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Hydrological modelling SWAT
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Widely used

Represents natural hydrolo 1S
6 Reservoir dynamics
6 Transfers inside and outside the basin
~ 7 4 A
5 DNBdzy Rg I G S NX
Water allocation module
RULE TYP SRC OB3  DMD OBS CHL OB
wtransfs in wro high right first serve 5 5 n
OB NUM MIN MONTHLY (M3/8 FOR CHANNELS; FRAC PRIN SPILL FOR RES;
res 18 Q.15 9.1% 9.15 9.15 9.15 0.1% 0.315 4.15 0.315 9.15 0.15 0.15
res 1 0.15% @.1% 9.15 4.15 9.15 9.1% 0.15 4.15 0.315 9.15 0.15 0.15
res 25 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
res 34 0.1%> 0.1> 0.15 0.15 0.15% 0.15 09.15 0.15 0.15 0.15 0.15 0.15
res 35 Q.15 9.1% @.15 9.15 9.15 0.1% 0.15 4.15 0.315 0.15 0.15 0.15
UES_J.\IUM WiILTOlR SMUTNT w_]:{l J_]:{_J.I]:" I'EEST KLV_UH )L T 0 O e 0 i )
divert 1 wti sorbe canal 0.0 sr null null res 28
divert 1 wti_acena_ canal g.0 ar null null res 32
divert 1 wti_sjuan_canal 0.0 sr null null res 11
divert 1 wti nieves canal 0.0 sr null null res= 11
divert 1 wti navlmdic canal 0.0 sr null null res 33
17/06/2026
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Hydrological modelling SWAT

[TYYY) LITTYY
name conds alts acts
lake 27 gl bolarque 12 11 11
var obi obi_num lim wvar lim op lim const altl alt2 alt3 altd alths alté alt?
frol res 0 evol B 0.99000 > < < < < < <
frol res 0 evol B 0.80000 = < < < < > >
month null [4] null - 400000 - < - - - - -
month null 0 null = 7.00000 = = < = = = =
month null 0 null = 10.00000 = = = < = = =
month null 0 null = 9.00000 = = = = > = =
month null 0 null = 2.00000 = = = = = = >
month null 0 null = 3.00000 = = > = = < =
month null 0 null = 5.00000 = = = = = = <
month null 0 null = 6.00000 = = = > = = =
month null 0 null = 8.00000 = = = = = = =
month null 0 null = 11.00000 = = = = = = =
act_typ ob3J ob]_num nams option const consta fp |ocutcome
release res 0 | emergency days 1.50000 0.96000 l evol |y n n n n n n n n n n
release res 0 minim 1 rate 10.10000 0.00000 null |n v n n n n n n n n n
release res 0 minim 2 rate 8.50000 0.00000 null |n n ¥ n n n n n n n n
release res 0 minim 3 rate 7.10000 0.00000 null |n n n vy n n n n n n n
release res 0 minim 4 rate 7.70000 0.00000 null |n n n n ¥ n n n n n n
release res 0 norm_1 rate 6.03000 0.00000 null |n n n n n v n n n n n
release res 0 norm_2 rate 7.86000 0.00000 null |n n n n n n v n n n n
release res 0 norm_3 rate 14.00000 0.00000 null |n n n n n n n v n n n
release res 0 norm 4 rate 18.50000 0.00000 null | n n n n n n n n g n n
release res 0 norm 5 rate 8.55000 0.00000 null |n n n n n n n n n ¥ n
release res 0 norm 6 rate 6.15000 0.00000 null | n n n n n n n n n n ¥
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ACMA Hydrological Modelling Lab
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Improve the UTRB

catchment simulation
,/\ through \
RESERVOIRS TRANSFERS

Optimizing reservoirs' representation an Improving the simulated water In
their performance transfers, especially the Tag@ggura
water transfer (TSWT).
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ACMA Hydrological Modelling Lab

Previous model:

(e Tavlor & Francis
(&) 2

Hydrological Sciences Journal

‘ 1S5N: (Pring) {Online) Journal

Using sensitivity analysis and soft calibration of
geological regions to improve the representation of
hydrological processes in a SWAT+ model

