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Salinity evolution in the Tagus estuary relative to climate change
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Abstract: Climate change repeerts a pdertia threa for estuaiies, via pdertial landwardintrusion
of saltwater, inunddion of low-lying area, accéerdion in the nurierts cyding and dsruption of
aqudic ecsystems The Tags estuary, one othe largest estuaiies in Europe, hlas a major naurd
reserve andsuppots diverse adivities, some of which may be negavely affeded bythe landward
intrusion of saltwater (e.g. agcdture). In this study, a newthree-dmersiond hydrodynanics
barodinic modd is implemerted and vhdaed in the Tags estuary. A préiminary andysis of the
sdinity distribution rdative to differert river lows andsealevd rise is aso perfomed. Results show
tha the modd adequely represerts the main péterns observed, vith significart improvemerts from
previous apgicaions. The dassficaion of the etuary, baed on the Verce system, shows
cortrasting situaions regardng the salinity distribution for estreme river flows, andthe progreson
further ustream of the saltwater dueto meansealevd rise.
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1. INTRODUCTION

Estuaries are anongthe most produdive ecaystems
on Eath and proide multiple senvices (e.g.Barber
et al., 2011). They harbour elagicdly importart
hattats for fish, shdlfish and lirds, praed the
coastal ocean fron increaed comaminart loads and
suppot diverse human ativities (e.g. marine
trarsportation, fishing and tourism), provding
econanic resilience to coastal communities and
proteding them from naurd hazard.

Climate change repserts a pdertial threda for
estuaiies and may increae the hazard in these
systems (Statham, 2012). Athoughthe ful externt of
climate change mmains uncetain (IPCC 2013),sea
levd rise and changein the hydrdogicad regmes,
in paticular, canrepresent major threats to world’s
estuaiies, by increaing the landwardintrusion of
sdtwater, the inunddion of low-lying coata area,
the acckerdion in the nudriens cyding and the
disruption of aquéic ecsystems among dhers
(e.g., Statham, 2012). Evluaing the impads of
climate changes thus fundamertal when devioping
managenert stateges for estuaies and its
surroundng adivities, to suppot the adogion of
adequée adapetion messures.

The Tags estuary (West of Portugd), one ofthe
largest estuaiies in Europe,may facesome of the
hazaré of dimate change. Thestaline margns
are intersively occuped and suppot diverse
adivities, some of whch may be negavely affeded
by the landwardintrusion of satwater (agrculture,
shdlfish harvesting, and sewage nevorks). The
estuary itself holds a major ndurd reserve in the
upstream area, with ecaystem dynanics may dso
be affeted by changein thesdlinity.

This study dms thus a andysing the salinity
evdution in the Tags estuary, réative to the
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climatic vaiiahlity andto dimate change. Thsetudy
is beng devéoped in the scope of the proed
BINGO (Bringing innovaion to ongong waer
managenert - a beter fuure under kimate change),
which ams at providing praticd knowledge and
tods to end ers, water manages and deision-
makers to bdter cope wth change in dimate,
induding exreme evems such & droughs and
floods. As a first cortribution to these ohedives, a
new three-dmersiond barodinic modd is
implemerted and vhdatedin the Tags estuary, and
a prdiminary andysis of the salinity distribution
relative to dfferert river lows and sea levd rise
scenaios is perfomed.

2. STUDY AREA

The study area coverthe Tags estuary and,in
paitticular, its upstream area neathe Ledria de \ila
Franca de Xa, where ammportart agicuturd area
is locaed. The Tags Estuary Naurd Reserve and
some importart shdlfish area are dso locaedin the
upstream patt of the estuary. The Tagsiestuary ha
an area of abdu 320 kn* and a coplex
morphdogy, with a deep and narroimlet channé
and a broad aneéhdlow inner bain. Theintertidd
area repreerts abou 43% of the total estuaine
surface (Noguga Mendes et al., 2012). Thetides
are semi-diurnd, with tidd range varying béween
0.6m and 3.8m in Cascas (Guerréro et al., 2015).
The main source of frehwaer into the estuaryis the
Tagws river, with an average ldw of 370m%s
(Neves, 2010), fdlowed bythe Sorraa river.

