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Abstract
Using data from 24 European advanced and emerging countries between 2000 and 2020, 
this paper examines the impacts of circular economy (CE) on agriculture employment 
(AE) and female employment patterns. Based on the availability of data, the study uses 
three CE indicators: generation of municipal waste (GMW) per capita, the recycling rate 
of municipal waste (RRMW), and patents related to recycling and secondary raw materials 
(PRSRM). To investigate the relationship between CE and AE, as well as CE and female 
AE, panel cointegration analysis and Granger causality tests are conducted. The results 
reveal that whereas RRMW, PRSRM and AE are in equilibrium in the long run, increasing 
waste lowers female attraction to the sector. The study therefore suggests that developing 
and expanding waste management initiatives and innovation are critical to the growth of 
agricultural employment and the closing of existing gender gaps. Despite concerns that ris-
ing recycling practices may negatively impact employment, our empirical results indicate 
that CE will create opportunities and increase employment levels. The evidence suggests 
that promoting CE in agriculture is economically, ecologically, and socially beneficial.
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1  Introduction

With rising global food demand and waste patterns, the world’s agricultural production is 
expected to increase by 70 per cent by 2050 to meet consumption demand (Aznar-Sánchez 
et al., 2020; Velasco-Muñoz et al., 2021). While achieving this goal is necessary, impli-
cations on natural resources are inevitable (Toop et al., 2017). According to Santibanez-
Gonzal et al. (2019), production systems are anticipated to utilise close to 140 billion tons 
of raw materials, minerals, and energy (e.g. fossil fuel) in the immediate future. Simi-
larly, production systems have been anticipated to intensify resource use and waste gen-
eration, especially in the agricultural sector (Qadir et al., 2020; Rashid & Shahzad, 2021; 
Sato et al., 2013). In response to increasing resource scarcity, the circular economy (CE) 
concept has been promoted to transition to a more sustainable economic system (Flynn 
et al., 2019; Hobson & Lynch, 2016). It is important to note, however, that most CE-related 
approaches are primarily concerned with the environment and the economy, whereas social 
aspects, such as employment patterns, employment practices, and gender dynamics, have 
only been peripherally and sporadically incorporated (Moreau et al., 2017; Padilla-Rivera 
et  al., 2020). Creating a sustainable alternative to the current economic system requires 
a more balanced integration of the social dimension. In order to fill this gap, this study 
thoroughly examined the impacts of CE on employment levels and gender dynamics in 
Europe’s agriculture sector.

There are four fundamental reasons why CE and agriculture employment should be 
studied. The first difficulty is that CE social impacts cannot be measured with certainty, 
unlike those related to, for example, carbon emissions (Corvellec et al., 2022; De Pascale 
et al., 2021; Hailemariam & Erdiaw-Kwasie, 2023). While reviewing CE’s measures, new 
indicators must be taken to balance the given rationalities. The second reason is due to 
the scale and scope of the CE transition challenge (Mhatre et  al., 2021; Ranjbari et  al., 
2022; Van Langen et al., 2021). According to some scholars, CE transition and implemen-
tation are unattractive to many actors across sectors due to the lack of evidence on job 
opportunities (Ddiba et al., 2022; Hopkinson et al., 2020; Jabbour et al., 2019; Rainville, 
2021). Thirdly, while evidence exists regarding the association between CE and employ-
ment, results remain mixed and inconclusive (Burger et al., 2019; Repp et al., 2021). The 
inconclusiveness of findings about how CE boosts employment suggests further studies 
(Garcia-Muina et al., 2021; Velasco-Munoz et al., 2021). Finally, the fourth reason empha-
sises how CE is not simply an outcome of sustainable development but is a driver of it 
(Barros et al., 2021; Danta et al., 2021; Khan et al., 2021). In addition to being a valuable 
part of social progress, CE contributes to reducing greenhouse gas emissions and minimis-
ing waste (Baah et al., 2023; Chojnacka et al., 2021; Hailemariam & Erdiaw-Kwasie, 2023; 
Sharma et  al., 2021). Despite its importance, the social dimension of CE, especially its 
impacts on employments trends in the agricultural sector, has not received priority from 
the global community. The absence of such consideration among CE scholars constitutes a 
critical literature gap, according to Velasco-Munoz et al. (2021). This study fills the exist-
ing gap in the literature, mainly by analysing the impact of CE on agricultural employment 
for a panel of developed and emerging European economies. Moreover, this study is also 
novel in that it uses more advanced panel data techniques for making the required estimates 
since it covers twenty-four emerging economies from 2000 to 2020.

Europe and its agricultural domains were investigated due to the sectors’ massive con-
tribution to greenhouse gas emissions and the significant waste generated in the current 
production and consumption systems. Toop et al. (2017), in their study on developing an 
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agro-cycle based on CE principles, highlighted the wasteful nature of Europe’s agricultural 
sector, which generates 700 million tonnes of agri-food waste each year. Specifically, this 
study investigates the effects of CE indicators, including production and consumption and 
waste recycling and innovation, on agriculture sector employment using panel data from 24 
EU advanced and emerging countries between 2000 and 2020. In this study, while produc-
tion and consumption indicators were measured with the generation of municipal waste 
(GMW) per capita, waste recycling and innovation were measured, respectively, with the 
recycling rate of municipal waste (RRMW) and patents related to recycling and secondary 
raw materials (PRSRM). In detail, the research questions are: Does CE affect agricultural 
employment? Second, if so, which CE indicators contribute the most? Finally, how does 
CE affect the employment of women in agriculture?

Our study makes three main contributions. First, this study systematically analyses how 
CE patents, such as innovations, waste recycling, and production and consumption, affect 
agricultural employment in EU advanced and emerging countries. In addition to a better 
understanding of how CE impacts agriculture employment in EU advanced and emerg-
ing countries, this study suggests new policy directions for promoting circular strategies 
that could contribute to increased employment in the sector. Furthermore, most existing 
studies used traditional production and consumption as a variable in their models and thus 
failed to account for the shifting trends of resource utilisation in the agriculture sector. As 
a result, new results are obtained regarding the disaggregated employment impacts of CE 
sub-indicators, such as waste recycling, innovation, production, and consumption. Third, 
previous studies have avoided considering the potentially heterogeneous and asymmetries 
in the effects of CE patents on agricultural employment in EU advanced and emerging 
countries, leading to biased and inconsistent results. We use panel quantile regression to 
explore heterogeneity and asymmetries in the relationship between CE patents (produc-
tion and consumption, innovation, and waste recycling) and employment in the agricultural 
sector.

The remainder of this study is structured as follows. Section 2 presents the literature 
review. The next section discusses the data, empirical specification, and econometric 
method adopted to examine the CE-employment nexus in the agriculture sector. Section 4 
presents the results from econometric panel data modelling. Finally, the discussion is pre-
sented in Sect. 5, while Sect. 6 concludes the study.

2 � Literature review and hypothesis development

The purpose of this section is to present the theoretical relationship between CE and 
employment. Firstly, we present the theoretical links between CE and agricultural 
employment and gender dynamics, then summarise CE indicators and their employment 
relationship.

Historically, although the CE field has seen significant progress (see Erdiaw-Kwasie 
et  al., 2023a, 2023b; Winans et  al., 2017), research shows that indicators to capture CE 
contributions at different levels are in their infancy (Figge et al., 2018; Marra et al., 2022; 
Rincón-Moreno et al., 2021). In the 2015 CE action plan (European Commission, 2018), 
the EU aimed to measure four areas related to the different phases of CE: (a) Production 
and consumption, (b) Waste management, (c) Secondary raw materials and (d) Competi-
tiveness and innovation. Based on existing official statistics from Eurostat and supple-
mented by other official sources, the EC published 10 indicators, some breaking down 
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further into sub-indicators. According to Cayzer et  al. (2017), using circularity indica-
tors to track CE performance is important to ensure that stakeholders at various levels are 
motivated to implement this new model. A useful set of indicators for assessing circularity 
performance is vital for enhancing and measuring the feasibility of CE models (Erdiaw‐
Kwasie, 2023, Niero & Kalbar, 2019; Smol et al., 2017; Tenakwah & Tenakwah, 2023). 
Evidence shows that progress cannot be tracked meaningfully without tested indicators 
(Bocken et al., 2018; Rincón-Moreno et al., 2021). By integrating and measuring circular 
performance at all levels, actors can set goals, peer review, measure, and benchmark their 
performance (Erdiaw-Kwasie et al., 2023b; Kern et al., 2020; Niero & Hauschild, 2017). 
Studies on the empirics of CE practices are critical and pressing under current circum-
stances, as measuring performance on CE practices is difficult to comprehend.

Past studies have thus shown inconclusive results, with some indicating an increase in 
employment statistics (Horbach et  al., 2015) and others showing a decreasing trend (El 
Wali et al., 2021; Repp et al., 2021). Some studies have established a link between gender 
dynamism, age distribution and CE (Coghlan et al., 2021; Laoire, 2002; Prügl, 2011; Whit-
tock, 2018). Given the male-dominated state of the agriculture sector and the contested 
gender debates surrounding CE, studies have called for more evidence on how CE impacts 
female employment, particularly in agriculture. Figure 1 shows male and female agricul-
tural employment trends in the EU from 2000 to 2019 (Eurostat, 2021). The gender gap 
among farmers is very wide in Europe, notably in the Netherlands, where only one in every 
twenty farmers (5.2%) was female in 2016. Female farmers were also underrepresented in 
Malta (6.0% of total farmers), Denmark (7.7%), and Germany (9.6%). Latvia and Lithuania 
had a nearly equal gender distribution (each had 44.9% female farmers) (Eurostat, 2021).

