federal government 
delegates market regulations to the members of differ-
ent food value chains, including producer organisations, 
food processors, traders, and retailers. These interest 

Table 2. Overview of total financial support (border protection and governmental spending) for Swiss farmers.

Objective Instrument Targeted or tailored to…
Support 
(million 

CHF)

Share PSE 
(2021)

Market price support Tariffs and tariff rate quotas
Wheat, barley, maize, rapeseed, milk, 
beef, pig meat, poultry, sheep meat, 

eggs, other
2447* 41.5%

Multifunctionality (including 
environmental goals) Direct payments See Table 1 2732 46%

Competitiveness

Milk price supplement for cheese 
production Milk used to produce cheese 201

9%

Payments for non-silage feeding of 
cows Milk used to produce raw milk cheese 32

Payments for commercial milk Milk used for export products 
(chocolate, biscuits) 149

Area payments Oilseed cultivation, sugar beet, 
leguminous crops, grains 77

Concession energy prices 65

Increase demand for domestic products Promotion of domestic agricultural 
products

Advertisement of domestic product 
categories (milk, meat, fruits, 

vegetables)
67 1%

Structural support

Refundable loans Stables, young farmer programme, 
farm diversification 32

2%Non-repayable loans Stables, residential buildings 3

Development and maintenance of 
infrastructure

Water and road infrastructure, 
ameliorations, regional projects to 

support local value chains
84

Support of resource efficiency and 
sustainability

Payments for innovative projects 
(resource programmes)

Different agricultural practices or 
technologies 25 0.5%

Total** 5914 100%
Governmental spending thereof (i.e. federal budget) 3402 58%

Data source: OECD (2022) *Price support measured in OECD indicator (i.e. market price support); that is, annual monetary value of gross 
transfers from consumers to agricultural producers arise from policy measures and create a gap between domestic producer prices and the 
reference prices of a specific agricultural commodity measured at the farm-gate level. **Not considered: Transition payments (expiring in 
2023; CHF67 million). Total producer support estimate in 2021: CHF6008 (OECD, 2022). Additional governmental support, namely sup-
port by cantons (~CHF200 million), research and extension (~CHF227 million) and social contributions (~CHF60 million); cost of public 
stockholding (~CHF50 million); and administrative costs (~CHF60 million). Total governmental spending: ~CHF4.1 billion. For further 
details of the different policy programmes, refer to the online supplementary material on C3 (market regulation), C4 (structural support), 
C5 (input regulation) and C6 (research and extension).
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organisations (so-called “branch organisations”) have 
the right to determine production volumes, target pric-
es and market-clearing measures. The purpose of these 
“branch organisations” is to countervail market power 
abuses by input suppliers, the food industry and retailers 
and guarantee secure food availability for consumers.

The government also provides a legal basis for the 
labelling of agricultural products, such as with respect 
to type of production (organic) or origin (mountain 
or Alps) and the protected designation of origin (i.e. 
Appellation d’origine protégée, AOP, and Indication 
géographique protégée, IGP). These geographical indi-
cations allow typical specialties from defined areas to 
be protected and differentiated and support their com-
petitiveness in domestic and foreign markets (Maye, Kir-
wan, Schmitt, Keech, & Barjolle, 2016). 

Finally, the Swiss government directly regulates and 
supports specific markets. For example, it subsidises raw 
milk production that is used for cheesemaking (Finger 
et al., 2017) and funds compensation payments for milk 
and cereal production for export commodities. This 
reduces the costs of domestic food processors in highly 
competitive markets (cheese, chocolate, biscuits etc.). 
The government also subsidises the production of spe-
cific crops (payments for single crops) to increase their 
availability on domestic markets with payments per hec-
tare. These crops include sugar beets, oilseeds, fodder 
crops and pulses for human consumption. 

4. EFFECTIVENESS OF SWISS AGRICULTUR-
AL POLICY: WHAT IS THE EVIDENCE?

In this section, we summarise the achievements of 
these regulations with respect to the economic, eco-
logical, and social aims formulated in the constitution, 
focusing on the main output indicators (see Figure 3). 
We rely on a review of agricultural policy evaluations in 
Switzerland during the last 20 years. Our review is based 
on a systematic search of two sources. First, we system-
atically searched for agricultural policy evaluations in the 
Administration Research Actions Management Infor-
mation System (ARAMIS) of the Swiss federal govern-
ment. ARAMIS is a database in which the evaluations 
of the federal administration are stored. We searched 
the database using the search term ‘agricultural policy’ 
and found 105 studies from 2002 to 2022. We screened 
these studies and excluded projects and reports that did 
not i) focus on agriculture; ii) specifically address a pol-
icy instrument (e.g. basic research projects) or iii) evalu-
ated correlations between land-use types e.g. extensively 
managed grasslands and ecological indicators e.g. bird 

index without focusing on a specific policy program or 
measure9. We found 16 relevant evaluations. Second, we 
searched for scientific publications that evaluate Swiss 
agricultural policy instruments. This search in Goog-
le Scholar resulted in additional 17 studies. In total, we 
included 33 evaluations in our review (see Table 3). 

4.1. Economic performance: production and income

With respect to the production and economic goals 
of the Swiss agricultural policy, the outcomes have been 
mixed. On the one hand, the share of domestic food 
production of total consumption, (i.e. the degree of 
self-sufficiency) has been constant10, with some fluctua-
tions, over the last 20 years, despite a growing popula-
tion (~20% in this period). Labour productivity has been 
steadily increasing, driven mainly by farm structural 
change and constant re-investment in farm structures 
and production infrastructure. The corresponding policy 
targets (i.e. calorie production, productivity increase and 
re-investment) have been met. 

Farm incomes have also increased on average dur-
ing the last 12 years (i.e. the period between 2010 and 
2022). Key elements of this income development are 
border protection and farm size growth, increasing 
income from per-hectare direct payments. With respect 
to border protection, tariff rate quotas are the main 
instruments, which are highly effective in maintain-
ing high farm-gate prices, as shown in different stud-
ies e.g. for meat and vegetables, (Loi et al., 2016) or for 
dairy products, (Hillen & von Cramon-Taubadel, 2019). 
In addition, the direct payments have become an impor-
tant source of agricultural income, especially in rural 
and mountainous regions. Average direct payments 
amount to CHF2700 per hectare of all agricultural land 
in 2021.11 While these payments are targeted towards 
public goods from agricultural production, they create 
windfall effects (i.e. increased income), an important 
and intended side-effect of the direct payment system in 
Switzerland. In particular, payments for ensuring food 
supplies, which comprise more than one-third of all 
direct payments, have a high income transfer effect (A. 
Möhring & Mann, 2020).

On the other hand, the massive support of agricultur-
al production and farm incomes increases economic inef-

9 Please note that we still cite some of these studies in the discussion.
10 Average net self-sufficiency between 2015 and 2020 was 58%. Net 
self sufficiency i.e. self-sufficiency corrected for fodder imports, was on 
average 51%.
11 Total support per ha of agricultural land (i.e., including border protec-
tion) amounts to ~CHF6000 (see Introduction). Thus, direct payments 
alone correspond to roughly 46% of the support (see also Table 2).
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ficiencies along three axes. First, border protection creates 
high costs for domestic consumers and intermediaries, 
reducing consumer choice and economic welfare (Gray, 
Adenäuer, Flaig, & van Tongeren, 2017; Hillen, 2019). 

Second, the Swiss tariff rate quotas are economically 
inefficient, in the sense that they increase prices along 
the whole value chain and not only at the farm-gate 
level (Loi et al., 2016); they also create rents to down-
stream actors that would not exist in the absence of the 
policy (Hillen, 2019). In this context, studies have shown 
that there could be considerable market power among 
retailers. An empirical study after the first agricultural 
reform step in the early 1990s indeed found indications 
of asymmetric price transmission between produce and 
retail prices in the pork market (Abdulai, 2002) imply-
ing that downstream market actors have market power. 
An analysis focusing on dairy and cheese production 
between 2004 and 2018, however, did not find such 
asymmetric price transmissions from producer to con-
sumer (Hillen, 2021). Even though a direct comparison 
between these studies is not possible, one potential rea-
son for the absence of asymmetric price transmissions in 
more recent studies may have been the establishment of 
“branch organisations” that regulate domestic markets 
on a private law basis and that lead to very specific levels 
of protection for products of different types and quality, 
which reduces asymmetric price transmission (Esposti & 
Listorti, 2018; Hillen, 2021). 

Third, the regulatory environment also slows 
resource allocation within the sector to more profitable 
farms. In fact, the governmental support of approxi-
mately CHF4 billion is higher than the net sectoral 
income of roughly CHF3 billion. This implies that capi-
tal invested by the government into agriculture does not 
fully trickle down to the farmers. This is, among others, 
since farmers are compensated for the (often costly) pro-
vision of ecosystem services, but it may also reflect that 
efficiency gains could be achieved by re-allocating gov-
ernmental spending. Overall, the high regulatory envi-
ronment maintains production levels in Swiss agricul-
ture and ensures a certain level of sectoral income at the 
expense of low competitiveness and high input and con-
sumer prices (Gray et al., 2017).

4.2. Environmental performance: landscape maintenance, 
biodiversity, resource efficiency and animal welfare

A key characteristic of Swiss agricultural policy is 
that almost 40% of governmental spending is for vol-
untary agri-environmental direct payment programmes 
supporting landscape maintenance, biodiversity con-
servation and sustainable production systems, includ-

ing programmes for low-input use, animal welfare12 
and organic agriculture. In addition, there are impor-
tant cross-compliance measures for the receipt of direct 
payments. The introduction of these measures clearly 
reduced some of the negative environmental effects of 
the agricultural sector and supported positive ones (e.g., 
Herzog, Jacot, Tschumi, & Walter, 2017). The environ-
mental goals addressed by these payments have been 
assessed across the following six categories: biodiversity, 
landscape, greenhouse gas emissions, nitrogen and phos-
phorus as well as pesticides13 (BAFU & BLW, 2016).

Biodiversity: There has been an increase in areas for 
biodiversity conservation, which has positive associa-
tions with flora and fauna. This was observed by several 
scientific field studies focusing on different taxa, such as 
vascular plants (Aviron et al., 2008; Herzog et al., 2005; 
Kampmann et al., 2008; Kampmann, Lüscher, Konold, 
& Herzog, 2012; Knop, Kleijn, Herzog, & Schmid, 2006), 
arthropods (Albrecht et al., 2010; Aviron et al., 2008), 
mammals (Zellweger-Fischer, Kéry, & Pasinelli, 2011) 
and birds (Birrer et al., 2007; Engist, Finger, Knaus, 
Guélat, & Wuepper, 2023; Zingg, Grenz, & Humbert, 
2018; Zingg, Ritschard, Arlettaz, & Humbert, 2019). 
In addition, flower strips and other ecological elements 
have had a positive effect on biodiversity and pest man-
agement, as shown by different field and experimental 
studies (Herzog et al., 2017; Tschumi et al., 2016; Tschu-
mi, Albrecht, Entling, & Jacot, 2015). 

It is important to note that the Swiss direct payment 
programme to support biodiversity targets quantitative 
and qualitative goals (see Mack, Ritzel, & Jan, 2020). 
Areas enrolled in the biodiversity programme fulfil the 
quantitative target of 7% of the utilised agricultural 
area. Of these areas, more than 75% are also enrolled 
in agglomeration projects. This implies that the quan-
titative goals (measured in ha) are being met. However, 
the ecological quality of these areas is still insufficient 
to reverse or halt biodiversity decline in Switzerland (E. 
Meier et al., 2021) and that biodiversity is still not in a 
good state. For example, Engist et al. (2023) showed that 
there are fewer and less diverse birds in Switzerland than 
in neighbouring countries. In addition, the biodiver-
sity programme also creates windfall gains for farmers 
(Wuepper & Huber, 2022). 

Landscape: The maintenance of Swiss agricultural 
landscapes is threatened by two main factors: i) land 

12 Participation in animal welfare programmes is high. For example, in 
2020, 60% of animals were kept in animal-friendly housing systems and 
80% were under free-range production systems.
13 Soil protection is an additional goal in Swiss agricultural policy. How-
ever, no monitoring programme has been implemented, and the goal 
achievement cannot be analysed.
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abandonment in mountain regions and ii) the loss of 
agricultural land to settlement expansion in the low-
lands. The explicit goal of the direct payments for land-
scape maintenance is to reduce annual land abandon-
ment by 1400 hectares, or roughly 20% of the current 
rate. However, land abandonment is not monitored on 
a regular basis, and thus, an evaluation of the measures 
remains difficult. The introduction of the payments, 
however, stabilised the number of animals sent to sum-
mering pastures, despite predictions that the reduction 
would continue (Herzog & Seidl, 2018; Schulz, Lauber, 
& Herzog, 2018). Land abandonment is therefore much 
less eminent, compared to in other European mountain 
regions (Schirpke, Tasser, Leitinger, & Tappeiner, 2022). 
Finally, the evaluation of the landscape quality payments 
implied that farmers realise windfall gains with little 
environmental additionality (Mann et al., 2023; Steiger, 
Lüthi, Schmitt, & Schüpbach, 2016b).

Greenhouse gas emissions: The amount of green-
house gas emissions reduced by 11.5% with the introduc-
tion of the direct payment system (7.3 million t CO2eq 
to 6.5 million t CO2eq). The main reasons for this were 
a reduction in the animal herd and decreasing inputs 
of mineral nitrogen (Leifeld & Fuhrer, 2005) after the 
introduction of the cross-compliance standards. Since 
then, emissions have remained stable, despite the goal 
to reduce agricultural greenhouse emissions by 40% by 
2050 compared to the emission level in 1999 (FOAG et 
al., 2023).

Nitrogen and phosphorus: The introduction of 
cross-compliance measures for all Swiss farms reduced 
the nitrogen and phosphorus pollution of ground and 
surface water in the first years of the new policy at the 
beginning of the century (Herzog et al., 2008; Kupper, 
Bonjour, & Menzi, 2015). Thus, increasing environmen-
tal standards for all farms has had a major effect on the 
overall ecological performance of the agricultural sec-
tor. The main leverage came from the regulation that all 
farms should comply with the balanced use of nutrients 
(i.e. the annual nitrogen and phosphorus balance needs 
to be lower than 110% of crop requirements) to receive 
direct payments. However, from the initial reduction 
until about 2005, phosphorus and nitrogen surpluses 
remained constant. By 2020, the total nitrogen surplus 
amounted to more than 80,000 t. In certain regions in 
Switzerland with high animal density (see e.g. Spörri, El 
Benni, Mack, & Finger, 2023), the aerial deposition of 
nitrogen had risen to above 40 kg per ha per year (Reuti-
mann, Ehrler, & Schäppi, 2022). Beyond the implemen-
tation of cross-compliance measures, political efforts 
to reduce nutrient load in Swiss agriculture have been 
less successful. For example, the grass-based milk and 

meat production scheme, which aims to reduce the use 
of concentrate in roughage-consuming animals, did not 
reduce nitrogen surpluses but created windfall gains 
for participating farms (Bystricky, Bretscher, Schori, & 
Mack, 2023; Mack & Huber, 2017; Mack & Kohler, 2019). 
The increased share of sustainable production practic-
es such as organic production (Necpalova et al., 2018; 
Nemecek et al., 2011; Schader et al., 2013; Zimmermann, 
Baumgartner, Nemecek, & Gaillard, 2011) has also not 
substantially decreased nutrient load at the sectoral lev-
el. The next policy reform targets a reduction of 20% of 
phosphorus and nitrogen surpluses in Swiss agriculture 
by 2030, compared to the mean emission levels between 
2014 and 2016.

Pesticides: At the beginning of this century, Swiss 
agricultural policies did not focus explicitly on the risks 
from pesticides, despite their broad application in all 
major Swiss crops (de Baan, Spycher, & Daniel, 2015). 
Policy goals for groundwater pollution (i.e. maximum 
of 0.1 µg of pesticides per litre of groundwater) have 
been achieved in the majority of monitoring locations 
(FC, 2017). In contrast, pesticide loads in small sur-
face water bodies were found to be often above the legal 
thresholds (Spycher et al., 2018). This triggered societal 
and political debates and finally new political initiatives 
such as a national action plan and new direct payment 
programmes that also included public-private coopera-
tion (e.g., Mack et al., 2023; N. Möhring & Finger, 2022; 
Schaub, Huber, & Finger, 2020). However, the monitor-
ing and evaluation of these efforts remains a challenge, 
e.g. due to data availability regarding detailed pesticide 
use (similar to the EU e.g., Mesnage et al., 2021) and 
the complex assessment of health and environmental 
impacts (N. Möhring et al., 2023). The most recent pol-
icy goal is to reduce the risks from pesticides by 50% by 
2027, compared to the situation in 2012–2015 (Finger, 
2021; Mack et al., 2023). 

4.3. Social sustainability dimension: decentralised settlement, 
family farming, income security, administrative burden

Despite farm structural change, agriculture is still 
an important pillar of Swiss rural economies, espe-
cially in the mountain regions (Ecoplan & HAFL, 2016; 
Flury, Huber, & Tasser, 2013; Rieder et al., 2004). New 
policy instruments focusing on investment support 
along the whole rural value chain successfully support 
the economic viability of many farms (Flury, Abegg, 
& Jeannerat, 2017). More importantly, while there is a 
continued discussion about what family farms imply 
(Guarín et al., 2020), the existing policies support con-
tinuous re-investment in farm structures. The mean 
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farm size in Switzerland is 21 hectares (FOAG, 2022b). 
The dualistic development of farm structures (i.e. an 
increase in very large and small farms combined with 

a decrease of mid-sized farms) is much less pronounced 
in Switzerland than in other countries (Bokusheva & 
Kimura, 2016). 

Table 4. Assessment of policy reforms, policy implications and lessons learned from Swiss agricultural policy.

Evaluations* Assessment (what has worked and what not?) Lessons learned Implication for 
future reforms

[7], [8], [11], [13], 
[17], [22], [31], [33] Stabilisation of farm gate prices and farm incomes

Policy is effective with respect to maintain farmers’ 
livelihoods.

Border protection and direct payments have a 
high-income transfer effect.

Increases in 
efficiency 
needed

[5], [7], [8], [11] 
Self-sufficiency maintained despite growing 

population; production targets (in calories) are 
met

The farming sector can steadily improve 
productivity.

[20], [21], [28], [32] Slowing of structural change Public policy maintains small-scale farming 
structures.

[1], [5], [7], [8], [9], 
[13], [16], [17], [31], 
[33]

High costs for consumer and/or taxpayers
There is low efficiency in public support.

[19], [21], [24], [25], 
[31], [32]

Rural viability is maintained, but only with high 
public spending

[3], [19] Many environmental goals with unclear target 
values or indicators There is a lack of focus on funding.

Coherence 
required

[14], [16], [30] Trade-off between production (in calories) and 
environmental targets (N, P, GHG etc.)

There is the potential to re-allocate funds (i.e. 
public funding for public goods).

[20], [21], [23], [25] Continuous re-investment in farm structures Re-investment needs to be aligned with 
environmental goals.

[7], [9] Rents for up- and downstream actors There is a need for coordination between market 
and policy interests.

[6], [16], [27], [30]
Nitrogen, phosphorus and greenhouse gas 

emissions stable after an initial decrease with 
policy reform

Forcing farmers to comply with minimal standards 
has a leveraging effect on the results indictors. Strengthening 

cross-
compliance

[6], [15], [27], [30] Environmental targets (i.e. pesticide load or 
greenhouse gas or ammonia emissions) not met

Increasing standards can help to achieve 
environmental targets.

[1], [4], [10], [14], 
[18], [26], [30]

Biodiversity programme contributes to halting 
biodiversity loss

Existing targeting and tailoring provide the basis 
for effective biodiversity conservation.

Supporting 
differentiation

[1], [2], [10], [12], 
[24], [26]

Most environmental targets are only met 
quantitatively (i.e. output indicators) and not 

qualitatively (i.e. result indicators)

Further efforts are needed to improve the quality 
of existing biodiversity conservation areas.

[1], [11], [15], [18], 
[26]

Programmes supporting environmentally friendly 
farming create windfall effects

A shift to results-based payments (i.e. increasing 
farmers’ discretion) could increase the efficiency of 

the programmes.

[3], [4], [12], [29] High administrative burden Digitalisation is needed to reconcile administrative 
burden and differentiation of policy incentives.

*The numbers refer to the evaluation sources in Table 3 i.e. [1] Wuepper and Huber (2022); [2] Meier et al. (2021); [3] EFK (2021); [4] 
Huber et al. (2021); [5] Feige, Rieder, Annen, and Roose (2020); [6] Mack and Kohler (2019); [7] Hillen (2019); [8] Hillen and Von Cra-
mon-Taubadel (2019); [9] Wey and Gösser (2019); [10] Fontana et al. (2019); [11] A Möhring, Mack, Zimmermann, Mann, and Ferjani 
(2018); [12] Jenny, Studer, and Bosshard (2018); [13] Finger et al. (2017); [14] Huber, Flury, Meier, and Mack (2017); [15] Mack and Huber 
(2017); [16] Schmidt et al. (2017), Schmidt, Mack, Mann, and Six (2021), Schmidt, Necpalova, Mack, Möhring, and Six (2021); [17] Loi 
et al. (2016); [18] Steiger, Lüthi, Schmitt, and Schüpbach (2016); [19] Suter et al. (2016); [20] EFK (2015); [21] Huber, Meier, and Flury 
(2014); [22] El Benni, Finger, and Mann (2012); [23] Flury, Gerber, Giuliani, and Berger (2012); [24] Lauber, Calabrese, Von Felten, Fischer, 
and Schulz (2011); [25] Flury and Peter (2011); [26] Mann (2010); [27] Felix Herzog, Prasuhn, Spiess, and Richner (2008); [28] B. Meier, 
Giuliani, and Flury (2009); [29] Buchli and Flury (2006); [30] Mann (2003); [31] Mann and Mack (2004), [32] Rieder, Buchli, and Kopain-
sky (2004); [33] Koch (2002).
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In addition, the restrictive law on rural land has two 
important implications. First, farm succession in Swit-
zerland is almost exclusively restricted to the descend-
ants of farmers. Second, farms are kept among fami-
lies to profit from fiscal rewards, zoning decisions or 
advantages related to living outside the building zone. 
Thus, most farms that leave the sector are small and at 
the end of the generational cycle (e.g., Zorn & Zimmert, 
2022). Overall, the regulations with respect to structur-
al changes in Swiss agricultural policy have led to high 
investment on a sector level, despite small farm struc-
tures and highly regulated land markets, with the con-
sequence being the family-based and continuous, rather 
than dualistic, development of farm structures.

While income inequality in Swiss agriculture has 
increased as a consequence of the decoupling of price 
and income policies (especially between lowlands and 
hilly and mountain regions), the introduction of the 
direct payment system has positively influenced income 
stability by decreasing the variability of farm revenues 
and household income in Swiss agriculture (El Ben-
ni & Finger, 2013; El Benni, Finger, & Mann, 2012; El 
Benni, Finger, Mann, & Lehmann, 2012). Even though 
direct payments also aim to support farm incomes, the 
income goals of agricultural policies cannot be con-
sidered to have been achieved, and off-farm income is 
an indispensable diversification strategy of Swiss farm 
households (El Benni & Schmid, 2021). Despite ongoing 
discussions about the interpretation and measurement 
of farm incomes (Finger & El Benni, 2021), the strong 
governmental support has secured stable farm incomes 
in Swiss agriculture over recent decades. In this con-
text, Zimmert and Zorn (2022), using a spatial regres-
sion discontinuity design, showed that direct payments 
increased family farm employment. The analysis pointed 
to not only the economic but also the social side-effects 
of the current direct payment system because the addi-
tional labour force often consists of non-salaried female 
household members. Without a wage, these family mem-
bers are not sufficiently protected socially, an issue that 
should gain importance in the discussion on the further 
development of agricultural policy.

Finally, a flipside of the enforced conditionality of 
the Swiss direct payments system is that a high admin-
istrative burden is placed on both the farmers and the 
government (Mack, Ritzel, Heitkämper, & El Benni, 
2021; Ritzel, Mack, Portmann, Heitkämper, & El Benni, 
2020). While the actual costs of monitoring and imple-
menting agricultural policies are less than 5% of the 
total budget for agriculture, farmers perceive admin-
istration to be a burden (El Benni et al., 2022; Mack, 
Kohler, Heitkämper, & El-Benni, 2019). 

5. DISCUSSION: LESSON LEARNED AND IMPLICA-
TIONS FOR FUTURE POLICY DEVELOPMENT

In this section, we discuss findings from our review 
with respect to the general lessons learned from Swit-
zerland’s experience and the following four implications 
that may provide entry points for the discussion of spe-
cific policy design features that would be transferable 
also to other countries. First, the economic and social 
goals have largely been met, but the costs for consumers 
and taxpayers are high (approximately CHF130,000 per 
farm per year, or ~CHF6,000 per hectare of agricultural 
land per year). Thus, increasing the efficiency of Swiss 
agricultural policy is key. Second, programmes and 
instruments need to be more coherently embedded in 
the food and agricultural sector not only to reconcile the 
economic and environmental goals but also to improve 
collaboration along the value chain. Third, standards for 
all farms have increased the overall ecological perfor-
mance of the agricultural sector. Strengthening of cross-
compliance measures has the potential to provide valua-
ble leverage and support to the agri-environmental fields 
that fail to meet their targets. Fourth, differentiating 
targets (e.g. in space) and increasing farmers’ discretion 
over how to achieve goals provide promising approaches 
to realise the premise of public funding for public goods.

5.1. Increasing efficiency

One of the key preconditions for the Swiss policy 
system is its restrictive border protection and generous 
governmental budget for agriculture. High farm-gate 
prices and large funds for direct payments have created a 
system that effectively supports the achievement of some 
policy targets, such as a food supply, landscape mainte-
nance and contribution to decentralised settlement. The 
support has also allowed the farming sector to steadily 
increase labour productivity and to re-invest in small-
scale infrastructure (maintaining family-based, peasant 
farm structures). 

However, the efficiency of the system is low, includ-
ing the payments for ensuring that food supplies are 
effective in increasing calorie production and for main-
taining arable land for crop production (A. Möhring et 
al., 2018). Up to 25% of these payments could be saved 
if criteria other than the number of calories produced 
were considered (e.g. maintaining productive land with-
out calorie targets; (A. Möhring & Mann, 2020). Also, 
the targeting and tailoring of policies has led to wind-
fall gains for farmers. The design of a biodiversity pro-
gramme combining different schemes, for example, cre-
ates larger windfall effects (Wuepper & Huber, 2022). 
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This implies that if the programme has additional envi-
ronmental benefits, the implementation of the corre-
sponding direct payment comes with high public costs. 
The restricted farm structural change also implies that 
farms with low competitiveness remain in the sector 
(Suter et al., 2016). 

Thus, increasing efficiency and reducing the windfall 
effects of agri-environmental instruments would permit 
funds to be reallocated to more effective instruments 
and thus boost the environmental impact of agricultural 
programmes. In its latest assessment of Swiss agricul-
tural policy, the OECD recommended that Switzerland 
further liberalise its border protection and reduce trade 
barriers while also reducing the overall level of general 
direct payments (OECD, 2015). This should allow farm-
ers to respond to market signals, increase their competi-
tiveness and bring about greater efficiency in the Swiss 
policy approach. How to align market liberalisation and 
the support of peasant farm structures or the contri-
bution to decentralised settlement in this context is an 
important topic for future research.

5.2. Improving coherence

The acceptance of conflicting goals and trade-offs in 
agricultural policy-making creates challenges for policy 
coherence (Coderoni, 2023; Eyhorn et al., 2019; Mann 
& Kaiser, 2023). Trade-offs are inherent in the agricul-
tural and food system, and there is no simple strategy 
that would allow all positive and negative externalities 
from agricultural production to be disentangled. The key 
challenge in Swiss agricultural policy is the conflicting 
goals that lead to trade-offs. This involves, for example, 
the production goals (measured in calories or degree 
of self-sufficiency), the maintenance of decentralised 
peasant farm structures and the environmental targets 
(reductions in emissions and the support of biodiver-
sity conservation areas). Given the current inefficien-
cies in supporting the agricultural sector, reallocating 
funds, and stronger focusing on the principle of “public 
funding for public goods” could alleviate the trade-offs 
between these goals (e.g., Bateman & Balmford, 2018; 
S. Wunder et al., 2018). This includes, for example, that 
instruments that promote production include sustain-
ability standards or that support investment should be 
aligned to environmental or animal welfare goals. A bet-
ter alignment of policies would not make the inherent 
trade-offs disappear, but it could certainly improve the 
efficiency of the public money spent on agriculture.

Furthermore, some of the windfall gains from agri-
cultural policy support end up in up- and downstream 
companies with a vested interest in maintaining pro-

tection. Thus, better policy coherence should not only 
focus on aligning policy instruments but also include 
the actors along the value chain. In this context, the link 
between public incentives and private sustainability ini-
tiatives (e.g. trough labelling) is key (Poppe & Koutstaal, 
2020). For example, the development of a new, pesticide-
free standard for wheat production in Switzerland has 
allowed the creation of synergies between public and 
private (market) goals, where farmers receive compensa-
tion for not using pesticides from governmental direct 
payments and private price mark-ups (N. Möhring & 
Finger, 2022). 

