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by Dario Musolino, Alessandro de Carli and Antonio Massarutto 

 
 
 
 

ABSTRACT 
 
The WP focuses on the socioeconomic impacts of drought events. Its objec-
tive is in particular to explore and study the distributive effects of drought 
events in the agricultural sector, taking the Po river basin, the most im-
portant agricultural area in Italy, as case study area.  

Its theoretical and methodological approach makes basis on the consum-
er surplus theory. One of the most remarkable outcomes of this analysis is 
that the effects of the drought events change considerably according to the 
social group.  

As far as agriculture is concerned, it shows that farmers and consumers 
are affected differently. Farmers can even earn from drought, because of the 
“price effect” caused by the scarcity of agricultural products; consumers al-
ways loses, because of the “quantity effect” and the “price effect”.  

Very different impacts, in terms of sign and magnitude, were also ob-
served among the farmers themselves, in particular when they are distin-
guished by crop category, and by geographical area.  
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Introduction 

 
Drought is a complex natural hazard that have impacts on ecosystems 
and on the human activities in many ways. However, no universal defi-
nition of drought exists (Lloyd-Hughes, 2014). There are several defini-
tions and classifications of drought, for example in relation to drivers 
and timescales, for which it can be divided in “climate-induced”, “hu-
man-induced” and “human-modified” droughts (Van Loon et al., 2016). 
Some of the most used drought typologies by the scientific community 
are also: meteorological drought, which refers to a precipitation defi-
ciency; soil moisture drought, which is a deficit of soil moisture (mostly 
in the root zone); hydrological drought, a broad term related to negative 
anomalies in surface and subsurface water; and socioeconomic drought, 
that pertains to the impacts of the three above-mentioned types on the 
society and the economy (Tallaksen and Van Lanen, 2004). 

http://www.eyesreg.it/
mailto:dario.musolino@unibocconi.it
mailto:alessandro.decarli@unibocconi.it
mailto:Antonio.massarutto@uniud.it
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Drought is getting a more and more frequent and intense event in 
the world, whose negative socio- economic effects can be remarkable, as 
several studies have observed, in particular in some sectors like urban 
water supply and agriculture (FAO; 2015; Ding et al., 2010; Stahl et al., 
2015; COPA-COGECA, 2003; EEA, 2004; EEA, JRC and WHO, 2008).  

In rural areas, the primary sector still plays an important role, which 
is even increasing in the last decades, given the demographic changes at 
global level which raise the demand for agricultural products, and the 
growing value added of the agri-food value chains (WTO-OECD, 2013; 
USDA, 2014). This is why rural economy, like the economy of the Po 
river basin in Italy, is rather sensitive to the climatic changes, and in 
particular to water shortages caused by drought.  

The studies on the impacts of drought on agriculture and rural econ-
omy are usually focused on the losses suffered in terms of crops produc-
tion which burdens on the entire population (FAO; 2015; Howitt et al., 
2015), but they do not analyse how these effects, in particular the effects 
in terms of welfare, can change according to the social group. That is to 
say, these studies do not take the distributive effects into account, trying 
to identify and estimate who “lose” and who “win” from the drought 
(Ding et al., 2010). This analytical step appears necessary in order to bet-
ter understand the consequences of drought events, and therefore to 
better design the adequate pro-active and reactive policies for drought 
risk mitigation in rural areas (for example, the subsidies for farmers, 
which usually assume that they all lose from the drought).  

In this WP, referring to the theoretical framework provided by the 
consumer surplus theory, we try to estimate the distributive effects of 
drought events, taking the case of the drought events recently occurred 
in the Po river basin in Italy into consideration. The first paragraph pre-
sents the consumer surplus theory. The second paragraph describes the 
Po river basin, its economic structure and its vulnerability to drought. 
The third paragraph is dedicated to the presentation and discussion of 
the results of the analysis of the total and the distributive effects of the 
drought events recently occurred in the Po basin on agriculture. Finally, 
the last paragraph is devoted to a concluding discussion on the results 
obtained, the policy implications, and the future research needed1. 

 
 

1.  Theoretical and methodological approach 
 
The estimate of the socio-economic effects of the drought events in the 

 
1This paper is a based on the analyses realized by the authors for the project «Drought-

R&SPI, Fostering European Drought Research and Science-Policy Interfacing» (Work Package 2), 
co-founded by European Commission in the 7th Framework Program (Massarutto et al., 
2013). 
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Po basin has been conducted within the theoretical framework provided 
by the consumer surplus theory, a well-established and entrenched the-
ory in the context of the microeconomics2. The literature on the evalua-
tion of the socio-economic impacts of drought is quite wide, and make 
use of several and different theoretical and methodological approaches 
(Logan and van den Bergh, 2011). But the application of this theoretical 
approach to the evaluation of the impact of drought events has been 
much less frequent, and limited so far to the impacts on one specific sec-
tor, urban water supply (see, for example, Woo, 1994; Garcia-Valinas, 
2006; Grafton and Ward, 2008; Martin-Ortega and Markandya, 2009). 
So, it has never been applied to the estimation of the impacts on agricul-
ture. 

However, there are some differences between the (few) existing 
studies which made use of this theoretical approach, and the analysis 
presented in this paper. Firstly, in the case of urban water supply, water 
is a final product that is sold on the final consumer market, while in 
other sectors, such as agriculture, is a productive factor: that is to say, it 
is an input which contributes to the production of other products 
(which, on their turn, or can be sold on the final consumer market, or 
can be used as inputs in other value chains). Secondly, these studies 
measure only the losses suffered by consumers (for example, estimating 
and comparing losses deriving from the implementation of alternative 
measures, such as use of volumetric prices versus water rationing), but 
they never take the possible, negative or positive, effects on other social 
groups (for example, producers) into account. Therefore, they do not 
verify who loses and, potentially, who “wins” because of the drought. 

