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Son claves los modelos numéricos para la predicciéon meteorolégica

Modelo numérico para la predicciéon




NOTICIAS DEL TIEMPO

¢Por qué fallan los pronosticos?
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Hay una situacién que a todos o a casi todos nos resulta familiar. Tras unos dias de tiempo
revuelto, alguien se acerca a nosotros con un paraguas en la mano bajo un cielo soleado y

nos pregunta: ;pero no han dicho que iba a llover?




Si, dijeron que iba a llover pero no llovid porque no se puede asegurar una prevision del
tiempo con un cien por cien de acierto. El margen de error existe siempre porque la

prediccion meteorologica se basa en la probabilidad de lo que sucedera en la atmosfera, un
fluido cuyo estudio y comprension es extremadamente complejo.

El sistema de ecuaciones no lineales que resuelve los problemas de la atmosfera de
momento sigue ofreciendo probabilidades. Dada dia mas ajustadas, es cierto, porque se
ha mejorado mucho la informacion que se obtiene de los modelos meteorologicos. Pero
ademas de la informacién que se extrae hay que tener en cuenta otras variables geograficas.




Existen datos a escala mundial sobre el agua subterrdnea

Mapa de los cambios en la cantidad de agua del 2002 al 2016

GRACE trend (cmyyr)
| —
10 20

httos://trend.pewtrusts.ora/en/archive/spring-2019/a-map-of-the-future-of-water



Es indudable la necesidad
de los modelos numericos
de prediccion
meteoroldgica a pesar de
los errores que fienen
asociados

De igual modo:

Los modelos numéricos son
necesarios en la gestion de
las aguas subterrdneas

Pero... a nivel nacional su
Uso sigue no siendo
“estandar”




PARA TOMAR ACCIONES: Advierte a los Sistemas
de prevencion y atencion de desastres sobre

amenazas reconocida de inundacion o sequia que
pueden traer efectos sobre la poblacién

PARA PREPARASE: Indica la presencia de un
fenémeno sin llegar a ser inminente los efectos sobre
la poblacién. Advierte sobre prepararse frente a la
posible ocurrencia de la amenaza reconocida.

ACUIFERO LIBRE

PARA INFORMARSE: Deteccion inicial de una B e

—

amenaza reconocida sin llegar ha ser inminente los
efectos sobre la poblacion. Es informativa.

CONDICIONES NORMALES: No hay amenaza
reconocida
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Es una simplificacion conceptual que se realiza
con el ordenador para simular y predecir el
movimiento y uso del agua.

=4, e
Saturaon-Excess;” / il
Overland Flow I / oo

Soil Column




Es una simplificacion conceptual que se realiza
con el ordenador para simular y predecir el
movimiento y uso del agua subterranea.
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Proporciona un marco para organizar:

MODELO
CONCEPTUAL

BYN[ON Representar

numéricamente
lo que ocurre

PREDECIR
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Eiemplos de aplicacion




a USGS

science for a changing world

California Water Science Center

Sustainable Groundwater | California Groundwater Model Archive

Sustsinsbilty Indicstors « Planning Tools ~ Resources

Archivo con 37 modelos de acuiferos
Groundwater Modeling

A hydrologic model is 2 simplified conceptusl and computer model used to simulste and predict the movement and use of water. it takes info account vanous or all components of the landscape, aguifer
system. snd water cycle and provides a framework to organize dats. knowledge, and understanding of hydrofogic systems. Modeis can provide insights that water-resource managers need to plan
effectively for future water demands and to answer scientific and management questions.

California Groundwater Model Archive

The USGS models shown on this site are in the public domain, and are freely available. They are based on MODFLOW and other public-domain USGS software. Links to publications and
web resources associated with esch model are shown in the table next to the model map. The associated model! files for some of these modeis are currenfly available via links in this table;
if a link is not available, and you would like to receive the model files, please contact Steve Phillips at sphillip@usgs.qgov.

Click on a model on the map or in the list for detailed information and datfa downloads.

