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Water availability issue _.;:;5:;.__.;:%:;., D
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Irrigation simulation needed 0

]
sddBA T HML - UAH
ACMA Hydrological Modelling Lab
SWAT widely used for irrigation
name conds alts acts
o B - ) e e e e o irr crt 5 2 ]
OB R s = s O e T, e U= e 6 ST IR S0 £ @®rd. - O var obj obj num lim var lim op lim const altl alt?
Genersl Parameters  Operations | HRU info Select Management Operation month null 0 null - 4.00000 >= -
1. Plant/begin growing season month null 0 null — 10.00000 < =
dd Year Current M [ N — days_irr hru 0 null - 3.00000 > >
Year OP_MUM Operation Crop Heat Units | 4. Pesticide appli_cation W_Stress hru 0 null 0.90000 &
L 1 Plantbegin. growing se AGRC 0.150000005 E-%ﬁ;‘g‘?a”‘jk"' W stress hru 0 null - 0.60000
M ! 2 Auto fertlization inifializ (null)  0.009999999 | |7 Harvest oriy act typ ob7j by num name option con const2 f outcome
- * ' : Harvest and |l operatl (muf) 12000003 Ej gﬂgﬂ;dgmwm seasen irr -::e;;!n.j:n(:l hru irr apr oc rinkler med 20.00000 20.00000 null Y ¥
10. Autodmigation —
Delete Operation ik Irrigation decisiontable { .
P " Firstin Year - Z :' M Alternatlves
) ) (¥ Lastin Year ﬁ]n(-ll()nlng B Apnl by E T
Edit Operation . ’7 "/ . ! ; ‘
Euts=iton FoewzEe — Conditi ,_,_'_’_':___, October - Alternativel Alternative2
" Schedule by Date OP NUM Heat Unit Scheduling ‘ Cancel A onditions ( m----- £F: ¥
+ Schedule By Heat Units ’4— Year of Rotation : 1 ,9157 “ f
IRR_AMT (mm) IRR_SALT (markg) IRR_EFM IRR_SQ ‘ &S From June to E Below 0.6
o o o o r ) 0.9 I October (included) |i! [ (w_stress)
IRR_SC IRR_NO > . E
0 0 Cancel | OK M 0.6 H Below 0.9 ; More than 3
(w_stress) i[  (days_irr)
Days after last y 1 [ More than3 | | IR
. . application days irr ] ’
SWAT+ incorporates improvements: A | | (ays i) | | ;
i 1
0 0 0 0 H
" |rrigation simulated through water allocation A ctions i
ihili irr_apr_oct Irrigate OUTCOME 1and2 | | Qutcomes
= Possibility of several sources
= Simulation through decision tables
s - : Sdnchez-Gémez et al. (2025)
= |nput conditions to trigger actions
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Study area: The Upper Tagus River Basin
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Study area: The Upper Tagus River Basin
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B Irrigated surface
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>100,000 ha of irrigated crops
Most with surface water (= 82%)




Previous SWAT+ modelling

ACMA Hydrological Modelling Lab
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ABSTRACT

Robust hydrological models require an accurate representation of hydrological processes, but modellers
often rely solely on the streamflow simulation performance. This work presents an innovative zonal
calibration workflow developed for a geologically heterogeneous basin, the Upper Tagus River Basin
(Spain), towards achieving a realistic simulation of hydrological processes. A detailed SWAT+ model was
built, and four geological regions were defined. The sensitivity of 10 parameters for two hydrological
indices, runoff coefficient and groundwater contribution to the streamflow, was explored. Then, para-
meters were optimized for each region through a soft calibration to achieve an accurate simulation of
these variables. Some parameters were identified as the most sensitive (cn2 and awc for runoff coefficient
and perco for groundwater contribution). Sensitivity rankings and parameter adjustment varied among
regions, revealing differences in the hydrological processes. The target values of the hydrological
variables, previously estimated, were reached in every region, subsequently improving streamflow
simulation performance.
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Previous SWAT+ modelling

