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Study area

Campo de CartagenaWatershed

San Javier,

AlLocatedin southeasterrSpain, it is one of the
driestregionsin the Mediterraneararea,with an
averageannualrainfall below 300 mm.

ARainfall is seasonal and intense, occurring
primarily duringshortspringandautumnstorms (a) 0 550___ 1,100 | | (S

AThe region experienceswarm temperatures, | campo cartagens Watershed
. o . o .. D Mar Menor Lagoon
averaging23.7°C maximumand13.0°C minimum

annually

Mediterranean Seas

A Agricultural and urban developmentin the
watershedhave significantly influenced runoff
andnutrientloadsenteringthe lagoon




Study area

Mar Menor Lagoon

A A hypersalinecoastallagoon of high ecological
andsociceconomicvalue,spanningl 35 km?2 with
a /3 km coastlineand containing five volcanic
Islets

A Averagedepthis 4.4 m, with a max deptharound
/7 m.

A Separatedrom the MediterranearSeaby the La
Mangasandyspit (22 km), waterexchangeoccurs
through three Inletsd Estacio  (main),

MarchamaloandLas Encanizadas
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Input data

Meteorological data Spatial data
o o DEM: MDT25 71 IGN (25 m) Land use: SIOSE AR 2017
IMIDA
Cadigo Nombre X UTM Y _UTM Municipio
CA12 UPC1La Palma 680675 4173267 Cartagena
CA42 Balsapintada 664813 4179533 Fuente Alamo
CA52 La Aljorra 670129 4171693 Cartagena 12
CA73 Los Belones 693847 4164941 Cartagena oM e
CA91 El Campillo 655332 4173881 Fuente Alamo —
TP52 El Mirador 686200 4191066 San Javier . .
P73 Los Infiernos 682041 4188284 Torre Pacheco Soil map: DSOLMap (250 m GLHYMPSPermeability
TPI1 Torre Pacheco 677368 4179725 Torre Pacheco . _':Eqn,;?;:n .‘i“:‘;?i"”"h » "4 i . - } R N
= m i Bl - T N i ¥ =
I Fuvisol Galcirico I Gypeisal Livico Solonez Millco aat Sa g - 1250
AEMET R W WL M Rl | it
Cédigo Nombre X UTM | Y UTM Municipio 5 .y G de |
7013 Cartagena, Puerto 678051 4162116 Cartagena
7016 Cartagena (El Algar) 688204 4168878 Cartagena
7019 Cartagena (Salinas De C. Palos) 701322 4167913 Cartagena
7023 Fuente Alamo, C.H. 661205 4176592 Fuente Alfamo be {
Murcia b
7026 Cartagena (Pozo Estrecho) 676924 4175783 Cartagena
7028l Torrepacheco (Torre Blanca) 684622 4183230 Torre-Pacheco
7031 Murcia/San Javier 693425 4184666 San Javier
7032 San Pedro Del Pinatar, Ayto 694138 4189639 | San Pedro Del Pinata LI I




Input data
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Aaricultural practices

® wetw @ almd @ bsvg @ frse ® frst grap lett ® migs
oliv oran ® orcd ® past ® shrb ® uins ® urbn urhd
urld ® utrn

Irrigated agriculture >55%

>

Vegetables 0 .
Brmccall_MM
MelGH_MM
Lettuce_MM

Citrus Orange MM




Croptypes

Vegetables Citrus

(Lettuce: Jan. T Apr.; ~45 mm/month; 105 kgN/ha * year; 35 kgP/ha * year) (Orange: Jan.T Dec.; ~30 mm/month; 200 kgN/ha * year; 73 kgP/ha * year)

name conds alts acts

Lettuce_MM 3 3 5 name conds alts acts

var obj obj_num lim_var lim_op lim_const altl alt2 alt3

jday hru ) null - 15 = - - IDia de plant Orange—MM 2 2 4

lechuga var obj obj_num lim_var lim_op Lim_const altl alt2

plant_name_gro hru ) lett - ] - = - IFertirrigar plant gro hru ) y ; 0 - ; | Regar todos los dias
lechuga si crece -

jday nr 0 Sl B} 120 B} - - IDia de biomass hru 0 null - 6500 - > I If biomass > 6500 kg/ha
N act_typ obj  obj_num name option const const2 fp outcome
act_typ obj obj_num name option const const2 fp outcome L. . . i .

