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Abstract. The economic evaluation of drought impacts is es- natural hazards and make impacts difficult to assess (Wilhite,
sential in order to define efficient and sustainable manage1993). These characteristics require innovative methodolo-
ment and mitigation strategies. The aim of this study is togies to evaluate the economic impact and scope of a drought
evaluate the economic impacts of a drought event on the agrifWipfler et al., 2009).
cultural sector and measure how they are transmitted from Water-dependent activities such as agricultural production,
primary production to industrial output and related employ- agri-food industry and agricultural employment are severely
ment. We fit econometric models to determine the magnitudempacted by a reduction in water availability. Irrigated agri-
of the economic loss attributable to water storage. The directulture is the main consumptive water user in Spain, using
impacts of drought on agricultural productivity are measuredup to 90 % of available water resources in the Ebro River
through a direct attribution model. Indirect impacts on agri- basin (CHE-SDMP, 2007). Irrigated agriculture is therefore
cultural employment and the agri-food industry are evaluatedparticularly vulnerable to drought hazards. Rainfed agricul-
through a nested indirect attribution model. The transmis-ture is also vulnerable to droughts, but has a lower expo-
sion of water scarcity effects from agricultural production to sure because of lower land productivity and lower agricul-
macroeconomic variables is measured through chained elasdral production value. Both irrigated and rainfed agriculture
ticities. The models allow for differentiating the impacts de- provide the primary inputs for the agri-food industry, and
riving from water scarcity from other sources of economic drought impacts are therefore transmitted from one to an-
losses. Results show that the importance of drought impactether. Wilhite et al. (2007) and Iglesias et al. (2007) highlight
are less relevant at the macroeconomic level, but are moréhe complexity of assessing drought impacts that spread over
significant for those activities directly dependent on watertime into many sectors of the economy. It is therefore im-
abstractions and precipitation. From a management perspegortant to develop methodologies that allow for the measure-
tive, implications of these findings are important to develop ment of the losses directly and indirectly attributable to water
effective mitigation strategies to reduce drought risk expo-shortages; to discriminate these impacts from other influenc-
sure. ing variables; and to describe how these losses are related
to one another. Garrido et al. (2010) and Gil et al. (2011)
contributed to this work by developing econometric models
that assess the impacts of drought on agricultural production.
1 Introduction Their approach is adapted and further developed in this pa-
per to measure the magnitude of the impacts and their spread
Droughts originate from a deficiency in precipitation that, if throughout the economy.
sustained over time, may result in water shortages for hu- A accurate assessment of the socioeconomic and envi-
man consumption, economic activities or environmental re-.gnmental impacts of drought is necessary to enable im-
quirements (Wilhite and Glantz, 1985). The special Characéxoved management of water as a scarce natural resource,

teristics of droughts, such as their slow temporal onset angnform water allocation decisions in times of drought and
uncertain spatial propagation, set droughts apart from other
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design adequate drought mitigation and prevention measureand indirect economic effects of water supply on agriculture
that help minimize impacts. Recent focus on the need to im-are evaluated. Decaluwe et al. (1999) argue that introducing
prove the assessment of the costs of natural hazards in gemater price elasticity in analytical models permits evaluat-
eral, and droughts in particular, responds to concerns abolitg policy alternatives considering welfare criteria and water
the increased risks that derive from expected climate changeonservation objectives. While this may be true, droughts re-
processes. As a result, for example, recent EU-funded inisult in reductions in production as a result of the decrease
tiatives, such as the Xerochore (2010) and ConHaz projectén water availability that outweigh potential crop price in-
(Logar and van den Bergh, 2013), have emphasized the neetteases. The result is an overall decrease in the value of agri-
to improve the quality and reliability of drought impact as- cultural production. The elasticity of water can also be used
sessments. Basin-wide studies that integrate economic ant calculate how these decreases are transmitted from vari-
hydrologic optimization models have been used to assess difables directly affected by water to indirectly affected eco-
ferent policy alternatives in order to minimize impacts. Ac- nomic variables.
cording to Ding et al. (2011) most drought impact studies The economic impacts of drought and its spreading and
are developed for a specific drought event, contributing torepercussions throughout the economy of a region occur
assessment improvement for policy makers. Nonetheless, through economic links between the markets of primary
greater emphasis is needed to assess the real scope and sprpastiucts, whose production relies on water availability, and
of drought damages from primary to industrial sectors andthe economic activities that process them. The simpler di-
isolate these effects from other sources of economic perforrect estimations of drought losses measure the physical dam-
mance variations (such as price variations). age to crops (Ritcher and Semenov, 2005; Hartman, 2003;
Xiao-jun et al., 2012), and the microeconomic estimations
of these damages, relating market prices to production func-
2 Evaluation methods of economic drought impacts tions (Klein and Kulshreshtha, 1989), are the natural exten-
sion of the evaluation of primary production impacts. A num-
The economic performance of a specific sector in timesber of studies analysing the economic impact of droughts use
of drought is influenced by many factors, not only water mathematical programming models to simulate economic
availability. In order to discriminate the impacts of drought impact using linear (Dono and Mazzapicchio, 2010; Peck
from other influencing variables we can develop economet-and Adams, 2010) and non-linear models (Jenkins et al.,
ric models that include relevant explanatory variables of the2003; Booker et al., 2005). Hydro-economic models also
event and measure the causal relation and the attributiocombine mathematical programming with socio-economic
effect between variables (Martinez-Cachéa, 2004). The us@and environmental aspects to measure drought risks (Ward
of econometric models as a tool to evaluate the impacts ofind Pulido-Velazquez, 2012). Econometric models fitted at
drought at different levels would have the advantage of dis-the macroeconomic level (Alcald Agullé and Sancho Portero,
criminating drought effects from others. Furthermore, it al- 2002; Martinez-Cacha, 2004) or at the level of the irriga-
lows us to obtain production elasticities with respect to watertion district (Lorite et al., 2007), the irrigated farm (Rubio
availability, and the related effects across sectors (from pri-Calvo et al., 2006) or single crops (Quiroga and Iglesias,
mary sector to agri-food industry and agricultural employ- 2009) were also developed for this purpose. Other authors
ment). have used computable general equilibrium models (CGE) or
Water is an important input for agricultural production, input-output (I0) models to study the regional effects of wa-
and therefore variations in the amount of water affect agri-ter scarcity (Goodman, 2000; Gémez et al., 2004; Berrittella
cultural production levels, although the variation is not nec-et al., 2007; Pérez y Pérez and Barreiro-Hurlé, 2009). Wel-
essarily proportional. The elasticity between these two vari-fare losses of drought are also assessed by some authors,
ables determines the magnitude of the impact that will occurusing choice experiments (Martin-Ortega and Berbel, 2010)
In turn, the elasticity between agricultural production and re-or other innovative methods, such as happiness evaluations
lated macroeconomic variables completes the chain of causdCarroll et al., 2009; Frey et al., 2009).
tion, offering an inferential device to analyse impacts in the Moreover, complete estimations of drought losses have
economy caused by water supply shocks. been recently accomplished by some authors. Martin-Ortega
Most of the analyses concerning the elasticity of wateret al. (2012) performed this kind of study for the city of
as a production input evaluate the price elasticity of waterBarcelona, and, detailed compilations of existing literature
demand, with the price or shadow price being the variablewere made by Ding et al. (2011) or Logar and van den
factor. Schoengold et al. (2006) measure the direct effectBergh (2013), who agreed on the low impact of droughts over
of water pricing on water demand, and the indirect effectsthe total GDP of a region, and also on the need to have more
on changes in crop choices or irrigation technology, usingaccurate estimations.
the concept of elasticity. However, regardless of variations in  Evaluations of direct and indirect impacts of drought have
water prices, water use variations also generate different ineften been made through 10 models. The importance of these
direct impacts that can be evaluated. In this paper, the direanodels rests on the calculation of indirect impacts, but the

