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Hydrological and Water management models

INTRODUCTION

Hydrological models (SWAT, 
MIKE SHE, TOP Model, etc.).

Water management models (MIKE 
BASIN, WEAP, AQUATOOL, etc.).

 Focused on the simulation of hydro-environmental
processes.

 Evaluation of water resources availability under
different scenarios (e.g., climate change).

× Limited when simulating management actions.

 Focused on water management actions.

 Allow to optimize actions and evaluate scenarios (e.g., 
demand increase).

× Most lack hydrological processes simulation (require 
hydrological inputs).

• Common procedure Coupling models
(Hydrological models outputs used as inputs in 

Water management models)

• Including the simulation of water management 
actions in hydrological models



Decision tables Water allocation module

3

Water management simulation with SWAT+

INTRODUCTION

Water allocation moduleDecision tables

.DTL FILES IN SWAT+

lum.dtl file  Land use management (irrigation, harvest, etc.)
res_rel.dtl file  Reservoir release

flo_con.dtl file Water movements (water transfers, irrigation, etc.)

CONDITIONS ALTERNATIVES
ACTIONS CONFIGURATION  ACTIONS EXECUTION

Decision tables



Water allocation module
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Water management simulation with SWAT+

INTRODUCTION

Water allocation moduleDecision tables

• Allow to configure water movements between SWAT+ objects (irrigation, 
water transfers, diversions)

• Constant amounts and timing (m³/d) or configured through decision tables 
(lum.dtl or flo_con.dtl) 

Decision tables

SOURCES DEMAND OBJECTS DEMAND CONDITIONSMINIMUN WATER AVAILABILITY

These novelties

• Enhance the reliability of the model when simulating
regulated basins

• Enhance the capabilities and usefulness of the model
 Simulation of water management scenarios
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The Tagus River basin (TRB)

The UTRB supplies most of the water 
demand in the TRB  

Priority region to assess water 
resources availability

Upper Tagus River basin (UTRB)

41% of the TRB (34,000 km²)

Most populated part (7.5 million inhabitants)

Source of the Tagus Segura Water Transfer 
(TSWT, diverts 330 hm³/year)

INTRODUCTION

• International basin

• Most populated in the Iberian 
Peninsula (10 million inhabitants)



OBJECTIVES
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OBJECTIVES

Objectives

• Improving the simulation of water 
management in the UTRB using SWAT+

• Design, simulate and compare 
management scenarios impact on 

 i) model performance and 
ii) streamflow regime



PREVIOUS WORK: DEVELOPING 
A REALISTIC MODEL

IMPLEMENTING THE SIMULATION 
OF WATER MANAGEMENT

REALISTIC SIMULATION
 OF HYDROLOGICAL PROCESSES



Model calibration   Zonal calibration (geological 
regions) and in natural regime areas
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Aggregation of streamflow (daily) of calibrated sub-catchments Aggregation of reservoirs inflow (monthly) 

REALISTIC SIMULATION OF HYDROLOGICAL PROCESSES

Model calibration Sánchez-Gómez, A., et al. 
(2025). Multi-spatial and 
multi-criteria calibration to 
guarantee a robust SWAT+ 
hydrological model in a 
large and heterogeneous 
catchment. CATENA, 261, 
109508.
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IMPLEMENTING THE SIMULATION OF WATER MANAGEMENT

Water management in the UTRB

Sánchez-Gómez, A., et al. (2025). 
Modelling Water Management using 
SWAT+: Application of Reservoirs Release 
Tables and the New Water Allocation 
Module in a Highly Managed River Basin. 
Water Resources Management, 1-43.



