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Improving the efficiency of water use is usuallgowards efficiency requires the mobilisation of a
presented as an opportunity for large wateferies of technical, economic and institutional

savings, particularly in the agricultural sectormeasures. This article, discusses efficiency from a
Warnings that this may not translate into reduce{achnical point of view, which is efficiency

consumption is sometimes associated with t : : : -
rebound effect or Jevons paradox, an appeali sociated with the physical application of water.

concept that can be used to analyse and prev s issue has received much attention in recent
undesired consequences in the rush for efficiené¢cades, with the call to reduce the amount of
gains. This article, based on the energy sectdfater that is‘wasted’ by traditional agricultural
shows that the concept helps to identify possibRfactices and to switch to more efficient systems
unintended consequences of increasing efficien€.9. sprinkler and drip irrigation). In Spain, in
and shows how efficiency gains are shared mddition to general objectives on resource
society. However, it might be conceptuallyavailability and rural development, efficiency
misleading when applied to water since ipolicies undertaken over the past 10 years have
reinforces a myth on the consideration of wat§feen considered a key measure for the
savings and efficiency, and may be also tOgyplementation of the EU Water Framework

restrictive. The recent modernisation of irrigatiory; -~ e
practices in Spain highlights that the reboun@'recuve (Lopez-Gunn et al., 2012a, b) (Table 1).

effect is only one of many possible consequenc o :
of efficiency improvements. There is increased evidence, however, that

investments may not translate into a reduction in
the amount of water used. For instance, the
paradigm of water savings from efficiency gains
has, in some cases, been challenged by referring to
the rebound effect or Jevons paradox. This concept
refers to efficiency improvement in the technical
process of the use of a resource that ultimately
The availability of water has been identified as defeats the original purpose through a higher
fundamental issue concerning the future of foaslerall use by society. This effect and its
production. The efficient management of watesxplanation were first described in relation to the
resources- the idea of producing more with less use of coal in England by the economist William
is currently high on the list of strategies required t®tanley Jevons at the end of the 19th century
meet current and future development needs, whil&lcott, 2005). There are many examples of the
reducing the pressure on the environment. The paiplication of this paradox, principally in relation

Keywords: rebound effect, Jevons paradox,
efficiency, return flows, modernisation, Spain
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Table 1. Investment, affected area and projected water savings relative to the two Spanish plans of
irrigation modernisation (MARM, 2010)

Investment | Total water Water savings
Plan Area (ha) (€10°) savings (10° m?) | PE1 hectare
3 (m?/ha)

National Irrigation Plan 2000-2008 1,134,900 | 1,528 1,375 1,212
Shock Plan 2006-2008 866,900 |2,409 1,162 1,340
Intermediary evaluation relative to

Shock Plan 2006 in MARM (2010) 250,000 |- >00 2,000

Not all of the projects aimed to increase conveyance or field efficiency (i.e. reducing withdrawals), so the
figure for water savings per hectare varies depending on the project.

to energy, an area where the concept has takeater when compared to energy, in relation to the

hold. The application of this concept also aims tncepts of efficiency and losses. The third section

ensure that energy conservations programmes foeuses on the main explanations for the rebound

effective, by devising rules that should beffect and accompanying policies designed to

promoted together with planned efficiencyounteract it. Finally, an alternative framework of

improvements (Van den Bergh, 2010). Therefore,ahalysis is proposed, based on two independent

might appear useful and attractive to apply thgllars — water resources accounting and the effect

framework to water, to evaluate the actual extent oh the whole system. This enables the value of

water savings. applying the rebound effect in the case of water to
be recognised, while preventing the misleading

The main objective of this article is to analysaspects that may be implied.

whether the rebound effect concept aids the

understanding of the consequences 6fationale for the rebound effect and

improvements in water efficiency. This isthree logical stepsinits formulation:

illustrated by considering the modernisation plarfsom energy to water

in Spain and specifically a case study in the Ebro ic of the rebound effect for ener

basin in the north-east of the country. The fir gic ot the rebound eftect for energy

section of the article presents the concept of the general terms, efficiency improvements in a

rebound effect, using energy as an example. Tpheductive process mean a reduction in inputs

second section highlights the particularities okquired per unit of output, thus saving resources.