Making basis on the consumer surplus theory, the socio-economic ef-
fects of drought events on crop production can be represented as shown 
in Figure 1. In a normal situation, that is to say when there is a normal 
water availability for crop production, the equilibrium point is F1, being 
the intersection of the demand curve of a generic agricultural product 
and the supply curve3. In this situation, consumer surplus corresponds 
to the area P2P0F1: it is therefore equal to the difference between the 
quantity of money consumers are willing to pay for the crop quantity 
Q1, which is the area below the demand curve as far as F1 (P2OQ1F1), 
and the price that they actually pay for it, identified by the area 
P0OQ1F1. Differently from normal years, in a exceptional situation, that 
is to say when a drought event occurs, water availability remarkably 
decreases, and so does crop production. Then, the supply curve moves 
on the left, changing its slope and becoming vertical (as water availabil-

 
2See for example Varian (2010). 
3The supply curve is assumed to be flat, as in the short term the quantity of water availa-

ble for irrigation cannot be adjusted, due to technological constraints (low degree of flexibil-
ity of the water supply and distribution networks).  
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ity is now strictly limited by the drought). As a consequence of this ex-
ceptional event, because of the lower supply of the hypothetic agricul-
tural product, and the imbalance between market demand and supply, 
its market price increases, and the equilibrium point shifts from F1 to F3. 
Due to these changes of production and price, the consumer surplus al-
so changes and shrinks: it is indeed now represented by the area P2P1F3, 
which is apparently smaller than the area P2P0F1.  

 
Figure 1 – Effects of a drought event on crop production, according to the theoretical 
scheme provided by the consumer surplus theory 
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The effects on the different groups of economic actors involved in 

crop production and market are not the same. Simplifying the structure 
of the value chain, and assuming that it is composed only of two 
groups, producers (farmers) and consumers, it is evident that the conse-
quences for farmers are not so immediate to understand, as they are 
made of two different and opposite effects: 
1. on the one hand, the first effect that they suffer because of the 

drought is the partial loss of crop production (Q1–Q0). So, farmers 
will lose a part of the income that they could have normally ob-
tained. This negative effect, called “quantity effect”, can be graph-
ically represented by the area F2Q0Q1F1; 

2. on the other hand, because of the price increase, farmers will be able 
to sell the (remaining) crop production at an higher price (P1), realiz-
ing an extra-gain corresponding to the area P1P0F2F3. This sec-
ond(positive) effect is also known as “price effect”. Therefore, while 
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the “quantity effect” cause them a loss, the “price effect” can deter-
mine an extra-gain. 
The final comprehensive economic impact on farmers will be given 

by the difference between these two effects, which graphically can be 
represented as the difference between the area P1P0F2F3 and the area 
F2Q0Q1F14.  

As far as consumers are concerned (the second group), it is apparent 
that the drought event causes an economic loss, equal to the area 
P1P0F1F3, which sums up the deadweight loss F3F2F1, due to the welfare 
loss related to the lower consumption of agricultural products, and the 
(negative) price effect, associated to the higher price paid for consuming 
the agricultural products still produced in the drought year. 

Taking all effects on consumers and farmers into consideration (Ta-
ble 1), the social welfare change caused by the drought event relatedly 
to agriculture is supposed to be negative, because the community as a 
whole bears a loss equal to the area F3Q0Q1F1, which sums up the losses 
suffered by the consumers (P1P0F1F3) and the two effects observed on 
farmers (P1P0F2F3 and F2Q0Q1F1).  

 
Table 1 – Effects of drought in terms of social welfare according to the consumer sur-
plus theory 
 Quantity effect Price effect Deadweight loss 
Farmers F2Q0Q1F1 (–) P1P0F2F3 (+)  
Consumers  P1P0F2F3 (–) F3F2F1 (–) 
Social welfare change F2Q0Q1F1 (–)  F3F2F1 (–) 

 
Lastly, it is worthwhile to underline that this approach is based on 

some assumptions. Firstly it is assumed that the economic losses in 
terms of crops production are entirely caused by the drought. Secondly, 
it is hypothesized that such micro-economic system is not open to rela-
tions with other systems (for example, export and import) but it is self-
contained, closed: this means that crops production and price are not in-
fluenced by external factors (international markets). As a last assump-
tion, price increases are entirely transferred to the final consumers, and 
then they are not absorbed by any intermediate stage of the value chain 
(as said above, it is assumed to be a very simplified value chain, made 
only of producers and consumers). 

 

 
4Needless to say, probably not all farmers will be hit by these effects to the same extent: 

part of them are likely not to lose any crops, and so they will only win from the combination 
of these effects, as they will fully exploit the price effect to increase their income and their 
profits, compared to the normal years. Another part of farmers probably will lose or a part 
or even the entire crop production, and so, in this last case, the quantity effect would exceed 
the price effect, causing them a net loss. 



New Series – WP CERTeT, No. 14/2017 
 

 9 

2.  The Po basin: a highly developed area with an important, but 
vulnerable, rural economy 

 
The Po River basin, which spans around the longest river in Italy (652 
km), with 141 tributary river (see Figure 2), covers a very wide area in 
Northern Italy (74,700 km2), considerably rich and diversified in geo-
graphical, demographic and socio-economic terms. It accounts for a to-
tal population of about 17 millions of inhabitants, with an average de-
mographic density of 225 inhabitants/km2, higher than the average 
density in Italy (180 inhabitants/km2). It is characterized by the pres-
ence of some big urban agglomerations, like Milan and Turin, several 
medium size urban centers5, and vast rural areas, either in plain or in 
hilly and mountain areas6. Seven Italian administrative regions7, Canton 
Ticino (Switzerland) and some areas in France are encompassed in it, 
and about 3,200 municipalities.  