2.1 � CE indicators and employment

The following section examines the extent to which three selected CE sub-indicators are 
related to agriculture employment (AE) and gender dynamics in the sector. The selec-
tion of the three sub-indicators is based on the availability of data. First, we focus on the 
production and consumption sub-indicator GMW per capita to understand how it impacts 
agriculture employment. The second section establishes the link between the waste man-
agement sub-indicator RRMW and employment. The third section examines how the com-
petitiveness and innovation sub-indicator PRSRM affects employment. The overall section 
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is summarised in Table 1, which presents adopted CE thematic areas and their associated 
sub-indicators and employment nexuses. Reviewed literature revealed mixed findings 
regarding the relationship between CE indicators, employment patterns and gender dynam-
ics. Drawing from the literature review, hypotheses are developed to illustrate the relation-
ship between each sub-indicator and AE and female AE, as shown in Fig. 2.

2.1.1 � CE production and consumption and employment

Unlike traditional systems, where waste is collected at the end of the cycle, hybrid produc-
tion and consumption systems in CE emphasise waste minimisation at each cycle stage due 
to a focus on GMW per capita (Chioatto & Sospiro, 2022; Mhatre et al., 2021). Accord-
ing to Santibanez Gonzal et al. (2019), production and consumption in a CE take a pro-
active stance in constructing self-sustaining closed-loop systems that facilitate the 4Rs of 
CE, namely reducing, reusing, recycling, and recovering. In a decade systematic literature 
review (2010–2020), Mhatre et al. (2021) noted that production and consumption in CEs 
have been adopted in agriculture, forestry, and fisheries to substantially eliminate waste 
and reintroduce organic nutrients into the production-consumption cycle. The Ellen Mac-
Arthur Foundation (2013) emphasised the need for all enterprises and operational busi-
ness models to have strategic business units specifically responsible for reconciling produc-
tion and consumption systems with waste management and sustainable environmental and 
development goals.

In their CE and agri-food sector assessment, Esposito et  al. (2020) emphasised that 
hybrid systems of production and consumption in a CE enable agricultural sector employ-
ment opportunities. Jun and Xiang (2011), while describing how a CE promotes sustaina-
ble agriculture growth, indicated that a CE generates employment through the introduction 
of practices which previously did not exist, such as waste sorting, recycling of by-products, 
and use of secondary raw materials for mulching and fertilisers. Korhonen et al. (2018), 
who emphasise CE’s social side, hypothesise that hybrid CE production and consumption 
systems eventually result in job creation and employment. Despite the above indication of 
the positive impact of production and consumption in CE, Velenturf and Purnell (2021) 
argue that CE has a bad side that the literature seems to ignore. Highlighting that CE pro-
duction and consumption systems require sophisticated technology for resource recovery 
and recycling, as well as considerable investments to get the system running, making man-
ual workers (often women) redundant, forcing some SMEs out of business due to the ina-
bility to meet CE demands. Supporting this finding, recent studies found that a shift from 
traditional production and consumption system to hybrid systems led to a decline in female 
employment due to disparities between skills and job demands (Fernandez-Stark & Gereffi, 
2019; Valverde et al., 2022). As a result of these arguments, the study hypothesises that:

H1a  GMW negatively influence AE

H1b  GMW negatively influence female AE

2.1.2 � Waste management and employment

Dealing with solid waste presents both challenges and opportunities. Lack of effective 
recycling systems, infrastructure, and unregulated disposal of waste leads to unhealthy 
and polluting environments (Sharma et  al., 2021). Using non-scientific landfill 
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techniques and unsanitary waste dumps pollute the air and contaminate groundwater. 
The proper management of waste can not only help make cities clean and green and 
improve living standards, but alsos provide breathable air, clean water, and land, and 
improve health and education (Kaza et al., 2018). Solid waste management techniques 
such as recovery and recycling are frequently considered more efficient than landfilling 
or combustion without heat recovery (Kaza et al., 2018; Morseletto, 2020). Investing in 
recycling, reuse, remanufacturing, maintenance, refurbishing, and repair services mini-
mise waste and creates jobs for vulnerable groups, including women (Abunyewah et al., 
2023; Gulati et  al., 2020). Contrary, data from 86 countries from the ILO reveal that 
recycling creates more male jobs than females in a circular phosphorus model, thereby 
widening employment inequality between gender (ILOSTAT, 2020).

A study by Kaza et al. (2018) estimates that global waste generated will rise from 2 
billion tons annually to 3.4 billion tons by the year 2050. The number of jobs required 
to recycle, reuse, and recover every 1,000 metric tons of waste is 3–20 versus 0.1 for 
landfilling and incineration (Goldstein et  al., 2011; Stahel, 2016). The International 
Labour Organization (ILO, 2018) estimates that 45 million new jobs could be created 
in the waste management sector by 2030 if the world shifts to more recycling, reuse, 
and repair. Furthermore, Eurostat estimates that the waste management sector contrib-
uted 0.44% to total employment across the EU during the past decade (EC, 2018). By 
diversifying 60% of the waste, the zero-waste program in Canada created 1000 jobs in 
the garbage collection and processing industry and 2,000 in the used goods collection 
industry (Nizar et al., 2018). However, some studies have also shown that although capi-
tal-intensive waste management approaches handle large volumes of waste, it negatively 
impacts employment (Halkos & Petrou, 2016; Horbach et al., 2015). Drawing from the 
above discussion, the study proposes the following hypotheses:

H2a  RRMW positively influence AE

Fig. 2   A conceptual model based on the review of the literature
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H2b  RRMW positively influence female AE

2.1.3 � CE innovation and employment

Moraga et al. (2019) explain that one of the main advantages of a CE is innovation, primar-
ily visible in the gross value added to products and services. Kołodziejczak (2020) also 
emphasizes a comparative correlation between employment and gross value added from 
CE innovation across 17 EU countries and 11 other non-EU countries. While the study 
concluded that gross value-added boosted employment in the agricultural sectors of the 
17 EU countries by 13.1%, the 11 European countries only saw a 4% increase in employ-
ment. Elsewhere, Harizanova et al. (2021), using ARDL models in Bulgaria, stipulated that 
although innovation-driven gross value-added influenced employment in the agriculture 
sector, such employment mostly required highly educated individuals (often men) to make 
significant impacts. In the EU context, Robaina et al. (2020) also highlighted those transi-
tions driven by CE innovation could open avenues for jobs for both sexes due to production 
expansion and high consumption. Elsewhere, Boon and Anuga (2020) also noted that CE 
has the potential to not only engage the youth in agriculture to meet food demands but also 
present avenues to balance agricultural gender employment in the region.

Ellen MacArthur Foundation (2013) and Horbach and Rammer (2020) assert that CE 
innovation is claimed to have more employment, value-added and effective use of sec-
ondary raw material. Huygens and Saveyn (2018) specified in the agricultural context 
that innovation in CE has resulted in the employment of personnel who drives recycling, 
waste sorting and the use of selected phosphorous fertilisers derived from secondary raw 
material. Similarly, Cai et al. (2018) also stressed that CE innovation reduced the use of 
synthetic fertilisers in rice production systems through secondary raw materials such as 
organic fertilisers. In spite of all the benefits, there were issues with high employee turno-
ver, as shown by Katz‐Gerro and Lopez Sintas (2019). Considering the mixed results cou-
pled with the limited number and scope of studies on CE innovation and employment in 
the agricultural sector, there is a need for further probing into the nexus between CE inno-
vation and agricultural sector employment.

H3a  PRSRM positively influence AE

H3a  PRSRM positively influence AE

H3b  PRSRM positively influence female AE

3 � Methodology

The study used annual time series data from 2000 to 2020 for twenty-four EU advanced 
and emerging countries to examine the relationship between CE and AE. These countries 
and periods of the study were selected based on data availability and reliability. Agricul-
tural employment is the dependent variable, whereas CE variables such as production and 
consumption, waste recycling and innovation are the primary independent variables. Fur-
thermore, whereas the production and consumption variable are proxied by GMW per cap-
ita, waste recycling and innovation are proxied by RRMW and PRSRW, respectively.
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All the data used in this study were collected from the Eurostat Database except for 
the AE data set, gleaned from the World Development Indicators. AE is expressed as a 
percentage of total employment. In contrast, GMW is represented in kilograms per capita. 
Furthermore, the PRSRW indicates the total number of patents issued. Finally, the RRMW 
is expressed as a percentage of total recycled waste. The ARIMA model was used to fore-
cast data for PRSRW from 2017 to 2020. At the same time, the ARDL model is used to 
examine the short and long-run relationship between the variables.

4 � Auto‑regressive lag distributive model

The ARDL model has many advantages over the traditional method of testing co-integra-
tion. Firstly, this method can be applied when variables are a mixture of I(0) and I(1). The 
ARDL can simultaneously estimate the short-run and long-run relationship among vari-
ables using the ARDL bounds test procedure. Furthermore, the ARDL model takes care 
of the endogeneity issue by adding lags to the variables in the model. The ARDL model is 
written as

where AE, GMW, PRSRM, and RRMW are variables of the study representing Agricul-
tural Employment, Generation of Municipal Waste, Patents Related to Recycling and Sec-
ondary Raw Materials and Recycling Rate of Municipal Waste, respectively, whereas εt 
represents the white noise term. The ARIMA model forecasts data for PRSRM from 2017 
to 2020. As a result, the data for PRSRM for ARDL analysis are future expected values. 
The bound test can be used by converting Eq. (1) into a bound testing equation by includ-
ing both short-run and long-run dynamics. The bound testing approach to co-integration 
permits us to carry out F-test on the selected ARDL bound testing equation with appropri-
ate lag lengths. We enforced a mandate of a maximum of 3 lags on the level of variables, 
and then the optimal lag length was chosen based on Akaike information criterion. The 
existence of co-integration is confirmed by the standard F test (Pesaran et al., 2001), which 
has come up with two sets of critical values (i.e. lower and upper) for the bound test. The 
lower and upper critical values encompass the assumptions of all variables, being I(0) and 
I(1), respectively. This provides a bound restriction encompassing all possible classifica-
tions of the variables. If the generated F-statistics from the bound testing equation lie above 
the upper bound, the null hypothesis of no co-integration is rejected. If it lies below the 
lower bound, the test fails to reject the null hypothesis. However, the result is inconclusive 
if the value of F statistics lies between the lower and upper bound. Once the long-run rela-
tionship is confirmed, we can capture the short-run dynamics by converting Eq. (1) into an 
error correction specification (ECM) as follows:

where δ captures the speed of adjustment, ECt-1 represents disequilibrium, and Δ denotes 
the first difference. The error correction coefficient indicates the speed of re-adjustment to 
the long-run equilibrium after short-run shocks lead to disequilibrium. In this process, the 
causality is portrayed by the negative and statistically significant value of the error correc-
tion term coefficient δ.