IMPROVING MANAGEMENT 
IMPLEMENTATION

WATER TRANSFERSIRRIGATION
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IMPROVING MANAGEMENT IMPLEMENTATION
Water management implementation: Room for improvement

Irrigation

• Simulated demand  97% of the estimated 

• Simulated irrigation  71% of the estimated demand

• Simulated demand timing can be improved



13

Irrigation

Changes in irrigated HRUs

Irrigated HRUs were compared with different land-use 
datasets (CLC + SIOSE + Satellite image) 
 
Some of the HRUs that were poorly irrigated were 
actually not irrigated crops  

Converted to rainfed cereals

Changes in plant management and parameters

Days to mature parameter reduced (from 150 to 120 days) 
to favour a quicker development of the plant (corn)

Plant cycle was brought forward by 15 days

IMPROVING MANAGEMENT IMPLEMENTATION
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Irrigation

Changes in water allocation file:

Previous water allocation tables  Closest channel was the only source

Now  Closest aquifers are used as secondary source that compensate if demand is not fully supplied

Irrigation amount slightly modified

IMPROVING MANAGEMENT IMPLEMENTATION
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Irrigation improvement

Previous N

Observed demand (hm³) 421
Simulated demand (hm³) 409
Simulated demand (%) 97.1

S imulated withdrawal (hm³) 299
Observed demand met (%) 71.0

 Va riab le
Mode l

Basin scale (average annual)

Basin scale (average monthly)

New

  421
  421

  100

  350

   83.1

 l

  -
  12

  -
  51

   -

Improvemen t 
(hm³)

 Improved demand simulation

 Noticeable improvement in the amount supplied

 Seasonality better reproduced

IMPROVING MANAGEMENT IMPLEMENTATION
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Water transfers

• Simulated demand  100% of the estimated 

• Demand supplied  90% of the demand (1,050 hm³/y)

• TSWT simulated at 80%

• Some transfers had a channel as source (small 
reservoirs not included in the model)                  
Poorly supplied

• No simulation of consumptive use          
All water for human consumption returned

90.0

Water management implementation: Room for improvement
IMPROVING MANAGEMENT IMPLEMENTATION
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Water transfers

Small source reservoirs introduced

New configuration for the TSWT

Entrepeñas
802 hm³

Buendía
1651 hm³

Bolarque

31 hm³

• New connections adapted in the 
water allocation file

IMPROVING MANAGEMENT IMPLEMENTATION
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Water transfers

Including water consumption fraction

Before  All water for human consumption 
(~600 hm³) returned to the rivers

Now  Only 70 % return, and 30 % is removed 
(180 hm³)

Water allocation tables duplicated  Same source, but now 2 receiver objects (consumptive and return)

flo_con tables duplicated  
To configure the 70-30 proportion

IMPROVING MANAGEMENT IMPLEMENTATION
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Water transfers improvement

Out
Withdrawal-return
Between reservoirs

  

Improvement 7.4 86.0

   
 

 

(% of observed) hm³/y
Previous 90.1 1053.5

New 97.5 1139.5
 

1168.9 100

Model
Observed demand 

(hm³/year)
Simulated 

demand (%)
Simulated transfer

Basin scale

Individual water transfers

IMPROVING MANAGEMENT IMPLEMENTATION
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Basin outlet performance improvement
IMPROVING MANAGEMENT IMPLEMENTATION

Still 40% of PBIAS



DESIGN AND SIMULATION 
OF WATER MANAGEMENT 

SCENARIOS
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Management scenarios

Outside Inside
1: Natural regime N N N N
2: Only reservoirs Y N N N
3: Reservoirs and irrigation Y Y N N
4: Reservoirs and transfers inside the basin Y N N Y
5: Reservoirs and transfers outside the basin Y N Y N
6: Reservoirs and all water transfers Y N Y Y
7: Full management Y Y Y Y

Reservoirs Irrigation
Water transfers

Scenario

Irrigated HRUs
Water transfers inside: Consumptive use
Water transfers inside: Return
Water transfers between reservoirs
Water transfers outside

Scenarios comparison:

• Impact on streamflow magnitude            
(aa streamflow variation)

• Impact on streamflow seasonality   
(average monthly streamflow variation)

• Impact on streamflow performance    
(UTRB outlet)

DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Reservoirs vs. Natural regime

Impact on streamflow magnitude
DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Reservoirs+Irrigation vs. Natural regime

Impact on streamflow magnitude
DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Reservoirs+WTI vs. Natural regime

Impact on streamflow magnitude
DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Reservoirs+WTO vs. Natural regimeReservoirs+WTO vs. Reservoirs

Impact on streamflow magnitude
DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Impact on streamflow magnitude

Full management vs. Natural regime

DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Impact on streamflow magnitude

Average streamflow at basin outlet:

Irrigation

Consumptive use

WT Outside (TSWT)

DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Impact on streamflow regime

Average monthly streamflow: Natural regime vs. Scenarios and observed

DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Impact on streamflow regime

Variation of monthly streamflow: Scenarios and observed vs. Natural regime scenario 

DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS
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Impact on model performance
DESIGN AND SIMULATION OF WATER MANAGEMENT SCENARIOS



CONCLUSIONS
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CONCLUSIONS

The implementation of management actions was improved compared to the previous 
model. 