Nat. Hazards Earth Syst. Sci., 13, 26732694 2013 www.nat-hazards-earth-syst-sci.net/13/2679/2013/



M. Gil et al.: Direct and indirect economic impacts of drought 2681

magnitude of direct losses is generally estimated by simpleserve as an analytical tool for the description of the economy
comparison between the economic output of a specific secef a region, but most of the parameters, such as elasticities
tor in drought years with that of previous non-drought years.and the coefficients of production functions, soon become
This attribution may be inaccurate without considering time outdated.
trends or other factors influencing economic results. IO mod- The 10 and CGE methodologies are similar and both try
els use the direct impact as the starting point of analysis tdo capture the relationships and causation chains that result in
derive the indirect impacts through forward and backwardthe indirect impacts of drought. Conceptually, the relevance
economic linkages. This approach assumes that negative ebf the indirect impacts is related to that of the direct impacts,
fects provoked by changes in final demand will transfer via abut the multiplier effects will likely change with technology
multiplying effect to production and employment in the eco- and other external factors. Therefore, impacts of drought on
nomic structure of the region (Leontief, 1986). Therefore, if the agri-food industry depend on the magnitude of direct im-
the effect on production is incorrectly measured none of thepacts on agriculture, and it is assumed that impacts tend to be
other relations would be precise. attenuated as they move away from the primary sector, un-
IO tables are highly specific for the economy of a partic- less the industry itself suffers water shortages. This hypothe-
ular geographical area. In Spain Pérez y Pérez and Barreircsis is one of the main considerations of this study. Chéliz et
Hurlé (2009) use this approach to evaluate the economy oél. (2009) also point to the close relation between agricultural
the Ebro River basin, and Chdliz et al. (2009) model thewater use and the use of inputs from agriculture by the agri-
economic importance of water within the economy of the food industry, but in order to be relevant for our purposes the
Aragon autonomous communttflocated in the Ebro Basin)  relation must be directly attributable to drought. Berrittella
by using the Social Accounting Matrix and Environmental et al. (2007) describe water as mobile between agricultural
Accounts (SAMEA). Morilla et al. (2007) use IO models to sectors. This virtual mobility can be measured through the
measure the efficiency of industrial water uses, but they sugtransmission of economic impacts or, as will be shown in
gest the methodology could imprecisely estimate the multi-this paper, through chained water-related elasticities.
plier effect, which may increase the estimation of impacts The model proposed here has the advantage of being sim-
as they are transmitted. Therefore, 10 analysis is useful apler than both IO and CGE as it focuses on a single sector. It
a means to understanding the general functioning of variougan also be easily updated through the use of publicly avail-
sectors in a specific period of time and location, but does noable data bases and it aims to improve the accuracy in the
necessarily provide accurate assessment of the economic inattribution of supply shocks to the economic results. Never-
pacts of a drought event. theless, it represents a complementary analysis to those made
CGE models have also been used to evaluate drought imthrough 10 and CGE models.
pacts. They are a class of economic models which attempt to Labor utilization is also considered as an indicator of the
provide a view of the entire economy, using actual economicdndirect impacts of drought. Both self-employment and hired
data to estimate how an economy might react to changesmployment are presumed to be related to water availabil-
in policy, technology or other external factors. Gémez etity and, therefore will be impacted by water scarcity. How-
al. (2004) used it in the Balearic Islands (Spain) to eval-ever, Garrido et al. (2010) and Schuh (1962) measured vari-
uate water use efficiency gains through water trading be-ations in hired labor through econometric models, and both
tween agricultural and urban water uses. They also assess tlieund no significant relationship between water availability
economic impacts of various water allocation criteria in theand agricultural employment. These findings are inconsis-
Balearic Islands using the National Agricultural Accounting tent with evaluations of drought impacts through 10 and CGE
Network and the 10 tables for 1997 to create future scenarmodels (e.g. Pérez y Pérez and Barreiro, 2009). The fact that
ios. The hypothetical problem of inaccuracy in the impact agricultural employment is apparently not severely impacted
estimation becomes less significant here, because the alternby droughts indicates that other important variables affecting
tives are used for comparison between scenarios. Berrittell@hanges in employment, including time trends and technical
et al. (2007) simulate a Global Trade Analysis (GTA) using innovation, may blur the effect of water scarcity in the agri-
CGE for restricted water supply, also with data from 1997. cultural labour markets.
It may be useful as an assessment for management solutions This study addresses two sets of questions. Concerning the
or options. The potential for informing actual managementdirect impacts of drought, the study evaluates the magnitude
criteria for scarce resources diminishes as the lapse betweenf the effects of drought on the value of agricultural produc-
the reference year used for model calibration and the projection, trying to discriminate the effects of the lack of water
tion period expands. It is also worth noting that CGE modelsfrom other variables that may be influencing the final output.
The study also evaluates the effect of direct impacts on agro-

1administratively Spain is divided into 17 Autonomous Com- industrial production, as an example of indirect impacts.
munities many of which, in turn, comprise several provinces. The The main contribution of this paper to the existing liter-
Ebro River basin encompasses the territory of eight Autonomousature is to create a common methodology based on econo-
Communities. metric models that explain the relations between direct and
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indirect losses due to drought in the agri-food sector and tc » A
calculate chained elasticities in order to analyse how impact: 3§ /7
are spread between sectors and along the value chain. Mot S
els include a number of explanatory variables obtained from el e
general statistics, so the methodology may be replicable ir
other geographical locations, especially within Spain where
drought and water management follows common rules.

This paper is organized into eight sections. After this in-
troduction and review of relevant studies, we present the cas
study focus, the methodology and data sources. Results al

presented and discussed, followed by some concluding relegend i ot ¥
marks River water bodies T
Ebro basin
3 Context and focus of the study Fig. 1. Case study: the Ebro River basin and its management

areas source: (CHE, 2011) (available http://www.chebro.es/

The methodology proposed here follows the general eCOnO<_:ontenido.visualizar.do’?idContenido:12011&idMenu=2221ast

metric models developed by Garrido et al. (2010), Gil-Sevilla access: 27 January 2012). Source: Authors’ elaboration.
et al. (2010) and Gil et al. (2011) to measure drought im-
pacts using impact attribution models. This work focuses ge- , -
. ) S .~ Jreservoirs, or groundwater levels when these are a significant
ographically on the Ebro River basin (in northeastern Spain) . .

and considers 15yr of data (1995-2009). Figure 1 re re_resource (rarely in the Ebro Basin).
y - 719 P During the period of analysis (1995-2009), the Ebro River

§ents the Ebro ijer basin within Fhe country. The anal.ySiSbasin experienced two major drought events: one from 1995
is performed at different geographical levels, but the unit ofto 1996, and another from spring of 2005 to spring of 2008.

analys_|s Is the river basin. Data collected at different geo Both events affected most river basins in Spain. Table 1 il-
graphical scales has been processed and adapted to ma ; ; .

, L Ustrates the evolution the onset of drought in the Ebro Basin
the study’s objectives.

