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Abstract: Even with significant breakthroughs in the production and delivery of meteorological
information, most farmers are not able to utilize such information properly and pertinently. Up to
the present time, a standardized scale has not been developed to examine farmers’ sustainability
barriers to meteorological information use (BMIU). Furthermore, there is no doubt that identifying
indicators and dimensions of sustainability barriers to meteorological information and weather
forecasts’ usage by farmers can play a major role in their adaptation and resilience to the risks of
climate change. Therefore, the present study aimed to generate and validate a scale for BMIU by
farmers through an eight-step approach. Accordingly, the statistical population included 9006 Iranian
farmers, 368 of whom were selected as study samples. The principal component factor analysis
(PCFA) and second-order confirmatory factor analysis (CFA) were further practiced to develop
the scale for meteorological information and weather forecasts’ use. Factor analysis also led to
the emergence of five latent factors including “educational–communicative barriers (ECBs)”, “nor-
mative barriers (NBs)”, “informational barriers (IBs)”, “infrastructural–political barriers (IPBs)”,
and “professional–economic barriers (PEBs)”. The second-order CFA correspondingly confirmed
these five factors and their 25 related indicators. Given the challenges facing academic scholars,
decision makers, and authorities in the application and facilitation of meteorological information, the
developed multidimensional scale in this study along with its implementation steps can be effective
in examining the limitations of utilizing such information and measuring its impacts in different
agricultural communities.

Keywords: climate change; sustainability barriers; agricultural extension; farmers’ adaptation;
vulnerability
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1. Introduction

Meteorological information and weather forecasts are recognized as major factors
affecting agricultural systems [1–3]. Despite significant advances in the production and
delivery of meteorological information in recent years [4,5], many farmers, as the key
decision makers at farms and one of the main users of meteorological information, have
not been able to use this information and forecasts properly and pertinently [6,7]. It should
be noted that decision making takes place in complex dynamic environments such as
the agricultural sector in which there is a network of different actors with their own
specific interests, concerns, and areas of activity. In this regard, the issue of failure to
use meteorological information and weather forecasts has been studied from various
aspects [8].

The agricultural sector is also one of the most vulnerable sectors to climate change.
As such, it accounts for more than 80% of climate-change-related damages and side ef-
fects [9,10]. Droughts, torrential rains, strong winds, severe storms, high temperatures,
seasonal patterns, and pests and diseases associated with climate change are thus consid-
ered major challenges to agricultural and livestock products [11], which can be followed
by instability in production and reduced productivity [12–14]. Since farmers are at the
forefront of these threats, the mentioned problems can also lead to increased instability of
their livelihoods [15]. In view of that, reducing farmers’ vulnerability and improving their
resilience to climate changes require access to and effective use of meteorological infor-
mation and weather forecasts [13,16,17]. Therefore, having access to better meteorological
information and providing technical climate recommendations to farmers are taken into
account as effective ways to adapt to climate change [18], which can have a significant
impact on making proper decisions on the usage of this information by farmers. Despite
the vital role that meteorological information and weather forecasts play in minimizing
the damage to the agricultural sector, enhancing farmers’ adaptation to climate change,
and reducing their vulnerability [13–18], there are constraints and issues hindering farmers
from exploiting such information efficiently and effectively [19]. There are many factors
that can limit the use of meteorological information. Table 1 summarizes the worldwide
studies on the barriers to the use of meteorological information by farmers.

Table 1. Some studies conducted in the field of barriers to the use of meteorological information and forecasts by farmers
around the world.

Barriers Country/Scale of the Study Researchers

Poor documentation of observations and low level of investment
in meteorology Malawi [20]

Weak policy-making, socio-economic characteristics of farmers, and lack of
facilities and resources Cross-country [21]

Socio-economic characteristics of farmers and lack of facilities and resources Nepal [16]

Lack of awareness of opportunities and their benefits, and unreliability of
information and data Cross-country [22]

Disconnection between users and producers of information Cross-country [23]

Insufficient institutional capacity to provide and use meteorological
information effectively India [24]

Self-forecasting and institutional constraints related to decision makers and
the environment Cross-country [25]

Socio-institutional problems, lack of access to the information, difficulties in
using information, neglecting information dissemination, and distortion of
information content

Brazil [26]

Low access to media (radio, television, etc.), inadequate agricultural extension
services, and lack of government funding and support Kenya [27]
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Table 1. Cont.

