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Regadio y calidad fisico-quimica de las aguas superficiales en la cuenca del rio Ebro

INTRODUCCION

Calidad de agua: tendencias
Efecto de la agricultura:
- Incremento del consumo de agua
- Lavado de suelos y salinizacion de las aguas
- Aportes por disolucion de fertilizantes y pesticidas
- Temperaturas

OBJETIVOS:

Caracterizar la calidad del agua en la Cuenca del Ebro y su relacién con los cambios en
los usos del suelo y en particular el regadio

1. “Statistical behaviour of monthly load estimators”. Desarrollo de metodologias
apropiadas para el calculo de masas de sal y nitrato en cuencas.

2. Balance de aguay salinidad en la cuenca del rio Arba y su relacion con el desarrollo de
la agricultura a lo largo de los altimos 40 afios y previsiones futuras de desarrollo.

3. Analisis estadisticos de las tendencias de salinidad del rio Ebro y su proyeccion para el
2027.

4. Analisis espacio-temporal del incremento de la temperatura del eje del rio Ebroy
principales tributarios (Aragén y Cinca).
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1. Statistical behavior of monthly load estimators

international
(= watershed
technology

STATISTICATL BEHAVIOR OF MONTHLY
LoAD ESTIMATORS

21st Century Watershed Technology
Conference and Workshop (ASABE)

Bari (Italy) May 27th- June 1st, 2012

M. A Lorenzo-Gonzalez, D. Quilez. D. Isidoro

ABSTRACT. Agricultural activities are important coniributors to the pollution of water bodies. In this context, the estab-
[ishment of relationships berween changes i fvigation and agriculral practices and pollutant loads over long periods
may help to diagnose the agv‘fla{na)?—:efmedﬂc!or! with higher influence on water quality. To this end, the first step is to
Login generate robust, long-term pollutant load series with the available data. This arficle aims te ascertain the statistical per-
Jormance of five mean monthly salf (MS) and nitrate (MN) load estimators based on the long-term records of the Surface
Engineers Water Ouality Control (SWQ) network of the Ebro Basin Authority (CHE) in Spain. The five loads estimates were com-
paved with reference loads caleulated with the more complete, dmly frequency data of the inigation renum flows network
(Recor-Ebro, or R-E) available at a sampling point on the Arba River at Tauste for the period April 2004 to September
2010. Three interpolation methods that make use of total dissolved solids (TDS,,,) and nimrate concenmations (NOs,.,) of
samples taken once a month in the SWQ network were multiplied by flows at the sampling time (0,.,), mean daily flow of
the sampling day (@), and mean monthly flow (0,). Two reg based methods blished the rell ips berwesn
Slow and TDS and between TDS and NO: concentration to estimare daily_ and monthly TDS and NOs concentrations,

Click on “Download PDF” for the PDF version or on the fitle for the HTML version.

¥ Library Home which were then multiplied by mean daily flow (2.} or mean monthly flow (0,,), respectively, o estimate loads. Six statis-
fical indexes were used to determing the fit of the five proposed methods to the reference load: the coefficient of derermma-
Search tion ('), mean bias (MB), root mean square ervor (RMSE), mean absolute ervor (MAE), Nash-Swtcliffe efficiency (NSE),

and Nash-Sutcliffe efficiency modified (E1). Maan bias was not significant for the five MS and MN estimators {(=7.5%4),
but the other statistical indexves showed different behavior for the M5 and MN estimarors. The RMSE and MAE were in
general higher for the MS inferpolation methods (RMSE = 6,000 fo 11,0 = per month; MAE = 4,000 o 7,000 Mg per
month) than for the regression-based methods (RMSE = 5,000 Mg per month; MAE = 4,000 Mg per month). The erors for
the MN estimators were similar for the regression and interpolarion methods when using the mean monthly flow or mean
dnily flow of the sample day (RMSE = 30 Mg per month; MAE = 20 Mg per month). The NSE and E1 for the three interpo-
lation methods for MS were not satisfactory (NSE = 0.5; EI = 0.3), wiile the interpolation methods for MN using daily or
meonthly average flow presented satisfactory NSE and EI values (NSE = 0.5; EI = 0.3), performing just as well as the
regression methods. For the shovt perfod analyzed (six years), regression-based estimators presented the best reliability
for the estimation of monthly salt and nirrate loads, along with interpolation methods that applisd the mean daily flow
0. or mean monthly flow (0.,) for the estimation of monthly nitrate loads, provided that the g’:a series were complete.