(1)AE
t
= C

0
+ �

1
(GMW) + �

2
(PRSRM)

t
+ �

3
(RRMW) + �

t
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Model diagnostic checking is essential because some key ARDL assumptions, such as 
serially independent and normally distributed errors, are violated. So, the Breush-Pagan-
Godfrey Serial Correlation Lagrange Multiplier test is used to check serial independence, 
and the Jarque–Bera test is used to test normality. While the autoregressive conditional 
heteroskedasticity (ARCH) test is used to check for heteroskedasticity in the model, the 
Ramsey RESET test is applied to check whether there is any misspecification in the model.

5 � Results

5.1 � Diagnostic test results

The diagnostic statistics for all individual ARDL models are presented in Table  2. The 
Ramsey RESET test results indicate that the models do not suffer misspecification prob-
lems. The LM tests reveal no serial correlation at a 5% significance level, and JB test 

Table 2   Diagnostic tests

1. The values above the parenthesis are p-values. 2. The value in parenthesis is F-statistics. 3. RESET is a 
Ramsey model specification test to check model stability. 4. LM is the Lagrange Multiplier test for serial 
correlation. 5. Jarque–Bera is for the normality test. 6. Breusch Pagan is for the Heteroskedasticity test

Country Jarque–Bera normal-
ity test

Breusch-Pagan-God-
frey test

RESET test Lagrange 
multiplier 
test

Germany 1.64(0.43) 0.74(0.11) 0.40(1.05) 0.47(0.53)
France 0.80(0.66) 0.78(0.13) 0.80(0.33) 0.46(0.53)
Spain 2.41(0.29) 0.53(0.39) 0.25(1.54) 0.59(0.28)
Austria 0.17 0.57(0.37) 0.26(1.50) 0.36(0.82)
UK 2.26(0.30) 0.94(0.33) 0.28(0.83) 0.12(2.20)
Belgium 0.19(0.90) 0.66(0.18) 0.25(1.53) 0.67(0.17)
Greece 6.33(0.39) 0.69(0.22) 0.70(0.47) 0.45(0.62)
Poland 1.53(0.47) 0.57(0.32) 2.13(0.14) 0.51(0.43)
Ireland 0.22(0.89) 0.18(1.77) 0.13(2.30) 0.55(0.34)
Denmark 0.21(0.89) 1.53(0.21) 0.19(1.84) 0.39(0.72)
Portugal 0.78(0.67) 0.54(0.46) 0.64(0.60) 0.51(0.43)
Finland 0.46 0.06(3.47) 0.61(0.62) 0.14(2.14)
Czech Republic 1.92(0.38) 0.13(2.24) 0.98(0.06) 0.16(1.88)
Romania 2.30(0.35) 0.97(0.00) 0.36(1.20) 0.36(0.82)
Estonia 0.69(0.70) 0.62(0.24) 0.29(1.39) 0.57(0.31)
Italy 0.99(0.60) 0.25 0.8(0.33) 0.94(0.06)
Luxembourg 28.47(6.6) 0.88(0.06) 0.17(1.93) 0.49(0.45)
Malta 0.64(0.72) 0.65(0.20) 0.73(0.44) 0.69(0.14)
Netherlands 0.66(0.71) 0.63(0.25) 0.07(3.37) 0.76(0.09)
Croatia 6.73(0.34) 0.61(0.25) 0.70(0.47) 0.40(0.69)
Sweden 0.73(0.61) 0.72(0.35) 0.07(3.42) 0.76(0.09)
Slovenia 0.29(0.80) 0.68(0.21) 0.28(1.63) 0.77(0.10)
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results show that all residuals are normally distributed. Further, the ARCH test shows no 
heteroscedasticity problem in our models.

5.2 � Stationarity test

A fundamental assumption of the classical linear regression model is that all variables are 
stationary, which means they have a common trend or mean. Violation of this assump-
tion results in erroneous regression. To avoid such an erroneous result, a unit root test was 
performed on all variables to determine whether they were stationary or not. As a result, 
the augmented Dickey–Fuller (ADF) tests were used to see if the series has a unit root. A 
detailed description of the analysis for each variable is provided below. If the ADF test fails 
to reject the null hypothesis, the series has a unit root and is thus not stationary; however, 
if the tests reject the null hypothesis, the series has no unit root and is stationery. Table 3 
presents the results.

5.3 � Long‑run relationship

Following the conclusion that the variables under study are integrated into the combination 
of order zero and order one, the bounds test for cointegration was performed to establish a 
long-run relationship between the variables. Our test results are shown in Table 3.

The bounds test results show the computed F-statistic value of all the countries. Fur-
thermore, the results reveal that France, the UK, Austria, Denmark, Portugal, the Czech 
Republic, Estonia, Croatia, and the Netherlands had their computed F-statistic being 
greater than the upper bound value of 4.35. Hence the null hypothesis of no cointegration 
was not rejected. This implies that these countries have a long-run relationship between 
Agricultural Employment and CE.

Table 4 only includes countries where the CE indicators have a long-term relationship 
with agricultural employment. Therefore, it shows the long-term relationship between the 
variables of these countries. Countries such as Germany, Estonia, the UK, Croatia, and the 
Czech Republic have a statistically significant and positive relationship between RRMW 
and agricultural employment in the long run. The results of Germany, the UK and Estonia 
indicate that a percentage increase in the RRMW, all other things being equal, leads to an 
increase in agricultural employment by 0.1% in Germany, 0.081% in the UK and 0.05% in 
Estonia. Also, PRSRM at a 1% significance has a positive effect on agricultural employ-
ment in Estonia and the Czech Republic, indicating that a percentage increase in PRSRM 
effects a 0.02% increase in agricultural employment in the Czech Republic and Estonia. 
This shows that, all other things being equal, an increase in CE innovation leads to agri-
cultural employment in these countries. Also, results in Table  3 indicate that the GMW 
negatively impacts agricultural employment in all the countries except the Czech Republic, 
Estonia, and Denmark in the long run. However, at a 5% significance level, GMW nega-
tively affects agricultural employment in the UK, indicating that a percentage increase in 
GMW leads to a decrease in agricultural employment by 0.55% in the long run.

5.4 � Estimation of ARDL error correction model (Short‑Run Estimation)

After obtaining the long-term relationship according to the co-integration model, the 
ECM model was estimated to test the short-term relationship between the independent and 
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dependent variables. The coefficient of the variables shows the short-run impact. Table 5 
summarises the estimated short-run ARDL model;

Table 5 indicates the short-run implications of the variables. At a 5% significance level, 
GMW is found to have a negative and significant relationship to AE in the UK, Austria, 
Finland, Denmark, Hungary, Ireland, Croatia, and Slovenia. This indicates that an increase 
in the GMW drives down AE in these economies. However, GMW is found to have a nega-
tive but insignificant impact on agricultural employment in Malta, Belgium, Luxembourg, 
Estonia, Germany, Spain, and Portugal. In contrast, at 5% significance, GMW has a posi-
tive and significant relationship with AE in Romania. This shows that an increase in waste 
generated by production and consumption, all other things being equal, negatively affects 
AE. In the UK, Austria and Croatia, our results indicate that all other things being equal, 
a percentage increase in the GMW leads to a decrease in agricultural employment in these 
countries by 0.05, 0.02 and 0.11%, respectively. However, RRMW influences agricultural 
employment positively and is statistically significant in France, Germany, the UK, Hun-
gary, Croatia, Estonia, Malta, Luxembourg, and the Netherlands, indicating an increase in 
the RRMW has a significant effect on agricultural employment. The results show that a 
percentage increase in RRMW causes an increase in AE by 0.41% in Germany, 0.44% in 
Estonia and 0.22% in France in the short run (Table 6). Also, PRSRM has got a positive 
and statistically significant impact on Spain, Austria, Croatia, Finland, the Czech Repub-
lic, and Malta. At the same time, the results in France, Ireland, Netherlands, Luxembourg, 

Table 4   Long run estimates (Agricultural Employment and CE Indicators)

** and * denotes significance at 1 and 5% level, respectively

Country Variable Coefficients Standard error T-Ratio P value

Germany GMW − 0.013 0.002 − 0.52 0.628
RRMW 0.100 0.060 2.52 0.470*
PRSRM 0.020 0.029 0.99 0.366

Austria GMW − 0.011 0.001 − 1.34 0.237
RRMW − 0.186 0.140 − 1.32 0.245
PRSRM − 0.068 0.049 − 1.37 0.229

Estonia GMW 0.001 0.001 1.72 0.149
RRMW 0.012 0.019 2.36 0.050*
PRSRM 0.020 0.003 5.73 0.002*

Denmark GMW 0.005 0.001 0.05 0.673
RRMW 0.012 0.013 0.91 0.405
PRSRM − 0.032 0.016 − 1.92 0.113