The political system in Switzerland enables partial 
policy success for different interest groups when nego-
tiating policy reforms (Metz et al., 2020). Together with 
public plebiscites on agricultural policy questions (Huber 
& Finger, 2019), this can have the effect that the result-
ing policy has to tolerate certain conflicts in the overall 
policy. Here, the alignment of agricultural policies with 
more coherent strategies, such as a common food policy 
that includes a wider range of stakeholders (De Schut-
ter, Jacobs, & Clément, 2020) within specific areas such 
as pesticides (N. Möhring et al., 2020) and nitrogen use 
(Kanter et al., 2020) is important . Beyond the integra-
tion of stakeholders along value chains, a food system 
policy could also include demand-side policy instruments 
for sustainable food consumption (Ammann, Arbenz, 
Mack, Nemecek, & El Benni, 2023), consider sustain-
ability standards in global agri-food supply chains (e.g., 
Meemken et al., 2021) or support sustainable public food 
procurement (e.g., Schleiffer, Landert, & Moschitz, 2022). 
This could provide the basis to initiate the necessary 
transformation of the agricultural and food system. In 
Switzerland, the policy goals formulated in Article 104a 
provide a constitutional basis for the future development 
of such a food policy approach that could also be exem-
plary for other countries.

5.3. Strengthening cross-compliance

Strict cross-compliance measures provide an effec-
tive tool to achieve environmental outcomes. While this 
had also been discussed in the context of the CAP (e.g., 
Pe’er et al., 2019), the Swiss example clearly shows that 
the conditionality of payments is effective in reducing 
negative environmental externalities and increases the 
provision of positive externalities in agricultural produc-
tion. The introduction of the proof of ecological perfor-
mance as cross compliance measure in Switzerland has 
had a leveraging effect on the environmental perfor-
mance of Swiss agriculture (Herzog et al., 2008). Stricter 
conditions for the proof of environmental performance 
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could, under certain market and production scenarios, 
actually contribute to the better achievement of envi-
ronmental targets with little reduction in farm incomes 
(Schmidt et al., 2019).

However, there are also critical aspects that need 
to be discussed in this context. Increasing production 
standards via cross-compliance measures might cre-
ate leakage effects i.e. some stricter regulations would 
increase the number of non-complying farms—that is, 
farms that do not receive direct payments but also do not 
comply with cross-compliance regulations; (Schmidt et 
al., 2019). While the overall strong support of agriculture 
in Switzerland attenuates this risk to a certain extent, 
since farms would lose a considerable amount of their 
income share, this would be more pressing in countries 
with lower overall support. This implies that command 
and control instruments could replace cross-compliance 
measures, but their implementation would certainly cre-
ate more opposition in the agricultural sector (Erjavec 
& Erjavec, 2021). In addition, it could also create leak-
age of negative environmental effects to other countries 
if imports were to increase due to the stricter regulation 
(Bystricky, Nemecek, Krause, & Gaillard, 2020). Final-
ly, our review does not provide a direct comparison of 
cross-compliance measures between Switzerland and 
other countries. While some studies have looked at cer-
tain commonalities and differences (BAFU, 2023; Baur 
& Nitsch, 2013; Nitsch & Osterburg, 2005), the extent to 
which Switzerland, through its experiences with cross-
compliance, could serve as a role model for other coun-
tries would certainly need additional research.

5.4. Supporting differentiation

The targeting and tailoring of policy incentives in 
space, time and across farm types allows for the trans-
parent and efficient support of public goods provided by 
the farming sector. The Swiss case shows the advantages 
of such policy designs that try to implement the idea of 
“public funding for public goods”. This allows us to dif-
ferentiate between regions with different production 
conditions, which is a prerequisite for the successful sup-
port of local public goods provided by agriculture, such 
as landscape maintenance and biodiversity conservation 
(Gawith & Hodge, 2019; Navarro & López-Bao, 2018). 
In addition, the high degree of targeting and tailoring 
(in combination with the cross-compliance measures) 
in the Swiss direct payment system enables attenuation 
of the tendency of adverse selection into voluntary agri-
environmental programmes, which is key for economic 
incentives for public good provision (e.g., Sven Wunder, 
Börner, Ezzine-de-Blas, Feder, & Pagiola, 2020). 

A step forward in payment differentiation would be 
to extend the use of results-based incentives (i.e. pay-
ing farmers for achieving targets and not for certain 
aspects of management). Recent studies have shown a 
promising effect on the effectiveness and efficiency of 
a  more widespread use of such results-based agri-envi-
ronmental schemes in Switzerland (e.g., Huber, Späti, & 
Finger, 2023; Huber et al., 2021; Kreft, Finger, & Huber, 
2023; Mack et al., 2020; Wuepper & Huber, 2022). These 
schemes would also enable farmers to use their own dis-
cretion over how to achieve outcome goals (e.g., Ehlers, 
Huber, & Finger, 2021). 

The flipside of increasing targeting and tailoring to 
achieve efficiency gains is more complex systems with 
potentially high administrative burdens (e.g., El Benni 
et al., 2022). Here, the use of digital technologies and 
the digitalisation of entire agricultural policies plays 
a key role (Ehlers et al., 2022; Ehlers et al., 2021). This 
could not only reduce the administrative burden but 
also create new opportunities to measure the outcomes 
of instruments and thus establish results-based or collec-
tive policy schemes that do not have to rely on controls 
on individual farms. 

6. CONCLUSION

There are four implications from these Swiss experi-
ences for policymakers and researchers alike. First, effi-
ciency must be increased to re-allocate funds towards 
programmes that effectively support the provision of 
public goods or reduce negative externalities. Second, 
the coherence of different policy programmes is key. 
Increasing funds for public goods might be a neces-
sary condition for a more sustainable agricultural sec-
tor, albeit one that is not sufficient. The Swiss case shows 
that the coordination of policies along value chains and 
across sectoral policies and stakeholders (i.e. in the sense 
of a “food system policy”) is indispensable for mak-
ing agriculture and food production more sustainable. 
Third, cross-compliance measures (i.e. minimal econom-
ic, environmental, and social standards) for receiving 
governmental support have an important leverage effect. 
Even though we observed that setting these standards 
can lead to political conflicts, they have made a decisive 
contribution to improving the environmental perfor-
mance of Swiss agriculture. Fourth, the examination of 
Swiss agricultural policy suggest that some environmen-
tal targets can be achieved while allowing for windfall 
gains from farmers’ provision of environmental public 
goods. Our conclusion is not that other countries should 
also apply programmes with low additionality, espe-
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cially given the fact that they might face much stricter 
budget constraints, but a carefully differentiated agri-
environmental policy programme that focuses on land-
scape, biodiversity, animal welfare and ecosystem servic-
es should also allow for maintaining economic viability 
and rural incomes.

Our review and the derivation of the lessons learned 
imply two important research gaps. First, more stud-
ies that effectively provide scientific evidence for poli-
cymakers are needed (El Benni, Grovermann, & Finger, 
2023). Special emphasis shall be on scientifically sound 
approaches for policy evaluation, including increased 
attempts to estimate the causal effect of policies. This 
is often hampered, however, by the complex regulatory 
environment and the many interactions between pro-
grammes and instruments that are often introduced 
at the same moment in time. Second, future research 
could focus on the transferability of these lessons, espe-
cially with respect to the specific effect of policy mixes 
and how an integrated policy framework could alleviate 
trade-offs in the joint provision of food and ecosystem 
services. Our review is context-specific, and we can-
not draw direct implications for other countries (e.g. 
for countries with lower financial resources to support 
agriculture). However, the implications from the lessons 
learned in Swiss agricultural policy have been mirrored 
in many ongoing proposals on how to improve the CAP 
(e.g., Guyomard et al., 2023; Kelemen et al., 2023; Pe’er et 
al., 2020).  Thus, providing further evidence will also be 
of value beyond Switzerland. 
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Abstract. In recent years, agricultural policies have expanded their scope to include 
funding for the promotion of environmental sustainability in agriculture. However, 
these policies have been often overlooked in the political economy literature. This 
article aims to investigate the factors influencing the allocation of funds towards envi-
ronmental goals in the Rural Development Programmes of the European Union Com-
mon Agricultural Policy. The main findings of this study indicate a positive correlation 
between GDP per capita and the allocation of the environmental budget. Conversely, 
delegating the management of these programmes to sub-national polities has a nega-
tive impact on the budget allocation. Therefore, it seems that maintaining some central 
control over the budget allocation might favour the environmental sustainability of the 
agricultural sector.

Keywords:	 EU Rural Development Policy, political economy, agri-environmental 
schemes, environmental federalism.

JEL Codes:	 D72, O13, Q18.

1. INTRODUCTION

Agriculture has been historically the subject of pervasive policy inter-
ventions, even though their nature has been extensively developed over time. 
The general pattern is that, with economic development, interventions tend 
to switch from dis-incentivization toward subsidization of agricultural activi-
ties (Anderson et al., 2013). Even within high income economies the sup-
port to agriculture has substantially evolved over time, from price support, 
toward coupled and ultimately non-coupled subsidies (Anderson et al., 2013). 
Especially in high income economies, since the 1980s, the scope of govern-
ment interventions has broadened from a support to production to larger 
shares of funds allocated to e.g. R&D (Swinnen et al., 2000), infrastructures 
development (OECD, 2020) and the environmental goals (Baylis et al., 2008). 
For example, in the European Union since the 2000s, funds of the Common 
Agricultural Policy (CAP) have been allocated, through the Rural Devel-
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opment Programmes (RDPs), to agri-environmental 
schemes, aimed at incentivizing the provision of envi-
ronmental public goods (Matthews, 2013). 

To explain the existence and persistence of agri-
cultural policies, the literature has relied on the lens of 
political economy (Swinnen, 1994). A number of deter-
minants have been empirically analysed, among the 
others: electoral incentives (Fałkowski and Olper, 2014), 
personal preferences of the legislators (Bellemare and 
Carnes, 2015), lobbying and institutional settings (Olper 
et al., 2014). However, the great bulk of the literature has 
focused on the determinants of the extensive margins of 
agricultural policies, i.e., to what extent the agricultural 
sector is affected by government interventions (Ander-
son et al., 2013). Surprisingly little has been said on in 
the intensive margins of agricultural policies, i.e. what 
determines the allocation of funds, within agricultural 
policies, for objectives that are beyond production or 
maintenance of agriculture. 

The objective of this article is to assess the political 
economy determinants of the allocation of agricultural 
policy funds toward environmental goals. Our focus 
is on the European RDPs. The decisions on RDP fund 
allocations are set within a common, EU-level, frame-
work (e.g., common priorities), but are eventually del-
egated to national or subnational authorities, according 
to the principle of vertical subsidiarity. Thus, they pro-
vide an interesting example for the issue here at stake. 
We address five main sets of explicatory variables: the 
societal demand for a greater environmental quality; the 
importance of the agricultural sector in the economy, 
which reflects into its bargaining power; the political 
characteristics –the ideology of the government coali-
tions in charge; the agri-environmental conditions of the 
area; and whether the RDP is managed at the national or 
subnational level (i.e., issue of decentralization). Using a 
fractional regression model, we find that the most robust 
determinants of environmental budget allocations are 
GDP per capita (positively correlated), population den-
sity and management decentralization (both negatively 
correlated). 

The main value of the article is to complement the 
literature on the political economy of agricultural poli-
cies by unveiling the determinants of funds for agri-
environmental goals, a topic largely ignored so far (Fre-
driksson and Svensson, 2003), even though on the rise  
(Mamun et al., 2021). Indeed, several articles focus on 
the determinants of expenditures on the agri-environ-
mental schemes of the European RDPs (Bertoni and 
Olper, 2012; Camaioni et al., 2019, 2016, 2013; Glebe and 
Salhofer, 2007; Zasada et al., 2018), or of similar meas-
ures (Hackl et al., 2007). While expenditures and budg-

ets are obviously connected, looking at the former adds 
the noise of the specific design of the measures and of 
the farmers uptake, and cannot be fully interpreted as a 
government choice (Glebe and Salhofer, 2007). 

At the same time, this article also speaks to the 
more general literature on the relationship between 
institutions and environmental quality, which has not 
deepened the topic on agricultural policies (Dasgupta 
and De Cian, 2018). One of the few exceptions is the 
analysis by Fredriksson and Svensson (2003), who inves-
tigate the link between political instability and the strin-
gency of environmental regulation (hence, not subsidy) 
faced by the agricultural sector.

Finally, we also contribute to the literature on effect 
of environmental policies decentralization (Droste et al., 
2018; Fredriksson and Wollscheid, 2014; Sigman, 2014). 
The framework of the RDP implementations, that are 
managed by both national and subnational authorities, 
enables to give insights also on the consequence of poli-
cy decentralization, an issue that has been seldom inves-
tigated with respect to agricultural policies (Bareille and 
Zavalloni, 2020). 

The results provide several policy implications. 
Despite the paucity of the literature on the issues, the 
environmental impact of the agricultural sector is a 
major concern (Crippa et al., 2021), and understanding 
the drivers of policies addressing it seems of paramount 
importance. Finally, decentralization of agricultural 
policies is often debated for the CAP reforms and our 
results can feed the debate revolving on it (COM(2018) 
392 final, 2018). The remainder of the paper is structured 
as follows. Section 2 provides a policy background focus-
ing on the environmental goals in agriculture and on 
the EU 2014-2020 programming period of the CAP. Sec-
tion 3 describes selected data and implemented methods. 
Section 4 shows and discusses the main results. Section 
5 concludes and provides some policy recommendations. 

2. BACKGROUND: ENVIRONMENTAL GOALS 
IN AGRICULTURAL POLICIES AND IN THE EU 

RURAL DEVELOPMENT PROGRAMMES

Environmental goals attached to agricultural sub-
sidies are a longstanding, albeit minor, presence. In the 
USA, a first example is the 1936 Soil Conservation Act, 
aimed at incentivizing soil conservation practices (Cain 
and Lovejoy, 2004). Only since the 1980s, however, in 
OECD countries the share of budget linked to environ-
mentally friendly practices has substantially increased 
(Guerrero, 2021). Indeed in 1985 environmental protec-
tion became the main (nominal) rationale for the imple-



149The political economy determinants of agri-environmental funds in the European Rural Development Programmes

Bio-based and Applied Economics 13(2): 147-160, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-13482 

mentation of the USA Conservation Reserve Programme, 
subsidising practices aimed at e.g. improving environ-
mental quality or providing wildlife habitat (Hellerstein, 
2017). Similarly, in 1985 an EU regulation allowed mem-
ber states to design incentives for farmers implement-
ing environmentally friendly practices, even though 
the uptake of this possibility was rather limited (Mat-
thews, 2013). For a set of countries (OECD and others), 
Figure 1 shows that most of the budget toward environ-
mental goals is linked to general support to agriculture 
conditional on some forms of input constraint -manda-
tory input constraints, in Figure 1. Voluntary measures 
– voluntary environmental input constraints, in Figure 
1 – such as the agri-environmental schemes have also 
increased over time, even though they remain limited to 
about 6-7% of the total support (Guerrero, 2021).

In the EU, voluntary agri-environmental measures are 
currently implemented within the RDPs. RDPs represent 
the so-called Pillar 2 of the CAP. They were first formu-
lated in the Agenda 2000 reform, as part of a strategy to 
move away from coupled support and broaden the scope 
of the CAP (Matthews et al., 2017) and they are currently 
supported by the European Agricultural Fund for Rural 
Development (EAFRD) of the EU. Since the Agenda 2000 
reform, four programming periods have taken place: 2000-
2006, 2007-2013, 2014-2020, 2021-2027. A comprehensive 
overview of the CAP and its environmental goals is out 
of the scope of this paper, and we refer to e.g. Matthews 
(2013) for a detailed description of the topic. 

The current version of the Rural Development Pol-
icy is the 2021-2027 one, which in fact has only started 

in 2023, i.e., with a two-year delay. It followed exten-
sive negotiations between the European Parliament, the 
Council of the EU and the European Commission for 
the approval of the Multiannual Financial Framework 
of the EU (as a consequence of both Brexit process and 
the outbreak of the Covid-19 pandemics). Thus, due to 
the lack of data on the current programming period, 
our analysis focuses on the 2014-2020 programming 
period, when the RDPs were legislatively based on the 
Regulation (EU) No 1305/2013 of the European Parlia-
ment and of the Council, which provided the guide-
lines for their formulations and structure. Even though 
the general framework was set at the EU level and plans 
were approved by the EC, national authorities had some 
degree of freedom in implementing them (eventu-
ally increased in the current 2021-2027 programming 
period). First, following the vertical subsidiarity prin-
ciple, member states could delegate the management of 
the RDPs to subnational authorities (Beckmann et al., 
2009). During the 2014-2020 programming period, 20 
EU Member States maintained a nation-wide implemen-
tation, while the remaining countries opted for a sub-
national implementation. On the one hand, Germany, 
Belgium, Finland, Portugal, and the UK opted for the 
NUTS-1 level implementation (considering either single 
NUTS-1 regions, e.g., the Länder in Germany or groups 
of them, as in the case of the UK). On the other, France, 
Italy, and Spain opted for the NUTS-2 level implemen-
tation (e.g., the Régions in France, the Regioni in Italy, 
and the Comunidades Autónomas in Spain). Second, the 
managing authorities – either at the national or the sub-
national level – chose their own allocation of funds, with 
some constraints, prioritising specific goals among the 
existing ones. 

According to article 5 of the Regulation No 
1305/2013, the RDP budgets, funded by the EAFRD, 
must be shared among, centrally determined, 6 priorities, 
or goals: (1) fostering knowledge transfer and innovation 
in agriculture, (2) enhancing farm viability and com-
petitiveness, (3) promoting food chain organisation, (4) 
restoring, preserving and enhancing ecosystems related 
to agriculture and forestry, (5) promoting resource effi-
ciency and supporting the shift towards a low carbon and 
climate resilient economy, (6) promoting social inclusion. 
At the same time, EAFRD budget was allocated to a set 
of measures, i.e., specific areas of interventions, aimed at 
achieving the aforementioned goals (Table 1). 

Within the current framework and according to the 
classification provided in Table 1, environmental meas-
ures are granted a specific attention. According to article 
59 of the Regulation No 1305/2013, at least 30 % of the 
total EAFRD contribution to each RDP shall be reserved 

0

30%

60%

90%

1986 1991 1996 2001 2006 2011 2016

Mandatory input constraints
Voluntary input constraints

No input constraints
Not Applicable

Other input constraint and animal welfare (voluntary)

Figure 1. Share of subsidy type on the total Producer Support Esti-
mate for a set of countries (OECD and others). Own elaboration on 
data from OECD (2020), downloadable at https://www.oecd.org/
agriculture/topics/agricultural-policy-monitoring-and-evaluation/. 
For technical explanation of the variables, we refer to OECD (2016).

https://www.oecd.org/agriculture/topics/agricultural-policy-monitoring-and-evaluation/
https://www.oecd.org/agriculture/topics/agricultural-policy-monitoring-and-evaluation/
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for the following measures: M04 (only considering envi-
ronment and climate related investments), M08, M10, 
M11, M12 (except for Water Framework Directive relat-
ed payments), M13 and M15. This is to achieve specific 
environmental goals in the EU.

3. DATA AND METHODS 

3.1. Empirical model and data

The goal of this article is to assess the determinants 
behind the decision to allocate funds to environmental 
goals in the RDPs of the CAP. The shape and type of 
policies result from the interactions of several elements. 
Similarly to other analyses (e.g. Bertoni and Olper, 2012; 
Fredriksson and Svensson, 2003), we argue that the 
resulting share of budget allocated to environmental 
goals is determined by the interaction among five main 
factors: i) the societal demand for higher environmental 
quality, ii) the bargaining power of the agricultural sec-
tor, iii) the political environment, iv) the environmental 
conditions of the area, v) the polity level that manages 
the funds. Our expectation is that higher demand for 
environmental quality will be translated into relatively 
larger budget for environmental goals. At the same time, 
low environmental quality will also call for larger budget 

for environmental goals. However, while the funds we 
are investigating are targeting agriculture, the sector 
might prefer support to investments and efficiency, rath-
er than sustainability goals, and hence greater bargain-
ing power would result in lower budget for environmen-
tal goals. The political environment builds upon those 
two blocks. Party ideology and the composition of the 
government might filter the general preferences of the 
public. Moreover, decentralization of agri-environmental 
policies, while might result in better targeting of local 
public goods, could end up in free-riding behaviour due 
to spillover effects. 

In the next paragraph, we describe the depend-
ent and the explanatory variables that we use to proxy 
the aforementioned elements. Given the structure of the 
RDP managing authorities, the analysis is grounded 
on a territorial basis. Indeed, our units of analysis are 
the polities covered by each RDP managing authority, 
either at national or sub-national level. For the current 
analysis, we consider 100 RDPs and the related polities, 
excluding from the full set: i) the French DOM (namely, 
Guadeloupe, Guyane, La Réunion, Martinique and May-
otte) due to data availability, ii) the UK RDPs, for the 
difficulties to account for the functioning of the local 
(i.e., subnational) polities in that country, and iii) the 
national level RDPs, when the lower tiers are the main 

Table 1. Description of measures and related articles in the Regulation No 1305/2013.

Articles Short description RDP 
codes

14 Knowledge transfer and information actions M01
15 Advisory services, farm management and farm relief services M02
16 Quality schemes for agricultural products, and foodstuffs M03
17 Investments in physical assets M04

18 Restoring agricultural production potential damaged by natural disasters and catastrophic events and introduction of 
appropriate prevention actions M05

19 Farm and business development M06
20 Basic services and village renewal in rural areas M07
21-26 Investments in forest area development and improvement of the viability of forests M08
27 Setting -up of producer groups and organisations M09
28 Agri-environment-climate M10
29 Organic farming M11
30 Natura 2000 and Water Framework Directive payments M12
31-32 Payments to areas facing natural or other specific constraints M13
33 Animal welfare M14
34 Forest-environmental and climate services and forest conservation M15
35 Co-operation M16
36-39 Risk management M17
40 Financing of complementary national direct payments for Croatia M18
42-44 Leader M19



151The political economy determinants of agri-environmental funds in the European Rural Development Programmes

Bio-based and Applied Economics 13(2): 147-160, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-13482 

managing authorities (i.e., in the case of France, Italy, 
Spain). 

The dependent variable is represented by the share 
of the RDP budget allocated to environmental meas-
ures in year 2014 (i.e., considering the first budget allo-
cation). To operationalize the preferences for environ-
mental goals we address the constraint set by article 59 
of the Regulation No 1305/2013, in terms of both key 
measures and minimum budget allocation (see Section 
2). We define our dependent variable, M-environment 
as the ratio between the RDP funds for environmen-
tal goals (i.e., budget allocated to measure 4, measure 8, 
measure 10, measure 11, measure 12, measure 13, and 
measure 15) that go beyond the minimum level fixed by 
the EU Regulation and its complementary. For example, 
imagine the RDP budget is 100€, and budget allocated 
to environmental goals is 37€. Our dependent variable is 
given by 7/70. 

As robustness check, we also run two additional 
models. In the first one, we define the dependent vari-
able as the share of the budget (year 2014) allocated 
to priorities (4) “restoring, preserving and enhanc-
ing ecosystems related to agriculture and forestry” and 
(5) “promoting resource efficiency and supporting the 
shift towards a low carbon and climate resilient econo-
my” (P-environment); in the second one, we define the 
dependent variable as the share of the budget (year 2014) 
allocated to agri-environmental schemes only, i.e. to 
measure 10 (M10). 

Figure 2 shows the rather uneven allocation of 
M-environment, P-environment, and M-10 at the pro-
gramming level across the EU. Data on the RDP budget 
allocations have been collected from the European Com-
mission website (https://cohesiondata.ec.europa.eu/) 
and in all cases we considered the total financing, i.e., 
including both the EU EAFRD funds and the national 
co-financing. In particular, Table 2 returns the main 

descriptive statistics for the alternative specifications of 
the dependent variables. 

We now turn to the set of explicatory variables. 
When considering them, the first dimension we address 
is the demand for environmental quality. Following pre-
vious research (e.g. Franzen and Vogl, 2013), we take into 
account GDP per capita and population density as a proxy 
for the societal demand for environmental quality. The 
large literature on the environmental Kuznets curve indi-
cates that, after a certain threshold, income is a key driv-
er of environmental quality and policy implementation 
(Dasgupta et al., 2002; Dinda, 2004; López and and Mitra, 
2000; Maddison, 2006). Moreover, we use population den-
sity as a proxy for the degree or urbanization, which is also 
expected to be positively correlated to higher environmen-
tal quality, and hence higher share of budget allocated to 
environmental goals (e.g. Franzen and Vogl, 2013).

The second element is the economic relevance of the 
agricultural sector. A larger magnitude of the agricul-
tural sector might turn into a larger bargaining power of 
the sector itself, which, we argue, eventually turn into a 
reduction of the support to environmental measures in 
the RDP (Fredriksson and Svensson, 2003). However, 
following Olson (1971), even the counterargument can 
be made: the larger the sector, the more is difficult to 
coordinate and hence the lower the bargaining power. 
To have proxies for the bargaining power of the agricul-
tural sector, we rely on three indicators: share of utilised 
agricultural area with respect to the total area of the rel-
evant polity, number of farmers per million inhabitants 
and share of Gross Value Added of agriculture out of the 
total Gross Value Added. 

As a third group of variables, politics aspects are 
considered. In terms of politics, first, we consider the 
ideology of the government in charge. Several papers 
find that ideology plays a role in the level of protection 
and support to agriculture (Klomp and Haan, 2013; Olp-

(a) (b) (c) 

M environment (exceeding 30%) P environment (% of expend.) M 10 (% of expend.) 1st quartile

4th quartile

Figure 2. Allocation of environmental budget across the EU in 2014: a) M-environment, b) p-environment, and c) M-10. Source: authors’ 
elaboration.

https://cohesiondata.ec.europa.eu/
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Table 2. List and description of the variables included in the models, by type.

Name Meaning Year Specification Source Mean 
(Std. Dev.)

Dependent 
variables

M-environment

Ratio of the share of the 
total RDP budget allocated 
to measure 4, measure 8, 
measure 10, measure 11, 
measure 12, measure 13, 

and measure 15 exceeding 
minimum (30%) over the 

total range.

2014 Share cohesiondata.ec.europa.eu 0.27 
(0.18)

P-environment
Share of the total RDP 

budget allocated to priority 
4, and priority 5

2014 Share cohesiondata.ec.europa.eu 0.52 
(0.12)

M10 Share of the total RDP bud-
get allocated to measure 10 2014 Share cohesiondata.ec.europa.eu 0.15 

(0.08)

Environmental
demand

Density Population density (thou-
sand inhab. per square km) avg. 2010-2014 continuous 

(1000 inhab.)
Eurostat - Population 

density
0.17 

(0.19)

GDP Per capita income (in thou-
sand €) avg. 2010-2014 continuous 

(1000€)

Eurostat - GDP at current 
market prices by NUTS 2 

regions

25.71 
(7.86)

Bargaining power 
of agriculture

UAA_share Utilised Agricultural Area 
(UAA) out of total land area 2013 share Eurostat – Farm Structure 

Survey
0.41 

(0.15)
Farm per mill 

inhab
Number of farms per mil-

lion inhab. 2013 continuous Eurostat – Farm Structure 
Survey

19.92 
(22.81)

GVA_share
% of Agricultural Gross Va-
lue Added out of total Gross 

Value Added
2013 % ARDECO database 2.85 

(1.95)

Politics

Parties

Number of parties in the 
cabinet that was in charge 

at the date of approvation of 
the RDP

- continuous

Authors’ elaboration on 
Döring and Manow, (2020)

Schakel and Massetti, 
(2018)

1.90 
(1.00)

Left_right

Average position of the ca-
binet in terms of its overall 
ideological stance (from left 
to right), by considering the 
position of each party in the 
coalitions (weighted by the 

number of their seats)

-

continuous (0 
= Extreme left 
to 10 = Extre-

me right)

Authors’ elaboration on 
Döring and Manow (2020), 

Schakel and Massetti 
(2018), Polk et al. (2017)

4.30 
(1.70)

Agri-environmental 
conditions

N_sur_kg_ha
Average Nitrogen surplus 
(kg per ha), based on 16 

Nitrogen surplus estimates
avg. 2010-2014 continuous Batoo et al. (2022) 35.35 

(18.15)

Animals_ab Thousand cows and live 
swines per thousand inhab. avg. 2010-2014 continuous Eurostat - Animal popula-

tions by NUTS 2 regions
0.57 

(0.67)

HNV
Share of high nature value 

(HNV) farmland out of the 
total area

2012 %

Authors’ elaboration on 
European Environment 

Agency (EEA) data on the 
basis of the Corine Land 
Cover (CLC) accounting 

layers

18.76 
(14.06)

(Continued)

http://cohesiondata.ec.europa.eu
http://cohesiondata.ec.europa.eu
http://cohesiondata.ec.europa.eu
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er, 2007) as well as for the level of environmental pro-
tection (Pacca et al., 2020). Following Klomp and Haan 
(2013), we address the ideology of the whole government 
cabinet (rather than simply the government head) by 
computing the average position of the cabinet in terms 
of its overall ideological stance (from left to right). Polk 
et al. (2017) computed ideological stance of EU par-
ties, by assigning each of them a position on a scale 
from 0 (extreme left) to 10 (extreme right). Parties on 
the economic left wanted government to play an active 
role in the economy, while those on the economic right 
emphasized a reduced economic role for government: 
privatization, lower taxes, less regulation, less govern-
ment spending, and a leaner welfare state. For the sake 
of our analysis, and as a reference point, we take the 
average score for the whole cabinets that were in charge 
of the relevant polity in the period up to the approval 
of the first RDP version, i.e., in most of the cases year 
2014. Note that regional politics might be more complex 
than the national one, as regional parties are often a key 
player in local elections and hence governments and the 
local institutional architectures exhibit a great degree 
of heterogeneity across EU Member States (Schakel, 
2013; Schakel and Massetti, 2018). Second, we also con-
sider the number of parties that compose the govern-
ment coalitions. This has been considered to affect state 
expenditures (Perotti and Kontopoulos, 2002) and pro-
tection to agriculture (Beghin and Kherallah, 1994). 

