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Abstract:



Water scarcity in Spain is partly due to poor management of this resource in the agricultural sector. The main aim of this study is to present the major factors related to water usage efficiency in farming. It focuses on the Almería coast, southeast Spain, which is one of the most arid areas of the country, and in particular, on family farms as the main direct managers of water use in this zone. Many of these farms are among the most water efficient in Spanish agriculture but this efficiency is not generalized throughout the sector. This work conducts a comprehensive assessment of water performance in this area, using on-farm water-use, structural, socio-economic, and environmental information. Two statistical techniques are used: descriptive analysis and cluster analysis. Thus, two groups are identified: farms that are less and farms that are more efficient regarding water usage. By analyzing both the common characteristics within each group and the differences between the groups with a one-way ANOVA analysis, several conclusions can be reached. The main differences between the two clusters center on the extent to which innovation and new technologies are used in irrigation. The most water efficient farms are characterized by more educated farmers, a greater degree of innovation, new irrigation technology, and an awareness of water issues and environmental sustainability. The findings of this study can be extended to farms in similar arid and semi-arid areas and contribute to fostering appropriate policies to improve the efficiency of water usage in the agricultural sector.
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1. Introduction


Water is a limited resource, a scarce asset, because its demand usually exceeds its natural availability. This pressure on water resources will increase in the future due to growing populations and economies, the effects of climate change, and an expected higher standard of living. The agricultural sector accounts for approximately two thirds of all water usage in the world. Consequently, there is a growing international concern about efficient water usage in agriculture [1], especially in arid areas [2].



Spain is very sensitive to water management issues due to its climatic characteristics and the deficit of this resource in a large part of its territory. Spain’s per capita water consumption is one of the highest in Europe [3], even though its territories are among the most arid. Perhaps for this reason, in 2008, Spain became the first country to include analysis of the water footprint and water use efficiency in formulating planning policies in the context of the Water Framework Directive [4]. In Spain, there are several analyses on water usage, dealing with the country as a whole, in the autonomous regions and industrial sectors [3,5]. The agricultural sector is among those that have received the most attention, as it represents approximately 80% of Spanish water consumption [6].



Some studies have shown that applying more efficient water usage practices in farming is one of the factors that could relieve water shortage [7,8]. In this context, it becomes crucial to analyze the most water efficient agricultural activities. The family farms in the province of Almería in southeast Spain, one of the most arid areas of the country, are one such location where we can examine these phenomena.



This agriculture is the key driver behind the enormous socioeconomic development the province has undergone in the last five decades, due to the hugely successful agricultural activity and a great effort on the part of family farms [9]. The production structure consists of around 13,500 such farms, with a mean size of three hectares. As it is an irrigated agriculture, water is extremely important. Although the weather conditions are mainly favorable, rainfall is very low. As average annual precipitation is around 220 mm, all of the available water sources must be used. Groundwater is the main source (80%), followed by desalinated water, surface water, and reused wastewater. Though the price varies depending on the kind of water supplied, relative water costs on farms are low, accounting for between 2.5 and 3% of total expenses. Water usage in the sector is highly efficient when compared to other Spanish agrarian systems. Sotelo [5] showed that the environmental impact of water use in horticulture in Almería is twenty times lower than the mean for Spanish agriculture as a whole, and Fernández et al. [10] proved that water use is six times more efficient on average than horticulture in the rest of Spain. Nevertheless, the adaptation to water scarcity is not homogeneous among farms; also, current climatological conditions and insufficient public investment in infrastructure to increase water supply [11] mean that further technological and managerial improvements in efficient water use are required.



This study examines the characteristics of the family farms that have a bearing on the better use of water. The purpose of this paper is to present the principal factors related to water use efficiency in Almería on the one hand and a typology analysis of farms on the other.



This work thus bridges a major gap in the literature related to lowering the environmental impact of water use and the family farm. Some studies have related water consumption to macroeconomic variables, e.g., [12,13], but there are hardly any studies relating water use to microeconomic variables [14]. To overcome this limitation, this study uses a micro approach. Along these lines, some analyses have tried to characterize actions and behaviors of farmers regarding water usage, particularly in situations where this resource is limited [15,16]. Frequently, these analyses distinguish expansive actions, e.g., purchasing land or water entitlement, in order to achieve scale economies and maintain productivity [17]; contracting actions aimed at reducing land or irrigated areas [18]; and, accommodation actions, e.g., investment to improve water management or efficiency, as farmers adapt to the water shortage [15]. In recent decades, water policies in Spain have been directed at improving farms’ water usage efficiency in particular and making them more sustainable in general, although with heterogeneous results [10]. In certain specific areas in which the farms share common characteristics, results have depended on the farmers’ attitudes [19] and the farms’ managerial features [20].