UK GMW − 0.550 0.005 2.75 0.045*
RRMW 0.081 0.083 2.82 0.046*
PRSRM 0.002 0.009 0.23 0.113

Croatia GMW − 0.008 0.002 − 5.26 0.003*
RRMW 0.021 0.226 3.21 0.030*
PRSRM 0.130 0.322 0.43 0.687

Czech Republic GMW 0.001 0.007 1.71 0.149
RRMW 0.012 0.620 0.62 0.56
PRSRM 0.020 0.003 5.73 0.002*
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Table 5   Estimated short-run ARDL Coefficients (Agricultural Employment and CE Indicators)

Country Variable Coefficients Standard error T-Ratio P value

Spain GMW − 0.022 0.039 − 0.58 0.580
RRMW 0.013 0.015 0.88 0.419
PRSRM 0.116 0.046 2.52 0.048*

Germany GMW 0.001 0.011 0.09 0.931
RRMW 0.410 0.026 2.58 0.040*
PRSRM 0.009 0.125 0.78 0.471

Austria GMW − 0.022 0.009 − 2.43 0.050*
RRMW − 0.030 0.045 1.47 0.200
PRSRM 0.510 0.140 3.58 0.016*

Estonia GMW − 0.005 0.003 − 0.13 0.899
RRMW 0.440 0.180 2.36 0.048*
PRSRM 0.470 0.230 2.08 0.092

Ireland GMW − 0.017 0.003 − 0.44 0.680
RRMW − 0.024 0.096 − 0.25 0.813
PRSRM 0.041 0.360 0.11 0.915

Denmark GMW − 0.0001 0.163 − 2.62 0.050*
RRMW 0.0002 0.001 0.02 0.98
PRSRM 0.001 0.020 0 0.998

Malta GMW − 0.007 0.002 − 0.03 0.970
RRMW 0.037 1.890 2.48 0.050*
PRSRM 1.700 0.830 2.51 0.048*

Netherlands GMW 0.005 0.008 0.61 0.569
RRMW 0.520 0.233 2.52 0.049*
PRSRM 0.170 0.101 1.70 0.150

UK GMW − 0.050 0.005 2.75 0.045*
RRMW 0.081 0.083 2.82 0.046*
PRSRM 0.002 0.009 0.23 0.113

France GMW 0.005 0.004 1.20 0.290
RRMW 0.220 0.086 2.58 0.040*
PRSRM 0.002 0.014 2.02 0.113

Belgium GMW − 0.008 0.008 − 0.96 0.381
RRMW − 0.087 0.035 0.82 -0.998
PRSRM − 0.677 0.269 − 1.37 0.160

Poland GMW 0.004 0.007 0.50 0.636
RRMW 0.020 0.039 0.52 0.627
PRSRM 0.045 0.370 1.21 0.280

Finland GMW − 0.002 0.002 − 2.63 0.049*
RRMW − 0.050 0.017 − 3.02 0.026
PRSRM 0.244 0.100 2.43 0.047*

Czech Republic GMW 0.003 0.001 2.54 0.049
RRMW 0.779 0.158 4.91 0.004*
PRSRM 0.451 0.146 3.09 0.027*
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Italy, Romania, Denmark, and Germany indicate a positive but insignificant impact on 
agricultural employment. This result shows that innovation in CE increases agricultural 
employment.

5.5 � CE and agriculture labour force employment

An ECM model is estimated to test the short-term relationship between the CE indicators 
and female agricultural employment. The coefficient of the variables shows the short-run 
impact. Table 7 shows the estimated short-run autoregressive distributed lag coefficients of 
our model.

5.6 � Long‑run relationship between female agricultural employment and CE 
indicators

A cointegration bounds test was performed to test the long-run relationship between female 
AE and CE indicators. Our test results are shown in Table 8.

Table 5   (continued)

Country Variable Coefficients Standard error T-Ratio P value

Luxembourg GMW − 0.045 0.343 − 0.13 -0.901

RRMW 0.168 0.120 2.61 0.047*

PRSRM 0.095 0.450 0.21 0.842
Portugal GMW − 0.003 0.009 − 0.30 0.775

RRMW − 0.010 0.009 1.11 0.309
PRSRM 1.720 0.899 1.92 0.113

Hungary GMW − 0.010 0.007 − 0.21 0.840
RRMW 0.080 0.086 2.78 0.039*
PRSRM 0.300 0.930 0.32 0.750

Croatia GMW − 0.117 0.0032 − 3.65 0.015*
RRMW 0.083 0.250 2.95 0.040*
PRSRM 2.12 0.463 4.58 0.006*

Sweden GMW 0.001 0.020 0.40 0.704
RRMW -0.002 0.016 − 0.16 0.875
PRSRM 0.004 0.077 0.06 0.955

Italy GMW 0.131 0.008 1.58 0.174
RRMW 0.035 0.040 0.84 0.439
FPRS 0.032 0.024 1.32 0.243

Romania GMW 0.038 0.0245 2.28 0.050*
RRMW 0.330 0.240 0.16 0.882
PRSRM 0.177 0.590 0.30 0.776

Slovenia GMW − 0.006 0.009 2.54 0.045*
RRMW − 0.013 0.060 0.22 0.836
PRSRM − 1.800 1.800 0.10 0.923

** and * denotes significant at 1 and 5% level, respectively
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Table 6   Estimated short run ARDL coefficients (Short-Run Relationship between CE and Female Agricul-
tural Employment) 

Country Variable Coefficients Standard error T-Ratio P value

Spain GMW 0.002 0.004 0.64 0.540
RRMW − 0.060 0.011 − 0.51 0.630
PRSRM 0.850 0.044 1.90 0.115

Germany GMW − 0.013 0.002 − 0.52 0.628
RRMW 0.100 0.060 2.52 0.047*
PRSRM 0.020 0.029 0.99 0.366

Austria GMW − 0.025 0.001 − 2.16 0.083
RRMW − 0.250 0.600 − 0.90 0.400
PRSRM − 0.650 0.170 − 3.78 0.013*

Estonia GMW 0.008 0.004 0.20 0.848
RRMW − 0.009 0.020 − 0.46 0.663
PRSRM − 0.460 0.350 − 1.28 0.255

Ireland GMW − 0.011 0.001 − 2.96 0.039*
RRMW − 0.058 0.020 − 1.99 0.118
PRSRM 0.250 0.170 1.42 0.220

Denmark GMW − 0.0001 0.163 − 2.62 0.05*
RRMW 0.0002 0.001 0.02 0.980
PRSRM 0.001 0.020 0.00 0.998

Malta GMW 0.001 0.001 0.14 0.895
RRMW 0.005 0.010 0.57 0.592
PRSRM − 0.6 0.290 − 0.24 0.822

Netherlands GMW 0.005 0.084 0.61 0.569
RRMW 0.300 0.210 2.41 0.061
PRSRM − 0.720 0.114 − 0.60 0.556

France GMW − 0.006 0.006 − 1.10 0.323
RRMW − 0.650 0.700 − 0.93 0.0.39
PRSRM 0.720 0.057 1.27 0.260

UK GMW − 0.017 0.005 − 0.35 0.074
RRMW − 0.019 0.082 − 0.23 0.827
PRSRM 0.004 0.012 0.34 0.750

Belgium GMW − 0.013 0.009 − 0.15 0.887
RRMW − 0.006 0.049 0.14 −0.898
PRSRM − 0.509 0.260 − 1.90 0.116

Poland GMW 0.002 0.700 0.50 0.636
RRMW − 0.031 0.035 − 0.88 0.421
PRSRM 0.023 0.330 0.71 0.508

Finland GMW − 0.002 0.002 − 0.68 0.524
RRMW − 0.009 0.018 − 0.52 0.626
PRSRM 0.190 0.130 1.43 0.683

Czech Republic GMW 0.0028 0.002 1.37 0.228
RRMW 0.330 0.331 1.20 0.284
PRSRM 0.530 0.063 0.07 0.857
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The bounds test results show that the computed F-statistic value of all the countries, 
except Austria, Estonia, and Poland, is lesser than the 5% critical values of both the lower 
bound value of 3.23 and the upper bound value of 4.35; hence the null hypothesis of no 
cointegration was accepted. This implies that a long-run relationship exists between female 
AE and CE indicators of only Austria, Estonia, and Poland.

Table 8 only shows countries where the CE indicators have a long-term relationship 
with female agricultural employment. It shows the long-term relationship that exists 
between the variables of these countries. From the results presented, only Austria, Esto-
nia, and Poland exhibit a long-term relationship between the variables. There is a posi-
tive relationship between the RRMW and female agricultural employment in the long 
run in Estonia, whereas the results of Poland and Austria indicate a negative relation-
ship, suggesting that an increase in the RRMW leads to a decrease in female agricultural 
employment in the long run. The results of Estonia suggest that a percentage increase 
in RRMW, all other things being equal, leads to an increase in agricultural employment 
by 0.1% in the long run at 5% significance. The GMW negatively affects female agri-
cultural employment in all three countries. This indicates that the production of goods 

Table 6   (continued)

Country Variable Coefficients Standard error T-Ratio P value

Luxembourg GMW − 0.002 0.011 − 1.68 0.900

RRMW 0.167 0.760 2.18 0.081

PRSRM − 0.110 0.190 −0.59 0.581
Portugal GMW 0.081 0.140 1.28 0.258

RMW 0.074 0.170 0.43 0.684
FPRS 1.740 1.200 1.35 0.0.23

Hungary GMW − 0.002 0.009 − 0.29 0.783
RRMW 0.025 0.610 2.40 0.048*
PRSRM 0.524 0.090 0.57 0.593

Croatia GMW − 0.197 0.034 − 0.57 0.590
RRMW 0.260 0.340 0.08 0.942
PRSRM 5.020 10.880 0.46 0.663

Sweden GMW − 0.003 0.040 0.80 0.462
RRMW 0.007 0.019 0.04 0.970
PRSRM 0.030 0.050 0.69 0.523

Italy GMW − 0.001 0.003 − 0.44 0.680
RRMW − 0.020 0.090 − 0.25 0.810
PRSRM 0.040 0.340 0.11 0.950

Romania GMW 0.033 0.031 1.06 0.338
RRMW 0.540 0.310 1.70 0.149
PRSRM 0.036 0.650 0.05 0.980

Slovenia GMW − 0.004 0.010 − 0.47 0.661
RRMW − 0.032 0.07 − 0.04 0.960
PRSRM − 1.800 1.80 0.10 0.923

** and * denotes significant at 1 and 5% level, respectively
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and services, which leads to waste generation, does not encourage female employment 
in the agriculture sector. Austria, Estonia, and Poland exhibit a long-term relationship 
between the variables, so PRSRM positively affects agricultural employment in Estonia 
and Poland, indicating innovation and competitiveness due to the CE practices promot-
ing female agricultural employment in the long run.

