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DETERMINANTS OF ROMANIAN FARMERS’ PARTICIPATION IN AGRI-
ENVIRONMENTAL PROGRAMMES 

 
 

Abstract 
 
The paper aims to identify the factors underlying farmers’ propensity to participate in agri-

environmental programmes in a Romanian rural region that confronts non-point source pollution. For 
this, we employ structural equation modelling with latent variables using data collected through an 
agri-environmental farm survey in 2001. The model includes one ‘behavioural intention’ latent 
variable (‘propensity to participate in agri-environmental programmes’) and five ‘attitude’ and ‘socio-
economic’ latent variables (‘demo-social characteristics’, ‘economic characteristics’, ‘agri-
environmental information access’, ‘environmental risk perception’ and ‘general environmental 
concern’). The results indicate ‘environmental risk perception’ as the strongest determinant of farmers’ 
propensity to participate in agri-environmental programmes.  
 

Keywords: Agri-environmental programme; Structural equation modelling with latent variables; 
Environmental risk perception; Romania 

JEL classification: C30, Q20, Q50.  
 

1. Introduction 
 
Agri-environmental programmes (AEPs) are a key instrument for the successful integration of 

environmental objectives into the Common Agricultural Policy (CAP) of the European Union (EU). 
They aim to internalise the positive externalities from extensively used farmland, by offering 
compensation payments for farmers’ income losses when converting from intensive to extensive 
farming practices.  

Romania has already prioritised the issue of agri-environmental programmes under the pre-
accession support programmes (Special Accession Programme for Agriculture and Rural Development 
- SAPARD), yet implementation has been severely delayed due to the slow accreditation of the 
proposed administrative arrangements according to the EU rules. The SAPARD Measure on 
‘Agricultural production methods designed to protect the environment and maintain the countryside’ is 
to be accredited by the European Commission by the end of 2004 (Romanian Government, 2003). 
Detailed rules, such as delimitation of the area, type of contract, annual value of the grant per hectare 
and per farm will be defined in a next phase after further consultations with the European Commission 
(Romanian Government, 2003). 

The purpose of this paper is to identify the factors underlying farmers’ propensity to participate in 
AEPs in a Romanian rural region that confronts non-point source agricultural pollution, with particular 
emphasis on the role of farmers’ risk perception and environmental concern. The methodological 
approach considers structural equation modelling with latent variables using a specific data set 
collected through an agri-environmental farm survey in 2001. This methodology has been little used in 
case studies dealing with farmers’ participation in AEPs (e.g., Ondersteijn et al., 2003). Moreover, this 
paper is the first to analyse the determinants of farmers’ participation in AEPs in Romania using 
structural equation modelling.  

At this point in time, when AEPs have just begun to be applied as a policy instrument in 
Romania, this study would bring some innovative insights as it provides the means of analysing 
farmers’ decision-making process as regards their propensity to participate in AEPs. As farmers’ 
decisions to participate are essential to reaching policy objectives, understanding farmers’ attitudes 
towards AEPs and the range of factors that affect their decisions towards participation would be of 
significant interest to policy-makers. 

The paper is structured as following: section 2 reviews the literature identifying the determinants 
of farmers’ participation in AEPs. Section 3 and 4 present the case study and the methodology. 
Sections 5 and 6 present and discuss the results and section 7 presents some conclusions. 
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2. Determinants of Farmers’ Propensity to Participate in Agri-environmental 
Programmes  

 
Despite the number of studies carried out over recent years, scientists and policy-makers still have 

only limited information about the determinants of farmers’ participation in AEPs, particularly in the 
case of the most recent or future EU member states, and how this could be used for forecasting the 
probability that the programmes will be successful. 

The theory of reasoned action (Ajzen and Fishbein, 1980) has been one of the most commonly 
used approaches to understand farmers’ decision-making with regard to agri-environmental policies. It 
is based on the assumption that farmers’ behavioural intentions are directly related to their attitudes 
(Wilson, 1996). In turn both behaviour and attitudes are affected by a set of antecedent variables, 
including socio-economic and structural factors, such as policies, financial pressures, family concerns, 
ethical principles and values (Potter and Gasson, 1988; Brotherton, 1991; Wilson, 1992; Ward and 
Lowe, 1994; Colman, 1994; Young et al., 1995).  

Among these factors, the economic constraints are most frequently believed to be decisive, 
eventually enabling or restricting farmers’ ability to protect the environment. Organic farming 
schemes, as well as other types of AEPs, are associated with a high level of transactions costs 
(Falconer, 2000). Several case studies stated that farmers’ conservation behaviour was dominated by 
the overriding interests of the farm business, despite generally pro-environmental attitudes per se 
(Newby et al., 1977; Potter and Gasson, 1988; Paniagua Mazorra, 2001). Farmers’ attitudes towards 
the environment are stronger when compensating programmes support them (Lütz and Bastian, 2002).  