 
Figure 2 – Administrative boundaries of the Po river basin and of the Northern Italian 
regions, and main urban areas  

 
Source: Po river basin Authority. 

 
5Many of these urban centers are well known for their history and for their cultural and 

artistic heritage. Considerably valuable are also the environmental and landscaper re-
sources, in particular the Delta area (UNESCO world heritage).  

6According to the latest data by ISPRA (2015), consumed soil in the three administrative 
regions part of the Po river basin account for no more than 13% (the highest value, in the 
case of Lombardy), of the total surface.  

7Piedmont, Aosta Valley, Liguria, Lombardy, Veneto, Emilia-Romagna, Tuscany and 
Trentino. 



Impact of the drought events— D. MUSOLINO, A. DE CARLI, E A. MASSARUTTO 

 10 

The level of economic development and economic vivaciousness in 
the Po river basin is very high: 34% of the value added of Italy is created 
in the Po river basin, due to a remarkable concentration of a wide range 
of agricultural, industrial and services activities; 29% of the Italian in-
dustrial and services firms are located there, spreading all over the ba-
sin, both in urban and rural areas. Most of the manufacturing firms are 
located out of the urban areas, in the industrial districts, the well known 
spatial model of economic development typical of the Italian economy8. 
Some of the most important sectoral specializations in manufacturing of 
the Po basin are mechanics, textile and clothing, and food. The value 
added produced by this last sector in the Po basin accounts for 41% of 
the sectoral value added in Italy9.  

Not less important is the development of the agriculture sector, as 
several figures also show. A great part of the national agricultural pro-
duction comes from the Po basin (35%), and the major share of the Ital-
ian livestock (55%) is produced in five provinces of the basin. 2,700,000 
hectares in the Po basin are classified as utilized agricultural area (about 
40% of the total basin area): 59% of them are irrigated areas. Agricultur-
al production in irrigated areas is predominantly made of grain corn 
(32.5%), rice (14.5%), and alternate fodder (38,3%), in particular in the 
northern part of the river basin, covering about 85% of the irrigated uti-
lized agricultural area; followed by fruit trees (4,5%) industrial crops 
(4,2%), and open field vegetables (3,58%), more common in the southern 
part of the river basin (Autorità di bacino del fiume Po, 2016).  

The availability of water resources for irrigated and rain fed farming, 
and for other uses, is high. The average annual precipitation is 1.080 
mm (calculated on the period 1923-2008). The total annual water availa-
bility supplied by precipitations amounts to 80 million m3. The average 
annual flow of the Po River at Pontelagoscuro (calculated on the period 
1923-2010) is near to 1.500 m3/s. But the average annual flow, calculated 
on the period 2001-2010 is around 1.400 m3/s. Total water available 
from Alpine lakes correspond to 1.13 billion m3. The average annual 
temperature in the basin is around 5°C in the high Alps, 5-10°C in me-
dium mountains, and 10-15°C in other zones (Autorità di bacino del 
fiume Po, 2016). 

However, water availability, water storage and water management 
present considerable differences among the administrative regions part 
of the river basin (Lombardy, Emilia Romagna, Piedmont and Aosta 
valley, approximately corresponding to three geographical sub-areas in 
 

8Some of the other most representative studies were carried out by Bagnasco (1977); 
Brusco (1982); and Garofoli (1991). 

9Calculations are based on Istat data about value added at current prices and number of 
active firms (2013; dati.istat.it). The area taken into consideration for calculations includes 
Lombardy, Piedmont, Aosta valley, and the Emilia-Romagna provinces of Piacenza, Reggio-
Emilia, Parma, Modena, Ferrara. 
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relation to their location with respect to the Po River and the Alps).The 
first geographical sub-area, corresponding to the territory of Lombardy, 
and then located north of the Po River, has a high water availability, 
thanks to the presence of several Alpine lakes and reservoirs, and of the 
glaciers. In Lombardy, it is therefore possible to store considerable 
amounts of water and to manage adequately it, releasing it if necessary, 
for example in case of water shortage. The second area, roughly cover-
ing the territory of Piedmont and Aosta valley, west of the river basin, 
has also a high water availability, but it does not have a natural and arti-
ficial storage capacity as developed as in Lombardy. The third area, 
which apparently covers the territory of Emilia Romagna, south of the 
Po river, is much poorer both of water availability and storage capacity 
(it is highly dependent on the water availability of Lombardy and 
Piedmont), but its irrigation system is considered the most technologi-
cally advanced and efficient in the Po river basin. 

Notwithstanding the high level of water availability, in the last dec-
ades a progressive decline has been observed (Autorità di bacino del 
fiume Po, 2016). The average summer quantity of rain decreased, and 
the number of rainy days diminished, in particular in spring and sum-
mer time; consequently, the river flow during the dry season lowered. 
Moreover, from 1960 on, the average yearly temperature augmented of 
about 2°C, increasing the water needs for agriculture.  

Given these long-term trends, since the beginning of the new mil-
lennium some drought events occurred, becoming more and more fre-
quent. The first occurred in 2003, after a very long period of absence of 
water shortages caused by climatic conditions. Either very infrequent 
precipitations in spring and high temperatures, over the seasonal aver-
age, caused a reduction of water flows of about 50%-75%. Drought had 
remarkable impacts on power generation and on agriculture. The sec-
ond drought event was along three years from 2005 to 200710. Very re-
cently, in 2012 and 2015, two other drought events occurred. The anal-
yses presented in the next sections will be focused on the socio-
economic impacts on agriculture of the first two drought events oc-
curred from 2000 on.  

