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The economic growth has resulted in the depletion of natural resources and degradation of ecosystems. Therefore, the
environmentally sustainable growth was accepted as a new model for economy. The idea of environmentally sustainable growth
has been widely discussed not only by experts in environmental economics, but also in the international and national policy
scene. However, the measurement of environmentally sustainable growth still remains a challenge, especially in agriculture.
This article aims to provide an overview of detailed information on adaptation of total factor productivity (TFP) for the
measurement of environmentally sustainable growth in agriculture. A method of literature overview was used. Our findings
indicate that there are different approaches for performing environmentally sustainable growth measurement in agriculture, and
the total factor productivity (TFP) and its modifications are most commonly used indicators in last years. Green TFP growth or
similar environmentally related its modifications are measured by growth accounting, data envelopment analysis and stochastic
frontier analysis methods.
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INTRODUCTION

Recently, the concept of environmentally sustainable growth, green growth, environmentally sustainable
economic growth and ecologically sustainable growth has attracted much attention in the international and
national policy scene. The guidelines for environmentally sustainable growth can be followed since 1987
Brundtland report. The key issues of environmentally sustainable growth were first set by the 5th Ministerial
Conference on Environment and Development in Asia and the Pacific of the Economic and Social Commission
for Asia and the Pacific of the United Nations Economic and Social Council in 2005. In this conference,
environmentally sustainable growth was proposed as a way to seek for further economic growth with respect to
environmental sustainability, without putting significant pressure on environmental capacity and without
compromising environmental sustainability. The green growth considered as an orientation of sustainable
development (UN Economic..., 2005). In the Rio+20 Conference on Sustainable Development in 2012, the green
growth emerged as a central theme, and the “green economy” and “sustained economic growth” started to be
considered as a way of sustainable development (Hickel, Kallis, 2020). Although Jacobs (2012) claimed that the
“green economy” was rarely heard before 2008. As a result, various terms such as environmentally sustainable
growth, green growth, green economy, green jobs, green economic growth and other are gaining popularity in the
political and community space (Vavouras, 2011).

Literature overview shows that there is no single recognized and commonly used definition of
environmentally sustainable growth. There are several equivalents of this concept, for example, environmentally
sustainable growth, green growth, environmentally sustainable economic growth, ecologically sustainable growth,
including green growth, genuine green growth, green economy, green new deal, low-carbon growth etc. Some
concepts were used as synonims the others as separate concepts (Kim, Lee, 2017). Interactive Terminology for
Europe (2021) gives preference to concept of environmentally sustainable growth which also is used in this study.
Jacobs (2012) argues that sustainable environmental growth contributes not only to economic growth but also
ensures environmental protection and sustainable use of natural resources. Consequently, the idea of
environmentally sustainable growth has emerged as a dominant policy response to environmental crises. However,
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according to Stoknes and Rockstrom (2018), the notion of environmentally sustainable growth is still notoriously
vague and elusive. Moreover, the most common definition of environmentally sustainable growth focuses on
environmental and economic issues (Jacobs, 2012) while social issues are only the result of the integration of
environmental and economic objectives and their implementation (Kasztelan, 2017; OECD, 2014). Finally, the
definition of environmentally sustainable growth does not explain how green growth can be measured. According
to Stoknes and Rockstrom (2018), there is a lack of simple and clear indicators of whether economic growth at
different scales is green enough. This is the relevance of environmentally sustainable growth assessment analysed
in academic literature.

Along with the development of initiatives regarding environmentally sustainable growth a necessity to
develop methods for its evaluation appeared (Kasztelan, 2017). There are different approaches for performing
environmentally sustainable growth measurement in agriculture: (i) a framework for measuring green growth by
including its key elements (e.g. production, environment and consumption) and its corresponding indicators
(OECD, 2014; Kasztelan et al., 2019); and (ii) development of measures in terms of productivity, e.g. total factor
productivity (TFP) and its modifications as the most commonly used indicators in the last years (Obst, Eigenraam,
2017; Xu et al., 2019; Fang et al., 2021; Zhong et al., 2021; Zhao, 2021; Coli, Colucci, 2021; etc.). This study
aims to provide an overview of detailed information on adaptation of total factor productivity (TFP) indicator for
the measurement of environmentally sustainable growth in agriculture based on the available academic literature.

MATERIALS AND METHODS

Literature overview method was used in this study to obtain information related to environmentally
sustainable growth which includes both the economic (gross value added GVA, labour and produced capital) and
environmental (natural capital and pollution) aspects of growth performance in agriculture. According to
Snyder (2019) literature overviews are foundation for all types of research, due to the fact that literature overview
may be the best methodological tool to identified a topic, to provide an overview of a relevant issue or research
problem. Keywords were used as a most common method of identifying literature (Cronin et al., 2008).