From a methodological point of view, there is a lack of adequate research in this area to develop appropriate methods that can be used to measure the relative water efficiency at farming level. Efficiency in water usage is a complex term, which has different meanings depending on the field where it is applied [21]. In the case of irrigated agriculture, water usage efficiency usually means consuming less water to produce the same amount of crops, or consuming a given amount of water to produce more crops [13]. Therefore, water efficiency usually indicates water productivity in terms of yield (kg m−3) [8,10,22], or, less frequently, in economic terms (euros m−3) [10,23]. Thus, these two water usage indicators were considered according to other studies on water efficiency in the horticultural area under analysis [10,24,25]: water usage efficiency (WUE), defined as the ratio of crop production divided by the amount of water supplied (kg m−3); and, water productivity (WP), defined as the ratio of value of crop production divided by the amount of water supplied (euros m−3).



Two statistical techniques are used: descriptive analysis and cluster analysis. After the cluster analysis, two different types of family farms, less and more efficient in water usage, are considered to explain the most crucial factors for water efficiency. Both the common characteristics within each group and the differences between the groups with a one-way ANOVA analysis are then studied. Similar methodological approaches have been used in the literature to classify farms based on adaptation to water scarcity [15,20,25], but it should be highlighted that this study is the first to do it based on water usage efficiency.



Thus, the present study contributes to the current strand of literature in the field of water efficient performance assessment by pursuing two main aims: (a) to analyze the characteristics of family farms that influence water use (water analysis, control systems, technology, efficiency plans, water consumption…); and, (b) to identify the profile of the farmers that are more water efficient by means of a cluster analysis. This approach could provide suggestions for improving the efficient utilization of water resources in agriculture, along with useful information for farmers and policymakers, which could be applied in similar areas. Hence, the results of this study allow managers to identify the principal factors and best practices related to water efficiency in order to promote and/or implement them in inefficient farms to improve their performance and lower the environmental impact, regarding the better use of a natural resource such as water.



In order to achieve these goals, the remainder of the paper is organized as follows. Section 2 describes the agro-food system under study and the features of water usage in this productive activity. Section 3 describes the methodology used, the data collection, variables, and empirical setting. Section 4 explains the estimations and results from the descriptive analysis and the cluster analysis. Finally, Section 5 outlines the main discussions and conclusions drawn from the research.




2. Research Area


The study area is located in the Campo de Dalías, on the west coast of the Almería province, southeast Spain (see Figure 1), whose production is carried out by small-scale family farms. This agricultural system originated about five decades ago, and evolved from the cultivation of fresh vegetables in the open air to greenhouse production. The Campo de Dalías is the area where the first farming initiatives under plastic began in Almería, and it is the largest concentration of greenhouses in Spain [26]. In 2016, there were 21,081 hectares that accounted for 70.25% of all greenhouses in the Almería province and 35% in Spain [27].


Figure 1. Map of Spain showing the location of the research area.
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The Campo de Dalías is a flat, semi-arid area with low precipitation, but with subterranean water resources and a mild climate due to the proximity of the sea and the nearby mountain ranges that provide protection. The average annual temperatures and rainfall are 18 °C and 220 mm, respectively. These climatological characteristics and technologies adapted to local requirements have allowed a ten-month long growing season (from September to June) and given rise to a highly productive sector.



The farming activity has become specialized in certain crops such as pepper, cucumber, and tomato, though some also cultivate zucchini, eggplant, watermelon, and melon. Farmers tend to rotate the production of these crops (usually two crops a year). In hopes of achieving homogeneity in order to avoid differences in crop productivity and water requirements, in the sample study farmers only cultivated pepper and cucumber, the most common rotation in the area during the growing season when the survey was conducted [28] (specifically, the crops considered are cucumber “tipo Almería” and long cycle pepper, the crop varieties more cultivated in the Campo de Dalías [26]).



Among the local cultivation strategies, the “enarenado” technique is of particular interest, as it has allowed reduced water supplied and the condensation of atmospheric humidity, protecting the natural soil with a layer of sand and natural manure. Specifically, the sand mulch or “enarenado” soil consists of covering the natural soil with an initial layer of silty-loam soil, then a second layer of manure, and a third small layer of sand on top [29]. Although other alternatives such as soilless or hydroponic systems have appeared, this artificial layered soil (“enarenado”) is used by 90.2% of all farms in the area [28], and by all of the farms in the sample. Therefore, and as other previous works on water efficiency show [10,24], the topographic and soil characteristics in the research area are similar.



On the other hand, the sector has developed through the use of greenhouses with plastic covering held in place between wire meshes and supported on metal posts. This simple system, combined with the area’s natural sunlight (over 3000 h per year), is highly efficient as it requires almost no extra energy, improves water savings, and reduces the effects of erosion caused by heavy occasional rainfall and strong winds which are characteristic of such semi-arid regions [30].



Traditionally, the increasing surface area dedicated to crop production has caused concern over the limited hydrological resources. However, since the late 1980s this sector has progressively incorporated systems of water economy and increased supply (desalination plants, reservoirs, reusage, etc.). Nowadays, the Campo de Dalías is Spain’s most technical and efficient irrigation area, with widespread use of drip irrigation systems and an increasing application of water treatment and reusage techniques [10].