The river basin dimension is appropriate for the anal Sisthrough the evolution of drought indices in the main agricul-
pprop YSStural provinces of the basin affected by the drought.

of drought impacts, because of two main reasons: (i) it is
the planning and management scale established by the Water
Framework Directive (Directive 2000/60/EC) (Estrela and 4 Methodology
Vargas, 2012); and (ii) from an impact assessment perspec-

tive, it is the basic unit of interrelations between direct and gconometric models are used to evaluate the socio-economic
indirect impacts (Pérez y Pérez and Barreiro-Hurlé, 2009impacts of drought. We first fit direct attribution models and
Chéliz et al., 2009). then, using the fitted variables as explanatory variables, we
The Ebro River basin, with a total storage capacity of fit another set of attribution models to evaluate indirect im-
7500 Mn? (MAGRAMA, 2012) and an average annual pre- pacts in the agri-food sector and in agricultural employment.
cipitation of 478 mmyr* (AEMET, 2009), experiences re- The direct damages of drought are measured for both ir-
curring drought periods approximately every ten years. Igle-igated and rainfed agricultural production using economic
sias et al. (2007) proposed guidelines for adequate droughiroductivity measurements as dependant variables. The indi-
management plans in Mediterranean countries. They emphaect damages are measured in terms of agricultural employ-
size the need for a robust system of indicators that can proment and Gross Value Added (GVA) index of the agri-food
vide information for early detection of drought episodes andindustrial sector. For the indirect impacts an inference proce-

promote preparedness activities. Drought indicators in Spairyre using chained elasticities is also formulated.
were designed and evaluated starting in 2005 in an attempt

to anticipate risk (Estrela and Vargas, 2012), and Drought4.1 Direct attribution model

Management Plans were approved in 2007. Drought indices

consider both the availability and the demand of water toThe direct attribution model has been adapted from previ-
set up the thresholds that will trigger different preventive or ous models (Garrido et al., 2010; Gil-Sevilla et al., 2010;
management actions. From the point of view of water avail-Gil et al., 2011). In the methodology proposed in this pa-
ability, indices are often simplified and refer to the predom- per, the value of production is the variable to be explained
inant source of water used in each management area. In th&hen direct damages are considered. This variable captures
Ebro, indices use reservoir levels as indicators in hydrologi-the variations in the value of agricultural production between
cally regulated areas, streamflows in areas where there are ri®95 and 2009. A water availability indicator is required as
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Table 1. Monthly drought indices for the main agricultural provinces in the Ebro River basin during two drought periods (1995 and 2005—
2008).

Year Province November January March May July September

Alava 0.11 0.48 0.67 0.33 0.02 0.12
Huesca 0.66 0.63 0.68 0.36 0.17 0.11
Lleida 0.87 0.64 0.29 0.01 0.17 0.26
1995 LaRioja 0.40 0.59 0.68 0.33 0.15 0.43
Navarre 0.56 0.74 0.76 0.64 0.46 0.13
Teruel 0.07 0.07 0.06 0.01 0.04 0.07
Zaragoza 0.76 0.82 0.88 043 0.14 0.03
Alava 0.51 0.57 0.77 0.56 0.36 0.10
Huesca 0.34 0.15 0.01 0.01 o0.01 0.01
Lleida 0.01 0.02 0.06 0.15 0.17 0.01
2005 La Rioja 0.54 0.39 053 058 0.34 0.43
Navarre 0.41 0.46 0.88 059 0.54 0.46
Teruel 0.42 0.40 0.29 0.14 0.04 0.09
Zaragoza 0.29 0.29 0.17 0.33 0.14 0.13
Alava 0.47 0.59 052 0.34 0.01 0.04
Huesca 0.19 0.10 0.36 0.31 0.22 0.44
Lleida 0.21 0.15 0.28 0.16 0.01 0.10
2006 La Rioja 0.48 0.42 0.66 0.48 0.45 0.62
Navarre 0.48 0.77 0.77 0.49 0.37 0.36
Teruel 0.18 0.16 0.19 0.18 0.09 0.12
Zaragoza 0.21 0.32 0.67 052 0.40 0.73
Alava 0.73 0.01 0.66 0.63 0.52 0.25
Huesca 1.00 0.85 0.82 095 0.49 0.35
Lleida 0.18 0.07 0.01 0.16 0.11 0.04
2007 LaRioja 0.64 0.37 0.41 1.00 0.68 0.61
Navarre 0.39 0.22 0.92 0.69 0.84 0.51
Teruel 0.13 0.03 0.40 049 0.21 0.12
Zaragoza 0.96 0.82 0.86 0.74 0.53 0.39
Alava 0.17 0.09 0.33 0.57 0.66 0.21
Huesca 0.11 0.01 0.01 0.93 0.80 0.58
Lleida 0.01 0.01 0.02 0.55 0.65 0.32
2008 LaRioja 0.48 0.26 0.15 0.71 0.77 0.68
Navarre 0.32 0.20 0.40 0.82 0.72 0.57
Teruel 0.15 0.07 0.18 0.23 0.37 0.20
Zaragoza 0.22 0.26 0.29 0.62 0.70 0.57

Source: Authors’ elaboration with data from CHE. Note: value8.20 indicates emergency; values0.30
indicates alert and values0.50indicates pre-alert.

explanatory variable to measure the impact of drought orthan the scale of the province used for this study. A simple
crops’ growth and harvests. For this purpose, we selectedinear regression between drought indices and provincial pro-
the drought indices defined by the Ebro River basin Au-duction values allows us to determine which indicator better
thority (RBA) for each management area in the basin (CHE explains the drought situation in each province. Drought in-
1995-2009) and the accumulated precipitation from Januarglices and accumulated precipitations provide the most objec-
to June of each year (AEMET, 1995-2009). This period wastive and transparent indicators of farmers’ water availability.
selected because precipitation patterns during these monthEhere are other causal variables that influence the economic
affect crop growth (Quiroga Gomez et al., 2010). Droughtresults of both irrigated and rainfed agriculture, but they are
indices are used for the irrigated agriculture model and accunot related to drought.

mulated precipitation for rainfed agriculture. Each model is A general econometric model is proposed for both irri-
fitted separately. Drought indices are calculated monthly forgated and rainfed agriculture to explain the variation in the
the scale of each management area, that is generally smallenonetary value of harvests. The variable to be explained is a

www.nat-hazards-earth-syst-sci.net/13/2679/2013/ Nat. Hazards Earth Syst. Sci., 13, 262884 2013



2684 M. Gil et al.: Direct and indirect economic impacts of drought

function of a time trend, water availability, agricultural sub- the previous 3yr (Eg. 2), wher®;; is the accumulated rain-
sidies and a crop price index, as formulated in the followingfall for each province and each year.
equation for each province)(of the Ebro River basin. -

s 2isRi

PVir = a; + b T; + ci\Waj; + di CAPj; + e; Pir + uir, 1)  Ri=—F3— (2)

; .. o ) — 2 _ 2 . . . .
with u; = eir + pigir—1, E (¢i) = 0 ando; = o whereT, ~ Those “normal” variables are introduced into each fitted
is the time variable expressed in years (from 1995 to 2009)1,44e| to obtain the average production value for each year

Wa, is the hydrological variable water availability expressed i orger to compare this value with the one obtained with the
as a drought index value for the irrigation model, and in mm ,4a in drought years (Eq. 3).

