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Abstract: In agriculture, the relationship between economic growth and environmental pressures is complex
and difficult to measure and compare between countries. This study had two objectives: the first one was to
build a new green growth accounting framework for agriculture in relation to natural capital and air pollution,
and the second one was to assess the long-term green growth of agriculture in the EU countries. Data for the
EU27 for 2005-2021 were collected and used in the empirical analysis of green growth in agriculture. Findings
show a positive real growth in agriculture from both economic growth and green growth perspectives in most
EU countries over the long term. Slow changes in air pollution (expressed in net GHG emissions from
agriculture) and in natural capital (expressed in quality-adjusted agricultural land) do not have a significant
impact on green growth in agriculture. The empirical analysis also reveals that most EU countries increasingly
relied on technological progress to promote agricultural growth, and half of them relied on investments in
produced capital. The labour input has a positive contribution to agricultural growth only in Ireland and Malta.
This study will significantly contribute to improving the measure of green growth in agriculture and the results
of the empirical analysis will be used by policymakers and economists.
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1. Introduction

The relationship between economic growth and environmental pressure in agriculture is
complex [1]. Agriculture plays an important role in ensuring food and nutritional security and serves
as the major source of rural employment [2]. However, agriculture is also a significant contributor to
climate change due to the amount of pollutant emissions from livestock, managed agricultural soils,
land use and land use change. The dilemma between environmental pressure and economic growth
obtained wide attention at national and global levels. The relevant question is how to maintain
economic growth while improving the quality of the environment [3,4]. In this case, the concept of
green growth is developed. Green growth is a complex concept that emphasizes the quality of
development.

Over the past decade, green growth is one of the most actual issues on the political agenda. More
and more discussions are arising on green growth policy [5,6]. In the Rio+ 20 Conference on
Sustainable Development in 2012, green growth emerged as a fundamental theme, and the “green
economy” and “sustained economic growth” ensured success in the new way of sustainable
development [7]. Green growth in the European Union (EU) is also emerging in various national
policy measures. This is especially true for agriculture as a polluting sector [8]. To promote green
growth, the EU has created the “European Green Deal” Communication that promotes reducing to
zero net emissions of greenhouse gases (GHG) in 2050 and decoupling economic growth from
resource use [9].

More and more scholars are engaged in the green growth discourse or empirical research [10].
There are several similar concepts of green growth [7; 1—15] like environmentally sustainable
economic growth [16—19], ecologically sustainable growth [20,21], inclusive green growth [22—24],
genuine green growth [25,26], green economy [15], low-carbon growth [27 —29], zero carbon growth
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[30], etc. In academic literature, the above-mentioned terms are used as synonyms, and others used
as separate terms.

Previous studies have focused on development of the concept of green growth in agriculture [5,
11, 31 —34] and measuring green growth by such systems of indicators as dashboards and headline
indicators [19,23,34,35]. However, according to Kasztelan et al. [36], the agricultural evaluation of
green growth is less well understood due to the complexity of the sector and the change of its negative
or positive environmental impact. In performing green growth measurement in agriculture, two
approaches can be distinguished: a framework for measuring green growth by including its key
elements, like production, environment, consumption, and its corresponding indicators; and the
development of measures in terms of productivity, like environmentally adjusted or green
multifactor productivity (EAMFP) [37; 38] or environmentally adjusted or green total factor
productivity (EATFP) [39—43] as the most commonly used indicators in recent years. Two method
such as Data envelopment analysis (DEA) and stochastic frontier analysis (SFA) have become the most
popular techniques in measuring of EATFP [39, 41 —43] or EAMFP [38] in agriculture. This study had
two objectives: the first one was to build a new green growth accounting framework for agriculture
in relation to natural capital and air pollution, and the second one was to assess the long-term green
growth of agriculture in the EU countries.

This study is structured as follows. After the theoretical framework, we present data selection,
and empirical analysis for the green growth in agriculture. Then, we have a series of discussions on
the green growth in agriculture in the context of factor inputs, undesirable output and EAMFP
contribution in the EU countries. The last section presents conclusions from the analyses.

2. Methodology
2.1. Conceptual Framework of Green Growth Accounting for Agriculture

This paper develops a green growth accounting framework for agriculture using the functional
form of the relationship between production factors inputs and production outputs (i.e. the
transformation function) taking into account labour, produced capital and natural capital as inputs,
gross value added as desirable output and air pollution as undesirable output. The OECD defines
green growth as "fostering economic growth and development while ensuring that the natural assets
continue to provide the resources and environmental services on which our well-being relies" [44] (p.
9), which means the "aligning economic growth and environmental objectives" [45] (p. 22).

A starting point in our approach to build the green growth accounting framework for agriculture
is the environmentally adjusted multifactor productivity (EAMFP) measurement at the
macroeconomic (country) level established by Brandt et al. [46,47] and developed by Rodriguez et al.
[13,48]. The EAMFP extends the traditional MFP measurement framework which is based on
conventional production factors (labour and produced capital) and outputs (gross output or value
added) to take account of environmentally related inputs and outputs such as natural capital and air
pollution, respectively. The EAMFP can reveal natural contributions and assess the potential for
sustainable growth [13]. It is used as the OECD green growth headline indicator [34].

