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Abstract

Global freshwater demand will likely continue its expansion umderent expecationsof economic

and populationgrowth. Withdrawals in regions which are already wadearce wilimposefurther
pressure on the renewable water resource base thegatg the longterm availability of freshwater
across the many economic activities dependent on this resource for vaftiiogsions. This paper
assesses the econorwide implications of deman®@ NA @Sy & G SNJ & OF NibDthetl @ dzy RS
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impacts. The study employs the RESEater C& model comprising an advanced level of detalil
regarding water uses across economic activities and which allows for a-seeicific endogenous
adaptation to water scarcity. A sustainable withdrawal threshold is imposed in regions with
extended riverbasih overexploitation (India, South Asia, Middle East and Northern Africa) whilst
different water management options are considered through four alternative allocation methods
across users. The scale of macroeconomic effects is dependent on the relate sectas with
low-water productivity the size of water uses in these sect@sd the flexibility of important water
users to substituteaway from water inputs in conditions of scarcityrhe largest negative GDP
deviations are obtained in scenarios wilimited mobility to reallocate water across users. A
significant alleviation is obtained when demand patterns are shifted based on differences in water

productivity, howeveywith a significanimpositionon food security prospects.
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1. Introduction

As nost countries aspire to caimued economic developmentyater demand may ab sustain the
upward trend in human withdrawals observed in the past century. Thus far irrigation has been the
most important driver in the expansion of global freshwater withdrawals. Nevertheless, other
sectors have also played a significant role, ngtablindustrialiseccountries e.g. water for power

plant cooling in the US and Europe. The same tendency may occur in developing regions as their
prosperity growth becomes more reliant on energy inputs and other witiemsive commodities in
economic advities and final demand. Growth in population and urbanisation rates in these
countries would als@dd an additionalpressure on freshwater resources through higher municipal
water demand by households. Global ragricultural wateruses are thus projectal to grow
fourfold for manufacturing and to more than double for thermal cooling and municipal uses

(Marchal et al. 201p.216), with a higher expansion to occur notably in emerging economies.

With significant differences in the distribution of water endowments across world regions, the likely
expansion in weer demand in wateipoor areas will lead to generalised and more frequent
imbalances between demand and supply. The water deficits couldebgistent and they already

are in the many rivers basins that are currently being esgloited, and could alsoebexacerbated

by climate variability and extreme weather events. The implications of disruptions to economic
activities may be largecale(WEF 2015and could affect all sectors and households either directly
through areductionin water availability due to increased competitiamongusers or indirectly
through areduction in supply of wateintensive commodities. As markets become increasingly

integrated internationally, the impacts could alse feltoutside these regions.

There are now many studies projecting the size of future demand in the face of socioeconomi
development(Shiklomanov & Balonishnikova 2003; Vorosmarty et al. 2000; Shen et al. 2008; Shen et
al. 2014; Wada et al. 2016; Wada & Bierkens 2014; Hejazi et al.. 2G18¢ver, the measurement

of the economywide impacts of water shortages stemming from the gap between a growing
demand and a limited water supply is still at an incipient stage. Most economic modelling has been
dedicated to the analysis of water scarcity relation to crop production(Rosegrant et al. 2002;
LotzeCampen et al. 2008; Calzadilla et al. 2010; Liu et al. 2016; Ponce et al. 2016; Wirathaster
2016) The underlying assumption in these studies is that-omp users are not affected directly by
water deficits. At the same time, econoAmgde analyses of water scarcifiparwin 2004; Berrittella

et al. 2007awere either comparativestatic or with limited elerants in considering the relationship
between socioeconomic develogmt and water demandOnly the recent attempt discussed in

Roson(2017)and disseminated iWorld Bank(2016)has tackled the link betweesocieeconomic



development and water deficit, and the importance of water allocation across water users in

conditionsof constrained water use.