2a. eff,, > eff; and 0,,=0,

Productive
process

Energy input (El,,)

Output (0;,)

. E _EI  reff
- 02a= 01 =" Yggr = /egg, = Elza=("egs, -Elx)
- effy

Projected savings = EL; — ELy, = El, — El, = (1 "1 /eft,,)-El

Productive

Energy input (El,) process

Output (0,)

%, 2b. effy, > eff, and 0,,>0,

Productive
process

Energy input (El,,)

Output (0y)

Elyy - El,,) + =0 (Ely=Ely,) No Rebound effect
Rebound effect = (Elzp 2a
/(E" “Bha) | 54 (El, > El,) “Jevons Paradox’

Figure 1. Estimation of projected savings resulting from improved efficiency in a productive process (2a),
and identification and quantification of the rebound effect and Jevons paradox (2b)
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1) Quantification of savings (reduction of losses) obtained thanks to efficiency
improvement at the scale of the physical process;

A
< VW
w of ¢ ’ .‘
Lo-go.r s 4 WW ale
2) Lower savings in reality and Identification of the mechanisms
(i.e. in the whole economic system) explaining the rebound effect;

.

[ 3) Design of accompanying measures to prevent or reduce the ‘rebound’. J

Figure 2. Three successive steps of the rebound effect concept and identification of the logic of a
‘rebound’ or ‘paradox’

The amount of savings can be estimated directly tite rebound effect. The rationale for identifying a
the basis of the initial and final expectedrebound’ or ‘paradox’ is related to the difference
efficiencies and the initial quantity of inputbetween the initial projected results at the physical
assuming the same level of output (Fig. 1). Arocess scale and the observed results within the
typical example for energy is transport: to reachexonomic system (Fig. 2).

certain destination, fuel savings will be obtained by

switching to a more efficient car or using publi®/arious explanations for the rebound effect have
transport, instead of using one’s own private been discussed and analysed for energy (Alcott,
vehicle. Thus, the first step in the logic of th€005; Van den Bergh, 2010). These are usually
rebound effect involves identifying the potentiatlassified as direct and indirect micro- and
savings obtained from efficiency improvements. macroeconomic effects (Table 2).

In reality, when considering the broader econom#&t the microeconomic level, the basic rule
system in which technical improvements ardetermines that a drop in energy input due to
nested, economic agents react to changes eifficiency gains leads to a drop in the marginal cost
efficiency in such a way that the original aim t@er unit of product, which potentially implies a
reduce resources may ultimately trigger an increassver price for the product and translates into
in demand. This is the rebound effect (Fig. 8 higher demand. The drop in costs can also be
key point in this scenario is that, in parallel to moraccentuated by an associated fall in the input price,
energy use, more output is also obtained amdich is linked to a lower demand. For this direct
therefore welfare or final benefits could increase. rebound effect (the case mainly analysed in the
literature), it is essential to consider the elasticity of
Evidence of a higher level of input in comparisodemand, as consumption would rise only if cest i
to the baseline scenario and/or identifying reasoadimiting factor.
for this increase to happen forms the second step of

Table 2. Main types of rebound effect (adapted from Maxwell et al., 2011), using transport as an
example

Type of rebound effect Transport example

Direct (microeconomic): increased efficiency and associated| Car is used more often or to go further,
cost reduction for a product/service results in a higher level of| since the cost for each kilometre
consumption because of an increase in demand travelled has dropped

Indirect (microeconomic): savings from cost reductions due to| Money saved due to cheaper public
efficiency gains allow more income to be spent on other|transport is used to go on overseas
products and services holiday

Economy-wide (macroeconomic): increased efficiency drives| As a general consequence of increased
overall economic productivity, which results in increased| mobility, the economy works better, so
macroeconomic growth and consumption at a macroeconomic| that incomes (and hence expenditure
level on goods and services) rise
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Once the rebound effect mechanism is identifiethis framework, with demand elasticity being

accompanying policy measures are usualssential in the characterisation of the rebound
explored to ensure that the potential reduction eéffect, since the explanation involves supply,

consumption due to efficiency improvements amemand and price.

secured, or at least that the rebound effect i

minimised (Van den Bergh, 2010) (third step iMhe indirect rebound effect, in which monetary