Wilson (1997a, b) investigated farmers’ determinants for AEP participation using a behavioural 
approach that followed Brotherton’s (1989) classification of ‘scheme factors’ (such as the voluntary 
nature of participation, payment levels, contract period) and ‘farmer factors’ (including the socio-
economic characteristics and access to information). In the context of agri-environmental decision-
making, at least two aspects of farmers’ attitudes should be considered: attitudes towards the 
environment per se and willingness to undertake conservation management; and attitudes/perception 
of the programmes and their implementation (Falconer, 2000). Behavioural approaches suggest 
focusing on motives, values and attitudes as determinants for farmers’ decision-making processes 
(Morris and Potter, 1995). Nevertheless, behaviour will be also linked to structural economic features. 
Wilson (1996) highlighted the importance of how attitudinal and structural factors combine and 
interact to influence participation in AEPs.  

Most studies related to the motivational elements of behaviour have stressed that decision-making 
processes are affected by a ‘balancing’ or weighing of a number of influences (Beedell and Rehman, 
1999). Commonly considered factors include the age of the farmer, education and professional 
experience, community attachment, income, awareness of environmental issues both on and off the 
farm, access to environmental information, community participation and previous experience and 
involvement with conservation initiatives (Smit and Smithers, 1992; D’Souza et al., 1993; Salamon et 
al., 1997; Lichtenberg and Zimmerman, 1999b; Smithers and Furman, 2003). Farm size, expectations 
with regard to succession, and intensity of farming practices are other factors emphasised in the 
literature as affecting the implementation of agri-environmental policies (Brotherton, 1991; Potter and 
Lobley, 1992; Battershill and Gilg, 1997). There has also been recognition of the importance of 
motivation, and especially the source of motivation in attempting to explain farmers’ propensity to 
participate in AEPs (Saltiel et al., 1994; Wilson and Hart, 2000). Mathijs (2003) suggests that social 
capital plays an important role in farmers’ motivation.  

 
3. Case Study  
 
Our case study is placed in the south-eastern part of Romania, in the agricultural region of 

Cazanesti crossed by the Ialomita River, one of the major watercourses in the country. The commune 
of Cazanesti is characterised by low diversification of economic activity and is, therefore, excessively 
dependent on agriculture. This sector is characterised by a high degree of land ownership 
fragmentation, obsolete agricultural machinery, inadequate infrastructure and ageing population 
employed in agriculture. The environmental situation in the area is poor due to non-point source 



 4

pollution of water with discharges from agriculture (mainly waste from animal farms and chemical 
fertilisers).  

Data collection was done by questionnaire-based face-to-face interviews with farm managers in 
the region of Cazanesti in April 2001. A random sample of 99 family farms was drawn and the 
interviews were carried out by a team of agricultural economists and rural sociologists.  

A first set of questions was directed to farmers’ propensity to participate in an organic farming 
scheme. We chose organic farming as an example of an agri-environmental programme mainly 
because, although not yet present in the community, it has been implemented in a few neighbouring 
villages and knowledge of successful enterprises in the region could be a significant factor in farmers’ 
decision-making process. Besides, the geographical setting does not inspire other projects, such as 
conservation schemes, rural landscape preservation, rural tourism, etc. Before posing the question, 
farmers were asked whether they knew what an organic farm entails. For the farmers who asked for 
clarification on the organic farming rules, we provided the following explanation: “Establishing an 
organic farm implies no use of chemical fertilisers and pesticides and proper crop rotation according to 
the agronomist advice. Livestock is fed naturally, without any chemical supplements and are bred in a 
clean environment. Organic products are certified, labelled and sold at prices higher than those for 
traditional agriculture products in order to compensate for higher labour costs and lower production 
levels associated with organic farming”. Also, the farmers’ attitudes towards public policies and 
programmes were depicted. 

We then asked about the farmers’ awareness of water quality and any other environmental 
problems in the community, their share of responsibility towards environmental protection, their 
interest to learn more about water quality and other general environmental attitudes.  

Farmers’ risk perception towards impact of polluted water on human and livestock health was 
also enquired about. Past research has shown that, although problem perception is lower when farmers 
were asked whether water pollution was a serious problem on their own farm, concerns for specific 
impacts of water pollution (pollution of their own drinking water, threat to livestock) appear to be 
higher.   

Finally, the questionnaire included background questions about farm characteristics (land use, 
assets, production, marketing, labour use, etc.) and farmers’ characteristics (gender, age, occupational 
status, educational level, etc.). In addition to the standard socio-demographic characteristics questions, 
such as gender, age and education, the respondents were asked about their length of residency. The 
questionnaire also enquired about farmers’ access to information on: organic agriculture, governmental 
subsidies for organic farming, organic farms in the community and/ or in other villages, governmental 
environmental programmes, environmental impact of household farms, livestock farming, family 
associations, legal associations, commercial farms.  

 
4. Methodology 
 
To identify the factors determining farmers’ propensity to participate in AEPs, we follow the 

attitude-behaviour framework as used in most literature on this issue (e.g., Wilson, 1996). To 
statistically test the relationships within this framework, we use structural equation modelling (SEM) 
with latent (unobserved) variables (e.g., Ondersteijn et al., 2003). Latent variables are variables at the 
construct level, an intermediate level between theory and data that are also referred to as ‘constructs’. 

As a result, the methodology consists of three steps. First, we identify the latent variables 
structuring the model and their constituent indicators. Second, we validate the construction of the 
latent variables using factor analysis. Third, we build and test the structural equation model by 
assigning the relevant relationships between the different latent variables.  