The fourth element we address is the agri-environ-
mental conditions of the relevant polities to which the 
RDPs refer. Agri-environmental measures are aimed 
at reorienting the sector toward more environmentally 
friendly practices, thus the lower the agri-environmental 

quality of the area, the higher the agri-environmental 
funds should be (Bertoni and Olper, 2012). As a proxy 
for environmental quality, we use four indicators: aver-
age Nitrogen surplus, number of animals (cows and live 
swine) per thousand inhabitants, share of high nature 
value (HNV) farmland out of the total area, share of 
agricultural areas, forest and semi natural areas under 
moderate or severe level of erosion. All of them are 
expected to be negatively correlated to environmental 
quality, but the share of HNV farmland.

Lastly, we address whether the RDP was managed at 
the national level, or if its implementation was delegat-
ed to lower tiers. We consider such an element because 
it is a structural characteristic of (some) RDPs, which in 
fact has been usually disregarded by the political econo-
my literature of agricultural policies (as they are mostly 
set at the national level). However, the variation in the 
polity level decision making, within the same policy 
framework, enables to explore the effect of decentraliza-
tion on (agri-) environmental policies and hence to add 
results to the increasing literature on environmental pol-
icy decentralization (Fredriksson and Wollscheid, 2014) 
and more in general on the environmental federalism  
(Shobe, 2020).

In addition to the previous explanatory variables, in 
any of the selected models we also add two variables to 
control for population size and Eastern European Coun-
tries (EEC). Population size is crucial to disentangle the 
effect of decentralization, holding the demographic size 
of the polity constant. The inclusion of a geographical 
dummy for EEC addresses the 20th-century historical 
differences across Europe. The list of the variables and 
their sources is listed in Table 2. 

Name Meaning Year Specification Source Mean 
(Std. Dev.)

 Erosion mode-
rate-severe

Share of agricultural areas, 
forest and semi natural are-
as under moderate or severe 

level of erosion, out of the 
total agricultural areas, fo-
rest and semi natural areas 

2010 %

Eurostat - Estimated soil 
erosion by water, by ero-
sion level, land cover and 
NUTS 3 regions (source: 

JRC)

17.19 
(15.88)

NUTS Nuts RDP being managed at the 
sub-national level - Dummy authors’ elaboration  

Control variables
Pop Total resident population avg. 2010-2014

Continuous 
(million 
inhab.)

Eurostat - Population 4.33 
(5.23)

EEC RDP belonging to an Ea-
stern Europe Country - Dummy authors’ elaboration  

Table 2. (Continued).
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3.2. Econometric strategy

In the framework of the CAP, different polities man-
age different budget size. To control for it, we focus on 
the relative share of the total budget for environmental 
goals, rather than on its absolute value. However, frac-
tional dependent variables – as the one under considera-
tion here – pose some methodological challenges. 

The first challenge is related to the functional form 
of the model (Ramalho et al., 2011). Firstly, fractional 
dependent data (as in this case) are bounded only within 
the [0, 1] interval, whereas standard econometrics gener-
ally assumes normally distributed dependent variables 
(Ronning, 1990). Secondly, a “negative bias” (Aitchison, 
1986, p. 53) affects them, as fractional dependent vari-
ables add up to one. Even in the case of more than two 
categories, there will be always at least one pair of nega-
tively correlated shares. Due to these specific properties, 
conventional regression models – which simply ignore the 
bounded nature of the dependent variable and assume a 
linear conditional mean model for it – should be avoided. 
Some scholars opted for assuming the logistic relationship, 
preferring to estimate by least squares the log-odds ratio 
model. However, this empirical strategy has some impor-
tant drawbacks (see Ramalho et al., 2011 for details). 

For the sake of this analysis, we adopt the fractional 
regression models, as originally modelled by Papke and 
Wooldridge (1996). Following their approach, the sim-
plest solution for dealing with fractional response vari-
ables only requires the assumption of a functional form 
for y that imposes the desired constraints on the con-
ditional mean of the dependent variable, i.e. E(y|x) = 
G(xθ), where G(·) is a known nonlinear function satisfy-
ing 0 ≤ G(·) ≤ 1. Papke and Wooldridge (1996) suggested 
as possible specifications for G(·) any cumulative distri-
bution function. Among alternative choices, the logis-
tic function is considered as an obvious choice, hence: 
E(y|x) =𝐸𝐸(𝑦𝑦|𝑥𝑥) = !!"

"#!!"
. . As suggested by Papke and Wooldridge 

(1996), this function may be consistently estimated by 
using the robust quasi-maximum likelihood (QML) 
method, which is based on the Bernoulli log-likelihood 
function (see Ramalho et al., 2011 for deeper details).

With regard to the empirical strategy, we estimate – 
for each of the dependent variables, i.e., M-environment, 
P-environment and M10, – six alternative models, as it 
follows:

Y = βdD + βaA + βpP + βeE + βrR + βcC + ε� (1)
Y = βdD + βcC + ε� (2)
Y = βaA + βcC + ε� (3)
Y = βpP + βcC + ε� (4)
Y = βeE + βcC + ε� (5)

Y = βrR + βcC + ε� (6)

Where:
–	 Y is the (n × 1) vector, where n = 100, indicating the 

share of budget allocation devoted to the environ-
mental issues, according to alternative specifications 
(M-environment, P-environment and M10). 

–	 D is the (n × 2) matrix of the proxies for the 
demand for environmental quality and βd is the (2 x 
1) vector of respective unknown parameters.

–	 A is the (n × 3) matrix of agricultural sector vari-
ables and βa is the (3 × 1) vector of respective 
unknown parameters.

–	 P is the (n × 2) matrix of politics and polity vari-
ables and βp is the (2 × 1) vector of respective 
unknown parameters.

–	 E is the (n × 4) matrix of environmental-quality 
variables and βe is the (4 × 1) vector of respective 
unknown parameters.

–	 R is the (n × 1) vector of decentralization variable 
and βr is the respective unknown parameter,

–	 C is the (n × 2) matrix of control variables and βc is 
the (2 × 1) vector of respective unknown parameters.

–	 ε is the (n × 1) vector of error terms.
The implementation of the fractional regression 

models was performed by using the software R (R Core 
Team, 2021).

4. RESULTS AND DISCUSSION

Table 3 reports the results of all the models. Across 
model specifications, three are the most robust results. 
First, the results indicate that GDP is positively correlat-
ed with the budget allocated to environmental goals (see 
section 3 for the description of the dependent variables). 
This result is in line with the large literature on the rela-
tionship between economic development and environ-
mental quality (Grossman and Krueger, 1995) and with 
previous results on the political economy determinants 
of the stringency of environmental regulations to agri-
cultural activities (Fredriksson and Svensson, 2003). 
Note that even expenditures on agri-environmental meas-
ures are found to be positively correlated to the GDP 
per capita of the area (e.g. Bertoni and Olper, 2012). The 
result is robust to the model specification being positive 
and significant also when GDP is isolated from the oth-
er variables (model 2) and with different specification of 
the dependent variables (P-environment and M-10). The 
odd ratios (Table 4) indicate that an increase by €1000 in 
GDP per capita induces an increase by 3.2% in the budg-
et allocated to M-environment. Second, DENSITY is neg-
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atively correlated to budget for environmental goals. This 
is in contrast with our expectations, i.e., on the intuition 
that more urbanized areas would have demanded for a 
higher allocation of funds to the environmental goals. 
One interpretation of this result might lie in the idea 
that, at the EU level, population density actually captures 
other dimensions than per capita income, both in the 
North and in the South of the continent. The odd ratios 
indicate that additional 1000 inhabitants per square kilo-
metre translate in a large reduction for the environmen-
tal budget (M-environment) (almost by 91%), an effect 
that is larger than the (positive) effect of GDP.

Third, decentralization (NUTS) is negatively cor-
related to the environmental budget. The dummy indi-
cating a subnational polity is statistically significant 
and negatively correlated to the environmental budget 
share in any model specification. The literature on the 
topic is rather ambiguous and finds that the impact of 
decentralization on the allocation of funds to the envi-
ronmental goals depends on the type of pollutants taken 
into account (Fredriksson and Wollscheid, 2014; Sigman, 
2014, 2005). In our case, the result seems to indicate 
that decentralization would lead to a race to the bottom 
(Millimet, 2003) in allocating environmental budgets in 
the RDPs. While further analyses are required to under-
stand the mechanisms behind it, such a result can also 
be interpreted in terms of governance scope (Schakel, 
2009). For example, in Italy only some policy aspects are 
delegated to regional administration (health policies, for 
example), and hence, probably, a greater grip from lob-
bying is on them. The odd ratios suggest that decentrali-
zation has a strong effect: the delegation to lower gov-
ernment tiers induce a reduction in the budget allocated 
to M-environment, P-environment and M-10 by respec-
tively 61%, 45% and 36%.

Turning to the politics aspect of our problem, the 
number of parties that compose a cabinet is negatively 
correlated to the different proxies for environmental 
budgets (and significant in most of the models’ specifi-
cations). This might suggest that environmental public 
goods require greater political coherence, in order to be 
funded. However, ideology seems not to be linked to any 
preferences for environmental budget allocation, as the 
coefficient for LEFT_RIGHT is non-significant. Howev-
er, the effect of politics on budget allocations deserves a 
more comprehensive analyses, where e.g. electoral incen-
tives are explicitly accounted for (List and Sturm, 2006; 
Pacca et al., 2020). Moreover, we only consider the gov-
ernment coalition in charge of the first version of the 
RDPs, to better address the effect of ideology it would 
be interesting to assess how changes in the government 
coalitions impact on the RDP budget allocations. 

Surprisingly, the proxies for the bargaining power of 
the agricultural sector are all non-significant in any mod-
el specifications. To this regard, it is important to consid-
er that we are analysing fund allocation among different 
goals but whose ultimate target is anyhow the agricultural 
sector. Probably, farmers preferences among the goals gets 
watered and no clear priority emerges. Note however that, 
when focusing on real expenditures rather than alloca-
tions, Zasada et al. (2018) also find that the agricultural 
bargaining power (proxied by the share of agricultural 
area) have little explanatory power. Similarly, Bertoni and 
Olper (2012) find a complex relationship between share 
of population working in agriculture and expenditures 
devoted to agri-environmental schemes.  

Finally, a complex picture is drawn from the analysis 
of the agri-environmental conditions. The HNV and the 
nitrogen surplus are respectively negatively and positively 
correlated to the share of budget allocated to M10. When 
considering the other two dependent variables, the signs 
of the coefficients are reversed. This difference might 
be due to the different characteristics of each depend-
ent variable under consideration. Actually, while meas-
ure 10 only supports activities that are strictly linked to 
agri-environmental measures and that represent a cost 
from the farmers point of view, other dependent vari-
ables encompass a broader set of interventions, including 
investments for higher resource efficiency.

5. CONCLUSIONS AND POLICY RECOMMENDATIONS

In this work, we analyse the political economy 
determinants of the share of the budget allocated for 
environmental goals in the EU RDPs, by considering 
the 2014-2020 programming period. The main idea is 
that such a budget is the result of some main determi-
nants: i) demand of environmental quality, ii) bargaining 
power of the agricultural sector, iii) characteristics of the 
politics of the RDPs managing authorities, iv) environ-
mental quality of the area; and v) tier levels of the RDPs 
managing authorities (national vs subnational levels). 
While a substantial literature has addressed the political 
economy of the support to the agriculture, very little has 
been said on the determinants of policies targeting the 
sustainability of the agricultural sector. In comparison 
to previous articles – which mostly addressed the deter-
minants of the ex-post expenditures on agri-environ-
mental schemes – the focus on budget allocation allows 
us to put a greater emphasis on the determinants of the 
political decision process behind the choice of allocating 
funds to the environmental goals rather than to other 
goals (often competing with each other).
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The analysis shows that the determinants behind 
the allocation of the European Rural Development Pol-
icy budget to environmental goals are similar to those 
found in the literature concerning environmental poli-
cies in general. The results seem to show the critical role 
played by an increase in the average wealth (as prox-
ied by GDP per capita) favouring a larger environmen-
tal support. This result is not new – being in line with 
previous literature– but it is confirmed also for the EU 
RDP. Moreover, different proxies for the lobbying power 
of the agricultural sector (as proxied by the UAA, the 
number of farms, and the agricultural GVA) show no 
significance, hence the supposed competition between 
the agricultural support on the one hand and a broader 
support toward multifunctionality, and the environment 
in particular, on the other does not find strong support. 
Decentralization is linked to lower budgets allocated to 
environmental goals and display a strong effect.

The combination of the effect of per capita income 
and of decentralization seems to suggest that delegating 
RDPs management to subnational authorities might be 
particularly problematic, given the high heterogeneity of 
development across European regions. The results seem 
to indicate that, if environmental issues are at stake, 
maintaining a relatively centralized grip on the envi-
ronmental budget would be desirable. To this regard, 
the decision undertaken in the implementation of the 
current 2021-2027 RDPs can be considered as positive 
for the implementation of a policy more in favour of 
agri-environmental targets. Indeed, the Regulation No 
2115/2021 sets that all new rural development actions 
will be incorporated into national-level CAP strategic 
plans, establishing specific rules on support for strategic 
plans to be drawn up by EU countries under the com-
mon agricultural policy.

The emerging results are insightful, despite the 
existence of some possible shortcomings in the work. 
For example, the choice of a cross-sectional analy-
sis, rather than a panel one, might somehow affect this 
analysis, due to the potential presence of unobserved 
heterogeneity. However, it seems not possible to compare 
expenditure patterns across different programming peri-
ods, due to the large changes that have always affected 
Rural Development Policy over time. Thus, further anal-
ysis will not only address these possible flaws. It should 
also seek to further disentangle the drivers of environ-
mental budget allocation, including robustness checks, 
such as controlling for alternative proxies for the main 
effects admitted at impacting the environmental budget 
allocation, and a throughout assessment of the effect of 
government party’s composition on it. 
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Abstract. In Iran, barley is considered the second-largest cultivated crop. However, 
more than 40% of Iran’s requirements are imported from the international market. 
Due to the importance of barley in providing livestock feed and food security, its price 
variation is a critical issue for Iranian governments. Therefore, in this study, the influ-
ence of different determinants of domestic barley price, such as international price, real 
effective exchange rate variation, price volatility of barley, Russian-Ukrainian armed 
conflict, and the existence of economic sanctions, has been investigated by applying 
the Markov-Switching model. The main results indicated that in both states, the real 
effective exchange rate was the primary determinant of the domestic price. Moreover, 
the impact of international price in first state is much more powerful than the second 
state. Also, the results revealed that the persistence of US economic sanctions ampli-
fied barley prices in both regimes. According to these findings, the government should 
eliminate interventions in the barley market by utilizing the preferential exchange rate 
for importing barley. Moreover, pursuing a political agenda to create a stable political 
condition and lift economic sanctions should be considered the priority for the govern-
ment to mitigate the barley price upsurge. 

Keywords:	 barley price, regime change, GARCH, Markov-Switching.
JEL Codes:	 Q2, Q18, C24.

1. INTRODUCTION

In last decades, agricultural markets witnessed a significant boom-bust 
cycle and excessive price volatility from 2006 to 2014 (Guo and Tanaka, 2019; 
Ott and Ott, 2014), and this trend was the primary critical economic and 
food security challenge. Moreover, the consequences of food price hikes and 
exacerbated price volatility can go beyond the economics and food security 
matters and have social and political repercussions (Bhagowalia et al., 2012). 
Periods of high or low prices are not new; however, in recent years, the mag-
nitude of price fluctuation and its geographical expansion have been substan-
tial (Bhagowalia et al., 2012). Therefore, investigating the trend of increas-
ing market instability for agricultural commodity markets and its impact 
on commodity prices has become a priority on the international agenda 
(Magrini et al., 2017).
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The excessive change in the price of agricultural 
commodities creates a situation of uncertainty that can 
have an enormous influence on all the actors, such as 
consumers, producers, investors, merchants, and govern-
ment, especially in developing countries (Fakari et al., 
2013; Danehsvar Kakhki et al., 2019; Mittal and Hari-
haran, 2018). Consumers in developing countries spend 
a considerable share of their income on food; hence, 
they are sensitive to food price fluctuation (Cedrez et 
al., 2020; Farsi Aliabadi et al., 2021). On the other hand, 
the profitability of farming activity and incentives for 
producers’ investment depend on market prices, and 
producers’ decisions face a high degree of uncertainty 
in such a condition (Cedrez et al., 2020). Additionally, 
price volatility can generate a higher cost of agricultural 
commodity trade due to irregularity in the market and 
inflation pressure (Daneshvar Kakhkiet al., 2019). There-
fore, price volatility negatively affects household welfare; 
Layani et al. (2020) indicated that an additional 1.79 per-
cent of urban households drop below the poverty line 
due to a 9.8 percent increase in food prices. High Price 
variation also imposes substantial pressure on the gov-
ernment to control and stabilize the market prices to 
satisfy the country’s food security objectives (Pieters and 
Swinnen, 2016). Due to these negative impacts, it’s essen-
tial to identify the nature and reasons for price volatility, 
which can be helpful in reducing the distractive impact 
and controlling food prices (Fakari et al., 2016).

The Iranian government has always aimed to pre-
vent price amplification in the agricultural sector due 
to its negative impact on economic activities. For this 
purpose, they have implemented a price stabilization 
policy, where essential commodities such as wheat, sug-
ar, and barley are the central concerns. However, despite 
the policy, the price of agricultural commodities has 
increased significantly in recent years due to high infla-
tion, currency weakness, and other macroeconomic dif-
ficulties. Therefore, it is crucial to identify influential 
contributors to the rising prices in Iran (Mehdizadeh 
Rayeni et al., 2022).

A vast number of studies focused on investigat-
ing and understanding the determinants of agricul-
tural prices (Dinku and Worku, 2022; Iqbal et al., 2022; 
Steen et al., 2023). It’s clear that the joint influence of a 
plethora of causes generates price variation (Santera-
mo and Lamonaca, 2019). Biofuel production, energy 
prices, climate change, condition of financial markets, 
exchange rate, monetary policies, interest rate, transac-
tion cost, sudden trade restriction, agricultural poli-
cies, and increase in food demand are considered as the 
influential factors that amplified the food prices and its 
variability (Cinar, 2018; Eissa and Al Refai, 2019; Lan-

franchi et al., 2019, Uçak et al., 2022). In the last decade, 
the influence of exchange rates and international market 
prices on the dynamics of agricultural food prices in the 
domestic market has been well documented (Mosavi et 
al., 2014; Hájek and Horváth, 2016; Clapp et al., 2017; 
Braha et al., 2019; Lanfranchi et al., 2019; Sadiq et al., 
2021). While the exchange rate variation affects the price 
of imported and exported agricultural commodities and 
also has significant consequences for countries relative 
prices (Adekunle and Ndukwe, 2018), the level of the 
relation among prices in global and regional markets 
totally depends on market integration and trade policy 
(Brown and Kshirsagar, 2015; Ganneval, 2016; Bekkers 
et al., 2017; Baffes et al., 2019;). Therefore, investigating 
the prices that pass-through exchange rates and interna-
tional prices for each commodity in each region could 
be a vital matter for consumers, producers, importers, 
and policymakers. Alongside these traditional deriv-
ing forces, political unrest such as sanctions and war 
has been considered a substantial factor, which leads to 
food price inflation and fluctuation in international and 
domestic markets (Sohag et al., 2023). Since February 
2022, the Russian invasion of Ukraine and this armed 
conflict have become a driving force of price volatility 
(Nasir et al., 2022). Grain production reduction in these 
predominant producers, trade restrictions, and fuel and 
fertilizer price spikes are a few reasons that caused agri-
cultural price instability due to the Russian-Ukrainian 
conflict (Aliu et al., 2023). Therefore, this factor also 
should be taken into consideration.

Barley crop is the fourth most important cereal in 
the world, after wheat, corn, and rice. Nowadays, barley 
is consumed as animal feed, and around 70% of barley 
production is utilized for this purpose, 21% for malting, 
and less than 6% is directly consumed as human food 
(Tricase et al., 2018). In Iran, barley is the second larg-
est crop by area, averaging 1.6 million hectares over the 
last five years, with production around 3 million tons 
(Motamed, 2017). Despite a large amount of produc-
tion, the domestic production does not meet the coun-
try’s requirement; thus, the deficiency is compensated 
by import (Daneshvar Kakhki et al., 2019), and in recent 
years, more than 40% of barley requirements have been 
imported from international market (AWNRC, 2020). 

Due to the importance of barley in providing live-
stock feed and food security, price variation of barley is 
a predominant issue for Iranian governments. Moreover, 
a strong connection has existed between domestic and 
international markets due to the high share of imports 
in providing domestic requirements (Sadiq et al., 2021). 
In this context, the price variation in the global mar-
ket due to political unrest in major producing countries 
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might lead to significant changes in domestic barley 
prices (Mohammadi et al., 2016; Daneshvar kakhki et 
al., 2019). Moreover, other factors which have an influ-
ence on barley import, such as exchange rate, trade pol-
icy and restriction, and international sanctions, might 
cause price volatility in domestic prices and have a nega-
tive impact on food security (Mohammadi et al., 2016; 
Hejazi Emamgholipour, 2022; Zamanialaei et al., 2023). 
Even though some studies have been devoted to investi-
gating the impact of different factors on food price vari-
ation, only a few have analyzed the influence of deter-
minants of barley price in the domestic market, and to 
the best of knowledge no study has paid attention to 
the possible nonlinear behavior of barley price in Iran. 
Therefore, the objective of this study is to investigate the 
influence of international barley price, exchange rate 
variation, and local barley price volatility on the possible 
nonlinear behavior of domestic barley price in the era of 
maximum pressure campaign and Russian-Ukrainian 
military conflict to present a suitable approach for price 
management.

2. MATERIAL AND METHODS

This study has used time series data to investigate 
the possible regime change in barley prices under the 
US maximum pressure camping. For this purpose, a 
four-step procedure has been developed. In the first step, 
the time series should be tested to check the presence 
of the unit root test. For this purpose, we employed the 
Augmented Dickey-Fuller (ADF), Phillips-Perron, and 
Augmented Dickey-Fuller with structural break tests. If 
the series has a unit root, differencing should continue 
until the series becomes stationary. In the second step, 
Iran’s barley price fluctuation should be extracted. To 
this end, an ARMA (Autoregressive Moving-Average 
Model) should be applied to Iran’s barley price. Then, 
an LM (Lagrange Multiplier) test is conducted on the 
residual of the estimated ARMA model to check the 
ARCH (Autoregressive Conditional Heteroscedasticity) 
effect (Fakari et al., 2013). If the ARCH effect exists in 
the residual, the ARCH/GARCH (Generalized Autore-
gressive Conditional Heteroscedasticity) models will 
be applied to extract the domestic barley price volatil-
ity. The next step depends on the results of the unit root 
tests. If the variables are stationary in the first level, 
we can move to the last step and estimate the Markov-
switching (MS) model. However, if the variables become 
stationary only after the first difference, then the Johan-
son co-integration test should be applied to check the 
existence of the Co-integration vector. Finally, if a co-

integration vector exists, the Markov-switching model 
can be estimated.

2.1. Methods

2.1.1. ARCH/GARCH methods

In order to calculate Iran’s Barley price volatil-
ity, first, the ARMA model should be estimated. The 
ARMA(p,q) (Autoregressive Moving-Average Model) 
general form includes a combination of the autoregres-
sive and the moving average model and has been pre-
sented in equation (1).

� (1)

The residual term (et) in equation (1) follows a mov-
ing average specification presented in equation (2).

Constant variance during the time is one of the 
main assumptions of classic econometric methods. 
However, in many cases, this assumption is not achiev-
able or logical. In order to overcome this restriction, 
Engle (1982) and Bollerslev (1986) presented the ARCH/
GARCH model. In this model, two equations are esti-
mated for the mean and variance to model the volatili-
ties. The basic equation for GARCH (q,p) is presented in 
equations (3) and (4).

            
it~NID(0,1)� (2)

         εt~NID(0,Ht)� (3)

In the first equation, Yt is the conditional mean 
which depends on explanatory variables that are shown 
by Xi,t, and Zt is the residual term. The second equation 
is the variance equation, and the coefficients should be 
estimated. Equation (4),  is a linear function of its past 
values ( ) and the past values of squared innovations  
( ) (Engle and Bollerslev, 1986).

2.1.2. Markov-Switching method

Many economic time series variables exhibit nonlin-
ear behavior associated with the events or abrupt chang-
es in government policies (Hamilton, 2018). In recent 
years, economic variables such as agricultural commod-
ity prices showed a complex and nonlinear behavior, 
and it is difficult to capture the multiple states correla-
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tion that existed between these variables using the linear 
relationship of a single state (Lie et al., 2019; Kalligeris 
et al., 2021). To this end, this paper designed a relation-
ship measurement model based on the Markov-switching 
approach, which can measure the multi-state dependence 
structure between dependent and independent variables.

Hamilton (1989) introduced the Markov-Switch-
ing models for time series. It is a powerful method for 
parameter estimation when economic variable behaves 
differently in different states of nature or regimes (De la 
Torre-Torres et al., 2020). In other words, the MS mod-
el permits the time series variables to exhibit periodic 
shifts in their observed behavior between two regimes. 
The features of different regimes, such as regime dura-
tion and transition possibilities, have been determined 
endogenously (Valera and Lee, 2016). This study has 
assumed that domestic barley price switches between 
two unobservable states. Furthermore, it is supposed 
that the transition from one state to the other follows a 
Markov process, and the time transition and the dura-
tion in each state are random.

In this study, the following model is specified:

DBPt = Cs + Xtα + ZtβS + ∈St� (4)

Where DBPt represents the barley price in the 
domestic market, t accounts for time (month), and S 
represents the unobserved states (s= 1,2). Cs is a state 
dependence intercept, Xt is a matrix of state invariant 
variables, Zt is a matrix of state-dependent variables, and 
∈St~iidN(0,σ2

s) is the error term. The model also can be 
written in the following order:

αiDBPt-i + β11WPt + β21RERt + β31VDPt  
+ β41MPCt + β51RUCt + ∈1t    If s = 1

�

(5)
αiDBPt-i + β12WPt + β22RERt + β32VDPt 
+ β42MPCt + β52RUCt + ∈2t    If s = 1

The conditional transition probability to switch 
from regime I in the current month to regime j in the 
next month is presented in the equation (7).

Pr(St+1 = j|St = i)= Pij� (6)

Therefore, the two-state model used in this study 
will lead to the following probability matrix:

� (7)

with P11 + P12 = 1 and P21 + P22 = 1.

2.2. Data

The data used in this study consist of the monthly 
barley price of Iran’s domestic barley price, international 
barley price, the real exchange rate, and barley price vola-
tility in the domestic market from August 2009 to Sep-
tember 2023. This period was chosen because it covers 
the different US sanction regimes during the agricultural 
price escalation. Moreover, this period includes the inter-
national price spike of 2010-2011 and 2019-2020, which 
might lead to interesting results. The price of barley in 
the domestic market, the Real Effective Exchange Rate, 
based on the Consumer Price Index, and international 
barley prices are from the Statistical Centre of Iran (Sta-
tistical Center of Iran; Price index database, 2023) and 
IMF (IMF Data Base, 2023) respectively. The price vola-
tility of barley in the domestic market is extracted from 
its time series using the ARCH/GARCH method. The 
index of geopolitical conflict, which can be considered an 
index of armed conflict between Russia and Ukraine, has 
been adapted from the study of Caldara and Iacoviello 
(2022). Finally, a dummy variable was considered in the 
analysis to capture the impact of the US maximum pres-
sure campaign on domestic barley prices. Descriptions of 
the variables are presented in Table 1.