Antelope Valley A

Borrego Valley

Carson Valley

Central Valley Hydrologic Model

Cuyama Valley
Death Valley

Fort Irwin, Bicycle Basin

Fort Irwin, Irwin Basin Aquifer

Fort Irwin, Langford Basin
Goose Lake Basin

Honey Lake Valley
Indian Wells Valley

CA DWR Sasin
Joshua Tree Priontizaticn Ranking

Lompoc Area
Los Angeles, Central & West Coast Basins
I

Modesto High S e\ : Bl
> ol

Modesto NAWQA TANC Mzdium B ) i3 SPhednIx

Mojave River Basin Low

San Diego
Owens Valley Vary Low

Tijuana, Mexical
Pajaro Valley Aquifer System

v
Parker Valley - Palo Verde - Cibola L=afat | Thes © Szl — Esn, Dalome, NAVTEQ, TomTom, intenmap, IPC, USGS, FAQ, NPS, NRCAN, GeoSase, Kadaster NL, Ordnanca Suwivey, Eerl Japan, METI, Esn
China (Hong Kang), 3nd the GIS User Community




Santa Barbara
Model Detail

Year Published: 1398
Counties: Santa Barbara

Sustainability Indicator(s) Modeled: LVL, SEA,
SWIGW (drn), WQ

Type of Model: Groundwater Flow Mode! with
Density-Dependent Solute Transport Model
Modeling with Scenarios: Yes

Uncertainty Analysis: Parameter, Prediction
Optimization: Yes

Climate Change Analysis:

Advanced Analyses: Multi-Objective Trade-off
Analysis

CA DWR Sasin
Model Data Priortization Ranking

Full Archive: WRIR9S-

4246_Santz_Barbarz_Optzip

Mode! Input: WRIR39-4248_Santa_Barbara_Opt- = Critical
mputzip (1.1 MB) W Hign
Model Output: WRIRSS-

4246 Santa Barbara_Opt-outputzip {249 KB) Medium
Additional Modules Needed: Low
Additional Datasets:

sy e

Very Low

v
Leanzt | Thes © Sarl — Eanl, DeLome, NAVIEQ, TomTom, Inlemmap, IPC, USGS, FAO, NPS, NRCAN, 5208382, Kadaster NL, Cronanca Survey, Ecrl Japan, METL, Esn

China (Hong Kong), 3nd tha GIS User Community

Publications Datos de entrada

A simulation-optimization model for water-

resources management, Santa Barbara, California R es U |'I'G d OS

Informes, publicaciones
Pdaginas web

Go to Website ==
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Mapa piezométrico
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2\ Centre for
@‘E 1:1) Ecology & Hydrology
MATLIAL ENYWONFENT BESEARCH COLRCIL

British Period: October 2019 — September 2020

Geological Survey

NATURAL ENNAONHENT RESEARCH COUNCIL

Environment
WV Agency

Segun el nivel piezométrico

Heathlanes Skirwith
(SJ62/112) (NY63/2)

Rockley
(SU17/57)

This outlook is based on monthly ensembles of historical
sequences of observed climate (rainfall and potential
evpotranspiration) that form input to hydrological models.
The outputs are probabilistic simulations of the average
groundwater level over the forecast horizon (3 to 12 months
ahead), at each location.

The graphs show variation over time of the number of
simulated groundwater levels in each monthly ensemble,

Chak
- Devonian/Carnoniferous

limestone fsandstone
| Jursssiclimestone
I Magresian imestons
B Parmo Thassic sandstons

that fall within each the seven categories: exceptionally low,
notably low, below normal, normal, above normal, notably
high and exceptionally high. The monthly variations can be
compared to the long-term average distribution of levels,
which are shown as columns on the left and right of each
graph.

This outlook is based entirely on historical sequences and
therefore does not contain any knowledge of the state of

Outlook based on modelled groundwater from historical climate

Issued on 03.10.2019 using data to the end of September

Evaluacion del estado de los acuiferos 3/12 meses futuros

(vz/1841) (5/v63S)
3Ww|oH uoyeq

wiiey 3jdysem

(6/vTHL)
wied 1ong apin

the atmosphere and ocean..it is hence possible that some of
the historical sequences used might be inconsistent with
current large-scale atmospheric conditions and would
therefore be unlikely to occur in the next few months.