 
4.1. Latent Variables and Their Indicators  
 
We identified and extracted six latent variables expressing the behavioural propensity and the 

underlying determining factors. The variables are: the ‘propensity to participate in AEPs’, two attitude 
latent variables (‘environmental risk perception’ and ‘general environmental concern’) and three socio-
economic latent variables (‘socio-demographic characteristics’, ‘economic characteristics’, ‘agri-
environmental information access’. The six latent variables are measured by 17 indicators (the 
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constituent observed or measured variables). Table 1 gives an overview of the various variables, 
including their summary statistics. 
 
Table 1. Descriptive Statistics 
 
 Mean Std. 

Deviation
Socio-demographic characteristics 
  demosoc1 (household farm manager's age) 

 
56.93 

 
14.66 

  demosoc2 (number of years of education) 8.10 3.57 
  demosoc3 (length of residency) 51.53 18.95 
Economic characteristics 
  econ1 (land ownership in hectares) 

 
3.77 

 
2.05 

  econ2 (dwellings owned in square meters) 23.70 31.06 
  econ3 (number of animals) 33.49 26.42 
  econ4 (investment behaviour) .17 .38 
Environmental risk perception 
  risk1 (do you consider poor water quality as a threat to human health?) 

 
.28 

 
.45 

  risk2 (do you consider poor water quality as a threat to livestock health?) .16 .37 
  risk3 (do you consider poor water quality as damaging to crops?) 7.07E-02 .26 
Agri-environmental information access 
  info1 (general access to agri-environmental information - combinations of   
sources: TV, radio, newspapers) 

 
 

1.61 

 
 

1.06 
  info2 (have you heard of organic or ecological agriculture?) .37 .49 
  info3 (have you heard about agri-environmental programmes in other 
villages?) 

.30 .46 

General environmental concern 
  concern1 (how much interested are you in water quality?) 

 
4.65 

 
.77 

  concern2 (how much responsible for environmental protection is the 
community?) 

4.55 .95 

  concern3 (are you aware of any environmental problems in the community 
during the last four years?) 

.39 .49 

Propensity to participate in agri-environmental programmes 
part 

 
.25 

 
.44 

 
The socio-economic latent variable ‘socio-demographic characteristics’ (demosoc) is measured 

by the indicators: ‘household farm manager’s age’ (demosoc1), ‘number of years of education of the 
household farm manager’ (demosoc2) and ‘length of residency’ (demosoc3). The three indicators are 
continuous variables.  

The socio-economic latent variable ‘economic characteristics’ (econ) is measured by the 
indicators: land ownership (econ1), dwellings ownership (econ2), number of animals (econ3) and 
investment behaviour (econ4). Among the four indicators, the first three are continuous variables, 
while the fourth, measuring investment behaviour is a dichotomous variable (taking value 1 for 
positive investment behaviour in agricultural machinery, land, livestock, dwellings, processing 
equipment and 0 otherwise).  

The socio-economic latent variable ‘agri-environmental information access’ (info) is measured by 
the indicators: access to general agri-environmental information - combinations of sources: TV, radio, 
newspapers (info1), knowledge of organic or ecological agriculture (info2) and knowledge of AEPs in 
other villages (info3). Variable info1 is a categorical variable with four levels taking value 0 if farmer 
has no access to any information source, value 1 if farmer has access to one information source (either 
TV or radio or newspapers & other written information), value 2 if farmer has access to two 
information sources and value 3 if farmer has access to all three considered information sources. The 
other two variables, info2 and info3 are dichotomous variables taking value 1 if farmer has knowledge 
of organic or ecological agriculture and, respectively, knowledge of AEPs in other villages, and value 
0 if else. 
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The attitude latent variable ‘environmental risk perception’ (risk) is measured by the indicators: 
farmer’s acknowledgment of the threat to own family health represented by water pollution in the 
community (risk1), farmer’s acknowledgment of the threat to livestock health represented by water 
pollution in the community (risk2), and farmer’s acknowledgment of the threat to crops health 
represented by water pollution in the community (risk3). The three variables are dichotomous taking 
value 1 if farmer is aware of risk and 0 otherwise.   

The attitude latent variable ‘general environmental concern’ (concern) is measured by the 
following indicators: farmer’s interest in water quality (concern1), farmer’s opinion about 
community’s responsibility towards maintaining a clean environment (concern2) and farmer’s 
awareness of any environmental problems in the community during the last four years (concern3). The 
environmental attitudes depicted by the first two indicators were measured qualitatively using a five-
point Likert scale. Specifically, for concern1, ‘very much interested in water quality’ responses scored 
5, ‘much interested in water quality’ scored 4, ‘fairly interested’ scored 3, ‘slightly interested’ scored 2 
and ‘not at all interested’ responses scored 1. For concern2, responses scored from 5 to 1 from 
‘community’s responsibility for environmental protection is very high’ through ‘high/ moderate/ low 
responsibility’ to ‘community is not responsible for environmental protection, nevertheless 
responsibility stays with local/regional/central (government) authorities’. Concern3 is a dichotomous 
variable taking value 1 for farmer being aware of environmental problems in the community during 
the last four years (e.g., river and groundwater pollution, improper waste storage problems) and value 
0 if else.  