According to the statistics presented in Table 2, the 
prices of domestic barley have experienced significant 
fluctuations over time. In August 2009, the recorded 
price for domestic barley was 2004 Rials per ton, and 
it had increased to 111476 by September 2023, showing 
an average monthly growth rate of 2%. The minimum 
price for barley was recorded in March 2010, while the 
maximum price was registered in March 2023. The high 
standard deviation indicates that the domestic barley 
price has been extremely unstable.

It should be noted that all the variables are trans-
formed to logarithmic form for further investigation.

Table 1. Description of the variables.

Name Definition

DBP Barley price in Iran domestic market
WP Barley price in International Market
RER Iran real effective exchange rate
VDP Barley price volatility in Iran’s domestic market

RUC The average geopolitical risk of Russia and Ukraine adapted 
from Caldara and Iacoviello (2022).

MPC Dummy variable equal to 1 during maximum pressure 
campaign and 0 otherwise

Source: Authors definition.
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3. RESULTS

The results of the ADF, and the Phillips-Perron, and 
ADF with the structural breaks unit root test are present-
ed in Table 3. The results of all tests determined that the 
variables, except the Russian-Ukrainian conflict, were not 
stationary at the level. However, the unit root test revealed 
that the variables were stationary at the first difference.

The results of the mean equation, ARCH effect test, 
and GARCH estimation of domestic barley price are pre-
sented in tables 4. According to AIC (Akaike informa-
tion criterion) and SIC (Schwarz information criterion) 
criteria, the ARIMA (2,1,0) was chosen as the best mean 
specification model. Then, the ARCH effect test was con-
ducted, and its results revealed the existence of Hetero-
scedasticity. Therefore, the ARCH/GARCH model should 
apply to capture the domestic barley price volatility.

The domestic barley price volatility index is extract-
ed from the GARCH model and presented in Figure (1). 

the main result indicates that the index experienced sig-
nificant changes from November 2011 to November 2012 
and intensified from May 2020 to May 2022. In Iran, the 
real exchange rate volatility can intensify the volatility of 
imported commodities such as barley. Moreover, since 
May 2020, the intensification of barley price volatility 
could be traced back to the impact of the U.S. maximum 
pressure campaign policy and the elimination of the 
preferential exchange rate policy.

Johanson’s Co-integration test result indicated that 
all the variables are Co-integrated. Therefore, the level 
variables are employed to estimate the Markov-Switch-
ing model. The results of model estimation for two 
regimes are presented in Table 5.

The estimated coefficients for barley world price 
in both regimes indicated that this variable imposes a 
positive and statistically significant influence on domes-
tic barley price. According to the results, a percent 
increase in world barley price increases the domestic 
price by 0.87 and 0.1 %. This result is to the findings of 
Moghadasi et al. (2011), Yousefi and Moghadasi (2013), 
Brown and Kshirsagar (2015), Bekkers et al. (2017), and 

Table 2. Statistics of the variables.

Variables Measurement unit Mean Maximum Minimum Std. Dev.

DBP Rial per metric ton 24224.86 121353 1777 32699.65
WP US$ per metric ton 151.48 262.95 83.04 52.88
REER index 155.15 502.52 80.89 100.2
RUC index -0.16 1.71 -1.48 0.59

Source: Authors calculation.

Table 3. Results of unit root tests.

ADF

Variables t- Statistic Result Variables t- Statistic Result

DBP -1.38 No Stationary Δ(DBP) -4.8* Stationary
WP -1.92 No Stationary Δ(WP) -8.65* Stationary
RER -1.9 No Stationary Δ(RER) -9.53* Stationary
RUC -4.28* Stationary

PP
DBP -1.84 No Stationary Δ(DBP) -10.71 Stationary
WP -1.63 No Stationary Δ(WP) -8.85 Stationary
RER -1.95 No Stationary Δ(RER) -10.24 Stationary
RUC -3.97* Stationary

ADF with Break
DBP -2.65 No Stationary Δ(DBP) -10.34 Stationary
WP -3.24 No Stationary Δ(WP) -9.57 Stationary
RER 0.8 No Stationary Δ(RER) -11.38 Stationary
RUC -3.98* Stationary

Source: Authors Calculation, *, ** and, *** indicate the level of sig-
nificance for 1, 5 and, 10 percent.

Table 4. Mean equation, Heteroscedasticity Test and GARCH esti-
mation of domestic barley price.

Mean Equation: ARIMA(2,1,0)

Variables Intercept AR(1) AR(2) Goodness of Fit

DBP 0.23* 0.17* -0.19*
Adjusted R2= 0.79

AIC= 2.13
SC=2.06

Heteroscedasticity Test: ARCH

F-statistic= 5.97* Obs*R-squared=5.83*

ARCH (1)

Intercept RESID(-1)^2 Goodness of Fit

DBP 0.03* 0.17*
Adjusted R2= 0.86

AIC= 2.33
SC=2.24

Source: Authors Calculation; *, ** and, *** indicate the level of sig-
nificance for 1, 5 and, 10 percent.
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Daneshvar Kakhki et al. (2019). A comparison between 
the first and second state parameters indicated that the 
influence of world price declined significantly in the sec-
ond regime. It is worth noting that State 1 is approxi-
mately simultaneous with the absence of economic pres-
sure, and State 2 is virtually concurrent with the inten-
sive economic sanction. In the first state, the govern-
ment is less sensitive to controlling the prices; therefore, 
the domestic and international commodity markets are 
related significantly, and the world price is the signifi-
cant determinant of domestic prices. However, during 
the maximum pressure campaign or intensive econom-
ic sanction, the government becomes more sensitive to 
price variation of essential commodities such as barley, 
and the price transmission from the international to the 
domestic market is considerably weak.

Based on the results, a real effective exchange rate 
has a positive and statistically significant impact on 

domestic barley prices. To be more specific, a percent 
increase in real effective exchange rate increases the 
domestic price by 1.67 and 1.97 % in the first and second 
regime, respectively. These results are in agreement with 
the results of Mohammadi et al. (2015), Ghahremanza-
deh et al. (2020), Iqbal et al. (2022), and Sokhanvar and 
Bouri (2022). The estimated coefficients for dependent 
variables indicated the contribution of the real exchange 
rate is considered high in the formation of domestic 
barley prices in both states. Moreover, the influence of 
this variable in the second state intensified. It is worth 
noting that the availability of exchange rates through 
the formal market has become arduous during state 2. 
Moreover, the alternative mechanism for providing the 
exchange rate with the multiple exchange rate not only 
does not ease access but also aggravates an extra cost 
to traders because of the intensification of administra-
tive bureaucracy. Therefore, the real exchange rate has a 
more powerful impact in this state.

The domestic price volatility of barley also imposes a 
positive and statistically significant influence on domestic 
prices in both states. The results also indicated that a per-
cent increase in barley price volatility results in a growth 
in domestic barley prices with a magnitude of 0.36 and 
0.2 % in the first and second regimes, respectively. Com-
paring the estimated coefficients in different regimes 
revealed that the barley domestic price volatility imposed 
a more powerful impact in the first state. As it has been 
mentioned earlier in the first state, the government was 
not sensitive to price variation of essential commodities, 
and price volatility management was not the main admin-
istration priority; therefore, the domestic price fluctuation 
imposed a more powerful impact on barley price.

The maximum pressure campaign also has a posi-
tive and statistically significant impact on domestic bar-
ley prices, which is consistent with the results of Ghah-
remanzadeh et al. (2020). While the influence of the 
maximum pressure campaign in the first state is not 
substantial, the impact in the second state is much more 
influential. During the maximum pressure campaign, 
the average domestic price of barley was 0.24 % higher 
than the rest of the period. In other words, in this era 
and previous economic sanctions from 2012 to 2015, due 
to the higher cost of imports and excessive difficulty of 
purchasing from the international market, price man-
agement in the domestic market turned into a struggling 
issue for the government and the domestic market faced 
higher prices relative to the first state. Therefore, lifting 
the economic sanctions is an essential deriving force 
that could help to decrease and stabilize the barley price.

Finally, the Russian-Ukrainian conflict does not 
impose a statistically significant influence on domestic 
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Figure 1. Trend of domestic barley price volatility index. Source: 
Authors calculation.

Table 5. Markov-Switching estimation results for barley domestic 
price.

Dependent variable domestic price

Variables Regime 1 Regime 2

Intercept 2.01* 3.25*

WP 0.87* 0.1***

RER 1.67* 1.91*

VDP 0.36* 0.20*

MPC 0.1** 0.24*

RUC 0.01Ns 0.07**

Goodness of Fit
AIC= -0.88, SC=-0.76, DW=-0.60

Source: Authors Calculation; *, ** and, *** indicate the level of sig-
nificance for 1, 5 and, 10 percent.
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barley prices in the state 1. Throughout the second state, 
the impact of armed conflict on domestic barley prices 
in Iran is positive and statistically significant; however, 
its impact is not substantial. This result is predictable 
because the dependency of Iran on Ukraine and Russia 
is relatively low (Zhang et al., 2023).

The properties of the two regimes are presented in 
Table 6, which shows that the transition probability for 
regime change is significantly low. The regime transition 
probability from regime 1 to 2 is 0.033, while the like-
lihood of regime changes from regime 2 to 1 is 0.039. 
Furthermore, regime 1 lasted longer than regime 2. The 
results indicated that regime 1 lasted 30 months, while 
the second stat continued for almost 25 months.

The transition probability of the first regime is 
depicted in Figure 2. It reveals that state 1 is preva-
lent from November 2009 to July 2013, and again, it 
becomes dominant from March 2016 to July 2017. The 
results indicate that the first regime prevails when the 
economic sanctions are lifted or not pursued by the US 
government.

4. CONCLUSION AND POLICY IMPLICATION

This study assessed the impact of main factors on 
barley prices, including global prices, exchange rates, 
domestic price volatility, and geopolitical conflict during 
the US maximum pressure campaign. For this aim, the 
Markov-switching approach has been applied to capture 
the possible non-linear behavior of the barley price from 
August 2009 to September 2023. The main results deter-
mined that a real effective exchange rate is a dominant 
deriving factor in domestic barley price formation in 
both regimes. Moreover, the barley price in the interna-
tional market, domestic price volatility, and maximum 
pressure camping are driving forces of domestic barley 
prices. However, the contribution of global barley prices 

and the domestic price fluctuation has been diminished 
in the second state, while the influence of maximum-
pressure camping has been exacerbated.

Based on the results, the government policy for sta-
bilization of essential commodity prices through utiliz-
ing the preferential exchange rate. This policy should 
also weaken the weak connection between local and 
international markets. However, the study findings indi-
cated that this policy does not mitigate the price varia-
tion in both regimes. Therefore, the government should 
have confined its intervention in the exchange market to 
the price stabilization proposed. 

Moreover, since the increase in the domestic price 
volatility led to barley price intensification, the govern-
ment should design a price volatility and mitigation 
system based on the facilitation of public procurement 
and management of governmental reserve to reduce the 
domestic price fluctuation by securing the supply of the 
barley in local markets in the case of demand surplus.

Finally, according to the results, the persistence of 
US economic sanctions amplified barley prices. There-
fore, the Iranian government should pursue a politi-
cal agenda to create a stable political condition and lift 
the economic sanctions by compromising their nuclear 
program. Based on the results, following this program 
should be considered the main priority for the govern-
ment to mitigate a price upsurge.

This study faced some limitations that could be 
addressed to provide more precise results. First, there 
is a data limitation toward a monthly sanction index. 
In other words, calculating a more accurate sanction 
index could lead to a more precise assessment. Moreover, 
application of more flexible time series models such as 
state-space which estimates the yearly coefficients could 
lead to a more comprehensive assessment.

Table 6. Regime properties for domestic barley price.

Coefcient Standard error

Transition probabilities
P11 0.966 0.019
P12 0.033 0.019
P21 0.039 0.02
P22 0.960 0.02

Duration
State 1 30.12 17.86
State 2 25.54 13.1

Source: Authors calculation.
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Abstract. This paper investigates the occurrence of common price shocks (co-exceed-
ance) across different commodities. IMF monthly price series of 11 commodities are 
considered over the 1980-2021 period. The analysis considers two alternative stochas-
tic processes. The first looks for common volatility clusters using individual GARCH 
models to detect whether and when respective clusters overlap. Through an appro-
priate battery of tests, the second alternative looks for a common Bubble Generating 
Process (BGP) by searching for individual explosive roots and then dating them to 
identify the possible overlaps and first movers. Evidence emerging about these shock 
generating processes is linked to the analogous behaviour of the US Consumer Price 
Index (CPI) to assess to what extent inflation shocks can be associated to the observed 
commodity price spikes. Results show that the detection of temporary bubbles and vol-
atility clusters only partially agrees on the episodes of exuberance, on the first-moving 
commodities and on the involvement of the CPI. This provides helpful suggestions on 
the development of a real-time surveillance tool supporting policy intervention in peri-
ods of commodity price turbulence. 
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JEL Codes:	 Q11, C32.

1. INTRODUCTION

The large and rapid surge of most commodity prices that started in 2021 
and lasted for the whole of 2022 points to two stylised facts that have been 
repeatedly investigated in previous episodes of price spikes: commodity 
prices move together; the rise of commodity prices transmits, somehow, to 
the Consumer Price Index (CPI). The consequent inflation rate rush largely 
impacts economies and societies and usually induces a quite vigorous pol-
icy response (Ider et al., 2023). Nonetheless, the explanations of these price 
dynamics are still to be fully understood. 

The literature on the common movement (or co-movement) of commodity 
prices is vast (Byrne et al., 2020). One limit of this literature is that it implic-
itly assumes that the communality of price dynamics has to be intended as the 
existence of a common Data Generation Process (DGP), usually represented 
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via some variant of Vector Auto-Regression (VAR) or 
Vector Error Correction (VEC) models or through more 
sophisticated representation of the underlying common 
drivers (for instance, common latent factors) (Esposti, 
2021). But this may contrast with empirical evidence that 
suggests substantially different fundamentals across very 
diverse commodities, thus questioning the presence of 
common real determinants to justify commonality. In 
general terms, most representations of the common DGP 
and of the consequent price transmission process (like the 
conventional Granger causality, for instance) may be too 
simplistic to capture the real underlying interdependence 
across commodities, if any, thus providing misleading evi-
dence on the actual causal linkages. 

However, a specific strand of the recent empirical lit-
erature stresses that a common DGP is not strictly need-
ed for a common temporary behaviour to be observed 
(Zhao et al., 2021, p. 781; Mutascu et al., 2022). In par-
ticular, commonality may only occur within the periods 
of exuberance, also referred to as co-exceedance. When 
the price spike expires each series reverts to its own (pos-
sibly different) normal-time DGP. This hypothesis can 
be also transferred to the second stylised fact, that of the 
CPI response: for a transmission of shocks to the CPI to 
occur we do not need a common DGP with the com-
modity prices, but only some co-exceedance with them. 

The presents paper aims to contribute to this body 
of studies by proposing an original methodological 
approach which then leads to a novel policy tool. The 
main originality of the approach consists in juxtapos-
ing and combining two alternative stochastic processes 
generating co-exceedance. The first resides in the occur-
rence of common (but not interdependent, that is, multi-
variate) volatility clusters whose behaviour is here mod-
elled through appropriate Generalised Auto-Regressive 
Conditional Heteroskedasticity (GARCH) models. The 
second consists in the occurrence of common bubbles (a 
common Bubble Generating Process, BGP), that is, tem-
porary explosive roots within the individual series but 
whose timing largely corresponds across commodities. 
Individual price series of very diverse commodities are 
thus separately investigated in order to assess whether 
and when volatility clusters (first) and temporary explo-
sive roots (second) are found. Although these methodo-
logical approaches have already been adopted in previ-
ous empirical studies (Otero and Baum, 2021; Phillips 
and Shi, 2020; Zhao et al., 2021), this paper proposes a 
combination of these techniques to assess the co-exceed-
ance of commodity prices without relying on some arbi-
trary and unreliable common DGP. 

Monthly series of 11 commodity prices and the 
respective price indexes released by the International 

Monetary Fund (IMF) over the 1980-2021 period are 
considered. Co-exceedance is assessed by confront-
ing the occurrence of these events across series. If some 
overlapping is observed, it supports the existence of 
some contagion (or transmission) across prices. The 
sequence of the events across prices can finally suggest 
the direction of this possible contagion. The same analy-
sis is then repeated on the US CPI. 

The interest for this methodological approach even-
tually lies in its application to design a suitable policy 
tool. Instead of concentrating on complex and possibly 
misleading causation processes, the proposed empirical 
strategy aims to identify when periods of rapid price ris-
es occur and assesses whether they are common across 
commodities. Therefore, it allows to develop a real-time 
surveillance tool guiding a prompt policy response in 
the right direction, in particular by distinguishing inter-
ventions that can be confined to the sectoral context 
from interventions that require an economy-wide spec-
trum of actions. In order to be easily interpretable also 
by non-technical users, this tool is aimed to transfer 
results into a sort of periodically updatable dashboard 
visualizing the critical information under investigation: 
if a bubble is occurring for a given commodity, when it 
started, whether other commodities are involved by the 
same bubble, who moved first and, finally, if and to what 
extend this price surge is also reflected in the CPI. Con-
tributing to the definition of such a policy tool repre-
sents a further objective of the present study. 

The rest of the paper is structured as follows. Section 
3 overviews the recent empirical literature in the field 
while Section 3 presents the adopted dataset and the 
main stylised facts. Section 4 details the adopted meth-
odological approach, the results of which are illustrated 
in section 5. In Section 6 these results are discussed and 
juxtaposed with the evidence emerging from more con-
ventional methodologies about the investigation of com-
modity price dynamics. Section 7 draws some policy 
implications and concludes.

2. THE COMMON MOVEMENT OF COMMODITY 
PRICES: LITERATURE AND EVIDENCE

The paper by Wang and Tomek (2007) may represent 
the first study that explicitly and extensively discussed 
the sequence of empirical issues to be tackled in inves-
tigating the actual DGP of commodity prices. Though 
their main attention was on the stationarity proper-
ties of agricultural commodities, their conclusions can 
be extended to other commodities and properties of 
the unknown DGP. The main argument is that, due to 
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their market fundamentals (on both the supply and the 
demand side), commodity prices are expected to be mean 
reverting, with the long-term mean value possibly mov-
ing along a deterministic trend. So, prices are expected to 
follow a stationary DGP around a drift or a trend. 

The fact that in the empirical literature the pres-
ence of a unit root is only occasionally rejected has to 
be attributed to the characteristics of the respective tests 
and/or to their misspecification. In particular, other 
characteristics of a stationary DGP can make it simi-
lar to a unit-root process. One is that these prices often 
show long memory (that is, fractional integration) mak-
ing it possible for a close-to-(but-lower-than)-one root to 
be confounded with a unit root. Another is the presence 
of a structural break that may shift the long-term value 
upward or downward and can itself generate a potential 
confusion as evidence of nonstationarity: the presence of 
a structural break within a stationary series may lead to 
accepting the presence of a unit root, thus wrongly con-
cluding that the series is non-stationary (Baum, 2005; 
Glynn et al., 2007).

A consistent body of recent studies concentrates on 
several different stochastic processes to explain the com-
plex (i.e., non-linear) commodity price dynamics and the 
possible underlying co-movement. They are, in particu-
lar, fractional integration and structural breaks. A recent 
example, though concerning stock market indices and 
not commodity prices is Caporale et al. (2020). Based 
on an approach originally proposed by Cuestas and Gil-
Alana (2016), they argue that fractional integration is 
very much related to non-linearities.1 The possibility of 
structural breaks is also considered since many stud-
ies argue that fractional integration might be artificial-
ly generated by the presence of breaks in the data that 
have not been taken into account. In fact, the presence 
of structural breaks within commodity price series was 
already considered by Wang and Tomek (2007). 

However, it must be noticed that fractional integra-
tion and/or structural breaks can hardly explain the 
behaviour of commodity prices and, in particular, the 
abovementioned co-exceedance, that is, their recurrent 
episodes of temporary exuberance as also emerging by 
simple visual inspection (see next section). They remain 
interesting and possibly relevant processes in the inves-
tigation of individual DGP since they may significantly 
interfere with the investigation of temporary bubbles 
and/or GARCH effects. Therefore, although the approach 
here adopted considers other DGPs, the presence of 
structural breaks can not be excluded at least for some of 

1 Another interesting strand of empirical literature on commodity price 
dynamics, and strongly linked to non-linearities and fractional integra-
tion, consists in the so-called fractal approach (Cromwell et al., 2000). 

these commodities (Esposti, 2021) and will be considered 
here for comparative purposes (see Section 6).

Concentrating on the stationarity properties these 
studies overlook another major characteristic of these 
price series that clearly emerges from a simple visu-
al inspection: the presence of temporary exuberance. 
Therefore, their DGP is expected to also generate self-
extinguishing periods of particularly high or low values. 
Most of the literature in the last 15 years has essentially 
focused on this issue also as a consequence of the 2007-
2008 price spike and of the following turbulent period. 
A lot of theoretical and empirical research has tried to 
investigate the origins of these price nonlinearities, 
jumps and spikes, as well as to put forward testing pro-
cedures to assess their presence. We can summarize this 
research effort in three main directions and, then, in 
their possible combination. 

The first strand of research explains the observed 
price spikes and jumps as the consequence of a tempo-
rary increase in their variability (or volatility). It is the 
formation of volatility clusters that eventually generates 
the observed highly irregular price dynamics. In most 
applications, this idea is implemented by specifying and 
estimating GARCH regression models possibly admit-
ting asymmetric effects and non-stationary processes 
for the price level. See Li et al. (2017), Baur and Dimpfl 
(2018) and Esposti (2021), just to mention a few, for the 
application of different variants of GARCH modelling to 
commodity prices. 

Within the second body of studies the origin of the 
episodes of price turbulence is the formation of tempo-
rary bubbles. Several tests have been originally proposed 
to detect temporary price bubbles within mean-revert-
ing, thus stationary, processes (Gürkaynak, 2008). More 
recently, the presence of temporary bubbles has been 
admitted, and tested, within possibly non-stationary 
processes, that is, as temporary explosive roots emerg-
ing within unit-root processes (Phillips et al., 2011, 2015; 
Phillips and Shi, 2020). Gharib et al. (2021) and Zhao et 
al. (2021) have recently used this battery of tests to assess 
the co-exceedance of some commodity prices and to 
date the respective bubbles.

Co-existence of both processes is also possible. This 
is considered helpful for two complementary reasons. 
On the one hand, as already anticipated, it is always dif-
ficult to clearly distinguish between the outcome of these 
two processes (Gürkaynak 2008, pp. 182-183; Chang, 
2012). On the other hand, none of the two alterna-
tive processes may totally capture all the features of the 
observed price dynamics. To reconcile these two alter-
native processes, Chang (2012) adopts an Autoregressive 
Jump-Intensity(ARJI)-GARCH model. Originally pro-
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posed by Chan and Maheu (2002), this model is in prin-
ciple able to generate both temporary bubbles and vola-
tility clusters within stationary processes. 

The third strand of empirical research in the field 
differs from the conventional time-series approaches as 
it is grounded on the spectral analysis and in time–fre-
quency approaches. For the evolution of market prices, 
wavelet analysis has emerged as a useful and power-
ful tool in assessing price co-movement cycles. With-
out resorting on any theoretical causation (price trans-
mission) process, it allows to explore how the series of 
prices are related at different frequencies admitting non-
linearities like structural breaks.2 Mutascu et al. (2022) 
provide a valuable example of this kind of approach by 
investigating the co-movements of gasoline and die-
sel prices in different countries at different frequencies. 
Though this approach is relatively new, interesting and 
promising, it is still based on the assumption of a per-
manent interdependence between prices although flex-
ible and not-linear. In the present study, as anticipated, 
we do not want to admit any persistent co-movement 
but only co-exceedance, therefore prices moving togeth-
er only in specific periods of price spikes. Nonetheless, 
the combination of the co-exceedance analysis here pro-
posed with wavelet analysis can open interesting devel-
opments for future research in this area.

Here, the aim is to investigate the commodity price 
dynamics following the first two relative recent strands 
of research by pointing to commodity price co-exceed-
ance rather than co-movement. In particular, unlike 
Chang (2012) and Zhao et al. (2021) the objective is not 
to estimate the parameters of the actual DGP but to 
date the episodes of price turbulence by confronting, in 
this respect, two competing processes: GARCH within 
stationary processes (volatility clusters) and temporary 
explosive roots within non-stationary processes (bub-
bles). Moreover, unlike Zhao et al. (2021) here we do not 
adopt Granger causality testing to assess the direction 
of the possible transmission of the price shocks across 
commodities.3 By dating these periods individually, we 
provide evidence on this transmission by solely juxta-
posing the timing of the individual episodes.

This is done not only on commodity prices and price 
indexes but also on the CPI series. While the empirical 
literature on the commodity price properties and behav-
iour is vast and follows the abovementioned directions, 

2 We wish to thank an anonymous reviewer for helpful suggestions on 
this aspect. 
3 Granger causality tests imply a common linear DGP across series 
(VAR or VEC models) (Zhao et al., 2021, p. 783). But both commonal-
ity and linearity may not hold in the present case. Nonetheless, for the 
sake of comparison and robustness check of results, in Section 6 we will 
present Granger causality tests. 

the investigation of the CPI dynamics (and its growth 
rate, the inflation rate) mostly follows other directions. 
It mainly concentrates on the common movement and 
possible interdependence with other macroeconomic 
variables and is only occasionally connected to com-
modity prices (Garzón and Hierro, 2022; Ider et al., 
2023). GARCH effects possibly occurring in the CPI or 
inflation rate series has been extensively analysed (Engle, 
1982), but we are not aware of studies assessing the pres-
ence of temporary bubbles within these series. In fact, 
visual inspection seems to suggest quite different prop-
erties of CPI compared to commodity prices (see next 
section). Nonetheless, if a transmission from commodity 
prices to CPI is expected, especially in periods of price 
turbulence, this should imply some form of co-exceed-
ance between these series. 

But there is a final original aspect of the present 
contribution with respect to the recent literature in the 
field. It concerns the policy implications of the proposed 
empirical approach. In previous studies either these 
implications are overlooked or they concentrate on the 
possible effect of policy interventions on the nature and 
scope of commodity price co-movement or co-exceed-
ance like, for instance, the fuel tax system (Mutascu et 
al., 2022) or import tariffs (Esposti and Listorti, 2018). 
If the main objective of a policy in this context is to 
minimize the negative impact of a generalized rise of 
commodity prices, knowing the possible underlying 
causation and transmission process, that is the struc-
tural linkages generating co-movement, might not be so 
critical. What seems important is rather a quick under-
standing that a price “bubble” is forming and whether 
or not it is just sectoral (so it involves a limited number 
of commodities) or it is generalized across all markets, 
that is, it is a co-exceedence. Sectoral interventions to 
neutralize a momentary price surge are present in many 
contexts and are usually rapidly activated (in the case 
of agricultural commodities, for instance, the agricul-
tural market-crisis interventions represent an interesting 
example (FAO et al., 2011)). When occurring on first-
moving prices, these prompt sectoral responses may help 
to prevent a generalized “bubble”. Understanding if and 
when this latter is, in fact, occurring then becomes criti-
cal to promptly activate system-wide actions, particular-
ly intended to prevent or slow-down downstream impact 
on inflation rate surges (Ider et al., 2023). This real-time 
surveillance tool able to provide such an early warn-
ing, as well as the generality and the first movers of the 
“bubble”, seems to be particularly helpful for a prompt 
policy response. 
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3. PRICE SERIES UNDER SCRUTINY

The present analysis concerns the price of a selec-
tion of 11 commodities belonging to three different cat-
egories: 4 agriculture commodities (corn, wheat, soy-
bean, beef); 3 energy commodities (crude oil, natural 
gas, coal); 4 metals (aluminium, copper, zinc; nickel).4 
All price series are taken from the IMF commodity price 
dataset.5 All prices are monthly and cover the period 
January 1980 (1980M1)-December 2021(2021M12) (504 
observations) with the only exception of natural gas 
whose series starts in 1985M1 (444 observations). 

Together with individual commodity prices, the 
IMF dataset also contains aggregate price indexes for 
groups of commodities. Here, three monthly price 
indexes are considered: food price index (FoodInd) 
covering the period 1991M1-2021M12; metals price 
index (MetInd) covering the period 1980M1-2021M12; 
fuel (energy) index (EneInd) covering the period 
1992M1-2021M12. Annex 1 provides details about 
which product quality these prices refer to, where they 
have been collected and on which aggregates respective 
indexes have been defined. Table A1 also reports the 
respective descriptive statistics which include the con-
ventional distributional indices suggesting that com-
modity prices depart from the normal distribution 
mostly for a longer right tail depending on the excep-
tionally high prices observed during temporary bubbles.