The Hydrological Outlook UK provides an outlook for the water situation for the UK over the next three months and beyond. For guidance on how to interpret the outlook, a wider range of
information, and a full description of underpinning methods, please visit the website: www.hyvdoutuk.net




;. Qué se necesita?




3 blogues

© Datos
~ Modelo conceptual




Datos

© Recarga

© Piezometria

- Conductividad

- Almacenamiento
- Porosidad

- Geometria




Diaria

Cdlculo de la escorentia y la infilfracion
Mapas de precipitacion/T¢
Mapas de suelo
Mapas nivel fredtico

ECUACION DE BALANCE DE AGUA

Precipitacion = Escorrentia + Evapotranspiracion
+ Cambios Almacenamiento
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Geometrio
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Unsaturated

Water tablo\ z0he

RiO PERDEDOR Y
DESCONE(,ZTADO DEL
ACUIFERO

! Water table




ACUIFERO LIBRE

- t'&"'m - MANANTIAL

ACUIFERO CONFINADO
IMPERMEABLE
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Datos ex’rracciones:
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https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=https://www.elmundo.es/ciencia-y-salud/ciencia/2017/09/23/59c5015346163f81718b45d6.html&psig=AOvVaw0u6MOG21--Pmu3A27Tt0HY&ust=1573768998072140

Describe cualitativamente el funcionamiento del acuifero, los
procesos relevantes, las estradas y salidas al sistema, las
propiedades fisicas mas importantes y su distribucion espacial.

Es una representacion esquemdtica de la realidad que hacemos en
funcion de los datos disponibles y el criterio de experto
hidrogeoldgico.

Evapotranspiracion Precipitacion
=630 mm (1170 Us) = 1140 mm (2140 ¥s)

Evapotranspiracion Precipitacion
= 630 men (1170 ¥s) = 1140 mm 2140 Us)




Es la representacion matematica de los procesos fisico-
quimicos que ocurren en el acuifero.

Groundwater Modeling Software Distribution Sites:

USGS, Groundwaler Modeling Software

Mirecraly o CaVOMEl, DAt of AQNC Utharn 3nd Ny Rescunes

Groundwater

ool of Mines, Colarado

Groundwater Modeling Software (public domain/free of charge):

MODFLOW (USGS] - 3D finite difference, saturated flow
51 - anline instructions to MODFLOW modules

Groundwater Modeling Software (commercial):

2GS - 30 multicomponent, reactive transport (constant density flow and temperature)

BI3D (Pacific Northwest Laboratory) - MTIDMS + multispecies react

TOUGH?2 (Lawrenca (ke { | Laboratory )- 30 multiphas nsat flow & transport

MODHMS {Hy pgic lng) <« MODFLOW based watershed model

¥ - {Waterloo Hydrologic) - MODFLOW w/unsat/multiphase flow

! - 30D finits slemant flow & transport & watorshed & heat
MikeSHE (DH] Water and Environrmeant) < watershed model w/ MODFLOW

QSPHERE (integrated surface water/watershed/vacose zone/groundwater flow and
55 moded)

GELOW - analytic element method software, by Haitjerna (not updated since 2007)
ApAgSim - GUI for the analytic elament method

bsurface flow and reactive transport,
multiphase, porous/fracture, therm \ chamical
“Interactls croung Water (IGWI" {Michi S1ate Uniy integrated flow & transport
{(Lawrence Livarmore National Laboratory) - 30 large grid flow
P (Pacific Northwest National Laboratory) - 2D multiphase fiow & transport
FM (Ca. DWR) - 3D finite element groundwater & surface water flow model
iz PAKP and WODASOLVER - groundwa modeiing software and GUI

GUls for MODFLOW and other model codes:

Groundwater Modeling Demonstrations and Reviews:

delMuse (USGS, public domain) - GUI for MODFLOW, PHAST
MogeiMate (USGS 0 ) « GUI for parameter estimation (UCODE with MODFLOW)
VAT - plugin to ArcGIS-Nks open sourca QGIS as I for MODFLOW (open sourca)

Groundwates Vistay
Visual Mogfiow Flex

2rasim (GUI for the TOUGH family of softwars, 30 modaling) http://groundwater.ucdavis.edu/Materials/Groundwater_
EQUIS (Earthsolt) - environmental data management software MOdellng Web—LlnkS/

Argus ONE {generic GUI - legacy/outdated software)

Z
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Resultados <

Niveles piezométricos
Lineas de flujo
Isopiezas

Variacion
almacenamiento
Recursos subterrdneos l

GESTION

GOBERNANZA
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Laborioso

' Estacionariod.lst: Bloc de notas

Archivo Edicién Formate Ver Ayuda

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP

CUMULATIVE VOLUMES %3

STORAGE
CONSTANT HEAD
RIVER LEAKAGE =

RECHARGE =

SPECIFIED FLOWS =

TOTAL IN

ouT:

STORAGE
CONSTANT HEAD
RIVER LEAKAGE =

RECHARGE
SPECIFIED FLOWS =

TOTAL OUT

IN - oUT

PERCENT DISCREPANCY

1, STRESS PERIOL

RATES FOR THIS TIME STEP LEx3/1

STORAGE =
CONSTANT HEAD
RIVER LEAKAGE =

RECHARGE
SPECIFIED FLOWS =

* | 65892248, 9660
A2 1
15323233, 5000
+|128424336.0000 179968.6406
-3 1

TOTAL IN

OuT:

STORAGE =
CONSTANT HEAD
RIVER LEAKAGE

RECHARGE
SPECIFIED FLOWS =

TOTAL OUT

" 112351918, 0900

IN - oUT

PERCENT DISCREPANCY

-1188517024 . 0008 199790,1406

s 1
"|10339235. 0000
: 288868704 . 0000 468949, 0000

' 11326266, 0000
" [337686528.0008 562827.7500

18 1

- | 430102928 . 0008 642015.0625

7 MCDOST ba: Bloc de notas

Archivo  Edicon  Formato  Ver  Ayuda

CUMJLATIVE

Stress Period Time Step Tine In: STORAGE
WELLS In: RIVER LEAKAGE In: HEAD DEP BOUNDS
Out: STORAGE Out: CONSTANT HEAD Out: WELLS

HEAD DEP BOUNDS Out: RECHARGE Out: TOTAL QUT 1IN - OUT
1 1 31.000 585455936.0000 0.0000 3570000.0000
3118502.7500 2755418 . 0000 596543424.0000 531124000.0000 ©.0000 0.0000
161309.9531 0.0008 396377536.0000 165858,0000 .83
59.000 712360384.0000 0©.0000 7260000.0000 29317285, 0000
8797067 . 0000 736677952.0000 ©615937728.0000 ©.0000 0.0000
©0.0000 736522048.0000 155904.0000 8.02
90.00@ 79754B864.0000 0.0000 10860D00.000Q@ 3620672.7500
108638760.0000 928096763.0000 747226816.0000 0.0000 0.0000
0.06000 927943680.0000 1530880000 0.082
4 1 120.00 869392890.0000 0.0000 13570000.0000 4365694.0000
9163271.0000 172777424.0000 1069269248.0000 833627776.0000 0.0000 0.0000
235171872 .0000 31529@.2812 0.0000 1069114880.0000 154363,0000 0.61
151.00 940356736.0000 0.0000 17600000.0000 SOBBB768.0000
209390352.0000 1182975104,0000 893481600.0000 ©.0000 0.0000
©.0008 1182819328.0000 155776.0000 8.01
181.00 1017706496.0000 0.0000 22340000.000@ 5849598.0008
226382864,0000 1283605248.0000 936124800.0000 ©.0000 0.0000
0.0000 1274374144.0000 92311040000 8.72
212,00 1088299994.0000 0.0000 24890000.000@ ©657246.0000
278984320.0000 1361183360.0000 266130048.0062 ©0.0000 0.0000
385220416,0000 613163.0000 0.0808 1351963648.0000 9219712,0000 0.68
243.0@ 1157740800.0000 0.0000 25620000.00080 7473376.5000
234016992.0000 1438280704.0000 995897728.0000 0©.0000 0.0000
0.0008 1426640640.0000 11640064.0808 0.81
273.88 1217466240.0000 0.0009 26650000.000@ B267569.5000