The behaviour latent variable ‘propensity to participate in agri-environmental programmes’ 
(particip) is a single-indicator construct representing farmer propensity to participate in AEPs, namely 
organic farming. The behavioural question is in the form of yes-no scale and was formulated as 
following: “In the case that the government would fully subsidise AEPs, for instance the setting up of 
organic farms, would you be willing to start your own organic farm? We refer to a government subsidy 
fully covering the conversion costs from traditional to organic farming, while you, in exchange should 
take part in the scheme for at least five years”.  

 
4.2. Factor Analysis for Validation of Latent Variables 
 
As a test of the validity of the latent variables, we undertook factor analysis with varimax rotation 

(orthogonal rotation method that minimises the number of variables that have high loadings on each 
factor). Each set of variables loaded onto a separate factor, and only five factors were retained, such 
that these five factors could be taken to represent the relevant latent variables (Table 2).  

 
Table 2. Factor analysis for identification of the latent variables 
 

 Rotated Component Matrix 
  Component 
  1 2 3 4 5 
demosoc1 -.910 2.373E-02 -.163 -7.475E-02 -7.289E-02 
demosoc2 .694 .327 1.322E-02 9.383E-02 8.252E-02 
demosoc3 -.862 -.126 -5.226E-02 -6.396E-02 6.293E-02 
econ1 -.325 .671 .209 -.136 .213 
econ2 9.513E-02 .730 .125 .213 4.630E-03 
econ3 .267 .657 9.752E-02 3.013E-02 .129 
econ4 .283 .702 3.043E-02 .243 -.154 
risk1 1.057E-02 6.123E-03 .871 6.983E-02 8.429E-02 
risk2 .111 .122 .875 4.060E-02 7.494E-02 
risk3 8.595E-02 .197 .717 2.571E-02 -4.289E-03 
info1 .291 .184 4.315E-02 .328 6.164E-02 
info2 .180 .103 6.260E-02 .914 6.479E-02 
info3 5.703E-02 .168 6.084E-02 .931 6.022E-02 
concern1 1.837E-02 6.695E-02 6.276E-03 -2.521E-02 .820 
concern2 4.395E-02 -3.621E-02 .109 7.973E-02 .773 
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concern3 2.660E-02 .325 3.955E-02 .433 .527 
Extraction Method: Principal Component Analysis.    
Rotation Method: Varimax with Kaiser Normalization. Rotation converged in 6 iterations. 
Boldface values indicate items loading most heavily on each factor. 
 
Once we established that latent variables could be identified, we undertook a separate factor 

analysis for each set of indicators. The five individual factor analyses then each extracted a single 
factor, with most variable loadings above 0.5 (except for variable ‘info1’) with a close score of 0.45). 
The total variance of the indicators explained by each factor (latent variable) varied between 52% and 
74% which confirmed the choice of indicators according to their empirical significance.  

 
4.3. Structural Equation Modelling with Latent Variables 
 
Structural Equation Models (SEM) are commonly used in empirical research to investigate 

interrelationships among variables, some of which may be latent (Bollen, 1989). In some applications, 
interest focuses on the relationship between latent variables of attitude and behaviour or behavioural 
intentions concerning specific issues (Ajzen and Fishbein, 1980).  

The basic SEM consists of two parts: a measurement model and a structural equation model. The 
measurement model specifies the relationships between the latent variables and their constituent 
indicators, a procedure similar to factor analysis; the structural model designates the causal 
relationships between the latent variables, a procedure similar to linear regression. The model is 
defined by the following three equations in matrix terms (Jöreskog and Sörbom, 2001): 

The structural equation model (Equation 1):  
ζξηη +Γ+= B    (1) 

The measurement model for y (Equation 2):  
εη +Λ= yy    (2) 

The measurement model for x (Equation 3):  
δξ +Λ= xx    (3) 

where: 
η  is an mx1 random vector of endogenous latent variables  
ξ is an nx1 random vector of exogenous latent variables 
B is an mxm matrix of coefficients of the η  variables in the structural model  
Γ  is an mxn matrix of coefficients of the ξ  variables in the structural model 
ζ  is an mx1 vector of equation errors (random disturbances) in the structural model 
y is a px1 vector of endogenous variables  
x is a qx1 vector of predictors or exogenous variables 

yΛ is a pxm matrix of coefficients of the regression of y on η   

xΛ  is a qxn matrix of coefficients of the regression of x on ξ   
ε  is a px1 vector of measurement errors in y 
δ  is a qx1 vector of measurement errors in x 
SEM methodology provides a way to choose the model that best describes reality, as long as the 

relationships in the model are empirically correct. The steps in building the best model are (1) to make 
sense from an empirical point of view (to depict feasible relationships); (2) to make the programme to 
converge; and (3) when there is no convergence, to modify the model as to still make sense 
empirically and run the programme again. Running alternative models and comparing them with the 
proposed model is an additional proof that the chosen model is the best in depicting the case study.  

