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ABSTRACT: Having model that reflect the realitof a system operation becomes critical

the effective management of water resources interglzed, especially considering the differ-
ent scenes of climate change predicted for the tdednean regions by the Intergovernmental
Panel on Climate Change (IPCC). The fifth AssessrRepport of IPCC (ARS) estimates an in-
crease in average temperatures and a precipitégiorease between 10 and 20% for Mediterra-
nean region which could generate drought eventsarstudy area. The present research tries to
determinate the potential impacts that climate geamay have on water resources. The Sacra-
mento model has been used to model the water i@ an inertial aquifer, Sierra de las
Cabras. In turn, IPCC forecasts of climate chamgetlie study area (Mediterranean region)
have been simulated taking into account the deagsessing of affection to the water resources
opposite to eventual episodes of drought, and dlegalsand environmental implications that
will result have been also determined.

1 INTRODUCTION AND MAIN CHARACTERISTICS OF THE STUDWREA

Being able to determine the potential impacts thatate change may have on water resources
is a complicated task, due to the limited datalakée for the calibration of the models, and the
high exploitation rate of the aquifers in the stumga, which makes the modeling almost im-
possible under conditions of functioning of theteys in natural regime.

The Sierra de las Cabras aquifer is located ircémeral part of the province of Cadiz (Figure
1A). This includes, from West to East, the siewhdel Valle, Dos Hermanas, de la Sal, de las
Cabras and Loma del Tempul. All these reliefs dartsta mountain range of 42 knwhose
planform is a crescent with concavity open towaltus Southwest. Sierra de las Cabras is
crossed by two streams: Bogaz and Bujalance (FibBje

The materials of Sierra de las Cabras belong tatiiteof the same name, within the Medi-
um Subbetic domain of the External Zone of the B€wrdillera (Chauve 1960, 1962, Martin-
Algarra 1987, ITGE 1990). The stratigraphic ser{€sgure 1C) consists of three main
lithologic units (from wall to ceiling): TriassiciGerman-Andalusian facies (Keuper), Jurassic
of calcareous-dolomitic nature with 300 meterskhess, and Cretaceous-Tertiary of marly na-
ture (Jiménez 2011).

The outcrops of Jurassic limestones and dolomitéts, an area of approximately 34 km
constitute an aquifer. The aquifer recharge octyrslirect infiltration from rainfall on car-
bonate outcrops and, sometimes, by infiltrationrwioff from Bogaz stream and Bujalance
stream. The different materials in the study am&heen grouped into two categories accord-
ing to their hydrological behavior: carbonate medipermeability and carbonate high permea-
bility (Figure 1B).



The discharge occurs, in a natural way, by thedehplul spring, at elevation 120 m a.s.l., the
flow varies between 20 L/s and less than 2000 Wit an historical average value of 283 L/s
(Jiménezt al 2001). In periods of exceptional recharge thep'tptein’ of Fuente Imbro comes
into operation (Figure 1B) at elevation 140 m a.3here is a preferentially groundwater flow
directed towards the ElI Tempul spring (Carreras6l99o, the hydrodynamic study of this
point showed that this aquifer has a predominanéytial hydrogeological behaviour, which is
indicative of a low degree of functional karstifiicen and, in this case, of significant groundwa-
ter reserves (Jiménez 2011).
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Figure 1. A) Location of Sierra de las Cabras, BYr@ de las Cabras, and C) stratigraphic serieslitm
fied (modified from Martin-Algarra 1987).

The assessment of water resources is essentialdmper planning and management. There
are basically two methods to assess the water messiurestitution to the natural regime and
rainfall-runoff modeling. Both methodologies ar¢enf complementary and necessary.

The first objective of the present research isntloeleling of the monthly water resources of
Sierra de las Cabras aquifer by Sacramento modehéBhet al. 1973), with EvalHid tool
(Paredes-Arquiolat al 2012), developed by the Water Resources Engimgdniea of IIAMA-
UPV. The second goal is to simulate the IPCC ptajas of climate change for the study area
(Mediterranean region), which are covered in tfib fAssessment Report (AR5) (IPCC 2013).
Four new emission scenarios have been defined. dteegalled Representative Concentration
Pathways (RCP). They are identified by their totaliative forcing (RF) in 2100, ranging from
2.6 to 8.5 Wrif and can contain the effects of policies to linlimate change in the twenty-



first century. The forecasts made in the RCP4.5R@&8.5 scenarios have been simulated for
three time intervals (IPCC 2013): 2016-2035, 200652 and 2081-2100.

2 METHODOLOGY
2.1 Bibliographic compilation

A detailed analysis of all the information on thmpkcation of methodologies for characterizing
the hydrodynamic functioning of aquifers has besmied out, but particularly in relation to the
Betics aquifers (Delannoy 1998, Andret al 2002, Jiménezt al. 2001, Jiménez 2011).
Moreover, any information regarding the differelitnate change scenarios that are envisaged
by the IPCC (IPCC 2013) has been also analyzed.

