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Abstract  
Agritourismis increasingly perceived as a promising driver of sustainability in the development of rural economies. While the positive effects of agritourism on socio-economic sustainability of rural regions has been widely analysed much less empirical evidence has been provided on the impact of agritourist activities on environmental sustainability of farming. This study aims at providing an empirical assessment of the role the touristic diversification of farm activities can play as a driver towards sustainable farming. We analysed data from the Italian farm accountancy network (RICA) which provides information about both technical and economic variables at farm level. We first obtained some indicators of negative environmental pressures and a measure of eco-efficiency through an application of Data envelopment analysis. We then estimated a system of equations to analyse the possible determinants of environmental pressures and eco efficiency including a dummy for agritourist activities of farms. Results show a certain degree of positive correlation between agritourism and sustainable practices at least for fieldcrop farms while evidence is mixed for other farm types.

1 Introduction
Farm diversification may be understood as “as the creation of any gainful activities that do not comprise any farm work but are directly related to the holding”(EU Commission, 2008). According to the 2010 Census Agritourism is an important form of farm diversification in countries such as France, Ireland, Italy, the  Netherlands, Poland, Spain and the United Kingdom. In Italy the number of agritourism farms has risen to more than 22 thousands in 2016 , of which one third is located in only two regions , Tuscany and the province of Bozen. 
In economic terms agritourism is the major item (the other components mainly being production of renewable energy and aquaculture) of the “other non-separable secondary activity” voice of the economic accounts for agriculture (Eurostat, 2000). At European level this voice amounts to 2,5% of the output of all production activities, both agricultural and not, carried out in European farms. In Italy the other secondary activities weight about 7%. A value that has tripled since 2000 showing the high dynamism of the sector. 
Despite its rising economic weight only 179 articles on the topic agritourism have been listed in the web of Science bibliographic database since 2009. Besides being considered  a key component of agricultural multifunctionality, Agritourism is also increasingly perceived as a promising driver of sustainability in the development of rural economies (Fagioli et al., 2014) and a way to internalize the positive environmental externalities of food production (OECD, 2005).
The aim of this note is to provide a further empirical assessment of the role that touristic diversification of farm activities can play as a driver towards sustainable farming. Specifically we try to address the following research questions:
· Do agritourist farms fare better on commonly used indicators of environmental pressures of farm activities?
· Are agritourist farm more eco-efficient? 
To address these questions we analysed data from the Italian farm accountancy network (RICA) which provides information about both technical and economic variables at farm level and obtained measures of four environmental pressures and of eco-efficiency. The latter is a ratio of economic outcome on a sum of ( negative) environmental pressures weighted through an application of Data Envelopment Analysis.  We then regress these variables on a number of farm characteristics, including the presence of agritourism activity and check for any significant impact .
The note is set out as follows: section 2 present a literature review on the relationship between agritourism and sustainability, data and methods are illustrated in section 3 while results are discussed in section 4. The last section provide some concluding remarks.
2 Agritourism and sustainability
Agritourism is widely supposed to be a sustainable form of tourism, not only in the broad sense of an activity fostering a sustainable rural development  but also in the narrow sense of protection and conservation of the natural environment. Fiume Fagioli and colleagues argue that agritourism is likely to better satisfy the demand of niche tourism oriented by ecosystem services. More generally, agritourism is recognized as one of the most important drivers of the shifts towards a multifunctional agriculture, with the diffusion of farming systems more likely to provide valuable non-commodity outputs together with agricultural goods. Van der Ploeg and Roep (2003) list agritourism activities as a part of a strategic response to face the pressure from global economies affecting conventional agriculture, ensuring stability to the farm business and a more balanced use and mantainance of economic, social and evnironmental resources of the rural areas. 