 
 

3. Distributive effects of drought on agricultural sector 
 

3.1 Data and Assumptions 

The impacts of 2003 and 2005-07 drought events on crop production 
in the Po river basin we re-estimated by taking into consideration time 
series about annual crop production provided by the Italian National 

 
10See Massarutto et al. (2013). 
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Statistic Office (Istat)11. The analysis was conducted with reference to 
four crop groups (cereals, industrial crops, fruits and vegetables12, that 
account for the 82% of the total agricultural production, and 40% of the 
total cultivated area, in the Po river basin (Istat, 2011).  

The change in crop production (ΔQi) was estimated as the difference 
between the production at the year i (drought year) and the average 
production of the previous four years13. Similarly, the price change (ΔPi) 
was estimated by using average annual farming prices provided by the 
Institute for Services for the Agricultural and Food Market (ISMEA)14, 
as the difference between the price at the year i and the average prices 
of the previous four years. The monetary values of the effects of the two 
drought events were actualised at year 201215 in order to make them 
comparable. 

 
Figure 3 – Yearly crop production (2000-2011; cereals, industrial crops, fruits, vege-
tables; 100 kg) 

 
Source: our elaboration on Istat data. 
 
 
 

 
11Dati.istat.it. 
12The aggregation in groups, although apparently causes loss of detailed information 

about the effects on each crop, was necessary in order to provide synthetic outcomes, 
comprehensive of most the wide variety of crops cultivated in the Po river basin. 

13In order to identify the effect of drought on the production, the difference of the pro-
duction between the year i and the previous years was corrected by eliminating the quantity 
effect connected to the variation of cultivated area, due to other reasons: crop rotation, CAP 
subsides, etc. Monthly data about prices were not available.  

14www.ismea.it. Data were available only at administrative regional scale (NUTS2 scale). 
Prices at river basin scale were therefore calculated as average of the prices in the three main 
regions part of the basin, Lombardy, Piedmont and Emilia-Romagna.  

15Price actualization is calculated using deflators defined on the basis of the inflation rate 
time series at country level (www.inflation.eu). 

http://www.ismea.it/
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Table 2 - Prices changes in the Po River Basin (2003; 2005-07) 
 ΔP2003 ΔP2005-07 
Cereals 3.1% 13.5% 
Industrial crops 13.8% 9.7% 
Fruits 25.7% 10.3% 
Vegetables 27.1% 29.8% 
Source: our elaboration on Ismea data 
 
 
3.2 How different social groups are affected?  

The first stage of the analysis of the distributive effects is the identifi-
cation of “winners” and “losers” at the river basin scale. Making basis 
on the consumer surplus theory as illustrated above, the quantity effect, 
the price effect, and the deadweight loss, were estimated with regards 
to both the 2003 and the 2005-07 drought event.  

For both cases, farmers resulted to be winners: infact, the negative 
economic impact caused by the decreased production (quantity effect), 
that concerned most of the crops categories (Figure 3), was largely coun-
terbalanced by the positive economic impact determined by the in-
creased prices (price effect), which was observed, as can be seen from 
Table 2, for all crops categories16. In absolute terms, the latter effect was 
even bigger than the former, in particular with regards to the second 
drought event. In the 2003 and 2005-2007 drought events farmers re-
spectively gained approximately 700 millions of euro (Table 3) and 200 
millions of euro (Table 4). 

Conversely, consumers resulted to be losers in both events, therefore 
their welfare decreased. Not only they were hit by the negative quantity 
effect, but also they were negatively affected by the price effect. As re-
gards the 2003 event, consumers lost approximately 1,300 millions of 
euro, while in 2005-2007 event they lost approximately 820 millions of 
euro. 

 
Table 3 – Impacts of 2003 drought event (mil. Euro/year) 

 
Quantity 

effect 
Price  
effect 

Deadweig
ht loss Tot Losers Winners 

Producers –551 1,257 — 706  V 
Consumers  –1,257 –41 –1,298 V  
Welfare  
Impact –551 — –41 –592 V  

Source: elaboration of Istat data and Ismea data.  
 

 
16Although, as explained above in footnote 5, it is assumed that not all farmers are actu-

ally winners, as a part of them probably lost all their crops. 



Impact of the drought events— D. MUSOLINO, A. DE CARLI, E A. MASSARUTTO 

 14 

Comparing the impact of the two drought events, the total loss of 
welfare, for both farmers and consumers, was rather similar (approxi-
mately 600 millions of euro), but there was the a remarkable difference 
with regards to the price effect. So that, farmers in 2005-07 gained “on-
ly” 200 millions of euro, much less than what they gained from the 2003 
event (–72%), and the consumers lost less (37%). 
 
Table 4 - Impacts of 2005-2007 drought event (mil. Euro/year) 

 
Quantity 

effect 
Price  
effect 

Deadweig
ht loss Tot Losers Winners 

Producers –578 778 — 200  V 
Consumers  –778 –41 –819 V  
Welfare  
Impact –578 — –41 –619 V  

Source: elaboration of Istat data and Ismea data.  
 
 
3.3 Distributive effects on different crops  

The analysis presented in the previous paragraph was realized tak-
ing the entire agricultural sector in the Po River Basin into considera-
tion. The second step of the analysis aims at estimating the economic ef-
fect on the different crops (agricultural sub-sectors), and therefore, indi-
rectly, on different groups of farmers (differently specialized) and con-
sumers. The analysis was especially realized on four different groups of 
crops(cereals, industrial crops, fruits and vegetables). 

As reported in Table 5, where the effects of 2003 drought event are 
showed, the effects on the groups of crops are apparently rather differ-
ent. Looking at the production side (farmers), the industrial crops re-
sulted to be moderately negatively hit by the drought: indeed, for this 
group the magnitude of the (positive) price effect was not big enough to 
offset the (negative) quantity effect. On the contrary, in the case of vege-
tables and fruit, the former resulted to be much bigger than the latter, 
and so the net effect was positive. In particular, as regards fruit, in abso-
lute terms the price effect is even ten times bigger than the quantity ef-
fect, which is extremely low (–45.8 millions of euro). Lastly, as concerns 
cereals, the changes in production and price due to the drought have 
been positive but small, and so the effects observed for this group of 
crops are quite limited.  