Forecasts carried out by global circulation mod@&" percentile) have been considered for
RCP4.5 and RCP8.5 scenarios in the study aread Tabl

Table 1. Temperature and precipitation changehferthree time intervals simulated (IPCC 2013).

Temperature change 2C Precipitation change %
Period [2016-2035[2046-2065|2081-2100{2016-2035/2046-2065|2081-2100| Period [2016-2035/2046-2065/2081-2100(2016-2035/2046-2065|2081-2100|
RCP4.5 RCP4.5 RCP4.5 RCP8.5 RCP8.5 RCP8.5 RCP4.5 RCP4.5 RCP4.5 RCP8.5 RCP8.5 RCP8.5
Dec-Feb 1 2 2 1 3 4 Oct-Mar 0 -10 -10 0 -10 -20
Mar-May 1.5 2 3 1.5 3 5 Apr-Sep -10 -10 -10 0 -20 -30
Jun-Aug 1.5 3 3 2 4 7
Sep-Nov 15 2 3 1.5 3 5

2.2 Hydrometeorological data compilation

SIMPA model (Cabezaat al. 1999, Ruiz 1999, Estrela and Quintas 1996) pesvidformation
for the main components of the hydrological cyclenatural regime. This information is con-
tained in raster layers covering the entire teryitof Spain on a monthly basis between 1940
and 2012. A GIS tool has been developed for extrgaéhformation on precipitation, tempera-
ture, and potential evapotranspiration (PET).

2.3 Modelling and model calibration

Data between 1986-1995 have been used to calittratsodel because this is the period that
has daily flow data drained by ElI Tempul spring.afthihe system has been calibrated the val-
ue of the parameters used by Sacramento modeldemredetermined (Table 2).

Table 2. Parameters value.

Materials Materials Materials
Parameter|Carbonate medium| Carbonate high | Parameter(carponate medium| Carbonate high | Parameter[Carbonate medium| Carbonate high
permeability permeability permeability permeability permeability permeability

Uztwm 120.000 80.000 Zperc 6.000 10.000 Lzpk 0.004 0.006
Uzfwm 210.000 230.000 Rexp 0.500 0.800 Pfree 0.200 0.300

Uzk 0.060 0.080 Lztwm 75.000 65.000 Side 0.150 0.150
Pctim 0.000 0.000 Lzfsm 245.000 300.000 Rserv 0.800 0.900
Adimp 0.000 0.000 Lzfpm 300.000 300.000 Dt 1.800 1.800

Riva 0.000 0.000 Lzsk 0.150 0.278

2.4 Climate change

The forecasts made in the RCP4.5 and RCP8.5 sosrt@ve been simulated for time intervals
2016-2035, 2046-2065, and 2081-2100 (Figure 2). ddta series have been built with refer-
ence to SIMPA data for the period 1986-2005.

A regionalization of data series from general dawion model used in the AR5 has not been
possible because it has been published recentlplp®c2014), and they are not available yet.
Data series for the different scenarios, basedchernfdarecasts for Mediterranean region, have
been generated using simulated data by Sacramesdelrfor reference period (1986-2005).



However, this study is intended as a preliminargragimation to a future regionalization of
data.

Temperature change RCP4.5 in 2046-2065: March-May Precipitation change RCP4.5 in 2046-2065: annual
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Figure 2. Map of change in temperature and pretipit for the RCP4.5 scenario (IPCC 2013).

3 RESULTS AND DISCUSSION

The comparison of observed data regarding estingdtdby Sacramento model, for the period
1986-1995 (Figure 3), has been conducted by theiaity coefficient of models of Nash-
Sutcliffe (Nash and Sutcliffe 1970).

Monthly
hm? 4.000

3.000 | \

2.000
1.000 |
0.000 : Ihh'“/' MMMMW

S = S 4 € ==+ C == 5 c &=+ € = =

26 =,

C S S5 Cc 5SS 535 £ C = =

I Observed Tempu! (hm3) Sacramento (hm3)

Figure 3. Water resources drained and simulatefl Byempul spring.

According to the value obtained from the Nash-3fiéctoefficient, 0.87, for the calibration
period, the monthly series have a very good gocxlokst (Table 3).

Table 3. Criteria for evaluating the goodness tofffiNash-Sutcliffe (Van Dijlet al. 2008).
Indicator | Excellent | Very good Good Reasonable| Modest Poor Very poor
RN, >0.95 0.8-0.95 0.75-0.8 0.6-0.75 0.5-0.6 0.3-0.5 <0.30

In Figure 4 the average monthly water resourceainbdtl by Sacramento model has been
represented for RCP4,5 and RCP8,5 scenarios anthdareference period. In Table 4 varia-
tions are shown, both in absolute terms and asaepege for the different simulated scenari-
0s.