This paper aims to integrate within one CGE modelling framework the econatieyimpacts of
demanddriven water scarcity by considering a wide number of water usé&he effects of

population and economic growtlon a baseline watr demandare broken down by user type

through distinct demand patterns. These water demand dynaraiespartially explainedahternally

(crops and livestock) and partially described outside the model by considering changes in structure,
scale and efficiencin the use of water by economic activities (thermal power production, industrial

and municipal water supplyf KS dzy 02y ai N} AYSR RSYIFYR OFf Odz I A2
NREI Ré {{tn aOSyl NRAR2 | NWatedzioSdRforiwater ity dginduNfforis® (1 KS w
the 20042050 horizon. Regions with excess water demand relative to a sustainable water supply

level need to reduce this and implicitly -edlocate water across users according to alternative
allocation methods. Given thavater as an @adowment is represented distinctly in the model, total

supplyis distributed across users through scarcity price signals according to differences in water
productivity by using four alternative allocation methods with different user prioritisations
Furthemore, water-abundant regions can also expand their water withdrawals to take advantage of

their competitive advantage through international trade.

2. Economic modelling of demadatliven water scarcity

2.1. Model dynamic calibration

The RESCGWater model is calilated across the 2002050 time frame to reproduce withdrawal

f S@Sta dzyRSNJ I Wy2 aOFNDAGEQ LI dGKgle& Ay fAYS gGA
selfabstracting activities Figurel (see Appendix for calculatioprocedure) Considering that the

model already determines water withdrawals for irrigation and livestock endogen¢aesNechifor

& Winning 2017)the calibration is required only for the other three sectqrihermal electricityelt,

industrial water supplywt and municipal water suppiywt.

The nesting of inputs in the production functions of these sectorsinslar as the introduction of
water endowment input is done at the top level through a Leontief assumgRkayure2). Therefore,
the calibrationis conductedin the same way for both ants doneby using equationl). The
equation adjusts the annual levels of the water productivity facter  j associged to the

water factor inputs.



Drivers Water demand

RESCU-Water

Crop modelling Yields,
irrigation water

Climate intensities

change

GDF, population,
labour

SSP data

Socio- l Industrial GVA MOde! Scenario
economic d\.fnam‘lc analysis
development Industrial calibration
Gor |,
population A ,
e fithdrawals baseline \nual
Energy modelling
Energy
. Thermal
production Electricity
production
Figurel - Waterwithdrawals baseline model calibration
W j 1
%  hoR| - @)
W p
W § ()]
0
W pAa U0UKS aSOuzNJf 2dzi LJdzi RSUSNWAYSR AY

GKS Y2R

included as a distinct factor of production and in which the constraints of water scarcity are not

considered.o»
demand baseline. The
calibration with the%o R

XPSai
op=0
XFWater.sai VA
. F
bwater,sai Tpasture,sai
Oya

KL

F XFPasture.sai
Tki,sai
KL
XFSBi.CBP\'W XFsai, Labour

;\Labour‘sai

Figure2 ¢ Production technology of sedbstracting industries (sai)

i factor productivity equal to 1 (equatiof2).

ND

Onp

XApcuns,saim XApcons,sai

representsthe sectoral water withdrawals values asdetermined in the water

is the water share parameter as calculated through the base year model




2.2. Water scarcity analysis under different allocation regimes

The modelling of water scarcity implies a reduction in water availability for @oanactivities in
regions which currently are or are projected to exceed the levels of-teimy sustainable water
withdrawals. The introduction of scarcity thus doneby scaling down the water supplg'y in
these regionsrom the unconstrained total demand levels down to a regipecific sustainable
withdrawals thresholdYa "y This supply constraint implies the occurrence of scarcity rents which

guide the way freshwater resourceseaallocated throughout the economy.

The effective introduction of water as a distinct factor of production is done onWyaiter-scarce
regions. In these regions, water demand by-sdiétracting sectorss endogenisethrough a specific
model variableso ; (seeFigure2).C2NJ G4 KS ay2 ¢l G§SNJ aOlF NOAG@¢
water "O'Y in each yeart is specified to match the sum of all unconstrained demands;.
Therefore, with he calibrated%o n p values, the model generates sectoral demaride i

equal too  andsum up to theexogenoushspecified total supgloy at a water market price of

Zero i.e. no scarcity res.

In the other regions, water use calculations are exogenous to the modedr@ndoneby multiplying

the sectoral outputd ; with the | parameter adjusted for water productivity changes

%0 h K- Throwh this specification, water inputs are not introduced as independent model
variables and thus are not a determinant in production choices, allowing water use to expand or

contract given the impacts transmitted from water scarce regions.