of accumulated precipitation during the growing season for
the rainfed model; CAR are the Common Agricultural Pol- PVi, = d; + b; T; + ¢:Way,+d; CAP;,+é; Piy + uis, 3)
icy subsidies in million€ at an autonomous community level - ) _
j; and P;, is a crop price index for each province and eachWherePv;, is the “normal” production valuélVa, is the nor-
model (one for irrigation, another for rainfed). mal yvgter avalla_blhty, that s, the “normal” drought index for
The dependent variable Pvs the production value of thg irrigated agnf:ulture m_odel, or the accumulated average
rainfed and irrigated agriculture, calculated using data on surf&infall for the rainfed agriculture one. The normal produc-
face area, yields and prices for both types of agriculture, tdion value Pv;,) provides the values that would have been
obtain an annual provincial value in thousand of nomi@al obtained in each province if a sufficient amount of water had
An alternative option would be to evaluate the variablg Py Peen available. It can also be expressed in a range of values
in real € (current or constant) by dividing it by a price in- If We consider the error termv;) of the model. The result
dex such asP;;. However, a nominal evaluation (in current (Pv;;) can be compared with the result obtained with less wa-
€) of Py, has two advantages. First, both farmers and wateiter (lower drought index or less precipitatic(rl?vi,) for each
managers understand economic evaluations better in nominglkar (fitted Eq. 1). The comparison of both values leads us to
terms. Second, the effect of price variation is isolated fromthe economic impact due to lower drought index or lower
the effects of time and of water availability. precipitation, which means lower water availability in each
The model (Eq. 1) is fitted using the Prais-Winsten case. Therefore, direct impacts (Difor a specific year are
method for time series data. The Durbin—Watson statistic washe following for each province
calculated and the effect of serial correlation errors was cor- . _
rected. Multicollinearity between Wa P;; andT, was tested ~ Diir = PVi; — PV, 4
measuring the variance inflation factor (VIF) which is around
1.43 for irrigation regressions, and 1.51 for rainfed.

First, the fitted model is used to measure the impact atrhe gecond component of the methodological approach is
tributable to the shortage of water for both irrigated and rain-5s5 pased on econometric models. The objective of the

fed agric_ulture. The fitted model allows thfa comparison of aNmethodology is to clearly identify which variables are di-
economic “normal” or “average” result with a drought-year rectly related to the lack of water and to identify how

“bad” result. This requires defining what a “normal” situa- {hese variables indirectly affect agro-industrial production
tion is for each type of agriculture. This is calculated with 54 agricultural employment.

the fitted model by introducing an average value of the water 4 eyajuate the economic variations of indirectly affected
availability variable (Va) to obtain the Py thatwould result \5riapjes, an indirect attribution model (two-step model) is
in a year of normal water availability and without altering the proposed. The aim of this part of the methodology is to ex-
other conditions of yearand province'. __ plain the evolution of agri-food industrial gross value added
For irrigated agriculture the “normal” water availability (Gya) and agricultural employment through models fitted in
variable is the drought index of normal conditions when they steps. The first step measures the direct relations and the
drought index falls between 0.5 and 1, water supply is CON-gacond step measures the indirect relations. The explanatory
sidered sufficient to satisfy all demands, while drought in-y 4 iaples are the fitted variables obtained from the models

dices below 0.5 indicate pre-alert, alert or emergency Situeyeloped to estimate irrigated agriculture and rainfed agri-
ations according to the thresholds established by the Ebre ;iyre production values (Eq. 1).

Special Drought Management Plan. Therefore, 0.5 has been |njrectly affected variables (indirect variables hereafter)
selected as the value above which the water availability vari-; .o modelled in an attempt to obtain better estimations of

ableis consiQereq “normal”. 'I_'he drought index has not rise“drought losses. The model proposed in step two estimates
above 0.75 since it started being calculated (CHE, 2011), anghgirect variables depending on fitted Irrigated production

no drought management measures are implemented until they e and fitted rainfed production value (from step one,
index falls below 0.3 (alert status). Eq. 1) as Eq. (5) indicates:

In the case of rainfed agriculture the “normal” water avail-
ability is calculated with the moving average of rainfall from Iv;; = a; + b;1pv;; + ¢; Rpv;; + is, (5)

4.2 Indirect attribution model: two step model
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with E (¢j) =0 andol.zt = o2, where ly; (indirect variable) irrigation water availability (Wa) and/or rainfed water avail-

refers commonly to agri-food industrial GVA or agricultural ability (Wap) may have an impact on indirect variables. Since

employment, but both are estimated separat@ly, lis the  there is a relation between indirectly and directly affected

fitted Irrigation production value, anV;, the fitted rainfed  variables, and moreover directly affected variables are re-

production value. These two are estimated from the modeldated to water availability, a combination of elasticities would

formulated by Eqg. (1). lead us to obtain how the impacts are transmitted. By substi-
Although the trend has been omitted as an explanatontuting Eqgs. (6) and (7) into Eq. (8), the following equations

variable, it is included as the time trend for both fitted irri- are obtained:

gation production value (Ipv) and rainfed production value 5

(Rpv). Different alternatives have been tested to eliminately;, = ¢ (e5i+8i T\Way S CAPY: pi ) '

the trend and isolate the variances on indirect variables from "

strong trends over time. But, as will be shown in the results (ee"“iTWagm CAP” P5f> (20)

section, one of the most significant factors influencing in- 5

direct variables is the trend in agricultural production, thus IVir=e* ((€6i+SiT) " (Warbif) (CAppiﬂi)(P"iﬁi)>

it cannot be omitted. Multicollinearity between explanator .

variables has also been tested with )t/he VIF statis?ic, and )r/e- x <(691 Ry (Wap!177) (CAPA ) (P yl)) (11)

sults show that there are not multicollinearity problems, with o

values ranging between 1.71 (for agri-food industrial GvA) ~NO contemporaneous relation is assumed between accu-

and 1.78 (for employment). mulated precipitation fo_r ra_unfed crops (Waspanpmg only
Additionally, linear simple regressions between, land 5 months)_ and d_rou_ght indices that use re_serv0|_rst(_)rage val-

actual or fitted irrigation production value and, separately, re-U€S as primary indicators (WE. The partial derivative of

gressions between;hand actual or fitted rainfed production indirect variable by Wawould be¢; §; (Elasticity of Indi-

value have been done. Results show that there is a relation b&€Ct variables in relation to irrigation water) and the partial

tween directly affected variables and indirect sectors (Fig. 3derivative of indirect variable by Wals w;y (Elasticity of
shows the regression lines referred to the regions). Indirect variables in relation to rainfed water) form Eq. (10).

4.3 Spread of impacts: chained elasticities
5 Data sources

An additional approach based on inference procedures is pro- ) _ o )
posed to measure the spread of drought impacts from agricull N® main variables measured in this study, and used as in-
tural production to the main indirect variables affected. By 4ePendent variables on the econometric models, are: (i) eco-
calculating different elasticities the spread of impacts fromnomic production value (distinguishing irrigated agriculture
directly affected variables to indirectly affected ones can be2nd rainfed agriculture); (ii) GVA of the agri-food industry;
estimated. We consider a neoclassical model in the traditiond (iii) agricultural employment (both self-employed and
of Solow (1956), where elasticities can be extracted from arhired Ia_bour, collected from Spanish Social Security data for
adaptation of the econometric models formulated in previough€ period 1999-2009). _

sections. Equations (1) and (5) are transformed into logarith- E&ch production value (Ipvand Rpy,) is calculated as
mic form and reflected in the following production functions: follows:

Rpv = e +4iTWaphi CAP?i Péi 6 X
P SteT ) ) , ( ) PVit=ZSjiXinijt (12)
Ipv = e’ e T \Way 5 CAPY P 7 =1

