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Introduction: The gap between hydrological and water management models
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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.

× This reduces their usefulness and can affect their reliability.

 Focused on water management actions.

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

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

• Coupling models (Hydrological models outputs used 
as inputs in Water management models).

• Including the simulation of water management 
actions in hydrological models.



Introduction: Simulation of management actions in SWAT+
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Configuration of management 
actions in SWAT+Decision tables Water allocation module

CONDITIONS                                            ALTERNATIVES
ACTIONS  CONFIGURATION  ACTIONS EXECUTION

Decision tables

• Allow to configure management actions (irrigation, 
water movements, etc.) depending on conditions 
combined in alternatives. 

.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.).
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Configuration of management 
actions in SWAT+Decision tables Water allocation module

• Allow to allocate water between 
SWAT+ objects.

• Utilities: water transfers among 
reservois, allocation of water for 
human consumption, interbasin 
water transfers, irrigation, etc.

• Specific input file  
water_allocation.wro  Composed 
by water allocation tables.

SOURCES MINIMUM WATER AVAILABILITY IN SOURCES 

DEMAND OBJECTS WATER TRANSFER DETAILS (conditions*, amount)
* Created using decision tables  lum.dtl / flo_con.dtl file

SIMULATED MANAGEMENT ACTIONS

Reservoirs release (DT)
Irrigation (DT + WRO)

Water transfers (DT + WRO)

Introduction: Simulation of management actions in SWAT+



Study area: The Tagus River Basin
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The Tagus River Basin:

• Longest river in the Iberian Peninsula, third 
largest basin.

• Most populated basin in the Iberian Peninsula 
(around 14 million people depend on its water 
resources).

The Upper Tagus River Basin (UTRB)

• Most relevant sector considering water resources 
management:

o Largest renewable water resources.

o Most populated area (< 7.5 million inhabitants).

o Major part of demans/pressures located here (e.g., 
Madrid city or Tagus-Segura Water Transfer, TSWT).
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Water management in the UTRB:

• More than 65 reservoirs in the UTRB (4,465 hm³) 
 31 introduced to the model (4,373 hm³).

• Numerous water transfers in the URTB (34)  18 
introduced to the model (1,100 hm³):

o Outside the basin (437 + 18 hm³).

o Between reservoirs (120 hm³).

o For human consumption (544 hm³).

Study area: The Upper Tagus River Basin

• Wastewater treatment plants (WWTPs) 
and other discharge points  More 
than 1,200.



Objectives:
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• Simulate with SWAT+ the management of water resources 
of the UTRB: Reservoirs, Irrigation and Water transfers.

 Analyse water resources management in the UTRB.

 Explore the capabilities of the decision tables applied to 
reservoirs and of the water allocation module.

 Evaluate the implementation of management simulation.
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Methodology: Simulation of Reservoirs (DT)

• Step 1: Introduction to the model  31 reservoirs 
introduced.

• Step 2: Adapting Properties and Initial conditions 

o Principal and emergency volume adapted to real 
values in hydrology.res file.

o Initial volume adapted to the observed value at the 
beggining of the simulation: 

 Definition of tables in om_water.ini file (from 
20% to 90% of volume fraction).

 Definition of tables in initial.res (one for each 
om_water table).

 Using created tables in reservoir.res file.
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Reservoirs simulation:

• Step 3: Analysis of reservoirs storage/outflow records. 
Clustering reservoirs based on their management 

o I  Reservoirs that keeps a constant volume.

o II  Reservoirs with higher outflow in wet season, and 
minimum release in summer.

o III  Reservoirs with maximum release in summer.

o IV  Reservoirs with other trends.

o V  Reservoirs with lack of data.

Methodology: Simulation of Reservoirs (DT)
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• Step 4: Creation of a general decision table structure  3 
different scenarios:

o ii) Water scarcity: Volume < Water scarcity volume  Release 
the environmental flow.

o i) Emergency: Volume > Emergency volume  Emergency 
release.

o iii) Regular conditions: Water scarcity volume  < Volume < 
Emergency volume  Regular release.

• Step 5: Adapting the decision table structure for the different groups 
 The regular release was configured differently for the groups:

o Cluster I: Release the inflow.

o Cluster V (no data): Release the environmental 
flow (defined for every 3 months in the RBMP).

o Clusters 2-4: Release the median observed 
release for every 2 months.

