1. Introduction
An important body of scientific literature (Lionello and Scarascia, 2018, and García-Garizábal et al, 2014, among others) suggests that the pathways for adapting Mediterranean agriculture to climate change (CC) should be assessed based on scenarios of reduced water availability and increased demand. Still, evaluating the possible influence of CC on water availability is complex and requires analysing the hydrological balance and local interactions between the geophysical and climatic conditions[footnoteRef:1]. Similarly, the joint effect of climate forcing and institutional and technical constraints on the water demand of many users is complex to specify. Several research projects are developed in this context to analyze the possible impact of the CC on Italian farming and identify adaptation options. The Agroscenari (www.Agroscenari.it), MACSUR (www.MACSUR.eu), and Department of Excellence (www.unitus.it) projects, among other activities, have developed interdisciplinary research in three areas with very diverse productive patterns to represent many Italian farming conditions. The results of climatic, agronomic and zootechnical studies were integrated into territorial economic models of mathematical programming (MP) to simulate the impact of the future climate and the adaptation options of the main farm types in these areas. Yet, the results generated by this vast integration are to be considered partial because these projects budgets did not allow involving scientific skills on complex issues of change in the hydrological balance of the areas, as well as in the non-farming water demand. [1:  Furthermore, water supply often does not depend on the resource balance at the local level and the impact of the CC on it, and this complicates the analysis. For instance, in many Mediterranean areas due to local water scarcity, the demand is met with notable water transfers between different river basins. Dono et al (2019) provide an overview of water exchanges between regions and river basins in southern Italy, showing that on different routes it exceeds the order of magnitude of hundreds of millions of cubic meters per year.] 

In this analysis we treat these shortcomings by using the same models to simulate the impacts of a CC that progressively reduces water availability, while increasing irrigation needs and modifying the yield of some widespread crops. The various simulations modify the levels of production, employment and income, acting differently on the farm types in the three areas. We study the adaptation paths of the farms by means of indicators that synthesize the production choices emerged in the various MP simulations, and using their values ​​in a regression analysis that explains the changes in income per unit of family labour. In this way we identify the choices that support and those that depress the value of this profitability index. We believe that the relationship between adaptation paths and profitability of family farm labour is crucial for long-term economic and social sustainability, since most Italian farms are family owned and managed (van Vliet et al, 2015). The steps forward over previous analyses (Dono et al, 2016; Cortignani et al, 2018) are the extension of the study to multiple areas with very different production patterns, and the use of a regression analysis to summarize the adaptive responses to the many MP simulations.
The next section reviews the recent scientific literature on the CC impact on water availability and demand in the Mediterranean area, as well as on farms adaptation paths. A materials and methods section follows. It, first, recovers the main legacies of the Agroscenari project showing study areas’ productive conditions, as well as approaches, models and some results on agricultural responses to the CC impact. Second, reports the CC simulations of the new analysis, the indicators outlining farm management choices, as well as the approach that used these indicators to identify strategies of adaptation to CC. A results section describes the adaptation paths emerged from this analysis. The last sections discuss the results and conclude the examination.

2. Literature Overview 
Various studies show that climate change should reduce and alter water availability regimes in the Mediterranean basin. According to García-Ruiz et al (2011) the natural variability of the climatic series in this area, and in its specific sectors including Italy, already during the twentieth century shows long-term trends of temperature increases and decreases in rainfall. These trends, linked to the greater drops in snowfall and snow cover and to the anticipation of the melting of snow, reduce the water availability of river courses in spring and make it more irregular in winter, increasing uncertainty about it (McMillan et al , 2016; Gobiet et al 2014). Climate models confirm these trends for the 21st century. According to Lionello and Scarascia (2018), the annual warming rate of the Mediterranean area could be 20% above the global average, with peaks above 50% in summer and in the continental areas north of the basin. The further decline in rainfall could further reduce the accumulation of winter water in the artificial reservoirs of the southern Mediterranean. The increased inter-annual variability of summer may be associated with an increased presence of extreme weather events (Giorgi and Lionello, 2008).
The adaptation to this context must be examined considering that all uses of water could increase in parallel. Zachariadis (2010), Rochdane et al (2012) and Berredjem and Hani (2017) argue that non-agricultural uses and global demand for the resource should increase in various areas of the Mediterranean basin; however, their projections are mainly influenced by population growth rather than by the specific influence of the CC. According to Wang et al. (2017) the change in the rain regime and the increase in temperature could increase the per capita water demand, as emerges from evaluating the dynamics of a Chinese river basin (Wang et al., 2018). Kenney et al. (2008), Polebitski et al. (2011), Lott et al. (2013) and Parandvash and Chang (2016) come to similar conclusions. On the contrary, Karamouz et al. (2011), studying the use of domestic water in Tehran, do not foresee major impacts of the CC. Water uses for industrial cooling and thermoelectric power generation are expected to increase according to Köberl et al. (2016), albeit slightly. On the contrary, the demand for water to protect ecological systems should grow steadily (Piniewski et al., 2014; Barron et al., 2012; Spears et al., 2013). In addition, the CC would contribute to altering the water demand of some Mediterranean areas, reducing summer tourism and increasing spring and autumn tourism (Averyt et al, 2011). Finally, studies on the use of water in Mediterranean agriculture agree in predicting an appreciable increase (García-Garizábal et al ,. 2014; Ouda et al., 2015; Valverde et al., 2015; Zhao et al. , 2015; Dono et al., 2016). According to Saadi et al. (2015) the anticipation and shortening of the cycle will reduce the irrigation needs of winter wheat and tomatoes in the Mediterranean; however, the decline in rainfall and the increase in evapotranspiration in winter-spring could make additional irrigation necessary even for crops fed by rain.
If water availability is reduced and the general demand for water resources increases, it becomes important to define the possible adaptation paths for an important user of water such as agriculture. To this end, many studies apply mathematical programming models to the agricultural sector of various areas of the Mediterranean basin or immediately behind it. These studies integrate agronomic and economic models to simulate the impacts of the CC, evaluate adaptation options and identify the agricultural systems most exposed to declines in income (Schönhart et al., 2014; Dono et al., 2016; Purola et al., 2018). Other results highlight the influence of economies of scale, irrigation investments and diversification of cultivation schemes and practices (Varela-Ortega et al., 2011; Kahil et al., 2015; Harmanny and Malek, 2019).  However, only a few studies evaluate the impact of these actions on the profitability of agricultural resources and on the ability to remunerate the work of agricultural families at levels comparable to alternative sources, which influence the sustainability of farms over time (Argilés, 2001; Hennessy et al., 2008; Smedzik-Ambrozy et al., 2019). The most important study on the links between adaptation pathways and profitability remains Reidsma et al. (2010) which, with an econometric approach, assesses the influence of structural characteristics and the climatic and socio-economic situation on the performance of farms in 1990-2003. Its results show that adaptation to CC is highly influenced by crop rotations and input management, as well as by the size of the farm and the intensity of land use.
Our study is in this latter perspective and aims to identify and evaluate the short-term adaptation strategies of a variety of types of Italian farms in a condition of growing need for irrigation and changes in crop yields, combined with a progressive decline in the availability of water. This is done by combining optimization models and econometric approaches to evaluate the effects on net income and profitability, in particular on the ability to pay for family farm work.