Therefore, it is possible to point out that farmers producing fruit def-
initely come to light as winners from the 2003 drought event, as they are 
the ones who had not only the greatest net benefits from the natural 
disaster due the price effect, but also the ones who, very limitedly (only 
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some of them), suffered the negative quantity effect17. Farmers special-
ized in vegetables were also winners: however, the (negative) quantity 
effect was rather big, so clearly a not small part of them is likely that at 
the end lost from the drought event. As far as farmers producing cereals 
and industrial crops are concerned, they can be considered, only limit-
edly, respectively winners and losers. 

Looking at the consumption side, the identification of the groups of 
consumers that respectively lost and gained is apparently easier: alt-
hough the welfare of all consumers were reduced by the 2003 drought 
event, the consumers’ losses in terms of welfare in the case of vegetables 
and fruit clearly resulted to be the greatest.  

 
Table 5 - Impacts on farmers and consumers in the Po River Basin on 2003 drought 
event (Million euro/year) 

 
 

Quantity  
effect 

Price  
effect 

Deadwei
ght loss Tot Losers Winners 

Pr
od

uc
er

s 

Vegetables –422.9 685.7  262.7  V 
Cereals 42.4 47.3  89.7  V 

Industrial crops –125.0 91.0  –34.0 V  
Fruits –45.8 433.3  387.5  V 
Total 551 1,257  706   

C
on

su
m

er
s 

Vegetables  –685.7 9.4 –676.3 V  
Cereals  –47.3 –2.6 –49.9 V  

Industrial crops  –91.0 –19.1 –110.1 V  
Fruits  –433.3 –28.6 –461.9 V  
Total  –1,257 –41 –1,298   

Source: elaboration of Istat data and Ismea data.  
 
Considering the 2005-07 drought event (Table 6), and looking firstly 

at the effects on farmers, it is apparent that, concerning vegetables and 
industrial crops, the sign and the magnitude of the effects does not sig-
nificantly change if compared to the previous event. Farmers cultivating 
vegetables are still winners, while farmers specialized in industrial 
crops result to be, even more apparently, losers. Instead, with regards to 
fruit and cereals, the outcomes of the analysis are clearly different from 
the ones observed for 2003 event. For fruit, the effects of the drought 
event are extremely modest: at the end, farmers even result to be losers. 
For cereals, the price effect is remarkable, and so farmers specialized in 

 
17Obviously, while the price effect is assumed to affect all farmers specialized in a group 

of crops (all them can benefit from the increased prices), the quantity effect is assumed to 
affect only a part of them, as it is reasonable to suppose that not all farmers will lose their 
crops, and not to the same extent.  
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this crop production come out from the 2005-07 drought event as win-
ners.  

Looking at the net benefits on the consumers of the 2005-07 drought 
event, it is easy to notice that again vegetables is the category of crops 
where there were the greatest welfare loss, together with cereals, that 
previously did not contribute to the welfare decrease.  

 
Table 6 - Impacts on farmers and consumers in the Po River Basin on 2005-2007 
drought event (Million euro/year) 

  Quantity  
effect 

Price  
effect 

Deadwei
ght loss Tot Losers Winners 

Pr
od

uc
er

s 

Vegetables –454.8 526.7  71.9  V 
Cereals 47.4 207.6  255.0  V 
Industrial crops –127.7 32.1  –95.6 V  
Fruits –43.4 11.7  –31.7 V  
Total –578 778  200  V 

C
on

su
m

er
s 

Vegetables  –526.7 –41 –567.8 V  
Cereals  –207.6 2 –205.1 V  
Industrial crops  –32.1 –2 –34.2 V  
Fruits  –11.7 — –11.8 V  
Total  –778 –41 –819 V  

Source: elaboration of Istat data and Ismea data.  
 
 
3.4 Distributive effects on different geographical sub-areas  

A third stage of the analysis concerned costs and benefits of drought 
on agriculture in different geographical sub-areas that are part of the 
case study area, as seen in paragraph 3.  

As shown in Table 7, summing up the effects deriving from both 
drought events, Lombardy and Piedmont clearly emerge always as the 
“winner regions”. They are those areas where farmers to the greatest ex-
tent could benefit from the combination of the quantity and the price ef-
fects caused by the drought. Respectively, in Lombardy the estimated 
economic benefit amount almost to 1,100.00 millions of euro, while in 
Piedmont they are estimated to be about 540.00 millions of euro. In par-
ticular, vegetables, which registered the biggest price changes in the 
drought years, resulted to be the group of crops that most contributed, 
without changing sign, to this outcome. Remarkable is also the contribu-
tion of cereals, in particular in Lombardy, and fruit, in particular in 
Piedmont. Differently from them, farmers from Emilia-Romagna could 
also enjoy a net positive effect from 2003 drought event, but they suf-
fered considerable losses from 2005-2007 drought event.  

It is easy to suppose that the greater water availability in the two Al-
pine regions allowed to contain the loss of crops (negative quantity ef-
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fect), while in Emilia-Romagna the water shortage dramatically hit the 
crops production, notwithstanding the highest efficiency of its irrigation 
technologies.  