Release options  res_hydro.f90 file

Methodology: Simulation of Reservoirs (DT)
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• Step 6: Adapting decision tables for the different reservoirs: Example of decision table for Reservoir 26 (Cluster 3)

EMERGENCY

WATER SCARCITY

REGULAR

Methodology: Simulation of Reservoirs (DT)



Results: Simulation of Reservoirs
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Results: Simulation of Reservoirs
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• Step 1: Introduction of irrigated crops to the model  
Specific land use (AGRR), simulated as corn.

• Step 2: Configuring an irrigation decision table (lum.dtl):

o Conditions  Months, water stress and number of 
days since last application.

o Irrigate during irrigation season if water stress is 
below 0.9.

o Irrigate anytime if water stress is below 0.6.
This decision table is used to trigger the 

demand of water for each HRU

Methodology: Simulation of Irrigation (DT + WRO)
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• Step 3: Configuring the water allocation file:

A) Define source and demand objects.

o Demand objects  Every AGRR HRU (282)

o Source objects  Closest channel for each HRU.

B) Create water allocation tables  One table was created for 
each source. 

SOURCES

DEMAND OBJECTS

IRRIGATION DT 
AND AMOUNT

Methodology: Simulation of Irrigation (DT + WRO)



Results: Irrigation implementation
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Results: Irrigation implementation
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AGRR HRUs Average values
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• Step 1: Configuring water transfers decision tables (flo_con.dtl).

o Water transfer records were analysed.

o A decision table was created for each water transfer to 
allocate the mean volumen recorded for every two 
months.

Transfer options  actions.f90 file

Option Description

flo_cms Configure the transferred volume in cubic 
meters per second.

min_cms Define a minimum flow in the source; only 
transfer the excess.

all_flow Transfer all the flow from the source.

min_frac Transfer a fraction of the source's flow.

recall Use records of transferred volumes at daily, 
monthly, and yearly time steps.

Transferred volume (hm³/y)
Transferred volume (hm³/month)Methodology: Simulation of Water transfers (DT+WRO)
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• Step 2: Configuring the water allocation file.

A) Define source and demand objects.

o Source objects  Reservoirs where water transfers 
are located.

o Demand objects identification:

 Water diverts outside the basin (e.g., TSWT)      
Non SWAT objects (arbitrary).

 Water transfers between reservoirs  
      Receiver reservoirs.

 Transfers for human consumption  17 
receiver points (channels) were defined 
according to the WWTPs/discharges location 
and volume.

Methodology: Simulation of Water transfers (DT + WRO)
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• Configuring the water allocation file.

  B) Create water allocation tables  One table for each type of water transfer (3 in total). 

SOURCES

WATER 
TRANSFER DT 
AND AMOUNT

DEMAND OBJECTS

Methodology: Simulation of Water transfers (DT + WRO)



Results: Water transfers
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Water transfers outside the basin

Implementation of water transfers was evaluated 
individually for each type of water transfers (outside the 

basin, between reservoirs, for human consumption).

Streamflow variation (%) was compared: Management vs. 
No-management scenario.



Results: Water transfers
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Water transfers between reservois



Results: Water transfers
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Water transfers for human consumption



Conclusions
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Water management in the UTRB was explored and simulated with 
SWAT+, using decision tables and the water allocation module.

The flexibility of these new features allowed to simulate irrigation, 
different kinds of water transfers and reservoirs operations.

Some promising results were obtained, certain aspects are not 
functioning properly and will be fixed.

Simulating water management actions increases SWAT capabilities 
and will boost its use. 



Thanks for your attention! 
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Water management in the UTRB:

• Based on the Water Framework Directive (WFD) and 
the Tagus River Basin Management Plan (RBMP).

• Management scale: Exploitation system.

Water demands

• Human, industrial and agricultural demand 
estimated using data from the RMBP for each 
exploitation system.
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Study area: The Upper Tagus River Basin
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Methodology: Model calibration

A Multi-spatial and Multi-criteria Zonal calibration was performed:

Soft calibration  Adjusting water yield and groundwater contribution in 4 geological regions.
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Methodology: Model calibration

Hard calibration and validation  Streamflow simulation 
performance and groundwater contribution in 22 sub-
catchments + Reservoir inflow performance in 13 reservoirs.

Aggregated results of sub-catchments (22)

Aggregated results of reservoirs (13)
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