By assuming a pextt mobility of water, the water allocatiofis done such that the marginal
productivity across sectors is equal and that the shadow value of water is equal to the observable
scarcity rents. Nevertheless, i acknowledgedhat perfect mobility is difficilto obtain as this
would imply the existence of econonwide water markets, andhat of intra- and interbasin
routing infrastructure. Therefore, the model allows alternative assumptions for water mobility

through the introduction of different allocatiomethods:

1. Full allocation (FAJ the existence of one single water market within a region in which all
water resources are tradeable between any given-abitracting sectors

2. Limited mobility (LM)- only afraction of 5% can be rallocated across users $&d on
scarcity price information

3. Fragmented markets (FMJ water use for crops and necrop sectors is completely
separated and the reduction in water availability for each is proportional to the overall

reduction in unconstrained withdrawals

Y2 R



4. Agricultue-last (AL); only the use of irrigation water is constrain@dilst non-crop users

are freeriders

The first method (FA) implies that one single water market pappliesto all uses. Although
examples of economwide trading of water rights do not cuently exist, this method serves as a
benchmark for water allocative efficiency. The second method (LM) assumes a reduced degree of
mobility of water resources across the wider economic sectors. The assumption behind this market
arrangement is that some tde-offs can occur between large water users enabling Hvigle
activities to compensate for lowalue activities for freeing up water resources. For instance,
municipal water supply could expand water withdrawals by paying larger irrigation schemes for
curtailing their unconstrained demand. The third method implies an allocation by separating water
allocative efficiency across crop types from that across-crop sectors. This method is also used in
Berrittella et al.(2007b) The fourth method is that found in most ve& scarcity modelling and uses

the assumption that agriculture is the user with the lowest priority. Water availability for irrigation is
thus determined once all other unconstrained water uses haeen deductedfrom the total

sustainable supply. Wateesources can still be mobile but ottdgtween different crop classes.

2.3. Sustainable withdrawals thresholds

Thresholds for sustainable withdrawadse setfor regions which are already either using a large
share of their renewable resources or are experiegciacurring groundwater depletion. Middle
East, Northern Africa and South Asia qualify through both criteria, whereas India experiences river

basin overexploitation in many ared8Vada et al. 2010; Rodell et al. 2009)

In light this regional heterogeneity, a few sustainability thresholdsbeanonsidered; TRWR, TRWR

with environmental flows requirements deducted, and 40% of TRWR as a marker for setere wa
stress following the thresholds iicamo et al(2003) The first is an absolute withdrawal limit given

by renewable water availability measured through TRWR. Regions going over this value are certain
to have a generalised aquifer ovexploitation. The second standard includes the environmental
flow requirements(EFRyvhich inFigure3 are considered to be 20% of TRWR as the lower bound for
the estimations inSmakhtin et al(2004) The third threshold also accounts for the iraanual
accessibility of freshwater resources and the risk of impairment of environmental requirements and

downstream users within a river basin.
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Figure3 - Baseline withdrawals in regions with water defigtSSP2

For each region a different sustainability level is céndia 40% of TRWR to prevent a significant

further amplification of groundwater depletiofh South Asia and Northern Africa 80% of TRWR

(TRWR minus EFR), Middle East 100% of TRWR. The choice of 100% TRWR threshold for the Middle

East comes from the infeasibility in finding a model solution with 80% thresholeiadriculture

last (AL) allocation methoglthe implied reduction in water availability for irrigated crops (234km

in 2050 almost matches the overall baseline demand for irrigation (2832 NJ G KS {-{ t H
of-the-N2 | R¢  owitid&ivals ynSdia are cappedstarting from 2015. South Asia is above the
80% standard already in thieaseyear. Therefore withdrawals are gradually decreased down to
meet this level by 2050. Withdrawals in Northern Afréaoe cappedstarting with 2005. Théiddle
Eastgradually decreases to 100% by 2050. At the end of the simulation period, the absolute
reduction from unconstrained levels is 2474or India, 108km? for the South Asia, 151 l&for the
Middle East and 18m? for Northern Africa.