The keywords used in this manuscript fell into the following two categories:

(i) growth related keywords such as environmentally sustainable growth, green growth and environmentally-

adjusted growth in agriculture; and

(ii) growth measures related keywords such as green total factor productivity, environmental total factor

productivity and environmentally adjusted multifactor productivity growth.

In the measurement methodology of the environmentally sustainable growth, terms “total factor
productivity” (TFP) and “multifactor productivity” (MFP) often used as synonyms (Lee, Xuan, 2019; Peneder,
Rammer, 2018). In this article, both TFP and MFP are considered as similar in terms of environmentally sustainable
growth measure.

RESULTS AND DISCUSSIONS

The results of the literature review show that the discussion on environment versus growth continues to the
recent day (Antal, van den Bergh, 2016; Sun et al., 2020), therefore the measurement method that incorporates
environmental externalities is imperative in further agricultural growth accounting. According to Xu et al. (2019),
agricultural productivity may be measured by three methods categories: (i) growth accounting method; (ii) data
envelopment analysis (DEA); and (iii) stochastic frontier analysis (SFA). The first category of research uses
growth accounting method that can be divided into algebraic index and Solow residual. However, algebraic index
method only considers the market of desirable output and ignores undesirable output (Yang, Xue, 2017) such as
greenhouse gas (GHG) emissions. Meanwhile, the Solow residual method is better compared to the algebraic
index method (Wang, et al., 2021). The second category of research uses data envelopment analysis (DEA).
According to Li et al. (2021), Zhong et al. (2021) and Xu et al. (2019), this nonparametric method is used to
analyse the changes in agricultural productivity and it can deal with multiple input and output variables. Moreover,
the DEA does not require assumptions about the functional form of production functions (Han et al., 2018).
Finally, the third category of research uses stochastic frontier analysis (SFA) for measurement of agricultural
productivity. According to Zhong et al. (2021) and Wang et al. (2021), this kind of method needs to set up a
specific production function form.

Table 1 illustrates the modifications of total factor productivity (TFP) indicators used for measuring of
environmentally sustainable growth in agriculture.

Table 2 illustrates the variables used for the environmentally modified TFP measurement. Based on literature
overview, the explanatory variables are the output and input data used in the process of calculating agricultural
productivity. In terms of output, the specificity of agriculture is joint multioutput production (Shumway et al., 1984;
Asunka, et al., 1996), i.e. the marketable food and fibre produces jointly with non-marketed negative externalities
and public goods (Anderson, 2000). In this regard, agriculture produces desirable outputs such as crops and livestock
products, and generates undesirable outputs such as carbon emissions and polluted water, air and soil (Han et al.,
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2018; Xu et al. 2019). The value of gross agricultural output is most commonly used variable in TFP analysis as the
desired agricultural production output, while crops and livestock production, value added or output value of the
primary industry (agriculture, forestry and fishery) is used in several cases as well. Agricultural carbon emissions as
the undesired agricultural production output are included in many cases of the TFP analysis.

Table 1. Literature overview of the agricultural TFP / MFP indicators for measure of the environmentally sustainable growth in
agriculture

Author (s) Measures Environmentally adjusted productivity methods
Fang et al. (2021); Agricultural green total factor productivity Global-Malmquist-Luenberger (SBM-GML) index;
Zhong et al. (2021) (AGTFP) Metafrontier Malmquist-Luenberger (MML) index
model based on directional distance function
Xu et al. (2019) Green total factor productivity index (GTFPI) | Global Malmquist-Luenberger (GML) index, Slacks-
Based Measure (SBM) Directional Distance Function
Nanere et al. (2007); | Agricultural environmental total factor Fisher index;
Han et al. (2018) productivity (AETFP) Metafrontier Malmquist-Luenberger (MML)
productivity index using the DEA method
Li etal. (2021) Sustainable agricultural total factor productivity | DEA-Malmquist index
Ang, Dakpo (2018) Environmental total factor productivity index | Fare-Primont index, DEA
Kimura, Sauer (2015) | Environmentally adjusted multifactor Fisher productivity index
productivity index
Hughes, et al. (2019); | Climate adjusted total factor productivity Micro-simulation model,
Zhao (2021) Fisher index
Coli, Colucci (2021) | Total factor productivity index adjusted for Malmaquist index, DEA
greenhouse gas emissions

Source: Own composition

Table 2. Literature overview of the variables used in the agricultural TFP for measure of the environmentally sustainable growth
in agriculture