Iv = eIV RpV" (8) whereS;; is the irrigated or rainfed surface area in province

The elasticities found in this equation system (Egs. 6, 7i, yeart, and cropj (j =1,...,94),Y;,; denotes the yield of
and 8) are divided into two groups: some dependant on wate@ach crop (differentiating irrigated or rainfed) in province
availability (water for irrigation or precipitation in the case andyeat, andpj, is the national on-farm price for each crop
of rainfed agriculture) and others dependant on irrigation orin yearz.

rainfed productions. The elasticities are the following: Agricultural GVA is collected from the Spanish National
Statistics Institute for a time series that spans between 1995

= dloglv : %:M and 2010 at the regional level (autonomous community) and

dloglpv dlogRpv is measured in nominal Euro. Employment is also collected
dloglpv dlogRpv

':_8 |ngal’ i= 3109 Wap 9) 2R2 resulting from an OLS regression between drought indices

o _and accumulated precipitation is 0.04 and thealue is not signif-
None of them measure the elasticity between water availicant (0.133). Both variables are certainly related in a longer term

ability and indirect variables. However, variations on either period (interannual).
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Table 2. Regression results from Direct Attribution models. Correlation coefficients and significance of explanatory variables.

. Irrigated production value Rainfed production value

Provinces

R? T Way P CAP R? T Way P CAP
Alava 0.29 —742.99 21991.21* 223.11 343.03 0.87 1125.45 44.41198.85%* —514.45
Huesca 0.83 23361.95*** 103043.80** —3669.75** —460.19** 0.75 6160.17** 240.55*** 4421395 —311.89**
Lleida 0.91 5686.71 79064.39 1790.06 72.90 0.86-5264.45%**  173.44* 647.1151 84.49
LaRioja  0.66 1989.99 —5154.58 324.14  1764.85* 0.23 1452.42 15.64 -188.04 —559.39
Navarre 0.99 13169.22%* 13666.95 1301.606** —420.46* 0.76 2556.83 128.00 -1101.17 —105.71
Teruel 0.71 —-244.64  -10236.96 1513.63 —47.11* 0.79 1561.14  204.5%** 540.67 —134.89
Zaragoza 0.98 35357.07*** 100171.40** —8215.89*** —220.60 0.65 5690.32 294.34 766.75 —225.91

*** p < 0.01; **p < 0.05; *p < 0.1, (» = 14 observations).

from official data from the Social Security Administration 6 Results: drought attribution models and estimated
from 1999 until 2009 in the number of self-employed and  elasticities
hired workers per province.

Additionally, a weighted price index has been built for ) o
each geographical unit and each type of agriculture (denotea_abl? 2 reports the results from the direct attribution econo-
by P;,) to capture the variations in product value due to crop Metric models (Egs. 1 and 5). The left part corresponds to the
price variations. This index takes into account the importancd €SUlts of the irrigated agriculture models and the right part
of each group of crops (twelve groups: cereals, fruits, indus-t‘_) the rainfed ag_rlcu_lturezmodels. The majority of the coeffi-
trial crops, etc.) within each unit and is calculated using theCl€Nts Of determinationk) are above 0.60 and almost 50 %

following formula: of them are above 0.70. This means that the variations of the
dependent variables are moderately well explained by the ex-
122 PV, x Py planatory variables used. Although different results can be
p. k=1 ! ! (13) seen for thekR? depending on the province considered, fitted
= 5.

results for the provinces of Alava for irrigated agriculture or

where Pyy, is the total value of crop group(k = 1, ..., 12), La Rioja for rainfed agriculture, for instance, are very poor.

o . : . By contrast, those provinces where the model offers high val-
which is representative of the crops grown in each province.

2 . .
All 94 crops were included in these 12 groups so that eaches of R< allow for a more accurate estimation of drought

group has a specific price indeR;;, which is published by Im?ﬁgta}ater availability variables used in the rainfed model
the official statistical source (MAGRAMA, 1995-2009). Y . .
: : L are better able to explain the evolution of agricultural pro-
Common Agricultural Policy (CAP) subsidies have been . : N
X 0 : : duction values. Rainfall variation is a very good explanatory
obtained from the FEGA (“Spanish Agricultural Guarantee ~_ : . ;
o . variable for the value of rainfed agricultural production (most
Fund”) database for the 1997-2009 period. Data for 1995 Co .
. of them are significant or very significant,< 0.05). How-
and 1996 has been assumed to be the same as if.1997 L :
- ) ever, irrigated production models (left panel) offer a less ac-
Elasticity values obtained from f; andp;y; are usedto . o o 1anation of the evolution of irrigated agricultural
measure the impacts on agri-industrial GVA attributable to P 9 9

water availability, as indicated in Eq. (12). To calculate GVA prqductmn values as a result of yar!atlons n Wgter a"".""‘
| . . . ability expressed through drought indices, with prices being
impact at an autonomous community level from provincial-

., I more important and the trend’f being the most significant
level elasticities of water availability, percentages of pro- : . .
L : . : explanatory variable. The value of rainfed agricultural pro-
duction importance of provinces in the corresponding au-

: : duction is less affected by price variations than that of irri-
tonomous community must be calculated and applied. . . .
gated agriculture, where outputs have higher price levels and

AGVA (%) = ¢; 8i x AWay (%) ; higher market risks. Despite this, the coefficients of price in-
AGVA (%) = ;i x AWap (%) (14)  dexes are negative in a few provinces, which may capture
) ) ) the cases when agricultural production output is low, supply
The impact of a drought year is calculated in reference togecreases and, therefore prices increase. CAP subsidies are
the average water availability for each case, which is the noryg|evant in some provinces, but with ambiguous results.
mal drought index (0.5) or the average rainfall for previous  Tapje 3 reports the results from the econometric models of
years (Eq. 2). indirect variables, in the left side results for the GVA of the
3Before FEGA managed CAP subsidies, FORPA (“Fund Man- @dri-food industry (at the level of autonomous community)
agement of Agricultural Products”) and SENPA (“National Service are presented, and on the right side the results from the em-
of Agricultural Products”) had that role. Data from those organiza- ployment models (divided into two types: family and hired
tions is not available. labour) are shown. Overall results suggest that the proposed

Pvi
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Table 3. Regression results of two step models for indirect impacts of drought: agri-food industrial GVA (regional level) and employment

(provincial level). Correlation coefficients and significance of explanatory variables.

Indirect impacts

GVA agri-food industry Family labor Hired labor

Autonomous ~ R? Rpv Ipv  Provinces RZ? Rpv Ipv R2 Rpv Ipv

communities

B. Countn}  0.52 26.85 90.94*** Alava 0.75 —0.01 —0.03*** 0.60 0.02** 0.08

Navarre 0.97 7.77  9.39%** Navarre 0.98 —0.03** —0.02*** 0.66 0.03**  —0.03
Zaragoza 0.68 0.004 —0.01* 0.15 —-0.01 0.001

Aragon 0.71 —6.74*  5.49*+ Huesca 0.51 0.07*  —0.03* 0.08 —0.003 0.0001
Teruel 0.35 —0.01 —0.13 0.33 0.00 0.03

La Rioja 0.63 21.45*  7.12*** LaRioja  0.91 —0.06*** —0.01*** 0.67 0.10*  0.03*

Catalonia 0.91 —-86.80*** 48.41*** Lleida 0.90 0.07**  —0.03*** 0.81 —-0.03** 0.02

(1) Basque Country; **% < 0.01; **p < 0.05; *p < 0.1.

methodology is consistent, because moderately high values The elasticities are empirically applied to either mea-
of R? and coefficients of statistical significance are reported.sure actual losses or potential losses in hypothetical water

