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Mb Lb¢wh5!/ ¢Lhob @O()

000000000000
1 1

The Tagus River

C Most populated basin in the Iberian
Peninsula

C Highly regulated by reservoirs

C Already noticeable effects of climate
change d

X! HEADWATERS Great relevance
A Main source of water from a nature

TAGUS

™ Tagus basin
... 4 [ Segura basin
L2 B - e enare:

0 12,5 25 -§
regime area d T
o q?a v D Study area
— Tagus River . . .
A Water supply to the TaggSegura s [ St e
Transfer (330 hmqyear) 000000000000000000
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1. INTRODUCTION

HEADWATERS= Strategic relevance for
water management

Bolarque

«.Buendia

JUCAR
i Gauging stations {8 4

C Regulation of water supply through the
EntrepenagBuendigBolarque reservoirs
system

—— Tributaries
= Tagus river
[ | River basins

C Relevant groundwater bodies that contribute
up to half the flow of many rivers.

C Water avalilability has decreased by 50% over L. L % dw'é-“z
the past 40 years. e GWB1 LB ™

River basins

JUCAR b -j Groundwater bodies

“-E Study arca

¥*  Piezometers
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2. OBJECTIVES 6600

HML = UAH
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Hydrological Madelling Lab

To simulate the hydrological impacts of climate change:

C Calibrated SWAT+ model
C CalibratedSWAT+gwflownodel

C C.C. Scenario data Based on the IPCC's Sixth Asses
Report (ARG) }

C Compare the simulated results between the two mode
using water balance and streamflow components

29/06/2026 {21nHdR2YTSNBYyOS 4



CENOZOICO

Cuaternario

[ ] Gravas, arenas, arcillas y limos
(materiales cuaternarios)

Nedgeno

I:l Arcosas y lutitas con guijarros y silex

[ | Brechas calcdreas y dolomiticas

[ Conglomerados, areniscas y lutitas

|:| Margas yesiferas y calizas con silex

[ ] Calizas y margas

|| Lutitas con niveles carbonatados

[] Calcarenitas y conglomerados con margas

Arcillas, limos y arenas

[7] Conglomerados, areniscas y lutitas

[ Yeso, margas y arcillas

= Areniscas y conglomerados con calizas

Paleégeno

Brechas calcdreas y dolomiticas

|:| Conglomerados, areniscas y lutitas

Calizas y margas

[F5] Areniscas v conglomerados con calizas

MESOZOICO

Cretacico

[ Dolomias, calizas y margas

[ Brechas dolomiticas, carniolas vy calizas en bancos
- Calizas, dolomias y margas de diversas formaciones
7] Arenas y arcillas con lignitos

] Arenas, arcillas v conglomerados

[ Arcillas, margas y yeso, con areniscas o gravas
[ calizas con fésiles ¥ otros componentes

Jurisico

[ Calizas, dolomias y margas de diversas formaciones
[ Margas y calizas bioclasticas o margosas

[ ] Calizas ooliticas, oncoliticas y pisoliticas

Tridsico

[ Brechas dolomiticas, carniolas y calizas en bancos
7] Arcillas, margas y yeso, con areniscas o gravas

I Dolomias, calizas v margas

PALEOZOIC

Pérmico

I Pizarras, areniscas, cuarcitas, calizas y margas
I Areni rojas, congle dos y lutitas
Carbonifero

B Pizarras, areniscas, cuarcitas, calizas y margas
Ordovicico Silarico

[ Pizarras, areniscas, cuarcitas, calizas y margas

X Singular andrariedlithology (from
Paleozoido Quaternary

X Twomain Domains

A Carbonatematerialsfrom Mesozoic
A NeogeneandQuaternatydetrital
sediements



4. METHODS SYWAT+ssetipip
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Integration of lithologybased permeability
factors into the model

Geological and hydrological
characterization of 8 gauging sub

catchments
Regio Area Precipitation Flow RC GC
n (km?)  mm mm
Peralejos CRB 412 726 275 0.37 0.54
Alcantud CRB 558 719 262 0.35 0.47
PGS CRB 343 693 251 036 054
Escabas

PIIEEE MIX 388 615 18 003 038

Trabaque

Taravilla MIX 206 663 107 0.16 0.48

Ventosa MIX 944 536 38 0.07 0.55
29/06/2026
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José Manuel Rodriguez-Castellanos ¥« Alejandro Sdnchez-Gémez, Katrin Bieger, Silvia Martinez-Pérez,

Volume 61, Issue 2
April 2025
70008

N

A
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Geological regions at HRU level

] QSWAT+ subbasins

I Carbonates

B Detrital-High permeability (D-H)
Detrital-Low permeability (D-L)

Je Priego=Escabas

Gauging stations

. » Fa-r-a\\ii{la

Pera lfa jos

o~

20

Geological region sub-catchments

: Calibration stations L Carbonates (CRB)

I Trillo station

I Dctrital-High permeability (D-H)

[T Mixed (MIX)

-
i .
= Nuclear power plant il Reservoirs

— Drainage network
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Hydrological Madelling Lab

A Geolt;giczal m:;) lanyd cross-secTt_ipn. . B :g;gi:;“wg_ X O bJ eCtIVE I m p rove g roun dwater
dynamicsusingpiezometers

Detrital sediments. Muschelkalk and Buntsanstein
Jurassic and Cretaceous. - Paleozoic. Igneous and
Carbonate rocks metamorphic rocks

X Calibration of the module using PEST+-
(automatic).