3. Materials and Methods
3.1.  Basic characteristics of the study areas and data collection
The Oristano area (54,000 Ha in the Sardinian center-west: INEA, 2014, pp. 133-135, 140) is divided into two sub-zones. In the first, a Water User Association (WUA) supplies water from a large dam to potentially irrigate 36,000 hectares. The dam has a high storage capacity and is used only marginally for hydroelectric, drinking, industrial use and flood lamination. Water competition could grow with the building of pipelines to supply southern Sardinian areas and the growth of civil and industrial uses, due to tourism growth in adjacent areas. The main irrigated crops are rice (2,700 Ha) that soil conditions make the only cultivation possible in some sub-zones; silage maize (5,700 Ha), mainly in succession to ryegrass (3,500 Ha); alfalfa (1,800 Ha); watermelon, artichokes, and tomatoes (6,000 Ha); citrus fruits, vineyards and olive groves (1,300 Ha); durum wheat, barley and other rain-fed cereals (8,000 Ha). The Sardinian dairy cattle breeding largely localizes in this area, with a well-organized cooperative system for cow milk processing and marketing. The second sub-zone covers 18,000 Ha, where the lack of networks connecting the dam limits irrigation to the withdrawing from farm wells. Linked to the rainfall scarcity, this generates a typical Mediterranean landscape, with most of the land used for pasture (10,000 Ha) and rain-fed cereals (2,400 Ha). Dairy sheep farming is common in the zone and involves several small sheep milk processing plants.
The Salerno area extends on 15,000 ha in the Sele River catchment from which a WUA withdraws the irrigation water (INEA, 2014, pagg. 106-108, 119). Most of Sele water is collected at the source to meet the civil uses of Puglia with the Apulian Aqueduct; yet, tributaries, such as the Tanagro, noticeably increase its downstream flow. The agricultural activities are carried out in the vicinity of major urban and touristic areas. The area’s farmers make also use of groundwater resources, both during periods when the WUA does not operate, and when its water supplies are insufficient to meet irrigation needs, mainly in dry summers and springs: yet, aquifers overexploitation contributes to groundwater salinization, given the proximity to the Tirreno Sea. The cropping activity is mainly devoted to vegetable, open field (5,100 ha) and greenhouse (5,500 ha). Fruit trees are also grown (2,200 ha) as well as forage, which is important to feed the buffaloes of local farms whose milk is used to produce mozzarella cheese. 
The Cremona and Piacenza provinces represents many of the dairy milk farms that produce the Grana Padano cheese (INEA, 2014; pagg. 43-47, 51). Despite common traits of specialization and breeding intensity, the Cremona dairy milk farms are more intensive and larger based on herd size, milk productivity and nutrition features. Fodder crops are grown in almost all the 68,000 ha studied, mainly with long cycle silage corn hybrids (38,000 ha) and alfalfa (14.000 ha); 6,500 ha are cultivated with grain feed crops, both irrigated and rain-fed. The Cremona farms are mainly served by a WUA that covers 167,500 ha. On the other hand, Piacenza farms obtain water mainly from private wells, which limits the average intensity of irrigation and the incidence of irrigated crops on the total farming area compared to Cremona. Yet, all the water comes from the Po River catchment area that bears a strong competition for drinking water, hydroelectric, industrial and ecological purposes, due to the many activities that take place in the most anthropized and economically developed Italian area.
The Farm Accountancy Information Network (FADN) and direct surveys in each area provided data on the main characteristics of farms. Oristano and Salerno farms were grouped based on their productive specializations and weighted average of their characteristics in each group was assumed to represent the corresponding farm types. In Cremona-Piacenza, ​​attention was focused only on the dairy sector, whose features were defined based on the records of all the individual FADN farms, each considered representative of a group. As a result, 13 farm types, hereinafter simply indicated as farms, were assumed to represent Oristano, 9 of which served by the WUA; 7 farms represent Salerno, all inside the WUA zone; the cow's milk production of Cremona-Piacenza is respectively represented by 14 and 9 farms. Based on the substantial financial resources of the Agroscenari and MACSUR projects, the production conditions in the three areas were defined with a very large number of direct interviews to farmers, agronomists and leaders of agricultural cooperatives and regional administrations. The farmers interviewed were chosen to represent the most common types of farm in the three areas. The interviewed technicians were chosen among the most expert on local production conditions. Based on these interviews the labor, water and chemical needs for the various production phases of the crops practiced in the three areas, were specified, as well as their crops yield. In the same way, feed requirements of the livestock were specified, defining the feed rations actually used in the areas and the milk production. These technical data were examined and validated by the members of the local research groups, made up of researchers from the Departments of Agricultural Sciences (economists, agronomists, animal scientists) and the National Research Council (climatologists). The production and input prices were identified using databases, in particular the price monthly bulletins of the local Chambers of Commerce and of the Institute of Services for the Agricultural Food Market - ISMEA (www.ismeamercati.it). To understand the conditions of the local markets, interviews were also conducted with local privileged witnesses (managers of cooperatives, traders and senior executives of the Chambers of Commerce). The existing land, labor and water constraints were determined on the basis of the sixth general Italian agricultural census, on the FADN database and on the general data and the registers of the Water User Associations of the associated farms.
3.2. Climate and production data: analysis, processing and impact of CC 
Dono et al (2016) broadly described the building of the Oristano territorial model that integrated climatic, agronomic, zootechnical, statistical and economic analyzes to estimate the impacts of changes in climatic variables. The same process was carried out in the Cremona-Piacenza and Salerno areas. In brief, Probability Distribution Functions (PDFs) of uncertain variables (crop and milk yields, as well as water requirements) were generated both under a scenario of current daily temperatures and rainfall (representative of the 2000-2010 climate), and under a scenario that applies daily temperature and rainfall estimates for the near future (climate forecast in 2020-2030). These values were generated using a modeling chain that describes the potential climatic forcing of atmospheric variability in the study areas, as well as the changes due to the expected future concentration of CO2. This chain adopts a general circulation model to estimate the large-scale atmospheric and oceanic response to the future SRES-A1B emission scenario. This general model guides the Regional Atmospheric Modelling System (RAMS) which is applied in the study areas to increase the physical description of the mechanisms on a local scale and, therefore, to better represent the local variability. The results provide climatic scenarios in which, albeit with differences among the three areas, the increases in future minimum and maximum daily temperatures compared to the present are modest in spring and considerable in summer and autumn-winter. In addition, the number of hot days and heat waves increases significantly in the summer. The average rainfall decreases slightly in spring and much in autumn-winter, while their future variability increases compared to the current one in all seasons. Note that these differences between current and future conditions reflect the climate change trends of the past 30 years.
The different temperature and humidity values ​​generate different current and future crop yields and water needs, as estimated by the DSSAT (Decision Support System for Agrotechnology Transfer v 4.6; Jones et al., 2003; Hoogenboom et al., 2012) and EPIC (Environmental Policy Integrated Climate, v 0810; Williams, 1995) models. The same applies to the quality and quantity of milk, as well as to the mortality of the animals, estimated with animal production models in current and future conditions summarized by the temperature and humidity index (THIndex). The PDFs originating from these crop and milk yield values, as well as irrigation needs, were used to represent farmers’ expectations on climate variability, used as drivers of their economic choice process represented by three Discrete Stochastic Programming (DSP) models, described in Appendix A. The activities that farmers can choose in our three DSP models imply the selection of the mix of crops, varieties or cultivation techniques. We attribute the different values of the production and economic variables in the two climatic scenarios to the impact of the CC (Dono et al., 2016).
For the purposes of this analysis, it is interesting to focus on the main results of the EPIC and DSSAT agronomic models used to represent the impacts of the CC. In particular, Table 1 reports the results of the Agroscenari study and shows the percentage changes in crop yields and water requirements in the near future scenario over the present in the study areas. The DSSAT model was used only in Oristano for rice (irrigated), barley and durum wheat (not irrigated); the dotted lines separate its results from those obtained with the EPIC model, used for all other crops..  Also note that the table does not show the changes for the many horticultural and fruit crops, which are mainly grown in Salerno and Oristano. The estimation of those yields in the two climatic scenarios was prevented by the limits of the agronomic models used, in particular by DSSAT, and by the scarcity of data to calibrate them. In addition, agronomic models currently fail to determine the qualitative aspects that significantly affect the market price of those crops. That's why we limited the analysis of those precious crops to changes in water demand due to temperature increases and rainfall reductions, assuming that in the future farmers will continue to irrigate them by integrating evapotranspiration to keep the soil at field capacity. Therefore, the impact of the CC on fruit and vegetable crops was simulated by estimating the PDFs of the ETN in the two climatic scenarios, calculating the relative variations in the future and proportionally modifying the irrigation needs of each of those crops. The hypothesis is that these changes in irrigation requirements allow the yield of those crops to remain unchanged in the near future scenario.
Note that the CC is estimated to have an uneven impact amongst crops and areas, reflecting the specific sensitivity of crops and the pedoclimatic conditions of each area. Only rice crop increases yields more than irrigation needs. The silage corn yields vary in different ways depending on the earliness of the hybrid. The temperature rise led to a shortening of the growing cycle of the most common hybrids used nowadays (FAO 600), which resulted in a lower production because of the lower intercepted radiation over the crop cycle. A different reaction is expected for the other maize hybrid (FAO 700) which, although to a much lesser extent, is also present in the area: given the earliness of this hybrid, the model predicts that its yield will increase, albeit slightly, due to a greater interception of radiation during the crop cycle, which was simulated in optimal irrigation conditions. Yet, this corresponds to appreciable percentage increases in irrigation needs. On the other hand, a yield decrease affects the shorter cycle corn hybrid, which is widespread in Piacenza and Oristano. Yet, in Oristano this maize is grown in succession to the irrigated ryegrass, and this latter shows a strong yield increase, combined to a dramatic increase in irrigation needs. The ryegrass-maize cultivation system is also present to a very limited extent in Cremona-Piacenza where, yet, the increase in ryegrass yield is much more limited, since that crop is rain-fed. Also in that case, ryegrass is followed by maize in second harvest, which reduces the yield. The yield reduction is common to all the rain-fed forage crops in Oristano, as clover and pasture, which are relevant for sheep breeding.