Previous model:

Novel water management operations simulation
(reservoirs, transfers, irrigation)

Irrigation simulation:
* Oneirrigated crop: CORN
118 w-a tables to irrigate 282 AGRR HRUs
* Simulated demand = 97% of the estimated

* Simulated irrigation 2 71% of the estimated
demand (73% of the simulated)

Room for improvement:

Estimated Simulated Simulated

demand demand irrigation
421hm® | 409hm® | 299 hm? * Irrigated amount

Water Resources Management (2025) 39:2357-2399
https://doi.org/10.1007/511269-024-04071-9

https://doi.org/10.1007/s11269-024-04071-9 ®

Check for
updates

Modelling Water Management using SWAT+: Application
of Reservoirs Release Tables and the New Water Allocation
Module in a Highly Managed River Basin

Alejandro Sanchez-Gémez'l - Jeffrey G. Arnold? - Katrin Bieger? -

Natalja Cerkasova®- Nancy B. Sammons?®*. Silvia Martinez-Pérez' - Eugenio Molina-
Navarro'
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Objectives ®O (—

IMPROVE IRRIGATION SIMULATION

Review, verify, and update the
irrigated areas within the Optimize irrigation simulation

study area.

Demand Irrigation
amount timing

Several strategies followed
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METHODOLOGY
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Irrigated surface revision @O (\_

lllll

Some areas identified as irrigated crops were not

Irrigated HRUs explored w/ different land-use datasets:
= Corine Land Cover

= Spanish land cover map (SIOSE)

= Spanish crops map (MCA)

= Satellite image
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Irrigated surface revision @0 @ K:

* Previous work: SIOSE land use (agriculture) + CORINE Land Cover
(to discretize irrigation within SIOSE agriculture)

* New method = SIOSE_CODE
 UPPER CASE: LAND USES Multiple combinations
e lower case: attributes (irrigation: “rr” or “rn”

Ny RN
Feature Value
~ siose1d_areaestudio
= |D_POLYGON 24E9BAA8-4460-11DE-BTA0-DBAGASFAG845
v (Derived)
b [Actions)
OBJECTID
secoe  FIBOCHLsc _10CHLrr 03EDFea 03P5Tpc)
SIOSE_CODE
SIOSE_XML E'C_ rr— Ea_ F:I c
SUPERF_HA et e
CODIGE 210
HILUCS 110
SELLADO 5.00000
FCC MULL
CODBLO ]
SHAPE Leng 1980.69544
( SHAPE_Area 157450.82294
codigo 210.00000
Mode | Current Layer
———
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SIOSE data extraction — R script »

sbdsa l‘.l.l.l.l & HML - UAH

ACMA Hydrological Modelling Lab

poligonos_seleccionados_regadios_3_2_1 <- cultivos_2_parentesis_prob %:%
CH er filter(ceros_in_part == 6) %>% # recuperamos los de & ceros.
filter(!str_detect(subpartl, "\(") & !str_detect(subpart2, "\(") & !str_detect(subpart3, "\\(") & !str_detect(subpartd,
UW(T) & !str_detect(subpart3, "W(')& !str_detect(subparté, ""\\(")& !str_detect(subpart7, "\ (")& !str_detect subpart8, "\\(" %%
select (where(~ 'all(. == "0") =%