The dynamics of commodity prices is investigated in 
combination with the evolution of the overall consum-
er price index (CPI). Unfortunately, no worldwide (or 
global) CPI is available. Moreover, many available CPI 
are usually collected and released at a quarterly or year-
ly basis. Here, the US monthly CPI series is used (see 
Annex 1 for more details).6 This series seems suitable in 
the present analysis not only for the concordant frequen-
cy, but also because the US still represents the largest 
economy worldwide, so any impact of the global com-
modity prices on inflation can be consistently assessed 
on this series. It must also be noticed that, as detailed in 
Annex 1, several price series concern US markets and, 
in any case, all prices are expressed in US $. Therefore, 
using the US CPI does not incur the risk of downscal-

4 Selected commodities are the most important worldwide (in terms of 
value) within the respective categories. In fact, nickel is the fifth in the 
list of metals after lead. But for this latter a sufficiently long series is not 
available. 
5 These price series are proprietary and can not be made available with-
in the paper’s material. However, they can be freely downloaded at htt-
ps://data.imf.org/?sk=471DDDF8-D8A7-499A-81BA-5B332C01F8B9 or 
requested at https://www.imf.org/en/Research/commodity-prices. 
6 This data can be freely downloaded from https://fred.stlouisfed.org/
series/CPIAUCSL.

ing (if not neutralizing) the transmission of commodity 
price shocks to the CPI due to the exchange rate adjust-
ment (Garzón and Hierro, 2022). 

Unlike many previous studies (Esposti, 2021), com-
modity prices, as well the three price indexes, are not 
deflated. As here we want to investigate the possible 
impact of commodity price spikes on the CPI, it does 
not seem appropriate to purge inf lation from these 
series. The same strategy is followed for the possible 
presence of seasonality: no seasonal adjustment is per-
formed on price series and indexes. The logic behind 
this choice is twofold. On the one hand, we prefer to 
analyse the price series that economic agents really con-
front with. On the other hand, as stressed by Wang and 
Tomek (2007) and Corradi and Swanson (2006), any 
data transformation has to be taken with care as it could 
introduce artefacts within the series under investigation. 

However, we consider as appropriate a data trans-
formation that is supported by the theory (Corradi and 
Swanson, 2006, p. 222). This is the case of the logarith-
mic transformation of the price levels. This transforma-
tion is largely used in empirical literature (Listorti and 
Esposti, 2012; Esposti and Listorti, 2013) and has two 
main motivations. First of all, price logarithms are more 
likely to show a normal distribution than price levels, 
and normality is usually required by the estimation and 
inference approaches. In other words, the log-normal 
statistical distribution of price levels has to be consid-
ered as a main regular feature of these series (Listorti 
and Esposti, 2012; Esposti and Listorti, 2013). 

Secondly, the logarithmic transformation finds a 
robust theoretical justification in deriving the commod-
ity price dynamics as Geometric Brownian Motions 
(GBM) (Diba and Grossman, 1988; Gürkaynak, 2008; 
Su et al., 2017). This tradition also includes the idea of 
“rational bubbles”, that is, periods of price exuberance 
entirely justified by agent’s expectations about commod-
ity fundamentals (Diba and Grossman, 1988). Empiri-
cally, this hypothesis implies that price logarithms might 
take the form of mean reverting processes (due to mar-
ket fundamentals) plus a random walk, a mean-reverting 
non-constant volatility (GARCH) and, possibly, tempo-
rary explosive roots.7 According to Ibrahim et al. (2021), 
a GBM can generate a stochastic process that assumes 
normally distributed price level growth rates (therefore, 
difference in the logarithms) while admitting both unit-
root (with drift and/or deterministic trend) and GARCH 
effects (volatility clusters).8 However, these recent studies 

7 Actually, Diba and Grossman (1988) exclude that, within this logic, a 
rational bubble can actually start: if it is observed it must always have 
existed.
8 See also Agustini et al. (2018) for a similar derivation. 

https://data.imf.org/?sk=471DDDF8-D8A7-499A-81BA-5B332C01F8B9
https://data.imf.org/?sk=471DDDF8-D8A7-499A-81BA-5B332C01F8B9
https://www.imf.org/en/Research/commodity-prices
https://fred.stlouisfed.org/series/CPIAUCSL
https://fred.stlouisfed.org/series/CPIAUCSL
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do not admit temporary bubbles. Taking into account 
pros and cons of the logarithmic transformation (Cor-
radi and Swanson, 2006; Wang and Tomek, 2007), the 
present paper considers both the price levels and the log-
arithm of price levels and in parallel repeats the analysis 
for these two cases in order to assess which results are 
robust across the transformation. 

Annex 2 displays the time evolution of the three 
aggregate price indexes (Figure A1), the 11 individual 
commodity prices (Figures A2-A4) and the logarithms 
of these individual prices (Figures A5-A7) over the 
1980M1-2021M12 period.9 Visual inspection points to 
some general characteristics of the price dynamics. With-
in each group, commodity prices seem to show some 
common movements: periods of exuberance as well as 
collapses substantially correspond across different com-
modities. This is only partially confirmed across groups: 
metals and agricultural commodities tend to share the 
same periods of rise and fall, while energy commodity 
prices seem more stable and less volatile at least until the 
very last years of the period under consideration. Howev-
er, if aggregate price indexes instead of individual series 
are considered, it emerges that the three series largely 
overlap with a substantial correspondence of positive and 
negative spikes. What is common across commodities is 
also that price turbulence seems to sharply increase in 
the second half of the period under consideration and, in 
particular, from 2005 onwards.

From this simple visual inspection, therefore, the 
hypothesis of common movement seems largely sup-
ported. For all commodities, periods of temporary exu-
berance are recurrently observed. During these periods, 
prices rapidly increase and then rapidly collapse to a 
level that does not differ much from the pre-exuberance 
level. Therefore, despite these “bubbles”, prices still seem 
to behave like mean-reverting processes. This does not 
exclude changes in the long-term mean level or a long-
term trend in this respect (Esposti, 2021). But these 
changes or trends seem mild and are overshadowed by 
the large short-term instability. As could be expected, 
the logarithmic transformation does not change the gen-
eral behaviour of the series. Qualitatively, price levels 
and their logarithms are similar even though the latter 
are obviously smoother and this seems particularly evi-
dent for the energy commodity prices. 

At the same time, major differences emerge between 
commodity price series and the CPI series. Figure A8 
(Annex 2) reports the CPI, its monthly growth rate (i.e., 

9 The logarithmic transformation is not considered here for the price 
indexes and CPI. It would rather require a different aggregation of the 
elementary prices into the index and this would simply generate anoth-
er kind of index possibly introducing a further artefact. 

the inflation rate) together with the oil price which argu-
ably is one of its major drivers, but it is also one of the 
most stable commodity prices. The difference is evident. 
Oil price seems to follow a mean reverting process possi-
bly with an increase of volatility in the second part of the 
period and an upward shift of the long-term mean value. 
CPI is much more stable, also in the second half of the 
period, and apparently moves along a deterministic trend. 
It follows that the inflation rate seems to behave like a 
mean-reverting process around an almost-zero long-term 
value with a limited, though appreciable, increase in the 
variability in the second half of the period. 

This purely visual inspection gives rise to the two key 
research questions underlying the present study. On the 
one hand, commodity prices seem to move together at 
least during periods of turbulence, but this would suggest 
a common stochastic process whose properties, however, 
are not self-evident. Most price series show some char-
acteristics of mean-reverting processes, and this would 
indicate they are stationary processes around drifts or 
trends. But the large and quick shocks, though tempo-
rary, do not seem consistent with this kind of processes. 
There should be some other underlying stochastic pro-
cess, that may differ across prices but still admits their 
common movement at least in the periods of turbulence. 

On the other hand, the research challenge about the 
linkage between commodity prices and the CPI is quite 
the opposite. They apparently behave as very different 
stochastic processes, so commonality should be exclud-
ed. Nonetheless, strong economic arguments, as well as 
an abundant empirical evidence (Garzón and Hierro, 
2022), suggest that a common movement of many criti-
cal commodity prices has to be transferred, somehow, to 
the CPI. 

4. THE METHODOLOGICAL APPROACH

The common theoretical framework of the investiga-
tion of commodity price dynamics consists in price for-
mation mechanisms (or equations), that is, reduced-form 
models expressing the respective underlying market 
equilibrium.10 Price formation equations represent the 
dynamic stochastic process as a mean-reverting or non-
stationary process eventually generating the price level 
and volatility. These reduced form models have the fur-
ther advantage of allowing a compact representation of 
cross-commodity price dynamics in the form of multiple 

10 Fackler and Goodwin (2001) provide a common template based on 
linear excess demand functions embracing all dynamic regression mod-
els from which an estimable reduced-form model can eventually be 
derived. 
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simultaneous equation models that may explain both co-
movement and co-exceedance. 

The theoretical justification of these cross-commod-
ity price transmission mechanisms, however, is not uni-
vocal. The prevalent explanation is that also very differ-
ent commodities (for instance oil and corn) may display 
interdependence in the respective fundamentals (i.e., 
demand and supply). For instance, on the supply side, 
one commodity (e.g., oil) may enter as an input (thus, a 
cost) in the production process or supply chain of anoth-
er commodity (e.g., corn and, consequently, beef). On 
the demand side, consumption of one commodity may 
be directly (through substitution effect) or indirectly 
(through income effect) affected by the price of another 
commodity (Dawson et al., 2006; Listorti and Esposti, 
2012; Esposti and Listorti, 2013). Sometimes, however, 
this interdependence through the fundamentals can 
be so indirect and remote that it seems more reason-
able to provide another theoretical justification of price 
co-movement and co-exceedance: though prices are not 
interdependent, they still all respond to the same under-
lying (often latent) common factors (Stigler, 2011; Byrne 
et al., 2020; Esposti, 2021). 

The research question underlying the present study, 
however, comes before these theoretical representations 
of price interdependence, that is nature and forms of 
price co-movement and co-exceedance. It rather looks 
for empirical support on the evidence of co-exceedance, 
its possible temporary nature and its dating. Therefore, 
we work on univariate models and not on multivariate 
models.

On these premises, consider N commodities whose 
price is observed over T time periods (months in the 
present case). On the basis of rational agent’s expectation 
or efficient markets theory (Zhao et al., 2021), assume 
that for any i-th commodity there exists an unobserved 
fundamental price depending on the real market driv-
ers (supply, demand, storage, expectations). The natural 
constraints applying to these drivers should make this 
market fundamental price nonexplosive. The actual (i.e. 
observed) price moves around this fundamental level but 
it usually deviates from it according to some underlying 
stochastic DGP expressed by the following univariate 
price formation equation:

pit = αi + δit + bipit-1 + uit, ∀i∈N, ∀t∈T   S<T� (1)

where pit is the i-th commodity price (or the logarithm 
of price) at time t; αi expresses the drift while δi the 
deterministic trend coefficient. αi, δi, bi thus are com-
modity specific unknown parameters to be estimated. αi 
and δi indicate the long-term fundamental price level or 

the long-term deterministic trend, respectively, to which 
the actual price is expected to revert. 

The error term uit is usually assumed to be nor-
mally, independently and identically distributed, that is 
uit~NID(0,σ2). However, as autocorrelation in these dis-
turbance terms is very likely to occur, (1) can be aug-
mented to account for a transient dynamics:

∆pit = αi + δit + βipit-1 +  θis∆pit-s + εit, ∀i∈N, ∀t∈T  S<T� (2)

where βi = (βi-1) and θis are further commodity specific 
unknown parameters to be estimated. The error term 
is now correctly assumed to be εit~NID(0,σ2). (2) is the 
typical Adjusted Dickey-Fuller (ADF) regression and 
may admit different DGPs depending on the value of 
βi. In particular, the price series is stationary, possibly 
around a drift (αi) or a trend (βit), whenever βi < 0. If βi 
= 0, the price series contains a unit root and it thus fol-
lows a non-stationary process (a random walk) possibly 
with a drift (αi) or a trend (βit). Finally, whenever βi > 0, 
the price series has an explosive root implying a perma-
nent and progressive departure from the fundamental 
price level unless it is temporary (a “bubble”). In prac-
tice, such process would contradict the actual existence 
of a fundamental price level. 

Based on (2), distinct DGPs can be considered to 
represent the observed deviation of prices from the 
alleged fundamental level. Firstly, a Generalized Autore-
gressive Conditional Heteroskedasticity effect on εit can 
be included to capture the presence and persistence of 
volatility clusters. This is obtained by reformulating (2) 
as follows (GARCH(p,q)) regression model):

∆pit = αi + δit + βipit-1 +  θis∆pit-s + εit

 = γi + ρip -pεit + ωiq -q, ∀i∈N,∀t∈T   S,P,Q<T

�(3)

where εit = σitzit with zit~NID(0,1).  is the it-h commod-
ity price error term variance at time t, and ρip and ωiq are 
further commodity specific unknown parameters to be 
estimated. Together, parameters ρip (also called ARCH 
terms) and ωiq (called GARCH terms) express the overall 
degree of persistence of volatility. It is usually assumed 
that ρip + ωiq < 1 (with p=q), indicating that volatility is 
mean reverting. Otherwise, we would be faced with a 
persistent volatility, i.e., volatility behaving as a random 
walk (or non-stationary) process (Engle, 1982; Agustini 
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et al., 2018).11 Once the GARCH model parameters have 
been estimated on the basis of the observed series, it is 
possible to assess whether and when volatility clusters 
occur. To do this, in-sample predictions of variance (i.e., 

) are generated. Then, on the basis of some pre-deter-
mined threshold (see below) clusters are found in those 
periods when this limit is exceeded.12 

But a GARCH process is just one of the possi-
ble DGPs consistent with the observed irregular com-
modity price dynamics. As stressed by Engle (1982), a 
GARCH regression like (3) can be just an approximation 
to a more complex regression with non-ARCH distur-
bances. So, the GARCH specification might be picking 
up the effect of some relevant omissions from the esti-
mated model. For this reason, we want here to make (3) 
compete with a second, and alternative, stochastic pro-
cess generating a similar price behaviour. It consists of 
a DGP admitting temporary (or periodically collapsing) 
bubbles in the price levels. This DGP can be represented 
as a variant of the ADF regression (2) as follows:

∆pit =  +δit + pit-1 + ∆pit-s + εit, ∀i∈N, 

∀t∈Tr1, r2∈T   S>T
� (4)

where r1 and r2 denote the starting and ending points, 
respectively, of the possible temporary bubble. r1 and r2 
are expressed as fractions of T so that r2 = r1 + rW, where 
rW is the window size of the regression, also expressed as 
a fraction of T. The number of observations to estimate 
(4) is TW = [TrW], where [·] is the floor function which 
gives the integer part of the argument (Otero and Baum, 
2021). For series showing temporary bubbles we should 
observe explosive roots for some sub-periods, that is, 
some [r1,r2] interval. This can be assessed through tests 
where the null hypothesis is H0:  = 0, implying that 
the series shows a unit root, against the alternative 
hypothesis H0:  > 0, implying that the series shows 
an explosive root in the [r1,r2] interval. 

A key contribution to a consistent formulation 
and implementation of this kind of tests was originally 
made by Phillips et al. (2011), then improved by Phillips 
et al. (2015) and Phillips and Shi (2020). The basic ver-
sion of the test is the right-tailed ADF statistic based on 

11 This is also called Integrated GARCH (IGARCH) process/model 
(Campbell et al., 1996; Chan, 2010). 
12 Although their validity in generating reliable predictions is largely 
questioned, ARCH/GARCH models are usually quite successful in gen-
erating in-sample projections (Taleb, 2009).

the full range of observations, r1 = 0 and r2 = 1 (i.e., rW 
= 1), denoted . As it applies to the whole period of 
observations, this statistic may fail in detect short-time 
temporary bubbles. Therefore, a second statistic is based 
on the supremum t-statistic (SADF) that results from a 
forward recursive estimation of (4):

SADF(r0) = � (5)

Also this statistic may fail in the case of multiple 
temporary bubbles within the series. A third statistic can 
be thus computed. It is the generalised supremum ADF 
(GSADF) test: 

GSADF(r0) = � (6)

Based on these statistics, it is firstly possible to ass-
es if one or more temporary bubbles occur. Secondly, a 
backward testing procedure (backward SADF, or BSADF, 
statistics) allows dating these bubbles over the period T 
(Phillips et al., 2011; 2015). For any particular observation, 
i.e. the i-th commodity observed at time r2, it is possible 
to test whether it belongs to a phase of explosive behav-
iour by performing a SADF test on a sample sequence 
where the endpoint is fixed at time r2, and expands back-
wards to the starting point, r1, which varies between 0 and 
(r2 − r0). This backward SADF statistic is defined as:

BSADFr2(r0) = � (7)

A further refinement of these tests has been recent-
ly proposed by Phillips and Shi (2020) and takes into 
account both the presence of heteroskedasticity and the 
multiplicity issue in recursive testing. They thus recom-
mend a wild bootstrap approach to compute the critical 
values of the abovementioned tests.13 

The methodological approach followed here can 
thus be summarised as follows. Firstly, we look for the 
stochastic properties of the individual commodity price 
series and the CPI. In particular, the presence of a unit-
root (with or without a drift or a trend) and of ARCH 
effects is investigated. Secondly, on the basis of the first-
step evidence, GARCH effects are considered as the pos-
sible explanation of the observed periods of price turbu-
lence. GARCH regression models like (3) are estimated 
on individual series and in-sample volatility predictions 
are generated to assess and date the volatility clusters. 

13 One limit of these tests is that they do not allow breaks in levels or time 
trends. As discussed, neither a trend nor a structural break can explain 
by itself the observed irregular price behaviour. However, they can not be 
excluded at least from some commodities (see Table 1) and might affect 
both the statistics and the critical values of these explosive root tests. 
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Thirdly, as an alternative to GARCH processes, 
we consider the formation of temporary bubbles as 
expressed by (4), therefore as a momentary departure 
from the fundamental process either stationary or non-
stationary. , SADF and GSADF tests are performed 
on individual series and the temporary bubbles, if any, 
are consequently dated by performing the BSADF test. 
Finally, the beginning and the end of volatility clusters 
and of temporary bubbles are confronted both across the 
two alternative processes and among commodities (and 
CPI) in order to assess similarities and differences, as 
well as the presence of possible contagion effects. Thus 
the analysis of co-exceedance simply consists in seeing 
whether volatility clusters or bubbles are common (i.e., 
overlap) or not. In case of a positive answer, it is then 
legitimate to ask, and to assess, whether a contagion 
effect can be deduced, that is, which series (i.e. price) 
moves first possibly driving the movement of the others. 

Clearly, this investigation can not be confused with 
a formal causality assessment or testing. Usual time-
series causality assessment in a multivariate context 
is performed via Granger causality testing. This latter, 
however, assumes a linear relationship across commodi-
ties and does not seem consistent with the observed 
stochastic properties of these series and bubble forma-
tion. In this respect, some recent developments in the 
field seem promising for future research (Shahzad et 
al., 2021; Esposti, 2022). It is worth stressing, however, 
that assessing causality is not so essential for the main 
policy implication of interest here. Investigating which 
commodities show a bubble formation earlier than oth-
ers remains useful to build that real-time warning policy 
tool mentioned in previous sections. 

5. RESULTS14

5.1. Stochastic properties of the series

Table 1 reports the battery of unit root tests and of 
the ARCH tests on (2) for all series under investigation. 
In the case of price indexes, CPI included, it emerges 
that all series are stationary. The selected specification15 
includes a drift in the case of the three commodity price 

14 All testing and estimation procedures have been performed with soft-
ware STATA 17. In particular: GARCH models have been estimated 
using the command Arch with arch(1) garch(1) specification; explosive 
roots have been tested using the Radf command; the structural break 
tests have been performed using commands Zandrews and Clem; pair-
wise Granger causality tests have been performed by using, the Var and 
Vargranger commands. 
15 The best specification has been selected following Enders (1995, p. 
256-260). 

indexes and a trend in the case of CPI. At the same, all 
indexes here show an ARCH effect except FoodInd. Con-
sequently, all indexes behave as mean-reverting processes 
(with the mean moving along a deterministic trend in 
the case of CPI) possibly with volatility clustering.

Table 1. Unit root (ADF) and conditional heteroskedasticity 
(ARCH) tests on commodity price indexes and commodity prices 
(1980M1-2021M12)a.

Series
ADFb 
(w/o 

drift&trend)

ADF 
(with drift)

ADF 
(with trend) ARCHc

Price indexes
FoodIndd 0.475 -1.224† -2.439 0.126
MetInd -0.088 -1.404† -2.721 82.74*
EneInde 0.150 -0.915† -3.138 106.9*
CPI 6.988 0.539 -2.492† 72.91*

Price levels
Oil -0.502 -1.594† -2.906 92.63*
Coal -0.327 -1.599† -3.415 160.9*
Gasf 0.581 -0.409† -2.249 228.6*
Aluminium -0.416 -3.063* -4.010†* 65.84*
Copper 0.522 -0.621 -2.487† 112.8*
Zinc -0.229 -2.023†* -3.804* 106.9*
Nickel -1.041 -2.628†* -3.368 84.09*
Wheat -0.375 -2.816†* -3.349 108.9*
Corn -0.214 -1.872†* -2.891 29.86*
Soy -0.322 -2.089†* -3.288 67.44*
Beef 1.004 0.049 -1.739† 64.76*

Logarithm of price levels
Oil -1.199 -1.202† -2.631 78.04*
Coal 0.429 -1.501† -2.919 79.51*
Gasf -1.737 -1.445† -2.647 68.6*
Aluminium 0.178 -3.169†* -4.322* 65.86*
Copper 0.784 -0.858† -2.710 40.29*
Zinc 0.693 -1.827†* -3.478* 19.18
Nickel 0.354 -2.008†* -3.102 19.62
Wheat 0.252 -2.410† -3.045 28.32*
Corn 0.315 -1.755†* -2.855 7.38
Soy 0.212 -2.032†* -3.243 24.67*
Beef 0.887 -0.167† -1.839 42.35*

*Statistically significant at 5% confidence level.
† Selected specification according to Enders (1995, p. 256-260).
a The test specification in terms of lags included has been selected 
case by case on the basis of the AIC. 
b 5% Critical Value of the three ADF test specifications, respectively: 
-1.95; -1.65; -3.42.
c Lagrange Multiplier (LM) test performed on the residuals of the 
ADF unit-root test equations; 5% Critical Value: 21.03.
d 1991M1-2021M12.
e 1992M1-2021M12.
f 1985M1-2021M12.



180 Roberto Esposti

Bio-based and Applied Economics 13(2): 171-201, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-14060 

Regarding the individual commodity price series, 
however, a differentiated picture emerges across the 
commodity groups. If the levels are considered, energy 
commodities are all stationary around a drift. Metals, on 
the contrary, show non-stationarity around a drift in the 
case of zinc and nickel, non-stationarity around a trend 
in the case of aluminium and stationarity in the case of 
copper. Finally, all agricultural commodities, except for 
beef, are non-stationary around a drift while beef is sta-
tionary around a deterministic trend. Despite these dif-
ference, all commodity prices show an ARCH effect. 

Interestingly enough, the logarithmic transforma-
tion changes the evidence emerging from the tests only 
for four commodities and only in one case (wheat) does 
this change concern stationarity properties. aluminium 
remains non-stationarity but now around a drift. Also 
copper and beef downscale from a trend to a drift while 
maintaining stationarity. Wheat shows the most signifi-
cant change passing from non-stationarity around a drift 
to a stationarity around a drift. Thus, unlike the respec-

tive price level, the logarithm of the wheat price seems to 
behave like a mean-reverting process.

The key point, here, is that while visual inspection of 
both price indexes and price series would indicate some 
common movement, tests indicate that such common-
ality may occur for price indexes but not for individual 
prices where four different DGPs are observed, and this 
happens also within the same commodity group. This 
makes the hypothesis of common movement hardly ten-
able, at least over the whole time period. At the same 
time, however, visual inspection also reveals the pres-
ence of common periods of exuberance that are not 
necessarily compatible with the DGPs emerging from 
tests. The limited reliability of the DGPs emerging from 
the tests when compared to the actual price dynamics is 
confirmed by generating in-sample predictions from the 
estimated ADF regressions.

Figure 1 compares these predictions with the real 
series for two cases that should express different DGPs: 
a stationary series around a drift (mean reverting) (oil) 

Figure 1. Oil (left scale) and Aluminium (right scale) prices: observed series and in-sample predicted series from respective ADF model 
estimation (1980M1-2021M12) (see Annex 1 for units of measure).
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and a non-stationary series around a trend (aluminium). 
The two predicted series are quite similar, despite the dif-
ferent DGPs, and, above all, in both cases these predic-
tions largely diverge from the actual series especially in 
the last third of the observed period. Evidently, there is 
something more in the stochastic process generating these 
series and this has to do more with temporary effects than 
with constant properties of the series. As the ARCH test 
is concordant across all series (except for FoodInd), the 
presence of volatility clusters can be a serious candidate 
to explain these temporary processes. But also temporary 
explosive roots (bubbles) could be considered as they are 
compatible with both stationary and non-stationary series 
over the whole period (Diba and Grossman 1988, p. 529). 

5.2. Volatility clusters

Table 2 reports the estimates of parameters ρ and ω 
of the GARCH regression model (3) (with a GARCH(1,1) 
specification) for the different series in both price lev-
els and logarithms. Two main facts emerge. First of all, 
with the only exception of FoodInd, in all series both 
estimated ρ and ω are statistically significant (Corn is 
the only case where ρ is not statistically different from 
0). This confirms what was already obtained with ARCH 
tests presented in Table 2: volatility clusters occur in all 
series except for FoodInd. Secondly, many series vio-
late the assumption of temporary clusters: for the price 
indexes EneInd and CPI, and price levels of natural gas, 
aluminium, zinc, wheat, corn, beef, we can not reject the 
hypothesis of ρ+ω =1. Therefore, in these cases volatil-
ity follows a non-stationary process thus making clusters 
permanent rather than temporary as expected. Loga-
rithms of prices partially confirm this evidence but some 
differences are worth noticing: non-stationary volatility 
is observed also for oil and nickel while it is now exclud-
ed for aluminium, zinc and beef.

Contradictory evidence emerges about the reliability 
of these GARCH processes as generators of the observed 
price dynamics. On the one hand, the existence of vola-
tility clusters is consistent with the observed large vari-
ability, or instability, of the commodity prices in specific 
periods of time. On the other hand, however, in sev-
eral cases these processes support permanent volatility 
shocks thus becoming less compatible with the observed 
temporary episodes of turbulence. As discussed, once 
estimated, standard error in-sample predictions for these 
GARCH models can be generated. Figure 2 shows these 
predictions for the three price indexes and Figures 3a-3b 
for the individual price levels and logarithms, respective-
ly. Figure A9 (panel a)) reports the same predictions for 
the CPI and its growth rate (i.e., inflation rate). 

As expected, volatility clusters do not emerge for 
FoodInd, while a significant increase of volatility can be 
appreciated in the second part of the period of (starting 
around 2005) for both MetInd and EneInd. For these 
indexes, this volatility dynamics seems consistent with 
the increased price turbulence observed in the same 
period as shown in Figure A1. In the case of individu-

Table 2. GARCH(1,1) model estimation and persistency test on com-
modity price indexes and commodity prices (1980M1-2021M12) 

(estimated standard errors in parenthesis)a.

Series ρ Ω
Test ρ+ω 

=1
(χ2(1))

Price indexes
FoodIndb 0.036 (0.049) -0.171 (0.717) 3.96*
MetInd 0.247 (0.049)* 0.675 (0.032)* 4.24*
EneIndc 0.373 (0.081)* 0.641 (0.058)* 0.16
CPI 0.116 (0.022)* 0.879 (0.021)* 0.22

Price levels
Oil 0.343 (0.041)* 0.726 (0.031)* 10.4*
Coal 0.494 (0.062)* 0.664 (0.026)* 13.4*
Gasd 0.304 (0.051)* 0.625 (0.044)* 3.52
Alumi-
nium 0.276 (0.046)* 0.706 (0.038)* 0.39

Copper 0.241 (0.032)* 0.812 (0.019)* 8.74*
Zinc 0.210 (0.031)* 0.815 (0.020)* 2.03
Nickel 0.427 (0.049)* 0.700 (0.027)* 19.6*
Wheat 0.150 (0.022)* 0.865 (0.014)* 1.93
Corn 0.090 (0.013)* 0.901 (0.012)* 2.15
Soy 0.241 (0.030)* 0.718 (0.032)* 3.83*
Beef 0.315 (0.043)* 0.699 (0.031)* 0.82

Logarithm of price levels
Oil 0.441 (0.050)* 0.617 (0.038)* 3.26
Coal 0.214 (0.039)* 0.755 (0.036)* 3.95*
Gasd 0.520 (0.063)* 0.491 (0.043)* 3.66
Alumi-
nium 0.179 (0.041)* 0.748 (0.052)* 4.28*

Copper 0.065 (0.023)* 0.878 (0.035)* 10.51*
Zinc 0.064 (0.021)* 0.896 (0.028)* 6.35*
Nickel 0.196 (0.029)* 0.799 (0.031)* 0.76
Wheat 0.062 (0.015)* 0.933 (0.013)* 0.58
Corn 0.016 (0.010) 0.942 (0.039)* 1.75
Soy 0.113 (0.031)* 0.676 (0.086)* 9.35*
Beef 0.155 (0.049)* 0.613 (0.039)* 9.39*

*Statistically significant at 5% confidence level. 
a Only estimates of parameters ρ and ω are reported. Other model 
parameter estimates are available on request. 
b 1991M1-2021M12.
c 1992M1-2021M12.
d 1985M1-2021M12.
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al series, predictions show huge volatility variations for 
oil and for all mineral and agricultural commodities. 
Clusters seem to be relatively rare and quite temporary 
in the first part of the period, while they become more 
frequent and longer, thus possibly permanent, from 
2005 onwards. This seems even more true for CPI and 
therefore, but less intensively, for the inflation rate. CPI 
volatility sharply rises in 2005 and remains higher than 
in the previous period with only a drastic drop during 
years 2013-2014. 