Although this sector underwent considerable expansion over several decades, it is worth mentioning that since the early 2000’s, the surface area dedicated to vegetable production has hardly increased. Several factors have played a part here, namely increased input costs (labor, seeds, etc.) and the stabilization of sale prices. Consequently, growers have made a great investment in technology, with a view to increasing crop productivity, and to the need to continue improving resource efficiency, e.g., irrigation optimization, improved cultivars, machinery or crop practices [29].



Despite these technological improvements, the results in terms of efficiency are still quite heterogenous among family farms [31]. This suggests that further improvements are required, particularly in light of the decrease in precipitation in the area in recent years [11], and the absence of policies, both regionally and nationally, to develop infrastructures and guarantee water supply in the short term.




3. Data and Methodology


3.1. Data Collection


Data for this study were collected by means of a structured survey of randomly selected farmers in the Campo de Dalías (Almería) conducted during the spring 2015.



157 farms were surveyed but 14 of them were discarded due to errors in the responses, and another 33 were rejected for not having the same rotating crops (pepper and cucumber). Thus, after data entry and quality control, 110 samples were considered for the analysis, all of them homogeneous in their crops, soil conditions (“enarenado”), and location.



Questionnaires consisted of four basic sections. The first one included questions about the general socio-economic characteristics of farmers (age, education, gender, etc.). The second requested information on farm structure (scale, workers, age, profit, etc.). The third and fourth sections contained, respectively, questions on the assessment of current water usage (water analysis, control systems, technology, efficiency plans, water supplied, etc.) and other environmental issues (organic production, certifications, awareness, etc.).




3.2. Analysis and Methods


27 variables were analyzed, 13 related to the farms’ water usage, and the remainder to the farmers’ socio-economic characteristics, farm structure, and environmental performance. Table 1 shows the list of the variables included in the study.



Table 1. Variables included in the analysis.







	
Name of Variable

	
Description






	
Personal Attributes of the Farmer




	
Age

	
Farmer’s age




	
Education

	
Farmer’s education, measured on a scale of 0—no education to 5—university or higher education




	
Characteristics of the Farm




	
Women

	
Percentage of farm decision-makers that are women




	
Scale

	
Area of agricultural farm in hectares




	
Generation

	
Farm’s age, measured by the number of generations that have run the family farm




	
Employment

	
Number of total workers per hectare




	
Yield

	
Annual crop production in tons per hectare




	
Income

	
Annual income in thousands of euros per hectare




	
Insurance

	
Whether the farm has taken out agrarian insurance (=1) or not (=0)




	
Cooperatives

	
Farm’s evaluation of the efficiency of the marketing cooperatives in the sector, on a scale of 0–5




	
Environmental Performance




	
Bio

	
Annual biological production—organic and/or Integrated Pest Management—in tons per hectare




	
Green_certification

	
Whether the farm has any environmental certification (= 1) or not (= 0)




	
Farmer_awareness

	
Farmer’s environmental awareness, on a scale of 0–5




	
Sector_awareness

	
How much influence from the sector the farmer perceives to be more aware of environmental sustainability, on a scale of 0–5




	
Water Usage Characteristics




	
Rain

	
Whether the farm harvests rainwater to incorporate it into the irrigation system (=1) or not (=0)




	
Community

	
Whether the irrigation water comes from an irrigation community (=1) or not (=0)




	
Analysis

	
Whether the farm performs irrigation water analysis to control its quality (=1) or not (=0)




	
Meter_box

	
Whether the farm has a water meter box (=1) or not (=0)




	
Technician

	
Whether the farm is advised by a technician regarding the use of water in irrigation (=1) or not (=0)




	
System 1

	
Whether the farm uses irrigation on demand (=1) or scheduled irrigation (=0)




	
Control 2

	
Whether the farm uses a tensiometer for irrigation (=1) or not (=0)




	
Innovation

	
Whether the farm has recently implanted any innovation for reducing water usage (=1) or not (=0)




	
Plan

	
Whether the farm is developing any water usage efficiency plan (=1) or not (= 0)




	
Water_certification

	
Whether the environmental certification is related to efficient water usage, on a scale of 0–5




	
Water_supplied

	
Annual water applied to the crops in thousands of m3 per hectare




	
Water_saving

	
Farmer’s employment of water-saving practices in daily life, on a scale of 0–5




	
Subsidy

	
Dummy variable of 1 if the farm has received any public subsidy to implant water use improvements, and 0 if this is not the case








Notes: 1 Given the diversity of systems that can coexist on the farming analyzed, this study has considered the most technological irrigation system available. Two possible systems have been differentiated: (a) irrigation on demand, which provides water depending on the requirements of the crops, using climatic sensors that establish the critical values of temperature or humidity at which irrigation is necessary. This is considered the most technological irrigation system; or, (b) scheduled irrigation, in which the farmer calculates the irrigation time required each day based on the crop and climate, either manually or using a programmer. 2 Tensiometer is an advanced sensor used to determine water requirements and adjust irrigation. The activation of irrigation is performed according to the state of humidity of the soil and this information is obtained by the soil moisture tension measured with tensiometers. Soil moisture tension is the force that plant roots must use to draw water from the soil. This tension reflects the level of moisture in the soil: the higher the tension, the drier the soil. The tensiometer must be positioned accurately with respect to the crops to avoid errors caused by heterogeneity of the soil.








