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INTRODUCTION

The Mediterranean southern

Europe is considered fo be one of
the climate change “hotspots” as
more severe droughts are occurring
(which increases the risks of forest
fires, biodiversity loss, decline of

crop yields, etc.); future changes

in climate are there commonly
reflected by drier conditions and
changes in the frequency, duration,
and/or magnitude of extreme events
[1] [2] [3]. In order to minimise the
risks of climate change, it is crucial
to perform adaptation actions.

The data provided by the climate
models, however, implies certain
limitations upon the spatial scale as
it is generally coarser than required
by impact studies. This factsheet
provides tailored findings to the local
climatic conditions of “Monteviejo”.
This information can help landowners
consider what aspects of the
property might be affected and take
proper measures.

The climate of "Monteviejo™ is
classified as Csa under the Koppen's
climate classification, which
represents a warm temperate
climate; the summers are hot and dry
[4].

The intercepted radiation is

a determining factor in crop
development. Southern parts of
Portugal, Spain, and Italy have the
highest insolation in Europe, which
can reach 2200 kWh/m? per year

[5] [6]. Note, however, that the
topographic parameters, such as
the slope and altitude, provides an
iregular distribution of the global
solar radiation over the property (see
figures 1, 2, 3 and 4), which can be
relevant for the land-use planning.

TEMPERATURE

The mean temperature for the yearin
the property is around 14°C, ranging
between 6 and 25°C, in January and
in Jul/Aug, respectively.

Over the last decades, the annual
mean femperature followed an
increasing frend; for example, in
western Spain, records from 1961 to
2006 show a significant rise with a
rate of about 0.2°C per decade [7].

In the future, the projections
obtained from climate models

suggest that the increase will be
even more pronounced. Compared
to the reference period (1976-2005),
the projected anomalies of the
annual mean temperature range
between +1.0 and +2.5°C until 2075,
depending on the scenario and time
period considered (see table in the
next page).

Regarding the monthly distribution
(figure 5), July and August will remain
the hottest months, with a maximum
temperature up to 35°C; on the other
hand, it is expected that January
remains the coldest month (lowest
minimum temperature of ~4°C).
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Figure 5 - Monthly temperatures: minimum,
mean and maximum. Projections under
scenarios RCP4.5 and 8.5 for short- and long-
term.

Heaft stress damage can be
particularly costly when high
temperatures occur during critical
crop stages; increased attention
has been paid to the analysis of
extreme events; several studies,
which consider historical frends and/
or future projections, showed an
increase in extreme temperature
eventsin Spain [8] [?]. At the scale
of the property, there are indeed
identifiable trends, a sharp rise of
the number of extremely hot days
(Tmax>35°C), up to +26 days, is
expected.

LOCATION
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Figure 1 - Location of “Monteviejo”.
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Figure 2 - Orthophoto map.
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Figure 3 - Orographic map.
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Figure 4 - Map of global annual mean solar radiation.
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CLIMATE PROJECTIONS

Climate variables Historical Scenarios fime slice
(1976-2005) 2016-2045 2046-2075

Temperature 143 RCP4.5 +1.0 +1.6
rc) RCP8.5 +1.1 +2.5
Maximum temperature 198 RCP4.5 AFllal +1.7
(°C) RCP8.5 +1.2 +2.6
Minimum temperature 93 RCPA4.5 +0.9 +1.5
(°C) RCPS8.5 +1.0 +2.4
Number of extremely hot days 15 RCP4.5 +8 +15
(Tmax. >= 35°C) RCPB.S o +10 +28
Ref. Evapoftranspiration 39 RCP4.5 g +0.1 +0.2
(mm/day) RCP8.5 <8 +0.1 +0.3
Total precipitation 783 RCP4.5 - -
) RCPE.S P B 00
Number of wet days 88 RCP4.5 -—-
= RCPE.S F B 2
Relative humidity 64 RCP4.5 -—_
" RCPE.S -2 |
Aridity index 0.67 RCP4.5 -oodll - ool

RCPE.S B B

Table - Annual mean anomalies calculated relative to 1976-2005, for 30-year periods, short-term (2016-2045) and long-term (2046-2075), under

@ Climate Projection | Simulated
response of the climate system to

a scenario of future emission or
concenfration of greenhouse gases
and aerosols, generally derived using
climate models [1].

@ Climate Scenario | A plausible and
often simplified representation of the
future climate, based on an internally
consistent set of climatological
relationships that has been constructed
for explicit use in investigating

the potential consequences of
anthropogenic climate change [1].