Table 7   ARDL bounds test for Cointegration (Female Agricultural Employment and CE Indicators)

Country Computed F 
statistic

Lower bound 
I(0)

Upper bound I(1) Remarks

Germany 1.17 3.23 4.35 No cointegration
France 2.38 3.23 4.35 No cointegration
Spain 1.45 3.23 4.35 No cointegration
UK 1.27 3.23 4.35 No cointegration
Austria 6.89* 3.23 4.35 Cointegration
Belgium 4.10 3.23 4.35 No cointegration
Malta 1.04 3.23 4.35 No cointegration
Poland 8.7* 3.23 4.35 Cointegration
Ireland 0.41 3.23 4.35 No cointegration
Denmark 0.92 3.23 4.35 No Cointegration
Portugal 2.40 3.23 4.35 No Cointegration
Finland 2.19 3.23 4.35 No Cointegration
Czech Republic 1.73 3.23 4.35 No Cointegration
Romania 1.41 3.23 4.35 No Cointegration
Hungary 4.14 3.23 4.35 No Cointegration
Luxembourg 2.98 3.23 4.35 No Cointegration
Croatia 2.70 3.23 4.35 No Cointegration
Sweden 2.30 3.23 4.35 No Cointegration
Italy 0.41 3.23 4.35 No Cointegration
Slovenia 2.80 3.23 4.35 No Cointegration
Netherlands 4.20 3.23 4.35 No Cointegration
Estonia 7.53* 3.23 4.35 Cointegration

Table 8   Long run estimates 
(Female Agricultural 
Employment and CE Indicators)

** and * denotes significance at 1 and 5% level, respectively

Country Variable Coefficients Standard error T-Ratio P value

Austria GMW − 0.013 0.110 − 1.19 0.286
RMW − 0.200 1.220 − 1.22 0.278
FPRS − 0.886 0.060 − 1.47 0.202

Estonia GMW − 0.0133 0.002 − 0.52 0.628
RMW 0.100 0.060 2.52 0.470*
FPRS 0.020 0.029 0.99 0.366

Poland GMW − 0.002 0.055 − 0.44 0.670
RMW − 0.005 0.023 − 0.22 0.830
FPRS 0.004 0.044 1.01 0.357
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6 � Discussion and implication

6.1 � Discussion of study findings

CE production and consumption, waste recycling and innovation are significant employ-
ment drivers in many sampled countries. Therefore, this study’s estimates associated with 
the CE indicators are important in the ARDL bounds test for cointegration. Several seminal 
and recent studies support these findings (see, for instance, Burger et al., 2019; Horbach 
& Rammer, 2020; Horbach et  al., 2015; Kinnaman & Fullerton, 1999; Liu et  al., 2020; 
Schröder et al., 2019).

In both the short- and long-run models, GMW was significant and negatively related to 
AE in the UK, Austria, Finland, Denmark, Hungary, Ireland, Croatia, and Slovenia, indi-
cating a rise in GMW reduces agricultural employment. A negative impact of GMW on 
agricultural employment was found in Malta, Belgium, Luxembourg, Estonia, Germany, 
Spain, and Portugal, but the effect was not significant. This indicates that all other things 
being equal, an increase in waste from traditional production and consumption systems 
limits employment opportunities in the studied sector. This suggests that sectors that gen-
erate the most waste have a harder time generating new jobs due to high production costs 
and haulage fees for discarding their waste. Thus, while structural policies on resource use 
in agriculture may impact sectors’ growth, investing in hybrid CE production and con-
sumption systems will minimise the amount of waste generated, accelerating employment 
growth in the sector.

In contrast, RRMW and PRSRM positively impacted AE across sampled countries. In 
France, Germany, the UK, Hungary, Croatia, Estonia, Malta, Luxembourg, and the Neth-
erlands, the RRMW is statistically significant and a positive determinant of agricultural 
employment, indicating that waste recycling affects agricultural employment in other 
countries. For example, Spain, Austria, Croatia, Finland, the Czech Republic, Malta, and 
the Netherlands have all seen positive and statistically significant impacts of RRMW and 
PRSRM on employment. In contrast, France, Ireland, Netherlands, Luxembourg, Italy, 
Romania, Denmark, and Germany have seen positive but insignificant impacts of RRMW 
and PRSRM on employment. According to the study, PRSRM has a positive relationship 
with employment in the agriculture sector in most countries, affirming that introducing CE 
innovations can increase employment in the agriculture sector (See Sharma et al., 2019; 
Yoshikawa et al., 2021). The positive impact of RRMW and PRSRM on Europe’s agricul-
ture sector growth shows that CE policies might enable countries to specialise in techno-
logical innovations that offer their agriculture sector a dynamic comparative advantage in 
terms of potential productivity growth and diverse job opportunities.

There is statistical significance between the sexes. Most EU countries except Spain, 
Estonia, Poland, Sweden, and the Czech Republic show a short-term and long-term nega-
tive relationship between GMW and female employment in agriculture, which supports the 
study’s hypothesis. Based on this negative relationship, it appears that waste generated by 
the production and consumption of goods makes the agriculture sector less attractive to 
females in most European countries in both the short and long term. The results in Hun-
gary show that, in the short run, an increase in the RRMW leads to an increase in female 
agricultural employment of 0.025% at a 5% significance level. According to the Estonian 
data, an increase in RRMW leads to higher female employment in the agriculture sector 
by 0.1% over the long run at a 5% significance level. Many countries also reported posi-
tive effects of PRSRM on women’s employment in agriculture, although they were not 
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significant in the short term. This suggests that Europe’s agricultural sector could hopefully 
close the gender gap by increasing female employment through innovative CE practices.

Agricultural supply chain mismanagement causes 20–60% of waste and significantly 
impacts employment opportunities (Dulebenets et al., 2016). Study results imply that cur-
rent conventional supply chain systems must be replaced with circular ones to achieve 
sustainable production and growth, reducing production costs, increasing employment 
and reducing waste. A CE-based agricultural strategy requires enhancing decision-mak-
ing support and implementing sustainable, reverse, and closed-loop supply chains. In 
addition, organisations must develop data-driven management systems to make sense of 
data volumes and gain a competitive advantage. Considering the complexity of circular-
driven technology and models, relationships with technology providers are strongly rec-
ommended. Developing a relationship like this can provide technology adopters with the 
ability to overcome technological skills challenges, which limit their ability to interpret and 
analyze collected data. Therefore, it is imperative that technology providers not only ensure 
continuous technical assistance but also get to know the specifics of the processes charac-
terised by the adopters in great depth. Such initiatives can improve production processes in 
the agriculture sector and make existing supply chains more agile, resilient, and responsive 
to CE principles in the long run compared to traditional supply chains.

6.2 � Implications of the study

Historically, previous studies have urged extending the scope of circular agriculture beyond 
its traditional economic and environmental challenges and solutions. Our findings repre-
sent an initial response to this call. Further, we have added an employment perspective to 
the discussion of circular agriculture models in the literature (e.g. Yazdani et al., 2019; Yue 
et al., 2022). With a specific focus on what actions should be incorporated into the value 
chain of circular agriculture, including job creation, we contribute to the extant literature 
on how circular agriculture can be translated into practice from a social perspective. In 
the light of this, we shed light on the circular disruption debate by explaining how the 
transition to a circular approach driven by employment is not simple, given that the CE 
indicators adopted in agriculture are interconnected in a complex way and impacted by 
geographical contexts.

The study offers three policy implications. Firstly, countries would benefit from imple-
menting recycling initiatives and using secondary raw materials as part of their CE strate-
gies. In the agricultural sector, governments can standardise clean production requirements 
to promote recycling and the use of secondary raw materials in a more targeted and innova-
tive manner. This approach is to develop circular agriculture where minimal external inputs 
are used, nutrients are closed loops, soils are regenerated, materials are reused, and the 
environmental impacts are minimised. CE innovations lead to cleaner job creation across 
sectors, as affirmed by the study findings. Governments must enact policies to encourage 
industry adoption of CE innovations, which can generate sector-wide innovations that are 
environmentally friendly and create green jobs. The application of circular agriculture on 
a large scale in Europe can also significantly reduce resource requirements and the sector’s 
ecological footprint.

Second, governments creating circular policies geared towards particular industries to 
address waste issues benefit more from such interventions. In this manner, governments 
can improve regulatory efficiency by targeting waste generated from production and 
consumption. The results of our study indicate that waste production and consumption 
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negatively impact job creation within the agriculture sector, which suggests a need to pro-
mote resource efficiency through a policy mix encompassing the full product life cycle. 
Within the agriculture sector, policy instruments, regulations, information-based and vol-
untary approaches, environmental labelling, and public financial support can internalise 
environmental costs and provide incentives for resource efficiency across the supply chain.