Keywords. Agreement indexes, Irrigation, Nitrate loads, Saif loads, Sampling frequency, Water quality.
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Published by the American Society of Agricultural and Biolagical Enginears, St. Joseph, Michigan wunw.asabe.org

Gitation: 21st Century Watershed Technolagy: Improving Water Quality and the Emviranment Conference Proceedings, May 27-June 1,
2012, Bari, Italy 12-13666 (doi:10.13031/2013.41430)

Authors: MA Lorenzo-Gonzalez, D Quilez, D Isidoro

sywords: Water quality, salt loads, nitrate loads, sampling frequency, sgreement indexes
Irrigation contributes to the pollution of water badies through the pallutant laads in the irrigation return flows. Establishing the
relationship between changing irrigation and agricultural practices and pollutant loads ower long periods may help to identify the
irrigation-related factors that most affect water quality.

(Download PDF)  (Export to EndNates)

American Society of
Agricultural and Biological Engineers

he European Water Framework Directive (WFD)
(EU. 2000) aims to protect and enhance the status
of aquatic ecosystems. prevent further deteriora-
tion, and promote sustamable water use based on
long-term protection of available water resources. Accord-
g to the WFD. member states will implement the neces-
sary measures to prevent deterioration of the status of water

Submutted for review in October 2012 as mamuscript namber SW
9965: approved for publication by the Soil & Water Divisten of ASABE in
September 2013 R

‘The authors ar= Maria Angeles Lorenzo-Gonzalez, Graduate Stadent
and Postdoctoral Fellow, Dolores Quilez, Asviculniral Fesearcher, and
Damiel Isidors, Azriculwral Researcher, Deperment of Soils and
Imigation, Agifood Research amd Technology Cemter of Amgzem,
Zaagoza, Spain. Corresponding author: M
Cantro de Investizacion ¥ Ternologia Azroalimentaria de Atazon, Avanida
Montaiana No. 50050 Zarageza, Spain: phone: +34-076-716-282: &-
mail: malorenzog darazon &

bodies to reach a good ecological status of European water
bodies by 2015, New basin hydrolegic plans are required to
collect and maintain mformation on the type and magmtude
of the significant anthropogenic pressures to which the sur-
face water bodies in each river basin district are subject.
These pressures mclude diffise agricultural pellution. with
identification of leng-term anthropogenic trends in polbu-
tant concentrations and the response of the identified trends
to the comrection measures applied.

A complete assessment of the effects of agricultural
drainage on water quality nmst focus on polhutant loads in
addition to pollutant concentrations, as it is the mass of
pollutants that will degrade the quality of the receiving
water bodies (Lecina et al., 2010), as recognized by the
total maxinmm daily load (TMDL) approach used in the
US. and elsewhere (Elshorbagy et el., 2003). In the Ebro
River basin (northeast Spain), salt and nitrate loadings have
been identified among the main water pollution problems

Transactions of the ASABE
Vol. 54(6): 1327-1306  © 2013 American Sociery of Agricultural and Biclogical Engineers 135N 1151-0031 DOI 10.1303 1/trams 56 0965 1387
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Objetivo: Comparar diferentes métodos de estimacion de la carga de sal y nitrogeno a partir de series
con frecuencia mensual aportados por la CHE con series de cadencia diaria obtenidas en las estaciones
de RecoR-Ebro.

Re(_:oR-Ebro Best method
Daily data MReference

Apr 2004 - Sep 2010 Compare
Ebro Quality Network
Statistic :>M7 Once a month data
. Method analysis " | 1974 - 2012
Ebro Quality Network
“ ” M1 M4
Once a month” data M2 M5
Apr 2004 - Sep 2010 M3
Métodos basados en datos instantaneos Métodos de regresion
MSi MNi MSid  MNid MSim MNid MSd MNd MSm MNm
Qi Qd Qm Qd Qm
2 Caudal . . . .
= i ] Caudal del dia Caudal medio Caudal medio Caudal medio
S instantaneo del —
de muestreo mensual diario mensual
muestreo
5 TDSi y NOsi TDSi y NOsi TDSi y NOsi TDSd y NOd TDSmy NOg;m
§ i Obtenido a partir ~ Obtenido a partir
§ Dato instantaneo  Dato instantaneo . . del caudal medio  del caudal medio
S instantaneo .
S diario mensual

1 dato/mes 1 dato/mes 1dato/mes > mes Media del mes
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- Métodos regresivos son los que representan mejor la variabilidad de la carga de sal y nitrato a lo largo del tiempo.
Estos métodos solo necesitan una buena relacion entre el caudal y la concentracidn de sal/nitrato.