We undertake SEM with categorical variables defined on ordinal scales (Likert scale) and 
continuous variables using the statistical package Lisrel 8.50 (Jöreskog and Sörbom, 2001). We 
combine Prelis (to analyse the raw data and compute the mixed correlation matrix and their asymptotic 
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covariances) and Lisrel (to obtain estimates and test statistics). SEM estimation is performed by 
minimising the discrepancy between (a) the covariance matrix of observed variables and (b) the 
theoretical covariance matrix predicted by the model structure, which is a function of the unknown 
parameters. For the case of discrete indicators, Muthén (1984) and others developed procedures based 
on the application of polychoric correlations (rather than the Pearson correlations used for continuous 
indicators) to estimate the covariance matrix of the latent continuous indicators from the discrete 
indicators. Consistent estimates of the parameters can then be obtained by minimising the discrepancy 
between this estimated covariance matrix and the theoretical covariance matrix (Bollen, 1989).  

The small sample size (n=99) suggests the use of normal-theory maximum likelihood (MLE) 
method, a method which is robust for smaller samples (Bollen, 1989).   

 
5. Results  
 
We use path diagram to describe the basic structure underlying the model. The optimal model 

includes three exogenous latent variables (‘demosoc’ as a predictor of ‘particip’; ‘econ’ as a predictor 
of ‘risk’ and ‘concern’; ‘info’ as a predictor of ‘concern’), two variables with alternating roles (‘risk’ 
and ‘concern’ being endogenous on the one hand and exogenous as predictors of ‘particip’ on the 
other) and one endogenous latent variable, ‘particip’. Figure 1 presents the path diagram for the 
estimated model (standardised solution).  

 

 
Figure 1. Path diagram for the estimated model (standardised solution) 

 
As a separate assessment for the appropriateness of MLE, we compute the critical N as the 

sample size that would make the obtained model fit (measured by chi-square) significant at the stated 
level of significance (Bollen, 1989). The critical N equals 87.85 which is smaller than the sample size 
of 99 confirming the appropriateness of MLE. The model has adequate fit according to all measures of 
absolute, incremental and parsimonious fit.  

Testing the appropriateness of the model is achieved by comparing models that act as alternative 
explanations to the proposed model, in a competing models strategy. We identify and test two 
competing models that represent different hypothetical structural relationships based on alternative 
formulations of the underlying theory.  

We consider a nested model approach, in which the number of constructs and indicators remains 
constant, but the number of estimated relationships changes. The first model, ‘Alternative 1’ adds 
‘info’ as predictor of ‘particip’ and cancels ‘econ’ as predictor of ‘concern’. The second model, 
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‘Alternative 2’ adds ‘info’ as predictor of ‘risk’ and cancels ‘info’ as predictor of ‘concern’, ‘econ’ as 
predictor of ‘risk’ and ‘demosoc’ as predictor of ‘particip’. The alternative models were built having in 
view first the theoretical meaning of the relationships, and second the level of significance of the 
relationships in the estimated model.  

As a means of comparison, sets of goodness-of-fit measures are calculated for each model and 
then compared to determine which of the three models is the most parsimonious. Table 3 compares the 
three models on all three types of fit measures. The results across all types of measures favour the 
estimated model in most cases; therefore we confirm the accuracy of the proposed model and discard 
the two competing ones. 

 
Table 3. Comparison of goodness-of-fit measures for the estimated and competing models 
 

Competing models Goodness-of-fit measures Estimated 
model ALTERNATIVE1 ALTERNATIVE2

Absolute fit measures 
Likelihood-ratio chi-square ( 2ℵ ) 
Degrees of freedom 
Estimated non-centrality parameter (NCP) 
Goodness of Fit Index (GFI)  
Root Mean Square Residual (RMR) 
Root Mean Square Error of 
Approximation (RMSEA) 
Expected Cross-Validation Index (ECVI) 

 
148.14 

111 
37.14 
0.85 
8.58 

 
0.058 
2.37 

 
150.80 

111 
39.80 
0.85 
8.46 

 
0.060 
2.40 

 
165.32 

112 
53.32 
0.83 
8.22 

 
0.070 
2.52 

Incremental fit measures 
Adjusted Goodness of Fit Index (AGFI) 
Non-normed Fit Index (NNFI)  
Normed Fit Index (NFI) 
Incremental fit index (IFI) 
Comparative fit index (CFI) 

 
0.79 
0.88 
0.77 
0.91 
0.91 

 
0.79 
0.88 
0.77 
0.91 
0.90 

 
0.77 
0.85 
0.75 
0.88 
0.88 

Parsimonious fit measures 
Parsimony Normed Fit Index (PNFI) 
Parsimony Goodness of Fit Index (PGFI) 
Normed chi-square 
Akaike information criterion (AIC) 

 
0.63 
0.62 
1.33 

232.14 

 
0.63 
0.61 
1.36 

234.80 

 
0.62 
0.61 
1.48 

247.32 
 
An acceptable level of overall goodness-of-fit does not guarantee that all constructs meet the 

requirements for the measurement and structural models. The validity of the structural equation model 
is assessed in a two-step procedure, measurement model and structural model.  

The measurement model results (Table 4) show that the sets of indicators for the five multiple-
indicator constructs do not all have comparable indicators, but all loadings are statistically significant 
(highest t-values are registered by ‘info3’ (10.58), ‘info2’ (10.35) as determinants of latent variable 
‘info’, ‘demosoc1’ (10.39) and ‘demosoc3’ (9.35) as determinants of ‘demosoc’, ‘risk2’ (7.81) as 
determinant of ‘risk’, ‘econ2’ (7.34), ‘econ4’ (7.27) as determinants of ‘econ’) and all the coefficients 
are well above the recommended minimum value of 0.20 (Jöreskog and Sörbom, 2001), thus 
supporting the theoretical basis for assignment of indicators to each construct.  