2 This threshold, being higher than 2004 levels, also assumes that withdrawadtlidae expanded in river
basins which are not currently ovexploited.
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3. Results

3.1. Economic outpuimpacts

The economic impacts of water scarditie feltat an aggregate level mostly Wwater-scarceregions
(Table 1), with only minor influences for the other regions. Nevertheless, by 2050, the negative
impacts over world GDfeasured in real terms could be in the order of 0.15%, or over $130bn GDP
losses under the more inflexible water allocation regimes (limited mobllty and market
fragmentationMF). The impacts are reduced by twhirds under the assumption of econorrwide
water trading¢ the FAwater market configuration, and are further reduced to negligible levels
under the agriculture lasAL regime. Thisfinding is an indication that greater GDP impaate

obtainedwith increased constraintsn the water availabilityto nonragricultural sectors.

Tablel - Real GDP and Equivalent Variation impacts by RE&@&I region in 2050

RESCWater LM AL FA MF
region %RGDF $bn  $bn EV| %RGDF $bn  $bn EV| %RGDF $bn  $bn EV| %RGDF $bn  $bn EV
RGDP RGDP RGDP RGDP

Middle East (1.797) (89.04) (10.76) (0.020) (0.97) (3.07)] (0.761) (37.71) (9.71), (1.841) (91.22) (15.69)
South Asia (1.606) (7.07) (1.51), (0.562) (2.47) 0.13| (0.530) (2.33) (0.10), (0.554) (2.44) (0.63)
India (0.435) (33.19) (7.80) (0.029) (2.24) (353)] (0.148) (11.26) (0.96)] (0.465) (35.43)  5.11
Northern Africa (0022) (0.29) (0.63) (0.003) (0.04) (0.05) (0.012) (0.16) (0.01) (0.010) (0.14) (0.44)
Central Asia (0016) (0.04) 000 (0.001) (0.00) (0.03) (0.003) (0.01) (0.02)] (0.006) (0.01) (0.05)
Eurasia (0.009)  (0.12) 0.05 (0.000) (0.00) (0.02)) (0.002) (0.03) (0.02)] (0.006) (0.07) (0.10)
China (0.002) (0.30) (0.51) 0.000 0.05 (0.16)| (0.001) (0.11) (0.28), (0.004) (0.50) (0.62)
Southeast Asia (0.002) (0.06) (0.58) 0.003 0.10 (0.28) 0.000 000 (0.3§| (0.005) (0.16) (0.61)

Northern Europe (0.002)  (0.19) 0.33 0.000 0.05 (0.05)| (0.000) (0.03) (0.09)| (0.002) (0.23) 0.06

Southern Europe | (0.001)  (0.05) (0.12)) 0001 008 (0.29) (0.000) (0.01) (0.15) (0.002) (0.18) (0.12)

Northeast Asia (0.000) (0.00) 007 0002 009 005 0000 002 (0.02) (0.002) (0.09) (0.11)
USA 0.000 004 (1.19) 0001 025 (2.69) 0001 011 (1.69) (0.000) (0.03) (L.74)
Sahel 0.001 000 (0.04) 0000 000 (0.02) (0.001) (0.00) (0.03) 0002 000 (0.06)
Canada 0.000 001 (0.08) 0001 002 (0.08) 0001 001 (0.10) 0001 002 (0.19)
North Latin Am (0.001) (0.04) (0.21)) 0001 003 (0.11)] 0001 004 (0.23) 0002 010 (0.55)
Australia&NZ 0001 001 (0.01) 0003 006 (0.12) 0002 003 (0.10) (0.000) (0.01) (0.07)
Southern Africa 0001 001 (0.09) 0008 007 (005) 0003 003 (0.05)] (0.003) (0.02) (0.07)
Brazil 0.002 002 (0.28) 0005 005 (047) 0003 003 (0.32) 0001 001 (0.30)
South Latin Am 0.005 003 (0.13) 0008 004 (0.23) 0004 002 (0.14) 0002 001 (0.10)
Central Africa (0.006) (0.09) (0.34) 0016 025 (048) 0012 018 (0.54) 0009 014 (0.79)
World (0.146) (130.36) (23.84) (0.005) (4.60) (11.57) (0.057) (51.18) (14.92) (0.146) (130.26) (17.07)

Compared to the GDP reductions, the welfare impacts of water deficits are coasligldower in
water-scarce regions in the LM, FA and MF cases. Depending on the incidence of scarcity over the

different economic sectors, consumer prices can decrease leading even to positive EV outcomes



(Indiag MF, South Asig AL). In the other regian the impacts turdrom positive GDP taegativeEV

asdomestic price®f demand commodities increase due to the expansion of foreign demand.