In: CONSTANT HEAD In:
In: RECHARGE In: TOTAL IN
Out: RIVER LEAKAGE Out:
Percent Discrepancy
1643596.1250

7428433 . 0000

6 1

7 1

13429477 0000

9 1




Laborioso

|- B | C D
| RATES
Afio Mes Stress Period Time Step Time In: STORAGE In: CONSTANT HEAD In: WELLS In: RIVER LEAKAGE 1In: HEAD DEP BOUNDS In: RECHARGE In: TOTAL IN Out: ¢

|| 1975 ENE 9 1 31 18885676 115161 1%9:—m1nm—1mmmA_mm_1.nanmn_1

M N e} B
FEB 2 59 45323025 131785

MaR 90 ZIaED5S5 1161298, | Out: STORAGE Out: CONSTANT HEAD Out: WELLS Out: RIVER LEAKAGE Out: HEAD DEP BOUNDS Out: RECHARGE Out TOTALOUT IN-OUT  Percent Discrepancy)
oK 420) 230015 90333 93 17133032 2099750 52035469 0 19237986 5352 0.03|
bay Sl S i 136451 Y5 3029060.75 1975431875 566.3818 0 5005158 -3545 -0.01
ALK JB1} 257852470 151333 3oy 4235132 193911875 639.4033 61748905 -895 ‘
UL 212) 272065 82238 4750 28800325 1821828.125 3850.0046 47057105 305
AGO 243 2240030 23548 5930 1930768.625 1732155.75 4956.7334 3667881.25 4875
SEPT 273 1990849.25 3433 “q37 1421440875 1627260.375 3129.2913 30518305 3025065
ocT 10 304 1924748875 29677 {35  967910.625 1533351.25 1623.8799 2502886  -364.75
Nov n 354, '1742416.575 107333 g5 5 360247 1447758.5 9305499 2408936 780735
) DiC 12 1237643.875 i "";.,5 863273.4375 137122375 2051684 22353025 -657
Bl ITIBIENE 13 1640763625 116451 {35 7854126875 1297620.375 778.9669 2083812 491875
FEB 14 1272667.5 128620 " 795684 1231593.75 785.7187 20280635 3031625
MAR 15 1463824.5 117419 % 3437938 5 1266739 22337517 47069715 5415
ABR 16 1077986 91333 8 777674.6875 11577305 1086.4401 1936491.75 -53.75
MAY 17 1054108.75 137741 'ys 139974725 1113098 875 10381681 251388525 -334
JUN 18 1267852.75 L % 7408489375 1044129.063 845 3658 1785823375  -486.75
JuL 19 1121532 83225 {75 1403132125 1021657 1315.3293 2426104.25 725
AGO 20 1070261 23870§1170 148138825 1036721.563 12484587 251935425 181575
SEPT 21 632 12040615 ¢ f15 7057094375 942088 875 723.0007 1648521.25 6715
ocT 2 670 961315.5625 2235 784460 904097.6875 34239731 169198175  -268.25
NOV 23 700 1066756.875 10 35 76351825 863872.4375 214421 1629535 -459.5
DIC 2 731 649438.1875 71200 99.75  570179.625 826308.0625 914,762 13974025  1477.25
ENE 25 762 515636.125 118387 4325 8711404375 795382 4375 1110.9595 1667633875  -229.625
FEB 26 790 721822.625 135357 )_;75 568688.5 757292375 Sp4 9648 1326945875 -605.125
27 821 860441625 119354 ‘54,5 2032738.75 746173.5625 2613.6587 2781526 708.5
28 851 893396.75 < '?‘,’15 3269754 72235225 4506.29 39970125 840
29 882 572846.6875 14 9)88 1995384 375 685890.75 26455359 26839205 67.5
] st ’ Auxiliar Recarga Entradas subterraneas ‘ Alrg-s‘75 e 83 S zas 22721587 1609712 'f%‘zs
) 698065.4375 £32742.6875 1972 6501 133278075  -54825
925 1684560375 613407.9375 230854225 -15