 
Table 4. Standardised parameter estimates for the measurement model. Construct loadings (t values in 
parentheses) 
 

 Constructs 
Indicators  demosoc econ info risk concern particip 
demosoc1 0.91 (10.39) 0.0 0.0 0.0 0.0 0.0 
demosoc2 -0.61 (-6.29) 0.0 0.0 0.0 0.0 0.0 
demosoc3 0.84 (9.35) 0.0 0.0 0.0 0.0 0.0 
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econ1 0.0 0.38 (3.45) 0.0 0.0 0.0 0.0 
econ2 0.0 0.74 (7.34) 0.0 0.0 0.0 0.0 
econ3 0.0 0.55 (5.20) 0.0 0.0 0.0 0.0 
econ4 0.0 0.74 (7.27) 0.0 0.0 0.0 0.0 
info1 0.0 0.0 0.26 (2.49) 0.0 0.0 0.0 
info2 0.0 0.0 0.92 (10.35) 0.0 0.0 0.0 
info3 0.0 0.0 0.93 (10.58) 0.0 0.0 0.0 
risk1 0.0 0.0 0.0 0.78 (0.000)a 0.0 0.0 
risk2 0.0 0.0 0.0 0.88 (7.81) 0.0 0.0 
risk3 0.0 0.0 0.0 0.59 (5.63) 0.0 0.0 
concern1 0.0 0.0 0.0 0.0 0.38 (0.000)a 0.0 
concern2 0.0 0.0 0.0 0.0 0.37 (2.45) 0.0 
concern3 0.0 0.0 0.0 0.0 0.84 (2.95) 0.0 
part  0.0 0.0 0.0 0.0 0.0 1.00 (0.000)a

a) values were not calculated because loading was set to 1.0 to fix construct variance 
 
We then compute the reliability (the ratio between the squared sum of standardised loadings and 

the sum between the squared sum of standardised loadings and sum of indicator measurement error) 
and variance extracted (the ratio between the sum of squared standardised loadings and the sum 
between the sum of squared standardised loadings and sum of indicator measurement error) measures 
(Table 5). For ‘particip’, our single-indicator latent variable, it is not possible to empirically estimate 
the reliability. Hence, we select the single indicator judged to be the best representative of the 
construct and set its measurement error to zero. By fixing the reliability, we force an indicator to have 
the amount of variance appropriate for the construct and specify the desired meaning of the construct 
through this indicator (Hair et al., 1998). 
 
Table 5. Reliability and variance-extracted estimates for multiple-indicator constructs 

 
Constructs Reliability Variance extracted
demosoc  
econ  
info 
risk 
concern 

0.54 
0.70 
0.78 
0.80 
0.56 

0.64 
0.39 
0.59 
0.58 
0.33 

 
In terms of reliability, three constructs exceed the recommended level of 0.70, while ‘demosoc’ 

and ‘concern’ are below it, nevertheless still above 0.50. In terms of variance extracted, ‘demosoc’, 
‘info’, ‘risk’ are above the threshold value of 0.50, while ‘econ’ and ‘concern’ have lower values. 
Nevertheless, for all the five constructs as a whole, the indicators are sufficient in terms of how the 
measurement model is specified (Hair et al., 1998).  

After assessing the overall model and aspects of the measurement model, we examine the 
structural coefficients for both practical and theoretical implications. In SEM, the standardised 
coefficients have equal variances and a maximum value of 1.0, thus closely approximating effect sizes. 
They are useful for determining relative importance and are sample specific. Because the scale varies 
for each construct, comparison between unstandardised coefficients is more difficult (Hair et al., 
1998). Therefore, we consider standardised coefficients. 

The significance tests for the structural model parameters represent the basis for accepting or 
rejecting the proposed relationships between exogenous and endogenous constructs. Table 6 shows 
that all three structural equations contain statistically significant coefficients.  

 
Table 6. Standardised parameter estimates for the structural model 

 
a) Structural equation coefficients (t values in parentheses) 

 
Endogenous constructs Exogenous constructs  
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Endogenous constructs Exogenous constructs  Endogenous 
constructs risk concern particip demosoc econ info Structural equation 

fit (R2) 

risk  0.00 0.00 0.00 0.00 0.36 
(2.90) 0.00 0.13 

concern 0.00 0.00 0.00 0.00 0.33 
(1.95)

0.36 
(2.14) 0.34 

particip 0.55 
(5.89) 

0.34 
(2.61) 0.00 -0.18 

(-2.21) 0.00 0.00 0.57 

 
b) Correlations among the exogenous constructs 

 
 

 
In the first basic relationship, the exogenous construct ‘econ’ was proposed to be the antecedent 

of ‘risk’. The relationship was found significant (t-value of 2.90) with a reasonably high parameter 
estimate (0.36). The low value of R2 (0.13) was to be expected because it is based only on the 
correlation between ‘risk’ and ‘econ’.  