Barriers Country/Scale of the Study Researchers

Emphasis on the use of incompatible technologies, lack of credit, social
communication, low technical knowledge, habit, and lack of access to
meteorological information

Vietnam [28]

Lack of proper access to information, low accuracy of predictions, and
incomprehensible information Africa [29]

Lack of access to information, cost of meteorological information, emphasis on
old cultivation methods Zimbabwe [30]

Lack of interaction between farmers and organizations, lack of access to
information, low literacy, and infrastructural barriers Nigeria [31]

Lack of access to information, demographic characteristics, cultural/normative
problems, and infrastructural and political barriers Kenya [32]

Problems with access to appropriate information, demographic characteristics,
high cost of access to information, technical problems, and
educational problems

Taiwan [33]

Lack of access to appropriate information and lack of training Myanmar [34,35]

Hansen [36] argues that meteorological information must meet farmers’ needs and be
consistent with their decision-making goals. However, research studies show that a large
proportion of farmers do not use meteorological information and weather forecasts in their
decisions [35]. It is worth mentioning that sustainability barriers refer to the obstacles linked
to the implementation of sustainability efforts taking into account economic, social, and
environmental aspects. To our best knowledge, there was no organized and standardized
scale to assess farmers’ sustainability barriers to meteorological information and weather
forecast usage. This is while identifying the indicators and dimensions of barriers to use
such information and forecasts by farmers may improve their adaptation and resilience
to the risks of climate change. Therefore, the development and statistical validation of a
scale for sustainability barriers to meteorological information use (BMIU) by farmers are
determined as the main objectives in the present study. In other words, this study attempts
to clarify the most significant obstacles that prevent farmers from using meteorological
information sustainably. To achieve this purpose, four research questions are defined
as follows:

What are the main sustainability barriers to BMIU by farmers?

1. How should the factor structure of sustainability BMIU be formulated?
2. Is the structure of the scale of sustainability BMIU valid?
3. What items does the final checklist of the scale of sustainability BMIU contain?

2. Materials and Methods
2.1. Study Area

The present research endeavor was conducted in Naqadeh County in West Azerbaijan
Province, Iran. This area is located in the northwest of Iran and in the Soldoz Wetlands
(Figure 1). According to the Statistical Centre of Iran (SCI), this county has a population
of 127,671 [37]. West Azarbaijan Province and particularly Naqadeh County are among
the pioneering regions in terms of producing agricultural crops in Iran. The economy of
this province also depends on agriculture and animal husbandry. Furthermore, the major
agricultural products in Naqadeh County with a diverse four-season climate include wheat,
barley, canola, and horticultural products.
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Figure 1. The study area.

2.2. Characteristics of the Population and Selecting Samples

The target population of this study included farmers residing in Naqadeh County
(n = 9006). In recent years, all agricultural systems and producers of various agricultural
products in Naghadeh County have been influenced by the negative impacts of climate
change and lack of using meteorological information. Thus, in this research endeavor, a
specific and limited group of farmers were not selected as a target population. In other
words, the population included farmers who produced different crops, had different land
sizes, and had different types of land ownership. This was done in order to increase the
generalizability of the research results to different groups of Iranian farmers. The study was
carried out in two distinctive and interrelated phases (namely qualitative and quantitative).
Therefore, two different sampling approaches were also employed for selecting the samples.
The snowball sampling was applied to specifically select the samples or farmers in the
qualitative in-depth interviews. In this process, as a starting point, one of the farmers was
picked up to answer the qualitative question of the study. After the interview, he introduced
another sample/participant for the next in-depth qualitative interview. A similar process
was employed to select 10 more participants. In general, 12 farmers were sampled in this
phase. The 12th participant was the last person to participate in the in-depth interviews.
The snowball sampling approach has some advantages and disadvantages. The snowball
sampling method is cost-effective and convenient because, in this method, the researcher
does not spend much time on finding the target people [38]. This method is not as expensive
as other sampling methods. In addition, in this sampling method, the participants’ trust
in the researcher is high [39]. However, one of the most important disadvantages of the
snowball sampling method is that the samples that are selected in the early stages of the
research have a great impact on the results. Furthermore, sampling is not random, and
therefore the results are not very generalizable [40]. The uncertainty of the sample size and
the low control of researchers over the sampling process are other disadvantages of the
snowball sampling method [39]. The snowball sampling method is purely dependent on
referrals. However, in order to prevent the respondents’ responses from being influenced
by each other, according to previous studies, see [14–38], three strategies were employed.
First, the interviewed farmer was asked not to contact the next reference until the interviews
were completed. Second, the identity of the nominating farmer remained unknown to the
interviewees. Third, the interviewee was asked to identify a person for the next interview
who, in his/her point of view, has new and complementary information on barriers to the
use of meteorological information. After defining the problem, a qualitative and open-
ended research tool (questionnaire) was developed and distributed among the farmers
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with the approval of the research team, where the farmers were questioned about the
barriers to using meteorological information and weather forecasts [see Supplementary
File S1 to see the qualitative questionnaire]. The obtained findings of these in-depth
interviews were recorded in a form of written notes and voices, which were reviewed and
analyzed line-by-line after their completion [41] and then compared with the findings of
the former interviews. This was carried out to identify the “theoretical saturation” point.
Theoretical saturation is a point in qualitative research indicating the adequacy of the
data collected for analysis. Theoretical saturation also shows the stopping point of the
sampling process [39–41]. In this study, the obtained results from the 9th to 12th participant
farmers revealed that, with the continuation of the in-depth interviews (or theoretical
sampling), no further groundbreaking and new findings would be added to the former
results. In a sense, the researchers observed that the theoretical saturation on the barriers
to meteorological information and forecast use has been achieved. Therefore, after the
termination of the 12th interview and synthesizing its results, the selection process of the
samples was stopped. In the quantitative phase, using the predetermined equalization in
the Krejcie and Morgan table, the total size of the sample was estimated to be 368 cases [42].
At this point, a particular stratified sampling approach was applied to randomize the
selection process. In order to increase the representativeness and generalizability of the
research findings, the total sample size was proportionally distributed among the strata.
For this purpose, in the beginning, the investigation site was divided into four Dehestans
(a collection of villages). Out of each Dehestan, two rural residential areas or villages were
selected at random. Afterward, within each village, samples (farmers) were selected in
a random manner. There were three main reasons to adopt this approach for sampling.
First, the variance difference between the categories/strata of the study area (i.e., villages
and Dehestans) was significant with respect to the number of farmers. In other words, it
enabled the researchers to proportionally and normally distribute the samples among the
predetermined strata. Second, there were some salient similarities among the categories
in terms of features such as agricultural practices, meteorological information, and so
on. Third, this sampling manner improves the accuracy of sampling and reduces the
economic constraints. In other words, this sampling approach could enable the researchers
to categorize the study population, reduce the research costs, and increase the sampling
accuracy as a result of low variance within classes.