	Table 1: Main results of the EPIC and DSSAT models – CC impacts on crop yields and water needs.

	 Study area
	Crop system/crop
	Model employed
	Yields %
	Water needs %

	
	
	Rice
	DSSAT
	7.7
	3.2

	Oristano
	Irrigated
	Alfalfa
	EPIC
	-1.5
	4.2

	
	
	silage corn 600
	
	-6.7
	-4.1

	
	
	silage corn 700
	
	3.1
	4.3

	
	
	Ryegrass
	
	19.8
	40.0

	
	Rain-fed
	Clover
	
	-10.5
	 -

	
	
	Pasture
	
	-4.7
	 -

	
	
	Barley
	DSSAT
	-0.8
	 -

	
	
	durum wheat
	
	0.1
	 -

	Cremona-Piacenza
	Irrigated
	Alfalfa
	EPIC
	 -
	7.5

	
	
	silage corn 1st harv.
	
	2.2
	6.0

	
	
	silage corn 2nd harv.
	
	-2.4
	8.1

	
	
	silage corn milk-rip.
	
	-6.4
	-0.5

	
	
	grain corn
	
	2.2
	12.4

	
	Rain-fed
	Ryegrass
	
	3.9
	 -



Annual average ETN grows by 3.2% in Oristano, by 7.5% in Cremona-Piacenza, and by 17.7% in Salerno. Yet, these result values from different variations during the year. For example, a considerable gap was estimated in Salerno between a dramatic increase in the ETN in January-June and a sharp reduction in July-December, with 60% mean peak increase in the three decades of March and 62% reduction in October. As a result, the impacts on water needs depend on the period in which crops are cultivated.
3.3. The simulated scenarios
We re-performed the three territorial DSP models, first under the current climate scenario, then under six diverse future scenarios. The latter differ from each other in terms of water availability; instead, they have the same future yields for herds and crops, as well as irrigation needs. More specifically, the first future scenario (CC) corresponds to the Agroscenari simulation, in which the monthly availability of water is the same as the present: therefore, the use of water can increase in the months in which the greater irrigation needs of the future remain lower than current water availability. In the second future scenario (CC-0), the availability of water of each month is restricted to the level of use of the present: therefore, in some months the growing irrigation needs of the future outweigh the availability of water and farms must change the cropping systems. Four other future scenarios simulate a progressive reduction of water availability over the baseline use level, from 5% to 20% (CC-5, CC-10, CC-15, CC-20). These scenarios jointly reduce WUA water and groundwater, and in all single periods of the year. In this way, the first simulation indicates the response of the areas to the temperatures and rainfall of the future climate; the other simulations indicate the response that occurs when progressive subtractions of the available water are added to those climatic conditions. We discuss these scenarios impacts by examining the Finger Kreinin Index (FKI) value[footnoteRef:2], the irrigated surfaces on the total, the purchased fodder over self-produced, the use of family labor and external, the gross income and the hourly return of the employed family labour. [2:  FKI is assumed to represent adaptation by changing the various crops weight values. FKI ranges from 100, with the same soil use, to 0, for entirely different orderings (Finger and Kreinin, 1979). FKI reductions, i.e. declines in similarity between land use in each simulation and baseline, signal changes to adapt.] 