A more detailed assessment of the results shows how irscarcity scenarios. This gives a perspective of the vulnera-
rigated agricultural production is the main explanatory vari- bility and the risk of each geographical unit. For example in
able for agri-food GVA in almost all cases. Irrigated agri- the province of Zaragoza (within the autonomous commu-
cultural production is the main input for agri-food industry. nity of Aragon), where;; = 0.20 (p < 0.01), a decrease of
Furthermore, the strong trend followed by the irrigation sec-1% in water availability would be reflected in a decrease
tor was accompanied by the variation of the total GVA of the of 0.20% in irrigated production value, and this decrease
industry related to agricultural products. Regarding employ-(0.20 %) is transmitted to the agri-food GVA as a decrease
ment, a negative sign is predominant for both rainfed and irri-of 0.17 % in value (the indirect effect @f 8;). In a scenario
gation, which may indicate that employment variation is not of drought (for the same province) where the hypothetical re-
dependent on water and production variations. In this case, duction of water reaches 50 %, the value of agricultural pro-
strong negative trend is obtained making it difficult to accu- duction would decrease by up to 10 %, and agri-food GVA
rately measure the impacts attributable to water scarcity.  would decrease by up to 8.5 %.

Elasticities calculated to identify the transmission of In the case of rainfed agricultural production in Huesca
drought impacts to agri-food industry GVA are reported in (also within the autonomous community of Aragon), where
Table 4. The significance obtained from the fits is also re-u; = 0.57 (p < 0.01), the same hypothetical decrease of
ported. Elasticities between GVA and water availability show 50 % in water availability would result in a reduction of
no significance, because they are obtained by multiplying the28.5 % in the value of rainfed agricultural production (dou-
other estimated elasticities. Elasticity between irrigation pro-ble the impact than the one recorded for irrigated productions
duction and water availability;() ranges between 0.10 and in Zaragoza), and a decrease of only 4% in agri-food GVA
0.20 when it is significant, whereas rainfed elasticity)(  values (measured throughw;).
varies between 0.23 and 0.57 if significant. Rainfed agricul-
tural production is more affected by variations in water avail-
ability (precipitation) than irrigated production, that usually 7 The economic impacts of drought in the agricultural
has a higher supply guarantee. sector

The left part of Table 4 reports estimated direct elasticities
and the right part the indirect effects. All of them allow for Thijs section presents the economic impacts suffered in the
the estimation of the impacts transmitted through the elastictwo drought periods considered in this Study (the one oc-
ity factors.¢; andu; represent the effect that changes in wa- curred in 1995 and the other between 2005 and 2008).
ter availability have in production values. These effects are Direct impacts are measured comparing a “normal sit-
the first to appear as the result of drought, and are transmityation” (that is, the result of the model with normal wa-
ted to the macro-economic variable throughandy;. The  ter availability) and what the model predicts for a dry year
left part of Table 4 measures the same transmissions directlygq. 4). Figure 2 shows the comparison between a normal sit-
That is, the factors reported there measure how changes igiation, the models’ predicted values, and the actual values of
water availability produce changes in the macro-economityoth irrigated and rainfed production values in the provinces
variables. of Huesca, Lleida (in Catalonia), Zaragoza and Teruel, that

www.nat-hazards-earth-syst-sci.net/13/2679/2013/ Nat. Hazards Earth Syst. Sci., 13, 262884 2013



2688 M. Gil et al.: Direct and indirect economic impacts of drought

Table 4. Economic variables elasticity in relation to water availability.

Direct elasticities Indirect Effects

Province  Autonomous Bt Conflinterv v? Conf Interv 8 Conf Interv u$  Confinterv B> yind
community

Alava  B.Country  1.04* (0.28 181) —024* (—0.48 —0.006) 007 {026 0.40) 012 4037 062 0.07 —0.03
Navarre  Navarre 1104 (0.72 1.48) 051 —0.24  1.26) 002 £0.04 0.08) 026 4017 0.69) 002 013
Lleida Catalonia 1.56*** (0.74 2.38) —0.48*** (-0.72 —0.24) 0.002 £0.06 0.07) 0.27*  (0.002 0.53) 0.003 —-0.13
LaRioja LaRioja 1.08%* (0.45 1.72) 167¢ 4002  335) -001 (010 008) —0.02 (-034 029 —00l1 -0.04
Huesca 0.09* (-0.005 0.19) 0.52*** (0.23 0.82) 0.14 —-0.13
Zaragoza Aragon 1.48** (0.91 2.06) —0.26* (—0.56 0.04) 0.25%* (0.12 0.38) 0.34 +{0.17 0.84) 0.36 —0.09
Teruel 004 (011 002) 049% (010 089) -0.06 —0.13

*** p <0.01; **p < 0.05; *p < 0.1. (1) Elasticity of GVA with respect to Irrigation productions. (2) Elasticity of GVA with respect to rainfed productions. (3) Elasticity of
Irrigation productions with respect to water availability for irrigation. (4) Elasticity of Rainfed productions with respect to water availability for rainfed. (5) Elasticity of
GVA with respect to availability for irrigation. (6) Elasticity of GVA with respect to availability for rainfed.

were the most affected in the Ebro River basin (see Figs. 1pccur in 1995 and 2005. Losses in 2005 are particularly se-
2 and 3). Total production value in curre6tis represented vere and exceed 200 milligd. The impact subsided during
in red, whereas the blue line defines the value predicted byhe following years of the drought period, but remained sig-
the model, and the grey line is the normal production valuenificant until 2008 for irrigation. The province of Huesca
along with the range delimited by dashed lines that includewas particularly affected in 2005 and 2006. On the other
the models confident intervals of the predicted values. Moshand, impacts on rainfed agriculture were more uniformly
of the fluctuations in the evolution of both real and projecteddistributed throughout the basin. Pérez y Pérez and Barreiro-
production values are followed by both lines. This relation is Hurlé (2009) estimate the total loss of agricultural production
very clear for irrigation production in Huesca and Zaragoza,in 482 million€ for 2005, while the model proposed here es-
for instance. Total losses will be defined in a drought yeartimates a total loss of 209 millio& (calculated as the sum
by the distance between the grey and blue lines. This meangf impacts for both types of agriculture). With the benefit of
that the difference between those two modelled values is athindsight, and considering the variations of agricultural pro-
tributable to the difference in water availability and, there- duction around the trend, our evaluation may be more accu-
fore, it represents the economic impact attributable to wa-+ate because it was based on actual measurements before and
ter scarcity. Losses that exceed the range of error indicate after the drought.
strong economic impact in the provinces analysed. Table 5 summarizes all direct impacts calculated for both
All provinces represented in Fig. 2 show an important de-drought periods in the Ebro River basin with the linear mod-
crease in production values in 1995 and 2005. Furthermorels, that is, comparing fitted models with expected “normal”
the real decrease (red line) is always greater than what ther “average” results, as explained in Sect. 4.1 of this arti-
model predicts (green line), except for the case of Lleida.cle. The percentage of the total reduction in the value of pro-
However, the entire decrease in agricultural output cannot beluction that is attributable to water scarcity is also indicated.
attributed to water shortages. The model used here provide$his percentage is calculated with reference to the total de-
a method to discriminate the percentage of the variance aterease in production value, that is, the difference between
tributable to changes in water availability, from the sourcesthe actual production value and the trend. This percentage
of variation captured by the time trend or prices changes. Tds a comparison between actual production decreases and
isolate the water scarcity effect we measure the differencenodel predicted impacts. There are cases where the model
between production value predicted with the model (in yearspredicts an impact due to water scarcity, but the final output
where water availability is lower than normal) and the “nor- was above the trend and, therefore, no percentage is shown
mal” production value (with “normal” water availability in- in Table 5. There are other cases where an impact was iden-
cluded in its calculation). In all cases the real decrease of theified and a decrease occurred and, therefore, the percentage
economic value was below the decrease due to drought. Ifepresented in Table 5 is the amount of the loss attributable
the models’ goodness-of-fit is good, then we can assume thab water shortages.
there are other sources of losses that cannot be attributable Indirect impacts appear to be closely related to irrigation
to drought. In these figures we also represent by a dashednd rainfed production values and are thus related to the wa-
line the standard deviation of the error term and, hence, theréer used for those productions. The evolution of agri-food in-
are a range of values among which the production value maylustrial GVA shows this behaviour, but employment is more
naturally vary. disengaged from water availability (see Table 3). The nega-
Table 5 shows the economic impacts of these droughtive signs obtained (Table 3), especially in hired labour, show
periods on irrigated and rainfed agriculture, in the differ- how employment is following a decreasing trend instead of
ent provinces and for the whole Ebro Basin. Major lossesbeing affected by water variability. This is the main reason