Finally, the study examines the role of a CE in generating jobs in the agriculture sector 
of EU countries and proves that the production and consumption of waste and municipal 
waste recycling rates can impede female employment. It was found that, in most EU coun-
tries, the production and consumption of goods that result in waste discourage women from 
working in the agricultural sector. Furthermore, due to outdated technology, more produc-
tion consumes large amounts of energy and generates large amounts of waste. Therefore, 
policymakers must consider the diverse patents driving CE policies to build gender-sen-
sitive circular futures across sectors. As a result, the study concludes that EU countries 
can foster inclusive growth and development by placing gendered and targeted employment 
strategies at the centre of CE policies.

7 � Conclusion

This study examines the hypothesis that a CE increases agricultural employment in EU 
countries. During the research, three CE patents were examined: GMW (production and 
consumption), RRMW (recycling), and PRSRM (innovation). Unlike previous discourse, 
this study focuses on these unique patents and examines a more representative sample of 
EU countries. Production and consumption of municipal waste have negative effects. By 
this logic, European agricultural employment is encouraged by adopting recycling initia-
tives and the recycling of secondary raw materials rather than the generation of waste from 
production and consumption. These results support the purpose of the EU 2020 CE action 
plan, which is to create sustainable growth and jobs across the EU.

The findings of our study contribute to the growing literature on CE and job creation. 
Much attention has been paid to documenting CE’s drivers and recommending an alterna-
tive approach for its measurement. The CE has, however, not been well studied in terms 
of its influence on employment. Furthermore, most existing evidence is based on cross-
sectional data, making it impossible to control individual fixed effects, particularly time-
invariant variables that can dramatically impact employment. With panel data, we can con-
trol for individual fixed effects and examine the effect of a CE on agricultural employment 
directly and subjectively.

The nuances of the relationship between CE and employment can be explored more in-
depth in future research by, for instance, studying the channels through which CE patents 
operate. As such, future studies could examine potential mediators between circular econo-
mies and employment in agriculture and other industries. It would also be beneficial to 
investigate further the contextual issues pertaining to attitudes towards circular jobs, skills 
and training required, smart technology, and global equity in terms of the shift in employ-
ment trends in future studies.

In this study, a new research area is opened by suggesting that current efforts to cir-
cularise the agricultural sector might not be adequate to create jobs and increase gender 
opportunities in the sector. Despite the increasing commitment of agriculture businesses 
to promote circular practices, they lack appropriate indicators for measuring their progress 
and evaluating their impact on employment. By reporting these indicators, businesses can 
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progress information flows and move away from less sustainable forms of waste disposal 
towards more environmentally friendly options such as prevention, reuse, and recycling. It 
will take the collaboration of many stakeholders, including companies, entrepreneurs, gov-
ernments, NGOs, and academic institutions, to scale up innovative partnerships and prac-
tices for advancing a circular agriculture sector. As a final step, governments can promote 
inclusive and sustainable growth across sectors by integrating gender-specific and targeted 
employment strategies into CE policies.

7.1 � Limitation of the study

Some limitations are present in this study. First, only the recycling rate and the use of sec-
ondary materials are analysed as CE indicators. The literature review section of this paper 
discusses several potential channels, but data availability and reliability make empirical 
examination impossible. For instance, the recycling rate and secondary material use are 
not the only indicators that impact employment levels. Trade in recyclable raw materials, 
private investments, and circular material use, among others, can also significantly impact 
employment. The availability of appropriate data may prompt future studies to consider 
these potential CE indicators. Second, disaggregated waste data was not available. Our 
study used the aggregated data set for each area of the CE. Thus, future studies should 
explore how disaggregated data sets, once available, can impact the findings shared in our 
study. Third, although the study findings may apply to all companies, future researchers 
should add some sector-specific indicators to describe and measure the CE-employment 
relationship accurately. Moreover, pilot studies need to be conducted to determine the 
feasibility of proposed CE indicators in various sectors and refine them further. Finally, 
assessing CE’s social dimensions, such as employment, can be more complex, and data are 
often not readily available, which limited the timeframe used in this study.

Funding  Open Access funding enabled and organized by CAUL and its Member Institutions.

Data Availability  The data sets generated during and/or analysed during the current study are available from 
the corresponding author upon reasonable request.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Abunyewah, M., Erdiaw-Kwasie, M. O., Okyere, S. A., & Boateng, F. G. (2023). Advancing a slum–circular 
economy model for sustainability transition in cities of the Global South. Nature Sustainability, 6(11), 
1304–1311.

Aznar-Sánchez, J. A., Velasco-Muñoz, J. F., García-Arca, D., & López-Felices, B. (2020). Identification of 
opportunities for applying the circular economy to intensive agriculture in Almería (South-East Spain). 
Agronomy, 10(10), 1499.

http://creativecommons.org/licenses/by/4.0/


	 M. O. Erdiaw‑Kwasie et al.

1 3

Baah, C., Afum, E., Agyabeng-Mensah, Y., & Agyeman, D. O. (2023). Circular economy principles and 
responsible manufacturing: assessing implications for resource conservation, Emission Reduction, 
Cost Performance, and Environmental Legitimacy. In Circular Economy Strategies and the UN Sus-
tainable Development Goals (pp. 267–305). Singapore: Springer Nature Singapore.

Barros, M. V., Salvador, R., do Prado, G. F., de Francisco, A. C., & Piekarski, C. M. (2021). Circular econ-
omy as a driver to sustainable businesses. Cleaner Environmental Systems, 2, 100006.

Bocken, N. M., Schuit, C. S., & Kraaijenhagen, C. (2018). Experimenting with a circular business model: 
Lessons from eight cases. Environmental Innovation and Societal Transitions, 28, 79–95.

Boon, E. K., & Anuga, S. W. (2020). Circular economy and its relevance for improving food and nutrition 
security in Sub-Saharan Africa: The case of Ghana. Materials Circular Economy, 2(1), 1–14.

Buerger, M., Broekel, T., & Coad, A. (2012). Regional dynamics of innovation: Investigating the co-evolu-
tion of patents, research and development (R&D), and employment. Regional Studies, 46(5), 565–582.

Burger, M., Stavropoulos, S., Ramkumar, S., Dufourmont, J., & van Oort, F. (2019). The heterogeneous 
skill-base of circular economy employment. Research Policy, 48(1), 248–261.

Cai, W., & Li, G. (2018). The drivers of eco-innovation and its impact on performance: Evidence from 
China. Journal of Cleaner Production, 176, 110–118.

Cayzer, S., Griffiths, P., & Beghetto, V. (2017). Design of indicators for measuring product performance in 
the circular economy. International Journal of Sustainable Engineering, 10(4–5), 289–298.

Chioatto, E., & Sospiro, P. (2022). Transition from waste management to circular economy: The European 
Union roadmap. Environment, Development and Sustainability, 25(1), 249–276.

Chojnacka, K., Skrzypczak, D., Mikula, K., Witek-Krowiak, A., Izydorczyk, G., Kuligowski, K., & 
Kułażyński, M. (2021). Progress in sustainable technologies of leather wastes valorisation as solutions 
for the circular economy. Journal of Cleaner Production, 313, 127902.

Coghlan, C., Proulx, P., & Salazar, K. (2021). A food-circular economy-women Nexus: Lessons from 
Guelph-Wellington. Sustainability, 14(1), 192.

Corvellec, H., Stowell, A. F., & Johansson, N. (2022). Critiques of the circular economy. Journal of Indus-
trial Ecology, 26(2), 421–432.

Dantas, T. E., De Souza, E. D., Destro, I. R., Hammes, G., Rodriguez, C. M., & Soares, S. R. (2021). How 
the combination of Circular Economy and Industry 4.0 can contribute towards achieving the Sustain-
able Development Goals. Sustainable Production and Consumption, 26, 213–227.

Ddiba, D., Andersson, K., Rosemarin, A., Schulte-Herbrüggen, H., & Dickin, S. (2022). The circular 
economy potential of urban organic waste streams in low-and middle-income countries. Environment, 
Development and Sustainability, 24(1), 1116–1144.

De Pascale, A., Arbolino, R., Szopik-Depczyńska, K., Limosani, M., & Ioppolo, G. (2021). A system-
atic review for measuring circular economy: The 61 indicators. Journal of Cleaner Production, 281, 
124942.

Dulebenets, M. A. (2016). Advantages and disadvantages from enforcing emission restrictions within emis-
sion control areas. Maritime Business Review, 1(2), 107–132.

El Wali, M., Golroudbary, S. R., & Kraslawski, A. (2021). Circular economy for phosphorus supply chain 
and its impact on social sustainable development goals. Science of the Total Environment, 777, 146060.

Ellen MacArthur Foundation (EMF). (2013). Towards the circular economy: Opportunities for the con-
sumer goods sector. Ellen MacArthur Foundation, (pp. 1–112).

Erdiaw-Kwasie, M. O. (2023). Circularity Challenges in SDGs Implementation: A Review in Context. In M. 
O. Erdiaw-Kwasie & G. M. Monirul Alam (Eds.), Circular Economy Strategies and the UN Sustain-
able Development Goals (pp. 3–18). Singapore: Springer Nature Singapore. https://​doi.​org/​10.​1007/​
978-​981-​99-​3083-8_1

Erdiaw-Kwasie, M. O., Abunyewah, M., Yusif, S., & Erdiaw-Kwasie, A. (2023b). Does circular economy 
knowledge matter in sustainable service provision? A moderation analysis. Journal of Cleaner Produc-
tion, 383, 135429.