- Hay que tener en cuenta tres factores importantes:
- Solo en rios con buena relacion Q/TDS o NO3
- Esta relacion debe ser estable en el tiempo.

- Las tendencias de ambos pardmetros estan fuertemente vinculados a las tendencias de los caudales
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Regadio y calidad fisico-quimica de las aguas superficiales en la cuenca del rio Ebro

2. Balance de agua y salinidad en la cuenca del Arba

4

__ Objetivo: Analisis de tendencias de salinidad en la
%~ cuencadel rio Arbay su relacién con el desarrollo de la
agricultura a lo largo de los ultimos 40 afios.

Implementacion de distintos escenarios.

Cuenca del rio Arba:

- Riegos desde los afios 60°: 20.000 ha — 62.000 ha (28%).
Canal de Bardenas — Canal de Tauste.

- Agua de riego: Rio Aragén (Embalse de Yesa). CE: 0.35
dS/m

- Caudal en regimen natural 172.8 hm3/afio (maximos en
primavera y minimos en verano)

- Riego incrementa en 160 hm?3/afio (maximos en verano y
minimum otofio e invierno)

- Suelos ricos en formaciones salinas.
= - Datos de caudal y salinidad en desembocadura desde 1973
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| | cABECERA DEL ARBA Qg Aportacidn mensual (Riguel- 9136 « Luesia-0155 + Biel- 3187) -
Datos conocidos (1973-2014)
Canal de Bardenas I VPrm o B
< Qg Aportaaidn mensual de selida de Yesaal canal (CBYesa-2407) \} w E ¥ m ENTRADAS SALI DAS

Pérdidas de la red de distribucidn (P, Pérdidas de canal (P}
Pd: Volumen de pérdidas en la red de distribucén Pe: Perdidas de los princpales canales. La CHE-Sédaba,

esumadas aplicando un % al volumen de riego (RT). P | | estimaentre 2y 2.5 m?/slas pérdidas del canal en pleno N atu ral es: - Evapotransp| rac | (')n de

p =g R.f EVPMEP’E Pa rendimiento por evaporacién, gestidn, infilraciones, etc

%l B e e o e - Caudal cabecera los cultivos
2 yvolumin de agua turbinado en hidrodéctricas dela

PRIMERRIEGO (R) W/ ETa NH,
Suelo WO Suslo W1 Sualo N2

mun || Cn

primarog Ry - Precipitaciones - Caudal del Arba en
o 2o (R,)

e Canal de Bardenas: Tauste (E. Af. 260)

ETgy: Agus evapotranspireda por los aultives Corresponds alas MH,
de todela moerﬂae conectadaal cen.el

arve lveumen - Volumen de riego

dé agusda rlesovel velumen evaporade porlos cultivos.

s ypoin e - Volumen urbano e industrial

que el Ryy se obtiene a partir de ladiferencia entre ambos. Incluye .

drenapes Ly oy, complementads con Qupt Pty _ D Im

ETyy: Agua evapotranspirada por los aulthvos obtenida comao la esagues a enaras e
diferencia entrelas NH, de R1y las NH, totales de los riegos del

- , -
:?::nurmsderleso cftlfhee:ls::a partic de la diferenda entrelas h I d roe I eCtr I Cas

MHyy laz MH, no evaporadas con el primer riego.