~ ) ) — ~ |8 |8 |~
Variables of output and input g € |8 |g |8 |2 g % Ny | & ; § &
SIEls (2| |2 |5 |S|S|T |5 |3 |C
122133 5|2 |55 |2 | = |2
Tl& (|8 |63 |6 |3 |8 |&|S8|&
Desirable outputs:
Value of gross agricultural output + + +
Added value of the primary industry + + | +
Output value of the primary industry + + +
Corn yield +
Crops and livestock production +
Undesirable outputs:
Agricultural carbon emissions + + + + + + + +
Non-point source pollutant emissions into water +
Inputs:
Agricultural labour + + + + + + + + + + + +
Agricultural land + + + + + + + + + + +
Machinery + |+ |+ |+ |+ |+ |+ |+ |+
Fertilizer + |+ |+ |+ |+ |+ |+ |+ |+
Pesticide / chemicals + + +
Livestock capital (farm animals) + + + + + +
Irrigation + + + +
Animal feed + + |+
Seed + T
Agricultural energy +
Electricity +
Agricultural plastic film +
Other materials T
Services T

Source: Own composition

Both desirable and undesirable agricultural outputs result from farm lands, animals and other fixed and variable
inputs of production. There are some differences in the list of variable inputs used in TFP analysis as showed in the
table 2. In terms of production materials, the fertilizer input are included in the TFP analysis in many cases, while
energy, pesticide, animal feed, seed, plastic film are used in some cases.
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Table 2 illustrates that most studies use four type of inputs as an explanatory variable to measure agricultural
TFP. In terms of the labour input, the number of adults (males and females) who are economically active in agriculture
(Fuglie, 2015) or the number of economically active persons engaged in primary industry (Coli, Colucci, 2021) are
used. According to Kimura, Sauer (2015), the hired employees are taken as the labour input variable. Different
categories of land are used in the analysis as a land input variable such as: total land areas used in agricultural
production (Kimura, Sauer, 2015; Li et al., 2021; Zhong et al., 2021); or an area of some sown crops (Anik et al.,
2017; Fang, et al., 2021); or more specific agricultural land measures in hectares of rainfed cropland equivalents (Ang,
Dakpo, 2018). The irrigation input is expressed in terms of effective irrigation area. This kind of input is estimated as
the ratio of total area equipped for irrigation and total utilised area (Anik et al., 2017; Xu et al., 2021; Chen, Wang,
2019; Fang et al., 2021)

In terms of the fixed capital input, the power of agricultural machinery as agricultural mechanical input and
livestock capital are used in the analysis. Livestock input is expressed by the number of large animals at the end of
the year. Some authors used only cattle (Ang, Dakpo, 2018), some — cattle and buffaloes (Anik et al., 2017), and
some — cattle, horses, donkeys, mules and camels (Chen, Wang, 2019) for expression of livestock input.

The animal feed, seed, agricultural energy or electricity and plastic film, etc. are used in TFP analysis as terms
a materials input. The input of agricultural fertilizers that may be measured as pure amount including nitrogen and
phosphorus fertilizers (Li et al., 2021) or nitrogen, phosphorus, potassium and compound fertilizers (Anik et al., 2017;
Fuglie, 2015; Zhong et al., 2021) used in agricultural production. Some authors (Chen et al., 2021) claim that
agricultural energy input expressed in terms of whole energy, the others (Fang et al., 2021) that only electricity.
Moreover, some countries have very specific input such as agricultural plastic film. According to Zong et al. (2021),
plastic mulch is widely used in agriculture to increase crop yields and improve water use efficiency. However, the
residual plastic fragments in utilised area increase environmental pollution. To summarize, the choice of output and
input variables for environmentally modified TFP or MFP in agricultural analysis depends on the subject being
examined and on the availability of data in used database.

CONCLUSIONS

Over recent years the concepts of environmentally sustainable growth, green growth and other similar growth
concepts related to environmental impact has attracted much of the attention in the academic literature. However, all
of these concepts have emerged in international policy discourse. The environmentally sustainable growth is proposed
as a way to seek for further economic growth with respect to environmental sustainability, without putting significant
pressure on environmental capacity and without compromising environment sustainability in the 5th Ministerial
Conference on Environment and Development in Asia and the Pacific of the Economic and Social Commission for
Asia and the Pacific of the United Nations Economic and Social Council in 2005. The green growth is considered as
a way of communicating environmentally sustainable growth. In the Rio+20 Conference on Sustainable Development,
green growth emerged as a central issue.

Along with the development of political initiatives regarding environmentally sustainable growth and
development of its theory a necessity to develop methods for its evaluation appeared. The findings of this research
suggest that, in terms of TFP growth, environmentally sustainable growth of agriculture is measured by growth
accounting, data envelopment analysis and stochastic frontier analysis methods. Besides, the use of the methods and
the choice of the explanatory variables depend on data availability. An increasing number of studies have sought to
measure the productivity indicators for measuring the environmentally sustainable growth in agriculture, especially
in 2021.

The OECD (2014) is exploring ways of how to include undesirable output and natural resources as inputs in
the measurement of adjusting multifactor productivity in agriculture. There are argued that there is a lack of agreement
among experts in terms of research related to measuring green agricultural productivity. Moreover, the present studies
are only not on a methodological approach but also on a practical approach.
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