2.3. Extraction of Primary/Initial Indicators for BMIU

In the qualitative phase, 12 in-depth interviews were carried out. Then, the responses
were summed up and the keywords and concepts related to the barriers imposed on
meteorological information use were abstracted and extracted.

2.4. Research Instrument, Data Collection, and Quantitative Analysis Methods

Face-to-face interviews with participants (farmers) were used in a quantitative step.
The study tool was thus a structured and/or close-ended questionnaire, which was formed
using the keywords/concepts regarding BMIU use (obtained in the qualitative phase).
The validity of this questionnaire (consisting of 45 items/indicators) was scored on a
five-point Likert-type scale (1: completely disagree to 5: completely agree), and it was
also approved by a group of professional experts [see Supplementary File S1 to see the
qualitative questionnaire]. The reliability of this structured/close-ended tool was further
examined by item-total correlation coefficients. Therefore, items having correlation co-
efficients lower than 0.3 were excluded from the final data set. Since some statisticians,
see [27–30], have argued that item-total correlation coefficients lower than 0.3 can reduce
the explanatory power of the factor model, they were eliminated from the items’ list.
Finally, 42 out of 45 items obtained from the qualitative phase were used for the quanti-
tative analysis. The phenomenon of the use or non-use of meteorological information is
a complex and multi-aspect issue. Thus, a methodological approach was applied in the
next step that could contribute to the identification of the hidden dimensions of BMIU.
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Specifically, it was tried to categorize the sub-indicators in the form of more abstract factors
(namely, dimensions). This process enables the researchers to identify factor structure
after importing the collected data into the IBM SPSS Statistics software. Accordingly, the
principal component factor analysis (PCFA) was introduced as a reliable method for this
task. In order to rotate the abstracted factors, we decided to apply the oblique rotation
manner. The main justification to employ oblique rotation was that, theoretically, there is a
correlation between the factors and dimensions, and they are not uncorrelated [43]. Two
indicators Kaiser–Meyer–Olkin (KMO) and Bartlett’s sphericity were used to evaluate the
suitability of the data for PCFA. The Kaiser–Meyer–Olkin (KMO) statistic is an important
criterion to evaluate the fitness of the data to test the factor structure. This statistic must be
higher than 0.7 in an appropriate data set [44,45]. Bartlett’s sphericity test was adopted to
ensure and conclude that the correlation matrix was not zero in the statistical population.
In PCFA, a non-zero correlation matrix is considered one of the presuppositions of factor
analysis [45]. After running PCFA, confirmatory factor analysis (CFA) was utilized to
confirm and validate the structure of BMIU. Therefore, a second-order CFA (based on
maximum likelihood) was adopted using the linear structural relations (LISREL) software.
In summary, the procedure and steps to develop the scale in this study can be illustrated in
Figure 2.

Figure 2. The process of developing the scale of BMIU [source: results of present study].
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3. Results

The purpose of this phase was to identify sustainability barriers to meteorological
information and weather forecasts’ usage from farmers’ perspectives. Based on the results
in this section, 45 concepts were obtained as follows (Table 2).

Table 2. Concepts extracted from in-depth interviews with farmers on the BMIU.

1 No cooperation between government agencies to establish
strong predictive systems in the region 24 Specialized texts and recommendations and no

understanding by farmers

2 Lack of motivation in agricultural activities 25 Absence of meteorologists in agricultural areas

3 Slow pace of meteorological data transmission to farmers 26 No attention to users’ specific needs in providing
meteorological information

4 Poor recording of observations by meteorological stations 27 No trust in meteorological information

5 No agricultural extension training courses 28 Pessimism due to some wrong forecasts in the past

6 Long distance from meteorological stations 29 Low levels of education

7 Inadequate meteorological stations in agricultural areas 30 Lack of skills related to the use of meteorological statistics
and information

8 Negligence in publishing information by organizations 31 Inadequate facilities for necessary meteorological
forecasts in the region

9 Low use of mass media 32 Limitations of the Meteorological Organization in
providing information

10 Influence of farmers who are not interested and do not
trust the meteorological information 33 No strong systems to predict climate change