The question is whether the magnitude of this vola-
tility clustering is consistent with the actual price turbu-
lence or whether, in fact, we should look for alternative 
explanations. 

5.3. Temporary bubbles

Table 3 reports the sequence of tests for the pres-
ence of temporary bubbles as expressed by equations 
(5) and (6). As discussed, moving from  to GSADF 
the tests improve in terms of recursiveness and flex-
ibility, therefore in precision, in detecting the temporary 

explosive roots.16 The presence of a temporary bubble 
is excluded in all cases (price indexes, individual price 
levels and logarithms of individual price levels) when 
the search of the bubble extends to the whole period  
( ). Something emerges with SADF with a tempo-
rary explosive root observed for MetInd and EneInd, 
and for the price level of all energy commodities, all 
minerals, and wheat. In the case of the logarithm of 
prices a bubble is detected only for oil. The generalised 
occurrence of temporary bubbles is eventually indicat-
ed by the GSADF test. With the only exclusion of beef 
(both the price level and its logarithm), at least one tem-
porary explosive root is found in all the series.17 

16 It is worth noticing that the  test in Table 3 (second column) 
corresponds to the ADF test with drift in Table 1 (third column) as the 
explosive bubble tests associated to equation (4) may include a drift but 
not a deterministic trend. However, strictu sensu, they are not the same 
test since the former is a right-tailed statistics so the critical values are 
different. The statistics itself slightly differs in some cases because the 
adopted specifications (i.e., lag structure) are not always the same. 
17 Notice that the difference between the SADF and GSADF tests are 
larger here than what was presented in previous studies (see Gharib 
et al., 2021, p. 5, in particular) arguably because, despite the number 

Figure 2. GARCH(1,1) model standard error in-sample prediction for commodity price indexes (2000M1=1) (1992M1-2021M12).
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Figure 3a. GARCH(1,1) model standard error in-sample prediction for energy commodities (a), metals (b) and agricultural commodities 
(c) price levels (2000M1=1) (1980M1-2021M12).
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Figure 3b. GARCH(1,1) model standard error in-sample prediction for energy commodities (a), metals (b) and agricultural commodities 
(c) logarithm of prices (2000M1=1) (1980M1-2021M12).
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In order to better appreciate how many bubbles 
occur and when, the BSADF tests (equation (7)) are 
computed. Results (with the critical values) are reported 
in Figure 4 for the three price indexes and in Figures 
5a,b for the commodity price levels and logarithms, 
respectively. It appears that, for indexes, bubbles very 
sporadically emerge before and after the 2005-2008 

of observations, the period covered here is quite long (more than 40 
years). 

period. On the contrary, over these four years the tests 
exceed the critical values several times for all the index-
es. MetInd is the index for which this exceedance is 
more often observed. 

In the case of individual price levels significant dif-
ferences are found across the three groups. For energy 
prices, only in period 2005-2008 we observe one or more 
bubbles shared by the three prices. In the case of metals, 
beside that period, a common bubble is also observed 
in the mid-eighties. Agricultural commodities present a 
more composite situation: bubbles are more frequent and 
occur in the mid-eighties, mid-nineties, 2007-2008 and 
in the last decade. But they are often individual bub-
bles and, again, only in 2007-2008 we observe a bubble 
shared by most (except for beef) agricultural commodi-
ties. Qualitatively, results obtained with the price loga-
rithms are similar even though, as could be expected, 
the bubbles are less frequent and, consequently, also the 
commonality of bubbles is more sporadic. 

5.4. First movers and contagion

As discussed in previous sections, the focus of the 
present study is not on commodity price interdepend-
ence but on investigating the formation of temporary 
bubbles within individual price series in order to allow a 
real-time monitoring tool to inform on the formation of 
temporary bubbles, on the possible involvement of sever-
al commodities and on the first moving prices. The com-
bination of the two alternative approaches here proposed 
allows to present their results in a form that permits an 
intuitive visualization of all this information about if 
and how co-exceedance is occurring. 

Figures 6a,b aim to provide this easily interpret-
able visualization by displaying the periods of exceed-
ance (volatility clusters or bubbles) for price levels 
and logarithms, respectively. Bubbles are dated on the 
basis of the BSADF tests. In the case of volatility, fol-
lowing Engle (1982, p 1003), exceedance is found any 
time the predicted volatility exceeds the double (in the 
case of price indexes) or the triple (in the case of indi-
vidual commodity prices) of the average predicted 
volatility (i.e., standard error) over the two subperiods 
1980M1-2000M12 and 2001M1-2021M12. Together with 
Table 4, these figures are also intended to provide an 
example of how the proposed approach can contribute to 
a real-time surveillance tool through an easily interpret-
able and periodically updatable dashboard visualization. 

To summarize this evidence and better interpret it 
in terms of co-exceedance, Table 4 reports the beginning 
(the “exuberance date” to use the term of Gharib et al., 
2021, p. 6) and the end (the “collapsing date”) months of 

Table 3. Temporary explosive root tests on commodity price index-
es and commodity prices (1980M1-2021M12)a.

Series SADF GSADF

Price indexes
FoodIndb -1.289 0.0487 3.644*
MetInd -1.285 3.303* 7.170*
EneIndc -1.167 4.907* 5.092*
CPI 0.288 0.854 3.189*

Price levels
Oil -2.352 3.843* 4.417*
Coal -1.166 8.177* 8.762*
Gasd -0.456 4.164* 6.619*
Aluminium -2.524 2.405* 5.132*
Copper -0.883 2.972* 4.750*
Zinc -2.937 3.871* 5.908*
Nickel -2.656 3.426* 5.491*
Wheat -2.517 3.360* 3.795*
Corn -2.151 0.357 3.462*
Soy -2.478 -0.553 2.981*
Beef -0.134 0.937 1.211

Logarithm of price levels
Oil -1.199 1.871* 2.275*
Coal -1.500 0.414 2.511*
Gasd -1.745 -0.135 2.891*
Aluminium -3.168 -0.270 -2.816*
Copper -0.858 -0.128 3.124*
Zinc -1.827 0.057 3.583*
Nickel -2.008 1.361 2.989*
Wheat -2.410 1.120 3.098*
Corn -1.756 0.513 2.306*
Soy -2.032 -1.200 2.271*
Beef -0.167 0.665 1.794

*Statistically significant at 5% confidence level with bootstrap criti-
cal values computed with 200 repetitions.
a All test specifications include 6 lags. 
b 1991M1-2021M12.
c 1992M1-2021M12.
d 1985M1-2021M12.
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periods with at least three different commodities show-
ing at least two consecutive months of exceedance, thus 
a co-exceedance in terms of volatility or common bubble 
for at least two consecutive months (Phillips et al., 2011). 
The table also reports: commodities showing this co-
exceedance (second column); the commodity that can be 
identified as the first mover (third column), that is, the 
price whose exceedance started first before the period of 
co-exceedance; whether or not also CPI shows exceed-
ance in the same period, and whether or not CPI can be 
considered the first mover (forth column). 

In the case of price levels, it emerges that bubbles 
concentrate in the 2005-2008 period though in differ-
ent moments involving different commodities. Basically, 
we can identify two main episodes. The first goes from 
2005M8 to 2006M9. It only involves energy commodi-
ties and metals with oil and copper as first movers. CPI 
is itself involved in the bubble, as could be expected, but 
surprisingly it behaves as the first mover. The second 
episode is shorter and goes from 2008M2 to 2008M8. 
It involves all energy commodities wheat and corn but 
no minerals. Again, oil behaves as the first mover. This 
latter commodity actually seems to experience a single 
bubble from mid-2005 to the end of 2008. CPI is also 
involved but not as the first mover. 

Volatility clusters emerging from the GARCH 
regressions show a significant difference compared to the 
bubbles. A first episode is found from mid-1988 to mid-
1989, it concerns some minerals and agricultural com-
modities but no energy commodities. Wheat seems to be 
the first mover. Other four episodes, in fact behaving as 
a single one, can be detected from 2006M8 to 2009M8. 
In the first part of this period, the cluster exclusively 
involves metals and wheat. Then, other prices enter the 
group included energy commodities and, finally, also 
oil. In the very last part of this episode, the volatility 
clusters involve most (9 out of 11) commodities. If we 
consider this whole period as a single episode, the first 
mover seems to be nickel which sounds a little surpris-
ing. In the second part of the period, wheat and natural 
gas emerge as other possible candidates. 

Two other volatility clusters can be found in the 
last decade of the period under investigation. One con-
cerns a very short period (two months in mid-2012) 
and only involves agricultural commodities. The other 
concerns the very last months of the period of obser-
vation (2021M9-2021M12); it is short simply because it 
continues beyond the period of observation. This period 
of exceedance is not identified with the bubble testing 
arguably because the bubble has still to collapse. Future 

Figure 4. BSADF tests for indexes for commodity price indexes (1992M1-2021M12). 
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Figure 5a – BSADF tests for indexes for energy commodities (a), metals (b), agricultural commodities (c) price levels (1980M1-2021M12).
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Figure 5b. BSADF tests for indexes for energy commodities (a), metals (b), agricultural commodities (c) logarithm of price levels 
(1980M1-2021M12).
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Figure 6a. Dating of explosive roots (a) and volatility clusters (b) for all commodity price levels (1980M1-2021M12) (see Table 4 for 
details). 
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Figure 6b. Dating of explosive roots (a) and volatility clusters (b) for all commodity logarithms of price levels (1980M1-2021M12) (see 
Table 4 for details). 



191Dating common commodity price and inflation shocks with alternative approaches

Bio-based and Applied Economics 13(2): 171-201, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-14060 

investigations will confirm the nature and scope of the 
current period of exuberance. The cluster identified here 
suggests that it concerns both energy prices and metals 
but it is likely driven by the former and, in particular, 
by natural gas. 

Two major facts seem to emerge from this analy-
sis of co-exceedance. First of all, the correspondence 
between bubbles and volatility cluster detection is lim-

ited. Periods correspond in the case of the major episode 
that occurred between 2005 and 2008. But for the rest of 
the sample, the detection of the episodes of co-exceed-
ance does not correspond. Also the involved commodi-
ties significantly differ and, consequently, the first mov-
ers. Bubble detection seems to stress more the dynam-
ics of energy commodities, and oil in particular, while 
volatility clusters point more to metals and agricultural 

Table 4. Dating of temporary explosive roots and volatility clusters for commodity price levels and logarithm of levels (1980M1-2021M12).

Period Commodities First moverc (date) CPI: Y/N; first mover 
(Y/N & date)d

Price levels
Bubblesa

2005M8-2005M10, 2006M1, 2006M3, 2006M6 Oil, Copper, Zinc

Oil, Copper (2005M6) Y; Y (2005M3)
2006M2, 2006M4-2006M5 Oil, Aluminium, Copper, Zinc
2006M7, 2006M9 Oil, Copper, Zinc Nickel
2006M10-2006M12 Oil, Copper, Zinc
2008M2-2008M7 Oil, Coal, Gas, Wheat, Corn

Oil (2007M3) Y; N
2008M5, 2008M8 Oil, Coal, Gas, Corn

Volatility Clustersb

1988M7-1988M10 Copper, Wheat, Beef
Wheat (1988M4) N

1988M11-1989M7 Copper, Zinc, Nickel, Wheat
2006M8-2006M11 Copper, Zinc, Nickel, Wheat 

Nickel (2006M5) N
2007M4-2007M12 Copper, Zinc, Nickel, Wheat 
2008M3-2008M8 Gas, Copper, Wheat, Corn Wheat (2006M8) N

2008M9-2009M8 Oil, Gas, Coal, Aluminium, Copper, 
Zinc, Corn, Soy, Beef Gas (2008M3) Y; N

2012M7-2012M8 Corn, Soy, Beef Soy (2012M8) N
2021M9-2021M12 Gas, Aluminium, Copper Gas (2021M7) Y; N/Y(2021M7)

Logarithm of price levels
Bubblesa

Period Commodities First mover (date) CPI: Y/N; first mover 
(Y/N & date)

2005M12-2006M10 Aluminium, Copper, Zinc Zinc (2005M9) Y; Y (2005M3)
2008M6-2008M7 Oil, Coal, Wheat, Corn Wheat (2008M2) Y; N
2015M12-2016M6 Oil, Gas, Copper Copper (2015M8) N
Volatility Clustersb

Period Commodities First mover (date) CPI: Y/N; first mover 
(Y/N & date)

1988M4-1989M1 Aluminium, Nickel, Soy Aluminium (1987M12) Y; N
2008M11-2009M3 Oil, Coal, Aluminium, Copper, Nickel Coal (2008M3) Y; N

a The dating of the bubble corresponds to periods when at least 3 commodities show explosive roots, that is BSADF test significant at 5% 
confidence level with bootstrap critical values computed with 200 repetitions. Only periods with at least two consecutive months of exceed-
ance are reported.
b The dating of the volatility clusters corresponds to periods when predicted volatility (i.e., standard error) is larger than three times the 
subperiod (1980M1-2000M12; 2001M1-2021M12) average volatility. Only periods with at least two consecutive months of exceedance are 
reported.
c The first mover is the price of the group whose exceedance started first before the period of co-exceedance.
d The first Y/N indicates whether or not also CPI shows exceedance in the same period; the second Y/N indicates whether or not CPI can 
be considered the forst mover (in parenthesis the date).
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commodities. A final difference concerns the involve-
ment of CPI that seems very limited in the case of clus-
ters while it is more relevant for bubbles. 

The second notable fact is the difference between 
price levels and price logarithms. As the logarithmic 
transformation re-scales the data and, therefore, scales 
down their variability, respective results are expected to 
make the more robust evidence emerge: the number of 
individual episodes may slightly decline and the number 
of common episodes is expected to substantially reduce. 
It turns out that the number of episodes of co-exceed-
ance detected on price logarithms is lower, as expected, 
for both bubbles and volatility clusters. But the nature 
of these episodes does not necessarily correspond with 
what is observed on price levels and this lack of robust-
ness passing from levels to logarithms seems more evi-
dent for bubbles than for volatility clusters. The involved 
commodities are not necessarily the same, as well as the 
first movers, and also the involvement of the CPI shows 
some difference. In general terms, when the logarithms 
are considered, it seems more difficult to find some gen-
eral pattern in the results, especially in terms of a key 
role of some commodities like the energy ones. 

Looking for regularities, two special cases are worth 
noticing here. The first concerns the oil price. Proper-
ties and behaviour of this commodity price emerging in 
the present work confirm the bubble detection and dat-
ing reported in previous studies, particularly in Su et al. 
(2017) and Zhao et al. (2021).18 It could also be argued 
that oil price has to behave as a sort of upstream price 
since it enters as a production cost in most downstream 
production processes, included farming and mining 
activities. But this role of oil as first mover is not gener-
ally observed and seems to emerge only in bubble testing 
with price levels.

The second interesting role is that played by agri-
cultural commodities. On the one hand, they can be 
considered as downstream prices compared to energy 
commodities and metals. But, for this reason, they can 
severely impact on CPI dynamics. From our results, it 
emerges that agricultural commodity prices seem to be a 
little more “stable” in the sense that episodes of exuber-
ance (bubbles or volatility clusters) are less frequent and 
shorter. At the same time, while energy commodities 
and metals are apparently more interdependent, agricul-
tural prices seem to follow more autonomous patterns 
and are less likely to act as first movers and, thus, to be 
suitable candidates to drive the other commodity prices 
and of the CPI. 

18 Su et al. (2017, p. 6) conclude that “there are explosive multiple bub-
bles in the WTI oil market in 1990, 2005, 2006, 2008 and 2015. Gener-
ally, oil bubbles mostly occur during the period of price volatility”. 

What can we finally conclude about the evidence 
on the linkage between commodity prices and CPI? 
While results tend to confirm some stochastic proper-
ties of the CPI that may explain periods of exuberance, 
the evidence that these periods are the consequence of 
analogous episodes in commodity prices is poor. The 
major episode of price exuberance between 2005-2008 
confirms, as could seem obvious, a connection between 
commodity prices and CPI, maybe because this episode 
involves a large number of commodities, though in dif-
ferent times. In fact, this connection seems quite weak 
beyond this period. And also within this 2005-2008 
period it is not clear whether commodity price exuber-
ance induced a CPI response or if it is actually the other 
way round. This lack of evidence should not be surpris-
ing and evidently asks for further investigation. Other 
very recent empirical investigations (Lian and Freitag, 
2022), for instance, suggest that oil price shocks do not 
always imply a shock on CPI and sometime this latter 
may move independently and also precede the former. 

6. COMPARISON WITH OTHER STOCHASTIC 
PROCESSES AND APPROACHES 

For the sake of comparison and in order to vali-
date the results here obtained, it is worth investigating 
the commonality of the commodity price dynamics also 
with more conventional approaches. Rather than focus-
ing on co-exceedance, as in the present study, these 
approaches look for the commonality of the stochastic 
generation processes (i.e., co-movement and the conse-
quent price interdependence) under the typical hypoth-
esis of either stationary or non-stationary linear DGP, 
possibly with a drift and/or a trend (Esposti, 2021). As 
already discussed in Section 2, in order to capture the 
complexity and non-linearity of these series a further 
occurrence that can be considered consists in admit-
ting that series undergo, in one or more points in time, 
a structural break in either the drift or the trend (or in 
both) (Baum, 2005). In principle, under multiple breaks, 
these stochastic processes could explain the presence of 
periods of extremely high (or low) prices (the “bubbles”) 
as a sequence of two structural breaks with the latter 
eventually compensating the former and thus making its 
effect only temporary.

Table A2 (Annex 3) reports a battery of tests specifi-
cally designed to assess whether these more conventional 
stochastic processes represent suitable alternatives to the 
two co-exceedance processes here considered. Four tests 
are reported. They all confront a unit-root process (the 
null hypotheses of the tests) with a stationary process 
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presenting one or two structural breaks in some terms 
of the process itself.19 All tests admit endogenous breaks, 
thus not only do they test their presence but they are 
also able to date these breaks. 

The first two tests consist in two specifications of the 
Zivot-Andrews (ZA) unit root test (Zivot and Andrews, 
2002) admitting only one structural break in either the 
intercept or both intercept and trend. Test results largely 
accept unit-root processes without a break against the 
presence of a structural break within stationary series. 
The only exceptions are coal and soy in the price lev-
els and only soy in the logarithms of prices. The break 
date is similar, late 2006-early 2007, and corresponds 
to one of the major periods of co-exceedance identified 
in previous sections. Not only is the break accepted for 
only two commodities but, more importantly, it can not 
explain why and how, once started, the period of turbu-
lence then comes to an end since the structural break 
introduces a permanent change in the process.

The other two tests, consisting in two variants of the 
Clemente-Montañés-Reyes unit root test (CMR) (Clem-
ente et al., 1998), can be helpful in this respect. In this 
case, the statistical significance of the breaks themselves 
can be assessed as they enter in the test specification 
as time dummies with the respective coefficients. More 
importantly, this test admits two structural breaks with-
in the stationary process thus allowing the combination 
of the two breaks to capture a temporary change in the 
process, like in the case of periods of price surge. The 
test can be performed under two different natures of the 
breaks: a sudden change in the series (the additive outli-
ers, or AO, model) or a gradual shift in the mean of the 
series (the innovational outliers, or IO, model). Evident-
ly, the former, much more than the latter, is expected to 
capture the short periods of price turbulence. 

Although CMR tests confirm how difficult it can be, 
over such a long period of time, to univocally identify 
clear stable stochastic processes for any given commodity 
and, even more, commonality across commodities in this 
respect, they still provide some interesting indications. 
One the one hand, the CMR test under the AO model 
seems to confirm the main evidence emerging from the 
ZA test results without any relevant difference between 
price levels and logarithms: for most commodity prices 
(oil being the only exception) a non-stationary process 
is accepted against a stationary process with structural 
breaks. When the IO model is considered, however, the 
CMR test indicates that for many commodities (all ener-
gy prices, aluminium, zinc, corn and FoodInd itself) 
a mean-reverting process under two structural breaks 

19 For more details on the ZA and CMR tests, also see Baum (2005). 

is accepted. Even more interestingly, this test indicates 
that, for both AO and IO cases, the structural breaks are 
always statistical significant (with only one exception). 
In some cases, the interval between the two breaks is too 
wide (more than three years) to really capture a period of 
price exuberance (see the CPI case, for instance). In other 
cases, however, the time window between the two breaks 
seems quite consistent with the periods of exceedance 
here identified, as shown in Figures 6a,b. This is the case, 
in particular, of coal and all metals. 

As already discussed, with respect to the purpose of 
the present study, the introduction of structural breaks 
may seem an unnatural way to capture co-exceedance: it 
still maintains the linear specification of the DGP pos-
sibly with a permanent change while here the intention 
is to identify a DGP with temporary non-linearities. It 
follows that admitting structural breaks within the sto-
chastic process representation may still confound short-
term and long-term dynamics within the price series. 
Nonetheless, present results suggest that multiple breaks 
within an appropriate specification eventually constitute 
a sort of spline process capable to proxy temporary non-
linearities. Even though not considered further here, 
this kind of approach, together with the introduction of 
multiple structural breaks within non-linear processes 
(Bai and Perron, 2003; Caporale et al., 2020), can repre-
sent a promising alternative empirical strategy in future 
research in the field.20 

There is a final aspect to be considered about the 
introduction of structural breaks as a valid alternative 
to capture co-exceedance. It concerns the identification 
of the first-moving commodities and the possible conse-
quent contagion process. As shown, within the proposed 
approach, this identification is made only qualitatively 
by identifying and then visualizing when, commodity by 
commodity, the periods of exuberance start and end (see 
Figures 6a,b). Very often, however, within the empirical 
literature this identification is formally pursued using 
Granger causality testing (Esposti and Listorti, 2013). 
This approach must satisfy the prerequisite that series 
under investigation show the same stochastic properties 
(they are all either I(0) and I(1)), and then it requires the 
estimation of multiple-equation linear models (in the 
form of VAR or VEC models, respectively) represent-
ing the common movement from which direction and 
nature of price interdependence (or transmission) can be 
assessed. Within this representation one or more struc-

20 The use of international or global commodity prices, as well as the 
widely heterogenous dating of these structural breaks across commodi-
ties, makes it hard to speculate on the possible linkage between them and 
external shocks like, for example, policy regime changes. However, this 
investigation may represent a further direction of research for the future. 
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tural breaks can be included (as time dummies) to pos-
sibly capture some changes in the linear relationships, 
thus admitting temporary non-linearities. 

Results here presented demonstrate how the pre-
requisite of this empirical strategy to detect first mov-
ers and contagion can be challenging. A common DGP 
is impossible to find when all price series are consid-
ered. But even concentrating on individual commod-
ity groups, Tables 1 and 5(??) suggest there is always at 
least one commodity showing a different underlying sto-
chastic process compared to the others. Apparently, an 
interesting case is that of energy commodities under the 
IO specification of the CMR test: when two structural 
breaks are admitted they all behave as stationary pro-
cesses with a drift and a deterministic trend. Therefore, 
an attempt to perform Ganger causality testing can be 
made here by estimating a VAR model with four endog-
enous variables: the three energy prices (oil, coal and gas 
prices) and the CPI, since it quite robustly emerges as a 
I(0) process. The VAR specification also includes a drift, 
a deterministic trend and two time dummies represent-
ing the two breaks at 2003M11 and 2013M5. Table A3 
(Annex 3) reports the results of the respective Granger 
causality tests and the estimated coefficients of the two 
structural breaks.21 

As often occurs with Granger causality testing, 
results are not easily interpretable. However, they con-
firm some of the evidence obtained with our proposed 
approach. It seems hard to identify an indisputable driv-
ing price and, in particular, this does not seem the case 
of the oil price. When price levels are considered, oil and 
coal show a reciprocal Granger causation, while natu-
ral gas is only Granger caused by the coal price. Oil and 
coal price both Granger-cause the CPI response, while 
CPI itself does not Granger-cause any of the energy pric-
es as could be expected. Coal rather than oil seems to be 
the driving price, if any, and this seems to be reinforced 
when the logarithm of prices are considered instead of 
the levels. The presence of structural breaks, though sug-
gested by tests reported in Table A2, is not confirmed by 
VAR estimation coefficients associated to respective time 
dummies are mostly not statistically different from zero. 

Compared to the approach here proposed, which 
is based on the search of co-exceedance periods (thus 
admitting non-linearities in the DGP) rather than on 
linear price interdependence, these more conventional 
stochastic processes do not seems to provide any helpful 
additional information. On the contrary, they seem to 
fail in the search of common periods of exuberance over 
a large group of commodities, thus they do not seem 

21 For the sake of space limitation, the VAR model estimates are not 
reported here but are available upon request. 

appropriate for designing a real-time surveillance dash-
board informing a prompt policy response. Nonethe-
less, even in these approaches recent contributions have 
opened new interesting perspectives that may deserve 
careful consideration in future research. For instance, 
the implementation of non-linear Granger causality test-
ing seems particularly promising (Shahzad et al., 2021). 

7. CONCLUSIVE REMARKS 

Periods of commodity price exuberance raise politi-
cal concerns particularly for their possible impact on 
the inflation rate. Timely interventions by the appoint-
ed institutions are often invoked but do not necessar-
ily prove to be effective in preventing or neutralizing 
these episodes. After all, common price spikes (thus, co-
exceedance) might not imply a common policy response 
since for some commodities exuberance tends to be 
motivated by real drivers while in other cases financial 
phenomena are prevalent. Understanding the mecha-
nisms underlying generation, transmission and, then, 
collapse of co-exceedance remains relevant to design 
the proper, possibly differentiated, policy response. But 
in the shorter term an appropriate policy response may 
just need a timely detection of the price surge and of the 
degree of diffusion across commodities. 

The present paper aims to develop a single meth-
odological approach, albeit based on alternative stochas-
tic processes, that does not assume common movement 
and price interdependence but only co-exceedance, thus 
commonality occurring only within the periods of exu-
berance. This approach is able to detect whether such 
a period occurs, when it starts and when it ends, the 
degree of diffusion across commodities, the possible 
presence of driving prices and, eventually, the transfer to 
the inflation rate. On this basis, the proposed methodol-
ogy is intended to offer an easily interpretable visualiza-
tion of the critical information it generates. 

Results presented indicate that the different 
approaches considered (bubbles and volatility cluster 
detection in both price levels and logarithms) are able 
to provide clear indications on when the exceedance 
occurs, on its overlapping across commodities and on 
possible first movers. However, this evidence is not con-
cordant or, at least, robust across the different approach-
es making the final outcome of the analysis, and the pol-
icy implication itself, severely dependant on the analyst’s 
choices in this respect. Results do not even agree on the 
involvement of the CPI in these episodes of exuberance, 
therefore on the transmission of commodity price spike 
to inflation rate. 
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On the basis of this discrepancy, it seems wise to 
develop the abovementioned policy tool in a way that 
prudently admits both processes and elaborates informa-
tion from a combination of them. At the same time, this 
discrepancy points to room for further methodological 
improvements. After all, both competing representations 
of the origin of exceedance, volatility clusters and tempo-
rary bubbles, show pros and cons and this makes it dif-
ficult to draw a general preference for one or the other. 
GARCH modelling seems to represent more permanent 
changes in volatility rather than short periods of exuber-
ance. Furthermore, it hardly combines volatility clusters 
with a non-stationary process in the price levels. At the 
same time, bubble detection applies well to positive bub-
bles, therefore periods of exuberance then followed by 
a collapse, but it does not necessarily succeed in case of 
negative bubbles, that is episodes that start with a price 
crash (Gharib et al., 2021, pp. 3-4).22 In fact, bubble 
detection can only by applied ex post, therefore when the 
bubbles have already collapsed. This substantially limits 
the actual applicability of the approach by analysts and 
policy makers. Moreover, currently available tests only 
apply to univariate bubble detection. Multivariate bub-
ble testing has not yet been proposed and this prevents a 
direct investigation of contagion across commodities. 