The EAMFP is derived from the following transformation function [13]: H(Y, R, L, K, N, t) 21,
where Y represents the desirable output of the economy and R is the undesirable output (air
pollution). L, K, and N represent vectors of multiple types of inputs such as labour, produced capital,
and natural capital, respectively. H represents the increase in each input mentioned above and in
both desirable and undesirable outputs as well. The logarithmic derivative of the transformation
function H concerning time provides a measure of growth in environmentally adjusted multifactor
productivity (EAMFP) which is equal to the sum of weighted outputs change less the sum of
weighted inputs changes over the same time.

In the case of the agriculture industry, the logarithmic derivative of the transformation function
H with respect to time t can be expressed as:

OINEAMEFP/0t = 0InGVA /0t — €vGHGnet x (OINGHGret/0t) — €v1.x (AINL/0t) — vk x (AINK/Ot) — Evn x(AInN/0t);
M
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where OINEAMFP/0t — denotes the real growth of the environmentally adjusted multifactor
productivity which can be interpreted as technological progress; )InGVA represents the real growth
of gross value added as a desirable output in agriculture; dInGHGnet represents the change of net
GHG emission in agriculture as an undesirable output; dInL. denotes the change in the agricultural
labour force in terms of annual work units; dlnK denotes the real change in produced capital in terms
of agricultural capital stock; olnN denotes the change in natural capital in terms of quality-adjusted
utilised agricultural land. Outputs and inputs are weighted with their elasticity concerning the
transformation function: eYGHGnet denotes the elasticity of undesirable output; eYL, €YK, and eYN
denote elasticities of labour, produced capital and natural capital, respectively. The methodology to
obtain elasticities is described in detail in Section 2.4 and Section 2.5 below.

The rearranged Equation (1) provides a green growth accounting equation that decomposes
pollution-adjusted GVA growth into growth in factor inputs (such as labour, produced capital and
natural capital) and EAMFP growth:

OInGVA/0t — €ycHcnet X (AINGHGret/0t) = €yL x (OInL/0t) + €vk x (AInK/0t) + €xn x(AInN/ot) +
olnEAMFP/ot; (2)

The left side of Equation (2), i.e. AINGVA/0t — eycrcnet x (AINGHGret/0t) refers to pollution-adjusted
GVA growth, that can measure the green growth in agriculture and could be useful in the analysis of
sustainable development of this agriculture industry. This indicator provides valuable information
on economic growth of agriculture industry taking into consideration the contribution of natural
capital and negative impact of pollutants.

2.2. Output Variables and Data

The joint production in agriculture produces both desirable and undesirable outputs - the
desirable or good output is defined as the preferred or planned product of the production process
usually expressed as gross domestic product [13,49,50]. In the case of the agriculture industry, the
desirable output can be measured by gross agricultural output [51—53], or specific output in a narrow
analysis like crop output [2]. In this study, the GVA is used as a metric of desirable agricultural
output, calculated in 2005 fixed prices in order to determine its real growth.

According to Rodriguez et al. [48], the undesirable or bad output is defined as negative by-
products of the production process such as air pollution, water waste, etc. In the case of agriculture,
the undesirable output is environmental pollution from agricultural production, what can easily
identify like total GHG associated with livestock breeding, managed agricultural soils, etc. or comes
from sources that do not have a single point of origin [13,37,52,54,55].

According to Lewis [56], the non-point source pollution is a diffuse source of water quality
degradation that is difficult to measure. The non-point source pollution includes urban runoff, storm
sewers, drainage from waste disposal sites and landfills, and airborne pollutants that settle in the
water. In case of agriculture, the non-point source pollution specifies emissions into water like the
emissions of total nitrogen, and total phosphorus, nutrient runoff to water from agricultural
production, rainwater carries agricultural sediment like soil particles from agricultural fields into
nearby lakes or streams [52,57]. The coverage of non-point source pollution is constrained by data
limitations. The agricultural pollution data used in this analysis contained variables that are clearly
identified (Figure 1).
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Figure 1. Agricultural pollution sources.

In terms of GHG, net agricultural pollution is affected by both GHG emission and removals [54,
58 —62]. We considered net GHG emission in agriculture (GHGret) as the balance between the GHG
emission from production (cultivation of crops and livestock) and the carbon sequestration in
grassland and pastures. The GHGret can be described by the following [63]:

GHGret = GHG +(+CO») 3)

where GHG denotes greenhouse gas emissions in CO:z equivalent and +CO2 denotes positive or
negative carbon dioxide per annum in terms of emission/removals from agriculture.

In this study, environmental pollution from agriculture is expressed in terms of net GHG
emissions, taking into account both the GHG emissions in COz-equivalent from agricultural activities
and the CO: uptake by grassland and pastures. Eurostat statistics on the agricultural environment
were used for the analysis.

2.3. Input Variables and Data
Produced (or physical) capital, labour and land are fundamental production factors in

agriculture (Figure 2).