G
; ¥  Piczometers . . .
;_, [0 rountater b X Harmonized zonal calibration between

D Study area

conventional SWAT+ parameters and th
gwflow module.

2 aquifer zones
Carbonate domain an d Carbo n ate

Detrital domain

E Study area




4. METHOBS Climeaide (Bhapgecsaeriasios

Regionalized dalily projections of precipitation and temperatu

LEe s wAEMET

A ssSPa.5
A SSP:8.5

ZACIN6IEIN A MT (20412070)
A LT((20712100)

horizons

2 models

- SWAT+
- SWAT+gwflow

29/06/2026 SWATConference026

produced by the Spanish Meteorological Agency (AEMET)
based on the latest IPCC report (ARG6).

11 GCMsx 2 scenarios
2 TemporaHorizensx 2 Models

|

88 climatic stages
evaluated

ALL EVALUATED AGAINST THE BASE
PERIOD

19852014




5. RESULEASEnsamiies

Precipitation and Temperature

Temperatureevolution (19852100)

+5. 1

Baseline

S8P2-4.5

SSP5-8.5
17.5

Baseline | = - Medium Term  Long Term

% 68

Precipitationevolution (19852100)

@

HML = UAH
Hydrological Madelling Lab

Baseline
SSP2-45
SSP5-8.5

2045

29/06/2026
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5. RESUISRSReativie cthange

Clime, Evapotranspiration and Recharge

X PET increases substantially, up to +25.7% i
high-emissions longerm case

X ET changes are similar in both models, gwfie
showing slightly stronger reductions:

C For SSR§ ®p AY [ 2y 3

=1

Relative change (%

N RO
e a0

X Recharge shows larger reductions in gwflow
than SWAT+,

C Larger under higlemission in the long

term ‘

b p HSWAT+gwflows.bL o ySWAT.

29/06/2026
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5. RESUILASResenoir inflows @Q )

Ensambleand relative change

SW,

: 50+
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1985 2005 : 2025 = 5 065 : 085 o Medium-Term Long-Term
H H 45 [ ss ES SWAT+ ES SWAT+ gwf
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Medium emissions Highemlssmns

1,9 2,7 2,7 5,1

Temperature(AC)

a&Precipitation(%) 5,2 -7,4 -8,1 -22,6
&ETP (%) 9,8 14,0 13,5 25,7
EETRSWAT|%) -3,6 -6,4 -5,2 -15,6
aeETRdwflow) (%) -3,6 -6,9 -5,8 -18,4
&Reservoiinflows (SWAT) (%) -9,2 -15,7 -7,1 -43,3
&Reservoiinflows (gwflow) (%) -21,3 -25,5 -19,3 -53,2
&RechargdSWAT]%) -5,8 -10,0 -2,0 -38,3
a&Rechargdgwflow) (%) -17,0 -18,8 -10,7 -52,4

More ETSWAT+gwilows SWATHA Lesswater availalviity Ay Redluctions inggwitlonaamplitied
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5. RESUKESEnsamide FDC % 60 1)

Minimum dischnatges (@6 0.0 Q00)
Ensemblesof mean FDC of the 11 RCMs evaluated

SWAT+ SWAT+gwflow

X Significant differences between models.

C SWAT+ does not predict major reductions
except for the most pessimistic scenario.

C SWAT+gwflowrojects more sustained
reductions in discharge across all the

percentiles.

w

Discharge m®/sg

C SWAT+ tends to simulate greater decline
than SWAT+gwfloun minimum flows for

the long term

0\0 o a\:D a\lo 0\0
oY X S

(-OQ
Exceedance Probability

Baseline -+ MT —— LT Scenario SSP2-45 = GSS5P5-8.5

Period
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Hydrological Madelling Lab

X Analysis of 9 representative piezometers in
the carbonate area

X Groundwater level declines vary depending
on the piezometer.

X Greater reductions under loagrm and
high-emissions.

X aSRAdzY RSONBI &a8¥LTbc®dp Y Ay {{tp

Medium emissions High emissions

-2.45  -3.04 -2.13 -6.52

Abs. change
(meters)

Relative

change (%) -0.22 -0.28 -0.17 -0.58
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