11 No risk-taking 34 Distortion of real information content by organizations

12 Lack of capable and experienced professionals to predict
climate change in the region 35 Fatalism on climate changes (i.e., uncontrollability)

13 Small land area and no attention to potential damages 36 Neglected importance of providing information to
farmers in macro-policies

14 Traditional ideas about the method and timing of planting
agricultural products 37 Low investments in meteorological information by the

government and private sector

15 No proper planning and purpose in agricultural activities 38

Low cooperation between organizations such as the
Ministry of Agriculture Jihad and Islamic Republic of Iran
Broadcasting (IRIB) in transmitting meteorological
information to farmers

16 Non-institutionalization of the importance and usage of
meteorological information in agriculture 39 Knowledge and information poverty

17 Costs of meteorological information use 40 Failure of operators to answer farmers’ questions

18 Self-centrism in predicting agricultural climate issues 41 Lack of direct communication between farmers and
meteorological and agricultural experts

19 No ability to communicate individually with
meteorological centers 42 Weakness in planning by government organizations and

agencies

20 Linguistic differences in the provision of information 43 Farmers’ low spatial attachment to agricultural lands

21 Insufficient knowledge about the benefits of
meteorological information use 44 Low-quality weather forecasts

22
No interface between the Meteorological Organization
and farmers to have quick access to meteorological
information

45 Low value of meteorological information and weather
forecasts

23 Lack of future-oriented time perspectives
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3.1. Item Analysis of the Scale for BMIU

In this step, items (n = 9) obtaining item-total values lower than 0.3 were removed from
the data set. According to the results of this section, nine items including “long distance
from meteorological stations”, “negligence in publishing information by organizations”,
“low use of mass media”, “no interface between the Meteorological Organization and
farmers to have quick access to meteorological information”, “lack of future-oriented
time perspectives”, “low value of meteorological information and weather forecasts”,
“weakness in planning by government organizations and agencies”, “no strong systems to
predict climate change”, and “limitations of the Meteorological Organization in providing
information” were eliminated from the initial list of concepts.

3.2. The Main Dimension/Factor Structure of the Scale for BMIU

The PCFA was used to summarize the variables and to investigate the contribution of
each factor in relation to the barriers to meteorological information and weather forecasts’
usage. KMO statistic’s numerical value was 0.867 in the present study; therefore, it ap-
proved the adequacy samples to run the PCFA. The significance level reported for Bartlett’s
statistic was 0.001 for all sub-factors. With respect to the insights provided by Howard [46],
this conclusion implies that the data set is appropriate for running the PCFA (Table 3).

Table 3. Estimation related to the KMO and Bartlett statistics.

Identified Factors KMO Bartlett’s Sphericity df Sig.

5 0.867 6140.90 666 0.001

Table 4 demonstrates the eigenvalues and the corresponding explained variances of
the identified hidden factors for BMIU. With reference to the PCFA results, five latent
factors obtained eigenvalues higher than 1. According to Kaiser [47], eigenvalues higher
than 1 are required for the significance of the factors. Since five factors had eigenvalues
higher than 1, five significant factors were identified. Together, these latent variables
could totally account for more than 54.962% of variance [39]. The significant difference
between the first latent factor and other factors represents its major effect on the barriers
to meteorological information and weather forecast use. The basis for determining the
significance of the differences is the criterion. In other words, factors whose eigenvalues
are greater than 1 are considered the significant factors [39,47]. As the results of this study
show, only five factors had eigenvalues greater than 1.

Table 4. Extracted latent variables, eigenvalues, and percentage of explained variance.

Un-Rotated Factors Rotated Factors

Factors/Latent
Variable Eigenvalues Percent of Explained

Variance Cumulative % Eigenvalues Percent of Explained
Variance Cumulative %

1 10.516 28.421 28.421 5.505 14.877 14.877
2 3.250 8.784 37.250 4.468 12.077 26.954
3 2.819 7.619 44.824 4.396 11.880 38.834
4 2.246 6.070 50.894 3.676 9.935 48.769
5 1.505 4.068 54.962 2.291 6.193 54.962

To identify the latent/hidden factors and to recognize on which latent factor each
item/indicator was loaded, only indicators/items (variables) with a loading factor (cor-
relation) higher than 0.5 were picked up, and the other variables having lower factor
loadings were excluded from the analysis. The indicators that had also been loaded on
more than one latent/hidden factor were eliminated from the subsequent analysis [43].
In order to facilitate the analysis of the results, the varimax approach was applied. The
varimax approach is an oblique rotation approach. After rotating 36 concepts identified in
the first step (9 out of 45 concepts in Table 2 were eliminated in the reliability test of the
questionnaire), 36 indicators were included in factor analysis (Table 5).
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Table 5. Factors/dimensions identified for the scale of BMIU.