3. NUMERICAL MODEL
3.1. Modé setup

The three-dmersiond barodinic drculation in the
Tagws estuary is simulated with the system of
numericd modds SCHISM (Zhang et al., in
review). Ths apgication is based onthe prevous
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apgicaions by Costa et al. (2012) andRodrigues et
al. (2013, 2016) ofthe hydrodyneics modd
SELFE (Zhang andBaptista, 2008)in this estuary.

The domain is discretized wth a horzonta grid of
abou 270 000 &ements (Fig. 1) and a molution tha
varies from abou 2 km nearthe oceait boundaryto
30m in some margnd area. A sndler hoizortal
grid (of abot 166 000 Eemerts) tha exdudes the
low-lying area (Mouchds and Lefria) is used in
the simulations where nanunddion ofthese areais
expeded. The veiicd domain is discretized in a
hybrid giid with 39SZ levds (30S levds and 9 Z
levds) based on préminary dda-modd
compaiisons. Three open boundas are cosidered
the Atlartic Ocean, anthe Tags andSorrda fivers.
The oceait boundaryis forced wth 23 tidd
constituerts from the regond modd of Fortunao et
al. (2016). The iver flows were stadished baed
onthe dda avalabe & SNIRH (http://snirh.pt). The
atmospheiic forang was implemerted ing the
NCEP Reandysisdéa (Htp://www.esrl.noaa.gox).

Depth (m, MSL}

Fig. 1. Haizontal grid and bahymeéry (M. - meansealeve).
3.2. Scenaos ddinition

The scenaros definition @amedto repreent extreme
situations regardng the iiver flow, whchis themain
driver ofthe salinity in the Tagws estuary (Rodrigues
et al., 2016). Twoscenaros weresimulated baed on
the fdlowing perods: July 2005 and-ebruary 1979.
In July 2005the estimated average Taguiver flow
was 22m?/s (estimation baed onMacedo, 2006),
athough some uncetainty remains since for this
period no d&a are avihable & Almourd or Omnias
stations. In cortrast, in February 197%he average
river flow was 3730m*/s and 5464n3/sin Almourd
and Omnias, respedively (Macedo, 2006)For bah
scenaros, the simulations were perfomed for the
present meansealevd and cosideiing ameansea
levd rise of 0.5m.

4. RESULTSAND DISCUSSION
4.1. Daa-modé compaison

Water levds daa measured in 1972 were sed to
cdibrae the modd. Data andmodd results were
both hamonicdly andysed and synthesised for
eleventidd corstituerts (Z0, MSF, O1, K1, N2,M2,
S2, M4, MS4, M6, 2MS6). Roat meansquare errcs
ranged biveen 4 cn and 15 m (Tale 1) showing
that the modd represerts adequeely the tidd
propagéon. At most stations, paticuardy the ons
locaed upstream, these erros are lower than the
ones from previous appicaions (Tade 1). The
improvamerts ohbtained may result from the higher
horizortal grid resolution, nanely upstrean, andthe
upddes in the bahymetry (see Fortunao et al., in
prep.), boh cortributing for a bé&er propagton of
thetide, and fron themodd itself.

Table I. Rod meansguare erors (RMSE) dthewater levds. The
locaion d thestationsis shownin Fig. 1.