Factors of production
|

! ! }

Produced (physical) capital Labour Agricultural land (natural capital)
| l |
v ' v '
Fixed capital Working capital Annual work unit Cropland Permanent
- buildings — animal feed L _ rainfed pasture
— machinery — fuel v — irnigated J
— equipment — seeds Non.salared
— productive — plant protection Salared neatare Leased Own
animals, etc. — fertilizers
L — energy, etc. J
Leased v Own

Figure 2. The factors of production in agriculture.
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2.3.1. Labour

According to Fuglie [64], farm labour is the total number of adults (salaried and non-salaried)
who are economically active in agriculture. Labour input is expressed in Annual work unit (AWUs)
with measured as the ratio between total hours worked and the average annual number of hours
worked full-time jobs in the country. The number of hours effectively worked [65] is called the annual
work unit (AWU). In this study, both the salaried and non-salaried labour in AWU is used as
agricultural labour input. The labour input is calculated based on the data obtained from the
Economic Accounts for Agriculture dataset of the Eurostat Agriculture database.

2.3.2. Produced Capital

Produced capital (physical) is a fundamental input in the production process [66] and is used as
the agricultural input variable in EAMFP analysis. Produced capital is expressed as agricultural
capital stock using the perpetual inventory method. According to Vander Donckt & Chan [67], the
capital stock equation is derived as follows:

Kit = (1-01) Kqw) + (1-01) Lt (4)

where Ki: denotes agricultural capital stock for country i at time t, K, denotes initial agricultural
capital stock, di is a country-specific depreciation rate and Iit denotes gross fixed capital formation for
country i at time t.

Despite increased interest in the estimation of agricultural capital stock, comparable datasets
between countries are still scarce [66]. Relevant data on agricultural capital stock were available in
the FAOSTAT Capital Stock Database with country details from 1995. The FAOSTAT reports on
aggregate capital stock in agriculture, forestry and fishing [68]. The gross fixed capital formation data
are obtained from the Economic Accounts for Agriculture dataset of the Eurostat Agriculture
database. The country-specific depreciation rate expressed as a 5-year average was calculated using
annual farms data obtained from the FADN Public Database of the European Commission.

2.3.3. Natural Capital

According to Ascui & Cojoianu [69] and Barbier [70], natural capital is defined as natural
resources used in the economy such as land, forest, fossil, fuels and other natural resources. The
natural capital also consists of ecosystems that provide flows of environmental goods and services,
which underpin the global economy and human well-being.

One of the main natural capital resources in agriculture is agricultural land [71]. The quality-
adjusted agricultural land area is used to build aggregate EAMFP [64,71]. In this case, the quality-
adjusted agricultural land is classified as cropland and grassland. Cropland, i.e. permanent and
annual crops, can be affected by rain (rainfed areas) and irrigation (area equipped for irrigation).
Agricultural land is a heterogeneous input, with some cropland being capable of multiple harvests
per year while some permanent pasture yields very little at all. The various agricultural areas (rainfed
cropland, irrigated area and permanent pasture) are aggregated into a quality-adjusted measure with
different land quality weights (Table 1). For example, the increase in irrigated land will have a larger
effect on output growth than an increase in grassland.

Table 1. Land quality weights used to measure quality-adjusted agricultural land.

Region Permanent pasture | Rainfed cropland | Irrigated cropland
Eastern and Central Europe: Bl.llgarla, C.Z€ch1a, 0.094 1.000 1.570
Hungary, Poland, Romania, Slovakia
Northern Europe: Estonia, Latvia, Lithuania,

Finland, Sweden, Ireland, Denmark 0.094 1.000 1.001

Southern Europe: Slovenia, C1:0at1a, Greece, Italy, 0.094 1.000 1.972
Malta, Portugal, Spain, Cyprus

Western Eurqpe: Luxemburg, Belgium, France, 0.094 1.000 1279
Austria, Germany, Netherlands

Source: own elaboration based on USDA [71] and Cheba & Bak [72].
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Following Fuglie [64], the quality-adjusted agricultural land equation is derived as follows:

N = >36=1"%cti (Crain x Ri) + YiB_i(P x Ri)) + Y5igi(Cirr x Ri) (5)

where Crin denotes a rainfed area for country i, R denotes specific country i, P denotes permanent
pasture, Cir denotes irrigated cropland and a, 3, ¢ represent land quality weights for country i as
listed in Table 1.

Agricultural land data collected from the Land use dataset from the FAOSTAT Land, Inputs and
Sustainability database are used for empirical analysis. The natural capital used in agriculture is the
equivalent of the quality-adjusted utilised agricultural land. This way, the areas of crops (rainfed and
irrigated only), meadows and pastures are evaluated according to their quality, with more weight
given to irrigated crops and less to permanent meadows and pastures. The equivalent of the quality-
adjusted utilised agricultural land has been calculated using FAOSTAT Land Use statistics.

2.4. Elasticities with Respects to Output

The EAMFP measurement (Equation 1) requires information on the elasticity with respect to
undesirable outputs and their price [46]. According to Rodriguez et al. [13], the elasticity with respects
to air pollution as undesirable output is defined as the change in output associated with an increase
of pollution when input use remains constant. Net greenhouse gas emissions from agriculture as air
pollutant output are included in the green growth accounting framework for agriculture.