Nat. Hazards Earth Syst. Sci., 13, 26732694 2013 www.nat-hazards-earth-syst-sci.net/13/2679/2013/



M. Gil et al.: Direct and indirect economic impacts of drought 2689
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Fig. 2. Production values of rainfed and irrigated agriculture (thousand of cu@girt the provinces of Huesca, Lleida and Teruel (1995—
2009). Observed data, predicted value, average values and confident intervals. Source: authors’ elaboration

for not calculating the precise impacts for labour. The sameproduction value by a quadratic fit with the 95 % confidence
situation can be observed for rainfed productions in Lleida,interval.
the strong negative trend prevents us from relating it with The proposed inference method to measure the indirect
droughts and thus, from calculating its impact on GVA. impacts provides a variety of elasticities to measure the re-
Model results indicate that agri-food industrial GVA is not lation between water availability and GVA, and also between
directly related to water scarcity, but it suffers the impactsagricultural productions and GVA (see Table 4). The spread
of drought through impacts on the main direct variables af-of the impacts through the value chain can be described
fected. The irrigation production value is the most significantthrough chained elasticities. Thus the calculated elasticities
explanatory variable on the indirect models (see Table 3)produce two types of impacts on agri-industrial GVA: one
Fig. 3 depicts the relation between the GVA and irrigated due to drought impacts on rainfed productions and the other
due to drought impacts on irrigation. The addition of both
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Relation between Agroindustrial GVA and Irrigated production Value by region
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Fig. 3. Relation between observed irrigated production value (IPVy @xis) and agri-food industrial output (GVA, onaxis). Source:
authors’ elaboration, both axis are measured in ¥000

the variation of water availability with respect to the average
expressed in percentage terms; the next two columns the per-
centages of direct and indirect impacts transmitted through
elasticities are shown, as is the impact on agri-food GVA in
million €. It is important to remark that these values are the
total amount attributable to water availability without consid-
ering the actual production value decreases. Elasticities are a
relative measure of the loss that must be transmitted between
variables.
_ The case of Huesca in 2005 is a clear example of how the
J . impacts on irrigation are transmitted to GVA. Variations of
1885 2005 2008 97 % in water availability produce a 9.04 % impact on irriga-
I | rrition impact GVAimpact due to Wa' tion production. In the three provinces of the autonomous
Remsenmdmj;;:fjj1‘;’;’;3;;2005_2% UL community of Aragén (Huesca, Teruel and Zaragoza), re-
duced irrigation production translates in a 13.39 % impact
on GVA, which is 367.59 millior€. Another fact must be
considered: percentages transmitted to GVA always produce
greater impacts because GVA total value is greater than
IPV or RPV total values, but the percentage change remains
lower. GVA is a processing industry and can source itself

types of impacts is the impact produced on GVA and at-from other suppliers. ) _ )
tributable to water scarcity. Results from Pérez y Pérez and Barreiro-Hurlé (2009) for

Table 6 shows the results of those calculations (made wittfhe indirect impacts are smaller than the results calculated
the logarithmic models explained on Sect. 4.3 of this arti-Using the elasticities methodology described here. They re-
cle) for the driest years of the drought periods (1995, 2005P0rt & total impact on GVA of 202 millio for the whole
and 2006) and for irrigated and rainfed agriculture respeC_Ebro River basin in 200s, while the elasticities here_lndl-
tively. The first two columns of each part of the table show Cat€ that it may be twice that amount. The propagation of

Economic direct and indirect impacts

Million €
300 400

200

100

Fig. 4. Comparison of the amount of direct and indirect impacts of
the 2004—-2008 drought on the Ebro River basin (milkh
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Table 5.2005-2008 direct impacts, percentage of the total decrease in the value of production attributable to water scarcity.

Year Province Autonomous Impacton % of irrigation Impacton % of rainfed Total yearly  Total yearly
community irrigation losses from rainfed losses from irrigation loss  rainfed loss
(million €) total loses  (million€E) total losses (milliorE) (million €)
Alava Basque country 3.79 27.87 1.86 0
Navarre Navarre 0 0 12.13 116.06
Lleida Catalonia 39.53 66.73 19.28 76.87
1995 La RlO]a La RlOJa 0 0 0 0 64.84 104.47
Huesca 14.64 23.70 37.26 179.43
Zaragoza Aragon 6.88 8.48 22.37 48.06
Teruel 0 0 11.56 40.62
Alava Basque country 0 0 1.94 0
Navarre Navarre 0 0 4.10 0
Lleida Catalonia 27.44 0 13.91 31.73
Huesca 51.52 52.11 3291 53.98
Zaragoza Aragon 17.04 30.77 23.67 52.49
Teruel 0 0 32.45 109.82
Alava Basque country 3.42 0 9.90 0
Navarre Navarre 0.07 0.25 0 0
Lleida Catalonia 26.56 72.23 7.29 0
2006 LaRioja LaRioja 0 0 2.57 297.87 49.64 49.20
Huesca 19.59 36.72 9.30 74.92
Zaragoza Aragon 0 0 11.94 33.96
Teruel 0 0 8.21 33.85
Alava Basque country 0 0 0 0
Navarre Navarre 0 0 0 0
Lleida Catalonia 26.67 88.80 0 0
Huesca 0 0 0 0
Zaragoza Aragon 0 0 0 0
Teruel 0 0 0 0
Alava Basque country 0 0 0 0
Navarre Navarre 0 0 0 0
Lleida Catalonia 0 0 0 0
Huesca 0 0 0 0
Zaragoza Aragon 0 0 0 0
Teruel 0 0 0 0

Source: Authors’ elaboration.

drought impacts to an high aggregated value indicator (GVA)and Barreiro-Hurlé (2009) estimate a total employment loss
results in a greater impact than the one calculated before, butue to drought of 11 275 jobs, and losses directly related to
obtained from a more precise causation chain, fitted statistiagriculture, forestry and fisheries of 8094 jobs. However, re-
cally. sults from our econometric models, using official employ-

The evolution of agri-food industrial GVA also depends ment monthly statistics, reveal that there were no significant
on other factors unrelated to agricultural inputs and to wa-impacts on employment. On the one hand, farm family em-
ter availability. Thus, to generalize the procedure for all ployment shows a clear and long-sustained decreasing trend
provinces there is no validity without a thorough review be- as a result of structural change. Table 3 shows the signifi-
fore being implemented. For Catalonia at least, it was notcance of irrigation with negative sign, which is a proxy vari-
correct for rainfed. able for the trend followed. On the other hand, hired labour

The other variable affected indirectly by drought, and anal-shows no pattern of evolution with erratic and small varia-
ysed here, is agricultural employment. It is the only vari- tions unrelated to water availability. This may be due to the
able not analysed on economic terms but, rather, the impadact that seasonal, informal or family labour changes are not
is measured in terms of the number of jobs. Pérez y Pérerecorded accurately in social security statistics.
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Table 6.2005—-2006 spread of impacts: percentages of reduction in water availability, impacts transmitted through elasticity on production
values and on GVA (at autonomous community level only). Final indirect impacts (m#joon Agri-industry.