Here, two Representative
Concentration Pathways (RCPs) (which
are scenarios that include fime series of

scenarios RCP4.5 and 8.5.

emissions and concentrations of the full
suite of greenhouse gases and aerosols
and chemically active gases, as well
as land use) were selected: RCP4.5 -
infermediate stabilization pathways in
which radiative forcing is stabilized at
approximately 4.5 W/m?;, RCP8.5 - one
high pathway for which radiative
forcing reaches greater than 8.5 W/m?
by 2100 and continues to rise for some
amount of time [10].

@ Anomalies | Difference of a future
climate (e.g. 2046-2075) compared to

the reference period, which in this case,

is 1976-2005.

@ Reference Evapotranspiration |
estimates the evapotranspiration rate
of a short green crop (grass), totally

shading the ground, which has a
uniform height, and with adequate
water status in the soil profile. The
formulation used was the FAO-56
Penman-Monteith, which is a function
of wind speed, solar radiation, relative
humidity, and temperature [11][12].

@ Aridity Index | a proxy measure

of water availability. Following the
UNEP (1992), the aridity index is

defined as the ratio of precipitation

to potential evapotranspiration on

a yearly basis [13]; the latter is here
considered equivalent to the reference
evapofranspiration.

Climate is classified in hyper-arid (<0.03),
arid (0.03-0.2), semi-arid (0.2-0.5), dry
sub-humid (0.5-0.65), and humid (>0.65).
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PRECIPITATION In the future, the climate models also “ RCP8.5 [ 14
estimate a reduction of the annual 10 - 120
The precipitation regimes in precipitation. The reduction can reach I I+ 100 E
Mediterranean climate are roughly 60 mm, and less 12 wet days T o0 n n £
characterised by the intra-annual per year. Negatfive anomalies are = I F80 5
variability with about 70 to 80% of the expected for most months, although g0 Lo &
rainfall falling between October and the decline will not be at the same E 20 s
March [14] [15]. In the property, the rate (figure 6). These changes in the 4o 2
annual precipitation amount is about seasonal precipitation distribution tend -30 - 20
780 mm, with the most rain occurring in to amplify the negative impacts on
December (~115 mm), and the least in the water availability, as an increase in 40 0
July (~10 mm). precipitation concentration in winter is 207 RCPA5 140
projected. 10 | : 120
Over the last decades, a decrease I I I €
of annual mean precipitation was Drier conditions (lower values of Aridity SR I £
registered around the country index) are expected until the end of the = I I 80 5
except for the north [16]. Regarding 21t century in southern Europe [21] [22]. g'm 0 &
the monthly trends, several studies According to the long-term mean value £ 20 5
have shown a common pattern over of the aridity index, the property will 0 £
the Iberian Peninsula: in the spring, change from a humid climate (>0.65) to 301 20
especially in March, a significant dry sub-humid (0.5-0.65). 40 0
decrease of precipitation is evident Ce8 553535285838
[17]1 [18]; whereas, in October a positive G 6 Monih tation for i oo E: _E_H‘_’ <0020
frend is recognised, despite being less hisfgilc}:rgl perfo(g} Ar{onr%ec;ljigspfroercs’ﬁég-Iggd%nge- Aﬁicrlf;? I((:/T)((TQ)ZO%)
marked [19] [20]. term, under scenarios RCP4.5 and 8.5. = Anomaly (%) (46-2075)

The factsheet provides a summary of projected possible changes in the climate of “Monteviejo”. The projections cover the
period from 2016 to 2075, showing, however, 30-year averages, so that the climate change signal is identified, and not the
natural climate variability. Anomalies are calculated with respect fo the reference period from 1976 to 2005.

The information is based on currently available Regional Climate Models (RCMs) (specifically, CLMcom-CCLM4-8-17, CNRM-
ALADINS53, SMHI-RCA4, DMI-HIRHAMS5, KNMI-RACMO22E, IPSL-INERIS-WRF331F, MPI-CSC-REMO2009), which were used in the AR5
(Fifth Assessment Report) of the IPCC. These RCMs were forced by different Global Climate Models (GCMs) (namely, CNRM-
CERFACS-CNRM-CMS5, ICHEC-EC-EARTH, IPSL-IPSL-CM5A-MR, MPI-M-MPI-ESM-LR, NCC-NorESM1-M). The projected changes
were therefore accomplished using the output of the simulations of a large ensemble (twelve RCM-GCM combinations) and
thus, involving a variety of institutions, parameters, and climate sensitivities. The simulations have a spatial resolution of 0.11° x
0.11° (~12.5 km). For more information about the climate models, please visit http://www.cordex.org.

For the purposes of this study, each RCM and RCP scenario is considered to be equally likely as there is no clear way to assess
their performance in a climate that has not yet happened.

The map of global annual mean solar radiation was created based on the solar radiation analysis tools in the ArcGIS Spatial
Analyst extension - software ArcGIS 10.