L

1
2
3
4
5,
2l
54
5
9,

OO0 000000 00000000 000000 o0on oo oo

Ooooocoooooooooooooo 0000000000
0000000000000 00O0D0O0O00D000o0o0oOo0a0o0
0000000000000 00000000000000




Laborioso

ALIDAS ARROYOS hm"3/ai ALIDAS RIOS hm3/:
ALIDAS POZOS hm3/afio ALIDAS BORDE NORTE hm3/afio

1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007

~—#— SALIDAS ARROYOS hm"3/af ~—#— SALIDAS RIOS hm3/afio SALIDAS DRENES (marisma) hm3/afio
—*— SALIDAS POZOS hm3/ai —@— SALIDAS BORDE NORTE hm3/ —+— SALIDAS POZOS hm3/
SALIDAS MAR hm3/ai ALIDAS ALMACENAMIENTO hm3/;




Head Difference, 1965-2009
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EXPLANATION

Gol.b'“m” —~---- Fault—Dashed where inferred
| Alluvisl deposits (modified from Dibblee, 1963;
| Ward and others, 1963;
;:‘r:::m. Nishikswa and others, 2001)
¥ e o se = Antelope Valley drainage basin

== = = = Antalope Valley groundwater
basin

1920 1930 1940 1860 1960 1970 1950 1980 2000

Groundwater subbasin
California Aqueduct
—— .-+ — Stream channel
Line of section showm on figure 32
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Estudio del mpacto de un nuevo pozo
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Estudio del impacto del cambio climatico

Distinta piezometria para
distintos escenarios climdaticos
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Outlook based on modelled groundwater level & climate forecast Overview

NATURAL ENVIRONMENT KESEARCH COUNCIL

Period: October 2019 — December 2019 Issued on 03.10.2019 using data to the end of September

Huced by running five members of the

Evaluacion del estado segun las predicciones futuras de  EyAsliciigusiuis

orehole hydrographs at 42 sites across

C G m b i o C I i m é i.i C o are distributed across the principal

Based on the distribution of observed historical groundwater
levels in a given month, seven categories have been derived for
each site: very low, low, below normal, normal, above normal,
Lowest rainfall forecast 1% quartile Median 3 quartile Highest rainfall forecast high, and very high. The forecast groundwater level is assigned
S ey to one of these seven categories depending on where it falls
p 2 within the distribution of the historically observed values.
Key Percentile range of
historic observed values
for relevant month
Exceptionally high levels > 95
Notably high levels 87-95
Above normal 72-87
Normal 28-72
Below normal 13-28
_ Notably low levels 5-13
Exceptionally low levels <5
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1-month outlook

Lowest rainfall forecast 1% quartile i i Highest rainfall forecast
hedtndsL bt bl i

10‘)"‘"

.. {

8 Anpary Cruty ¢ A0ie Goeen f‘-’\,"

610¢ 1290300

3-month outlook

The Hydrological Qutlook UK provides an outlook for the water situation for the UK over the next three months and beyond. For guidance on how to interpret the outlook, a wider range of information, and a full
description of underpinning methods, please visit the website: www.hydoutuk.net




Direccion de movimiento del agua
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Balances totales del acuifero

Entradas/
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(hm3/ano)
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Figure 39. Simulatad annual volumas for important groundwater budgat components for the Antelope Valley groundwater basin,