The elasticities with respect to inputs, which are traded on markets and have clear prices, can be
determined using the profit maximisation method used in green growth accounting framework for
agriculture. The calculation of the monetary value of the net GHG emissions based on carbon
emissions prices obtained from the EU Emissions Trading System (EU ETS). An elasticity with
respects to net GHG emission can be expressed as: [13]:

evGHGnet = GHGret /(GVA+GHGnet) (6)

where GHGret denotes net GHG emission in agriculture (in monetary value), and GVA denotes
agricultural gross value added.

2.5. Elasticities with Respects to Inputs

The EAMFP growth accounting requires information on the elasticity with respect to inputs of
labour, produced capital and natural capital expressed in quality-adjusted utilised agricultural land
area as given in Formula (1). The elasticities with respect to markets traded inputs can be computed
using a profit-maximisation approach usually used in traditional multifactor productivity analyses.
Under this approach, the elasticities of the transformation function are equal to the shares of labour,
produced capital and natural capital in these input mix [13,48]. The main specificity of the profit-
maximisation approach in the case of the EAMFP accounting framework for agriculture is that the
calculation of the elasticities must rely not only on the implicit prices of purchased labour, produced
capital and agricultural land but also on the opportunity costs of the same factors of production
owned by the farm. Opportunity costs (otherwise implicit costs) of own production factors is the
income or other benefit that the farm could obtain for the next best use of these factors instead of
using them in agricultural production on the farm.

The elasticities measurement using both explicit and implicit costs of labour, produced capital,
and natural capital (expressed in terms of the used agricultural land) and can be calculated as

evt=wL /vy, &xx=(D+CH+) /vy, and exn=uN /vy 7)

where wL denotes the costs of paid and unpaid labour input; D denotes deprecation of fixed
capital; C denotes intermediate consumption of working capital; i denotes the value of interest rate
for rented and owned capital; uN denotes the costs of leased land and owned land; y denotes total
inputs costs.

The elasticities with respect to each input have been calculated using aggregated performance
indicators of farms included in the FARM system. The data obtained from the FADN Public Database
of the European Commission. are used to calculate elasticities with respect to each input.

3. Results
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3.1. The Growth of GVA and Pollution-Adjusted GVA in Agriculture

Over the long term (2005-2021), most EU countries (twenty-two) have achieved positive real
growth in agriculture from both economic growth and green growth perspectives, i.e. in terms of
GVA growth and pollution-adjusted GVA growth respectively as indicated in Figure 3(a). The
remaining five countries of the EU recorded negative trend of both indicators in the long term.
However, the values of both indicators were close to zero in Greece and Cyprus, that means that GVA
and net GHG emissions in agriculture have remained stable over time. The gap in agricultural growth
between EU countries is narrower when growth is measured in terms of pollution-adjusted growth
rather than real economic growth.

Annual growth rate (+%) Annual growth rate (+%)

Czechia S Romania 0.23%
Latvia . Slovakia 0.21%
Slovakia I Portugal 0.09%
Sweden —— Luxembourg 0.07%
Lithuania — Croatia 0.06%
Luxembourg — Denmark 0.05%
Ireland . Greece 0.03%
Austria —— Sweden 0.02%
Romania — Cyprus 0.01%
Croatia — Germany 0.01%
Hungary — Spain 0.01%
Denmark R Netherlands 0.01%
Estonia — Czechia 0.00%
Bulgaria — France 0.00%
Poland — Belgium 0.00%
Germany — Poland -0.003%
France - Italy -0.003%
Portugal = Austria -0.004%
Italy - Malta -0.01%
Netherlands = Ireland 0.01%
Belgium - Finland -0.02%
Spain ] Lithuania -0.02%
Hungar -0.03%
CGyr};Z:Z pollution Lagtviz ohow
adjusted GVA .
Slovenia = growith Sloven?a 0.12%
Finland - % GVA growth Bulgaria 0.21%
Malta — Estonia -0.40%
-1.00% -0.50% 0.00% 0.50% 1.00% 1.50% -0.50% -0.25%  0.00%  0.25%  0.50%

Figure 3. The GVA growth and pollution-adjusted GVA growth in EU countries. (a) GVA growth and pollution-
adjusted GVA growth; (b) Adjustment for pollution abatement.

The adjustment of production output growth for pollution abatement measures the extent to
which an economic growth is influenced by emission reduction efforts. A positive abatement
adjustment indicates a decrease in pollution over the period, while a negative one indicates an
increase [73]. In this study, the adjustment of GVA growth for pollution abatement measures the
extent to which economic growth in agriculture industry is affected by efforts to reduce net GHG
emissions from agricultural activities including efforts to increase CO2 absorption in grassland and
pastures (Figure 3(b)). The agricultural GVA growth adjustment for pollution abatement is measured
using the elasticity of GVA with respect to net GHG emissions from agriculture and the change in net
GHG emissions. The elasticity value calculated for each country are presented in Appendix Al.