3.4.  Indicators of labour income and resources use and productivity 
The DSP models results are condensed by indicators built as ratios to standardize their information with respect to the dimensional differences among farms and areas. For the same reason the indicators are computed as percentage variation with respect to the baseline, rather than on their absolute value in each simulation. Table 2 shows the structure of the indicators.
The key indicator is the percentage variation over the baseline of family labour hourly return (LHR), computed with respect to labour actually used on farm[footnoteRef:3]. LHR changes indicate ability to support economic sustainability under CC conditions, other things being equal on the non-farm sector labour market. This ability can be due to changes in total income as well as in the actual use of family labour on farm. [3:  The family labour income is computed as residual of net income after remunerating net capital at 1% rate, and family directive labour at 3% of gross farm production.] 

Table 2: Indicators of labour income, resources use and productivity.
	Variable
	Description
	Specification

	LHR
	Percentage variation of family labour hourly return
	

	CSH
	Percentage variation of crops sale value per hectare
	

	CSW
	Percentage variation of irrigated crops sale value per cubic meter of used water
	

	FPH
	Percentage variation of feed purchases per hectare
	

	FEH
	Percentage variation of family labour employment per hectare
	

	LI: labour income; FLE: hours of family labour employed (h);  X: crop acreage (ha); Y: crop yield (t/ha); P: unit price (€/t); j: generic crop; k: irrigated crop; TIW: water usage (m3); FP: costs of feed purchase (€).


Two indicators capture the effects of changes in cropping patterns on soil and water productivity. CSH is the percentage change of crops sale value per hectare over the baseline: it is obtained by multiplying the yield (Y) of each crop (j) by its hectares (Xj) and market price (PJ), summing all the crop values​​ and dividing by the total cultivated area (). CSW is the percentage change over the baseline of irrigated crops sale value per cubic meter of used water: it is obtained by multiplying the yield (Y) of each irrigated crop (k) by its hectares (Xk) and market price (Pk), and dividing the sum of all the crop values ​​by the total use of irrigation water (TIW). Our models do not simulate changes in market prices due to changes in supply conditions, therefore, the crop sale values, and the productivity of soil and water, only vary due to changes in the cultivation patterns, in turn due to the new conditions of yield, irrigation needs and water availability[footnoteRef:4]. [4:  The CC worsens milk quality during the warmer months causing the loss of the relative price premium. Our farm management modelling does not provide mitigation actions on the income impact, which is simply applied ex-post.] 

Other two indicators are the percentage variation of feed purchases per hectare (FPH), which is only present in livestock farms, and the percentage variation of family employment per hectare (FEH), i.e. the ratio between the hours of family manual labor used on-farm and the cultivated area. The latter is important because abandoning some labour intensive crops can balance total income drop, even increasing the LHR.
3.5.  Regression analysis and income-elasticity to the indicators
Simulations with discrete stochastic programming models make explicit the adaptation paths that allow maximizing the income of the study areas and their representative farms. Regression analysis evaluates these paths impact on the profitability of family labour employed on farms. Specifically, a quadratic regression estimates the relationships between LHR and the regressors CSH, CSW, FPH and FEH, using pooled data of all farms, study areas and scenarios. The regression estimates coefficients of these regressors for farms groupings as reported in Appendix B. The groups are constituted on the basis of specific structural characteristics that influence the possibility of adapting the various farms to the simulated changes. In particular, a first group includes all the FADN dairy cattle farms in Cremona, a second group the FADN dairy cattle farms in Piacenza. Le fattorie di latte bovino di Cremona sono molto più intensive di quelle di Piaceza, come riportato nel paragrafo 3.1. A group of dairy cattle and buffalo farms aggregates the related units in Oristano and Salerno.[footnoteRef:5]  A sheep farms group, mainly producing non-irrigated fodder with poor water resources, includes the relative units which are only present in Oristano. Non-livestock farms are in Oristano and Salerno. Specialized rice farms operate in Oristano and, respect to the other farms, are mainly limited in their adaptation possibilities by constraints associated to the soil nature. Other two groups of farms are mainly specialized in greenhouses and tree crops and are constrained as they cannot change the surface of these activities in the short term. Finally, arable crop farms are not subject to specific structural constraints on CC adaptation. [5:  Cremona, Piacenza and Salerno dairy farms mainly base forage production on longer cycle maize hybrids; Oristano dairy farms base on the more intensive maize-ryegrass succession, which produces more metabolizable energy and dry matter per hectare. However, the huge analogies between Salerno and Oristano in the breeding intensity, i.e. livestock units (LU) per hectare, led us to group them 




] 


The regression results are used to measure the reactivity of the LHR variation to each regressor variation based on classical elasticity indexes, i.e. the relations between the percentage changes of the former and that of each of the latter[footnoteRef:6]. Given our formulation of variables, elasticity measures the percentage change of a percentage change and indicates whether each regressor can accelerate or slow down the variation of family labour profitability. In particular, LHR elasticity over CSW (CSW) indicates whether allocating water to irrigated crops with the highest yield increases per cubic meter, modifies the general labour productivity accelerating or slowing down LHR growth[footnoteRef:7]. LHR elasticity over CSH (CSH) shows whether expanding the crops with the highest yield increases per hectare can modify the labour productivity accelerating or slowing down LHR growth[footnoteRef:8]. The elasticity results are compared to the variable changes in the simulations to highlight the adaptation paths followed by the farms and their impacts on the resources profitability. [6:  The elasticity of LHR over CSW is CSW : where,  is computed at the average of the two variables;  is the slope of the tangent to the estimated quadratic function, at the average of CSW values.]  [7:  And the opposite for LHR reductions.]  [8:  And the opposite for LHR reductions.] 