As explained in the introduction section, two indicators of efficiency in water usage were considered: water usage efficiency (WUE) and water productivity (WP). These indicators were determined annually and the amount of rainwater entering the greenhouse is considered negligible [10]. The indicators are defined as [8,10,22]:


WUE (kg/m3) = (annual crop production)/(annual crop water supplied),



(1)






WP (€/m3) = (annual value of crop production)/(annual crop water supplied),



(2)







Certain previous studies have considered that low water supplied [32], innovative irrigation practices [33], water-efficient technology [34], and water-saving practices [35] contribute to the better use of water. This study also aims to take all of these aspects into account by means of the 13 variables included in the water usage characteristics of Table 1. The cost of water has not been included as a variable since it is very homogeneous among all of the farms in the sample.



Two statistical techniques are used: descriptive analysis and cluster analysis (k-means procedure). The former provides a better understanding of the study area, the characteristics of these family farms, and their water usage. After examining the descriptive statistics for various variables, those related to water use have been selected as clustering variables. Cluster analysis allows the sample to be separated into two homogeneous groups: Group 1 (less efficient regarding water usage) and Group 2 (more efficient). An analysis of variance (one-way ANOVA) is then implemented in order to find statistically significant differences in the group means of the variables that characterize them. This information is vital to identify the typology of farm households and to define measures and programs for the region, when considering that some farmers have already adopted the practices to achieve a higher level of efficiency, while other farmers have not.



Cluster analysis is a group of multivariate analysis techniques used to sort samples (farms in our case) into groups based on the characteristics that they possess. Family farms within a certain group must be similar to each other, yet every group should be different from the others. There are several algorithms for cluster analysis, and one of the most popular is the K-means cluster analysis [36]. It divides the data into k clusters at random and calculates the centroid of each cluster, assigning each case to the closest cluster. Then, new centroids are computed and farms are reassigned to the closest new cluster. This process is repeated until no more reassignment can be made. Different kinds of distance measures can be utilized. The one used in this study is the Euclidean distance as it is the most common for clustering purposes [37]. It is defined as the length of the line segment connecting two points.



Since there is no specific procedure to find the most appropriate number of clusters, agglomerative hierarchical clustering (Ward’s method) was used in this paper to determine the clusters [38]. Each observation starts in its own cluster, and pairs of clusters are merged as one moves up the hierarchy. The results of hierarchical clustering are usually presented in a dendrogram and this graphical representation helps to decide the optimal number of clusters. Then, the analysis is performed using different possible numbers of groups in the k-means procedure and in our case it was concluded that two clusters is the most balanced aggregation solution [39]. In order to test the statistically significant differences of the clustered centers for each group a one-way ANOVA was done.



Similar methodological approaches have been used in the literature to classify farms [40,41]. Some studies are based on adaptation to water scarcity [15,20,42], but there is a lack of research on water usage efficiency.





4. Main Results


4.1. Findings from the Descriptive Statistic. Profile of the Respondents


Table 2 presents a brief description of the main variables measured in the study in order to provide a profile of the family farms.



Table 2. Summary statistics for the main variables of the study.







	
Variable

	
Mean

	
Std. Dev.

	
Minimum

	
Maximum






	
Efficiency Measures




	
WUE (kg/m3)

	
20.70

	
2.39

	
18.18

	
25.38




	
WP (€/m3)