The adoption of agritourism, is generally driven more by socio economic considerations than by environmental goals. A survey among farm tourism in Australia found five main themes expressing the motivation for starting the new activity: economic issues, spare rooms in the farm house, educating people about farming, provision for retirement and preserving farm lifestyle (Ollenburg and Buckley, 2007). Conversely, according to Getz and Carlsen (2000) the main goals of farmers in starting with a new tourism activity refer to the maintenance of the family's lifestyle, the improvement of financial conditions (both in the short and in the long run ), the fulfillment of personal interests and the aim at an increasing independence ("being my own boss"). The possible links between economic and social motivations driving the supply of agritourism services and the provision of environmental services is more likely to rely on the demand's characteristics. Drivers of agritourism demand are often associated to generic (not farm related) environmental features such as 'scenery', 'nature' and 'wildlife' (Flanigan et al., 2015). According to a survey on people visiting  three alternative recreational settings, namely farms, private forests and state or national parks in the USA, the most important motivations for the visit were doing something with their family, viewing the scenic beauty and enjoying the smells and sounds of nature (Sotomayor et al, 2014). Enjoying heritage and nature (including natural areas and rural landscape) was also found as the most important driver among the motivation of rural tourists in Gambia (Rid et al., 2014). On the supply side, economies of scope between agriculture and tourism in the valorization of products (for example with direct selling  or the participation to short food supply chains) can increase the economic efficiency of farming while contributing to the preservation  the natural environment and the wellbeing of the local community (Broccardo et al., 2017).
Despite the claims on sustainability of agritourism, the empirical evidence on the enviromental features of agritourism in literature is scarce. Carla Barbieri ( 2013) with reference to the USA, proposes a qualitative assessment of sustainability. The study compares a set of sustainability indicators (referring to economic, socio-cultural and environmental dimensions) in farms offering agritourism and in other entrepreneurial farms operating different non-agricultural enterprisesThe results provide a mixed evidence about environmental sustainability of agritourisms. On one side"... a larger proportion of agritourism farms practices integrated pest management as compared with other entrepreneurial farms" (Barbieri, 2013: 265). However, environmental sustainability of US agritourism farms can be largely improved, given their lower engagement in waste management and in the propagation of native plants on their farmland.
A quantitative assessment of the environmental sustainability of agritourism is carried out by Mastronardi and colleagues (2015) using the Farm Accounting Data Network database for Italy. The environmental performance of farms is measured with a set of indicators along different dimension referring to landscape and biodiversity conservation, production of energy by renewable resources and intensity in the use of inputs. The authors fit a logit model to assess the probability of being agritourist conditional on the environmental performance of the farm inferring that the development of agritourist is an opportunity to reduce the negative externalities of agriculture, even though at cost of a lower economic and social performance.
3 Data and Methods
To analyse the impact of agritourism on farming sustainability we used the Italian farm accountancy database (RICA) for years 2008-2015. The Italian database is part of the larger Farm Accountancy Data Network promoted by the European Union and contains mainly balance sheet and accounting data at farm level although additional data is available also disaggregated by farm industries. Besides accounting data also farm types, structural, and few environmental data (e.g. on the use of fertilizers, water and pesticides) are provided although these additional information may be incomplete for a number of farms. It is an umbalanced partially rotating sample of about 8-10,000 farms depending on the year.
The RICA database contains about 3% of agritourist farms (oversampled w.r.t. the 2010 Agricultural Census which count about 1.5% of them). We classified as agritourist every farm that show in its accounts a positive revenue from this activity.  Negative environmental pressures were measured in terms of fertilizer, crop protection and irrigation expenditure per hectare. In addition two non monetary measures of pressures were computed: a Sympson Index of (lack of) crop diversification (Was and Kobus, 2014) and the percentage of agricultural utilized area devoted to non cover crops. 
Differently from environmental pressures, eco-efficiency is generally measured as a ratio of an output over an input. The output can be any measure of the value of the products and services produced by the farm while the input should be a sum of the negative environmental pressures created by the farm (OCDE, 1998). Both output and input must be computed using appropriate indicators. Noticeably, improvement in eco-efficiency do not necessarily imply higher environmental sustainability. However, high eco-efficiency is a cost effective way to reduce environmental pressures.
Following the literature on farm eco-efficiency (Gomez-Limon, 2011; Gadanakis et al. 2015), we chose as output indicator the farm gross margin from strictly agricultural activities. As inputs we selected the five environmental pressure indicators described above. For each of the K farms of the benchmarking sample, weights (wnk) were used to aggregate the five environmental pressures into a single indicator. We obtained the weights through a Data Envelopment Analysis procedure solving the following maximization problem (Gadanakis et al. 2015):


Subject to:


Where vk is the gross margin of the kth farm, pnk is the nth environmental pressure indicator of the kth farm and wnk are the related weights. As the problem has infinite solutions it has to be reformulated in dual form to be empirically implemented (Gadanakis et al., 2015).
 In practice the solution of the linear programming problem provides a set of optimal weights  to aggregate the different environmental pressures in the eco-efficiency denominator. Once computed the weights and the eco –efficiency score for each farm, we used the latter as the dependent variable in a second stage OLS regression on time and geographical dummies as well as a number of structural farm variables (table 1), including the presence of agritourist activities. In addition, we regressed all five environmental pressure indicators on the same set of explanatory variables included in the eco-efficiency equation. To account for cross equations correlation in the errors we estimated a SUR estimator on the pooled data (Greene, 2005, p. 240). A SUR system was estimated separately for each of the following farm types: fieldcrops, horticulture, permanent crops, ruminants, mixed crops and mixed farms (crops and livestock).
4 Results
Results shows a certain degree of correlation between agritourism and sustainable farming: a simple comparison of the mean values of environmental pressure indicators and gross margin across farm types and agritourist vs.  other farms (table 2) highlights how  farms engaged with agritourist activities generally impact less on the environment. The difference is striking for fertilizer and crop protection per hectare expenditure while for the other environmental pressures is less evident. In particular, the percentage of cover crops and the Sympson index of crop (loss of) diversity may be lower or higher for agritourist farms depending on farm types. Interestingly, gross margin per hectare is lower among agritourist farms as if agritourist activities were substitute of traditional farming activities in the creation of margin[footnoteRef:1]. Consequently, also eco-efficiency is not always higher in agritourist farms. [1:  Please note that we calculated gross margin as the sum of gross margin of single crop or livestock activities on the farm, thus excluding margins from non-strictly agricultural activities.] 

Similar findings were produced by SUR estimation that took into account a number of covariates other than the agritourist activity. We considered variables that could affect directly or indirectly the environmental performance of farms such as: human capital and age of farmers, the involvement in agro-environmental schemes, the degree of mechanization and the touristic vocation of the area (using as a proxy the number of tourist accommodations in the municipality where the farm is located). Focusing only on the significance and sign of the agritourist dummy (table. 3) result confirms that generally agritourist farms perform better (i.e. impact less on the environment) for fieldcrops and permanent crops. Results are mixed for the other farm types especially for the two pressure indicators related to the percentage of non-cover crops and crop diversification.  Farm types ruminants and mixed farms (crops and livestock) show the largest number of occurrence of an augmenting effect of agritourism on environmental pressures. This may seem a counterintuitive result. However, all ruminants farms are likely to devote to pasture and forage independently from being agritouristic or not while mixed farms are likely to be so heterogeneous that the actual crops cultivated and livestock reared are likely to confound the impact of agritourism.
As far eco-efficiency is concerned, no clear, effect of agritourism is detectable. On the one hand 2 farm types (permanent crops and ruminants show  a negative correlation between agritourism and eco-efficiency. On the other hand other three farm types (fieldcrop, mixed crop and mixed farms) show a positive correlation significantly different from zero at the 5% level.
 5 Conclusions
Overall, agritourism seems to have an influence on environmental sustainability of farms, whereas no clear effects are evident for eco-efficiency. However, the picture seems differentiated across farm types. While fieldcrops farms show that agritourism can mitigate all negative environmental pressures and at the same time enhance eco-efficiency, the picture from other farm types is more blurred. For example, agritourist ruminant farms show lower environmental pressures for fertilizer, water use and crop protection while crop diversification is lower as well as eco-efficiency.
Two possible interpretations can be put forward to explain the observed patterns. First, the nature of the indicators is possibly more targeted to crop farms than to livestock farms. A finer classification of farm types together with targeted indicators should bring about results that are more robust.
Second, the lower value of agricultural gross margin observed for agritourist farms suggest that in certain farm types (e.g. permanent crops and ruminants) the reduction of environmental pressures might come along with lower eco-efficiency, perhaps with tourism income cross subsidizing the adoption of sustainable techniques. Conversely, in other farm types the reduction of environmental pressures is obtained in an efficient way – reducing at minimum the tradeoff with agricultural gross margin - with income from tourism, which is just a complement to agricultural income. 
These preliminary results suggest to further explore the intertwined relationship among agritourist activities, sustainable practices and farm income formation.
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Table1 Summary statistics by Farm type

	
	Fieldcrops
	
	Horticulture
	
	Permanent crops
	Ruminants
	Mixed crops
	Permanent crops

	
	mean 
	s.d.
	mean 
	s.d.
	mean 
	s.d.
	mean 
	s.d.
	mean 
	s.d.
	mean 
	s.d.