California, 1915-2005.
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Figure 81C. Simulated average annual subsurface flows between subregions, 2000-2009.
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Estudio impacto cese bombeos
9 hm3/ano menos de extraccion

Celdas con drenes al mar

Celdas con salidas laterales a la Marisma
Celdas representado el Ayo. La Rocina
Celdas drenes en la margen izquierda
Celdas drenes en la margen derecha

Salida por drenes al mar

DRENES MAR B
DRENES MAR II-B

‘Salidas por el arroyo de la Rocina, aproximadas con drenes.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014]
afio

Drenes cercanos al arfoyo de la Rocina, ubicados en la
margen izquierda

WDRENES margen izq sin ROCINA B
EIDRENES margen izq sin ROCINA Il-B

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
afio afio afio



Estudio impacto del cambio climdatico

Cambios en la precipitacion Aumento de la temperatura

~CNCM3 —CSMK3 ~—ECHOG ~GFCM20
—GIER —HADOM3 ~INCM3 POVE
MPEMS NCLTSM NCPOWV ~-Media

Las

s . : Guadiamar
Rocina | Partido | Marismas

Descarga histdrica 33.8 11.3

Riego histérico 7.8 0.3

Abastecimiento

historico e 2 05

Camblo Max -18.7 -8 -26.7

2080s i -16.9




VARIACION DE RESERVAS

hm3/afio

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Acuifero Almacenamiento

Afio simulado

El cambio de almacenamiento resulta:

< () == El acuifero se esta vaciando

AS = STORAGE OUT—- STORAGE IN{ = 0= No hay cambio
> (0 = El acuifero se esta recargando
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El recurso natural disponible, segun se define en el PH:
balance general de agua con

infilfracion lluvia
recargas laterales ofras masas
recarga desde humedales conectados
retornos de riego ——
drenajes a rios s Rocne
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Reflexiones 4




Tarea dindmicaq,
continua

No debe verse

CoOmo cuando

se resuelve un
problema
puntual.

Es un trabajo
complejo que
debe
mantenerse en
el tiempo si
queremos
preservar
nuestros
acuiferos y
ecosistemas

Monitoreo Modelo
Hidrogeologico
Conceptual

Modelamiento
() Matematico Modelo
Saene Hidrogeologico
Investigacion Conceptual
Hidrogeologica

O Investigacion
Hidrogeologica

Modelo Investigacion

Hidrogeologico

Hidrogeologica
Conceptual

Modelamiento

L Matematico
Monitoreo

() Monitoreo

Modelamiento
Matematico J Modelo

Hidrogeologico

Investigacion

Hidrogeologica Investigacion

Hidrogeologica

=> Medios econdmicos y humanos



Técnicos de laboratorio
Gestores

Gedlogos
Hidrogedlogos
Técnicos de campo (mantenimiento y monitorizacion)
Expertos en bases de datos

Modelistas de recarga

Modelistas de flujo subterrdneo

Desarrolladores de los modelos numéricos

Expertos en sistemas de informacion geogrdfica

Preparado & Coordinado => Medios econdmicos y humanos

COORDINACION/UNIFICACION DATOS Y MODELACION



\Cuén’ros medios

economicos/humanos?

REPJSJOL



https://www.repsol.com/es/index.cshtml

El pueblo de Lucena del Puerto se vuelca para impedir la clausura
: de las prospecclones con las que se riegan mds de 200 hectdreas
Region de Murcia - NS5 de cultivo. Los agricultores denuncian que hay entre 4.000 y 5.000

" - - y puestos de trabajo en Juego
ElI80%delasaguasdelMarMenor [ = =
se quedaron sin oxigeno tras la

X % ‘,-l-’ﬁ_,;
4,—- “1"’ o

EL ROBO DEL ...
AGUA DE DONANA

o



https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=https://elpais.com/sociedad/2019/02/08/actualidad/1549640461_307654.html&psig=AOvVaw2eVuUBBJcUvVykV9TGakYc&ust=1573767797399947

Muchas gracias

Hay mucho en juego como
para no invertir en ello