	
12.01

	
3.39

	
4.72

	
22.90




	
Personal Attributes of the Farmer




	
Age

	
45

	
10.48

	
18

	
69




	
Education

	
3.25

	
1.17

	
1

	
5




	
Characteristics of the Farm




	
Women

	
32.01

	
24.41

	
0

	
66.67




	
Scale

	
3.65

	
3.49

	
0.4

	
20




	
Generation

	
1.96

	
0.75

	
1

	
4




	
Employment

	
1.64

	
1.20

	
0.05

	
6




	
Yield

	
109.11

	
21.20

	
90.74

	
175.54




	
Income

	
63.53

	
14.20

	
25.03

	
100.78




	
Insurance

	
0.52

	
0.50

	
0

	
1




	
Cooperatives

	
3.97

	
1.04

	
2

	
5




	
Environmental Performance




	
Bio

	
91.53

	
19.15

	
81.31

	
159.59




	
Green_certification

	
0.27

	
0.42

	
0

	
1




	
Farmer_awareness

	
2.43

	
1.39

	
0

	
5




	
Sector_awareness

	
3.55

	
1.45

	
1

	
5




	
Water Usage Characteristics




	
Rain

	
0.74

	
0.46

	
0

	
1




	
Community

	
0.75

	
0.45

	
0

	
1




	
Analysis

	
0.76

	
0.47

	
0

	
1




	
Meter_box

	
0.64

	
0.50

	
0

	
1




	
Technician

	
0.66

	
0.50

	
0

	
1




	
System

	
0.59

	
0.50

	
0

	
1




	
Control

	
0.45

	
0.49

	
0

	
1




	
Innovation

	
0.83

	
0.40

	
0

	
1




	
Plan

	
0.51

	
0.50

	
0

	
1




	
Water_certification

	
0.51

	
0.92

	
0

	
4




	
Water_supplied

	
4.68

	
0.96

	
4.21

	
5.95




	
Water_saving

	
4.16

	
1.13

	
1

	
5




	
Subsidy

	
0.11

	
0.31

	
0

	
1










The results show that the farmers are relatively young, with almost 43% below the age of 46 (Figure 2). The age of the farmers influences the level of education. The farmers’ average education level is middle school, while about 11% have university or higher education (Figure 2). Only 9% of the farmers are female. Nevertheless, as they are family farms, it is common that other family members that work on the farm also participate in decision-making regarding farming activity. On average, women account for 32% of farm decision-makers (Table 2).


Figure 2. Personal attributes of the farmers.
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Of the farms surveyed, they are small family farms of approximately 3.6 hectares on average. Current farmers belong to the second generation and very positively value the efficiency of the marketing cooperatives in the sector. In fact, cooperatives play a key role in the development of water efficient practices. They offer advice on investment subsidies and on new irrigation technologies. 52.4% of the farms have taken out some kind of agrarian insurance, most commonly against possible damage to the greenhouse structure. This figure is not very high because the production costs have increased and farmers tend to dispense with any expenditure not directly related to production.



80% of the farmers replied to be environmentally aware to some degree, while 71% of them feel a strong influence from the sector to become more aware. The destination markets increasingly demand a guarantee of quality of the products. Such guarantees are a widespread practice, and many farmers certify their production following at least one quality standard. The achievement of the certification implies the fulfillment of certain requirements established in a protocol that allows quality products to be obtained while respecting the environment. The main environmental certifications obtained by most family farms in Almería are the Integrated Pest Management (Andalusian regional government), organic production (Andalusian regional government), GLOBAL-GAP, and UNE 155001. Biological production -ecological practices in agriculture, mainly represented in this case by the use of organic production and Integrated Pest Management- represent over 90% of total production. In addition, 26.6% of farms have at least one of the other environmental certifications, although 15% of them do not know the exact name.



Among other aspects, most of these environmental certifications require an appropriate use of natural resources, such as water. As a result, almost all of the farms in possession of such a certification declare that it is related to efficient water usage, although only 5.4% think that there is a strong relationship between their certifications and the efficiency in water use. Again, due to the quality demands of international markets regarding the products they purchase, 75.9% of the farms perform chemical and physical analyses to obtain quantitative values with respect to water quality.



Focusing on their water usage (Figure 3), 74.2% of the farms have installed structures to harvest and store rainwater and to incorporate it into the irrigation water supply system, but, as mentioned above, rainfall is very low. 75.1% use water from an irrigation community, while the remainders have their own well. The percentage of farms with water meter boxes is 63.6%, and 65.7% follow the instructions of a technician on water use for irrigation. 49.1% of the farms use the most technological irrigation system, i.e., irrigation on demand, which, as explained above, uses sensors to provide water automatically depending on crop requirements (Figure 4a). Among these sensors, tensiometers are used in 44.7% of the farms (Figure 4b).


Figure 3. Results related to water usage.
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Figure 4. (a) Measurement of water level of soil and crops; (b) Tensiometer.
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83.4% of the farms have recently implemented some innovation for reducing water usage, most of them (89.1%) without receiving any public subsidy. This last reason may explain why only 50.9% of the farms are developing a water usage efficiency plan, although 89% of farmers engage in water-saving practices in their daily life. As mentioned above, the cost of water has not been taken into account as a variable since it is similar among all of the farms, at around 0.16 euros per cubic meter (this price refers to groundwater, i.e., aquifers, used by all farms in the sample). Finally, the average water supplied is 4683 m3 per hectare and year; the mean water productivity (WP) is 12.01 €/m3; and the average water usage efficiency (WUE) is 20.7 kg/m3. Although these two last amounts are relatively high as compared to other similar agricultural areas in the country according to the Spanish Agriculture Department, there are major differences among the farmers in this area, as indicated by the standard deviations from the mean.




4.2. Findings from the Cluster Analysis. Typology of Family Farms with Regard to Water Usage Efficiency


Even though these family farms are, in general, highly efficient in the use of water when compared to other agrarian systems [10,43], there is heterogeneity among them. For this reason, the sample was clustered.



To decide the most realistic and meaningful solution, k-mean analysis was used followed by one-way variance analysis to identify the difference in variance between clusters. By using k-mean procedure, the best solution was two clusters, which showed the lowest p-values for one-way analysis, representing the most significant difference of each variable among groups.



In this way, two groups of farms were identified applying cluster analysis: Group 1, made up of the less efficient farms regarding water usage; and, Group 2, consisting of the more efficient ones. The results are shown in Table 3, which displays the values of the main variables.