A Reservoirs simulatiod satisfactory but upgradeable " SO Kt g, S Mot

To cite this article: Alejandro Sanchez-Gomez, Christoph Schirz, Katrin Bieger, Silvia Martinez-
Pérez & Eugenio Molina-Navarro (2025) Using sensitivity analysis and soft calibration of
geological regions to improve the representation of hydrological processes in a SWAT+ model,
Hydrological Sciences Journal, 70:4, 628-645, DOI: 10.1080/02626667.2024.2446268

A Transfers simulatiolY 90% water simulated (TSWT 79%) e

Catena 261 (2025) 109508

A Complex model due to the heterogeneity of the stualga

A Calibrated and validated

Water Resources Management
https://doi.ong/10.1007/511269-024-04071-3

Contents lists available at ScienceDirect

Catena
Check far A
Mode"lng Wate.r Management us”-Ig SWAT+: Apphcat'on ELSEVIER journal homepage: www.elsevier.com/locate/catena
of Reservoirs Release Tables and the New Water Allocation
Module in a Highly Managed River Basin N o
gnly g9 Multi-spatial and multi-criteria calibration to guarantee a robust SWAT+

, . hydrological model in a large and heterogeneous catchment
Alejandro Sanchez-Gémez' [ - Jeffrey G. Arnold? - Katrin Bleger” -
Matalja Cerkasova® - Nancy B. Sammons®# - Silvia Martinez-Pérez' - Eugenio Molina- Alejandro Sanchez-Gomez ™ @, Katrin Bieger ", Christoph Schiirz “®,
Navarro! José Manuel Rodriguez-Castellanos *, Eugenio Molina-Navarro ™

2 Department of Geology, Geography and Environment, University of Alcald, Carretera, Madrid-Barcelona Km. 33,6, 28805 Alcala de Henares, Spain
® Department of Ecoscience, Aarhus University, C.F. Mollers Allé 3, Building 1130, 424, 8000 Aarhus €, Denmark

HE‘[Ei'l'Ed ZErS-EDl:E-I'I'IlJE-[ 2024 |'l M{Eﬂ-ted' |4 DE[E'th[ 2024 © Division of Environment and Natural Resources: Hydrology and Water, Norwegian Institute of Bioeconomy Research, Oluf Thesens vei 43, 1433, Norway
©The Author(s) 2025
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Addition of four new reservoirs 6 D,

La Jarosa Navacerrada

Las Nieves Navalmedio
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Addition of four new reservoirs

Water purification

plant La Jarosa Navacerrada
La Jarosa Navacerrada
canal canal
Las Nieves Navalmedio
Valmayo ‘l' ‘l'
Las Nieves Navalmedio
canal canal
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Revision ofaquifer routing Niters @ @O @

HML - UAH
! L
ey 3}) ‘ {
Sy
‘., N\ A, /'-j
Object  Area (nf) % discharge [EEBEEI
Navacerrada| 22881197 4% AN
Santillana | 207245332 40% |
El Pardo | 282336925 55% e
cha_515 | 2497931 1% : z)
TOTAL | 514961385 100% |

I 42




Missing data incorporated 201
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Missing data incorporated Iy
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Finisterre Reservoir La Tajera Reservoir Guajaraz Reservoir
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Missing data incorporated

Finisterre Reservoir La Tajera Reservoir Guajaraz Reservoir
6 160
A
| ,J"’A\L /1 \ ] ( \. M\\ {' \
F M | 1
6 60 BRI AT \ h
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’\1\\ lr\ \ | \\‘ \
| V| \ A |
\ 4 -40 \ \ \
\ \ ’ \/“\ \‘\
Iy \ \ ‘ \ U)
o 41 !l\ /‘\‘ ! b F40 ‘ J } ‘ 5]
{ 1.0 - | 10 =
.g \,‘L \\4) \ \/ \\:) 8
= [©)
g \ =
E \41 3(»
1\ ~—
2. +20
21 [<0 0.51 5
0- 0 0- 0 0.0- 0
2010 2015 2020 2010 2015 2020 2010 2015 2020

Date

— Storage (hm3) — Outflow (hm3) — Inflow (hm3)

17/06/2026 2026 SWATonference Thessaloniki, Greece 18



Ly Ft26a | yR 2dz0Ft 29

Inflows
Not receive a Receives a
transfer transfer
CHT data Calculated inflow
incorporated receiving transfer

