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Climate change is expected to severely affect freshwater availability across much of Europe by the end of the
century, with greater repercussions on the most vulnerable areas of Southern Europe and the Mediterranean
basin. Agriculture is here particularly sensitive to such conditions, which may affect both irrigation water
supply and crop response. In the last decade Po valley experienced a few extremely dry years, with sever
water crises in most of river basins and agriculture suffering from intense water deficits and massive
decrease in production. Since resource abundance rather than scarcity was often the primary concern in the
region, local water institutions remain scarcely inclined to change their consolidated practices. This policy
inertia represents a major barrier for novel policies, particularly under the non-stationary conditions
predicted for the near future. On the other hand, the close frequency of droughts, the growing water
demands, the uncertainty about future hydrological regimes urge for more sustainable solutions and force
regional authorities to undertake initiatives aimed at rationalizing and containing water consumption.
Accordingly, an economic-territorial analysis based on Positive Mathematical Programming (PMP) is here
proposed to depict the relevant adaptations of agriculture in a large portion of the Po Valley (i.e. Adda River
Basin). The model assumes that interventions to increase water use efficiency can mitigate climate change
effects, and relevant results can be explicitly derived by seeking for production patterns that (i) either
properly manage or contrast resource shortages compared to the current situation and (ii) maximize farmers’
margins. The study at hand benefits from an integrated approach, based on prior climate and hydrological
modelling to predict water availability and crop requirements in the near and far future. The present model
combines such outputs with farm-level economic and structural data, as well as stakeholders’ perceptions on
plausible scenarios; this way it is adopted for the simulation of farmers’ behaviour in response to each
modified condition, and to assess the implications of adaptation strategies on farm incomes and economic
viability of the territory.
Ultimately, though the use of PMP is not new for the Po Valley area, the integrated approach is particularly
suited to support water administrations in facing challenges related to climate change and normative
prescriptions (e.g. Water Framework Directive, Rural Development Policy). The focus on the choice of the
selected area is once more important for the assessment of water scarcity problems, as the Basin also
represents the reference unit identified by water regulations and policies for the analysis of their
implications.

Correspond to federica.monaco@unimi.it. Via G. Celoria 2, 20133 Milan, Italy. Phone +39 0250316466, Fax +39
0250316486
1

References
Arfini, F. and Paris, Q. (1995). A positive mathematical programming model foe regional analysis of agricultural policies. In: Sotte, E.
(ed.), The regional dimension in agricultural economics and policies, EAAE, proceedings of the 40th Seminar. June26-28 Ancona, Italy,
17-35.
Bates, B. and Kundzewicz, Z.W. (2008). Climate change and water, IPCC Technical Paper, 6.
Blinda, M., Boufaroua, M., Carmi, N., Davy, T., Detoc, S., Froebrich, J., Gabina, D., Iglesias, A., Khalid, A-L., Margat, J., Moneo, M.,
Tagar, Z. (2007). Mediterranean Water Scarcity and drought report. Technical report on water scarcity and drought management in the
Mediterranean and the Water Framework Directive. Technical report 009-2007. European Commission.
European Geosciences Union (EGU) (2014). Europe to suffer from more severe and persistent droughts. Science Daily, 9 January 2014.
FADN – Banca dati RICA (Rete di Informazione Contabile Agricola). http://bancadatirica.crea.gov.it
Farrè, I. and Faci, J.M. (2009). Deficit irrigation in maize for reducing agricultural water use in a Mediterranean environment.
Agricultural Water Management 96:383–394.
Feyen, L. and Dankers, R. (2009). Impact of global warming on streamflow drought in Europe. Journal of geophysical research –
atmospheres, 114(D17):116.
Giorgi, F. and Lionello, P. (2008). Climate change projections for the Mediterranean region. Global and Planetary Change, 63(2–3):90–104.
Heckelei, T. and Wollf, H. (2003). Estimation of constrained optimisation models for agriculture supply analysis based on generalised
maximum entropy. Agricultural economics, 30(1):27-50.
Hov, Ø., Cubash, U., Fischer, E., Höppe, P., Iversen, T., Kvamstø, N.G., Kundzewicz, Z.W., Rezacova, D., Rios, D., Duarte Santos, F.,
Schädler, B., Veisz, O., Zerefos, C., Benestad, R., Murlis, J., Donat, M., Leckebusch, G.C., Ulbrich, U. (2013). Extreme Weather Events in
Europe: preparing for climate change adaptation. Report produced by Norwegian Meteorological Institute in cooperation with EASAC.
Howitt, R.E. (1995). Positive mathematical programming. Am J Agr Econ, 77(2):329-342.
IReR (2009). Governo dell’acqua in Lombardia verso gli standard europei. Definizione e validazione tecnico-scientifica delle azioni
prioritarie previste dal piano di bacino idrografico. Rapporto finale IReR, Milano.
ISMEA

(2017).

Banca

dati

prezzi

origine.

Anni

2012,

2013,

2014.

http://www.ismeamercati.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/5390
ISTAT (2010). VI Censimento generale dell’agricoltura. http://dati-censimentoagricoltura.istat.it/Index.aspx
Milly, P., Betancourt, J., Falkenmark, M., Hirsch, R., Kundzewicz, Z., Lettenmaier, D., Stouffer, R. (2008). Stationarity is dead. Science,
319:573-574.
Po River Watershed Authority (2006). Caratteristiche del bacino del fiume Po e primo esame dell’impatto ambientale delle attività
umane sulle risorse idriche. www.adbpo.it
Sali, G. and Bulgheroni, C. (2011). Development of an integrated methodology for the management and assessment of the impact of
agricultural policies at territorial level. In Agricultural and environmental informatics, governance and management: emerging research
applications, Andreopoulou Z., Manos B., Polman N., Viaggi D. (Eds.). Information Science Reference, U.S.A.
Sheer, D. (2010). Dysfunctional Water Management: Causes and Solutions. Journal of Water Resources Planning and Management,
136:1–4.
Suárez-Almiñana, S., Pedro-Monzonís, M., Paredes-Arquiola, J., Andreu, J., Solera, A. (2017). Linking Pan-European data to the local
scale for decision making for global change and water scarcity within water resources planning and management. Sci Total Environ, 603604:126-139.
Vargas-Amellin, E. and Pindado, P. (2014). The challenge of climate change in Spain: water resources, agriculture and land. J Hydrol,
518:243–249.