Table 3. Characteristics of identified clusters of farms and test statistics of one-way ANOVA.







	
Water Usage Efficiency Clusters




	

	
Group 1 N = 42

	
Group 2 N = 68

	




	
Low

	
High




	
Variable

	
Mean

	
Std. Dev.

	
Mean

	
Std. Dev.

	
F

	
p-Value






	
Efficiency measures




	
WUE (kg/m3)

	
18.72

	
0.83

	
22.60

	
1.75

	
109.14

	
0.000




	
WP (€/m3)

	
10.43

	
1.95

	
13.54

	
2.79

	
14.50

	
0.000




	
Personal Attributes of the Farmer




	
Age

	
48.52

	
9.21

	
42.79

	
11.01

	
4.37

	
0.041




	
Education

	
2.15

	
0.82

	
3.93

	
0.72

	
75.78

	
0.000




	
Characteristics of the Farm




	
Women

	
19.75

	
22.43

	
39.58

	
22.52

	
10.7

	
0.002




	
Scale

	
3.44

	
3.69

	
3.78

	
3.36

	
0.12

	
0.725




	
Generation

	
1.85

	
0.66

	
2.03

	
0.84

	
0.81

	
0.372




	
Employment

	
2.34

	
0.98

	
1.21

	
1.15

	
15.44

	
0.000




	
Yield

	
109.06

	
21.50

	
109.15

	
20.03

	
0.32

	
0.664




	
Income

	
60.77

	
11.06

	
65.24

	
16.59

	
1.37

	
0.247




	
Insurance

	
0.11

	
0.32

	
0.78

	
0.42

	
44.92

	
0.000




	
Cooperatives

	
3.07

	
0.78

	
4.53

	
0.69

	
54.01

	
0.000




	
Environmental Performance




	
Bio

	
80.12

	
27.70

	
98.57

	
25.94

	
6.50

	
0.014




	
Green_certification

	
0

	
0

	
0.43

	
0.5

	
19.51

	
0.000




	
Farmer_awareness

	
1.59

	
1.25

	
2.95

	
1.19

	
16.97

	
0.000




	
Sector_awareness

	
3.04

	
1.48

	
3.86

	
1.32

	
4.69

	
0.035




	
Water Usage Characteristics




	
Rain

	
0.55

	
0.51

	
0.86

	
0.35

	
6.56

	
0.013




	
Community

	
0.59

	
0.5

	
0.85

	
0.36

	
5.13

	
0.028




	
Analysis

	
0.37

	
0.49

	
1

	
0

	
45.87

	
0.000




	
Meter_box

	
0.16

	
0.35

	
0.93

	
0.26

	
84.28

	
0.000




	
Technician

	
0.15

	
0.36

	
0.97

	
0.18

	
111

	
0.000




	
System

	
0

	
0

	
0.96

	
0.19

	
702.49

	
0.000




	
Control

	
0.07

	
0.27

	
0.68

	
0.47

	
33.45

	
0.000




	
Innovation

	
0.63

	
0.49

	
0.96

	
0.19

	
11.24

	
0.002




	
Plan

	
0.07

	
0.26

	
0.78

	
0.42

	
56.19

	
0.000




	
Water_certification

	
0

	
0

	
0.82

	
1.16

	
13.61

	
0.001




	
Water_supplied

	
5.11

	
0.24

	
4.42

	
0.38

	
128.79

	
0.000




	
Water_saving

	
3.15

	
0.91

	
4.78

	
0.63

	
60.82

	
0.000




	
Subsidy

	
0.06

	
0.27

	
0.14

	
0.36

	
0.65

	
0.423










Each of these clusters is characterized by a distinct set of variables, allowing the following interpretation:

	
Group 1: consisting of the less efficient farms regarding water usage, this group accounts for 38.2% of the farms in the sample (42 observations). Their mean WP of 10.43 €/m3 and WUE of 18.72 kg/m3 are 23% and 17%, respectively, lower than in Group 2. This cluster is therefore identified as having less efficient water usage. Their average water supplied of 5113 m3 per hectare is 16% higher than in the Group 2, with essentially the same yield. 37% of the farms perform water analysis; 55% harvest rainwater; 59% use water from an irrigation community; only 16% have a water meter box; and, 15% use technical advice for irrigation. None use irrigation on demand; 63% of the farms have implemented an innovation for irrigation with only 6% receiving a subsidy; and, 7% have a water usage efficiency plan, although 81% of these farmers claim to carry out water-saving practices in their daily life. The farmers are approximately 48 years old, and their average education level is primary school. The percentage of farm decision-makers that are women is 19.7%. These farms have cultivated about three types of crops in the last years and 11% of the farms have taken out agrarian insurance. 63% of the farmers claim to be environmentally aware, and 59% think the sector is also highly aware. About 73% of the yield from these farms is biological, but none of them have other environmental certifications.