Factor Item/Indicator Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Educational–
communicative
barriers (ECB)

Low levels of education 0.761
Knowledge and information poverty 0.757
Lack of direct communication between farmers and
meteorological and agricultural experts 0.738

Insufficient knowledge about the benefits of
meteorological information use 0.701

Influence of farmers who are not interested and do
not trust the meteorological information 0.692

Lack of motivation in agricultural activities 0.680
Farmers’ low spatial attachment to agricultural lands 0.670
No ability to communicate individually with
meteorological centers 0.655

No agricultural extension training courses on how to
use meteorological information and lack of
awareness of its importance

0.620

Lack of skills related to the use of meteorological
statistics and information 0.600

Normative
barriers (NB)

Self-centrism in predicting agricultural climate issues 0.787
No risk-taking 0.743
No trust in meteorological information 0.731
Traditional ideas about the method and timing of
planting agricultural products 0.727

Non-institutionalization of the importance and usage
of meteorological information in agriculture 0.685

Pessimism due to some wrong forecasts in the past 0.570
No proper planning and purpose in agricultural
activities 0.545

Fatalism on climate changes (i.e., uncontrollability) 0.538

Informational
barriers (IB)

No attention to users’ specific needs in providing
meteorological information 0.744

Low-quality weather forecasts 0.731
Low cooperation between organizations such as the
Ministry of Agriculture Jihad and Islamic Republic of
Iran Broadcasting (IRIB) in transmitting
meteorological information to farmers

0.686

Slow pace of meteorological data transmission to
farmers 0.646

Linguistic differences in the provision of information 0.645
Specialized texts and meteorological
recommendations and no understanding by farmers 0.632

Distortion of real information content by
organizations 0.629

Failure of operators to answer farmers’ questions
about agricultural information 0.573

Infrastructural–
political

barriers (IPB)

Inadequate meteorological stations in agricultural
areas 0.743

Poor recording of observations by meteorological
stations 0.703

Small land area and no attention to potential
damages 0.700

Neglected importance of providing meteorological
information to farmers in Iran’s macro-policies 0.663

Inadequate facilities for necessary meteorological
forecasts in the region 0.650

No cooperation between government agencies to
establish strong predictive systems in the region 0.647

Low investments in meteorological information by
the government and private sector 0.628

Professional–
economic

barriers (PEB)

Lack of capable and experienced professionals to
predict climate change in the region 0.660

Costs of meteorological information use 0.634
Absence of meteorologists in agricultural areas 0.614

According to PCFA, the barriers to meteorological information and weather forecast
use were categorized into five latent/hidden factors. In the next step, according to the items
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loading on the factors and their correlations, some suitable titles were selected for the latent
factors. Therefore, based on the results, BMIU included “educational–communicative bar-
riers (ECBs)”, “normative barriers (NBs)”, “informational barriers (IBs)”, “infrastructural–
political barriers (IPBs)”, and “professional–economic barriers (PEBs)” (Table 5).

3.3. The Structure of the Scale for BMIU

Figure 3 visualizes the CFA framework of the scale for BMIU. In this figure, the loading
factors (correlations) are in their standardized mode. The acceptable cut-off values for
the loadings were 0.5, meaning that the indicators with factor loadings less than 0.5 were
deleted from the final scale for BMIU and/or CFA framework (Table 6).

Figure 3. The model for measuring the variable of BMIU or standardized coefficients [source: results of present study].
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Table 6. Factor loadings, significance levels, and measurement models’ fit indices of the scale for BMIU.

Factor/Dimension Indicator Loading Factor t Value Gama Coefficient t Value CR AVE

Educational–communicative
barriers (ECB)

ECB1 0.68 –

0.42 6.19 0.83 0.45

ECB2 0.85 13.33
ECB3 0.64 10.76
ECB4 0.68 11.36
ECB5 0.53 9.10
ECB6 0.64 10.82

Normative barriers (NB)

NB1 0.66 –

0.63 8.37 0.78 0.42
NB2 0.62 9.63
NB3 0.73 10.85
NB4 0.65 9.97
NB5 0.59 9.32

Informational barriers (IB)

IB1 0.77 –

0.50 7.37 0.80 0.46
IB2 0.71 12.49
IB3 0.73 12.82
IB4 0.64 11.35
IB5 0.52 9.17

Infrastructural–political
barriers (IPB)

IPB1 0.62 –

0.83 9.52 0.76 0.46
IPB2 0.79 10.82
IPB3 0.73 10.44
IPB4 0.52 8.18

Professional–economic
barriers (PEB)

PEB1 0.69 –
0.72 9.26 0.75 0.50PEB2 0.73 10.73

PEB3 0.71 10.61

According to the fact that the loading factors of 23 items (indicators) in the scale for
BMIU showed values higher than the acceptable cut-off value of 0.5, it can be mentioned
that the construct validity of the scale for BMIU was confirmed by eliminating 13 items.
Furthermore, the loading factors between hidden/latent factors and the scale for BMIU
(these second-order loading factors are known as the gamma coefficients) were significant
(p < 0.01). It is of note that gamma coefficients represent the effectiveness level of each
latent/hidden factor in explaining the main scale. In other words, they can be applied
to rank the latent factors in terms of their contribution to the main construct (scale for
BMIU). Table 6 demonstrates that all latent factors had significant gamma coefficients
and could account for an acceptable percentage of variance changes in BMIU. Gamma
coefficients also ranged from 0.42 to 0.83. As shown in Figure 3, the calculated t-values for
all items/indicators and latent factors are greater than 1.96 and are therefore significant at
the error level of 0.05.