Sl hru - STEne e Lett - N T I irrigate unlim géfertigate_irr_oran drip 1 365 null y n
irrigate unlim efertigate_irr_lett drip 1.75 365 null n y n fertilize hru @  fertigate oran elem_n .55 365 fertigate y n
fertilize hru ) fertigate_lett elem_n 1 365 fertigate n y n v . .

fertilize hru ] fertigate_lett elem_p 9.33 365 fertigate n y n fertilize hru 0 fertlgate—oran EIEm—p 0.2 365 fertlgate 0
harvest_kill hru @  harv_kill_lett lett ] 1 vegetables n n y harvest hru ] harv_oran oran 0 365 orchard n y
(Melon: May T Sept.; ~55 mm/month; 228 kgN/ha * year; 122 kgP/ha * year)

name conds alts acts

Melon_MM 3 3 5

var obj obj_num lim_var lim_op lim_const altl alt2 alts

jday hru 2] null - 121 = - - !Dia de plant

melon

plant_name_gro hru 2] cant - ) - = - IFertirrigar

melon si crece

jday hru 2] null - 273 - - = !Dia de

harvest_kill melon

act_typ obj obj_num name option const const2 fp outcome

plant hru 2] plant_cant cant ) 1 null y n n

irrigate unlim ofertigate_irr_cant drip 1.4 365 null n y n

fertilize hru 2] fertigate_cant elem_n 1.5 365 fertigate n y n

fertilize hru 2] fertigate_cant elem_p 2.8 365 fertigate n y n

harvest_kill hru 2] harv_kill_cant cant e 1 vegetables n n vy

(Broccoli: Oct. T Dec.; ~85 mm/month; 195 kgN/ha * year; 67.5 kgP/ha * year)

Broccoli_MM

var obj  obj_num lim_var lim_op lim_const alt1 alt2 alt3

jday hru 2] null - 274 = - - !Dia de plant
brocoli

plant_name_gro hru 2] broc - 2] - = - !Fertirrigar
brocoli si crece

jday hru 2] null - 349 - - = IDia de
harvest_kill brocoli

act_typ obj  obj_num name option const const2 fp outcome

plant hru 2] plant_broc broc 2] 1 null y n n
irrigate unlim ofertigate_irr_broc drip 3.4 365 null n y n
fertilize hru 2] fertigate_broc elem_n .6 365 fertigate n y n
fertilize hru 2] fertigate_broc elem_p 9.9 365 fertigate n y n
harvest_kill hru 2] harv_kill_broc broc 2] 1 vegetables n n vy



Characteristics of SWAGwflow Model
a/ FYL2Z RS /I NIt
Area 1227 km?2

Simul_ation 2000-2025* (24years)
period

Warm-up period 2000-2002 (3years)

PETmethod Hargreaves
gwflow cell size 200x200m (57200 cells)
Sub-basins 372

HRUSs 4000
Altitude 0-1059 (150 m)




Calibration

l—l—\

Actual Evapotranspiration

==

CUP

SN

PEST + +

Model Independent Parameter Estimation & Uncertainty Analysis

Mar Menor PiezometricNetwork

Plezometers

SWAT lusCUP GLEAI\/I v3.7b (20032022
P ( ) SAIHCHS2020- 2025)
Parameter Description Variable Calibration
value
CN2.mgt SCS curve number Evapotranspiration +6.31%
EPCO.hru Plant intake compensation factor Evapotranspiration 0.254
ESCO.hru Soil evaporation compensation factor Evapotranspiration 0.474
AWC().SOL Water retention capacity of the Saoill Evapotranspiration +13.25%
K_GW Hydraulic conductivity of the aquifer (m/day) Piezometers 16.2
SY GW Specific aquifer yield Piezometers 0.1
rech_del GW Groundwater recharge delay time (in days) Piezometers 0.24

segura
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Red Piezométrica y de Calidad del Mar Menor. Datos sujetos a revisid

LaManga
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Calibration
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Actual Evapotranspiration Piezometers:

100 =-e= ET Observada Well Observation MAE

3 ® <15
—e— ET Simulada 15-3
a0 “ ® >3
80 * ﬂ 229
' p 6.-2.
70 i @)
- 5.77, .1_192
~ ] 0.69
E 60 .imf:n C
E f i i HE Q-§“T ()
o ot @ 0.49
= s @) .1-99
w30 1;42. :
1.67,
40 .1.13
1,07,
@,
30
4,
L) 4,
i
20 .8.'1'
10
2005 2010 2015 2020
Fecha