Riego viejas CCRR (R, - Pérdidas de canales

-
S | E— o
Fw: Welumen da riego paralas antiguas CORR abasteddas dnicamente

por el rio&rba. Se caloula a partir de las dotaciones anuales més
dddamlnmdlnddab H
RIEGO VIEIS CCRR lﬂsmm ol o e Gt e s s Usos del suelo Calidad
de los i RyyR:
Susla MO 5“‘0"1 E‘?.:;'w:?;o‘lfr;plradam los rieges delas viejas CORR caleulada
| e, lm.n Inur\ m eplart:'de-las NHn de Iosjult;:sdedd\es cormunidades. Solo . . .
I [ I cldn.
Pe ;g:c:el:r:;:zrpmo:denmdelosrmguswnaauasael.qrbn = SuperﬁCle de rlego = SDT Cabecera

obtenida por la diferercia entre Fy NH, . .
2% B9 | Avastecimiento urbano e Industril (@,.) - Sistema de riego - SDT C. Bardenas
Urbano +Industrial Dy - Tomade agua del canal de Barderas para abastecdmiento y use - .
ik [ o=t [ o, o | e amcecnesco commorey ssomas oo - Litologias regadas - SDT Arba (E. Af. 260)

Iiec_'a'rga meciants un coeliciente de retornc (&)
Acuiferos Descarga | ™ Escorrentia directa (Q..)

Mo e S R Pt <M P2 AMetros de ajuste

b
! DM = lr'n-lr'r P &l medelo PART-USGS,
i - Recarga de los acuiferos (R,.)
Corresponde 3una fracoidn () de los drengjes (D1s02+03), las

./ B » o_ g . . T
Escorrentia directal h) :ﬁﬁ‘;?;:;ﬁsd:::::imbwanEP,J\.' las pmcl.plm ones P) Efl C I e n C I a d e I S I Ste m a AC u I fe rOS

Dscarga de los acuife ros D,

dames vk doundmes it - Eficiencia de riego en parcela - Infiltracién en

apllcar\do un Coeficiente de agotamiento (x).

<
i
|
:
o
&
~

| H:

El

REUTILIZACION ety -ty

RY =NHgpor R

£

I
A

S

Estacidn de Aforo del Arba en Tauste-9260 /\

wresasanet T gu T Saldasa Gt - Pérdidas en las redes de acuifero

< Estacion de Aforo del Arba en Gallur-9060 @ i Canal de Tauste diStribUCién - CoefiCiente de
Eaf

Qs Coddmedodaro - Evaporacion de las péerdidas agotamiento

Qm=XSalidascp + Qesc +Daq.

e \
Rio Ebro /
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Regadio y calidad fisico-quimica de las aguas superficiales en la cuenca del rio Ebro

ESCENARIOS FUTUROS:

Previsiones del Plan Hidroldgico de la Cuenca del Ebro: 2015-2021 (Real Decreto 1/2016, de 8
de enero)

- Ampliacion de la superficie de riego
- Modernizacion de los regadios

- Incremento de la demanda: cultivos con requerimientos hidricos mayores (dobles cosechas,
forrajeras 0 maiz)

- Cambio climatico: reduccion del recurso natural 5% (PHE)
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Regadio y calidad fisico-quimica de las aguas superficiales en la cuenca del rio Ebro

3. Analisis estadisticos de las tendencias de salinidad del rio Ebro y su
proyeccion para el 2027.

Vol. 18, EGU2016 138140, 2016 EG U
EGU General Assembly 2016

@ Author(s} 2018, CC Attribution 3.0 Licenss.
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Salinity trends in the Ebro River (Spain)

M* Angeles Lovenzo Gonzalez, Daniel Isidara, and Dolores Quilez

4 prifood Research and Tecnolegy Center of Arspen, Seil and Ird gation Diepartment, Zars pozs, Spein
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In the Ebro River Basin (Spain}, the inarease in water diversion for inigation (following the inreass it irngated
Ihte area) and the recovery of natural vegetationin the upper reaches, alomg with clirnate change have induced changes
in the nwer flow and its associated salt loads. This study was supported by the Ebro River Basin Administration
(CHE} and aimed to establish the trends in the salt concentrations and loads of the Ebro River at Tortosa (na 027,
Orale H52.4.1 the extreme downstrearn gauging statiom}
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Hydrological change: Regional hydrological behaviour under transient dimate and land use conditions Q.
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13:30-13:45 EGU2016-12184

Separation of land-use change induced signals fram naise by maans of evaluating perturbed RCW ensembles:

the patential imp F ur and in Central Vietnam

Pazrick Laux Phuong M. B. Nzuyen Johannes Cullmann, 2nd Harald Kunstmann

13:45-14:00  EGU2016-2288

Storylines of sociceconamic and climatic drivers for land use and their hydrological impacts in alpine

catchments - the STELLA project example

Ulrich Serasser, Herbert Formayer, Kristian Forster, Thomas Marke, Gertraud MeiBl, Markus Scherner, Friederike

Stotten, and hatthias Themess!