RM SE (cm) RMSE (cm)
SCHISM3D SELFE 3D
Caccais 3.6 1.8
P. de Arce 4.6 5.8
Trafaia 10.7 9.6
Lisboa 7.6 10.8
Pedroucs 5.4 5.9
Cadlhas 3.9 6.4
Seixal 5.7 9.4
Montijo 8.8 12.2
CaboRuivo 9.7 13.5
Alcochée 7.3 12.3
P. Sta. Iia 8.6 17.3
Ponta da Erva 8.8 20.2
V. F. de Xra 15.1 21.5

Salinity and temperaure were vidated with daa

obtained &ong longtudind profiles (Fig. 1, red
lines) on February 1988 (Newe 2010). Results

show that the modd reasonally represerts the main

paterrs observed, nanely the stratificaion of the

water cdumn (Fig. 2). Themodd, howevertendsto

overestimate the veticd mixing,in canpatison with

the olservaions tha present a more pronounced
stratification. A reducedstratificaion had &eady
been okervedin the prevous apgicaions (Costa et

al., 2012), bw significart improvemerts were
achieved in the preert apgicaion. A reaonabe

agreenernt was aso observed for temperdure

(results nat shown), with significart improvemerts

in compaiison with the apgicaion by Costa et al.

(2012), in paticuar regarthg the themal

stratification. The improvemerts acheved are
mainly related with the increae of the veticd grid

resolution, from 20SZ to 39SZ levds, which

reducedhe simulated mixing in the waer cdumn.

A preliminary canpaiison with daa measured & the
Alcartara sfation (Fig. 1) dso suggests tha the
modd adequtely represerts the main salinity and
temperdure pdterrs observed, vith erros of the
same order of magritude of those oliained by
Rodrigues et al. (2016).
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Fig. 2. Daa-modé compaison: vetical profiles of salinity meaured duing low-tide (Felsuary 11-13, 1988).

4.2. Séinity dstribution and evhution

Salinity statistics were canputed andthe Tags
estuary wa classiied fdlowing the Verice system
(after Carriker, 1967), with dassfies waters with
resped to the salinity into six classs: limnetic
(freshwater, <0.5), digohdine (0.5-5),mesohdine
(5-18), pdihdine (midde area, 18-25lower area,
25-30), and eultiane (30-35).

Results show a pronounced progsgon of the
satwater upstream for low river dscharge (Fig. 3).
For the 2005scenaro most of the estuary preserts
polihdine or euhkne charateristics with mean
sdinities higherthan 18 upto Vila Franca de Xa
(Fig. 3). At the Conchao station, wherethe wader
intake forirrigdion is locaed, the simulated mean
and minimum salinities were 9 and 3, spedively,
prevering its use for agrculture @&alinity < 1). Since
some uncefainty remains regardng the iiver flow
for the 2005 scenaro due to the lack of daa
avdlable, futher andysis shodd proceed \th a
sersitivity andysis of salinity to low river flows.
The 197%cenaro shows a cortrasting situation with
an exersion ofthelimnetic area futher dowrstream
of Vila Franca de Xa (Fig. 4). For the 1979
scenaro meansimulated salinity at Cascas was 30
(range 15-36), conpardively with the meansalinity
of 36 (range35-36) forthe 2005scenaro.

Mean sea levd rise scenaios suggest the
propagéon further upstrean of the digohdine and
mesohdine area (Fig. 3 andFig. 4), and anncreae
of salinity a Conchao of abot 10% duing low
river dscharge peods.

5. CONCLUSIONS

A new three-dmersiond hydrodynanics barodinic
modd was implemerted and vhdated in the Tags

estuary. Ths modd adequeely represernts the main
paterrs observed, wth significart improvemerts
from prevous apgications. A prdiminary andysis
to extreme river flows shows cortrasting situaions
regardng the salinity distribution in the estuary, and
a prograeson furtther uptream of the saltwater due
to mean sea levd rise. Thee results are a ifrst
cortribution for the devéopmert of adapation
strateges to floods and drougts in the scope ofthe

proed BINGO.
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Fig. 3. Séinity dassification in the Tagus estuary based onthe
Verice system regading the 2005scenaio: presert meansea
leve (A), mearsealevé rise d 0.5 m (B).
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Fig. 4. S#éinity dassification in the Tagus estuary based onthe
Verice systtm regading the 1979scenaio: presert meansea
leve (A), mearsealevd rise d 0.5 m (B).
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