Fig. 2). At this point, the key for designing arsavings from efficiency cost reductions enable
effective set of measures lies in the correatore income to be spent on other products and
identification of the drivers of the rebound effecservices, does not usually occur for water, but it
that need to be targeted. In relation toould if, for example, money saved from reduced
microeconomic effects, the usual proposal is groundwater pumping costs is used to finance an
increase the price of energy, which offsets the drapcrease in the irrigated area or for drilling a new
in cost. In the case of transport, this may involweell. From a macroeconomic perspective, the issue
introducing a tax on fuel in response to moref potential impacts from efficiency improvements

efficient cars. for the whole economy has also been raised,
principally through the application of inpututput
Rebound effect for water models (Llop, 2008). Studies that introduce a more

The rebound effect or Jevons paradox has rece alled analysis (Pfeiffer and Lin, 2012; Gémez
. . . : d Gutierrez, 2011) also identify other reasons for

been considered in an increasing number of repo ise in demand (to be discussed below)

or scientific papers in relation to water (e.g. EEA, '

2012; UNEP, 2012). In many cases it implies that

an improvement in efficiency may not materialis

Only a few papers provide a deeper analysis (e

3) Designing complementary preventive
easures. Accompanying measures are also

Pfeiffier and Lin, 2012: Gémez and Gutierre oposed to make savings effective, as for energy.

2011; Llop, 2008). Use of the three sequential ste s“ne with the direct price effect explanation, it

. : : : an consist of “price interventions in order to
described for energy in Fig. 2 provides a roduce the desired effect on water resources and
opportunity to analyse the unintende

. . . water shortages” (Llop, 2008). Another measure
consequences of increased water efficiency: would be to explicitly specify that the savings

1) Quantification of potential savings.ShOUId not satisfy new demands, e.g. through the

. P ; -revision of withdrawals rights. The important point
g’;z;(élélogﬂ”);héhep?eurﬁir;tglct%g?n Vc\)/fit\r/]vartrt]a (r)rza\g%?geéere is that water savings are considered attainable
' i

systems, a higher fraction of the water bein correct policy measures are implemented.
withdrawn is destined to the desired output; . . .
allowing a reduction in initial Withdrawals.Eﬁc?csiffcratlon of losses and technical
Efficiency can be considered relative to the final Y

output, such as plant transpiration for biomagsefinition of losses and efficiency
production or water delivered to homes, or t :
intermediary transfers (conveyance efficiency). Aénalyss of the repound effect so far has been

: : o ased on a similar approach for energy and water.
with energy, the volume withdrawn initially an N ; i .
the initialggnd expected efficiencies are t%/e dgg%e premise is the identification of savings at the

. . ; ale of the physical process of water application.
heeded to estimate water savings (Fig. 1). Economic or systemic effects then counteract these

avings. Nevertheless, by focusing on the systemic
gnsequences, the rebound effect does not question
e reality of the savings from a physical point of
lew and, most importantly, takes them for granted
formulate a paradox. However, water and energy
e fundamentally different. Energy that is not
nverted to the useful output is really lost, e.g.
being dissipated as friction and heat (Fig. 1).
: . . - owever, a specific use of water does not
improvement in the technical efficiency of wate cessarily consume all the water withdrawn. Most

requirements reduces water demand, and t water abstracted for domestic or industrial use is

Faduction ead 1o an increase n waler use, so [fumed or treatment and reuse downstream (by
: ally directly discharging into a rivér)in the

T e ocemetely o1 PV case ‘of mgation. some of the water vl be
: gy consumed, either productively (through crop

2) Evidence of, or reason for, higher wate
demand. In many cases, only the basic dir
microeconomic effect is described, as is often t
case for energy. For instance, UNEP (2012) stat
“This ‘rebound effect’ occurs because greater
efficiency reduces the price of the goods produce
incentivising higher levels of consumption”.
Equally, Llop (2008) identifies that “... any
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transpiration) or non-productively (by evaporatic  traditional approach
from wet soil and foliage), while the remainin
fraction will flow back into the irrigation canal o
river through run-off and drainage, or percole
into the ground and recharge aquifers. Ma
irrigation areas have developed on alluvial pla Water savings = AW, - AW, = L, ,LZ:(I,em/eﬂ ).Awl
where aquifers are directly connected to rivers. L

Applied water (AW) Irrigation

1: initial situation 2: increase in efficiency

Detailed accounting

It is problematic to qualify return flows as loss
because these will infiltrate back to the riv
system or aquifers and can eventually genel Apptied water
value for other downstream users, sustain ri

flows or recharge aquifers. Methodologies -
Categ orise the different fractions of wat LET:::RP:::::':::N‘ Max Water savings = Non-recoverable RF + Non-beneficial ET

withdrawals as a function of destination have be - o )

proposed. An approach based on the framewor} Figure 3. Quantification of water savings