R(6DCH LSC 4OCHerfZ} separate(., subparté, sep = "_", paste0('subpart”, c(6, 7, 9, 10 %
- separate(., subpart8, sep = "_", paste0d("subpart”, c(8, 11) F=
mutate subpartl = if_else(str_detect( subpartl , "rr"), subparti , "0" >3
mutate subpart3 = if_else(str_detect( subpart3 , "rr"), subpart3 , "0" >3
mutate subparts = if_elselstr_detect( subparts , "rr"), subparts , "0" >3
R(EDA{Q5CHer_ﬂSFDP}_‘#DA(B’SCHLFH_DSFDP}] mutate subgartﬁ = if_else(str_detect( Subgartﬁ . rrtl, subgartﬁ ., or >3
mutate subpart?7 = if_else(str_detect( subpart? , "rr"), subpart7 , "0" >3
mutate subpart8 = if_else(str_detect( subpartd8 , "rr"), subpart8 , "0" >3
mutate subpart® = if_else(str_detect( subpart® , "rr"), subpart9 , "0" >3
|(85CHL”_1 SAAR(65EDFV3_1 5MTR_1OFDP_OSLAA_OSLFNSC)} mutate subpartld = if_else(str_detect( subpartl0 , "rr"), subpartio , "0" =%
mutate subpartll = if_else(str_detect( subpartll , "rr"), subpartil , "0" >3
mutate subpartl = if_else(is.nal subpartl ), "0", subpartl H= %
|(70UER(80CHer 15EDFV3 OSLAA) 30CHL5C) mutate subpart3 = if_elsel(is.nal subpart3 ), "0", subpart3 H= %
- - — mutate subparts = if_else(is.nal subpart5 ), "0", subpart5s H= %
mutate subparté = if_else(is.nal subparté ), "0", subparté H= %
mutate subpart? = if_elsel(is.nal subpart7 ), "0", subpart? H= %
mutate subpart8 = if_else(is.nal subpart8 ), "0", subpart8 H= %
mutate subpart® = if_else(is.nal subpart9® ), "0", subpart?® H= %
mutatesubpartl0 = if_elsel(is.nal subpartld), "0", subpartl0)) =%
mutatesubpartll = if_else(is.nal subpartll), "0", subpartll H= %
group_by (OB_ID) =%
mutate perc_reg = sum(as.numeric(str_extract(subpartl , "\ d+\.7W\0Wd*")0,
as.numeric(str_extract(subpart3 , "\d+WhL7TWNdET) 0,
as.numericl(str_extract(subpart5 , "\d+WhLTWNWdET)0,
as.numeric(str_extract(subparté , "“\d+WhLTWNWdET)0,
as.numeric(str_extract(subpart? , "\d+WhLTWNWdET) 0,
as.numeric(str_extract(subpartd , "\ d+WhL7TWNWdET)0, .
as.numeric(str_extract(subpartd , "\d+WhL7TWNWdET)0, I h (y
as.numeric(str_extract(subpartl0, "“\d+Wh.7W\0hd®")0, Po ygons WIt >35 (1)
as.numericl(str_extract(subpartll, "\d+“\h.7W\hWd*7)0), .before = 1) %=%

selectperc_reg, SUPERF_HA, OB_IDK %%
jutate area_reg = perc_reg®SUPERF_HA/100

irrigation selected =

irrigated surface
according to TRBMP
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Final irrigated surface ‘o ¥
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Irrigated surfaces
Il CORINE LAND COVER
Il SIOSE

0 CORINE + SIOSE
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Final irrigated surface

Refinement with
Spanish Crops Map
and satellite image

Irrigated surfaces
Bl New irrigated areas
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Changes in irrigation configuration Q (—

G o g UAH
ACMA Hydrological Modelling Lab
Changes in water allocation file:
Previous water allocation tables - Closest channel to the HRU was the only source
INAME RULE_TYP SRC_OBS DMD_OBS CHA_ DB
channel 163 irrig high right first serve 1 4 Y
SRC_NUM OB_TYP OB_NUM JAN MIN FEB MIN MAR MIN APR MIN MAY MIN JUN MIN JUL MIN AUG MIN SEP_MIN OCT _MIN NOV_MIN DEC_MIN
il cha 163 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
NUMB OB TYP OB NUM WITHDR AMOUNT W RT TR TYP TREAT RCV OB RCV_NUM RCV DTL SRCS SRC1 FRAC1 COMP1 SCRCZ2 FRACZ COMPZ2
1 hru 3674 irr_crt 12 sr null null null 0 null 1 1 1 n
2 hru 3675 irr_crt 12 sr null null null 0 null 1 1 1 n
3 hru 3676 irr crt 12 sr null null null 0 null 1 1 1 n
4 hru 3677 irr_crt 12 sr null null null 0 null 1 1 1 n