• Irrigation demand (+12 hm³/y) and water supply (+51 hm³), as their timing, were better simulated. 
• Water transfers simulation was increased by 86 hm³ (7 % of total demand), enhancing the 

simulation of some key transfers such as the TSWT.
• Despite some room for improvement (further work), the streamflow simulation at the end of the 

catchment was noticeably improved (PBIAS reduced to satisfactory values).

Six water management scenarios were compared with a natural regime one.

• Water management impacted streamflow in a large extent, both in magnitude and seasonality. The 
impact of water transfers outside the basin was found the largest (-18 % of streamflow at the outlet 
compared to natural regime), followed by irrigation (-12 %) and water consumption (9 %).

• The impact on the seasonality clearly differs among scenarios. 
• The simulated impact is still lower than the observed (bias in simulated streamflow + bias in 

simulated management).
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Water resources and their management

Generated from FAO-Aquastat (2021)

INTRODUCTION

Generated from FAO-Aquastat (2021)

Severe water stress  
Affects 2/3 of the world population 
at least during one month per year 
(Mekonnen & Hoekstra, 2016)

Water resources per capita  
Halved in the last 50 years 
(FAO-Aquastat, 2021)
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Geological zonation and soft calibration

Created from del Pozo Gómez 
(2009)

Soft calibration

Runoff coefficient 
(RC)

Groundwater 
contribution (GC)

REALISTIC SIMULATION OF HYDROLOGICAL PROCESSES

Sánchez-Gómez, A., et al. (2025). Using sensitivity analysis and soft calibration of geological regions 
to improve the representation of hydrological processes in a SWAT+ model. Hydrological Sciences 
Journal, 1-18. https://doi.org/10.1080/02626667.2024.2446268 

https://doi.org/10.1080/02626667.2024.2446268
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Hard calibration

22 sub-catchments 12 headwaters 
reservoirs

44% of the UTRB

Natural regime areas

Daily streamflow 
performance

Groundwater contribution (-)
Streamflow components 

simulation

Monthly inflow 
performance

REALISTIC SIMULATION OF HYDROLOGICAL PROCESSES
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MODEL SET-UP

Rainfed arable crops  
Different SWAT land use for each main province

Land use split into dominant crops  
Different proportions (MAPA, 2020)

Cereals split to allow different states of the 
rotation Wheat/Barley/Fallow

Irrigated crops  Individual land use

Initial parameterization: Crops distribution and management

Group 1           Group 2         Group 3

Initial parameterization: Crops distribution and management

Rainfed arable HRUs configuration



39

Water management implementation

Irrigation implementation

• 97% of the estimated demand 
was simulated

• The seasonal pattern was 
reproduced

• 73% of the simulated demand 
was met  299 hm³/year

IMPLEMENTING THE SIMULATION OF WATER MANAGEMENT



90.0
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Water management implementation

Water transfers implementation
Streamflow comparison: Water transfers 

vs. no water transfers

IMPLEMENTING THE SIMULATION OF WATER MANAGEMENT
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IMPLEMENTING THE SIMULATION OF WATER MANAGEMENT

Reservoirs

• Satisfactory simulation of many, but 
room for improvement in others

• Improving reservoirs is work in 
progress

• New reservoirs introduced
• Edits in some decision tables

Water management implementation: Room for improvement
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How does implementing management actions affect the UTRB outlet?

Improved low flows and high flows 
simulation

NSE improved, but still very low
R² slightly worse

PBIAS and RMSE  
Error reduced by 50%

Still 40% of PBIAS

Water management implementation

Current work:

Improving the implementation of 
management aspects to develop an even 

more realistic model
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