	
Group 2: is the larger cluster, including 61.8% of the farms in the sample (68 observations). Their mean WP of 13.54 €/m3 and WUE of 22.60 kg/m3 are 23% and 17%, respectively, higher than in Group 2. This cluster is therefore identified as being more efficient regarding water usage. Their mean water supplied of 4420 m3 per hectare is 16% lower than the other groups, while the average yield is 109.15 tons per hectare. All of the farms perform water analysis; 86% harvest the rainwater; 85% use water from an irrigation community; and, 93% have a water meter box. Almost all of them use technical advice and irrigation on demand, employing tensiometers in 68% of the cases. Only 14% have received a subsidy, but this has not prevented them from implementing water innovations. 78% of them have a water usage efficiency plan, and they carry out water-saving measures in their daily life. The farmers are about 43 years old, and their average education level is high school or vocational training. Approximately 39% of farm decision-makers are women and 78% of them have taken out agrarian insurance. 96% of the farmers claim to be environmentally aware and 82% also consider the sector to be aware. 90% of the yield is biological, and 43% of farms have other environmental certifications, but only 25% of them consider these certifications to be closely related to efficient water usage.








Table 3 also shows the analysis of variance of the cluster analysis (one-way ANOVA analysis). All of the variables except subsidy, scale, generation, yield, and income differ significantly between groups with a level of likelihood of 5% (p-value < 0.05). This is a good indication of the suitability of the typology created.



For clustering variables, WUE, WP, water_supplied, meter_box, analysis, technician, system, control, plan, and water_saving are significantly different among the groups, and thus contribute the most to the definition of the two clusters. Rain, community, innovation, and water_certification also contribute to the definition of these groups, but to a lower extent. Subsidy is non-significant (p = 0.423).



Among the personal attributes of the farmer, education is more significantly different. Regarding farm characteristics, employment, insurance, and cooperatives are the most statistically significant in this analysis. Scale, generation, yield, and income are non-significant.



Finally, related to environmental performance, all of the variables are significantly different among the groups, especially green_certification and farmer_awareness.



Therefore, the main differences between the two groups are based on the extent to which innovation and new technologies are used in irrigation (Figure 5). In fact, most of the innovations applied in this agricultural sector have been oriented towards optimizing water usage and this is reflected in the results. The closer the value shown in Figure 5 is to 1, the more farms in the group meet that characteristic. Indeed, the farms in Group 2 have technical advisors and use irrigation on demand and tensiometers, which measure the water needs of the crops and are therefore considered the most technological irrigation system. As these farms are more technological, they are less labor intensive. To protect these investments against possible non-expected damages, farmers take out agrarian insurance policies. Being aware of water scarcity and the need to conserve the environment also contributes to water use efficiency. Farmers in Group 2 show a greater awareness of these issues. They also have water efficiency plans and environmental certifications.


Figure 5. Average scores for Groups 1 and 2 on dummy variables.
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Education is a further aspect that differentiates the farms in Group 2 from less efficient ones. Finally, farmers in Group 2 have a higher average level of education.





5. Discussion


The current agricultural system in some arid and semi-arid areas is not sustainable in the long term. In southeast Spain, groundwater is the main water source and it is overexploited, while alternatives like desalination are still limited [11]. The Water Plan for the Mediterranean Basins 2015–2020 indicates a global deficit of 73.42 × 106 m3 and an overexploitation of the aquifers in Almería of 150 × 106 m3. In order to solve this serious problem, two major actions can be taken: increasing available water, and/or improving the efficiency of its use. This study focuses on the latter, finding that better practices and policies can have a substantial impact on achieving a more sustainable and efficient use of water.



Data on 27 variables from 110 observations were evaluated in the selected area of research, especially regarding water usage. The analysis has shown that, in general, the family farms in the study area are highly efficient in their use of water, achieving a high productivity with low supply. This efficiency is based mainly on the management of irrigation, the permanent improvement of irrigation systems, the adoption of new technology, and improved knowledge of irrigation programming.



By means of a cluster analysis, two groups have been identified: Group 1, which includes less efficient farms as regards water usage; and, Group 2, which comprises of the more efficient ones. The typology of the family farms proposed in this study is interesting because it shows internally homogeneous clusters that are different from each other. This information could aid the decision making of both farmers and public policy makers with a view to better management of the region’s water resources.



The first cluster or Group 1, which comprises of the less efficient farms, is less numerous and is characterized by farmers with lower level of education, less innovation, traditional irrigation systems based on farmers’ experience, more intensive labor, and less awareness of water scarcity and environmental conservation. On the other hand, Group 2, with the more efficient farms, is larger and is characterized by more educated farmers, more female decision-makers, a greater degree of innovation, new irrigation technology, membership of irrigation communities, and a greater awareness of water issues and environmental sustainability [31]. However, there is no difference between the two clusters in terms of farm scale, age (generation), yield, income and public subsidies received.