Now 2> Closest aquifers used as secondary source that compensate if demand is not fully supplied
slightly increased (from 12 to 13 mm)

NAME RULE TYP SRC_OBS DMD OBS CHA DB

channel 146 irrig high right first serve 2 - 3%

SRC_NUM OB_TYP OB _NUM JAN MIN FEB MIN MAR MIN APR MIN MAY MIN JUN MIN JUL MIN AUG MIN SEP MIN OCT MIN NOV_MIN DEC MIN

1 cha 163 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

2 aqu 13 15 15 15 15 15 15 15 15 15 15 15 15
NUMB OB_TYP OB_NUM WITHDR AMOUNT W_RT TR TYP TREAT RCV_OB RCV_NUM RCV_DTL _SRCS SRC1 FRAC1 COMP1l SCRC2 FRAC2 COMP2
1 hru 3674 irr crk 13 sr null null null 0 null 2 1 1 y 2 0 y

2 hru 3675 irr ert 13 sr null null null 0 null 2 i 1 y 2 0 y

3 hru 3676 irr ‘crt 13 sr null null null 0 null 2 1 1 y 2 0 y

4 hru 3677 b i ol o of = 13 sTr null null null 0 null 2 i 1 V% 2 0 y
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Changes in irrigation configuration @O (Y&

lllll

Changes in corn management and parameters:

Planting brought forward by 15 days

Harvest 7 days earlier

Growing season
.Irrigated with w_stress 90

to favour a quicker development days_irr >3
.days_irr >1

Days to mature were reduced (from 150 to 120 days)

Increase the intensity of the irrigation in July- August

Changes implemented in the corn

management and irrigation tables

17/06/2026 2026 SWAT Conference - Thessaloniki, Greece
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Addition of a second irrigated crop @O (\_,

BARLEY Growing season

Irrigated with w_stress 60

Barley as a second Irrigated with w_stress 90
days_irr >5

irrigated crop N ] days irr>5
ays_irr >

New management and irrigation tables created

Management schedule in 20% of the AGRR HRUs was replaced with a new one: “agrr_barl_lum”

JIFIMAIM|J|J|A|S|O|N|D

Water allocation files modified to irrigate those HRUs with a new irrigation table (“irr_bar”)

NAME RULE TYP SRC_ORBS DMD OBS CHA DR
channel 203 irrig high right first serve 2 4 Vi
SRC_NUM OB TYP OB _NUM JAN MIN FEB MIN MAR MIN APR MIN MAY MIN JUN MIN JUL MIN AUG MIN SEP MIN OCT MIN NOV MIN DEC MIN
1 cha 203 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
2 aqu 3 15 15 15 15 15 15 15 15 15 15 15 15
NUME OB TYP OB NUM WITHDR AMOUNT W RT TR TYP TREAT RCV CB RCV NUM RCV DTL SECS SCRC1 FRAC]1 CoOMP1
1 hru 728 irr bar 13 sr null null null 0 null 2z 1 1 Vv 2 0 v
2 hru 728% irr crt 13 sr null null null 0 null 2 1 1 v 2 0 v
3 hru 730 irr crt 13 sr null null null 0 null 2 1 1 v 2 0 v
4 hru 731 irr bar 13 sr null null null 0 null 2 1 1 v 2 0 v
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RESULTS
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Irrigation optimization

Estimated Simulated Simulated

demand demand irrigation

. 3 3
Previous 421 hm? 409 hm 299 hm
model (97%) (73%)