In water-scarceregions, the incidence of the allocation regimes is dependent on the regional
unconstrained wateidemand patterns in the baseline. The highest impacts in all four regimns
obtainedin the LM variant [Figure4), with the highest impacts in the Middle East and South Asia.
The MF produces similar results to LM in India arel Middle East; as opposed to the other two
regions, noArrigation water demand consistently increases its weight in overall withdrawals by
2050, and therefore the requirement for more flexibility in waterakocation away from irrigation
becomes more singent. The AL method, affecting mostly crop production, leads to low GDP
impacts except foilSouth Asia where food sector®ntinue to have an important weight in the
economy. Northern Africa isgenerallyunaffected by waterscarcity giventhe dominant rde of
irrigation in overall withdrawalpersistingin 2050- small volumes of water reallocation even within
the mobiliy limits of the LM case (5% of total supply) are sufficient to ensure the resilience to water
shortages of the economy as a whole. Theref there are important differences in the incidence of

water scarcity between the first three (India, South Asia kiiddle East and this region.
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Figure4 - Real GDP impacts by region and by allocation method

At a sectoral leel, water scarcity impacts the activities with the highest dependency on water inputs
given their substitution possibilities away from water uség(re5). Thus, crop production sees a
drop of 5% or more in outgun India, South Asia and the Middle East with cascading efteeis

the processed food sector. As explored below, irrigated crop production drops by even higher rates
with rainfed production only partially offsetting this effect. The sarappliesto the power
generation sectog thermal electricity has the highest reduction in output of all activities, with the

production mix switching towards nethermal power.

Industrial sectors with inflexible production functiomith regard toindustrial water useghemicals,

primary energy, mining, manufacturing, paper and construction) are also affected but to a lower



degree. The typical drop in output for these sectors for the LM method is 2% in the Middle East, 1%
in India and 3.5% in South Asia. In the otherexvallocation methods, the output reduction is lower
although still significant for the MF method, negligible for FA and even positive in some cases for AL.
In Northern Africa, although the impaoté the different allocation regimes amgenerallynegligibe,
industrial output increases in the LM case with more mixed outcomes for the other methods. In the
LM regime, the limited flexibility to optimise water allocation within crop production across the
different crop types determines an overall crop outpwduction with a reallocation of water
resources to the nofrop sectors.
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Figure5 - Sectoral output impacts in water scarce regions

3.2. Water scarcity rents

Water scarcity rents revealed by the market price of allocable masources differ across methods
(Table2). The values obtained in the LM came the highest as the competition between users is
limited by the low mobility of water endowments. In the other cases, water scarcity prices ate muc
lower with the smallest values obtained in the FA case. These values also represent the rents for the
highest water allocative efficiency. For MF, as irrigation andin@yation waterusesare completely
separatedinto two water markets, the price foirrigation uses are lower than those for non

irrigation. These differencesnark the variation in marginal productivities between the two user

10



types with possibilities of water fallocation from crops to other neagricultural sectors for further

improvemaents in water allocative efficiency.

The AL case generates slightly higher rents than FA, although the GDP impacts arbdspitz.the
potential efficiency gains in fallocating some water volumes from nanop sectors, the decline in
crop output due b water scarcity determines a shift of other means of production (capital and
labour) to other sectors improving the economic outcomes of the overall factor allocation.
Furthermore, as water scarcity rengse not reflectedin the cost structure of noigrop sectors,
these will have a further competitive advantage as friekers by expanding their water uses beyond

the levels from the FA case.