INFlOW,gay 2)= StOfgay 2,G StOrg,y, 1+ Outflow,, ) /

InﬂOW(day 1)= Stor(day 2)( Stor(day 1)+ OUtﬂOV\(dayl)
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El Vellén Reservoir

Outflows

l

Negative outflows

|
l l

ElVelldn
Reservoir

. !

i Fixing script

2000 2005 2010 2015 2020
Date

Outflowy (hm™)
Z
>

— Fixed outflow Criginal cutflow
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Reservolir's stanehlone calibration

@ l Calibration script

Inpm data Reservoir Lake Id Order Reservoir Lakeld Order

La Aceia 1 1 Charco del Cura 3 2
A Reservoirerder El Burguilio . - Riosequillo 8 2
La Pinilla 6 1 Santillana 12 2
A SWATnflows El Vellon 10 [ 1 | [MolinodeChinchl 30 | 2

Valmayor 11 1 :
A Ev+ hypsometricurves Guajaraz 14 1 Las Nieves 34 2
Puentes Viejas 7 3

: : : El Atance 15 1
A Reservoiproperties(maxcapacity) - El Pardo 20 3
Palmaces 16 1
A %Storage Alcorlo 17 1 gan J:,an gg g
Belefa 18 1 l_Jen a

A Transfers La Tajera 19 1 Picadas 4 4
A Envi Entrepefias 21 1 El Villar 9 4
Enviromentaflows Finisterre 52 1 golarlque 27 4
. azalegas 5 5

A Medianrelease El Vado 28 1 :
La Tosca 31 1 Zorita 22 5
La Jarosa 32 1 Atazar 29 5
Navacerrada 33 1 Almoguera 23 6
Navalmedio 35 1 Castrejon 13 7
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Reservolir's stanehlone calibration

HML - UAH

Lake_id: 12

emergency_lag

N0 3SN

R ) l Calibration script

Input data Calibration

HOLS 3SN

A Parametersindlimits:

A Reservoirerder

crit_trimmed

A scarcity _threshol®f (0.01, 0.3) .
A SWATInflows A emergency_threshold (0.80, 1)
_ A segurity_vol_fray (0.01, 0.3)
A Ev+ hypsometricurves A emergency lay (1, 30)
A

winter_monY (-0.3, 0.3)
A summer_mory¥ (-0.3, 0.3)

HOLS SYIEd

A Reservoiproperties(maxcapacity)

A %storage | o |
A LatinHypercubesampling? 500sims > result_table

A Transfers row Lakeo Lake_27
A Calibratiorfunction
sim_97 sim_171
5im_390 sim_480
5im_429 sim_290
sim_112 sim_420
sim_193 sim_211

A Enviromentaflows _
sim_145 sim_115

A Statisticof the results

A Medianrelease _ _
A Selection of the best 10 sims

(parameterst statictic9 sim_319 sim_406
sim_41 sim_452
sim_148 sim_266

5im_232 sim_134

=TT - R B RO T R R LN I

=t
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Reservolir's stanehlone calibration

Ilr.

R) Calibration script
l ¢ l
Input data Calibration Validation

A Reservoirsrder
A SWATnflows
A Ev+hypsometricurves

A Reservoiproperties(maxcapacity)

A %storage
§°27°
# A tibble: 10 x 8

A Parametersindlimits:

To o To Do o I

scarcity _threshold (0.01, 0.3)
emergency_threshold (0.80, 1)
seqgurity _vol_fray (0.01, 0.3)
emergency _layy (1, 30)
winter_monY (-0.3, 0.3)

summer_mory (-0.3, 0.3)

scarcity_threshold emergency_threshold segurity_vol_frac emergency_lag winter_mon summer_mon Simulation Lake_id
I 7 i T N b1 AB T -7 P

<db T

0.0526 0.908
0.124 0.830
0.0613 0.909
0.0737 0.850
0.145 0. 804
0.0858 0.833
0.118 0.930
0.0556 0.827
0.0730 0.822
0.0603 0.934
17/06/2026