4. Results analysis 
4.1.  DSP simulations: area-level impacts
Table 3 reports the main CC impacts in the three areas under the various simulations. The first row of each section reports the results for selected variables under current climate (Baseline - B). The subsequent rows report the results of the other simulations. All these results are expressed in their direct value for the first three variables, and as percentage variation over the value of the current climate for the next five variables.
The second group of rows in the table shows the changes in a future scenario (CC) in which water availability does not vary, but the new temperature and rainfall regimes increase irrigation needs and change yields. The three areas react with similar percentage drops in total income which, however, depend on rather different adaptive responses. Cremona-Piacenza and Salerno reduce the weight of the irrigated area and change land use more (FKI is reduced more); Oristano keeps the weight of the irrigated area unchanged and changes the use of the soil less. Interesting differences concern the use of family labor, since this reduces appreciably in Salerno, to the point of increasing LHR despite the drop in gross income. Instead, the use of family labor does not reduce in Oristano and Cremona-Piacenza, which transfers the fall in gross income to LHR.

	Table 3: Main impacts under the various DSP simulations.

	Simulation
	FKI
	Irrigated crops on total
	Purchased feed on self produced
	Cultivated Area
	Labour Employment
	Gross Income
	Labour Hourly Return

	
	
	
	
	
	External
	Family
	
	

	
	
	%
	%
	(hectares)
	(.000 h)
	(.000 €)
	(€/h)

	B Oristano
	100
	39,1
	69,8
	54.168
	792
	3.783
	114.003
	17,6

	CC
	96,2
	39,2
	72,1
	0,5
	-1,1
	0,1
	-1,6
	-2,9

	CC-0
	96,1
	38,7
	73,2
	0,3
	-2,5
	-0,3
	-1,7
	-2,5

	CC-10
	94,7
	36,6
	77,3
	-0,3
	-9,6
	-2,0
	-2,1
	-1,2

	CC-20
	92,8
	34,6
	86,2
	-1,4
	-17,1
	-3,8
	-2,9
	-0,5

	B Salerno
	100
	91,7
	179,2
	17.275
	4.233
	2.432
	262.189
	78,9

	CC
	92,3
	87,6
	182,4
	-6,9
	-14,7
	-4,3
	-1,3
	3,3

	CC-0
	92,3
	87,6
	182,4
	-6,9
	-14,7
	-4,3
	-1,3
	3,3

	CC-10
	88,6
	85,5
	184,6
	-9,2
	-23,1
	-6,9
	-2,9
	4,4

	CC-20
	84,7
	83,3
	186,0
	-11,7
	-31,5
	-11,2
	-5,2
	6,3

	B Cremona-Piacenza
	100
	86,6
	182,2
	66.74
	3.324
	4.794
	361.143
	41,0

	CC
	81,3
	80,4
	152,3
	1,6
	1,1
	0,0
	-2,1
	-3,8

	CC-0
	80,6
	77,4
	166,2
	-1,3
	0,2
	-0,1
	-2,1
	-3,8

	CC-10
	78,7
	74,5
	183,5
	-6,4
	-1,1
	-0,2
	-2,2
	-3,7

	CC-20
	76,3
	71,5
	209,3
	-13,2
	-2,7
	-0,4
	-2,3
	-3,8


The three areas also differently respond to the simulations that limit water availability, first to the use level of the present (CC-0), then progressively to -20%[footnoteRef:9]. Cremona-Piacenza tolerates better water reduction, even at high levels, and reduces less total income and per family labor unit. In Oristano the impact grows, and becomes very strong in Salerno, where a reduction of 5-10% of the water doubles the economic impacts due to the modification of only temperatures and rainfall. The use of labor also changes very differently in these simulations. Oristano and, above all, Salerno drastically reduce the use of external wage labor, while Cremona-Piacenza modifies it very little. The reduction in family labor is also very different: it is modest in Cremona-Piacenza and in Oristano; instead, it is noteworthy in Salerno, where it is more than proportional to the reduction in income and this noticeably increases the LHR. [9:  Table 3 shows only the impacts of the 10 and 20% reduction in water; the variations obtained by reducing the water by 5 and 15% are intermediate with respect to the former.] 

4.2. Regression analysis: adaptation of farm types
Table 4 reports the results of the impacts of the adjustment paths on the family labour profitability. The section on the left presents first the variables average values in the six simulations. Note that CSH and CSW are also examined by eliminating changes in yields, CSHy, and in yields and irrigation needs, CSWyw, to focus on the only changes in land use or in water distribution among crops. LHRm is the labour profitability change net of the milk yield drop: it shows the impact of changes in use of soil in livestock farms. The right section of table 4 reports the LHR elasticity over each regressor, based on the estimated coefficients (reported in Appendix B). The elasticity reading must be based on the change of labour profitability. For example, if LHR decreases, as in livestock farms, a positive sign of  indicates a variation that accelerates the decline, a negative sign indicates a change that slows the decline. The opposite is true for LHR increases.
We now examine the results for the various types of farm. Dairy cattle farms in Cremona- Piacenza concentrate their land on fodder crops with higher value per hectare, increasing CSHY, and the yields rise boosts the value of CSH over CSHY. Piacenza, an originally less intensive farming system, has the strongest changes. The negative sign and the value of CSH show that this adaptation path contrasts the LHR fall, even if weakly; the impact is a little bigger in Piacenza. Still, the expanded crops have higher requirements of labor, which speeds up the drop of LHR, as the positive signs of CSW and FEH show[footnoteRef:10]. These farms also concentrate water on crops with higher value per cubic meter, which increases CSWYI. Yet, water needs grow more than yields (CSW reduces over CSWYI) that, given the declining availability of water, forces to reduce total cultivated area (table 3). This causes the farms to increase feed purchases that counteracts the LHR decline. This same strategy increases labour profitability in Cremona, whose LHR* increases; while fails in Piacenza, whose LHR* decreases. [10:  Those crops' labour productivity is particularly low in Piacenza farms, as indicated by the high FEH value.] 


	
	Table 4: Average values of regressors and dependent variable; elasticities are computed at the regressors average. 