Molden and Sakthivadivel (1999) and Perry et Within the traditional view, it is based on the change in
(2009) (Fig. 3) identifies recoverable return flow efficiency. In a detailed accounting framework (Perry et al. 2009;
i.e. the fraction of total water that will be availab Molden and Sakthivadivel, 1999), the reusability of the return
for reuse downstream. Thus, efficiency cannot flows must be assessed.

considered a definitive indicator for th
performance of the system (Frederiksen and All.,,, . : -
2011: Jensen, 2007). For example, in the Afgethodology integrating the reusability of the
Aragon irrigation district of Spain (Lecina et aL]retulrn flows in fthﬁ teichnlcal rel\ﬁngESM 02n 1the
2010), the switch from surface irrigation to ‘more Impfemenr'gatlon 0 It € pians (?.g. . d, 010).
efficient’ sprinkler irrigation indicated that a higher 1! act, the actual amount of projected savings
share of withdrawals was effectively consumeff@Ple 1) indicates that quantification may have
(and therefore not available downstream) (Box 2iflied on the ‘traditional approach’ as shown in

The debate has also been presented using the tefifls 3 Trll1e Iexpecltatir?n of large v;ater s_avingg due
dry’ and ‘wet’ water savings (Seckler, 1996). to a technological change was the main evidence

for the investment. In a context of political tension

Nevertheless, this critique should not lead to tfgound massive water transfers, the -wim
extreme opposite view that all water applied iRPPOrtunity (water savings and rural development)
excess of crops’ evapotranspiration or excessive offered by the modernisation of irrigated areas was

urban use will necessarily end up downstream fgige'y supported (Lopez-Gunn et al., 2012b) (Fig.

Consumed
fraction

reuse. Return flows might go into saline o . A real estimation of the potential savings should
contaminated aquifers, percolate into areas wh ve been based on a detailed local assessment, as

aquifers are so deep that they are not economicdlfSented by Lecina et al. (2010) (Box 1).
viable at the present time or return during floods, . leadi h duced bv th
and go directly to the sea. Excessive evaporati Eea dlngffappl%oac reprli) uced by the

also occurs in poorly managed irrigation system%@ ound effect framewor

Meanwhile, excessive abstractions can lead T®e vision of savings based on a ‘traditional
serious environmental damage of part of a rivejuantification® (Fig. 3) or that drip irrigation saves
depending on where return flows rejoin it. Thusyater appeals to the common sense, up to the point
the main issue is to insist on an accurate evaluatigiat it appears unnecessary to introduce a detailed
of local hydrological and hydrogeological settinggmethodology (as happened in Spain) and is almost
and conditions of use beforehand, to identify lossesnsidered as self-explanatory. It is the same for

and target savings. formulation of the logic of a ‘rebound’ or
o o ) ‘paradox’ (Fig. 2), in which the quantification of
Modernisation of irrigation in Spain savings is an intuitive premise. The possibility to

In Spain, the reality of the projected savings of tr{%)é?)g]saﬁhgf asc?:\ggg;aniing lrsnoears%p;grfg ?natl)&/a tLhezem

:\r/lrlgatlor} modernl_satlon plan? an b%tq-ueztlﬁne'%ffective (third step in Fig. 2). However, the basic
any of the savings were to be obtained fro ! - 4): '

areas located in the upper or middle sections 6’|m|‘Ukti’ Wh'fh Tay bteh Va“ﬂ for elnergyt, dfoes hot

river basins (Fig. 4), meaning that return flow pp)(/j 0 wa ?]r rom the pfysrllca ptt))ln g (;/_lew.

were potentially reused by a series of usefdlroducing the concept of the rebound diverts

downstream. However, there is no evidence oféaention from the core of the debate on water
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Figure 4. Map of the irrigated areas affected by the Shock Plan (Plan de Choque 2006) within the river
basins in Spain (based on MARM, 2010)

saving quantification, while helping to create accompanying measures depend on an accurate
false expectation. diagnosis of the problem.