<

0.162 8.05 -0.1986 -0.245 sim_115 27
0.0893 10.1 0.0468 -0.0905 sim_134 27
0.174 9.14 -0. 260 0.0967 sim_171 27
0.0807 10.0 -0.234 0.0735 sim_211 27
0.07/75 10.3 0.0593 0.0720 sim_266 27
0.0568 8.93 0.00447 -0.148 sim_290 27
0.182 8.14 -0.173 -0.0595 sim_406 27
0.172 9. 34 -0.181 0.0201 sim_420 27
0.0442 9.00 -0.292 0.124 sim_452 27
0.150 9.50 -0.190 0.0773 sim_480 27

2026 SWATonference Thessaloniki, Greece

A Parametersf the best10 sims

A New inputs (inflow for the validation
period+ %storage)

A Validationfunction (= calibration)Y
10sims

A Statistics

A Joinwith calibration

23



Reservolir's stanehlone calibration

emergency_threshold

name conds alts acts scarcity threshold

lake 27 gl bolarque 12 11 11

var obij obj num lim var lim op /\ lim const altl alt2 alt3 alt4 alts alté alt?

vol res 0 evol - > < < < < < <

vol res 0 evol = - < < < < > >
month null 0 null - 4.00000 - < - - - - -
month null 0 null - 7.00000 - - < - - - -
month null 0 null - 10.00000 - - - < - - -
month null 0 null - $.00000 - - - - > - -
month null 0 null = 2.00000 - - - - - - >
month null 0 null - 3.00000 - - )

month null 0 null - 5.00000 - - Emergency_threshold segurity vol frac
month null 0 null - 6.00000 - - -

month null 0 null - 8.00000 - - - - - - -
month null 0 nul1€mergency_lag 11.00000 - segurity_vol_frac - - - -
act_typ obj obj num name option const const2 _/I fpr outcome

release res 0 emergency days evol y n n n n n n n n n n
release res 0 minim 1 rate 10.10000 0.00000 null n vy n n n n n n n n n
release res 0 minim 2 rate 8.50000 0.00000 null n n y n n n n n n n n
release res 0 minim 3 rate 7.10000 0.00000 null n n n v n n n n n n n
release res 0 minim 4 rate 7.70000 0.00000 null n n n n v n n n n n n
release res 0 norm_1 rate 6.03000 0.00000 null n n n n n v n n n n n
release res 0 norm 2 rate 7.86000 0.00000 null n n n n n n ' n n n n
release res 0 norm 3 rate 14.00000 0.00000 null n n n n n n n Yy n n n
release res 0 norm 4 rate 18.50000 0.00000 null n n n Ao n n n 0y n n
release res 0 norm 5 rate 8.55000 0.00000 null n n n n n n n n n vy n
release res 0 noxm 6 rate 6.15000 0.00000 null n n n n n n n n n n v

summer mon )
winter_mon

Median release + (Median releasstimmer_mon
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Human consumption rate

Abbd L/

ACMA

llr.

HML - UAH

Hydrological Modelling Lab

17/06/2026

41.0°N

40.5°N

40.0°N

39.5°N

30% human

consumption =
o !: ’:»
; / Y
;-4‘ R
v
N 7 E
- _ "%;é\_\’\ G
70% back to the
> y channel
I 7
I T GO <m

5°W 4°W 3°W 2°W

Type
@ Consumptive use
Water transfer

outside basin
Water transfer

within basin
Withdrawal and

¢ Return

Water
movement
A Extraction
V Return

Volume
(hm?3/year)
>5

> 20

- 50

= 100

» 200
300
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Water purification
plant