Erdiaw-Kwasie, M. O., Udage Kankanamge, A. K. S., Abunyewah, M., Alam, G. M., Erdiaw-Kwasie, 
A., Andoh, M. A., & Owusu-Ansah, K. K. (2023a). Circular Economy Research and Practice: Past, 
Present and Future. Circular Economy Strategies and the UN Sustainable Development Goals (pp. 
57–90). Springer Nature Singapore.

Esposito, B., Sessa, M. R., Sica, D., & Malandrino, O. (2020). Towards circular economy in the agri-food 
sector. A Systematic Literature Review. Sustainability, 12(18), 7401.

Ezeah, C., Fazakerley, J. A., & Roberts, C. L. (2013). Emerging trends in informal sector recycling in devel-
oping and transition countries. Waste Management, 33(11), 2509–2519.

Fernandez-Stark, K., & Gereffi, G. (2019). Global value chain analysis: A primer (second edition). In S. 
Ponte, G. Gereffi, & G. Raj-Reichert (Eds.), Handbook on global value chains. Edward Elgar Publish-
ing. https://​doi.​org/​10.​4337/​97817​88113​779.​00008

https://doi.org/10.1007/978-981-99-3083-8_1
https://doi.org/10.1007/978-981-99-3083-8_1
https://doi.org/10.4337/9781788113779.00008


Circular economy and agricultural employment: a panel analysis…

1 3

Figge, F., Thorpe, A. S., Givry, P., Canning, L., & Franklin-Johnson, E. (2018). Longevity and circularity as 
indicators of eco-efficient resource use in the circular economy. Ecological Economics, 150, 297–306.

Flynn, A., Hacking, N., & Xie, L. (2019). Governance of the circular economy: A comparative examination 
of the use of standards by China and the United Kingdom. Environmental Innovation and Societal 
Transitions, 33, 282–300.

García-Muiña, F., Medina-Salgado, M. S., González-Sánchez, R., Huertas-Valdivia, I., Ferrari, A. M., & 
Settembre-Blundo, D. (2021). Industry 4.0-based dynamic social organizational life cycle assessment 
to target the social circular economy in manufacturing. Journal of Cleaner Production, 327, 129439.

Goldstein, J., Electris, C., Morris, J., (2011). More Jobs, Less Pollution: Growing the Recycling Economy 
in the U.S. NRDC https://​www.​nrdc.​org/​resou​rces/​more-​jobs-​less-​pollu​tion-​growi​ng-​recyc​ling-​econo​
my-​us

Gulati, M., Becqué, R., Godfrey, N., Akhmouch, A., Cartwright, A., Eis, J., & Rode, P. (2020). The Eco-
nomic Case for Greening the Global Recovery through Cities: Seven priorities for national govern-
ments. Coalition for Urban Transitions. London and Washington.

Hailemariam, A., & Erdiaw-Kwasie, M. O. (2023). Towards a circular economy: Implications for emission 
reduction and environmental sustainability. Business Strategy and the Environment, 32(4), 1951–1965.

Halkos, G. E., & Petrou, K. N. (2016). Moving towards a circular economy: Rethinking waste management 
practices. Journal of Economic and Social Thought, 3(2), 220–240.

Hobson, K., & Lynch, N. (2016). Diversifying and de-growing the circular economy: Radical social trans-
formation in a resource-scarce world. Futures, 82, 15–25.

Hopkinson, P., De Angelis, R., & Zils, M. (2020). Systemic building blocks for creating and capturing value 
from circular economy. Resources, Conservation and Recycling, 155, 104672.

Horbach, J., Rennings, K., & Sommerfeld, K. (2015). Circular economy and employment. In 3rd IZA Work-
shop: Labor Market Effects of Environmental Policies (pp. 1–39).

Horbach, J., & Rammer, C. (2020). Circular economy innovations, growth and employment at the firm 
level: Empirical evidence from Germany. Journal of Industrial Ecology, 24(3), 615–625.

Huygens, D., & Saveyn, H. G. (2018). Agronomic efficiency of selected phosphorus fertilisers derived from 
secondary raw materials for European agriculture. A Meta-Analysis. Agronomy for Sustainable Devel-
opment, 38(5), 1–14.

ILO (2018) ILO Global estimates on international migrant workers—results and methodology. https://​www.​
ilo.​org/​global/​publi​catio​ns/​books/​WCMS_​652001/​lang–en/index.htm

ILOSTAT (2020). Employment by Sex and Economic Activity. https://​www.​ilo.​org/​shiny​apps/​bulke​xplor​
er50/?​lang=​en&​segme​nt=​indic​ator&​id=​EMP_​2EMP_​SEX_​ECO_​NB_A

Jabbour, C. J. C., Sarkis, J., de Sousa Jabbour, A. B. L., Renwick, D. W. S., Singh, S. K., Grebinevych, O., 
& Godinho Filho, M. (2019). Who is in charge? A review and a research agenda on the ‘human side’of 
the circular economy. Journal of Cleaner Production, 222, 793–801.

Jun, H., & Xiang, H. (2011). Development of circular economy is a fundamental way to achieve agriculture 
sustainable development in China. Energy Procedia, 5, 1530–1534.

Katz-Gerro, T., & Lopez Sintas, J. (2019). Mapping circular economy activities in the European Union: Pat-
terns of implementation and their correlates in small and medium-sized enterprises. Business Strategy 
and the Environment, 28(4), 485–496.

Kaza, S., Yao, L. C., Bhada-Tata, P., & Van Woerden, F. (2018). What a Waste 2.0: A Global Snap-
shot of Solid Waste Management to 2050. Washington, DC: World Bank. https://​doi.​org/​10.​1596/​
978-1-​4648-​1329-0

Kern, F., Sharp, H., & Hachmann, S. (2020). Governing the second deep transition towards a circular econ-
omy: How rules emerge, align and diffuse. Environmental Innovation and Societal Transitions, 37, 
171–186.

Khan, S. A. R., Zia-ul-haq, H. M., Umar, M., & Yu, Z. (2021). Digital technology and circular economy 
practices: An strategy to improve organizational performance. Business Strategy & Development, 4(4), 
482–490.

Kinnaman, T. C., & Fullerton, D. (1999). The economics of residential solid waste management. In: 
National Bureau of Economic Research Cambridge, Mass, USA

Kołodziejczak, W. (2020). Employment and gross value added in agriculture versus other sectors of the 
European Union Economy. Sustainability, 12(14), 5518.

Korhonen, J., Nuur, C., Feldmann, A., & Birkie, S. E. (2018). Circular economy as an essentially contested 
concept. Journal of Cleaner Production, 175, 544–552.

Laoire, C. N. (2002). Young farmers, masculinities and change in rural Ireland. Irish Geography, 35(1), 
16–27.

https://www.nrdc.org/resources/more-jobs-less-pollution-growing-recycling-economy-us
https://www.nrdc.org/resources/more-jobs-less-pollution-growing-recycling-economy-us
https://www.ilo.org/global/publications/books/WCMS_652001/lang
https://www.ilo.org/global/publications/books/WCMS_652001/lang
https://www.ilo.org/shinyapps/bulkexplorer50/?lang=en&segment=indicator&id=EMP_2EMP_SEX_ECO_NB_A
https://www.ilo.org/shinyapps/bulkexplorer50/?lang=en&segment=indicator&id=EMP_2EMP_SEX_ECO_NB_A
https://doi.org/10.1596/978-1-4648-1329-0
https://doi.org/10.1596/978-1-4648-1329-0


	 M. O. Erdiaw‑Kwasie et al.

1 3

Le, N. P., Nguyen, T. T. P., & Zhu, D. (2018). Understanding the stakeholders’ involvement in utilizing 
municipal solid waste in agriculture through composting: A case study of Hanoi Vietnam. Sustain-
ability, 10(7), 2314.

Lebersorger, S., & Beigl, P. (2011). Municipal solid waste generation in municipalities: Quantifying 
impacts of household structure, commercial waste and domestic fuel. Waste Management, 31(9–10), 
1907–1915.

Liu, Y., Park, S., Yi, H., & Feiock, R. (2020). Evaluating the employment impact of recycling performance 
in Florida. Waste Management, 101, 283–290.

Marra, A., Mazzocchitti, M., & Sarra, A. (2022). A multi-dimensional space to map national research com-
munities in the circular economy: Any common pattern? Environmental Science & Policy, 132, 48–59.

Mhatre, P., Panchal, R., Singh, A., & Bibyan, S. (2021). A systematic literature review on the circular econ-
omy initiatives in the European Union. Sustainable Production and Consumption, 26, 187–202.

Moraga, G., Huysveld, S., Mathieux, F., Blengini, G. A., Alaerts, L., Van Acker, K., & Dewulf, J. 
(2019). Circular economy indicators: What do they measure? Resources, Conservation and Recy-
cling, 146, 452–461.

Moreau, V., Sahakian, M., Van Griethuysen, P., & Vuille, F. (2017). Coming full circle: Why social 
and institutional dimensions matter for the circular economy. Journal of Industrial Ecology, 21(3), 
497–506.

Morseletto, P. (2020). Targets for a circular economy. Resources, Conservation and Recycling, 153, 
104553.

Nedelea, A. M., Mironiuc, M., Huian, M. C., Bîrsan, M., & Bedrule-Grigoruţă, M. V. (2018). Modeled 
interdependencies between intellectual capital, circular economy and economic growth in the con-
text of bioeconomy. Amfiteatru Economic, 20(49), 616–630.

Niero, M., & Hauschild, M. Z. (2017). Closing the loop for packaging: Finding a framework to opera-
tionalise Circular Economy strategies. Procedia Cirp, 61, 685–690.

Niero, M., & Kalbar, P. P. (2019). Coupling material circularity indicators and life cycle based indica-
tors: A proposal to advance the assessment of circular economy strategies at the product level. 
Resources, Conservation and Recycling, 140, 305–312.