	Farm type groups
	Average of Variables
	
	Elasticities of LHR ()

	
	CSWyw
	CSW
	CSHy
	CSH
	FEH
	FPH
	
	LHR
	LHRm
	
	CSW
	CSH
	FEH
	FPH

	Dairy cattle Cremona
	13,0
	4,1
	1,7
	3,7
	3,6
	2,2
	
	-4,7
	0.4
	
	0.13
	-0.13
	0.14
	-0.07

	Dairy cattle Piacenza
	17,2
	0,4
	17,8
	19,2
	11,1
	0,8
	
	-4,0
	-0.5
	
	0.0002
	-0.23
	0.62
	-0.03

	Dairy cattle-buffalo (OR-SA)*
	3,4
	-4,2
	-5,0
	-4,7
	-2,3
	0,9
	
	-5,3
	-2.2
	
	-0.09
	0.19
	0.02
	-0.02

	Sheep 
	0,4
	-2,3
	-1,3
	-6,1
	-0,9
	25,0
	
	-10,4
	-10.4
	
	-0.51
	-0.49
	-0.01
	0.30

	Fruit
	2,1
	-13,0
	-2,0
	-2,0
	-2,6
	-
	
	2,8
	-
	
	0.29
	-0.20
	0.95
	-

	Greenhouses
	-0,2
	-12,6
	-5,9
	-5,9
	-1,1
	-
	
	2,9
	-
	
	0.28
	-0.52
	0.27
	-

	Mainly rice
	3,8
	4,0
	-8,3
	-6,7
	-0,7
	-
	
	6,0
	-
	
	0.77
	-0.86
	0.01
	-

	Arable crops
	3,3
	4,2
	0,5
	0,4
	2,8
	-
	
	3,1
	-
	
	-0.20
	0.13
	-0.53
	-


*(Or-Sa) = Oristano and Salerno
 Sheep and Oristano-Salerno dairy farms adopt an opposite soil management, expanding crops with a lower value, rain-fed or with less irrigation needs, which reduces the CSHy value and involves a labor expulsion. This path has opposite impacts, curbing the decline of LHR in the sheep farms (CSH negative) and accelerating it in Oristano-Salerno dairy farms (CSH positive). Conversely, as in previous farms, the management of irrigation expands crops with high value per cubic meter, which increases CSWyw. The negative sign and value of CSW show that this path has good potential to curb labor profitability drop in sheep farms; yet, this farm fails to exploit it, with a tiny increase of CSWyw, and greatly suffers from the CC impact on yields, which makes CSW negative[footnoteRef:11]. The consequence is a remarkable increase of feed purchases. These soil and water management strategies fail to increase labour profitability in both sheep and Oristano-Salerno dairy farms , as the LHRm decreases prove. [11:  In sheep and Oristano-Salerno dairy  farms only some irrigated crops increase the yield, but less than water requirements (table 2).] 

Even greenhouses and fruit farms expand the cultivation of lower value crops as the decrease of CSH and CSHy shows[footnoteRef:12]. As in the Oristano-Salerno dairy farms, this change reduces profitability, this time slowing down an increase in LHR, as indicated by the negative sign of CSH.At the same time, by using the available water to irrigate only the highest value crops, the growth of the LHR is accelerated, as shown by the positive sign of CSW. Replacing less valuable irrigated crops with rain-fed crops, although of lesser value, and concentrating the available water on the irrigation of the most valuable irrigated crops, has the effect of reducing the use of family labor. The value of FEH indicates that this is the key to accelerating the LHR growth in fruit farms. Instead, it has a lower impact on greenhouses farms where, to concentrate the water on the most valuable crops, farms have to abandon other crops that still contribute much to profitability, as the high negative value of CSH shows. [12:  In these farms yields do not vary, so CSH* and CSH have the same value; instead, irrigation requirements increase, which decreases CSW over CSWyw.] 

Rice specialized farms  are subject to soil quality constraints that prevent expanding other rich irrigated crops and force to react to water availability decline by adopting low-value, rain-fed crops: this greatly reduces CSH and slows the LHR growth, as negative sign and high value of CSH show. However, rice yields are simulated to grow more than proportionally a to water need, which raises CSW and accelerates the LHR growth, as indicated by positive value of CSW. 
Arable crops farms are not affected by specific structural constraints and responds to water availability decline by intensifying cultivation patterns, i.e. expanding autumnal-winter horticultural crops, when the ETN is reduced (not shown in the tables)[footnoteRef:13]. This expansion increases CSH, though slightly, as winter vegetables are less valuable than summer ones; yet, it makes farming less susceptible to the raising water constraint, and accelerates the LHR increase, as the positive sign of CSH shows. On the other hand, the high labor need of these crops increases FEH, slowing the LHR growth, as shown by the negative sign and fairly high value of FEH. Arable crops farms also divert the summer declining available water to spring-summer crops of greater value, which increases CSW: yet, the huge water need growth of summer vegetables reduces their total cultivation and decelerates the LHR growth, as the negative sign of CSW shows.  [13:  Even in ARNC crop yields do not change.] 


5. Discussion
In representing a wide range of production conditions in Italian agriculture, we choose very diverse areas from each other and, therefore, adaptive responses to CC scenarios also diverge. The results of the simulated scenarios by the MP models highlight key differences in the modification of land use. In particular, the cattle farms in the Cremona-Piacenza area increase their self-production of forage, even up to a 10% water availability drop. The lower sensitivity to these restraints is due to the forage crop yields growth that balances the decrease of their cultivation, due to the irrigation needs increase in the context of growing water scarcity (table 1). On the other hand, those farms’ income levels mainly reduce due to the impact of the CC on milk production, which causes greater economic damage than in other areas. Conversely, the Salerno farms, southern and mainly non-livestock, adapts basically cutting less profitable activities, with higher workloads, drastically reducing the employee, but also the family labour. Yet, the latter decrease outweighs the farm income drop, raising the hourly family wages. The Oristano area, where farms with diverse orientation operate, many non-irrigated, is mid-way: it shows higher reaction of income and employment to the water availability decline, as in the Salerno, but a certain stability of the cultivation area, such as the Cremona-Piacenza area.
By examining the adaptation paths of the various farm groups we can assess the ability to exploit the yield increase in certain crops, or to modify the use of land and agricultural labour in activities that become less profitable. In this regard, the regression results show that the relationships amongst changes in yields and irrigation needs, and changes in workload due to land use modifications, is a key factor influencing farming profitability. Specifically, cattle farms are mostly sensitive to CC impacts on fodder crops, mainly on corn. As table 1 shows, the corn hybrids yields vary depending on the area location and the cultivation cycle length, and the long cycle hybrid is supposed to benefit more from the greater interception of radiation during the crop cycle , even if with large irrigation needs increases. Cattle farms in the Cremona-Piacenza area manage their land by expanding long-cycle maize. Much of this adaptation is carried out by dairy cattle farms in Piacenza which exploit the yield growth of the longer cycle maize hybrid to innovate an originally less intensive system. Yet, due to the labour need of this hybrid, its expansion noticeably increases the family labour use and becomes the most accelerating factor in decreasing profitability of dairy cattle farms in Piacenza, as the high value of FEH shows[footnoteRef:14]. Dairy cattle farms in Cremona intensify less and with larger impact of the yield growth[footnoteRef:15], while the family labour use increases less. In particular, the Cremona farms are adapting to the new climate and the reduction of water availability by replacing the alfalfa (which increases the irrigation needs by 7.5% to maintain the current yield) with rain-fed ryegrass (which increases the yield by 3.9%). The surface of the alfalfa decreases by 76.3%, that of the ryegrass increases by 289%. With limited reductions in water availability, the surface of the silage corn as main crop also increases, as this crop increases the yield (2.2%) less than the irrigation requirement (6%). With more marked reductions in the available water, the surface of this corn decreases below the present levels. This new use of soil enhances profitability, as the increase of labour profitability net of the milk yield drop shows. [14:  In fact, buying feed rather than producing on farm improves profitability, albeit slightly due to the relative increase in purchase costs.]  [15:  CSH* and CSH grow much less and CSH is more than double of CSH*.] 