In fourteen EU countries that have reduced their net agricultural GHG emissions over time, the
adjustment in GVA growth (i.e. the adjustment is positive) shows that efforts to reduce net GHG
emissions have reduced the growth of agricultural gross value added, i.e. slowed down economic
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growth in this industry. For instance, in Slovakian, Romanian and Portuguese, agriculture industry,
GVA grew at an average annual rate of 0.88%, 0.35% and 0.09%, respectively over the period analysed,
while the pollution-adjusted GVA grew by 1.09%, 0.58% and 0.19% and respectively over the same
period (Fig. 3(b), considering the efforts made by these countries in reducing their net GHG
emissions. These adjustments have been influenced by technological changes in agricultural
production (e.g. the shift to soil-friendly tillage methods, automated fertigation systems, etc.), by
structural changes in farming (e.g. the shift to less GHG-intensive farming), and by the
implementation of CAP agri-environment measures in EU countries as well. In the other eleven EU
countries where efforts to reduce agricultural GHG emissions were relatively weak, the GVA
adjustment was close to zero.

In contrast, in thirteen EU countries that have increased their GHG emissions from agriculture
over the long term the adjustment of GVA growth, i.e., the adjustment is negative provides insights
on the extent to which national income is generated at the expense of environmental quality. For
instance, Bulgaria, Estonia, Slovenia and Latvia have seen their GHG emissions from agriculture
increasing the most over the analysed period reducing pollution-adjusted GVA growth (i.e. green
growth) by 0.21%, 0.40%, 0.12% and 0.10% points respectively (Fig. 3(b)). In countries where net GHG
emissions from agriculture grew slowly over time, the GVA adjustment was close to zero, with
indicates that economic growth in agriculture is decoupled from GHG emissions. An economic
system that invests heavily in reducing pollution naturally faces the prospect of relatively less
pollution-intensive long-term growth. Overall, as Rodriguez et al. [73] note, the economies that invest
heavily in reduction of pollution naturally face the prospect of relatively less pollution-intensive long-
term growth.

3.2. Contribution of Production Factors and EAMFP to Agricultural Green Growth

Table 2 presents data from an empirical analysis of green growth in agriculture over the long
term (2005-2021), where pollution-adjusted GVA growth is decomposed into the contribution of
individual production factors (labour, produced capital, and natural capital) and pollution-adjusted
multifactor productivity. The results show significant differences between the EU countries.

Table 2. Contribution of inputs and EAMFP to pollution-adjusted GDP growth in agriculture of the EU

d0i:10.20944/preprints202411.1789.v1

countries.
Output growth Input growth I;iilifﬁl
Countries I"ollution- GVA Adjustme.:nt for Contributio Contribution Contribution Growth of
adjusted GVA pollution of produced  of natural
growth n of labour . . EAMFP
growth abatement capital capital

Czechia 1.108 1.103 0.005 -0.106 0.111 -0.003 1.105
Latvia 1.097 1.199 -0.102 -0.240 0.265 0.005 1.068
Slovakia 1.087 0.881 0.206 -0.290 -0.690 -0.002 2.068
Sweden 0.989 0.964 0.025 -0.087 0.158 -0.001 0.918
Lithuania 0.852 0.874 -0.022 -0.122 0.228 0.006 0.740
Luxembourg 0.782 0.709 0.073 -0.094 0.559 0.003 0.314
Ireland 0.668 0.678 -0.010 0.014 0.282 0.002 0.370
Austria 0.582 0.586 -0.004 -0.057 0.132 -0.003 0.510
Romania 0.579 0.347 0.231 -0.242 0.311 -0.002 0.511
Croatia 0.530 0.474 0.056 -0.103 -0.185 0.000 0.818
Hungary 0.523 0.555 -0.033 -0.091 0.297 -0.005 0.322
Denmark 0.436 0.390 0.046 -0.057 -0.166 0.001 0.657
Estonia 0.433 0.837 -0.405 -0.314 0.641 0.004 0.101
Bulgaria 0.415 0.625 -0.210 -0.285 0.339 0.007 0.354
Poland 0.381 0.384 -0.003 -0.102 0.093 -0.002 0.392
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Germany 0.348 0.336 0.013 -0.041 0.133 -0.001 0.258
France 0.218 0.214 0.005 -0.048 0.163 -0.001 0.104
Portugal 0.186 0.094 0.092 -0.185 0.197 -0.002 0.176
Italy 0.185 0.188 -0.003 -0.055 -0.050 -0.003 0.292
Netherlands 0.154 0.148 0.005 -0.009 0.222 -0.002 -0.057
Belgium 0.147 0.146 0.001 -0.075 0.425 0.001 -0.204
Spain 0.107 0.101 0.006 -0.032 0.122 -0.002 0.019
Cyprus -0.005 -0.018 0.013 -0.184 -0.676 -0.013 0.868
Greece -0.012 -0.041 0.029 -0.166 0.262 -0.010 -0.098
Slovenia -0.209 -0.090 -0.119 -0.074 0.122 0.004 -0.260
Finland -0.211 -0.195 -0.016 -0.109 0.061 0.000 -0.162
Malta -0.331 -0.324 -0.007 0.359 0.483 0.001 -1.175

During the analysed period, the contribution of EAMFP is particularly sizeable in two-thirds of
the EU countries. Many of them relied more on technological progress than on traditional production
factors (labour and produce capital) to promote green growth in agriculture. For instance, analysing
the contribution of EAMFP to agricultural growth compared to the other growth components (see
Table 2), it was found that productivity growth has more than compensated for the declining
contribution of all three production factors (labour force, produced capital and nature capital) in the
EU countries such as Slovakia, Italy, Denmark, Croatia, and Cyprus, and in almost a third of the EU
countries (like Latvia, Czech Republic, Sweden, Lithuania, Romania, Austria, Poland, Germany) the
EAMEP accounts for more than 50% of pollution-adjusted GVA growth on average.