The value of composite reliability (CR), which is applied to evaluate the internal
consistency, must be higher than 0.7. The average variance extracted (AVE) should also be
higher than 0.5. However, some statisticians [48–51] have found that values greater than
0.4 are acceptable as well. If the CR value is higher than the numerical value of 0.6, the
convergent validity of the latent factor is also acceptable [48]. With respect to the results
reported in Table 6, it can easily be concluded that all dimensions of the scale for BMIU
have appropriate convergent validity.

Fitness indexes were additionally adopted to assess the merit of the scale for BMIU
(Table 7). Taken together, the results revealed that the goodness-of-fit index (GFI) and the ad-
justed goodness-of-fit index (AGFI) were greater than the plausible value of
0.9 (GFI = 0.95; AGFI = 0.92). These indexes are the fitness evaluation criteria between the
hypothesized scale for BMIU and the real observed covariance matrix. The Bentler–Bonett
normed fit index (NFI) and the comparative fit index (CFI) were also at an acceptable level
(NFI = 0.95; CFI = 0.91). Theoretically, their values should be higher than 0.9. Thus, the
results of NFI and CFI indices highlighted the appropriateness of data-model fit.
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Table 7. Fitness indices of the scale for BMIU.

Index RMSEA AGFI GFI NFI CFI χ2/df χ2 df

Value 0.073 0.92 0.95 0.95 0.91 2.9 663.01 225

Another index for the fitness of the developed scale was the root mean square error of
approximation (RMSEA) (RMSEA = 0.073). Values smaller than 0.08 are acceptable for this
index. In the end, it is worth mentioning that the value of the Chi-square (χ2) normalized
by the degree of freedom (df) was 2.94 (less than the plausible value of 3).

The fitted structural model of the scale for barriers to meteorological information and
weather forecasts’ use is shown in Figure 3, in which the symbols ECBs, NBs, IBs, IPBs,
and PEBs denote educational–communicative barriers, normative barriers, informational
barriers, infrastructural–political barriers, and professional–economic barriers, respectively.
Furthermore, BMIU represents the construct of BMIU.

3.4. Final Checklist of the Scale for BMIU

Finally, after analyzing the structural factor of the scale using structural equation
modeling (SEM) and second-order CFA, 23 items/indicators were introduced as the final
checklist of the index (Table 8).

Table 8. Final checklist of the scale for BMIU.

Factor/Dimension Item/Indicator

Educational–
communicative barriers

(ECB)

Knowledge and information poverty
Lack of direct communication between farmers and meteorological and agricultural experts
Insufficient knowledge about the benefits of meteorological information use
No ability to communicate individually with meteorological centers
No agricultural extension training courses on how to use meteorological information and lack of
awareness of its importance
Lack of skills related to the use of meteorological statistics and information

Normative barriers (NB)

No trust in meteorological information
Traditional ideas about the method and timing of planting agricultural products
Non-institutionalization of the importance and usage of meteorological information in agriculture
Pessimism due to wrong forecasts in the past
Fatalism on climate changes (i.e., uncontrollability)

Informational barriers (IB)

No attention to users’ specific needs in providing meteorological information
Low-quality weather forecasts
Linguistic differences in the provision of information
Specialized texts and meteorological recommendations and no understanding by farmers
Distortion of real information content by organizations

Infrastructural–political
barriers (IPB)

Inadequate meteorological stations in agricultural areas
Poor recording of observations by meteorological stations
Neglected importance of providing meteorological information to farmers in Iran’s macro-policies
Low investments in meteorological information by the government and private sector

Professional–economic
barriers (PEB)

Lack of capable and experienced professionals to predict climate change in the region
Costs of meteorological information use
Absence of meteorologists in agricultural areas

4. Discussion

The development and validation of this scale revealed five latent factors including
ECBs, NBs, IBs, IPBs, and PEBs. Moreover, the results showed that these five latent factors
had a high ability to account for sustainability barriers to meteorological information use
by farmers. In this respect, it is suggested that these five barriers be seriously considered in
future intervention programs reflecting on farmers’ use of meteorological information and
weather forecasts. Infrastructural–political barriers were the strongest determinants in the
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scale for BMIU. Inadequate meteorological stations in agricultural areas, poor recording
of observations by meteorological stations, small land area and no attention to potential
damages, and neglected importance of providing meteorological information to farmers
in Iran’s macro-policies are the most important infrastructural–political barriers. In ad-
dition, barriers such as no cooperation between government agencies to establish strong
predictive systems in the region and low investments in meteorological information by
the government and private sector are other indicators that have been categorized in this
dimension. Deficiency and obsolescence of meteorological information registration sys-
tems is the main barrier in the field of infrastructure, and it is suggested that responsible
organizations increase the number of meteorological information registration centers and
update the old systems. Lack of proper cooperation between agricultural program planner
organizations, meteorological organizations, and broadcasting centers and ignoring the
importance of providing accurate meteorological information to farmers in agricultural
policies are the main obstacles in the infrastructural–political dimension. This result has
been supported by other studies at the international level. Afouku and Obiazi [31] argued
that meteorological infrastructures and policies of Nigeria government have a significant
impact on the reluctance of farmers to use meteorological and climate-change-related
information. Krell et al. [32] stated that political considerations and weakness of the infras-
tructures are of the main limitations for adaptive responses of the farming communities
against the climate change impacts. Similar findings have been reported by the researchers
from other countries including Zambia [52] and Egypt [53]. To be specific, most of these
studies suggest that, in order to provide easier and better meteorological information to
farmers, first, inter-institutional cooperation between stakeholders should be increased.
Then, providing accurate information about the weather and meteorological conditions
in different seasons of the year should be followed and monitored by decision makers,
planners, and policymakers in the agricultural sector. Agricultural extension and educa-
tion change agents can help the executive staff of cooperating stakeholders. Many of the
executive staff of organizations providing services such as meteorological information in
agricultural areas of most countries are just trying to deliver the messages (mainly technical
messages). However, agricultural extension and education practitioners can deliver or
help the executive staff of cooperating organizations to deliver these technical messages
effectively in the form of more applicable and comprehensible short tips.