For the causal relationship linking ‘econ’ and ‘info’ with ‘concern’, one construct, ‘econ’ is not 
statistically significant (t-value of 1.95) and, actually, this represents the only non-significant 
relationship among all those portrayed in the three structural equations. ‘Info’ has a significant role in 
affecting ‘concern’, with a t-value of 2.14 and an estimated parameter of 0.36. The combined effect of 
the constructs ‘econ’ and ‘info’ achieves an R2 value of 0.34. 

All the three proposed determinants of ‘particip’, namely the constructs ‘demosoc’, ‘risk’ and 
‘concern’ were found significant (t-values of –2.21, 5.89 and 2.61) and of appropriate direction (‘risk’ 
and ‘concern’ positive and ‘demosoc’ negative). The combined effect of the constructs ‘risk’, 
‘concern’ and ‘demosoc’ achieves an R2 value of 0.57. 

Analysing the correlations between the exogenous constructs (Table 6), we found that each 
construct is significantly correlated with the other exogenous constructs, which reveals that, whereas 
‘econ’ is fundamental to increases in ‘risk’ levels, ‘info’ is fundamental to increases in ‘concern’ levels 
and ‘demosoc’ impacts increases in ‘particip’ levels, all three constructs are entwined and we have to 
consider the effects of all of them, not focus on any single exogenous construct.  

Finally, analysing the correlations between the endogenous constructs, we found that all values 
are too low to indicate troublesome intercorrelation.  

 
 
6. Discussion  
 
To summarise, the results indicate that, overall, the model has an acceptable fit to the data. All 

loadings are statistically significant, thus supporting the theoretical basis for assignment of indicators 
for each latent variable. The significance tests for the structural model parameters show 
‘environmental risk perception’ as the strongest determinant of farmers’ behavioural intentions to 
participate in AEPs. 

The measurement model’s results show that the sets of indicators for the five constructs do not all 
have comparable indicators, but all loadings are statistically significant and most coefficients display 
high values. The most significant indicators corresponding to the five constructs are respectively 
‘farmers’ knowledge of agri-environmental programmes in other villages’ (info3), ‘household farm 
manager’s age’ (demosoc1), ‘farmer’s acknowledgement of the threat to livestock health represented 
by water pollution in the community’ (risk2), dwellings ownership (econ2), and ‘farmer’s awareness 
of any environmental problems in the community during the last four years’ (concern3).  

Exogenous constructs Exogenous constructs
demosoc econ info 

demosoc 1.00   
econ -0.36 1.00  
info -0.25 0.42 1.00
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Each of the three structural model’s equations contains statistically significant coefficients.  
The first basic relationship, with the exogenous construct ‘economic characteristics’ (econ) as 

antecedent of ‘environmental risk perception’ (risk) was found significant with a reasonably high 
parameter estimate. Research has demonstrated that farmers’ interest in environmental protection 
triggered by their perception of environmental risk is often constrained by economic factors (Wandel 
and Smithers, 2000; Wilson and Hart, 2000). Farmers’ access to informational and educational 
resources covering various aspects of agricultural pollution often depends on their economic situation. 
Thus, it would be expected that farm-structure variables such as farm size and income (represented in 
our case by dwellings, livestock ownership and investment behaviour) would be positively correlated 
with perceived agricultural pollution risk (Tucker and Napier, 2001). 

In the causal relationship linking ‘economic characteristics’ (econ) and ‘agri-environmental 
information access’ (info) with ‘general environmental concern’ (concern), the second exogenous 
construct has a significant role in affecting the endogenous construct’s level. The relationship between 
access to information and environmental concern has been investigated over and over again. 
Lichtenberg and Zimmerman (1999b) found that farmers who placed greater importance on 
information from news media and extension services tended to express greater environmental concern. 
Various other studies suggest that personal contacts may be more important than any form of mass 
media, highlighting the importance of the network of acquaintances one has in a community. 
According to Korsching and Hoban (1990), farmers’ leading sources of information as regards 
conservation techniques are other farmers with successful experience, local agricultural dealers, and 
local government agencies. No matter the source, access to agri-environmental information is one of 
the undisputed determinants of farmers’ concern in environmental protection issues.  

In the third structural equation all three proposed determinants of the behaviour construct 
‘propensity to participate in AEPs’ (particip), namely the constructs ‘socio-demographic 
characteristics’ (demosoc), ‘environmental risk perception’ (risk)  and ‘general environmental 
concern’ (concern) were found significant and of appropriate direction.  

The construct ‘socio-demographic characteristics’ (demosoc) has a significant negative impact on 
the behavioural variable. Farmer’s age and education are among the most commonly considered 
determinants of environmental behaviour, while length of residency is a variable whose importance for 
conservation behaviour of farmers has been investigated in much fewer studies (Wilson, 1997a). 
According to most references, younger and better educated farmers show a higher propensity to 
participate in AEPs. As regards the length of residency, there are mixed interpretations, some in favour 
of its being a determinant of positive environmental behaviour, others stipulating just the opposite (in 
our case, similar to age, it implies a reluctance to change from traditional to alternative agriculture). As 
the most significant indicators of the variable ‘socio-demographic characteristics’ are ‘household farm 
manager's age’ and ‘length of residency’ prevailing over the ‘number of years of education of the 
household farm manager’ indicator, the negative impact on the behavioural construct is thus easily 
explained. 