Most of the family farms in Group 1 irrigate on the basis of their own experience or following standard recommendations with little use of available technical information. They do not use sensors that measure the water status of the soil or crop, such as tensiometers. In general, these farmers misuse water because they do not determine crop water requirements. This may be due to a lack of knowledge, training, awareness, or money to invest. Sensors require time, knowledge, and maintenance, all of which is costly in a sector for which few public subsidies are provided. However, faced with higher input costs and the stabilization of sales prices, farms can improve productivity and efficiency by investing in technology. Indeed, the family farms in Group 2 employ more technological irrigation techniques, such as irrigation on demand and tensiometers.



One of the best ways to improve the efficiency of water usage is to adjust the irrigation to the water needs of the crops and soil [34]. In the case of Group 1, farmers should be made more aware of the available information. Improvements in water efficiency could be achieved through educational and knowledge sharing programs that train farmers in the use of more efficient water practices [44]. At the same time, farmers should better understand how innovation and technology could improve their situation. Ervin and Ervin [45] argue that awareness of the problem that the technology is supposed to solve plays a crucial role in the decision-making process of technology adoption. More public subsidies and financing facilities through agro-environmental lines would also be needed. In fact, Karali et al. [46] found that public subsidies are one of the major factors that influence farmer participation in environmental management practices.



On the other hand, the irrigation systems used by the farms in Group 2 do adjust the irrigation to the water needs of the soil, but measure the water status of a reduced volume of soil, so even this technology should continue to improve in order to automate and optimize irrigation. All of the farms should also maximize irrigation with systems for water recycling and rainwater harvesting systems. Moreover, all of the farms should be organized into irrigation communities, which have given rise to what might be termed a culture of correct water usage [10].



One more point of interest for policy makers is that there is a lower degree of male dominance in the farms belonging to the more efficient group regarding water use. Female influence in decision-making could therefore contribute to sensitivity on different issues, including water efficiency [47]. Thus, policies should promote the access of women to management and decision-making circles via educational programs and measures to reconcile work and family life.



Another differentiating aspect is the fact that the family farms in Group 1 have not obtained any environmental certifications, while almost half of those in Group 2 have. These certifications usually require minimum quality standards in production, and many of them are also related to the sustainable usage of natural resources, including water. It will prove difficult for family farms to be competitive if their products do not meet the environmental quality requirements of end markets, and so these certifications are highly recommendable [48]. One of the problems is that there are a large number of different quality standards. Some have been created by supermarkets and distributors that oblige companies to comply with them if they want to maintain the commercial relationship. Homogenization of these certifications would certainly facilitate the farmers’ adoption of them. In addition, government support defraying part of the expenses derived from certification and offering information and personalized advisory services to growers would also help.



Having one of these certifications depends in part on the demands of the markets, but also on the farmers’ own environmental awareness. In this sense, it seems that farmers’ water usage relates to their awareness of environmental sustainability and also their awareness of water scarcity. Along these lines, Jorgensen et al. [49] found that households with lower water usage display a greater awareness of water conservation issues. For agriculture, Wang et al. [35] studied the relationship between awareness of water scarcity and water usage. Hence, in arid and semi-arid areas such as this one, awareness campaigns should be carried out highlighting the problem of water scarcity [44]. Education also plays an important role and is therefore an area for future improvements, as the results show that the more efficient farmers have a higher average level of education.



In general, the study has emphasized the heterogeneity of family farms to explain the most crucial factors for water usage efficiency. According to the results, family farms’ water usage efficiency is significantly improved by a higher incidence of technology, innovation, education, and awareness of environmental and water issues. Local, regional, and national governments should provide more support to these farms. The findings provide useful information for planners and policy-makers to improve the design and the implementation of a strategic plan regarding water planning and agricultural policies. The results of this work can be extended to farms in other arid or semi-arid areas (southern Italy, Greece, Turkey, Israel, or northern Africa), as well as to those in areas that have already attempted to imitate the so-called “Almería model”, such as Mexico (Sinaloa, Zacatecas), Morocco (Agadir, Larache), Chile (Arica), Peru (Tacna), Bolivia (Chuquisaca), and China (Beijing, Kunming) [30]. Nevertheless, the present study has limitations. Future work could focus on expanding the factors that have an influence on efficient use of water resources in agriculture, as this is one of the most important measures required to reduce the impact on the environment and to achieve a resource-efficient economy with a view to building a sustainable future.




6. Conclusions


One of the most important challenges for the sustainability of the agricultural sector in the current context is the efficient use of natural resources such as water. In many arid and semi-arid areas, there is considerable pressure on water resources due to farming. Adequate management is crucial to maintain a balance between food production and water resource constraints.



The main aim of this study is to present the major factors related to water usage efficiency in farming. The research area is one of the most efficient in water usage in Spain, but there is a high heterogeneity between family farms, and, therefore, there are many aspects to improve. The results show that agricultural policies should mainly focus on technology, innovation, education, and environmental awareness, which is crucial to change farmers’ behavior. As policies relating to water costs are complex, water awareness programs should be promoted to reward the most efficient farmers or organizations. In this sense, public institutions and agricultural organizations should work together to achieve a constant improvement in water use and water saving, and, in general, promote the adoption of practices involving the efficient use of natural resources and respect for the environment.
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