. Estimated demand
. Simulated demand
| Simulated withdrawal

D (o]
o o

Cubic hectometers per month
W
o

0.__-
Feb Mar

17/06/2026

br May Jun Jul l'.lg

Month

Estimated Simulated Simulated

demand demand irrigation

. o 3 3
|I'I.’Ig?tlo.n 471 hm? 421 hm 350 hm
optimization (100%) (83%)

B Estimated demand
. Simulated demand

. Simulated wit
'ar A

o
o

Cubic hectometers per month
[«2]
o

w
o

hdrawal I

L
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Irrigation optimization + second crop

Estimated Simulated Simulated

demand demand irrigation

: 3 3
Previous 421 hm3 409 hm 299 hm
model (97%) (73%)

. . 3 3
Irrug:.;\tlo.n 471 hm? 421 hm? | 350 hm
optimization (100%) (83%)

Irrigation 3 3
. . 429 hm> | 359 hm

3
optimization| 421 hm (102%) (85%)
+ second crop

TIMING MUCH IMPROVED

17/06/2026

[@)] (o]
o o

Cubic hectometers per month
W
o

. Estimated demand
. Simulated demand
. Simulated withdrawal

o —— - .
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Impact on model performance?
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Moderated by Eugenio Molina-Navarro,
Universidad de Alcala, Spain

15:00 - 16:30  Session C1: Database and GIS Application and Development &

HALL |
15:00-15:20  Eugenio Molina-Navarro

Improving irrigation simulation in SWAT+: Optimizing crop coverage, growth, water supply and demand estimation
15:20-15:40  Aruca Pedrero-Redondo

Water management operations: strategies to improve reservoir and water transfer simulations in the upper tagus river basin.
15:40 - 16:00 Adrian Lopez-Ballesteros

An automated tool for coupling SWAT+ outputs with IAHRIS software 1o assess hydrologic alteration in river systems
16:00-16:20  Amanda Batlle-Morera

From Deskiop to Cloud: Integrating SWAT into the Galaxy Platform for Scalable and Reproducible Hydrological Workflows

IRRITAGION + RESERVOIRS + TRANSFERS
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Changes in the corn irrigation table

name
irr_crt
var

month
month
month
month
month
month
days_irr
days_irr
W_stress
act_typ
irr demand

17/06/2026

conds
9

obj
null
null
null
null
null
null
hru
hru
hru
obj
hru

alts

o
S
Em

[ T T e e Y i Y s s

0
S.
5
o f

acts

1

lim war
null

null

null

null

null

null

null

null

null

name

irr apr oct

option
sprinkler med

lim const
2.00000
7.00000
6.00000
§.00000
8.00000

11.00000
3.00000
1.00000
0.20000

const

20.00000

constl
20.00000
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* New management table for barley
agrr barl irr 7 ad
till 9 25 0.00000 listrmid null 0.00000
fert 9 30 0.00000 elem n aerial solid 96.00000
fert 8 30 0.00000 slem p aerial solid 30.00000
plnt 10 3 0.00000 whar null 0.00000
fert 12 15 0.00000 elem n aerial solid 64.00000
harwv 7 1 0.00000 whar graln 0.00000
kill 7 2 0.00000 whar null 0.00000
 New irrigation table for barley
name conds alts acts
irr_bar 8 3 1
var obj obj_num lim war lim op lim const alcl alt2 alt3
month null 0 null - 5.00000 < - -
month null 0 null - 4.00000 - = -
month null 0 null - 7.00000 < -
month null 0 null - 9.00000 - - >
days_irr hru 0 null - 3.00000 > - >
days_irr hru 0 null - 5.00000 - > -
w_stress hru 0 null - 0.%0000 < - <
w_stress hru 0 null - 0.80000 - < -
act_typ obj ob]j num nams option const const?2 fp outcome
irr demand hru 0 irr oct_jun sprinkler med 20.00000 20.00000 null v vy ¥
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