As the results showed, professional–economic barriers were the second key latent di-
mension of BMIU. Lack of capable and experienced specialists to predict climate variability
in the region, costs of meteorological information use, and the absence of meteorologists in
the agricultural areas were the main indicators in this category of barriers. In the field of
professional barriers, two important points should not be overlooked. The first point is
related to the lack of capable and experienced specialists to predict climate change in all the
meteorological centers. This causes diminishing the quality of work of meteorologists. The
second point in this regard is the lack of meteorologists. In other words, the second point
highlights the number of experts. Economic barriers are also among the main obstacles for
farmers to use meteorological information. The importance of this recommendation has
been approved by other researchers see [33,54]. Lin et al. [33] showed that the economic
factors such as high cost of the meteorological information have a significant impact on
the reluctance of farmers to use the weather prediction services in Taiwan. Thus, they
suggest that these farmers should be provided with low-cost services. Behailu et al. [54]
concluded that, from the farmers point of view, some of the predictions are not accurate in
Ethiopia. They also emphasized that some of the experts of meteorological centers have not
enough knowledge and expertise. Accordingly, it is recommended that the meteorological
centers reduce the initial costs of providing meteorological information. In addition, it is
suggested that meteorological centers pay more attention to hiring highly specialized and
skilled personnel in the process of recruiting experts. Additionally, they should increase
their executive staff in local weather forecasting centers.
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The normative barriers were the third major category of barriers to farmers’ use of
meteorological information and predictions. Taken together, the normative barriers in the
context of such studies refer to erroneous and institutionalized norms of meteorological
information usage in some agricultural communities. This problem has been reported as a
major obstacle, especially in most developing and underdeveloped countries, see [1,53,55].
Sharifzadeh et al. [1], in an actor–network analysis of weather information in Iran, revealed
that social norms of farming communities have negative impacts on the adoption of these
services. These researchers, however, suggest that educated farmers can be a turning point
to change these negative perspectives towards weather information. Kassem et al. [53]
reported similar results for the adoption of climate-related predictions in Egypt. Salite [55]
also introduced the tradition and negative attitude towards new climate prediction systems
as one of the main limiting factors of applying weather services in Mozambique. These
incorrect individual and social norms have led to a kind of stereotype-centeredness in
agricultural societies. The key indicators of this aspect include lack of risk-taking [56],
pessimism due to some wrong forecasts in the past, fatalism on climate changes (i.e.,
uncontrollability), and extreme self-centrism in predicting agricultural climate issues.
Given that the majority of the farmers are elderly farmers and that changing and improving
individual and social norms are more difficult among older and less educated farmers
than among young and educated farmers, investing in normative changes in the elderly
might not be cost-effective. More interestingly, young and educated farmers are often
used as sources of information on meteorological issues and forecasts. Therefore, it is
suggested that organizations such as the meteorological organization and the authorities
of agricultural development use the potential capacities of these young farmers to guide
individual and social norms in the application of meteorological information and forecasts.

Informational barriers were the fourth most important factor in the scale for BMIU.
The most prominent indicators of this stratum of barriers included low-quality weather
forecasts, no attention to users’ specific needs in providing meteorological information,
distortion of real information content by organizations, slow pace of meteorological data
transmission to farmers, linguistic differences in the provision of information, and special-
ized texts and meteorological recommendations and no understanding by farmers. Given
that mass media such as radio and television are the main means of informing farmers
about the weather and meteorological conditions in many countries, see [31–34], it is rec-
ommended that broadcasting centers revise their policies and processes in transmitting
meteorological information to the agricultural and rural communities. In addition, the
potential of cyberspace and membership of many educated young people of agricultural
communities to social networks can be used as an effective tool to deliver meteorological
information. The applicability of this recommendation has been supported by others. For
instance, Dumenu and Tiamgne [52] concluded that information barriers are of the main
factors resulting in the vulnerability of farming communities against climate change in
Zambia. Similar results can be found among the results of the researchers from Brazil [26],
Kenya [27,32], Vietnam [28], Nigeria [31], and Taiwan [33]. Iranian farmers in general, and
farmers in West Azerbaijan Province in particular, are composed of different ethnicities.
Broadcasting centers, however, generally emphasize the transmission of information in
one language. As a result, meteorological information is not available to a wide range of
farmers in a timely manner. To fill this gap, it is suggested that such information should be
provided in different languages. In addition, it is suggested that meteorological information
should be provided to farmers more accurately and in a timely manner; this will reduce
lack of trust in meteorological information and forecasts among farmers, and they will be
able to take timely measures to reduce the potential risks of meteorological changes.