OOOOOOOOOOOO

-Coefficient of determination (R2): 0.62
-KlingGupta efficiency (KGE): 0.725
-Percentage bias (PBIAS)4.8% ”

Fecha



Wolumetric Flux (mm)

500

-500

|

Water balance
« U 3 Al 3

b3 aes-

2003 [ 2025:

=
o
=

Watershed Input-Outputs - Water Balance (Yearly)
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Plant ET
208.6

Soil ET
332.18
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2015
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Evaporation and
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Infiltration/plant uptake/
Soil moisture redistribution

Surface

Runoff 28.92
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| = | \m} N\
5.24
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Percolation to shallow aquifer

25.85

Return Flow

35.8

All Units mm

precip: precipitation falling as rain and snow {(mm)

irr: irrigation water applied (mm)

et: actual evapotranspiration from the soil {mm)

surg_gen: surface runoff generated from the landscape (mm)

perc: amount of water percolating out of the secil profile into the vadose zone in HRU (mm)
gwsw: groundwater discharge to streams (mm)

satx: saturation excess flow (water table above ground) {mm)
latg: lateral soil flow (mm)

swgw: stream water seepage to groundwater {(mm)

gtile: subsurface tile flow leaving the landscape (mm)

2025



Volume (hm®)

Total Mitrogen Input {ton M)

Total Phosphorus Input (ton P)

Entry of the streamflow, nitrogen and phosphorus into the Mar Menor:

Entradas Agua Mar Menor (hm3)
Avg annual Total Inflow: 41.25 hm® | Mirador (Rambla): -0.92 hm? | Peraleja (Rambla): -1.78 hm?= | Albujon (Rambla): -14.95 hm= | Marafia (Rambla): -3.28 hm= | Miedo (Rambla): -0.56 hm?= | Miranda (Rambla): -4.75 hm?= | Beal (Rambla): -0.37 hm? | Carrasquilla {(Rambla): -0.74 hm?=

150

141.4

Total Inflow (hm=)
Mirador (Rambla)
Peraleja {Rambla)
Albujon (Rambla)

100 85.0

Marafia (Rambla)
B HMiedo (Rambla)
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Beal (Rambla)
- Carrasquilla {Rambla)
—350
—100
2005 2010 2015 2020 2025
Entradas Nitrogeno Mar Menor (ton N)
Avg annual Total N: 810.7 ton | NO2-N (nitrite): 1.6 ton | NH3-N {(ammonium): 0.4 ton | NO3-N (nitrate): 797.6 ton | Organic N: 11.1 ton
1631.1
1619.1 B Crganic N
1506.3 - i
1500 B NO3-N [mtrate}ll
B NH3-N (ammonium)
1210.8 1262.6 B NO2-N (nitrite)
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2005 2010 2015 2020 2025
Entradas Fosforo Mar Menor (ton P)
Avg annual Total P: 28.3 ton | Organic P: 5.0 ton | Mineral {soluble P): 23.3 ton

113.7 ,
B Mineral (soluble F)
100 W  Organic P
80
57.4
60 53.6
0 33.8 37.4
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Management scenarios: evaluating the effectiven

I /WI Marco de Actuaciones
Prioritarias para Recuperar

I I el Mar Menor

Scenario 0 : Baseline scenario.
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Simulated scenarios

Scenario 1 : Disconnection of illegal
irrigation systems

Scenario 2 : The reforestation of
mining areas

Scenario_5: Framework of priority
actions to recover the Mar Menor
s (MAPMM)
\ﬁ Scenario 3 : Green Belt

Scenario _4: Flood management Scenario 7 : Combined scenario
actions (MAPMM + Ley 3/2020).

Scenario 6 : Ley 3/2020 recovery
Q and protection of the Mar Menor
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Scenario 1 : Disconnection of illegal

irrigation systems
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Scenario 2 : The reforestation of

mining areas
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Scenario 3 : Green Belt
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Scenario 4 : Flood management
actions

. Los Alcazares Flood Park (524.000 m3)

» Lamination dams in the&obatillas ramblg~1.200.000 m3)

» Rolling dams in the boulevards of the Sierra

Minera (~970.000 m?3)

» Controlled Storage Zone (ZAC) of El Estrecho

(Fuente Alamo) (61.000 m?)