An alternative cultivation could be the ryegrass-maize succession[footnoteRef:16]; the simulated scenarios do not expand the cultivation of the short-cycle maize hybrid in the Cremona-Piacenza area because of its yield reductions and its increase in irrigation requirements. Oristano dairy cattle farms already adopt this succession, making more intensive use of land, and with higher labor productivity. However, yield losses of the short-cycle corn hybrid, coupled to dramatic increases in ryegrass irrigation needs, weakens the adaptability: lacking irrigated alternatives, those farms can respond to water availability decline only by growing lower value crops, which reduces water economic productivity. The sheep farms have the worst situation. These farms are mainly based on rain-fed forage crops whose yields drop dramatically: this reduces their cultivation and increases the purchase costs of feed, reducing the total farming income. Dedicating limited water available and soil to more productive crops, and reducing the use of family labour has very limited effects. [16:  In which ryegrass increases its yield (table 1).] 

Changes in the use of family labour have marked opposite impacts in fruit, greenhouse, arable and horticultural farms, as indicated by the profitability elasticity over labour use (FEH). Farms with minor adaptation constraints (farms with arable crops) alter the use of the soil by increasing irrigation in autumnal and winter periods with only limited increases in irrigation needs, as well as slight water availability reductions. This maintains or even increases the manpower use by expanding crops with lower labor productivity, which slows the growth of farm profitability. Farms that are structurally constrained in changing land use (farms with tree crops, greenhouses and rice cultivation) reduce the less profitable crops, expelling family labour: this increases profitability, even if at different levels since some farms reduce activities with good levels of labor productivity. Those results are affected by the lack of simulations of crop yield increases: in presence of such effects more significant impacts on income and complex competition dynamics for available water would be grafted into the Oristano and Salerno areas. This is confirmed by the increase in income and labour profitability in the rice farms, where the increase in rice yields over irrigation needs allows balancing the cultivated area decrease due to the reduced water availability.
These results are reflected in various studies findings. Debaeke and Aboudrare (2004) claim that a key adaptation factor is the relationship between water availability and yield levels and crop irrigation needs. The authors note that in the presence of severe water shortages, shorter cycle hybrids work better due to lower irrigation needs. Instead, longer-cycle hybrids, with higher irrigation needs, work best at sub-humid latitudes. This difference is relevant in the climate change scenarios that we have simulated, since even our largest reduction, with 20% less water, modifies the availability of water moderately and maintains the characteristics of sub-humid areas in our areas. This favors relatively longer cycle hybrids. Boutraa (2010) highlights the relevance of the balance between variations in yields and in irrigation needs, highlighting the need to have at the same time higher yields and greater efficiency in water use. Our findings also confirm the results of Soto-García et al (2013) on water shortages in south-eastern Spain, who associate farms adaptation to the concentration of available water on some highly productive crops. The same applies for warnings that various adaptation paths may involve the need to reduce family employment, as suggested by Chebil et al (2019) for irrigated agriculture in Tunisia, and Hamdan and Salman (2005) for Jordan. 

6. Conclusions
Our study contributes to assessing the adaptation paths of farms to the CC, analyzing how they can change the general productivity of water and soil resources and, consequently, the profitability of the family farm labor resource.. To this end, we processed the outcomes of regional MP optimization models of three Italian areas with an econometric analysis. Specific crops and herds’ sensitivity to climatic conditions generate different CC impacts on farming. Differences are reinforced when restrictions on water availability are imposed. The simulated technologies and impacts allow better adaptation to the core of Italian dairy cattle breeding that adopt medium-high intensity fodder production systems, which is based on longer-cycle maize hybrids. Less adaptation potentials emerge in the systems that, even for a context of less water availability, manage the land more intensely with the succession of ryegrass and short-cycle maize hybrids. Working to increase this system yield can improve the adaptability in a context of increasing water scarcity. Sheep milk pastoral systems, mainly based on rain-fed extensive soil management, also suffer; and the need to improve the productivity of pastures and dry fodder crops is evident. This program is all the more central as the CC impact can increase international feed prices, reducing the contribution of feed purchases to the adjustment paths we have shown. Clearly, adapting strategies for dairy cattle farms must consider the CC impacts on milk production, examining options that change the herd structure and, in general, the breeding technologies: however, these strategies could not be simulated and evaluated with the short-term models used in this study.
Arable land farms, horticulture, fruit and greenhouse, mostly localized in southern Italy, mainly adapt by abandoning crops with lower labor productivity. This will decrease family labour and worker employment, which is a serious outcome in areas where unemployment rates are already high. There is room for different paths, i.e. changing land use by expanding autumnal and winter crops, when climate models simulate limited rises in irrigation needs, and only slight declines of water availability. This strategy allows maintaining and even increasing the family labour use; yet, it implies a progressive decrease of this resource profitability that could prejudice the survival of these types over time. To adapt to new climatic conditions, while ensuring a non-decreasing wage for family work, it is important to combine the increase in crop irrigation needs with an increase in their productivity.
As far as we know, the impact and adaptation to CC have so far been studied with econometric approaches on data observed in the past (Ricardian analysis) or with MP models that simulate future scenarios. Our study aimed to contribute to the state of the art by using an econometric approach to evaluate the results of ex ante assessments based on MP models. Future studies could develop an econometric analysis based on functional forms more suitable to represent the impacts and adaptive pathways with the estimated coefficients. It is essential to also improve the simulations carried out with MP models. All the elements to be integrated into the analysis are the influence of CC on plant diseases and pests, the technological development that acts on yields independently of CC, as well as the market context for products and factors.
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Appendix A: The DSP models
Three DSP models simulated the short-term adaptation possibilities of the three areas' farms with respect to the impact of those productive changes, given: (a) land endowment and other structural characteristics of each farm type, such as family labour availability and farm private wells; (b) current productive methods, along with water needs and productivity of many crops, which the CC modifies; (c) current availability of water and non-farm labor resources; (d) current inputs and outputs prices and (e) agricultural policies.
The general formulation of the DSP models is as follows: 