 
Table 7 – Impacts on producers in the different geographical sub-areas of the Po River 
Basin18 
2003 Lombardy Losers Winners 
Vegetables 103,103,797  V 
Cereals 43,161,917  V 
Industrial crops - 18,135,205 V  
Fruits 151,686,294  V 
Total 279,816,803  V 
2005-07 Lombardy Losers Winners 
Vegetables 283,014,124  V 
Cereals 726,657,505  V 
Industrial crops - 111,544,408 V  
Fruits - 91,455,905 V  
Total 806,671,316  V 
 
2003 Piedmont &VdA Losers Winners 
Vegetables 51,755,345  V 
Cereals 41,975,864  V 
Industrial crops –49,859,620 V  
Fruits 102,966,886  V 
Total 146,838,475  V 
2005-07 Piedmont &VdA Losers Winners 
Vegetables 294,632,547  V 
Cereals 176,627,824  V 
Industrial crops –195,588,990 V  
Fruits 115,328,759  V 
Total 391,000,140  V 

 
 

 
18It is important to point out that the sum of the impacts in each region does not fully 

correspond exactly to the total impact as estimated and showed in Table 3, 4, 5 and 6. This 
slight discrepancy is due to the fact that farming unit prices (euro/ton) at basin level have 
been calculated as the average of the farming unit prices. Farming unit prices (kg/ton) at 
basin level have been infact calculated on a two steps process: (1) calculation of the farming 
unit price average registered at regional level, that is to say in Lombardy, Piedmont and 
Emilia-Romagna (for example, average of the farming price of a kg of apricots in Lombardy, 
Piedmont and Emilia-Romagna); (2) average of the unit prices of the agricultural products 
included in a crops category (for example, average of the farming unit price of a kg of 
apricots and of other fruits at basin level). After these two steps of calculations, an average 
farming unit price for each group of crops (vegetables, fruits, etc.) was available. Step 1 was 
not necessary for estimating the impact at regional level, as shown in Table 6. Lastly, it is 
also necessary to add that for some products data about farming unit prices were not always 
available for all three regions.  
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(Table 7) continued 
2003 Emilia Romagna Losers Winners 
Vegetables 107,078,012  V 
Cereals –14,417,746 V  
Industrial crops 77,494,178  V 
Fruits 118,526,911  V 
Total 288,681,355  V 
2005-07 Emilia Romagna Losers Winners 
Vegetables –182,565,512 V  
Cereals 3,486,960  V 
Industrial crops 107,315,691  V 
Fruits –382,764,154 V  
Total –454,527,015 V  
 
 
4. Concluding remarks  
 

Several lessons can be learnt from the analysis developed in this pa-
per, as well as implications for policies regarding droughts. 

In the first place, as a popular TV series titled: “the rich cry too”. 
Even a territory which is commonly regarded as ”water rich” may well 
suffer from droughts, since its vulnerability to water stress does not de-
pend on (absolute) water availability, but rather on the intensity of wa-
ter use, and on the elasticity of water demand.  

The Po basin, as seen in chapter 3, owes its water richness to its fa-
vourable position, at the feet of the Alpine chain, which allows stable 
and reliable spring and summer flows thanks to snow melt and the 
storage capacity provided by lakes and reservoirs. Water is therefore 
easy and relatively cheap to mobilize: this can compensate the relatively 
hot and dry summer weather, typical of Mediterranean climate. As a re-
sult, a water-intensive economy has developed; the abundance of 
cheaply available water encouraged its use also for the irrigation of rela-
tively low value-added crops, in particular in the northern part of the 
river basin. 

This combination of circumstances explains either the absolute mag-
nitude of the economic costs associated to the drought events analysed, 
or the difficulty of adaptation. 

Our estimate of the overall macroeconomic impact is rather high (–
1,857 B€ in 2005-2007 event); yet it could have been up to much lower, if 
available water could be reallocated to the most valuable crops. What 
happened instead is that upstream irrigation (very low value added) 
had the opportunity to use water first, while downstream irrigation 
(high value crops) had to be sacrificed, and suffered most of the produc-
tion fall. Yet reallocation is only possible when it is technically feasible 
to transfer available resources from one sub-region to the other. Volu-



New Series – WP CERTeT, No. 14/2017 
 

 19 

metric pricing – that could incorporate scarcity in various ways – re-
quires pressurized distribution and individual metering, and thence fur-
ther investments. Moreover, use of private boreholes (that many farm-
ers have used to compensate reduced availability from collective sys-
tems) is difficult to monitor. 

However, such an event, while obviously generating huge social 
costs, is not necessarily bad news for agriculture. The effects of a 
drought affect the economic system as a whole, rather than simply the 
industry or sector which happens to suffer from water shortage. Alt-
hough the primary sector is obviously the first one to be impacted, it is 
not necessarily true that farmers will also bear the economic burden – at 
least not all of them. Our study on the Po river basin shows that alt-
hough some farmers experienced very severe effects, agriculture as a 
whole found the drought beneficial in economic terms, while most of 
the burden was shifted onto final prices. 

Certainly, this approach needs further refinement, with respect to 
the simplifying assumptions seen in chapter 2 and to the data used. For 
example, as far as the structure of the value chains is concerned, future 
research should focus on the possibility to take all different production 
stages into account, in order to analyse better the transmission of the ef-
fects of the drought events along the value chains (and also the impacts 
on a higher number of social groups). But it also should pay more atten-
tion to some particular value chains, such as the high quality agri-food 
value chains, which are more and more relevant in the rural and local 
economy. And, as regards the data used, future analyses based on dif-
ferent timescales, for taking the different seasons into account, and on 
less aggregated crop categories, would add relevant information to the 
results so far obtained.  

Moreover, it is clear that a single case study cannot aim at providing 
a definitive and robust conclusion. The geographical scope of the appli-
cation of such methodology should be extended to other case study are-
as in order to gain additional empirical evidence. Further research 
therefore is definitely needed in order to assess the likely impacts of 
droughts and its distributional effects, and to design the best policies to 
tackle them. Expanding water supplies is not necessarily an answer, but 
neither is a “scholastic” application of the conventional economic theo-
ry. 
 