Irrigation effects Rainfed effects
Autonomous AWal IMPACTON IMPACT GVA IMPACT GVA AWa2 IMPACT ONRPV IMPACT GVA IMPACT GVA
community (%) IPV (%} Way (%)  Wal (MILLION €) (%) (%) Wap (%)* Wa2 (MILLION €)

Year 1995
Alava B.Country  34.51 2.42 2.52 46.96 - - - -
Lleida Catalonia - - - - 27.69 7.17 3.68 49.73
La Rioja La Rioja  97.80 0.19 0.30 37.75 68.18 18.06 - -
Navarre Navarre 33.89 -0.31 - - 26.87 -0.61 - -
Huesca Aragon  28.41 2.63 3.89 48.09 25.09 -
Teruel 13.73 3.38 5.01 73.11 52.02 17.48 - -
Zaragoza 98.07 —4.27 - 25.26 12.46 -

Year 2005
Alava B. Country - - - - 0.32 0.04 - -
Lleida Catalonia - - - - 13.34 3.46 1.77 42.14
La Rioja La Rioja  69.42 0.14 0.21 42.66 53.88 14.27 - -
Navarre Navarre - - - - 45.65 —-1.04 - -
Huesca Aragon  97.73 9.04 13.39 42.04 21.94 -
Teruel 34.03 8.38 12.42 367.59 24.60 8.27 - -
Zaragoza 71.06 -3.09 - 51.42 25.36 -

Year 2006
Alava B. Country  31.07 2.18 2.27 78.81 18.73 2.34 - -
Lleida Catalonia 1.02 0.02 0.02 0.55 - - - -
La Rioja LaRioja 67.20 0.13 0.21 42.75 51.57 13.66 - -
Navarre Navarre 3.71 -0.03 - - - - - -
Huesca Aragon  38.02 3.52 5.21 - - -
Teruel - - - 147.51 10.05 3.38 - -
Zaragoza 64.20 —-2.79 - - - —

(1) Directimpact on irrigation production value produced:py(2) Indirect impact on agri-food industry GVA produced ;. (3) Direct impact on rainfed production
produced by, . (4) Indirect impact on agri-food industry GVA produced gy, .

8 Conclusions non-linear (quadratic or exponential) trends, instead of a lin-
ear trend.
Unlike other studies, our analysis develops a complete

Drought is & natural hazard that affects many sectors, buFramework by considering direct and indirect impacts. As in-

agriculture is particularly vulnerable. Therefore, the analysis . . ; .
9 P y YSBdirect impacts have been considered, some assertions can be

of these impacts is important when defining effective droughtmade: (i) indirect impacts are more related to direct impacts

management and mitigation strategies. An accurate assess; . L
. . . ; of drought impacts than to water scarcity, indeed they result
ment of socioeconomic drought impacts, along with the de-

velopment of a simple methodology that can be replicated infrom impact transmission processes; (ii) while indirect im-

other river basins, may be a useful contribution to the field ofpaCFS can be compensated in the macro level by T"a”‘et fluc-
natural hazard economics. tuations or trends, they are far greater than the direct effects

The econometric models formulated and fitted in this pa-m absolute terms; (iii) agri-food industry is closely related to

per showed mixed results. In some provinces of the Ebrclthe results of irrigation production, and probably to commaod-

Basin, water availability (precipitation or drought indices) Ity price shocks; and (iv) agricultural employment, at least

provided a statistically significant explanation of the varia- formally hired labour, is hardly affected by water scarcity,

o ; . : though informal, family or seasonal labour might have been
tion in agricultural economic output. These are the provinces : S T .
. . iImpacted. The main policy implication of our findings is that
with more surface devoted to extensive annual crops (cere; ; : : : :
o . . focusing only on direct impacts in agriculture leaves out a

als, forage), while in those provinces where where fruit trees

(Lleida) or wine grapes (Alava and Rioja) predominate Out_significant part of the drought costs from the focus of gov-

. - . rnments’ attention.
put is more dependent on the variation of product prices an . o

. L . Our two-level approach provides empirical measurements
quality. However, trends are found to be crucial in explain-

ing economic output in both rainfed and irrigated produc- of impacts along the value chain and employment. Chained

. . elasticities can measure the existing relation between water
tion. Drought impacts have to be measured around trends tQ ) : .

. . . . . : scarcity and the economic output of different sectors, espe-
avoid serious miscalculations. This is one of the dlsadvam-CiaII if the sector is directly dependent on aaricultural out-
tages of using 10 or CGE models, and one the advantages y y dep 9

of our approach. We leave to subsequent work the use 0Puts. This procedure allows for a vision of the magnitude of
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the impact of a reduction in water availability in the macro Decaluwe, B., Patry, A., and Savard, L.: When water is no longer
level. Elasticities also reveal the importance of drought im- heaven sent: Comparative pricing analysis in a AGE model,
pacts according to the economic importance of each mea- Cahiers de travail, 99, 1-39, 1999.

sured variable. This importance diminishes as we approacknd. Y. Hayes, M., and Widhalm, M. M.: Measuring Economic
the macroeconomic indicators from those directly dependent Impacts of Drought: A Review and Discussion, Disaster Prevent.
on water abstractions and precipitation, but in absolute eco-. Manage., 20, 343-446, 2011,

nomic terms the largest imoacts were found in aqri-food ir,l_Dono, G. and Mazzapicchio, G.: Uncertain water supply in an irri-
dustry GVA 9 P 9 gated Mediterranean area: An analysis of the possible economic

: . . impact of climate change on the farm sector, Agr. Systems, 103,
This methodology can be applicable to other regions by 351_370, 2010.

developing similar econometric models, but the specific real-gstrela, T. and Vargas, E.: Drought Management Plans in the Eu-
ity of each region must be taken into account to elucidate if ropean Union, The Case of Spain, Water Resour. Manage., 26,
the impacts are attributable to water scarcity. This is because 1537-1553, doi0.1007/s11269-011-9971-2012.

there might be other trends acting independently of droughfrey, B. S., Luechinger, S., and Stutzer, A.: The life satisfaction
periods. approach to environmental valuation, Universitat Minchen, Ifo-

The importance of having accurate information is relevant _ Institut fur Wirtschaftsforschung, CESifo, IZA, 2009.

for policy makers and water users. These results suggest th&2/11d0. A., Gil, M., and Gomez-Ramos, A.. Disentangling the so-
more open agricultural markets, and wider and more flexible cial, macro and microeconomic effects of agricultural droughts:

. . . An application to Spanish irrigated agriculture, in: Options
progurement gtrategles of the agri-food industry reduce the Mediterranéenes and CIHEAM, Economics of Drought and
socio-economic exposure to drought cycles.
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