	Gross margin (000€)/ha
	1.75
	2.66
	46.23
	56.29
	5.12
	6.13
	2.49
	3.57
	3.20
	5.58
	1.85
	2.67

	Fert. Expend. (€)/ ha
	89.69
	95.07
	1506.63
	2451.86
	115.57
	129.01
	24.57
	44.97
	111.07
	169.58
	43.29
	57.19

	Protect Expend. (€)/ha
	90.60
	137.63
	1341.12
	1842.20
	273.25
	301.05
	14.38
	30.11
	138.96
	222.16
	49.68
	91.08

	Water Expend (€)/ha
	17.02
	46.91
	188.69
	412.81
	27.03
	70.50
	16.26
	37.76
	13.23
	42.06
	12.44
	27.85

	% noncover crops/ha
	0.86
	0.24
	0.99
	0.06
	0.97
	0.10
	0.86
	0.26
	0.88
	0.21
	0.84
	0.21

	Sympson Index
	0.57
	0.25
	0.85
	0.23
	0.70
	0.26
	0.72
	0.25
	0.46
	0.20
	0.45
	0.19

	Eco-efficiency score
	0.23
	0.22
	0.32
	0.27
	0.31
	0.23
	0.22
	0.22
	0.32
	0.28
	0.37
	0.29

	Farmer Age
	56.72
	14.12
	54.00
	12.09
	56.27
	14.32
	51.82
	12.93
	56.09
	14.46
	55.36
	13.63

	Farmer Secondary Educ.
	0.30
	0.46
	0.22
	0.41
	0.32
	0.47
	0.19
	0.39
	0.32
	0.47
	0.23
	0.42

	log AES UAA ( ha)
	0.60
	1.62
	0.08
	0.68
	1.16
	2.34
	1.12
	2.07
	0.76
	1.87
	0.78
	1.80

	KW / hA_sau
	10.16
	65.86
	53.43
	73.59
	16.80
	29.16
	8.27
	14.88
	12.54
	15.71
	10.06
	14.89

	Agritourist farm
	0.02
	0.14
	0.01
	0.08
	0.04
	0.20
	0.04
	0.19
	0.05
	0.22
	0.06
	0.24

	Municipality sleeping accomodations ( log)
	4.91
	2.48
	6.46
	2.32
	5.31
	2.20
	4.93
	2.19
	5.37
	2.41
	4.94
	2.21







Table 2. Simple comparison of means of gross margin and environmental pressures
	 
	fert_ha
	protect_ha
	water_ha
	noncover_ha

	 
	other 
	agritour
	other 
	agritour
	other 
	agritour
	other 
	agritour

	
	
	
	
	
	
	
	
	

	Fieldcrops
	90.34
	58.87
	91.48
	49.22
	17.18
	9.33
	0.87
	0.82

	Horticulture
	1511.37
	787.00
	1344.82
	780.27
	189.46
	71.39
	0.99
	0.99

	Permanent Crops
	117.11
	79.71
	274.44
	245.67
	27.39
	18.56
	0.97
	0.96

	Ruminants
	25.15
	9.36
	14.66
	6.95
	16.53
	8.98
	0.86
	0.90

	Mixed Crops
	112.59
	84.08
	141.56
	92.85
	13.23
	13.26
	0.88
	0.88

	Mixed Crops and Livestock
	43.43
	41.13
	48.10
	74.15
	12.29
	14.71
	0.84
	0.89

	
	
	
	
	
	
	
	
	

	 
	sympson
	gm_ha
	Eco-eff. Score
	N

	 
	other 
	agritour
	other 
	agritour
	other 
	agritour
	other 
	agritour

	
	
	
	
	
	
	
	
	

	Fieldcrops
	0.58
	0.48
	1765.00
	1211.79
	0.23
	0.25
	21136
	448

	Horticulture
	0.85
	0.59
	46257.69
	42069.32
	0.32
	0.34
	4855
	32

	Permanent Crops
	0.70
	0.63
	5152.83
	4350.54
	0.32
	0.25
	23486
	1013

	Ruminants
	0.72
	0.80
	2522.38
	1655.58
	0.22
	0.15
	16545
	623

	Mixed Crops
	0.46
	0.43
	3208.93
	3069.31
	0.32
	0.37
	5267
	297

	Mixed Crops and Livestock
	0.45
	0.48
	1777.84
	3034.78
	0.37
	0.43
	3633
	235






Table 3  SUR Results: sign and significsnce of the agritour parameter.
	
	
	fert_ha
	protect_ha
	noncover_ha
	sympson
	water_ha
	eco-eff

	Fieldcrops
	-
	-
	-
	-
	-
	+

	Horticulture
	 
	 
	 
	-
	 
	 

	Permanent Crops
	-
	-
	 
	-
	 
	-

	Ruminants
	-
	-
	+
	+
	-
	-

	Mixed Crops
	-
	-
	 
	 
	 
	+

	Mixed Crops and Livestock
	 
	+
	+
	+
	 
	+


Level of significance: black 0.01 ; grey 0.05
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