Based on the results of the index validation process, the educational–communicative
barriers were the fifth strong determinant factor of not using meteorological information by
farmers. This result means that, based on the perspectives of farmers as users of information
and meteorological forecasts, educational–communication barriers are a major obstacle
for them in this field. Low levels of education, knowledge and information poverty, lack
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of direct communication between farmers and meteorological and agricultural experts,
and insufficient awareness of the benefits of using meteorological information are the
most prominent indicators of this dimension. They play an important role in not using
meteorological information and predictions. In general, it can be concluded from these
results that weakness in education and communication of farmers (farmers’ communication
with meteorological centers, experts, and their peers) is the main root of farmers’ reluctance
to use meteorological information. Based on this finding, it is suggested that farmers
attend some facilitation and training courses on effective methods of communicating with
meteorological centers and/or obtaining information, reducing agricultural risk through
meteorological information, and meteorological information applications. These courses
can be conducted by trained agricultural extension staff who are the executive arms of
social intervention programs in most countries. It should be noted that educators and
agricultural extension experts should use participatory methods in training courses in
which farmers themselves actively play a role.

5. Conclusions

Despite the growing number of studies in various areas of meteorological information,
not much effort has been made to develop and validate a scale for BMIU by farmers.
However, one of the salient requirements of the agricultural sector around the globe is the
existence of valid and reliable scales in this field. This necessity is the result of the fact that
different actors in the agricultural sector such as farmers, policy-makers, executives, etc.,
need accurate information about the sustainability barriers to meteorological information
use to make the right decisions. However, in most cases, they do not have access to
such tools and thus incorrect decisions may be made. Furthermore, wrong policies may
be adopted since there is no knowledge about the level of limitations in this area. In
this regard, the main objective of this study was to develop and validate a scale for
sustainability barriers to meteorological information use by farmers based on a practical
eight-step approach that can be utilized in future research.

The most important conclusion of the present study is that the infrastructural–political,
professional–economic, and normative factors are the strongest barriers to meteorological
information use by farmers. In other words, these three factors are more significant than
the informational and educational–communicative barriers. Identified barriers to the use
of meteorological information can help reduce the negative impacts of climate change. In
many cases, farmers are affected by the consequences of climate change because of the
fact that factors such as infrastructural–political, professional–economic, and normative
barriers limit their sustainable and timely use of information. However, identifying these
barriers and trying to overcome them can facilitate the use of meteorological information
for farmers. This increases their ability to adapt more to the impacts of climate change.
Finally, it should be noted that the removal of these barriers can lead to the development of
climate-smart agriculture among farmers.

From the methodological point of view, developing and validating a scale is a complex
process that is inherently difficult. For this reason, very little effort is generally made in
this area. This is especially true in the case of sustainability barriers to meteorological
information use by farmers from their own perspectives as the insiders. In addition to
considering technical dimensions in developing and validating a scale for sustainabil-
ity barriers to meteorological information use through farmers’ own perspectives, it is
necessary to assess social, cultural, and psychological dimensions in the process of scale
development and validation. The present study paves the way for various researchers and
users by presenting an eight-step approach (Figure 2) to develop and validate a scale so
that they can make further efforts in this area. In addition, this approach provides users
and researchers with a pragmatic methodology by simplifying the process of developing
and validating a scale. They are also provided with very simple and understandable
insights so they can test and validate the process. Using such scales to assess and measure
the sustainability barriers of meteorological information use can provide users with a
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very credible decision-making tool. In other words, it can be used to help develop new
policies, reform/revise the existing policies, and eliminate misguided ones on barriers
to meteorological information and weather forecasts’ usage in agricultural communities.
Although the study was conducted in Iran, particularly in West Azerbaijan Province, and
the scale was developed using the Iranian farmers’ perspectives, it can also be used for a
wider geographical scope at an international level. Due to the widespread climate changes
occurring all over the world, many countries and geographical regions may face similar
barriers and restrictions. However, it should be noted that the results and implications of
the present study can be more applicable to countries that are similar to Iran in terms of
climatic conditions and agricultural structure.

The present study, similar to any other research endeavor, had a few limiting factors.
Uncovering these limitations can be useful for future studies. First, it should be mentioned
that, because of the economic constraints, the sample size was estimated using the Krejcie
and Morgan Table. This sampling table estimates the minimum required sample size.
However, future studies can conduct this study with a relatively larger sample and in
a larger geographical location. Second, the validation approach of the scale for BMIU
was mainly based on statistical methods and the perceptions of end-users (i.e., farmers).
However, the expert validation of the scale for BMIU is not among the alternatives that can
be applied by future researchers.
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