Can unintended consequences really be The principal explanation is linked to the reduction
prevented? of the relative cost of water per unit of output
(UNEP, 2012), potentially accompanied by a
reduction in the absolute price of water (EEA,
The above observations do not mean that tB612). Accordingly, an increase in demand would
effects of efficiency improvements should not beccur if water use was initially limited by the price
considered for water in relation to induced change$ water. However, price rarely constrains water
in the behaviour of economic agents. In fact, theyse, particularly in the agricultural industry
highlight that these effects should not be referred tdellegers and Perry, 2006); rather, the limiting
as a‘rebound’ or ‘paradox’ as there is no obvious factor is water availability or water rights.
method to quantify water savings that may or malherefore, it is problematic to identify a reduction
not be real from a physical perspective. Thus, tive price— and subsequent increase in demarasb
economic or systemic consequences, potentiathye prevalent reason of the rebound effect, since
based on the case of energy, should be considemgdter use is usually inelastic to price change. This
However, possible explanations should be carefullgeans that the related accompanying policy of
identified, particularly since the proposedncreasing water price as a disincentive to water

Traditional explanation based on price

—
- R d

Un impulso para el ahorro de ag‘ua
y ebdesarrollorural sostenible

s | Benvinguts | Ongi etorri | Benvidos | Welcome | Bienvenue

Presentacion L

z Objetivos: Ahorro del agua

Introduccion

Antecedentes El usuario agrario Sistema automatico de filtracidn por anillas en parcela e
constituye el mayor Noticias

consumidor de agua dentro del pais, yendo al regadio cerca de un 63,3% del \n avicten noticia

orro de agua

Figure 5. Shock Plan: the main justification for the modernisation of irrigation in Spain is to save water
for a ‘sustainable rural development’ Source: Plan de Choque (2006)
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Box 1. Modernisation in the Alto Aragdn irrigation project (based on Lecina et al., 2010)

The Riego de Alto Aragdn irrigation project is located in the Ebro river basin, north-east Spain. In 2003, the irrigated
area covered 121,000 ha, with 73% using surface irrigation and 27% sprinkler irrigation. As part of the National
Irrigation Modernisation Plan, 52,200 hectares that used 292 Mm? of water were upgraded from surface to sprinkler
irrigation. The investment of €500 million had an average annual amortisation cost of about €300/ha for farmers,
including public subsidies and interest rates. Based on traditional accounting (Fig. 3), 47 Mm? of water savings could be
expected (Fig. 6). Evidence for such savings can be obtained by considering the destination of water flows at the start
and under different scenarios (Fig. 6):

Analysis of the different fractions at the start reveals that the maximum attainable savings (i.e. with 100%
efficiency) would be no more than 10 Mm?® (the sum of the non-beneficial evapotranspiration [ET] and non-
reusable return flows).

Sprinkler 1 scenario is a hypothetical case that assumes the beneficial ET remains unchanged, the usual
assumption when calculating savings (see Figs. 1 and 3). Even if withdrawals are lower, sprinkler irrigation
consumes 23 Mm? of water more than surface irrigation. Indeed, most of the non-productive fraction is
destined to be reused downstream in the Ebro river basin because the irrigation project is located in the
middle section of the basin. Furthermore, overall evaporation (non-beneficial ET) increases because of high-
wind evaporation that is associated with water application by sprinkler.

Sprinkler 2 depicts the actual result of modernisation when there are no restrictions on water availability.
The modernised system withdraws and consumes more water. Consumptive use (previously available for
other uses downstream) increases by 134 Mm?>. Yet, the higher beneficial ET implies that higher profits are
obtained (higher land productivity) because of, among other factors, the increased yields and the shift to
more profitable and water-intensive crops.

Sprinkler 3 considers a constant consumed fraction. The rise in total and consumptive use as illustrated in
Sprinkler 2 is only possible if sufficient water is available (e.g. more water is maintained in the reservoirs
thanks to higher efficiency) and water rights are not exceeded. However, to ensure there is no increase in
consumptive use, a constant consumed fraction could be imposed. Nevertheless, land productivity remains
basically the same as before modernisation, and the investment is not amortised.

a. Traditional water savings accounting_____ b. Real effect of modernisation n

, Tradik e .
| Surface 65 % Sprinkler 77.5 %

i Initiad withdrawals 292 Mm»

\

b

0,65

10 Mw productivity productivity
' (€e/m3)* (€/ha)
5,775 F292= 4T Mw? EX ’ Surface 0125 495

Mo
Sowingy Water Land

Wadter Saaings

Sprinkler 2 0.131 891

Recoverable Return flows

Consumed : 790 i 13'4"‘ ,190_

Non-recoverable Return flows

Sprinkler 3 0.131 500

*refering to consumed fraction

Non-beneficial ET

Beneficial ET

Surface éprinkleﬂ Sprinkler 2 -SprinklerB
Initial  Constont Reality Constont
Beneficial EVT Consuwmed fracton