Meanwhile, in the rest of the EU countries, produced capital is an important source of gross
value-added growth in the agriculture industry. It plays a bigger role than labour or natural capital.
During the analysed long period, fixed capital formation was the main source of agricultural growth
and more than compensated for the declining contribution of other factors of production (labour and
natural capital) to pollution-adjusted GVA growth in Finland, the Netherlands, Belgium, and
Slovenia. It was also found that produced capital fuels a significant share of pollution-adjusted GDP
growth in some other EU countries. For instance, more than 50% of agricultural green growth can be
directly attributed to capital investment in Portugal, France, Malta, Netherlands, Greece, and Spain,
while in Estonia and Luxembourg, this represents more than 80%.

In most EU countries, excluding Ireland and Malta, the gradually decreased labour input over
the long period under consideration had a negative contribution to economic growth in agriculture
and therefore needed to turn to other factors to fuel their economic growth. In the countries (e.g.
Bulgaria, Slovakia, Romania, Estonia, and Latvia) where the agricultural labour force has shrunk the
most over time (on average by -4.5% to -8.0% p.a.), the decline in labour input has had a significant
negative impact on pollution-adjusted GDP growth (between -0.25% and -0.32% points). To offset the
negative impact on agricultural growth due to reduced labour input, Slovakia and Latvia relied on
EAMFP growth and technological progress, Bulgaria and Romania relied on both EAMFP growth
and produce capital investment, while Estonia relied mainly on increasing investment in produce
capital.

In contrast, Ireland and Malta increased labour use in agriculture over time. The slow growth in
labour input did not significantly contribute to green agricultural growth in Ireland (i.e. increasing
pollution-adjusted GVA growth by 0.01% point). Meanwhile, efforts to increase the use of labour
force in agriculture played a significant role in stimulating economic growth in Maltese agriculture
(i.e. increasing pollution-adjusted GDP growth by 0.36% points).

The natural capital, expressed in terms of quality-adjusted utilised agricultural land, has played
a low-significance role in the agriculture growth in all EU countries. The contribution of natural
capital to pollution-adjusted GVA growth is low compared to the contribution of produce capital and
labour (see Table 2). This can be explained by the fact that EU countries have reached a stage where
it is no longer possible to substantially increase the amount of land used for agriculture production
due to natural constraints of land area, on the other hands, the land is being taken out of agricultural
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production due to the expansion of infrastructure and cities, afforestation, etc. Results show that in
most EU countries, the average annual change of natural capital over the long term has been less than
1% either downwards or upwards, as countries increase or reduce their agricultural area. In Cyprus
and Greece, the annual decrease in agricultural area was 1.9% and 1.3% respectively, while in Latvia
the average increase was 1.3%. As a result, the contribution of natural capital to pollution-adjusted
GVA growth in the agriculture industry was close to zero in all EU countries.

3.3. Comparison of EAMFP and MFP in Agriculture

The EAMFP estimates a country’s ability to generate production output from a given set of
inputs including environment-related inputs and pollution as undesirable environment-related
outputs [48]. Unlike the MFP measurement framework where the production output (produced
goods and services) compares to combined production inputs (labour and produced capital), the
EAMFP measurement framework clarifies the contribution of environmental pollution and natural
capital to production output, i.e. adjustment from pollution abatement and natural capital use,
respectively, and also clarifies the decreases contribution of traditional inputs (labour and produce
capital) to production output [74].

Figure 4 presents MFP and EAMEFP indicators in agriculture for each country in the EU. The
value of the average annual growth rate of traditionally calculated MFP over a long period is higher
than the value of the same EAMFP indicator in two-fifths of the EU countries. Meanwhile, the inverse
difference between both indicators was found in one-quarter of the EU countries. The same values of
both indicators MFP and EAMFP was found only in Ireland. The biggest positive value gap (0.09%
point and more) between both MFP and EAMEFP indicators was found in Estonia, Latvia, Bulgaria,
and Slovenia while the biggest negative value gap (-0.09% point and more) between MFP and EAMFP
was found in Romania.

Depending on the contribution of natural capital and the adjustment for air pollution emissions
reduction, the traditional MFP could be overvalued or undervalued concerning the EAMEFP [74], i.e.
when MFP > EAMFP - the MFP growth was probably overestimated, and conversely, when MFP <
EAMFP - the MFP growth was perhaps underestimated.