Regarding all these aspects, results obtained in the 
present study also suggest the extension of the adopted 
tool to other stochastic processes, particularly those 
expressing non-linear dynamics of commodity prices in 
both level and variance. Multiple breaks, fractional inte-
gration, fractal and wavelet analysis are some examples 
in this direction. Finally, it would be particularly helpful 
to replicate these results on higher frequency price data. 
Weekly or daily prices, if available, might definitely be 
useful to better refine this real-time surveillance policy 
tool making it more timely and accurate. However, these 
data might also bring about more statistical noise, thus 
making the identification of co-exceedance more dif-
ficult and uncertain, and increasing the risk of false 
alarms. Therefore, replication of the present analysis on 
these data could allow to assess the advantages and dis-
advantages in the use of higher frequencies. 
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ANNEX 1 - DESCRIPTION OF THE 
DATA USED IN THE ANALYSIS

Individual commodity prices (source: IMF)

Oil: Crude Oil (petroleum), Price index, 2005 = 100, 
simple average of three spot prices; Dated Brent, West 
Texas Intermediate, and the Dubai Fateh
Gas: Natural Gas, Russian Natural Gas border price in 
Germany, US$ per Million Metric British Thermal Unit
Coal: Australian thermal coal, 12,000- btu/pound, less 
than 1% sulfur, 14% ash, FOB Newcastle/Port Kembla, 
US$ per metric ton
Aluminium: 99.5% minimum purity, LME spot price, 
CIF UK ports, US$ per metric ton

Copper: grade A cathode, LME spot price, CIF Europe-
an ports, US$ per metric ton
Zinc: high grade 98% pure, US$ per metric ton
Nickel: melting grade, LME spot price, CIF European 
ports, US$ per metric ton
Wheat: No.1 Hard Red Winter, ordinary protein, Kansas 
City, US$ per metric ton
Corn: U.S. No.2 Yellow, FOB Gulf of Mexico, U.S. price, 
US$ per metric ton
Soy: U.S. soybeans, Chicago Soybean futures contract 
(first contract forward) No. 2 yellow and par, US$ per 
metric ton
Beef: Australian and New Zealand 85% lean fores, CIF 
U.S. import price, US cents per pound

Table A1. Descriptive statistics on commodity price indexes and commodity prices (1980M1-2021M12).

Series Obs Minimum Maximum Mean Standard 
Deviation Skewness Kurtosis

Price indexes
FoodInda 372 76.04 194.1 121.9 60.20 -0.384 1.965
MetInd 504 44.16 256.2 101.3 53.69 -0.084 2.556
EneIndb 360 22.07 257.3 99.75 67.76 -0.656 2.244
CPI 504 40.79 146.2 92.17 28.09 -0.005 1.799

Price levels
Oil 504 18.44 249.6 84.09 56.86 0.877 2.534
Coal 504 24.09 240.7 57.66 34.01 1.584 5.816
Gasc 444 1.444 32.91 5.398 4.199 1.979 10.42
Aluminium 504 918.8 3578 1712 468.1 0.778 3.325
Copper 504 1272 10308 3882 2520 0.742 2.116
Zinc 504 597.4 4381 1541 786.4 1.019 3.277
Nickel 504 3433 51783 11394 7270 1.867 8.130
Wheat 504 88.55 403.8 168.5 54.33 1.235 4.396
Corn 504 65.35 332.9 142.7 57.14 1.420 4.542
Soy 504 158.31 622.9 292.1 105.4 1.036 3.204
Beef 504 74.26 272.2 130.5 44.44 1.026 3.111

Price logarithms
Oil 504 2.914 5.520 4.207 0.671 0.202 1.755
Coal 504 3.178 5.483 3.913 0.510 0.610 2.358
Gasc 444 0.367 3.493 1.461 4.250 1.255 6.286
Aluminium 504 6.823 8.182 7.409 0.265 0 .158 2.542
Copper 504 7.148 9.240 8.056 0.642 0.289 1.566
Zinc 504 6.392 8.385 7.222 0.477 0.370 1.948
Nickel 504 8.141 10.85 9.173 0.566 0.330 2.406
Wheat 504 4.483 6.000 5.081 0.296 0.489 2.882
Corn 504 4.179 5.807 4.894 0.353 0.663 2.868
Soy 504 5.064 6.434 5.619 0 .332 0.520 2.277
Beef 504 4.307 5.606 4.820 0.313 0.568 2.316

a 1991M1-2021M12.
b 1992M1-2021M12.
c 1985M1-2021M12.
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Aggregate commodity price indexes (source: IMF)

FoodInd: Food Price Index, 2016 = 100, includes Cereal, 
Vegetable Oils, Meat, Seafood, Sugar, and Other Food 
(Apple (non-citrus fruit), Bananas, Chana (legumes), Fish-
meal, Groundnuts, Milk (dairy), Tomato (veg)) Price Indices
MetInd: Metals Price Index, 2005 = 100, includes Cop-
per, Aluminium, Iron Ore, Tin, Nickel, Zinc, Lead, and 
Uranium Price Indices
EneInd: Fuel (Energy) Index, 2005 = 100, includes Crude 
oil (petroleum), Natural Gas, and Coal Price Indices

Overall Consumer Price Index (source: US Federal Reserve)

CPI: Federal Reserve Economic Data, Economic Research 
Division, Federal Reserve Bank of St. Louis. CPIAUCNS 
Consumer Price Index for All Urban Consumers: All 
Items in U.S. City Average, Index 1982-1984=100, Month-
ly, Not Seasonally Adjusted. The Inflation rate is comput-
ed as the monthly growth rate of this CPI.

ANNEX 2 – COMMODITY PRICE DYNAMICS
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Figure A1. Commodity price indexes (2005M1=100) 
(1980M1-2021M12).
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Figure A2. Energy commodities prices (2005M1=100) 
(1980M1-2021M12).
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Figure A3. Metals prices (2005M1=100) (1980M1-2021M12).
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Figure A4. Agricultural commodities prices (2005M1=100) 
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Figure A5. Logarithms of the energy commodities prices 
(2005M1=100) (1980M1-2021M12).

Figure A6. Logarithms of the metals prices (2005M1=100) 
(1980M1-2021M12).

Figure A7. Logarithms of the agricultural commodities prices 
(2005M1=100) (1980M1-2021M12).
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Figure A8. Oil price (2005=100), CPI (2005=100) and inflation rate 
(1980M1-2021M12).

Figure A9. GARCH(1,1) model standard error in-sam-
ple prediction (a) and BSADF test for CPI and Inflation rate 
(1980M1-2021M12).
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ANNEX 3 – UNIT-ROOT AND GRANGER-CAUSALITY TESTS WITH STRUCTURAL BREAKS

Table A2. Testing with structural breaks within an ADF specification (unit-root testing) for commodity price indexes, price levels and loga-
rithm of levels (1980M1-2021M12).

Series
ZA (break month)e CMR (b.reak months)f

Intercept Intercept&Trend AO IO

Price indexes
FoodInda -4.780 -4.932 -3.844 (1990M2*; 2006M3*) -7.408* (1990M2*; 2006M3*)
MetInd -3.826 -4.048 -5.176 (2005M6*; 2014M3*) -5.406 (2004M9*; 2013M7*)
EneIndb -4.199 -4.305 -4.736 (1991M2*; 2004M9*) -4.831 (1990M11*; 2003M11*)
CPI -3.461 -3.730 -3.079 (1992M5*; 2007M10*) -2.570 (1985M11*; 2002M11*)

Price levels
Oil -4.731 -4.755 -6.299* (2005M9*; 2015M2*) -6110* (2003M11*; 2013M5*)
Coal -5.245* (2006M11) -5.253* (2006M11) -2.869 (2007M3*; 2008M1*) -5.791* (2006M9*; 2007M6*)
Gasc -2.337 -2.454 -2.462 (2004M11*; 2014M5*) -1.718* (2003M8*; 2013M11*)
Aluminium -4.532 -4.399 -3.447 (1987M4*; 2004M4*) -5.603* (2004M8*; 2007M6*)
Copper -4.471 -4.464 -3.589 (2005M6*; 2014M3*) -4.131 (2004M4*; 2013M6)
Zinc -4.236 -4.236 -4.209 (2005M6*; 2006M10*) -5.614* (2004M10*; 2007M4*)
Nickel -4.027 -4.626 -4.155 (2005M9*; 2007M1*) -6.867 (2005M2*; 2006M4*)
Wheat -3.663 -3.673 -3.747 (2007M4*; 2013M10*) -5.190 (2009M11*; 2013M1*)
Corn -4.572 -4.577 -5.119 (2009M11*; 2013M1*) -5.688* (2009M5*; 2012M6*)
Soy -5.091* (2006M10) -5.102* (2007M5) -4.749 (2007M3*; 2013M11*) -6.061 (2006M3*; 2013M3*)
Beef -4.009 -4.574 -4.244 (2009M5*; 2018M8*) -4.532 (2008M9*; 2018M9*)

Logarithm of price levels
Oil -4.188 -4.363 -5.055 (1985M4*; 2003M9*) -4..888 (1998M1*; 2003M11*)
Coal -4.273 -4.597 -3.476 (2007M3*; 2008M1*) -4..753 (2002M9*; 2005M9*)
Gasc -2.598 -4.706 -4.327 (1993M10*; 2003M8*) -6..451* (1993M11*; 2003M9*)
Aluminium -4.349 -4.639 -4.366 (1987M4*; 2003M4*) -5.307* (2004M5*; 2007M6*)
Copper -4.584 -4.699 -4.392 (1987M1*; 2005M6*) -4.820* (1985M2*; 2002M8*)
Zinc -4.701 -4.708 -4.580 (2005M6*; 2007M1*) -5.333 (1986M8*; 2004M6*)
Nickel -3.958 -4.204 -4.401 (1987M1*; 2006M3*) -4.586 (1986M2*; 2002M3*)
Wheat -3.972 -3.969 -3.456 (2006M10*; 2013M10*) -4.270 (2004M10*; 2013M4*)
Corn -4.750 -4.772 -5.037 (2006M3*; 2013M10*) -4.969 (2005M7*; 2012M4*)
Soy -5.343* (2006M10) -5.390* (2006M10) -4.472 (2007M3*; 2013M11*) -5.638* (2005M8*; 2013M3*)
Beef -4.039 -4.886 -4.432 (1993M1*; 2009M5*) -4.169 (2002M4*; 2008M9*)

*Statistically significant at 5% confidence level. 
a 1991M1-2021M12.
b 1992M1-2021M12.
c 1985M1-2021M12.
e Zivot Andrews (ZA) unit-root test with one endogenous structural break in the intercept or in both the intercept and the deterministic 
trend; lags selected with AIC between 6 and 12 months; only statistically significant breaks are reported. 
f Clemente, Montanes and Reyes (CMR) unit-root test with two endogenous breaks (mean shifts) and deterministic trend; lags selected with 
AIC between 6 and 12 months; AO=Additive Outlier and IO=Innovational Outlier specifications; only statistically significant breaks are 
reported.
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Table A3. Granger causality test (χ2) of VAR model estimates 
with Oil, Coal, Natural Gas and CPI as endogenous variables 
(1985M1-2021M12)a,b 

Price levels Logarithms of price levels

Crude oil
Coal 13.51* 8.529*
Gas 3.558 9.221*
CPI 5.138 8.354*
Structural break dummies: 2003M11; 20013M5 4.955*; 1.273 -0.069*; -0.021

Coal
Crude oil 16.09* 8.6054*
Gas 7.41 0.01853
CPI 3.251 0.77946
Structural break dummies: 2003M11; 20013M5 2.131; -0.375 0.039*; 0.004

Gas
Crude oil 0.739 1.253
Coal 56.59* 3.353
CPI 5.204 6.060
Structural break dummies: 2003M11; 20013M5 -0.257; -0.052 -0.034; -0.035

CPI
Crude oil 67.25* 47.25*
Coal 17.18* 15.91*
Gas 5.573 0.876
Structural break dummies: 2003M11; 20013M5 0.067; 0.043 0.001; 0.000

*Statistically significant at 5% confidence level.
a The period considered depends on natural gas data availability.
b The VAR model specification includes a drift, a deterministic 
trend and lags decided on the basis of AIC.
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Abstract. This study develops a hydroeconomic input-output (IO) model to evaluate 
the pressures that economic activities exert on water resources. For a better under-
standing of the sectoral and total impacts, three innovations are incorporated with 
respect to previous literature: i) the development of a methodology for disaggregat-
ing the extended water demand (blue water plus grey water) by economic sector, ii) 
the use of the IO side of the model to reclassify water demand by “extracting” and 
“demanding” sectors, and iii) the proposition of an improved indicator of pressure on 
water resources based on a “feasible” measure of water supply. Empirically tested in the 
Tuscany region (Italy), our findings reveal significant changes in the structure of eco-
nomic pressures when adopting the proposed approach. When assessing direct total 
water withdrawals, agriculture accounts for 61% and manufacture for 20% of regional 
pressures. However, when considering only the demand for water resources exposed 
to scarcity reclassified by demanding sectors, agriculture falls to 5% and manufacture 
rises to 54%. By incorporating grey water in water demand and a “feasible” measure of 
supply, the regional water exploitation indicator increases from 0.05 to 0.19, and can 
even reach 0.30 with dry hydrological conditions, beyond the threshold for moderate 
scarcity (0.20). The unbalance between water supply and demand worsen even more 
when considering the balance of surface waters only (1.16). The proposed model can 
support an in-depth analysis of an economy’s water footprint, allowing impacts to be 
mapped from specific industries to particular water bodies. This information can sup-
port decisions about sustainable water management at the national and regional levels.

Keywords:	 input-output, extended water demand, feasible water supply, extended 
water exploitation index, Tuscany.

JEL Codes:	 C67, Q25, Q50.

1. INTRODUCTION

Input-output (IO) models have been widely used to quantify the direct 
and indirect water consumed by industries in order to satisfy the final 
demand (Velazquez, 2006; Guan and Hubacek 2008; Lenzen et al., 2013; 
Ridoutt et al., 2018). A typical use of input-output models extended to water 
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resources is for structural analysis. A wide literature has 
been developed in the last years on the concept of water-
energy-food (WEF) nexus, aiming at studying the struc-
tural interdependencies among human needs, production 
activities and natural resources and the related social, 
technological and environmental constraints (White 
et al., 2018; Xiao et al., 2019; Deng et al., 2020; Lee et al 
2021; Meng et al., 2017). A further field of application of 
environmentally extended IO models is the analysis of 
virtual water flows among countries and the quantifica-
tion of the water footprint at the regional, national and 
global scale (Feng et al., 2011; Duarte et al, 2016; Arto et 
al, 2016; Sturla et al 2023 and 2024; Wang et al., 2021).

IO models are also used to assess the water balance 
of the economy, comparing an estimate of water demand 
based on economic modelling with a measure of water 
supply based on hydrological data (Cámara and Llop, 
2020; Garcia-Hernandez and Brouwer, 2021). Studies, 
however, differ on how the demand for water generated 
by human activities is defined. Cámara and Llop (2020), 
for instance, consider the net demand (withdrawals minus 
discharges) while Garcia-Hernandez and Brouwer (2021) 
consider only water withdrawals. Furthermore, these 
studies do not consider grey water, i.e. the water required 
for dilution of pollutants present in water discharges.

In a paper on North China, Guan and Hubacek 
(2008) use an IO model to determine an “extended” 
demand of water, defined as the net demand (including 
blue and green water) plus the water required for pollut-
ants dilution (grey water). Grey water is estimated based 
on a mixing model developed by Xie (1996), using the 
chemical oxygen demand (COD) as an indicator of pol-
lution. Grey water requirements (and, as a consequence, 
the extended demand), however, is quantified only for 
the whole economy. Furthermore, in modeling the inter-
actions between the economy and the natural hydrologi-
cal system, these authors do not quantify any indicator 
of economic pressure over water resources. 

In literature, several indicators of pressure on water 
resources have been proposed. The water exploitation 
index (WEI) corresponds to the ratio between blue 
water withdrawals and natural availability net of the 
ecological flow (European Environment Agency, 2005). 
An improved version of the WEI (WEI+) subtracts 
returns to water bodies, therefore considering the net 
water demand (Faergemann, 2012; European Environ-
ment Agency, 2020; Casadei et al., 2020). In other stud-
ies, the water availability index (WAI) or withdrawals to 
availability (WTA) ratio is defined as the ratio of water 
withdrawals to renewable water availability (OECD, 
2015; Garcia-Hernandez and Brouwer, 2021; Pfister et 
al., 2009). A conventional threshold value of 20% for all 

the mentioned indicators is used as a water scarcity cri-
terion. This threshold has been recommended to iden-
tify the presence of some degree of water stress, while a 
value of 40% has been proposed to differentiate moder-
ate from severe shortages, without any specific consid-
erations of regulation capacity and extraction feasibility 
(Raskin et al., 1997; Alcamo et. al, 2000, Pfister et al., 
2009, CIRCABC, 2012).

Based on this background, the objective of this 
paper is to develop an input-output hydroeconom-
ic model to evaluate the economic pressure on water 
resources in a more comprehensive way than previous 
studies. The main innovations of our approach are: i) the 
development of a methodology for disaggregating the 
extended water demand (including grey water require-
ments) by economic sector, ii) the use of the IO side of 
the model to reclassify water demand by “extracting” 
and “demanding” sectors, and iii) the proposition of an 
improved indicator of pressure on water resources based 
on a “feasible” measure of water supply. 

To calculate the grey water demand for each eco-
nomic sector, a mixing model is solved that consid-
ers the capacity of surface and groundwater to degrade 
organic matter, not only the standard model based on 
the mass continuity equation of the dough (Hoekstra 
2011). We use a modified version of the model proposed 
by Xie et al. (1996) to estimate the requirements of water 
for dilution by economic sector, considering that water 
for dilution is supplied by the hydrological system with a 
given level of pollution.

In our model some industries withdraw and return 
water directly from/to the hydrological system while oth-
ers do so only through the water supply and the sewer-
age services. When considering only the direct withdraw-
als from water bodies, we refer to “extracting industries”. 
The input-output matrix, through the intermediate flows 
of goods and services, allows us to reclassify the water 
demand by “demanding sector”, that is, a new distribu-
tion of water uses that considers the direct and indirect 
pressure of economic sectors on water resources. 

The indicator of pressure on water resources proposed 
in this study corresponds to the WEI+ indicator but 
including grey water also in the numerator and consid-
ering a feasible measure of supply as a denominator. The 
groundwater supply considers long-term recharge within 
a technical range of abstraction. The supply of surface 
water includes also technical (extraction capacity) and 
institutional (water concessions) constraints. According to 
our Extended Water Exploitation Index (EWEI) the fea-
sible supply depends on hydrology conditions. The more 
the hydrology is distant from the average year, the more 
technical and institutional constraints are important. 
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We implement the model for the Tuscany region of 
Italy. Using hydrometeorological information, the water 
availability is determined, from which the feasible supply 
is estimated. The mixing model depends on water quality 
parameters, the effect of water availability on the COD 
concentration in water bodies and the water discharges 
from the IO hydro-economic model (two-way arrow in 
Figure 1). Based on the results of the mixing model (dilu-
tion water coefficients), water withdrawal and discharge 
coefficients and the IO regional table, the hydro econom-
ic model allows to calculate the extended water demand 
by extracting industry and reclassify it by demanding 
industry. Finally, based on the extended water demand 
and the feasible supply, the EWEI indicator is obtained.

The paper is organized as follows. Section 2 presents 
the structure of the input-output model extended to water 
resources, including the methodology for estimating 
water requirements for dilution and the reclassification 
of the extended demand by demanding industry. Section 
3 presents the proposed pressure indicator, based on the 
model’s output and on information about surface and 
groundwater availability in the region. Section 4 describes 
data and methods used to implement the empirical mod-
el for Tuscany. Section 5 presents the results for the ref-
erence year in terms of net and extended water demand 
classified by industry and water body and an assessment 
of the overall level of pressure on water resources in Tus-
cany based on the EWEI. Section 6 presents a discussion 
of the main results and of methodological limitations of 
the study. Finally, section 7 provides concluding remarks 
and suggestions for future research. 

2. THE HYDRO-ECONOMIC MODEL

2.1. Hydro-economic water flows

Following Guan and Hubacek (2008) we consider 
the extended demand approach, which include the water 
withdrawals for productive1 uses minus the discharges 
of water to the hydrological system plus the unavail-
able water for qualitative balance of water bodies (water 
requirements to dilute the pollution).

The economic system withdraws water from under-
ground and surface sources (blue water) and from rain 
and soil moisture (green water). After productive uses, 

1 In this study, we are interested in water used for production. That is, 
we assume that water for domestic uses is provided by the water sup-
ply industry. Actually, there are also direct withdrawals by households 
from groundwater and surface water bodies whose relevance, however, 
depends on the case study. In Tuscany, this component of the household 
demand for water does not exceed 3% of total and has not been consid-
ered in the analysis.

water can be divided into: i) water discharged to surface 
and groundwater, ii) water incorporated in products and 
consumed in services, iii) water consumptions by evapo-
ration and transpiration into the atmosphere, and iv) 
water removed from the immediate water environment 
(Kenny et al., 2019; Macknick et al., 2012).

Figure 1 presents a schematic illustration of the 
water flows in the hydro-economic system. The produc-
tive system extracts water from the hydrological system 
supply (withdrawals), that is, surface water, groundwater, 
precipitation and soil moisture (the latter two compo-
nents associated with agriculture). A part of this water 
is consumed (goods and services, evaporation and tran-
spiration); the remaining part is discharged with pollu-
tion to groundwater and surface water (discharges). By 
means of physical-chemical processes and fresh water 
from the hydrological system reserved for quality resto-
ration (dilution requirements), the restored water is avail-
able again for use in the production system (in volume 
and quality). Water that returns to the atmosphere  is 
not considered as a recharge within the reference period 
of the model (one year). 

It is important to note that the concept of net water 
demand (withdrawals minus discharges), widely used in 
the literature to estimate the water exploitation index 
(WEI+) (Faergemann, 2012; European Environment 
Agency, 2020) considers only the volume of water. The 
concept of extended water demand used in the present 
study to calculate the extended water exploitation index 
(EWEI), conversely,  considers both water volume and 
water quality.

2.2. Input-output hydro-economic model

We consider an economic system with n produc-
tive sectors (industries) and a water system with m water 

Figure 1. Scheme of the hydro-economic input-output model. 
Source: Own elaborations.
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sources (or water bodies) to build an environmentally 
extended IO model (Miller and Blair, 2009).

Let Ad
2 be the matrix of coefficients that represents 

the structure of intermediate consumptions per unit 
of output of production activities, calculated from the 
domestic flows input-output table. The total production 
of the n industries can be calculated from the following 
equation:

x = (I - Ad)-1y� (1)

where x is the vector of gross output of the industries, 
y is the vector of the final demand and I is the unit 
matrix. In the hydro-economic approach, the model is 
expanded to link the level of activation of each industry 
with exchange flows between production activities and 
the water bodies composing the hydrological system. 
Let:
fk be the (n × 1) vector of the unit water withdrawal 
coefficients (m3/€) of industries from the water body k.
rk be the (n × 1) vector of the unit water discharge coef-
ficients (m3/€) of industries to the water body k.
wk be the (n × 1) vector of the unit water for dilution 
requirement coefficients (m3/€) of industries for the 
water body k.

The extended water demand (n × 1) vector ek for the 
water body k, disaggregated by industry, is given by:

ek = (  -  + ) (I - Ad)-1y, k = 1,…,m� (2)

The hat symbol indicates the diagonalization of the 
vector. By repeating the operation for the m bodies of 
water considered in the model it is possible to constitute 
the (n × m) matrix ED representing the extended water 
demand of the n productive sectors from the m bodies 
of water: 

ED = (F - R + W)� (3)

where the (n × m) matrices F, R and W represent respec-
tively the withdrawal, discharge and dilution require-
ments coefficients by industry and water body.

The total extended demand of water associated with 
the entire economy, by water source, can be represented 
by the (m × 1) vector TED:

TED = (F - R + W)’x� (4)

2 For the purposes of this paper, the matrix of direct coefficients for 
domestic production is calculated following the methodology of Weber 
et al. (2008). This method assumes that each economic sector and final 
demand category uses imports in the same proportions.

where the symbol ’ represents the transposed matrix. 
The net water demand (ND) can be calculated in an 
analogous way simply excluding from equations (2) to 
(4) the terms referring to water requirement for dilution 
(vectors wk and matrix W).

2.3. Water requirements for dilution 

In this section we show how the (n × 1) vector wk, 
which was defined in the previous section, is calculated 
to determine the water requirements for pollutants dilu-
tion by economic sector and by water body k. 

We use a mixing model considering the chemical 
oxygen demand (COD) parameter based on the model 
developed by Xie (1996) (Xie-Model, hereafter) and used 
by Guan and Hubacek (2008) to estimate the extended 
demand for the whole economy. This model considers 
that pollutants are diluted as a result of three effects: 
mixing with fresh water with a lower concentration, 
chemical reactions before entering the water bodies and 
chemical reactions after entering the water bodies. The 
first component refers to the surface waters and ground-
water existing in the discharge areas and the additional 
water required when this is not enough. This additional 
water corresponds to grey water. (For more details see 
Appendix A). In this work, we improve the Guan and 
Hubacek’s approach as follows:
–	 the water requirement for dilution associated with 

each production sector is estimated (only for the 
whole economy in the Xie-Model); 

–	 the dilution water is considered to have a COD con-
centration similar to the water available for produc-
tive use (COD equal to zero in the Xie-Model); 

–	 the worst case is assumed, i.e., when there is no 
availability of water in the receiving bodies (total 
natural supply in the Xie-Model). 
Let assume that vector wk comes from a (m × n) 

matrix W whose elements wkj represent the coefficients 
of water for dilution (m3/€) referred to the body of water 
k and the industry j:

wkj = 

where, ukj (m3/year) is the element of the (m × n)  matrix 
U representing the water required for dilution (includ-
ing losses) in the water body k by the economic sector 
j, while xj (€) corresponds to the total output of sector j.3

3 For the case of this study m = 3 (groundwater, surface water and soil 
moisture), however, the third column of the matrix W (and the matrix 
U) corresponds to zeros, since the water for dilution is only required to 
purify water discharged in surface and groundwater bodies.
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The following expression (mixing model) is used to 
estimate ukj:

ukj =  ∙ qpkj
� (6)

where:
k1k

: total reaction rate of pollutants after entering the 
water body k;
k2k

: pollution purification rate before entering the water 
body k;
qpkj

: discharges into the water body k associated with 
industry j;
cpkj

: COD concentration in the discharges to the water 
body k associated with economic sector j;
csk

: standard COD concentration in water body k;
c0k

: COD concentration in water body k.
The standard COD concentration csk

 refers to a low 
level of pollution associated with good water quality in 
water bodies. The water used for dilution has a concen-
tration equal to that of the receiving water bodies (c0k

).
Note that in equation (6) the discharge corresponds 

to qpkj
 = rkj ∙ xj, obtained through the hydro-economic 

input-output model. 
The COD concentration in water bodies is a 

parameter that depends on the hydrological system 
(c0k

), decreasing when water availability is higher and 
increasing when it is lower. In the case of this study, 
the concentration associated to an average availability is 
considered in the base analysis and modified to calcu-
late the water exploitation index in case of dry and wet 
hydrology.

Appendix A (Supplementary Materials) presents the 
development of the mixing model by explaining in detail 
the differences between our study and the Xie-Model.

2.4. Reclassification by demanding sectors 

The input-output matrix, through the intermedi-
ate f lows of goods and services, allows to reclassify 
the net demand and the extended demand of water by 
“demanding sectors”, that is, according to a new distri-
bution that considers the direct and indirect pressure of 
each economic sector on the different water bodies of 
the hydrological system.

It is possible to rewrite equation (2) based on (1),

ek = (  -  + ) ∙ x, k = 1,…,m� (7)

The coefficients in vectors fk, rk and wk are differ-
ent from zero only for production activities that actu-

ally withdraw and return water from/to water bodies. 
Despite all production activities require and discharge 
water (although to a different extent), the withdraw-
als and the discharges of water from/to different bodies 
of the hydrological system are actually carried out only 
by a limited number of industries (extracting sectors). 
For example, the largest part of service activities pur-
chase water from the water supply sector and discharges 
water throughout the sewerage service sector. Referring 
to equation (7) would provide only a partial view of the 
interdependencies existing between the economy and the 
hydrological system.

It is of interest to know the use of water reclassified 
by demanding sectors. This was done adding to the total 
direct use of water of each sector the “virtual” demand 
of water from other sectors associated with the purchase 
of intermediate inputs; and subtracting the “virtual” 
sales of water to other sectors via the supply of interme-
diate inputs as well.

The vector of “virtual” water sales associated with 
water source k is,

sk = (  -  + ) Adx� (8)

The vector of “virtual” water purchases associated 
with water source k is,

pk = A’d(fk - rk + wk)� (9)

Thus, the reclassified water extended demand vec-
tor ( ) for the water source k can be written combining 
equations (7), (8) and (9).