Table2 - Water scarcity rents in 2050 by region and by allocation method3$/m

Region LM AL FA MF

Irrigation Norvirrigation
India 4.568 0.067 0.055 0.049 0.258
South Asia 4.460 0.042 0.040 0.037 0.129
Middle East 5.542 0.431 0.119 0.053 0.246
Northern Africa 0.962 0.003 0.003 0.003 0.064

3.3.  Water withdrawal changes

The changes inithdrawals by selfibstracting sectors (and the changes in supplied water use by the
underlying municipal and industrial water usees® determinedby the tradeoffs between these
economic activities leading to different outcomes across the four allocatiethods. Given the
high water intensity of irrigated crops, the bulk of withdrawals reduction to reach the regional
sustainability thresholdss ensuredthrough a significant decrease in irrigation withdrawgtggyure

6). Noneheless, for India and the Middle East, a noticeable demartbackin volumetric terms
also occurs in the second most important s&ipplied sector industrial water supply in India and

municipal water supply in the Middle East.

In relative terms (chage rate from baseline), in the LM method, municipal water withdrawals
(despite a high water productivity) decrease at comparable rates with irrigation most revealing thus
the larger scope to reduce water demand of the underlying supplied users (servigks an
households). In the MF case, the higher flexibility in water allocation betweercrops users
triggers a larger decrease in municipal water use to the benefit of the other sectors (thermal
electricity, industrial water and livestock). Further on, thegée water market configuration (FA
case), determinea sharpreduction in water uses by irrigation and an increase in water availability

for all other sectorsNliddle Eastand South Asia) or notably for thermal electricity and municipal

11



water (India). Asbaseline withdrawals for thermal electricity in Northern Africa are very

compared to other uses, water from irrigatie@mainly redirectedo industrial and municipal uses.
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Figure6 - Withdrawal changes byegion and by sefibstracting sector in relative and absolute terms
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Changes in the water use patterns across the different crop types reflect the differences in crop
water productivities.Thus, water demands considerably reduceth waterintensive cropgFigure
7). Withdrawals forrice and wheat in India decrease by more than 250k(the equivalent of total
required reductionyfor wheatin South Asia by 60khthalf the total required reductions)for other
crops in the Middle East by 40kh{a quarter of total required reductions) and fother cropsin

Nothern Africa by 15kf(as much as total required reductions).

3.4. Food security

Water scarcity highly impacts crop productisith some differences across crop typ&sgure8). In
India, riceandwheatare touched the most with decreases in output of over 15%; in South Asia, the
same crops drop by more than 20%, whereas, in the Middle Bds#r cropsfiber plantsandwheat

can have a decrease of more than 30%. Northern Africa is less affected withtloedycropshaving

a marked decrease next to 10%.

The incidence of water defts is dependent on the water allocation method with a clear contrast
between LM and the other three variants. In this regime, crop produdiEmerallydecreases across
all crop types and regions, leading to an overall increase in crop market3litgated production

is constrained by water deficits, similarly to all ragricultural water users, and by the lack of
flexibility to redistribute water across crop types. Although the -fadick from irrigated to rainfed
production is possible, the substtion between the two growing methods is not sufficient to fully

counteract the dop in output of irrigated crops.

The other three allocation methods lead to a more noticeablellecation of water resources
across crop classes marking the opportunityingprove the baseline water productivity across
irrigated crops. The scarcity impacts over the output of some carpsthus alleviatedn the
detriment of others.n India,riceandwheatproduction further decline in favour of additional water
use and irplicitly anoutput increase in all other crop types. In South Akia,highest outputdecline
occurs forother crops wheat andrice. In Northern Africa, a significant decrease in production is
obtained forother cropswith limited negative impacts farane&beetandother grains In the Middle
East water is rallocated from most crops to sustain the irrigated production of oil seeds and

veg&fruits

The largest contrasis obtainedin the AL case where competition over water use between crop
classess exacerbatedthrough the unrestricted withdrawals outside irrigation. As the water volumes

available for crop production are the lowest among all four allocation methods, the differémces

3 Crop market prices correspond to the Armington good prices of each crop class and thus contibine bo
domestic and imported varieties
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terms of water productivity between crop classes become more eviddhie Middle East is the
exception where tradeffs are limiteddue to a lower variation in the baseline water productivity

levels across crop clasdast alsoto international trade (se&irtual water trade sectiofbelow).