14:00-14:15  EGU2016-5218
Recent Trends in the Ebro River Basin: Is It All ,Just” Climate Change?
Srefanie Lurzand Ralf Merz

14:15-14:30  EGU2016-13810
Salinity trands in the Ebro River {Spain}
2 Angeles Larenza-Gonzalez Daniel lsidoro. and Dolores Quilez

14:30-14:45  EGU2016-14557

Decrease in hydroclimatic conditions genarating flnads in the southeast of Belgium over tha last 50 years

resulting from changes in seasonal snow covar and extrems precipitation svents
Caraline Wyard and Xavier Fettweis

14:45-15:00  EGU3NT6-16337 | o pr | pre

Asspasing tha impart of rlimars rhange nn WATRY FasniFTes in A trapical Wast 8frican rarrh nent using an

=nsamblz of CORDEX climate simulations {Dano, Burkina Faso)
Vacauba ¥ira, Bernd Diekkruger, Gern Steup, and Aymar ¥aoi Bossa

The {CHE databases from 1972 73 to 2011 12, including mean monthly fows () and concentration read
ings [electrical conductivity comverted to total dissalved solids T3 by regression} from monthly grab samples,
have been used. The trends were established by (i} harmonic regression analysis; (ii} linear regression by month;
and (iii} the non parametric Mann Kendall method Additionally, (iv) the regressions of TD:S an ) in the current
and previous monthe were established, allowing for analyzing separately the trends in TDS linked to  (TD:3q) and
independent of (T:3aj} the observed changes in flow. In all cases, the trends were analyzed for different perinds
within the full span 1973 2012 (1973 to 2012, 1981 to 2012, 1990 2012 and 2001 2012}, wying to account for
peticds with sensibly sirmdlar patberns of land use change.

An increage in TDS was found for all the periods analyzed that was lower as shortsr perlods were used,
suggesting that lower salinity changes might be taking place in the last years, possibly due to the reduction in the
rate of irrigation developrnent and to the on going inigation modernization procsss. The higher ssasonal TDSE
increases were found in autorm and winter months and the inersase i TDS was linked both to mirinsic changes
in salimty (TDSaj) and to the obssrved decrsase in flow (TDSg) On the other hand, the salt loads dearsased,
especially in anturnn, as a result of the obssrved flow decreass.

Thess results are based on the observed evolution of flows and salimity in 1973 2012 and can anly be ex
trapalated into the future if the drivers of this evolution (climate and land use changes} remain wmcharged in
the following years, what is unosrtain. A more comprebensive methodology to estimate the effects of irrigation
on water salinity has been deweloped bassd on a mass balance approach. Using actual data on volumes and
concentrations of return flows observed in the basin (dependent on the actual salinity of soils and waters and
the irrigation systerns, armong other factors}, the retum flows of the imigated areas are aggregated to mateh the
actnal flows and loads observed in the Bhro River. Once this balance ip satisfied, the effect of new irrigated areas,
drainage water renss, irrigation modemization, or climate change would be incorporated to the halance yielding
salinity forecasts based on planned imigation developrments and modemization or climate change predictions. A
pricei, irigation modernization would produce lower, maore concentrated wolumes of retum flows with Lower salt
Loads that would result inlower TDS concentrations in the Ebro River.
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Objetivo: Definir las tendencias de salinidad del rio Ebro en desembocadura y realizar
proyecciones de concentraciones de sal para 2027

Statistical Methods:

1. Analisis de tendencias de salinidad: Analisis arménico, ARIMA, regresion lineal por meses y M-K
2. Analisis estadistico basado en la relacién salinidad — caudal : TDS,,45 + TDS,jysa40

10D
1200
: ‘
N 1410 [ |
1000 ' ‘ ' 4 :I 4 ) I
= . .i. ik " g 8 ’ """"
E"soo l ------ ' ll i’ !]1”‘ "” , ;"'
W || SAARARE R
2 o0 | Hmll 11 m.*\'. “\ } b
= 600 MW RER: isimt'
400 o it
200
—— Andlisis Armonico —— ARIMA ——Regresion lineal por meses —M-K ---TDS
"R ers g 3% z8 8 I8 ges3Izezre ooy og
g2 8 8 % 8 2 B B B BB OB OB OEOE R EOE OB OE OB OE OE OEOE OB OB OB
Periodos Criterio AR0S Datos
1973-2012 Serie complete de CE 40 480
1981-2012 PHE planificacion 32 384
1990-2012 Cambio en el régimen de caudal 23 276
2001-2012