 = ek - sk + ck = (  -  + )(x - Adx)+ A’d(fk - rk + wk)� (10)

Repeating this procedure for each of the m water 
sources, the (n × m) matrix RED is obtained, represent-
ing the extended demand from the m bodies of water 
reclassified by demanding sector. The reclassified extend-
ed water demand (n x m) matrix RED can be written as:

RED = (  -  + A’d)(F - R + W)� (11)

Following a similar procedure, it is possible to find 
the expressions for the reclassified net demand vector  
( ) for the water source k and the (n × m) matrix RND 
representing the extended demand from the m water 
bodies reclassified by demanding sectors.
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3. AN INDICATOR OF ECONOMIC 
PRESSURE ON WATER RESOURCES

3.1. Water supply

In the previous section, the economic demand for 
water has been defined. An analysis of economic pres-
sures on water resources must also consider water avail-
ability. Most of the literature has used the natural water 
supply net of a minimum ecological flow (Faergemann, 
2012; European Environment Agency, 2020; OECD, 
2015; García-Hernández and Brouwer, 2021; Pfister 
et al., 2009). However, it is not realistic to assume that 
it is always possible to extract all available surface and 
groundwater. In practice, in addition to environmental 
restrictions there are technical and institutional con-
straints. In the following sections, the natural water 
supply is characterized based on the hydrological com-
ponents and a way to correct the natural supply is pro-
posed based on technical and institutional factors.

3.2. Natural supply 

Our water supply indicator considers blue water sup-
ply and does not include green water (precipitation and 
soil moisture). To determine the water supply it is neces-
sary to know the components of the hydrological simpli-
fied regional balance (Braca et al., 2021, 2022) for a year 
t, which are precipitation (Pt), evapotranspiration (Et), 
groundwater recharge (It), runoff (Rt) and the variation 
in soil moisture (ΔV). The balance equation is:

Pt = Et + It + Rt + ΔVt� (12)

The annual natural supply of groundwater and sur-
face water ( ) is equal to the sum of the recharge of 
the aquifers and the runoff: 

 = It + Rt� (13)

This natural supply is variable from year to year, so 
a long-term natural supply is defined, based on long-
term groundwater recharge and average runoff.

 = I + R� (14)

For the construction of the WEI (European Envi-
ronment Agency, 2005), WEI+ (Faergemann, 2012; Euro-
pean Environment Agency, 2020), WTA (OECD, 2015; 
Pfister et al., 2009) and WAI (Garcia-Hernandez and 
Brouwer, 2021) indicators, a version of the long-term 
natural supply net of the environmental requirements, 

i.e. the ecological flow (EF), is used. In our notation we 
define the natural supply with ecological flow as:

S = I + R - EF� (15)

3.3. Feasible supply

We define a “feasible” water supply taking into 
account environmental, technical, and institutional 
limitations to natural water supply. The management 
of renewable but limited resources must consider these 
aspects that constrain the use of water by the economic 
system. In the following, the feasible supply is character-
ized in a detailed and formal way.

The technical, institutional, and environmental limi-
tations that characterizes the feasible supply for surface 
water are the following. First of all, although rivers are 
renewed year after year, not all the runoff of water can 
be used for economic purposes. On one hand, in the 
years of high flow, the possibility to capture and accu-
mulate water (hydraulic works) is limited; moreover, it 
could not be possible to extract all the natural supply 
of water because the active concessions do not allow it. 
Second, it is not environmentally sustainable to extract 
all available water as a minimum “ecological” flow is 
required for the aquatic ecosystem to continue to thrive 
and provide their services. A “feasible” measure of water 
supply must take into account that it is possible to with-
draw water only up to a certain maximum quantity.

The proposed definition of a feasible supply of sur-
face water is based on the following assumptions:
–	 the maximum amount of surface water extraction 

is defined by the sum of the maximum withdraw-
als allowed by current concessions; the assump-
tion we make here is that the concessions have been 
efficiently awarded, considering all technical and 
hydrological aspects;

·	 the surface water supply is considered to be limited 
by a minimum “ecological” flow, as a constraint to 
environmental sustainability;

–	 the maximum concessions levy is defined as M , 
where M is a factor not necessarily less than 1 and  
is the average annual runoff;

–	 the minimum ecological flow is defined as E , where 
E∈(0,1);

–	 the “feasible” annual average runoff is strictly lower 
than the  value.
Summing up the value of  is:

� (16)
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The technical, institutional, and environmental limi-
tations that affect the feasible supply of groundwater are 
different. Groundwater corresponds to a stock that var-
ies according to the annual recharge; consequently, the 
extraction annually available depends more on the aver-
age annual top-up than on the top-up of the year. Unlike 
surface water, if the recharge in a given year is low, it is 
still possible to extract a larger quantity (reservoir effect); 
conversely, when the recharge is high, there are techni-
cal and institutional limitations to extraction. The fea-
sible supply can be equal to the average recharge (which 
ensures sustainability, i.e., a non-decreasing groundwater 
stock); however, there are some variations that depend on 
the stock of the resource and the amount of water that 
infiltrates during the year. In a scenario in which there 
is no over-exploitation of the aquifers, that is, there are 
no large variations in the stock, it makes sense to assume 
that sustainable extraction will be around the average 
recharge, that is, it will be a little lower in a rainy year 
and a little higher in a dry year. In general, groundwater 
concessions are awarded for a slightly higher value than 
the annual sustainable recharge, since there are years 
in which it would not be possible to extract the actual 
recharge (due technical limitations, especially for small 
users) and other years when it is possible to extract more 
than the average recharge.

The proposed definition of a feasible supply of 
groundwater is based on the following assumptions:
–	 the sum of the groundwater concessions (D) is the 

feasible upper supply limit;
–	 the difference between the sum of the concessions 

and the average annual recharge (D - ), defines 
a share B by which the average recharge can be 
increased to calculate the feasible supply (B = ) 
where B∈(0,1) and  is the average annual recharge;

–	 the feasible groundwater supply (that can be drawn 
in one year) will be in the range [ (1 - B), (1 + B)];
Summing up the value of  is:

� (17)

Consequently, if the distribution of I is symmetrical 
around the average, the feasible annual average supply 
will be equal to the value .

The feasible supply for a year t (FSt) can be defined as:

FSt = 

The long-run feasible supply (FS) corresponds to the 
average over time (N years):

FS =  = 

This correction made to the natural supply of water 
allows for a more precise approach to the availability of 
water in the study region. The formulation considers that a 
series of N years of the hydrological components is available. 
The longer the series, the more representative of the long-
term this defined feasible supply will be. In the next section, 
an indicator of pressure on water resources is defined con-
sidering the proposed measure of water availability.

3.4. An extended water exploitation index

We propose a new indicator of economic pressure 
on water resources, the Extended Water Exploitation 
Index (EWEI), comparing the extended demand for 
groundwater and surface water, and the feasible supply. 
It basically corresponds to the WEI+ indicator (ratio of 
net demand to natural supply) but including grey water 
and considering environmental, technical and institu-
tional constraints in the use of water. 

Using equations (3) and (19) the EWEI can be writ-
ten as:

EWEI = � (20)

where i is a (1 × n) vector of ones, which allows sum-
ming the extended water demand associated with each 
economic sector. The sum considers groundwater and 
surface water, k={1,2}.

Considering equation (1) the EWEI can be expressed 
in terms of the final demand:

EWEI = � (21)

The other indicators proposed in the literature 
assume a perfect substitutability between groundwater 
and surface water, which is not necessarily true. For this 
reason, in our analysis we also consider the EWEI sepa-
rately for groundwater and surface water4.

4 The EWEI can vary from 0 to values not necessarily lower than 1, 
that would correspond to an extended demand equal to the feasible 
supply. As the index is calculated for a whole region and with reference 
to a one-year period, its value is likely to be largely lower than 1. The 
intra-annual variability of natural supply as well as the uneven spatial 
distribution of water resources, however, suggest that situations of water 
scarcity could exist also in presence of low values of the annual, regional 
index. This justify the value of the conventional scarcity thresholds 
adopted in environmental studies (largely lower than 1) and described 
in section 1.
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4. CASE STUDY

The proposed model was empirically implement-
ed for the Tuscany region (Central Italy). The regional 
Government as well as other agencies involved in vari-
ous ways in the monitoring and management of regional 
water resources made available a wide set of data sources 
to reconstruct the following components of the model: i) 
an input-output table of the Tuscan economy (reference 
year 2017) properly disaggregated; ii) the water with-
drawals (classified by water body) by production activity 
existing in Tuscany (NACE classification); iii) the indus-
tries’ water discharges to the hydrological system by 
water body and by level of water quality; iv) the regional 
hydrological balance and the feasible supply of water.

In what follows we provide a summary of the 
main data used and the assumption made in building 
the model. A detailed documentation of the empirical 
implementation can be found in Appendix B (Supple-
mentary Materials).

4.1. The input-output table of Tuscany.

The model is based on the input-output table (year 
2017) of the Tuscan economy developed by the Regional 
Institute for Economic Planning of Tuscany. The classi-
fication of production activities (56 industries) already 
represented, as separate industries, some of the key sec-
tors in the exchange water flows between the economy 
and the environment (water supply services, sewerage 
services, electricity power production and other activi-
ties with an intensive use of water). Agriculture, an 
industry that makes an intensive use of water resources 
for both crop irrigation and livestock rearing, was dis-
aggregated into 8 subsectors corresponding to General 
Farm Types defined by the EU Regulation 1242/2008 
(farms specialized respectively in fieldcrops, horticul-
ture, permanent crops, grazing livestock, granivores, 
farms with mixed cropping, mixed livestock, mixed 
crops-livestock).

4.2. Water withdrawals and discharge coefficients 

For each industry, water requirements and discharge 
coefficients were estimated using different bibliographic 
and research data.

For agriculture, the estimation of irrigation needs was 
first developed at the municipal level, considering the spe-
cific irrigation requirements of each group of crops based 
on the climate conditions of each municipality. The total 
withdrawals at the municipal level were divided between 

underground (wells and springs) and surface sources of 
supply (reservoirs, lakes, rivers and streams) using the 
information available in the 2010 General Agricultural 
Census at the municipal level. The two sources of supply 
are substantially balanced at the regional level, represent-
ing respectively 49.6% and 50.4% of total withdrawals. 
The estimates of water withdrawals by crop typology were 
then reclassified into the eight sub-sectors of agriculture 
using the data of the census of Tuscan agriculture5. The 
discharge coefficients were quantified as a share of water 
withdrawals. This amount depends on losses due to inef-
ficiency of irrigation systems (30% of total withdrawals) 
and natural losses of soil moisture by evaporation (dis-
charges to the atmosphere). Natural losses were quanti-
fied as a percentage of green water withdrawals, based on 
technical coefficients from literature. We assumed that the 
whole amount of discharges due to inefficiency of irriga-
tion systems returns to ground water bodies.

The estimation of water use coefficients for livestock 
production activities was based on technical literature 
about the needs of water per head of livestock per day. 
Specific coefficients by species and typology of livestock 
unit (age, production type) were applied to the composi-
tion of the regional herd. The estimated total consump-
tion was then distributed among the different FTs based 
on their share in the rearing of Livestock Units accord-
ing to standard results from the FADN public database. 
Discharges were quantified as a fixed proportion of 
withdrawals (13%) and assumed to be returned only to 
groundwater bodies.

For the estimation of the water withdrawal and 
discharge coefficients in the water supply industry, the 
information on water billed in the region for the year 
2016 was used. Secondary data published by ISTAT 
(2019b) were used to disaggregate water withdrawals 
between ground and surface sources. The discharges 
correspond to water losses in the distribution network; 
we assumed that all of these losses are discharged to 
groundwater, constitute groundwater recharge and are 
not contaminated.

For the production of the electricity sector, all the 
existing generators in Tuscany and their annual energy 
production, for the year 2018, were considered at the 
municipality level (GSE, 2022). Water consumption cor-
responds mainly to evaporation in hydroelectric, ther-
moelectric and geothermal power plants, and was con-
sidered as a discharge to the atmosphere. Total with-
drawals and discharges were considered to be from and 
towards surface sources. 

Water requirements for manufacture activities have 

5 Details are provided in Supplementary materials, Appendix B.
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been quantified using non-published national data pro-
vided by ISTAT. Starting from the water withdrawals 
coefficients of the Italian economic activities provided by 
ISTAT, average coefficients were obtained according to 
the regional composition of the 29 aggregated manufac-
turing sectors represented in the IO table, using the per-
manent census of manufacturing activities. The implicit 
assumption is that, different from agriculture, the aver-
age water requirements of manufacture are not affected 
by location. Water discharge coefficients were calculated 
using information from the Exiobase database. Ratios 
and shares for Italian manufacturing activities resulting 
from Exiobase were applied to the estimated water with-
drawals by industry. The distribution of water extraction 
coefficients between groundwater and surface water was 
based on secondary data and reasonable ad hoc assump-
tions.

4.3. Quality of discharged water and mixing model

Water quality is measured based on the chemical 
oxygen demand (COD, in mg/L). This parameter was 
assigned to water returned by macro-sectors discharging 
water directly to water bodies: agriculture, manufacture 
and sewerage. The Water Supply Industry is not con-
sidered because its returns are of water with low COD 
concentration (losses in aqueducts). A methodology was 
defined for each macro-sector to properly characterize 
the quality of its discharges.

For the reaction rate of pollutants after entering the 
water body parameter (k1k

) in equation (6), we consider a 
value (dimensionless) of 2.80 and 3.64 for groundwater 
and surface water, respectively. For the pollution puri-
fication rate before entering the water body parameter 
(k2k

) we consider a value (dimensionless) of 0.82 and 1.00 
for groundwater and surface water, respectively (Guan 
and Hubacek, 2008). 

The standard COD concentration in water bodies 
(csk

) is considered equal to 20 mg/l the value for which 
waters are classified as unpolluted and can be used with-
out prior treatment (Rossi and Benedini, 2020). The 
COD concentration in water bodies (c0k

) is assumed to 
be equal to the standard COD concentration for an aver-
age hydrological year. In the sensitivity analysis for wet 
and dry hydrological years, it is assumed a value of 17.5 
mg/l and 22.5 mg/l, respectively. 

4.4. Hydrological Balance and natural supply

Starting from the information on the hydrologi-
cal balance for Tuscany provided by ISTAT, the aver-

age natural supply of surface and groundwater has been 
calculated as the sum of surface water, groundwater 
and rainfall directly captured by the agriculture sector. 
Regarding the feasible supply, the total volume of surface 
water concessions registered by the Regional Hydrologi-
cal Service (SIR, 2021) corresponds to 2,473 mm3. This 
amount, however, is about 70% of the total, as many of 
the concession’s records do not include information on 
the volume. A maximum value of 3,636 mm3 has been 
estimated by Venturi (2014). The average annual runoff 
is 3,802 mm3, thus the value of parameter M for the cal-
culation of the feasible surface water supply corresponds 
to 95.6% (3,802 mm3).

For the ecological flow, a value of E=20% is consid-
ered. This means that surface water bodies will always 
show a minimum flow rate equivalent to 20% of the 
average annual flow. This is a rather conservative value 
(Rossi and Caporali, 2021).

The maximum value of the groundwater concessions 
is 4,704 mm3, consistent with the interannual regula-
tion of water supply, while the average annual recharge 
is 4,155 mm3 (SIR, 2021). Hence, to quantify the ground-
water feasible supply, a value of B =  = 
13% is considered.

5. RESULTS

5.1. Withdrawals and Discharges

The volume of water withdrawals and discharges by 
water-extracting macro-sectors (direct or “not reclassi-
fied” water use) is shown in figure 2. The total volume 
of water withdrawn by the Tuscan economic system con-
sidering all sources (groundwater, surface water and soil 
moisture) corresponds to 2,043 mm3. The total volume 
of discharges is equal to 685 mm3 (33% of withdrawals), 
with Sewerage services representing about 37% of total. 
The total net demand (withdrawals minus discharges) 
is equal to 1,359 mm3, corresponding to the volume of 
water incorporated into products. Agriculture, the only 
sector using green water, represents about 86% of total 
net demand.

The exclusive use of green water by agriculture 
is ref lected also in the distribution of the net water 
demand by water source (figure 3). The soil moisture 
(987 mm3) represents the 73% of total, with groundwater 
(221 mm3, 16%), surface water (151 mm3, 11%) playing 
only a minor role.

Figure 4 shows the net demand reclassified by 
demanding macro-sectors and divided by water source. 
Services, for example, which neither directly extract 
nor discharge water from/to water bodies, account for a 
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reclassified net demand of 158 mm3, since they purchase 
both water (from the water supply sector) and other 
inputs from extracting sectors. The component of the net 
demand supplied by the soil moisture is now distributed 
among different production activities, with manufactur-
ing “indirectly” using a relevant share of green water.

5.2. Water for dilution and extended demand

Different from Guan and Hubacek (2008) the 
demand of water for dilution has been calculated for 
each industry separately. Of the total demand of grey 
water (974 mm3), 17 mm3 accrue to Agriculture (2%), 
379 mm3 to Manufacturing and Constructions (39%) 
and 578 mm3 to the Sewerage sector (59%). The Water 
Supply industry discharges water with standard quality 
while Services discharges water through the Sewerage 
network.

The breakdown of grey water by industry allows for 
its reclassification by demanding sector. Figure 5 com-
pares direct and reclassified water requirements for dilu-
tion by macro-sector. Services increase from zero to 129 
mm3 in the reclassified case, accounting for a share of 
grey water requirements of Sewerage services and of oth-
er industries from which it purchases inputs. Also Man-

Figure 2. Water withdrawals and discharges by macro sector. Tuscany, 2017 - mm3. Source: Own elaborations.

Figure 3. Net water demand by water source. Tuscany, 2017 - mm3. 
Source: Own elaborations.

Figure 4. Net water demand by demanding macro sector and by 
water source. Tuscany 2017 - mm3. Source: Own elaborations.

Figure 5. Water for dilution by extracting and demanding macro 
sector. Tuscany 2017 - mm3. Source: Own elaborations.
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ufacturing increases its demand for grey water (from 379 
to 449 mm3).

Grey water is a major component of water demand 
of Tuscany. The total extended water demand (total net 
demand plus total water for dilution), is equal to 2,333 
mm3 (+72% compared to the net demand). A prominent 
role is now played by surface bodies (1,094 mm3) that 
supply 47% of water. Groundwater (252 mm3) and soil 
moisture (988 mm3) supply the extended demand for 
11% and 42% respectively.

Figure 6 shows the extended water demand classified 
by demanding sectors and water body. Manufacturing is 
the main user of water resources, accounting for 1,144 
over 2,333 mm3 (49%) of the extended demand, mostly 
relying (54%) on surface bodies.

A complete breakdown of the components of net 
and extended demand reclassified by demanding sector 
for the 56 industries represented in the IO is available in 
Appendix C (Supplementary Materials). 

5.3. Economic pressure on water resources 

The extended demand for water for the reference year 
includes also water requirements supplied by soil mois-
ture to agriculture (green water). To assess the pressures 
of the economy on regional renewable resources, only the 
components of demand supplied by surface and ground 
water bodies (blue and grey water) are considered. In this 
section the extended demand of groundwater and surface 
water is compared with the corresponding feasible supply.

Table 1 provides some summary results for Tuscany. 
The regional extended demand is equal to 1,346 mm3. 
The natural supply corresponds to 7,958 mm3. The eco-
logical flow corresponds to 761 mm3. The feasible supply 
amounts to 7,030 mm3, about 88% of the natural supply; 
the reduction is due to the constraints on supply associ-
ated with surface waters. 

The pressure indicator EWEI proposed in this study 
is compared with the standard indicator WEI+, consid-
ering only net demand and the natural supply net of the 
ecological flow.

In the reference year of the analysis (2017) the 
groundwater recharge component was included in the 
interval assuring the maintenance of the groundwater 
stock in the long-run. Therefore, the feasible supply of 
groundwater is equal to the natural supply. In the case 
of surface water, constraints in water exploitation reduce 
to 2,875 mm3 the “feasible” supply (compared to 3,042 of 
natural supply). The results show that at the regional lev-
el the overall use of water generated by the economy is 
still compatible with the available resources, also when 
natural, technical, and institutional constraints to water 
use are taken into account. When the thresholds pro-
posed in the literature for these indicators are consid-
ered (Raskin et al., 1997; Alcamo et. al, 2000; Pfister et 
al., 2009; CIRCABC, 2012), the WEI+ is well below the 
20% limit. However, when considering the EWEI indi-
cator, the situation in Tuscany appears to be close to a 
moderate scarcity.

As explained in section 3, the denominator of the 
EWEI ratio depends on the values assumed by the 
hydrology in the average year. However, the components 
of the hydrological balance are random variables that 
can largely differ from the mean values both upward 
and downward. It could be interesting to assess what 
would be the pressure on water resources when natural 
components of the balance show extreme values. Figure 
7 shows the results of such a sensitivity analysis, com-
paring the values assumed by the EWEI with a feasible 
supply calculated with reference to a mean hydrological 
situation and to two extreme cases corresponding to the 
years with the best (2010) and the worst (2007) hydro-
logical supply in the reference period (1970 – 2010).

When considering the standard thresholds, it is 
interesting to note that in a dry year, the EWEI value 

Figure 6. Extended water demand by demanding macro sector and 
by water source. Tuscany 2017 - mm3. Source: Own elaborations.

Table 1. Economic pressure of the economy on water resources. 
Tuscany, 2017 – mm3 and pressure indicators.

 Total Ground-
water

Surface 
water

Net water demand (mm3) 372 221 151
Extended water demand (mm3) 1 346 252 1 094
Natural supply minus ecological flow (mm3) 7 197 4 155 3 042
Feasible supply (mm3) 7 030 4 155 2 875
WEI+ 0.052 0.053 0.05
EWEI 0.191 0.061 0.381

Source: Own elaborations.
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(0.3) would indicate that Tuscany is in moderate scar-
city (0.4 being the limit for severe scarcity). Despite this 
value of the EWEI still implies a safety margin between 
the extended demand and the feasible supply, it should 
be considered that the regional mean annual value of the 
EWEI hides a wide variability of the hydrological bal-
ance at the sub-regional level, with possible critical local 
situations. Moreover, the breakdown by water sources 
shows relevant differences between ground and surface 
water. The former faces a quite stable pressure, due to 
the reservoir effect of the stock. Conversely, in the case 
of surface water, a worsening of the hydrological sce-
nario could lead to a relevant increase of pressures, with 
a surface water EWEI almost three times greater (1.16 
vs. 0.38 for the average hydrology scenario). In a critical 
year the extended demand of surface water in Tuscany 
would exceed by 16% the feasible supply.

6. DISCUSSION

The model proposed in this study allows a more 
comprehensive understanding of sectoral economic pres-
sures on water resources. Unlike previous studies, which 
only consider the sectoral disaggregation in blue water 
uses, this study also allows the identification of grey water 
associated with each economic activity. Along the same 
lines, this study makes it possible to evaluate the direct 
and indirect pressures on the different bodies of water, 
through a reclassification by demanding sectors based on 
the IO model. Furthermore, the flexibility of the proposed 
methodology allows evaluating changes in the pressure 
structure when considering different approaches.

The case study is eloquent regarding the significant 
changes that the pressure structure can present. When 
considering withdrawals, a classification of demand by 

extracting sector and all water sources in the quantifi-
cation of supply, agriculture represents 61% of regional 
pressures, manufacturing 20%, and the water sup-
ply industry 19%. On the other hand, when consider-
ing the extended demand, a classification of demand 
by demanding sector, and only water sources actually 
exposed to scarcity (groundwater and surface water), 
agriculture represents 5%, manufacturing 54%, the water 
supply industry 10%, sewerage 16%, and services 5%. 
These differences can be explained by three reasons: i) 
the high green water component in water demand for 
agriculture, ii) the high grey water requirements in man-
ufacturing and sewerage (86% of the total), and iii) the 
relationship between the purchase and sale of intermedi-
ate inputs with embodied water, that is positive for man-
ufacturing, sewerage and services.

These results show that mapping the sectoral struc-
ture is sensitive to the goals pursued in water manage-
ment. If incentives are to be generated to reduce the 
direct and indirect pressures of economic activities 
on the quantity and quality of groundwater and sur-
face water, an approach by demanding sector should be 
adopted.

The developed model also takes care of the role of 
resources availability in the analysis of the economic 
impact on water system. Specifically, a new indicator 
(EWEI) is proposed, which considers the requirements 
for blue and grey water (extended demand), and adjusts 
the natural supply to consider environmental, techni-
cal, and institutional restrictions (feasible supply). Previ-
ous studies, also when including the grey component of 
water demand, only correct the natural supply for envi-
ronmental restrictions.

Once again, the case study exemplifies the differ-
ences in the water resource exploitation indicator when 
aspects not addressed in previous studies are consid-
ered. The indicator predominantly used in the litera-
ture (WEI+) present a value of 0.05; however, the EWEI 
(0.19) indicates that the Tuscany region is very close to 
the threshold of moderate scarcity (0.2) for an average 
hydrological year. The numerator of the WEI+ pressure 
indicator on water resources compares two quantities of 
water (withdrawals and discharges) of different quality. 
As quality is a factor affecting the potential use of water, 
our results confirm that a correction is necessary, as pro-
posed by Guan and Hubacek (2008) and replicated in 
this study.

A significant difference is observed when disaggre-
gating pressure indicators for groundwater and surface 
waters. For surface waters, the proposed indicator has a 
value of 0.381, significantly higher than the correspond-
ing value of the WEI+ indicator. This means that when 

Figure 7. Sensitivity analysis of EWEI indicator. Mean hydrological 
balance vs. extreme years. Source: Own elaborations.
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technical and institutional constraints are considered in 
determining the feasible supply, surface water resources 
in Tuscany show a situation of almost severe scarcity 
(threshold 0.4). The denominator of the standard WEI+ 
indicator contributes to an underestimation of pressures.

To account for variations in climate, this study esti-
mates the EWEI for the driest and wettest hydrology 
within a 40-year period (1971-2010). The results show 
that Tuscany, in case dry hydrology, experiences moder-
ate scarcity (0.30) on average but with huge differences 
between groundwater (0.07) and surface water (1.16) 
resources. This suggests that the region’s most significant 
water management problems, when incorporating water 
quality requirements and technical and institutional 
constraints, concern the surface water component of the 
resource.

Regarding the limitations and assumptions of the 
proposed model, the following key elements should be 
highlighted. First, natural variability also applies within 
the same year. The annual average values of the hydro-
logical balance components completely conceal different 
situations within each year in terms of natural and feasi-
ble water supply. An annual sustainable average pressure 
could imply critical situations during periods of the year 
when the natural water supply is lower.

Second, it has been assumed that agriculture 
extracts a certain amount of water for each euro of 
production directly from soil moisture. However, this 
assumption is only valid in years with average or above-
average hydrology. In the case of dry years, agriculture 
extracts more from groundwater and surface waters 
(mainly for irrigation), increasing pressure on these 
resources.

Third, both the economy and the hydrological sys-
tem also exhibit a geographical variability. The distri-
bution of water intakes for irrigation clearly shows that 
pressures on water resources depend on the location 
of productive activities and the distribution of water 
resources in the regional territory. Critical local situa-
tions could be compatible with a sustainable global bal-
ance between extended demand and feasible water sup-
ply at the regional level.

Finally, water resource exploitation indicators, both 
in the standard version (WEI+) and in the extended ver-
sion proposed in this study (EWEI), assume a perfect 
substitutability between groundwater and surface waters 
in the economic use. This is not necessarily the case, 
especially at the regional level, where there are strong 
geographical constraints on the movement of water 
resources. For this reason, even considering an average 
hydrology, Tuscany could be exposed to critical situa-
tions also at the regional level.

7. CONCLUSIONS

The article proposes a multisectoral and environ-
mentally extended input-output model that represents in 
detail the links between the economy and the hydrologi-
cal system. Water flows are mapped between economic 
activities and different components of the hydrological 
system, considering withdrawals, discharges, and the 
water requirements necessary to maintain the qualitative 
balance of the hydrological system (Extended Demand). 
A classification by extracting and demanding sectors is 
used to allocate pressures on water resources considering 
the both direct and indirect impacts through the pur-
chase and the sale of intermediate inputs. To assess the 
water balance, an extended water exploitation indicator 
(EWEI) is proposed that considers a correction of the 
natural supply based on environmental, technical and 
institutional restrictions.

By empirically testing the model in the Italian 
region of Tuscany, our results show significant changes 
in the structure of sectoral pressures when considering 
the more comprehensive approach proposed. On aver-
age, the hydrological system of Tuscany is capable of 
supplying the water needed by the regional economy for 
medium hydrological conditions. However, the region 
could present moderate scarcity problems for dry years 
and serious scarcity problems in the case of surface 
waters.

The developed model can support an in-depth 
analysis of the water footprint of a regional economy, 
for example, to map pressures on water resources from 
specific industries to specific water bodies, and support 
decisions in water management both at the national and 
regional level.

The identified limitations suggest the direction 
for further refinement of the model. The interannual 
and intra-anual variability of the hydrological balance 
must be modelled. This extension of the model could 
allow not only to associate a measure of its potential 
variability with the average results, but also to simulate 
the impact of climate change scenarios. Furthermore, 
it is necessary to endogenously model the change in 
the composition of water sources used by agriculture, 
an activity that in dry years uses a greater amount of 
groundwater and surface water to make up for the lack 
of soil moisture.

Finally, the decomposition of the model at the sub-
regional level could allow an evaluation of the geograph-
ical distribution of impacts on water resources and the 
possible existence of unsustainable local situations also 
within a sustainable global regional scenario.
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