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INTRODUCTION
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Water availability

Water scarcity

Climatechange challenge Ÿ water management

Tools to manage water resources and predict 

scenarios
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Hydrological modelling - SWAT

ǒ Widely used

ǒ Represents natural hydrology + human actions 

ǒ Reservoir dynamics

ǒ Transfers inside and outside the basin

ǒ DǊƻǳƴŘǿŀǘŜǊΧ

ǒ Water allocation module
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Hydrological modelling - SWAT
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Study area

ǒ 35 reservoirs
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Study area

ǒ 35 reservoirs

ǒ 20 transfers
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OBJETIVE
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Improve the UTRB 
catchment simulation 

through

TRANSFERS

Improving the simulated water in 
transfers, especially the Tagus-Segura 

water transfer (TSWT).

RESERVOIRS

Optimizing reservoirs' representation and 
their performance
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PREVIOUS WORK
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Previous model:

ÅComplex model due to the heterogeneity of the study area

Å Calibrated and validated

ÅReservoirs simulation Ÿ satisfactory but upgradeable

ÅTransfers simulation Ÿ 90% water simulated (TSWT Ÿ 79%)
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RESERVOIRS 
OPTIMIZATION
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Addition of four new reservoirs

La Jarosa Navacerrada

Las Nieves Navalmedio
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Addition of four new reservoirs

La Jarosa Navacerrada

Las Nieves Navalmedio

La Jarosa 
canal

Navacerrada 
canal

Las Nieves 
canal

Navalmedio 
canal

Water purification 
plant

Valmayor
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Revision ofaquifer routing

Object Area (m2) % discharge

Navacerrada 22881197 4%

Object Area (m2) % discharge

Navacerrada 22881197 4%

Santillana 207245332 40%

Object Area (m2) % discharge

Navacerrada 22881197 4%

Santillana 207245332 40%

El Pardo 282336925 55%

Object Area (m2) % discharge

Navacerrada 22881197 4%

Santillana 207245332 40%

El Pardo 282336925 55%

cha_515 2497931 1%

TOTAL 514961385 100%
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Missing data incorporated
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Missing data incorporated
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Missing data incorporated
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LƴŦƭƻǿǎ ŀƴŘ ƻǳǘŦƭƻǿǎΩ ŎƻǊǊŜŎǘƛƻƴ

Inflows

CHT data 
incorporated

Not receive a 
transfer

Receives a 
transfer

Calculated inflow -
receiving transfer

Inflow(day 2)= Stor(day 2) ςStor(day 1) + Outflow(day2)

Inflow(day 1)= Stor(day 2) ςStor(day 1) + Outflow(day1)
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LƴŦƭƻǿǎ ŀƴŘ ƻǳǘŦƭƻǿǎΩ ŎƻǊǊŜŎǘƛƻƴ

Outflows

Negative outflows

NA El Vellón
Reservoir

Fixing script

Inflows

CHT data 
incorporated

Not receive a 
transfer

Receives a 
transfer

Calculated inflow -
receiving transfer

Inflow(day 2)= Stor(day 2) ςStor(day 1) + Outflow(day2)

Inflow(day 1)= Stor(day 2) ςStor(day 1) + Outflow(day1)
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Reservoir Lake Id Order

Charco del Cura 3 2

Riosequillo 8 2

Santillana 12 2

Molino de Chincha 30 2

Las Nieves 34 2

Puentes Viejas 7 3

El Pardo 20 3

San Juan 25 3

Buendía 26 3

Picadas 4 4

El Villar 9 4

Bolarque 27 4

Cazalegas 5 5

Zorita 22 5

Atazar 29 5

Almoguera 23 6

Castrejón 13 7

Reservoir's stand-alone calibration

Calibration script

Input data

ÅReservoirsorder

ÅSWATinflows

ÅEv+ hypsometriccurves

ÅReservoirproperties(maxcapacity)

Å%storage

ÅTransfers

ÅEnviromentalflows

ÅMedianrelease

Reservoir Lake Id Order
La Aceña 1 1

El Burguillo 2 1
La Pinilla 6 1
El Vellón 10 1
Valmayor 11 1
Guajaraz 14 1
El Atance 15 1
Pálmaces 16 1
Alcorlo 17 1
Beleña 18 1

La Tajera 19 1
Entrepeñas 21 1
Finisterre 24 1
El Vado 28 1
La Tosca 31 1
La Jarosa 32 1

Navacerrada 33 1
Navalmedio 35 1
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Reservoir's stand-alone calibration

Calibration script

Input data Calibration

ÅReservoirsorder

ÅSWATinflows

ÅEv+ hypsometriccurves

ÅReservoirproperties(maxcapacity)

Å%storage

ÅTransfers

ÅEnviromentalflows

ÅMedianrelease

ÅParametersandlimits:
Å scarcity_thresholdŸ (0.01, 0.3)
Å emergency_thresholdŸ (0.80, 1)
Å segurity_vol_fracŸ (0.01, 0.3)
Å emergency_lagŸ (1, 30)
Å winter_monŸ (-0.3, 0.3)

Å summer_monŸ (-0.3, 0.3)

ÅLatinHypercubesamplingŸ 500sims.

