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e Integrate physical hydrological modeling (SWAT) with a multiregional
input—output hydro-economic model (MRIO) to assess water demand
and supply across local labor systems (LLS).

« Harmonize spatial units by aligning hydrological sub-basins with
economic regions (LLS) to enable geographically relevant water
resource analysis.

 Evaluate water scarcity using multiple indicators, capturing the
interplay between green, blue, and gray water, and accounting for
both natural and feasible supply conditions.
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l. Methodology
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Scheme of the model

o Figure 1. Schematic representation of the methodology
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Figure 2. Study area (5 LLS)

_ Study area

S ) Q Source: Own elaboration
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a2 Figure 4. Structure of the IRIO table of Tuscany
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Water demand

« Withdrawals

o e Net demand

o e Extended demand
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~ Agriculture
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_ Watersupply

e Natural ecological supply (ES) refers to the long-term natural water supply
= net of the ecological flow requirement.,

o ESS=1I°+ (1 —E)R®

o The estimation of feasible water supply follows the methodology proposed by
e Rocchi et al. (2021), which incorporates environmental, institutional, and
e technical constraints into the natural supply of surface and groundwater.

°(1—B* if If < I(1— BY)
;7% =<5 I°(1+ B*B if IS >I5(1+ B%)
I? if If € [I°(1—B*%),I°(1+ BY)]

S Ri{ — ER® if ERS <Rf <M°R°+ER"®
Ry = M3R* if Rf>M°R°+ER®
o 0 if Ri < ER®
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Green water supply
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o Green water supply is estimated based on soil moisture (SM) and
o evapotranspiration (ET) (Pacetti et al., 2021). However, since this study
A focuses on green water availability for the agricultural sector during the
a4 irrigation period, two adjustment factors are applied: the percentage of
o agricultural area in each LLS (f8;) and the number of irrigation months (5).
o Accordingly, the green water availability indicator is defined as:

(47)
- GWA® = (ET* + SM®) - B2 ED




-
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ééé Water St reSS The WEI corresponds to the ratio between blue water withdrawals of

o groundwater and surface water, and the long term natural availahility net of

n I n d I Cato rS the ecological flow (natural ecological supply, ES) (European Environmental
a2 Agency, 2005).

e N 2
A _ Xi=1 Zi=1 i

e ISIS'
N E
ey

(48)

=

aa b) WET+

o The WEI, is an upgraded version of the WEI, which incorporates returns from
= water uses, therefore taking into account the net water demand
-2 (Faergemann, 2012; European Environmental Agency, 2020)

on o1 Ze=1(fiie — Tiig) " X5 (49)

o WEI} =
= ES*

a2 c¢) EWEIL

o The EWEI indicator is estimated as the extended water demand divided by
ol the feasible supply (Sturla and Rocchi, 2022).

C o N w2 S _ S S xs
e EWEL — =1 Lre=1Uic = Teie + Wiie) " X (50)
A T Is.f&as + R.:.fms

st t

e e i
B s
B s
B s
B s
B s
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
B
B s
B s
B s
B s
B s
B



Water stress d) EWET

oo i i The EWEI* indicator corresponds to the EWEI calculated using the natural
e I n d I Cato rS ecological supply in the year of analysis, rather than in the long term. It is
n defined as the groundwater recharge and surface runoff, minus the ecological

o flow. This indicator is proposed in the present study.

(51)

e N 2 5 g 5 .
e EWEIL — i=1 Li=1(fcie — Toae T Wiie) X
e r IS _I_RS _ EES
Rl ad) t I-

o e) GWSI

SRR The green water scarcity index (GWSI) is derived based on agricultural soil
e moisture demand and green water supply. v

et N 5 .

CET Yiz1 fomice  X{ (52)

o GWSI; =
oE r
o G Wa'—'li
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Blue and grey water supply

e Figure 5. Natural supply by LLS (blue water) Figure 6. Green water supply by LLS
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oo Source: Own elaboration Source: Own elaboration

e e i
B s
B s
B s
B s
B s
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
P
B s
B
B s
B s
B s
B s
B s
B



e Table 2. Water demand by LLS and year
S Demand

o LLS 2014 2015 2016 2017 2018 2019 2020
o Category

o W t d d WD 122 122| 122| 122| 122| 122| 122
San a e r e l I la l l ND 238 238| 238| 238| 238| 238| 238
ey Arezzo
Son ED 579 s79| s579| s579| s79| s79| s79

Son GD 30.3 29.7 26.9 251 30.3 25.8 30.8

o WD 2.4 2.4 2.4 2.4 2.4 2.4 2.4
o ND 6.4 6.4 6.4 6.4 6.4 6.4 6.4
SR Bibbiena
R ED 26.1 26.1 26.1 26.1 26.1 26.1 26.1

Son GD 5.0 9.0 9.2 8.0 8.9 8.0 9.5

A WD 9.3 14.7 9.4 14.4 12.0 9.8 13.5
o ND 30.2 49.2 30.6 48.3 39.7 32.0 45.1
T Cortona
b ED 65.4 65.4 65.4 65.4 65.4 65.4 65.4

Son GD 30.9 47.4 29.9 47.1 37.3 33.0 441

A WD 1.4 1.4 1.4 3.3 1.4 1.4 1.4
S ) ND 6.3 6.3 6.3 16.2 6.3 6.3 6.3
SR Montepulciano
S ED 79.0 79.0 79.0 79.0 79.0 79.0 79.0

] GD 7.5 7.5 7.2 16.3 6.7 6.7 7.5

S WD 4.0 6.6 4.4 7.8 6.0 41 4.8
o ND 10.6 23.6 12.4 30.0 209 10.9 14.4
S Sinalunga
S ED 51.9 51.9 51.9 51.9 51.9 51.9 51.9
T GD 12.7 23.5 131 28.5 20.0 11.4 15.7

S Source: Own elaboration
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_ Blue and grey water scarcity indicators

e . e Figure 8. Blue and grey water scarcity indicators (Bibbiena
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_ Blue and grey water scarcity indicators

o Figure 9. Blue and grey water scarcity indicators (Cortona) Figure 10. Blue and grey water scarcity indicators (Montepulciano)
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_ Blue and grey water scarcity indicators

S Figure 11. Blue and grey water scarcity indicators (Sinalunga)
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_ Green water scarcity indicator

So Figure 12. Green water scarcity indicator (All LLS)
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IV. Conclusiones
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Conclusions

e The integrated hydro-economic model allows a realistic simulation of
green-to-blue water substitution, improving upon previous models by
explicitly estimating soil moisture scarcity rather than using precipitation as
a proxy.

e« New indicators (EWEI and GWSI) offer a more nuanced assessment of
water scarcity*, capturing dynamics like reduced dilution capacity and the
difference between ecological and feasible water supply.

« The model reveals that some local economies face severe water scarcity,
especially under dry conditions, while others show minimal stress—
highlighting the importance of spatially detailed assessments.
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