Figure 6. Traditional accounting of water savings and the real effect of modernisation of 52,200 ha in
the Alto Aragon irrigation district (Ebro river basin, Spain). Adapted from: Lecina et al. (2010)

use could be misguided or pointless. An exceptioshould be considered carefully, since the demand

where

price  usually restrains additionaunction is very different from agricultural use.

withdrawals, relates to groundwater, because the
costs of pumping have a direct impact oActual effects at system scale

profitability. Meanwhile, urban and industrial USersy . apsence of price effects does not mean that
there is no increase in consumption. In fact,
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introducing a preconceived explanation of theeturns on their investment. It would also be hard
rebound effect concept causes a distraction fram prevent farmers from using the full capacity of
the relevant identification of unintendedhe new systems. Nevertheless, an opposite effect
consequences. The example from Alto Aragd&hould also be considered: the high running costs
(Box 1) based on Lecina et al. (2010) shows howi modernised (pressurised) systems linked to
efficiency improvements can lead to highehigher energy input may incentivise farmers to use
consumptive use. This is primarily due to thevater more rationally, while establishing the
higher efficacy and reliability of sprinklers: theconditions for volumetric pricing (Rodriguez-Diaz
more an irrigation technology is able to satisfy thet al., 2011).

water requirements of crops, the more it is

efficacious, and efficacy rises with efficiencyConclusions and recommendations

(Dinar and Zilberman, 1991). Indeed, technologi
such as sprinkler or drip irrigation enable th
application of water on demand, i.e. when the pla
needs it most. This generates increased yie
compared to surface irrigation systems, whic
usually operate by turns (Lecina et al., 2010; Wa
and Pulido-Velazquez, 2008). Farmers may al
switch to more profitable and water-consumin
crops as a result of this higher reliability.

e main reasons the rebound effect is not
nsidered to be the appropriate term to use for the
nsequences of water efficiency, compared to
ergy, comes from analysing the three sequential
d interrelated steps from the rebound effect and
e recommended policy prescriptions. This is

mmarised in Fig. 7:

e First, the use of the Jevons paradox or
rebound effect reinforces the mistaken
view that water not consumed is
definitively lost, which is not the case. This
iIs because the identification of savings is
the basis for the formulation of a ‘rebound’
or ‘paradox’. Furthermore, the common
accompanying measures to effectively
reach the projected savings assume these
are attainable.

Secondly, a unique and rarely effective
explanation, based on price mechanisms, is
usually given, distracting from the
identification of other effects that are much
more difficult to control.

An additional effect is that more water is left in
reservoirs because of a lower demand in terms of
withdrawals. This conserved water may allow
farmers to fully use their irrigation quotas, or it can
be kept for a subsequent irrigation campaign. Thus,
efficiency improvements exert an effect similar to
dams: water is kept upstream, potentially affecting
downstream users and the environment (Ward and
Pulido-Velazquez, 2008; Molle and Turral, 2004).
Furthermore, more efficient irrigation technologies
allow the irrigation of low-quality land (Pfeiffer
and Lin, 2012; Dinar and Zilberman, 1991).

All these consequences seem far more difficult to
control than the ones traditionally described in th . .
rebound effect framework (e.g. fising prices). It i&n alternative framework addressing the full range

often claimed that water rights should be revis ch%%rllgqu%?)%?g b(z,r%rgseg or?ht%o :jr}stilr:gtgatillc;r:s
according to the efficiency improvement to ensu ig. 7): 9y P
that consumptive use does not rise. However, if not=: "/ — :
enough water was initially delivered to farmers to xvnatl(iecr ati Orzlsc,)vivns terrﬁgcgfumlan%eor gm/ssallgiiln
meet their rights (which is common in Spain), the of F:he water flows through chang es in the
increased upstream availability could be used to different fractions of degtinationgof water
respect these rights, leading to more consumption aoolied to identifv real potential water
even if they are revised according to the change in sg\rl)ings y P

efficiency. Moreover, rights are sometimes defined ; )

in terms of area. To really prevent any quantitative %%Ts rgtlcth sssriisrserr]segién?nfr;ngg{joﬁ;g atr?gt
impact on downstream users, the consumptive use influenced b econgmic and institutional
could be conserved on the basis of the initial real conditions tr){us enabling a more accurate
situation and not the theoretical situation based on and contextual id entificgtion of the main
rights. However, the example from the Ebro river factors for the chanae in water use