The water resources in the aquifer of the SierragdeCabras, simulated by the Sacramento
model, show a larger decline than would be expeotdd by the variation of precipitation in
different scenarios and with respect to the refegegperiod, e.g. RCP4.5 for 2081-2100: a de-
crease of 10% in precipitation (Table 1) generatdecrease at approximately 25% in water re-
sources simulated by El Tempul spring (Table 4)jsThbecause the real evapotranspiration is
higher due to the increase in potential evapotigaspn values associated with the rise in tem-
perature. This causes a change in the soil moistomelitions. Part of the precipitation that
would be part of this component is subtracted fipno supply the soil moisture deficit.
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Figure 4. Average monthly water resources draimetisimulated by EI Tempul spring.

This decrease of water resources will produce drbagents that will compromise to long-
term the implementation of the qualitative and ditative environmental objectives for surface
water bodies and groundwater bodies that are dogarstof the study area. This would affect
the availability of resources to the Bay of Cadid derez de la Frontera which is an area with a
high demand for supply, and also has significaasseal variations (higher demand in summer
than in winter), like other coastal areas (Jimé&@Xl).

Table 4. Differences between scenarios.

Resource hm® Percentage difference respect to the reference period %

Month ]1986-2005{2016-2035|2046-2065]2081-2100|2016-2035|2046-2065/2081-2100{2016-2035/2046-2065/2081-2100| 2016-2035{2046-2065|2081-2100|
Reference | RCP4,5 (1) | RCP4,5 (2)| RCP4,5 (3)| RCP8,5 (1) RCP8,5 (2)| RCP8,5 (3)| RCP4,5 (1) | RCP4,5 (2) | RCP4,5 (3)| RCP8,5 (1)| RCP8,5 (2) | RCP8,5 (3)

Oct | 10 0.25 0.23 0.19 0.19 0.24 0.18 0.14 7.11 22.99 24.57 4.24 26.56 43.01
Nov | 11 0.43 0.41 0.32 0.31 0.41 0.30 0.22 6.13 26.92 29.30 4.16 29.88 49.44
Dec | 12 1.06 1.01 0.77 0.75 1.03 0.74 0.51 4.47 27.91 29.40 3.35 30.61 52.44
Jan 1 1.55 1.51 1.17 1.17 1.52 1.13 0.85 2.91 24.71 24.85 1.94 27.10 45.28
Feb | 2 1.41 1.38 1.13 1.14 1.39 1.09 0.87 2.42 20.27 19.63 1.45 23.03 38.53
Mar| 3 1.23 1.19 0.95 0.95 1.20 0.91 0.70 3.71 22.57 22.87 2.55 26.24 43.14
Apr | 4 0.97 0.91 0.73 0.72 0.93 0.69 0.51 6.10 24.46 25.93 3.93 29.00 46.91
May| 5 0.73 0.66 0.54 0.52 0.69 0.50 0.37 9.82 26.46 28.42 5.36 32.16 49.35
Jun| 6 0.54 0.48 0.39 0.38 0.51 0.36 0.27 11.47 27.22 29.15 6.06 32.78 49.20
Jul 7 0.39 0.35 0.29 0.28 0.37 0.27 0.21 10.95 25.98 27.85 6.04 31.20 47.07
Aug | 8 0.30 0.27 0.22 0.22 0.28 0.21 0.16 10.14 24.42 26.20 5.70 29.25 44.48
Sep | 9 0.23 0.21 0.18 0.17 0.22 0.17 0.13 9.32 22.68 24.36 5.27 27.25 41.69
Total 9.10 8.60 6.88 6.80 8.79 6.55 4.95 5.54 24.42 25.32 3.39 28.08 45.61]

4 CONCLUSIONS

This preliminary research concludes that Sacramemdel is quite representative of the sys-
tem real conditions for carbonate aquifers. Thhs, dbtained results might be influenced by
the higher number of parameters used for Sacrammatizl. The high inertness that this aqui-
fer has cannot mitigate the effects of climate geaon monthly values of water resources. The
increase in temperature and decrease in precipitéfiable 1) generate a high impact, with de-
creases of the resource much higher than foresedafhly it has taken into account the de-
crease in rainfall. In this regard, the continuatmf the work described in this research has
been proposed on other systems.

The estimated parameters used in this researclatna®ento model can be considered use-
ful for systems that present a similar hydrogealagbehavior and without available data series
of hydrometric to perform a calibration thereof.

The hydrological response of the system under timgliions of climate change is affected
by many sources of uncertainties, arising fromablected models. It is also affected by future
changes in land use that may occur in the area.



The results obtained in this research must be derel preliminary until a regionalization
of data from global circulation models is done. Hoar, the results are similar to the predic-
tions for the Mediterranean region that are inctugrethe AR5 which has just been published
recently (October 2014).

Finally, the use of Sacramento model is recommermédydrological planning whenever a
high prior knowledge of the hydrological and hydzobpgical behaviour of the study area.
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