In this study, the traditionally calculated MFP indicator was likely to be overestimated in
Estonian, Latvian, Bulgarian, and Slovenian agriculture due to unconsidered net GHG emissions.
Conversely, the MFP indicator was likely to be underestimated in Romania, Slovakia, Luxembourg,
and Portugal due to GHG emissions from agricultural reduction efforts, including efforts to increase
CO:z absorption in grassland and pastures.
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Figure 4. Comparison of EAMFP growth and MFP growth of EU countries agriculture.

4. Discussion

Green growth is a complex issue and difficult to measure and compare [36]. In this study, the
pollution-adjusted GVA accounting framework was developed to empirically measure and compare
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agricultural green growth across EU countries. The results of the empirical analysis revealed that
most EU countries have achieved positive real green growth in the agriculture industry from both
economic growth and green growth perspectives in the 2005-2021 period. Only three countries,
namely Slovenia, Finland, and Malta, recorded a negative trend of both GVA growth and pollution-
adjusted GVA growth, while the values of both indicators were close to zero in Greece and Cyprus.
The gap in agricultural growth between EU countries is narrower when growth is measured in terms
of pollution-adjusted growth rather than real economic growth. Kasztelan et al. [36] conducted an
empirical analysis of green growth in agriculture in twenty-five EU countries five years ago and
found significant differences between them. Unlike this study, the authors used an aggregate index
calculated from a set of selected agricultural indicators in the agricultural green growth analysis.

The empirical results of this study show that slow changes in environmental pollution in the
long term expressed in terms of net GHG emissions do not have a significant impact on pollution-
adjusted GVA growth in the agriculture industry of all EU countries. In addition, the European
Union's Common Agricultural Policy (CAP) aims at reducing environmental pollution from
agricultural production to levels that are considered to be safe for human health and natural
ecosystems [75]. The EU plays an important role in mitigating the impact of agriculture on climate
change due to environmental standards in agriculture set by the EU, and since 2013, the fight against
climate change has become one of the main objectives of the CAP. Although the European
Commission attributed over €100 billion of CAP funds for the 2014-2020 period to tackle climate
change [ibidem], as the results of this study show, net GHG emissions in almost half of the EU
countries did not decrease over 2014-2021 period. One of the possible solutions to this problem is the
involvement of the agricultural sector in the carbon trading system. Yu et al. [76] state that carbon
trading has been widely recognized around the world as a core environmental management tool, to
reduce the negative effects of various economies on the climate. The authors take the stance that the
implementation of a carbon dioxide trading system in the agricultural sector can significantly
promote the improvement of green total factor productivity in agriculture in China. In the near
future, the EU will establish a Union certification framework for carbon removal, carbon farming,
and permanent carbon storage in products, which aims at facilitation and acceleration of the carbon
removal activity and reduction of GHG emissions from the soil in agriculture [77]. Once operational,
this certification framework should encourage farmers to carbon capture in soil and reduce net GHG
emissions from agriculture, thus contributing to the green growth of agriculture.

This study shows that the pollution-adjusted GVA growth in agriculture is based on
technological progress in most of the EU countries. This conclusion is supported by other studies that
have found that increasing technological innovation capacity has a statistically significant positive
effect on changes in green growth in agriculture, with both direct and indirect positive effects [78].
Moreover, green growth in agriculture is improved by green technology innovation i.e. digital
transformation of agriculture [79,80]. Huang et al. [81] state that energy conservation and emission
reduction are the primary drivers of EAMFP, accounting for more than half of the agricultural green
total factor productivity in China. The empirical results of this study show that the agricultural
EAMFP growth has more than compensated for the declining contribution of the labour force,
produced capital and nature capital in Slovakia, Italy, Denmark, Croatia, and Cyprus and accounts
for more than 50% of pollution-adjusted GVA growth on average in almost a third of EU countries.
This study revealed that the contribution of natural capital (expressed as quality-adjusted agricultural
land in use), to agricultural green growth was close to zero in most EU countries due to the amount
of utilised agricultural area has remained stable for a long time (bearing in mind very small annual
changes rate either downwards or upwards). Hamilton et al. [82] hold the view that the natural capital
contribution to productivity growth is particularly significant in resource-dependent countries.

Since the quantity of agricultural land is more or less constant in most of the EU countries, the
contribution of natural capital to pollution-adjusted GVA growth would be increased in the way of
extended area equipped for irrigation or investments in new more efficient irrigation technologies.
This conclusion is supported by other studies [64,71], which argued that an increase in irrigated land
area has a positive effect on output growth. Irrigation helps to protect crops from irregular rainfall
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and increase their vitality, yield and quality [75] and is or can be as an instrument to reduce drought
risk in agriculture production in various EU regions (specially in arid and semi-arid areas of southern
Europe, e.g. Spain, Portugal, Italy, Greece and southern France, in which irrigation allows crop
production where water would otherwise be a limiting factor, and in more humid and temperate
areas e.g. Denmark, Belgium, the Netherlands, Luxembourg, north and central France, Germany,
southern Sweden, and eastern Austria), in which irrigation provides a way of regulating the seasonal
availability of water to match agricultural needs [83]).