(Box 1) shows that modernised systems may not be 9 '

able to increase profitability with the same level The price effect (i.e. what is usually understood as

of consumptive use, the investment is not p ; .

back. Similar results have been found by Ward a rebound effect) would be integrated in the
y cond pillar, and should be considered as relevant

Pulido-Velazquez (2008) who, apart fro e " > -
. : e some specific situations. Additional insights
guestioning the general interest of modernlsatlo_ﬁ)uId be obtained from the rebound effect or

show that farmers might use more water to obta
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Rebound effect framework: three

successive and interrelated steps C

1) Identification of losses and savings

Logic of ‘rebound’ >
or ‘paradox’

oot

2) Identification and/or explanation of
a possible rise in consumption

Desirable framework
based on two independent pillars

Water accounting

Behavior of the system

Assessment of the
repartition and
destination of the water
flows depending on the
local hydrological and
hydrogeological settings

Multiple identifications
and explanations of a
possible rise in resource
consumption because of
efficiency in a integrated
systemic view

because of an increase in efficiency:
Common explanation: price effect

\ 4 \ 4

3) Accompanying measures to make
the savings effective (tax, no
reallocation, etc.)O g

Possibility to design
‘ol measures to avoid a rise
in consumption?

Figure 7. From the rebound effect framework to a proposed framework based on two pillars (water
flows accounting and systemic assessment)

Jevons paradox from other types of resources, orthe technology change is justified or to compare it
it is recognised that its scope is limited to theith other possible measures.
second pillar.

Meanwhile, the true nature of the investment could
In Spain, the reusability of return flows has ndie recognised with it being more justified for rural
been assessed in the modernisation plans. development reasons than for environmental
addition, the example from Alto Aragén (Box lyeasons. What was a rebound or even an
shows the potential consequences of a manaintended consequence (e.g. the intensification of
efficient but also more efficacious technology irrigation) would be the central objective of the
higher consumptive use. In this context, there apeoject and the possible savings a potential co-
increasing demands, especially from environmenta¢nefit. However, the silver lining is that an
non-governmental organisations, for measures thatreasingly efficient and efficacious use in the
would ensure real ‘savings’ (i.e. more water for the context of a semi-arid environment fully optimises
environment). However, the same critique as théite use of water to the point of having possibly low
used for the rebound effect could be applied: bgdundancy and thus a less resilient system.
claiming the realisation of savings and the
establishment of measures to make them effective,
the physical reality of these savings is not
questioned. Acknowledgements

he authors would like to thank Enrique Cabrera,
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o have provided valuable comments and
ggestions on a previous version of this article.
is article was motivated by interesting

This article has focused on efficiency from
guantitative perspective, mainly because t
rebound effect concept addresses this asp
However, once the principal justification o
efficiency improvements (the estimated large wat
savings) is demystified, it appears even mo

Potential konsequences hat resdlt from increasiCUSSIons on the Jevons paradox with Laurert
rdy and Jan Lundqvist. What is presented,

efficiency. The implications in terms of wate : 4o
quality (Gleick et al., 2011; Dinar and Zilbermanhowever, is the sole responsibility of the authors.

1991), energy requirements (Rodriguez-Diaz et al.,

2011) or farmers’ quality of life an ral

deve)lopment (CEP% 231012) Shouldd gllso bl he Jevons paradox is a rebound effect higher than 100%,
assessed. Other be’nefits and associated ¢ ugh both terms are usually used interchangeably. In this
should be identified, aIIowing detailed COSt-benef?tr,t'CIe’ only the concept of rebound effect is used, whithus a

or cost-effectiveness analysis to determine whettdfle" tm than the Jevons paradox.
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“Return flows should not be identified as new resources, and th Water efficiency in SK)/Ianish agriculture. Journal
race towards wastewater reuse as a way to allewiateer stress  Of Agricultural Water Management 108: 83-95

is also pernicious in many cases. MARM (2010) Estrategia nacional para la
modernizacion sostenible de los regadios
H2015. Informe de sostenibilidad ambiental.
Madrid: Minjsterio de Medio Ambiente y Medio

Rural y Marino (MARM).
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