 
 
 
 
 
 
 



Impact of the drought events— D. MUSOLINO, A. DE CARLI, E A. MASSARUTTO 

 20 

References 
 
Autorità di bacino del fiume Po (2009), Il territorio del fiume Po. L’evoluzione 

della pianificazione, lo stato delle risorse e gli scenari di riferimento. Edizioni 
Diabasis, Reggio Emilia, Italy. 

Autorità di bacino del fiume Po (2016), Piano di Gestione del Distretto Idrogra-
fico del Fiume Po. 
[http://pianobilancioidrico.adbpo.it/index.php/progetto-di-piano-di-
bilancio-idrico/]. 

Bagnasco A. (1977), Tre Italie. La problematica territoriale dello sviluppo italiano. 
Il Mulino, Bologna.  

Brusco (1982). The Emilian Model: Productive Decentralisation and Social 
Integration, Cambridge Journal of Economics, 6(2): 167-184. 

COPA COGECA (2003), Assessment of the impact of the heat wave and 
drought of the summer 2003 on agriculture and forestry, COPA-
COGECA, Bruxelles, Belgium. 

Ding, Ya; Hayes, Michael J.; and Widhalm, M. (2010), Measuring Economic 
Impacts of Drought: A Review and Discussion, Papers in Natural Re-
sources. Paper 196 [http://digitalcommons.unl.edu/natrespapers/196]. 

EEA (2004), Mapping the impacts of recent natural disasters and technolog-
ical accidents in Europe, Environmental Issue Report No 35, European 
Environment Agency, Copenhagen, Denmark. 

EEA, JRCand WHO (2008), Impacts of Europe’s Changing Climate: 2008 
Indicator Based Assessment, EEA Report No 4/2008. 

FAO (2015), The impact of disasters on agriculture and food security. 
[www.fao.org/3/a-i5128e.pdf].  

Garcia-Valinas M. (2006), Analysing rationing policies: drought and its ef-
fects on urban users’ welfare, Applied Economics, 38: 955–965. 

Garofoli G. (1991), Modelli locali di sviluppo, FrancoAngeli, Milano, Italy. 
Grafton Q.R. and Ward M.B. (2008), “Prices versus Rationing: Marshallian 

Surplus and Mandatory Water Restrictions”, The Economic Record, Vol. 
84, Special Issue, September, S57–S65. 

Howitt R.E., MacEwan D., Medellín-Azuara J., Lund J.R., Sumner D.A. 
(2015), Economic Analysis of the 2015 Drought for California Agricul-
ture, Center for Watershed Sciences, University of California–Davis, Davis, 
CA. 
[https://watershed.ucdavis.edu/files/biblio/Final_Drought%20Report_
08182015_Full_Report_WithAppendices.pdf].  

Istituto Superiore per la Ricerca e la Protezione Ambientale (ISPRA)(2015), 
Il consumo di suolo in Italia. Edizione 2015, Rapporti 218/2015. 
[http://www.isprambiente.gov.it/files/pubblicazioni/rapporti/Rapport
o_218_15.pdf].  

http://digitalcommons.unl.edu/natrespapers/196
http://www.fao.org/3/a-i5128e.pdf
https://watershed.ucdavis.edu/files/biblio/Final_Drought%20Report_08182015_Full_Report_WithAppendices.pdf
https://watershed.ucdavis.edu/files/biblio/Final_Drought%20Report_08182015_Full_Report_WithAppendices.pdf
http://www.isprambiente.gov.it/files/pubblicazioni/rapporti/Rapporto_218_15.pdf
http://www.isprambiente.gov.it/files/pubblicazioni/rapporti/Rapporto_218_15.pdf


New Series – WP CERTeT, No. 14/2017 
 

 21 

Lloyd-Hughes B. (2014), The impracticality of a universal drought defini-
tion. Theoretical and Applied Climatology, 117: 607–611.  

Logan I., van den Bergh J. (2011), Methods for Assessment of the Costs of 
Droughts, CONHAZ (Costs of Natural Hazards). WP5 Final Report. 

Martin-Ortega, J., and MarkandyaA. (2009), “The Costs of Drought: The 
Exceptional 2007-2008 Case of Barcelona”. BC3. Basque Centre for Cli-
mate Change: Working Paper Series. 
[http://www.bc3research.org/d7H9dfT3Re2/20091118010820197093197
1.pdf]. 

Massarutto A., de Carli A. (2009), “I costi della siccità: il caso del Po”, Eco-
nomia delle fonti di energia e dell’ambiente, No. 2.  

Massarutto A., Musolino D., Pontoni F., de Carli A., Senn L., De Paoli l., 
Rego F.C., Dias S., Bifulco C., Acácio V., Andreu J., Assimacopoulos D., 
Ayala L.M., Gad, F., Monteagudo D.H., Kampragkou E., Kartalides A., 
Paredes J., Solera A., Seidl I., Wouters W. (2013), Analysis of historic 
events in terms of socio-economic and environmental impacts. Drought-
R&SPI Technical Report, No 9.  

 [http://www.eudrought.org/technicalreports/5]. 
Musolino D., de Carli A., Vezzani C., Massarutto A., Picarelli A., Puma F. 

(2016), “Drought management in the Po river basin, Italy”, Assimaco-
poulos, D., Van Lanen, H. A. J. (Eds.), Drought: Science & Policy. Part III: 
“Drought management experiences and the role of stakeholders”, 
Wiley. (forthcoming). 

OECD-WTO (2013), Aid for Trade and Value Chains in Agrifood. 
[https://www.wto.org/english/tratop_e/devel_e/a4t_e/global_review
13prog_e/agrifood_47.pdf].  