Comienzo de los grandes planes de modernizacion 12 144
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Regadio y calidad fisico-quimica de las aguas superficiales en la cuenca del rio Ebro

Resultados 2027: Predicciones anuales

SDT 2027 (mg/L)
Observados - -
Armoénico  ARIMA Reg. lineal M-K SDTa+Qcc

2008-2012 817

1973-2012 721 920 917 920 913 884
1981-2012 749 896 894 896 894 883
1990-2012 772 870 863 871 872 885
2001-2012 793 968 947 973 1003 879

Predicciones mensuales

1300

1200 —1SDT 2008-2012
1 SDT 1990-2012

1100 —— SDT 2027 Armonico
— SDT 2027 ARIMA

~ -4 - SDT 2027 Regresion lineal
-=m-= SDT 2027 Mann Kendall
--e--5DT27 ASDTaj+Qcc (5%)
----------- SDT27(Q95)

SDT (mg/L)

Oct Mow  Dic Ene Feb Mar  Abr Way  Jun Jul Ago Sep
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4. Analisis espacio-temporal del incremento de la temperatura del eje del rio
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Trend analysis of river water temperatures in the Ebro River Basin
(Spain)

I Anpelas Loretoe-Gonzelaz, Daolares Onrlez, and Datdel Liidare
Cento de Irvestigaciin ¥ Teerologia Agmalirertada d= Aragan (CITA), Zamgoza, Spain (malorenzog@aragon.es)

Water temperatare is s dtnportant factor conditioning physics, biclopicsl end chernical processes in water courses.
The hnps chanpes along the last 5T yeats in land and weater use (dam constuction, utban development, nuclear
poweat platits (MPP), tipatisn slteretion, irpstion developmeant, and return of appicnltore] lands to forsats), sang
with climate change, call for the study of their influence on tiver water tamperatures.

This weotk analyzed the trends (1973-2010) in water temperature (T, ) alotyr the Ebro Biver (14 weter quality
stations) in Merth-East Spedr s fts main tribotaries (6 water quality stations), as & fest step to aitess s pos-
sible relationships with land nse chenpes, climate change, snd other factors. Water tempersture trends (AT, )
wete sstitnated by twe different metheds: (1) mnltiple incorporating year dity and linesr trend,
and (2) non-patatnattic Mann-Fendall seasonal trend sstimator. 4 cluster analysic based on principsl compoenents
(petformed upon the weisbles Ty, AT, anmal Ty, tengs, lag of the T, antuel cycls, cosfficient of correlation
betwesn water and ait ternpetature (T, ), and station sltiteds) sllawed for prouping stations with similar beheviour
in Ty, (along the west, seasonality, and throughont the stndy patiad, tend).

Trend stalysis by the represdon sd Mant-Kendall methods prodoced sy results. They showed o prificent
(Foh 5] antinel upwerd trends in Ty in &1l the stations but for the 2 headweter stations of the tributaries Arapdn
and Sepre. Howsver, there wers denificent differences in AT, atnong steticns snd ssascns. The lower reach
of the Ebre Biver, downstream the Ascd MPE, showed the highest ATy with an ineresse of 3.5%C in 40 years
[~ 0% Chreat]). In contrast, the stations locsted on datns or on the lower reeches of the tributaries showwed the
Lewpest trends: 1.3°C in 40 years (~0.03° Clyest). Generslly, the AT, wers sipnificent fromm Apeil to Tune, but
in the lovwer resch of the Ebre Biver (downstream from Ascd station), ATw was dpnificent from Decetnber to
September

The cluster anelysis identified four kinds of stations () headwaters with low Ty and pererally low ATy and
clase relationship batwean Ta ahd Ty ! (H) stations on datms, downstreamn the Garofis NPE o dowtstrest the main
teibutaries, with the weekeat relationship between T, and T, Gi) the stetions in the e reaches of the Ebre
Biver snd cutlets of the main tibutaries shovwing the clossst relationship betwesn T, and Ty and (i) stations
devenstreatn fiean Asod NPP thet showed the highsst ATy &0d Ty (2°C higher then contipnons statiens).