ÅCalibrationfunction

ÅStatisticof the results

ÅSelection of the best 10 sims

(parameters+ statictics)
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Reservoir's stand-alone calibration

Calibration script

Input data Calibration Validation

ÅReservoirsorder

ÅSWATinflows

ÅEv+ hypsometriccurves

ÅReservoirproperties(maxcapacity)

Å%storage

ÅTransfers

ÅEnviromentalflows

ÅMedianrelease

ÅParametersandlimits:
Å scarcity_thresholdŸ (0.01, 0.3)
Å emergency_thresholdŸ (0.80, 1)
Å segurity_vol_fracŸ (0.01, 0.3)
Å emergency_lagŸ (1, 30)
Å winter_monŸ (-0.3, 0.3)

Å summer_monŸ (-0.3, 0.3)

ÅLatinHypercubesamplingŸ 500sims.

ÅCalibrationfunction

ÅStatisticof the results

ÅSelection of the best 10 sims

(parameters+ statictics)

ÅParametersof the best10sims

ÅNew inputs (inflow for the validation

period+ %storage)

ÅValidationfunction (= calibration)Ÿ

10sims

ÅStatistics

ÅJoinwith calibration.
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Reservoir's stand-alone calibration

Emergency_thresholdςsegurity_vol_frac

Median release + (Median release * summer_mon)
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TRANSFERS 
OPTIMIZATION
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Human consumption rate

30% human 
consumption 

70% back to the 
channel
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bŜǿ ǊŜǎŜǊǾƻƛǊǎΩ ǘǊŀƴǎŦŜǊǎ

Water purification 
plant

Valmayor

% of water withdrawal

Previous 
model

Optimise 
model

Difference

La Jarosa canal 39.7 98.24 58.57
Navacerrada anal 39.9 97.16 57.28
Las Nieves canal 51.2 70.07 18.92

Navalmedio canal 93.6 80.44 -13.18
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MODEL IMPROVEMENTS 
AFTER OPTIMIZATION
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Reservoir statistics

Previous model Optimise model
Embalse PBIAS outflow PBIAS storage PBIAS outflow PBIAS storage

1. La Aceña -25.6 -0.9 -25.2 -0.7
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

5. Cazalegas 19.8 -8.7 22.8 -7.4
6. La Pinilla -7.5 -6.9 -7.5 -6.8

7. Puentes Viejas 16.4 0.2 16.3 2.2
8. Riosequillo 19 3.6 12.6 1.2

9. El Villar 19.5 -3.3 20.5 0.2
10. El Vellón 11.9 2.9 49.9 3.2
11. Valmayor -56 -90 -56.3 -84.5
12. Santillana -36.1 -1.4 -45.6 2.2
13. Castrejón 29 -3.6 14.9 -1.1
15. El Atance -7 72 -16.4 18
16. Pálmaces -3.7 44.5 -5.9 11.8
17. Alcorlo 29.7 46.4 22.3 27.6
18. Beleña 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

21. Entrepeñas 1.8 29.8 5.5 10.3
22. Zorita 22.6 86.7 22.2 -9.2

23. Almoguera 14.2 1 17.4 2.6
25. San Juan 8.2 21.4 5.5 4.8
26. Buendía 3.7 53.7 10.2 13.7
27. Bolarque -7.9 -50 24.1 0.3
28. El Vado 37.5 25.1 38.9 15.8
29. Atazar 59.7 7.8 55.4 0.8

30. Molino de Chincha 67.7 10.5 30.3 2.4
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Reservoir statistics

Previous model Optimise model
Embalse PBIAS outflow PBIAS storage PBIAS outflow PBIAS storage

1. La Aceña -25.6 -0.9 -25.2 -0.7
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

5. Cazalegas 19.8 -8.7 22.8 -7.4
6. La Pinilla -7.5 -6.9 -7.5 -6.8

7. Puentes Viejas 16.4 0.2 16.3 2.2
8. Riosequillo 19 3.6 12.6 1.2

9. El Villar 19.5 -3.3 20.5 0.2
10. El Vellón 11.9 2.9 49.9 3.2
11. Valmayor -56 -90 -56.3 -84.5
12. Santillana -36.1 -1.4 -45.6 2.2
13. Castrejón 29 -3.6 14.9 -1.1
15. El Atance -7 72 -16.4 18
16. Pálmaces -3.7 44.5 -5.9 11.8
17. Alcorlo 29.7 46.4 22.3 27.6
18. Beleña 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

21. Entrepeñas 1.8 29.8 5.5 10.3
22. Zorita 22.6 86.7 22.2 -9.2

23. Almoguera 14.2 1 17.4 2.6
25. San Juan 8.2 21.4 5.5 4.8
26. Buendía 3.7 53.7 10.2 13.7
27. Bolarque -7.9 -50 24.1 0.3
28. El Vado 37.5 25.1 38.9 15.8
29. Atazar 59.7 7.8 55.4 0.8

30. Molino de Chincha 67.7 10.5 30.3 2.4

IMPROVEMENTS WORSEN

Outflow Storage Outflow Storage

13 21 15 7

But most of the worsen statistics are just 
some decimals, however the improvements 

are much higher
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Water transfer (%)

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 canal 98 99

San Juan canal 100 99

Santillana canal 100 100

El Vellónand 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 Aceña canal 100 100

Navalmedio canal 94 80

La Pinilla canal 100 100

Aceca Power Plant 100 100

90 94
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