Stahl, K.; Kohn, I.; Blauhut, V.; Urquijo, J.; De Stefano, L.; Acacio, V.; Dias, 
S.; Stagge, J. H.; Tallaksen, Lena; Kampragou, E.; Van Loon, A.; Barker, 
L.; Melsen, L.; Bifulco, C.; Musolino, D.; de Carli, A.; Massarutto, A.; As-
simacopoulos, D.; Van Lanen H. A. J. (2016), “Impacts of European 
drought events: insights from an international database of text-based 
reports”, Natural Hazards and Earth System Sciences, 16: 801-819. 

Tallaksen LM, Van Lanen HAJ. (2004), Hydrological drought: processes 
and estimation methods for stream flow and groundwater. Develop-
ments in Water Science, Vol. 48. Amsterdam, the Netherlands: Elsevier 
Science. 

USDA (U.S. Department of Agriculture) (2014), Food Value Chains: Creat-
ing Shared Value To Enhance Marketing Success, May. 
[https://www.ams.usda.gov/sites/default/files/media/Food%20Value
%20Chains%20Creating%20Shared%20Value%20to%20Enhance%20Mark
eting%20Success.pdf]. 

Varian H. (2010), Intermediate Microeconomics. A Modern Approach. 8th Edi-
tion. W.W. Norton &, New York, London.  

http://www.bc3research.org/d7H9dfT3Re2/200911180108201970931971.pdf
http://www.bc3research.org/d7H9dfT3Re2/200911180108201970931971.pdf
http://www.eudrought.org/technicalreports/5
https://www.wto.org/english/tratop_e/devel_e/a4t_e/global_review13prog_e/agrifood_47.pdf
https://www.wto.org/english/tratop_e/devel_e/a4t_e/global_review13prog_e/agrifood_47.pdf
https://www.ams.usda.gov/sites/default/files/media/Food%20Value%20Chains%20Creating%20Shared%20Value%20to%20Enhance%20Marketing%20Success.pdf
https://www.ams.usda.gov/sites/default/files/media/Food%20Value%20Chains%20Creating%20Shared%20Value%20to%20Enhance%20Marketing%20Success.pdf
https://www.ams.usda.gov/sites/default/files/media/Food%20Value%20Chains%20Creating%20Shared%20Value%20to%20Enhance%20Marketing%20Success.pdf


Impact of the drought events— D. MUSOLINO, A. DE CARLI, E A. MASSARUTTO 

 22 

Van Loon, A.F.; Stahl, K.; Di Baldassarre, G.; Clark, J.; Rangecroft, S.; Wan-
ders, N.; Gleeson, T.; Van Dijk, A.I.J.; Tallaksen, L.M.; Hannaford, J.; 
Uijlenhoet, R.; Teuling, A.J.; Hannah, D.M.; Sheffield, J.; Svoboda, M.; 
Verbeiren, B.; Wagener, T.; and Van Lanen, H.A.J. (2016), “Drought in a 
human-modified world: reframing drought definitions, understanding, 
and analysis approaches”, Hydrology and Earth System Sciences, 20: 3631–
3650. 

Woo Chi-Keung (1992), Managing Water Supply Shortage: Interruption vs. 
Shortage, City Polytechnic of Hong-Kong, Dept. of Economics and Fi-
nance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



New Series – WP CERTeT, No. 14/2017 
 

 23 

Nuova Serie|New Series — WP CERTeT 
 
 
Anno|Year 2016 
 

N. 01 
«The Impact of Typical Products on the Decision to (Re)Visit a Tour-
ist Destination: Market-Expanding or Business-Stealing? 
by Marco Alderighi, Carluccio Bianchi e Eleonora Lorenzini 

N. 02 
«Effects of the London Congestion Charge on Air Quality: A Regres-
sion Discontinuity Approach» 
by Marco Percoco  

N. 03 «Lombardia 4.0, scenari economici territoriali e reti d’impresa» 
di Alberto Bramanti 

N. 04 «Lo sviluppo del nuovo scenario di integrazione globale» 
di Lanfranco Senn 

N. 05 

«New Manufacturing Trends in Developed Regions. Three Delinea-
tions of New Industrial Policies: ‘Phoenix Industry’, ‘Industry 4.0’, 
and ‘Smart Specialisation’» 
by Alberto Bramanti 

N. 06 «Fly and Trade: Evidence from Italian Manufacturing Industry» 
by Marco Alderighi e Alberto A. Gaggero 

N. 07 
«Wealth Inequality, Redistribution and Local Development. The Case 
of Land Reform in Italy» 
di Marco Percoco 

N. 08 
«ARGE-Alp: esperienze, limiti e prospettive di una “Comunità di La-
voro” delle Alpi» 
di Alberto Bramanti e Remigio Ratti 

N. 09 
«Utility e servizi pubblici locali. Scenari di cambiamento e loro ruolo 
nello sviluppo territoriale» 
di Alberto Bramanti e Francesco Silva 

N. 10 
«Do local subsidies to firms create jobs? Counterfactual evaluation 
of an Italian regional experience» 
by Giuseppe Porro and Valentina Salis 

N. 11 «Il ruolo delle città nello sviluppo economico italiano ed europeo» 
di Enrico Ciciotti 

 
 



Impact of the drought events— D. MUSOLINO, A. DE CARLI, E A. MASSARUTTO 

 24 

Anno|Year 2017 
 

N. 12 «”Missing links” e “bottlenecks”: cause, effetti e possibili soluzioni» 
di Angela Airoldi, Tatiana Cini e Roberto Zucchetti 

N. 13 
«Italian Industrial Districts Today: Between Decline and Openess to 
Global Value Chains» 
by Elisa Giuliani and Roberta Rabellotti 

N. 14 
«Evaluation of the socioeconomic impacts of the drought events: the 
case of the Po river basin» 
by Dario Musolino, Alessandro de Carli and Antonio Massarutto 

 
 
 