Altogethet, & noticesble inctesse in Ty was observed threughont the Fhto Brver Bagn (op to 2°C in 40 years)
which may sffect physic-chemics] and belegicsl in-stresm . althouph climate chenge should be con-
teibuting to this incresse, the contribution of other anthropogenic factors (partionlatly related to land nse, a8 ittigs-
tioh developraent ard reforestation) is lkely to be irportant in this besn and fts effect on Ty should be stodied in
detatl.
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Regadio y calidad fisico-quimica de las aguas superficiales en la cuenca del rio Ebro

Objetivo: Analizar la tendencia de la temperatura del agua del rio Ebro y principales tributarios
(1973 - 2012) como un primer paso para definir posibles relaciones entre los cambios en los usos

del suelo, el cambio climatico y otras posibles causas.
Estaciones de la red de calidad (CHE). October 1973 - September 2012

" Aragén‘Arga
River Basin |

-----

Surface Water Quality Control
(Ebro River Basin Authority)
1 Ebro in Miranda de Ebro
2 Ebroin Castejon
4 Arga in Peralta
5 Aragon in Caparroso
11 Ebro in Zaragoza
17 Cinca in Fraga
18 Arragon in Jaca
23 Segre in Seu de Urgel
25 Segre in Serds
27 Ebro in Tortosa
29 Ebro in Meguinenza
60 Arba in Tauste
112 Ebro in Sastago

120 Ebro in Lodosa I;'m'l.avi?'lr?rrigaﬁun conals
161 Ebro in Cereceda °

162 Ebro in Pignatelll M Nuclear Power Plant

163 Ebro in Ascé = Reservairs

208 Ebro in Haro g:zat;;n_surfaoe

210 Ebro in Flix r Slﬂ

211 Ebro in Pina B Main cities: >100.000 inhabitans

212 Ebro in Xerta ZG: Zaragoza

@ Nuclear Power Plant affected ::::‘;mma

® Tihurry ffected ke boarole 0 50 100 150 km
seaisidy LL: Lleida N

O Irrigation or water diversion affected
O Not affected
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RESULTADOS: Longitudinal profile of the annual mean T, and annual range
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< 800 7O Pigantelli A Xerta 5
= Rl Miranda ‘\Zﬂr&gm Friga 1 0060 9
[ B - . . e
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Ebro River: distance to origin (m)
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ACTIVIDADES DEL DOCTORADO

Requerimientos Realizado

Seminarios de iniciaciona 48h 77h Seminarios RAMA.
la investigacion 4himp.  5h
Participacion en 80h 90 h - 21st Century Watershed Technology Conference and Workshop (ASABE) Bari

congresos

(ltaly) May 27th- June 1st, 2012

- European Geosciences Union General Assembly 2014 Vienna | Austria | 27 April
- 02 May 2014

- European Geosciences Union General Assembly 2016 Vienna | Austria | 17-22
April 2016

Elaboracion de
manuscritos y publicacién
de resultados

200h >200h

- M.A. Lorenzo-Gonzélez, D. Quilez y D. Isidoro. 2012. “Statistical behaviour of
load estimators based on routine monthly data series”. 21st Century Watershed
Technology Conference and Workshop: Improving Water Quality and Environment.
Bari (Italia) 28-30 May 2012.

- M.A. Lorenzo-Gonzélez, D. Quilez, D. Isidoro. 2014. “Trend analysis of river
water temperatures in the Ebro River Basin (Spain)”. European Geosciences Union,
General Assambly. Vienna (Austria) 28 April - 2 May 2014.

- M.A. Lorenzo-Gonzaélez, D. Quilez, D. Isidoro. 2014. “Long term salinity trends
in the Ebro River (Spain)”. 3rd Salinity Forum, 2014. University of California
Riverside (USA) 16-18 June 2014.

- M.A. Lorenzo-Gonzélez, D. Quilez, D. Isidoro. 2016. “Salinity trends in the Ebro
River(Spain)”. European Geosciences Union, General Assambly. Vienna (Austria)
19 April 2016.

Estancia en otros centros
de investigacién

80h 3m

Oct-Dic 2014: Civil and Environmental Engineering Dept., Colorado State
University (Fort Collins-USA). “Characterization of the salt loads of the Irrigation
Return Flows in the Arba River Basin”
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