The relationship between risk perception and environmental behaviour has been intensively 
investigated in the literature. Conacher (1980) makes the point that even if people are aware of 
environmental change, it only becomes an issue if they feel ‘threatened’. Baldassare and Katz (1992) 
find that respondents who worried about the impact of environmental problems on their own personal 
well-being were more likely to have an environmentally friendly behaviour. Others have shown links 
between environmental activism and perception of health risks from the environment (Nevitte & 
Kanji, 1995; Séguin et al., 1998). Lichtenberg and Zimmerman (1999a) noted that farmers who had 
experienced agri-chemical-related health problems were more likely to adopt alternative production 
practices than those who had not. We found the construct ‘environmental risk perception’ as the 
strongest determinant of farmers’ propensity to participate in AEPs. 

The impact of the variable ‘general environmental concern’ (concern) on the construct 
‘propensity to participate in AEPs’ (particip) is based mainly on the indicator ‘farmer’s awareness of 
any environmental problems in the community during the last four years’ (concern3). Research has 
suggested that few people become concerned with environmental issues in the abstract, and therefore 
surveys of environmental attitudes should focus more on specific issues with which the respondents 
deal regularly (Solecki, 1998). Normally, higher levels of dissatisfaction with environmental 
conditions should result in higher levels of environmental protection (Seguin et al., 1998). Such 
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findings seem to indicate that awareness of the existence of an environmental issue is likely to trigger 
a positive response from the farmer. On the other hand, Vanclay (1992) has argued that it is simplistic 
to assume that awareness of an issue will elicit specific responses because differences in perception 
and circumstances may influence farmers’ decision-making about what, if any, action to take. In our 
case, the variable ‘general environmental concern’ is a determinant of environmental behaviour second 
in importance after ‘environmental risk perception’ and unlikely, as in fact any other determinant, to 
bring forth behaviour all by itself.  

The model takes into account both direct and indirect causal relations between constructs, which 
means one causal relation may be reinforced or counteracted by another. The fact that only 25% of the 
farmers in our case study are willing to participate in AEPs is then based mainly on the fact that only 
16% of the farmers are aware of the threat to livestock health represented by water pollution in the 
community, only 39% are aware of environmental problems in the community during the last four 
years, a third of the farmers (34%) are over 65 years old and therefore more reluctant to change, only 
30% of the farmers have knowledge of AEPs in other villages and most farmers display a weak 
economic situation (e.g., only 17% of the farmers are able to invest). These are complemented by all 
the other direct and indirect determinants included in the model which contribute to impact farmers’ 
behaviour.   

 
7. Conclusions and Policy Recommendations 
 
This paper has highlighted the complexity of factors influencing Romanian farmers’ decision-

making environment about participation in AEPs, and analysed the interlinkages between the 
individual factors. We carried out this analysis using structural equation modelling with latent 
variables.  

Among the attitudinal and socio-economic latent variables included in the model, ‘environmental 
risk perception’ has been found to be the strongest determinant of farmers’ propensity to participate in 
AEPs. The fact that the majority of farmers in the study area are not willing to take part in AEPs is 
based mainly on farmers’ low perception of the agricultural pollution in the area, their lack of 
knowledge as regards AEPs and reluctance to change. Results suggest that enhancing farmers’ 
perception of the environmental issues in their area and promoting knowledge on AEPs would make 
these more appealing to the farmers. 

Our research has underlined that, in the relationship and dialogue between attitudes and structural 
circumstances, the influence of attitudes and perceptions on farmers’ intentional behaviour is stronger 
than any structural influences, thus adding up to the outcome of other studies on analogous topics (e.g., 
Battershill and Gilg, 1997). 

Some researchers commented that investigating farmers’ response to specific regulatory or 
incentive arrangements, rather than analysing farmers’ environmental attitudes would assist policy-
makers to deliver environmental benefits (Crabtree et al., 1998). Nevertheless, where agri-
environmental regulatory or incentive measures are scarce or just beginning to happen, as it is the case 
of Romania, policy-makers should try to anticipate farmers’ response to such policy instruments based 
on preliminary studies on socio-economic and attitudinal factors, both important drivers of farmers’ 
decision-making process. 

As AEPs have just commenced as a policy instrument in Romania, this paper recommends setting 
up educational programmes for farmers on agri-environmental issues as a preliminary stage in the 
process of stimulating farmers to participate. Policy-makers should facilitate the cooperation between 
agricultural consultancy agencies, environmental protection agencies and local non-governmental 
organisations and assist them in providing educational support to farmers concerning agricultural 
impacts on environment and the benefits the AEPs would bring as regards enhancing environmental 
quality and, generally, the quality of life in rural areas.  

A more specific outcome of our study is based on its having taken place in a region facing non-
point source agricultural pollution and, moreover, on the fact that ‘environmental risk perception’ has 
been found to be the strongest determinant of farmers’ propensity to participate. Consequently, our 
paper highlights the fact that using AEPs as a policy measure in regions coping with agricultural 
pollution might be a better approach towards environmental recovery than other regulatory or 
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incentive policy instruments. This is in line with the increasingly acknowledged opinion that fighting 
agricultural pollution with voluntary participatory measures is the most appropriate approach. 
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