subject to





The decision-making is modeled in (n) stages, with (s) states of nature for uncertain variables. The variables relate to land allocation (), and possible corrective actions (, ). Equation (A.1) is the objective function, with expected gross income (z) that weights values and probabilities (Ps) of the states of nature. Uncertainty involves gross margins (), allocation of land among crops (), and corrective actions (, ). and are the price and quantity of the milk. Constraint (A.2) shows that uncertainty can affect  and , ie matrix of technology and availability of resources (water and labour), and that choices can involve land allocation, , and corrective actions, , in stages (n) and states (s). Constraint (A.3) ensures that choices of previous stages affect subsequent. Constraint (A.4) affects animal feeding: ,  e  are the unitary contributions of nutritional elements, crop yields, and nutritional needs of cattle categories. Corrective actions  can be done at stage (n) for state (s). The number of stages, parameters and variables depends on the case study. The models are static (annual choices) and consider short-term adjustments and impacts. In other words, the productive activities (annual crops, perennial crops, and livestock activities) are limited by structural constraints, such as land and labor (Dono et al, 2016; Cortignani and Dono, 2018).

Appendix B: Regression analysis
A quadratic regression estimates the relationships between LHR and the regressors CSH, CSW, FEH and FPH using pooled data of all single farms in the study areas and scenarios. The regression allows capturing the possible differences in the intercept coefficient, as well as in the slopes coefficients, by using variables dummy (. The regression model expressed in matrix presentation is the following:

where  is a (nx1) vector with n=258 observations (6 simulated scenarios for each of the 43 farms),  is a (nxk) matrix with k=4 (number of regressors).
The model considers four (kx1) parameters.  refers to the linear terms of the function (intercept and slope) and  captures the possible differences of the farms typologies in the intercept and in the slopes coefficients.  refers to the quadratic term of the function (slope) and  captures the possible differences of the farms typologies in the quadratic slope coefficients. Finally,  is the (nx1) vector that represents the error term of the regression function.
The regression was performed using the software IHS EViews® ver. 7. Data fitting was performed with the Ordinary Least Squares method. The low level of autocorrelation among the variables was checked trough a Spearman’s rank correlation test and reinforced the conditions for the regression analysis.
As mentioned in the paragraph 4.3, the regression analysis was developed by estimating coefficients for farms groupings, a priori set up based on structural features that influence adaptation to the simulated changes. The dummy variable system was immediately configured to have 8 groupings among the 43 individual farms, based on their productive and structural features. For these groupings the statistical significance of the difference between the coefficients of the respective intercepts and slopes was evaluated. This allowed generating a restricted form of the regression model in which various groupings were further aggregated to present the same estimate value of the intercept and slope coefficients. The dummy analysis and the aggregation of various coefficients was carried out based on the t-test and on the P values of the single coefficients, and using the F-test statistic as developed by Judge et al (1988). The regression estimates and the relative statistics obtained with aggregation process are reported in the following table B.1, which shows how well the quadratic function fitted the data. The significance of squared terms for all regressors confirms previous statements from Wang et al (2009) who find the quadratic form necessary when dealing with climate-related effects.
 




	Table B.1: Regression estimates and statistics resulting from the aggregation process.

	Dependent Variable: LHR. Method: Least Squares. Date: 11/11/19   Time: 12:21

	Sample: 1 258. Included observations: 258

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.

	FPH*(DCR+DPC+SOR+DORB)
	0.1641
	0.0249
	6.5826
	0

	FPH^2*(DCR+DORB+SOR)
	-0.0058
	0.0010
	-5.5268
	0

	FEH*(DCR+DPC+SOR+GHF+ARC)
	-0.2216
	0.0424
	-5.2313
	0

	FEH*DORB
	1.2142
	0.3029
	4.0083
	0.0001

	FEH*FRU
	-1.4252
	0.2486
	-5.7339
	0

	FEH*ARNC
	-0.6355
	0.0683
	-9.3040
	0

	FEH^2*(DORB+GHF)
	0.2499
	0.0589
	4.2469
	0

	FEH^2*(SOR+FRU+ARC)
	-0.0748
	0.0361
	-2.0720
	0.0394

	FEH^2*(DCR+ARNC)
	0.0053
	0.0025
	2.1131
	0.0357

	CSHY(SOR+FRU+ARNC+ARC)
	0.8328
	0.0823
	10.1216
	0

	CSHYDCR
	0.1418
	0.0466
	3.0429
	0.0026

	CSHY(DPC+DORB+GHF)
	0.0483
	0.0198
	2.4452
	0.0152

	CSH^2*(SOR+FRU+ARNC)
	0.1359
	0.0151
	9.0026
	0

	CSH^2*(GHF+DORB)
	-0.0179
	0.0065
	-2.7638
	0.0062

	CSH^2*(DCR+ARC)
	0.0041
	0.0019
	2.1499
	0.0326

	CSWYI(DCR+DORB+GHF+FRU+ARNC)
	-0.1287
	0.0290
	-4.4416
	0

	CSWYISOR
	-2.2834
	0.3351
	-6.8147
	0

	CSWYIARC
	1.1876
	0.1768
	6.7175
	0

	CSW^2*(DCR+DPC+DORB+SOR+GHF+FRU+ARNC+ARC)
	-0.0026
	0.0010
	-2.6629
	0.0083

	DCR+DORB
	-3.9650
	0.2835
	-13.9840
	0

	SOR
	-16.5509
	1.1069
	-14.9525
	0

	DPC
	-2.1709
	0.4795
	-4.5275
	0

	ARNC+GHF
	2.0129
	0.4071
	4.9439
	0

	ARC
	7.4252
	0.8316
	8.9291
	0

	R-squared
	0.8934
	Mean dependent var
	-2.3470

	Adjusted R-squared
	0.8830
	S.D. dependent var
	6.2322

	S.E. of regression
	2.1320
	Akaike info criterion
	4.4404

	Sum squared resid
	1063.6070
	Schwarz criterion
	4.7709

	Log likelihood
	-548.8096
	Hannan-Quinn criter.
	4.5733

	Durbin-Watson stat
	1.9262
	
	
	


ARC: Rice specialised farms; ARNC Arable crops farms; DCR: Dairy cattle farms in Cremona; DORB: Dairy cattle farms in Oristano and dairy-buffalo farms in Salerno; DPC: Dairy cattle farms in Piacenza; FRU: Fruits farms; GHF: Greenhouses farms; SOR Sheep farms in Oristano.
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