The contribution of labour to pollution-adjusted GVA growth suggests that all EU (except Malta
and Ireland) countries have a labour input decrease during the period 2005-2021, therefore needed
to turn to other factors to fuel their economic growth. For instance, some of EU countries relied on
EAMFP growth and technological progress (e.g. Slovakia and Latvia) to offset the negative labour
input impact on agricultural growth, other countries relied on EAMFP growth and produce capital
investment (e.g. Bulgaria and Romania), rest of countries relied on increasing investment in produce
capital (e.g. more than 80% in Estonia). These findings are supported by other studies [84 —86], which
point out that the decline in labour force growth over time has been accompanied by farmers’ ageing
and workers’ migration at the same time by the growth of productivity.

5. Conclusions and Research Limitations
5.1. Conclusions

For the empirical analysis of agricultural green growth in each individual EU country, this study
develops a pollution-adjusted GVA growth accounting framework for agriculture builds on the
environmentally adjusted multifactor productivity (EAMFP) measure that used as the OECD green
growth headline indicator at the macroeconomic, i.e. country level. The study sample is EU27
countries over 2005-2021. The framework allows accounting for the natural capital (quality-adjusted
utilised agricultural land) and greenhouse gas emissions (positive or negative carbon dioxide per
year in terms of emission/removals from agriculture). The findings indicate that long-run pollution-
adjusted GVA growth rates differ between EU27 countries. The key difference in the overall growth
performance is due to the extent to which they rely on increased productivity gains or better use of
factor inputs.

We found that more than two thirds of the EU countries increasingly relied on technological
progress (i.e. growth in EAMFP) rather than on traditional production factors (growth in labour and
produce capital) to the aim to increase GVA in agriculture. Meanwhile, in the rest of the EU countries,
the produced capital is an important source for gross value-added growth in the agriculture industry
and plays a bigger role than labour or natural capital. Furthermore, Ireland and Malta are the
countries where agricultural labour contributes to increase GVA growth in agriculture. On the
contrary, in the remaining countries the contribution of labour reducing GVA growth in agriculture.
The natural capital, expressed in terms of quality-adjusted utilised agricultural land, has played a
low-significance role in the agriculture growth in all EU countries.

5.2. Research Limitations

The present study has some limitations, mainly related to the narrowed expression of the natural
capital. Some research [13,46-48,82,87] limits the scope of natural capital to traded natural
commodities or land because of the lack of necessary information on all natural capital assets (such
as stock, flow and price information). Recent Rodriguez et al. [73] study involves the use of renewable
natural capital, non-cultivated biological resources and ecosystem services at the macroeconomic
level. In this study, natural capital is expressed in quality-adjusted land input. Second, the elasticities
with respect to the inputs is based on the FADN data of commercial farms with an economic size of
at least €4000 of standard output. Thirdly, the elasticity with respect to undesirable outputs is
estimated by their carbon emissions prices obtained from the EU ETS. These prices reached up to €26
per CO: -equivalent till 2020 and increased more than twice in later. Therefore, the factor of
environmental pollution might have had greater impact on the agricultural green growth analysis in
future. Despite the limitations mentioned above, this study will significantly contribute to improving
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the green growth accounting system in agriculture and the results of the empirical analysis will be
used by policy makers and economists. In addition, based on the results of the empirical analysis,
decision-makers will be able to identify the areas for improvement so that all EU countries can fully
embark on the path of green agricultural growth.
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Appendix A
Table A1. Elasticities with respect to inputs and outputs, 2005-2021.
Input Output
Labour Produced capital = Natural capital GHGnet
emission
Belgium 0.169 0.777 0.054 0.072
Bulgaria 0.197 0.677 0.126 0.038
Czechia 0.209 0.748 0.043 0.089
Denmark 0.144 0.738 0.119 0.103
Germany 0.188 0.728 0.084 0.096
Estonia 0.201 0.769 0.029 0.128
Ireland 0.205 0.692 0.103 0.174
Greece 0.277 0.662 0.061 0.018
Spain 0.303 0.628 0.069 0.020
France 0.207 0.723 0.070 0.044
Croatia 0.306 0.663 0.031 0.040
Italy 0.317 0.624 0.049 0.016
Cyprus 0.231 0.735 0.034 0.019
Latvia 0.214 0.760 0.026 0.218
Lithuania 0.246 0.709 0.045 0.084
Luxembourg 0.159 0.772 0.069 0.093
Hungary 0.178 0.758 0.064 0.033
Malta 0.309 0.686 0.005 0.024
Netherlands 0.172 0.763 0.065 0.040
Austria 0.247 0.684 0.069 0.044
Poland 0.261 0.707 0.032 0.057

Portugal 0.342 0.595 0.063 0.026
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Romania 0.320 0.625 0.056 0.023
Slovenia 0.260 0.719 0.022 0.049
Slovakia 0.189 0.777 0.034 0.045
Finland 0.192 0.729 0.079 0.181
Sweden 0.208 0.714 0.024 0.087

Notes: for calculating elasticities with respect to inputs — Bulgaria, Romania (EU member since 2007) and
Croatia (EU member since 2013) data is multiplied till 2005. Source: Own calculations based on FADN,
Eurostat and Investing.com (2024) data (Investing.com. 2024. Carbon emissions future.
https://www.investing.com/commodities/carbon-emissions-historical-data.)
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