The water market fragmentation Méffers some protection to crop production decline by limiting
the volumes of water to be rallocated to norcrop users. Hence the output and price outcomes are
improved in MFcomparel to the single market FA case. The differences between the inciderices o
water scarcity across crop classee also reducedin this regard, AL and MF could be considered
two opposing allocation methodsthe first overlooks the importance of crops and fosecurity,
whilst the latter imposes a volume available for irrigation spite of differences between water

productivities of specific crop classes and other water users.

In India, the effect of the decrease in domestic production over crop market prices is the most
pronounced. This price responsbtained across the fouallocation methodss an indication that
international trade does not have a significaote in reducing the food security impaaspecially
for the main crops oficeandwheat As the imports dependency ratio in the baseline is |Bigre
9), the Armington assumption of international trade prevents a significant expansion of imports

despite the increase in market prices.

In contrast, imports in the Middle East and South Asia have an offsetting effg@cices. The import
dependency ofvheatin the Middle East growsom 24% in the baseline to 36% for AL, and from 9%
to 43% forrice. Similarly, in South Asia, the dependency grows from 18% to 3386doimports of
other crop classes also increase in importagoather cropsin South Asiapil seedsfiber plants
other cropsin the Middle East andther cropsin Northern Africa. These are all cases for which the
baseline dependency ratio is naregligible and for whicloutput is negatively affectedby regional

water deficits
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Figure8 ¢ Water scarcity impacts on cropquuction and prices
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Figure9 - Crop imports dependency ratio by region

3.5. Virtual water trade

The impacts of watescarcity over global virtual water trade are limited to the flows of the four
regions and are mostly driven by crop tradégurel0). The largest changes ocduarthe Middle
East where the net imports grow by 26Kknm the AL cas (Figurell), or 7% of global virtual water
trade in the baselint indicating the importance of international trade in addressing the drop in
domestic crop productionThisincrease in importgonverts the region from being a hexporter of
water (19kni of net exports in the baseline) to a net importer (8kwf net imports in AL). In
Northern Africa, although the changes are small in absolute terms (£)5kmese account for 10%
total required reductions in withdrawals in thegion. South Asia has a noticeable increase in net
imports only in the LM case determined by increased importeegi&fruitsand fiber plants At the
same time, some increases in net exports are obtained in India in the AL and FA case, as a marker
that international trade can further increase the impacts of water scarcity, notably over food
security, through exports of watdntensive commodities stimulated by increases in foreign

demand.

4 Global virtual water trade in 2050 for SSP2 is 372&nd includes the embedded water in both crop and
non-crop traded commodities
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FigurelO- Changes in net tradef virtual water by water category

Other visible changes in the net trade of virtual water outside craps mainly linkedto
commodities from activities using industrial and municipal water. As expected, AL does not have any
trade impactsgiven thatwater deficits do not constrain neorop sectos. In the other allocation
methods, virtual water trade associateéd services (municipal water usergicreasesn all regions,
except for Northern Africa, indicating international trade as a further adaptatiochaeism to

water scarcity. The samagppliesto the trade in commodities from industrigdctivities However, the

overall change in virtual water imports attached to industrial commodities is lower than that for
services. Changas the flowsrelated to themal electricityare limitedby the low levels of electricity

trade between regions in the baseline.
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Figurell- Changes in regional net trade of virtual water by allocation method (f) km
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Figurel2- Changes in virtual water trade flows of crapset values by trading pair (in KB

The Middle East has a dominant role in the virtual water trade changds itgitnet imports
increasing across all its trading partners in all four allocation methBigire 12Figure11). The
analysis of trade flows by pair also sha¥ws importance of this region in the netade of the other
three waterscarce regions most increases in virtual water exports of India, South Asia and

Northern Africa are absorbed by the Middle East

Other important sources of virtual water include the USA, Southeast Asia, Central Africa and
Northern & Southern Europe. Nevertheless, this growth in net exports of regions without water use
constraints does not lead to a significant growth in water withdrawals in these regitims total

increase in 2050 in outside watscarce regions is 2.8 Rifor LM, 4.5km? for AL, 2.3 krifor FA and
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