Nizar, M., Munir, E., & Munawar, E. (2018). Implementation of zero waste concept in waste manage-
ment of Banda Aceh City. Journal of Physics: Conference Series, 1116, 052045. https://​doi.​org/​10.​
1088/​1742-​6596/​1116/5/​052045

Padilla-Rivera, A., Russo-Garrido, S., & Merveille, N. (2020). Addressing the social aspects of a circu-
lar economy: A systematic literature review. Sustainability, 12(19), 7912.

Pesaran, M. H., Shin, Y., & Smith, R. J. (2001). Bounds testing approaches to the analysis of level rela-
tionships. Journal of Applied Econometrics, 16(3), 289–326.

Pomberger, R., Altendorfer, M., & Gelbmann, U. M. (2021). Employment effects of different municipal 
waste treatment systems based on data from Austria. Detritus, 15, 136.

Prugl, E. (2011). Transforming masculine rule: Agriculture and rural development in the European 
Union. University of Michigan Press. https://​doi.​org/​10.​3998/​mpub.​21467​17

Qadir, M., Drechsel, P., Cisneros, B. J., Kim, Y., Pramanik, A., Mehta, P., & Olaniyan, O. (2020). Global 
and regional potential of wastewater as a water, nutrient and energy source. Natural Resources 
Forum, 44(1), 40–51. https://​doi.​org/​10.​1111/​1477-​8947.​12187

Rainville, A. (2021). Stimulating a more circular economy through public procurement: Roles and 
dynamics of intermediation. Research Policy, 50(4), 104193.

Ranjbari, M., Esfandabadi, Z. S., Shevchenko, T., Chassagnon-Haned, N., Peng, W., Tabatabaei, M., & 
Aghbashlo, M. (2022). Mapping healthcare waste management research: Past evolution, current 
challenges, and future perspectives towards a circular economy transition. Journal of Hazardous 
Materials, 422, 126724.

Rashid, M. I., & Shahzad, K. (2021). Food waste recycling for compost production and its economic and 
environmental assessment as circular economy indicators of solid waste management. Journal of 
Cleaner Production, 317, 128467.

Repp, L., Hekkert, M., & Kirchherr, J. (2021). Circular economy-induced global employment shifts in 
apparel value chains: Job reduction in apparel production activities, job growth in reuse and recy-
cling activities. Resources, Conservation and Recycling, 171, 105621.

Rincón-Moreno, J., Ormazábal, M., Álvarez, M., & Jaca, C. (2021). Advancing circular economy perfor-
mance indicators and their application in Spanish companies. Journal of Cleaner Production, 279, 
123605.

Robaina, M., Murillo, K., Rocha, E., & Villar, J. (2020). Circular economy in plastic waste-Efficiency 
analysis of European countries. Science of the Total Environment, 730, 139038.

https://doi.org/10.1088/1742-6596/1116/5/052045
https://doi.org/10.1088/1742-6596/1116/5/052045
https://doi.org/10.3998/mpub.2146717
https://doi.org/10.1111/1477-8947.12187


Circular economy and agricultural employment: a panel analysis…

1 3

Santibanez Gonzalez, E. D., Koh, L., & Leung, J. (2019). Towards a circular economy production sys-
tem: Trends and challenges for operations management. International Journal of Production 
Research, 57(23), 7209–7218.

Sato, T., Qadir, M., Yamamoto, S., Endo, T., & Zahoor, A. (2013). Global, regional, and country level need 
for data on wastewater generation, treatment, and use. Agricultural Water Management, 130, 1–13.

Schröder, P., Anantharaman, M., Anggraeni, K., & Foxon, T. J. (2019). The circular economy and the 
Global South: Sustainable lifestyles and green industrial development. Routledge.

Sharma, B., Vaish, B., Singh, U. K., Singh, P., & Singh, R. P. (2019). Recycling of organic wastes in 
agriculture: An environmental perspective. International Journal of Environmental Research, 
13(2), 409–429.

Sharma, H. B., Vanapalli, K. R., Samal, B., Cheela, V. S., Dubey, B. K., & Bhattacharya, J. (2021). 
Circular economy approach in solid waste management system to achieve UN-SDGs: Solutions for 
post-COVID recovery. Science of the Total Environment, 800, 149605.

Smol, M., Kulczycka, J., & Avdiushchenko, A. (2017). Circular economy indicators in relation to eco-inno-
vation in European regions. Clean Technologies and Environmental Policy, 19, 669–678.

Stahel, W. R. (2016). The circular economy. Nature, 531(7595), 435–438.
Tenakwah, E. S., & Tenakwah, E. J. (2023). Circular economy practices in Mauritius: examining the deter-

minants. Circular Economy Strategies and the UN Sustainable Development Goals (pp. 241–265). 
Springer Nature Singapore.

Toop, T. A., Ward, S., Oldfield, T., Hull, M., Kirby, M. E., & Theodorou, M. K. (2017). AgroCycle–devel-
oping a circular economy in agriculture. Energy Procedia, 123, 76–80.

Valverde, R. O., Mesías, P. A., & Peris-Blanes, J. (2022). Just transitions through agroecological innovations 
in family farming in Guatemala: Enablers and barriers towards gender equality. Environmental Innova-
tion and Societal Transitions, 45, 228–245.

van Langen, S. K., Vassillo, C., Ghisellini, P., Restaino, D., Passaro, R., & Ulgiati, S. (2021). Promoting cir-
cular economy transition: A study about perceptions and awareness by different stakeholders groups. 
Journal of Cleaner Production, 316, 128166.

Velasco-Muñoz, J. F., Mendoza, J. M. F., Aznar-Sánchez, J. A., & Gallego-Schmid, A. (2021). Circular 
economy implementation in the agricultural sector: Definition, strategies and indicators. Resources, 
Conservation and Recycling, 170, 105618.

Velenturf, A. P., & Purnell, P. (2021). Principles for a sustainable circular economy. Sustainable Production 
and Consumption, 27, 1437–1457.

Velis, C. A., Hardesty, B. D., Cottom, J. W., & Wilcox, C. (2022). Enabling the informal recycling sector to 
prevent plastic pollution and deliver an inclusive circular economy. Environmental Science & Policy, 
138, 20–25.

Whittock, M. (2018). Feminising the masculine?: Women in non-traditional employment. Routledge. https://​
doi.​org/​10.​4324/​97813​15204​253

Winans, K., Kendall, A., & Deng, H. (2017). The history and current applications of the circular economy 
concept. Renewable and Sustainable Energy Reviews, 68, 825–833.

Yazdani, M., Gonzalez, E. D., & Chatterjee, P. (2019). A multi-criteria decision-making framework for agri-
culture supply chain risk management under a circular economy context. Management Decision, 59(8), 
1801–1826.

Yoshikawa, N., Matsuda, T., & Amano, K. (2021). Life cycle environmental and economic impact of a food 
waste recycling-farming system: A case study of organic vegetable farming in Japan. The International 
Journal of Life Cycle Assessment, 26(5), 963–976.

Yue, Q., Guo, P., Wu, H., Wang, Y., & Zhang, C. (2022). Towards sustainable circular agriculture: An inte-
grated optimisation framework for crop-livestock-biogas-crop recycling system management under 
uncertainty. Agricultural Systems, 196, 103347.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.4324/9781315204253
https://doi.org/10.4324/9781315204253


	 M. O. Erdiaw‑Kwasie et al.

1 3

Authors and Affiliations

Michael Odei Erdiaw‑Kwasie1,2   · Matthew Abunyewah3 · Kofi Kusi Owusu‑Ansah4 · 
Charles Baah1 · Khorshed Alam5 · Marita Basson6

 *	 Michael Odei Erdiaw‑Kwasie 
	 michael.erdiaw-kwasie@cdu.edu.au

	 Matthew Abunyewah 
	 matthew.abunyewah@cdu.edu.au

	 Kofi Kusi Owusu‑Ansah 
	 kofikusiowusu@gmail.com

	 Charles Baah 
	 charlesbaah@students.cdu.edu.au

	 Khorshed Alam 
	 khorshed.alam@usq.edu.au

	 Marita Basson 
	 marita.basson@usq.edu.au

1	 Business and Accounting Discipline, Faculty of Arts and Society, Charles Darwin University, 
Casuarina, NT 0810, Australia

2	 Circular Economy Research Group, Charles Darwin University, Casuarina, NT 0810, Australia
3	 The Australasian Centre for Resilience Implementation for Sustainable Communities, College 

of Health and Human Sciences, Charles Darwin University, Casuarina, NT 0810, Australia
4	 College of Arts and Sciences, University of Wyoming, Laramie, WY, USA
5	 Business School, University of Southern Queensland, Toowoomba, QLD 4350, Australia
6	 School of Surveying and Built Environment, University of Southern Queensland, Toowoomba, 

QLD 4350, Australia

http://orcid.org/0000-0003-1775-8013

	Circular economy and agricultural employment: a panel analysis of EU advanced and emerging economies
	Abstract
	1 Introduction
	2 Literature review and hypothesis development
	2.1 CE indicators and employment
	2.1.1 CE production and consumption and employment
	2.1.2 Waste management and employment
	2.1.3 CE innovation and employment


	3 Methodology
	4 Auto-regressive lag distributive model
	5 Results
	5.1 Diagnostic test results
	5.2 Stationarity test
	5.3 Long-run relationship
	5.4 Estimation of ARDL error correction model (Short-Run Estimation)
	5.5 CE and agriculture labour force employment
	5.6 Long-run relationship between female agricultural employment and CE indicators

	6 Discussion and implication
	6.1 Discussion of study findings
	6.2 Implications of the study

	7 Conclusion
	7.1 Limitation of the study

	References