% of water withdrawal
Previous Optimise

model model Difference

Valmayor

17/06/2026 2026 SWATonference Thessaloniki, Greece 27



MODHEL MREONUENEN T S
AFTHRR OPVIRAZANON

17/06/2026 2026 SWATonference Thessaloniki, Greece 28



Reservoir statistics

117
[TYYY) LITTYY

Previousmodel

Optimisemodel Entrepefias
Embalse PBIAS outflow  PBIAS storage PBIAS outflow PBIAS storage Outflow
1. La Acefia -25.6 -0.9 -25.2 -0.7 100
2. El Burguillo 4.6 -0.6 4.8 1.2
3. Charco del Cura 0.9 4.2 1.1 4.3
4. Picadas 5.5 -10 6.9 7.6 g /®
5. Cazalegas 19.8 -8.7 22.8 -7.4 S
6. La Pinilla -7.5 -6.9 -7.5 -6.8 E 50
7. Puentes Viejas 16.4 0.2 16.3 2.2 E
8. Riosequillo 19 3.6 12.6 1.2 < 5
9. El Villar 19.5 -3.3 20.5 0.2
10. El Vellén 11.9 2.9 49.9 3.2 0
11. Valmayor -56 -90 -56.3 -84.5
12. Santillana -36.1 -1.4 -45.6 2.2
13. Castrejon 29 -3.6 14.9 1.1 Observed — Optimise model — Previous model
15. El Atance -7 72 -16.4 18
16. Palmaces -3.7 44.5 -5.9 11.8
17. Alcorlo 29.7 46.4 22.3 27.6 600
18. Belefia 32.7 20.1 27.2 -1.9
19. La Tajera -20.8 75.4 -16.4 4.8 =
20. El Pardo 32.8 45.7 17.7 114.5 €400
21. Entrepefias 1.8 29.8 5.5 10.3 E
22. Zorita 22.6 86.7 22.2 -9.2 E
23. Almoguera 14.2 1 17.4 2.6 = 200
25. San Juan 8.2 21.4 5.5 4.8
26. Buendia 3.7 53.7 10.2 13.7 0
27. Bolarque -7.9 -50 24.1 0.3
28. El Vado 375 25.1 38.9 15.8
29' Atazar - 9.7 7.8 5.4 0.8 Observed — Optimise model — Previous model
30. Molino de Chinch 67.7 10.5 30.3 2.4

17/06/2026
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Reservolr statistics

Embalse
1. La Aceiia
2. EBurguillo

3. Charco del Cura

4. Picadas
5. Cazalegas
6. La Pinilla

7. Puentes Viejas

8. Riosequillo
9. El Villar
10. ENVellon
11. Valmayor
12. Santillana
13.Castrején
15. El Atance
16. Palmaces
17. Alcorlo
18. Beleiia
19. La Tajera
20. El Pardo
21. Entrepeiias
22. Zorita
23. Almoguera
25. San Juan
26. Buendia
27. Bolarque
28. El Vado
29. Atazar

30. Molino de Chinch

17/06/2026

Previous model

PBIAS outflow

PBIAS storage PBIAS outflow PBIAS storage

Optimise model

IMPROVEMENTS WORSEN

-25.6 -0.9 -25.2 -0.7
4.6 -0.6 4.8 1.2
0.9 4.2 11 4.3
5.5 -10 6.9 -7.6
19.8 -8.7 22.8 -7.4
-7.5 -6.9 -7.5 -6.8
16.4 0.2 16.3 2.2
19 3.6 12.6 1.2
19.5 -3.3 20.5 0.2
11.9 2.9 49.9 3.2
-56 -90 -56.3 -84.5
-36.1 -1.4 -45.6 2.2
29 -3.6 14.9 -1.1
-7 72 -16.4 18
-3.7 44.5 -5.9 11.8
29.7 46.4 22.3 27.6
32.7 20.1 27.2 -1.9
-20.8 75.4 -16.4 4.8
32.8 45.7 17.7 1145
1.8 29.8 5.5 10.3
22.6 86.7 22.2 -9.2
14.2 1 17.4 2.6
8.2 21.4 5.5 4.8
3.7 53.7 10.2 13.7
-7.9 -50 24.1 0.3
37.5 25.1 38.9 15.8
59.7 7.8 55.4 0.8
67.7 10.5 30.3 2.4

But most of the worsen statistics are just
some decimalshowever the improvements
are much higher
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Water transfer (%)

l‘.l‘l‘l‘l ’ HML - UAH

ACMA Hydrological Modelling Lab

Water transfers Previous model Optimise model

TSWT 79 87

El Atazar canal 100 100
Valmayor canal 88 95
Jarama canal 97 96
Cazalegas irrigation canal 98 99
Picadas canal and AMSO ca 98 99
San Juan canal 100 99
Santillana canal 100 100
ElVellbnand Guadalix canals 100 100
El Villar canal 100 100
Almoguera canal 99 100

Las Nieves canal 51 70

Trillo Nuclear Plant 100 100

La Jarosa canal 40 98
Sorbe canal 100 100
Navacerrada canal 40 97

La Acefia canal 100 100
Navalmedio canal 94 80

La Pinilla canal 100 100
Aceca Power Plant 100 100

90 94
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