[11 IPCC, “Climate Change 2013: The Physical Science Basis, Contribution of Working and Response Strategies,” Technical Summary. Intergovernmental Panel on Climate
Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Geneva. p. 25, 2008.

Change.” Cambridge University Press: Cambridge. UK and New York. NY, 2013. [11] R. G. Allen, L. S. Pereira, D. Raes, and M. Smith, “Crop evapotranspiration-Guidelines

[2] IPCC, “Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global for computing crop water requirements-FAQ Irrigation and drainage.” FAO - Food and
and Sectoral Aspects. Contribution of Working Group Il fo the Fifth Assessment Report Agriculture Organization of the United Nations, Rome, 1998.
of the Intergovernmental Panel on Climate Change.” Cambridge University Press: [12] D.Guo, S. Westra, and H. R. Mdier, “An R package for modeliing actual, potential and

Cambridge, UK and New York, NY, 2014.
[8] N.S.Diffenbaugh and F. Giorgi, “Climate change hotspots in the CMIP5 global climate 13
model ensemble,” Clim. Change, vol. 114, pp. 813-822, 2012. [14] E. Xoplok, J. F. GonzdlezR PP 2 [, 0 -
" . . . . . . Xoplaki, J. F. GonzdlezRouco, J. Luterbacher, an . Wanner, “We season
(4] &gﬁgﬂgsg é‘?‘tﬁgtﬁj‘;pgﬁgggg%ﬂ%g{gigﬁ%gg?:ge" Sl\r/]\lgtseg'oo} géﬁggﬁg'c\jgf’ ]b9y Mediterranean precipitation variability: influence of large-scale dynamics and trends,
no. 2, pp. 135-141, 2010 g . c P T Clim. Dyn., vol. 23, pp. 63-78, 2004.
[5] C. Perpifa Castillo, F. Batista e Silva, and C. Lavalle, “An assessment of the regional
potential for solar power generation in EU-28," Energy Policy, vol. 88, pp. 86-99, 2016.
[6] S. Rodrigues, M. B. Coelho, and P. Cabral, “Suitability Analysis of Solar Photovoltaic
farms: A Portfuguese Case Study,” Int. J. Renew. Energy Res., vol. 7, pp. 243-254, 2017.

reference evapotranspiration,” Environ. Model. Softw., vol. 78, pp. 216-224, 2016.
UNEP, “World Atlas of Desertification.” Edward Arnold, p. 69, 1992.

[15] P. Zdruli, “Land resources of the Mediterranean: Status, pressures, frends and impacts
on future regional development,” L. Degrad. Dev., vol. 25, no. 4, pp. 373-384, 2014.

[16] M. J. Esteban-Parra, F. S. Rodrigo, Y. Castro-Diez, “Spatial and temporal patterns of
precipitation in Spain for the period 1880-1992," Int. J. Climatol., vol. 18, pp. 1557-1574,
1998.

[7] S.delRio, L. Herrero, C. Pinto-Gomes, A. Penas, “Spatial analysis of mean temperature [17] A.Serrano, V. L. Mateos, J. A. Garcia, “Trend analysi TR
N . ? " . , V. L. L JOAL o ysis of monthly precipitation over the
;rg]n]ds in Spain over the period 1961-2006." Glob. Planet. Change. vol. 78, pp. 6575, Iberian Peninsula for the period 1921-1995," Phys. Chem. Earth, vol. 24, pp. 85-90, 1999.
- . ) . . W [18] J. C. Gonzalez-Hidalgo, M. Brunetti, M. De Luis, “Precipitation frends in Spanish
[8] A.Merino, M. L. Martin, S. Fernéndez-Gonzdlez, J. L. Sdnchez, and F. Valero, “Extreme . e 4 A
maximum temperature events and their relationships with large-scale modes: potential inbyeitelegiee] Do, 74400, Qi [Nes, vielk 43, fple. 2115~/228), 0110
hazard on the Iberian Peninsula,” Theor. Appl. Climatol., pp. 1-20, 2017. [19] G. Sumner, V. Homar, C. Ramis, “Precipitation seasonality in eastern and southern

[9] M. Beniston, D. B. Stephenson, O. B. Christensen, C. A. T. Ferro, C. Frei, S. Goyette, K. SroEHEl Spc’nn, “i"' 4 Tt vol..21, Pp- 2]?_247' AL o
Halsnaes, T. Holt, K. Jylhd, B. Koffi, J. Palutikof, R. Schall, T. Semmler, K. Woth, “Future [20] J. C. Gonzdlez-Hidalgo, M. Brunetti, M. de Luis, “A new tool for monthly precipitation

exireme events in European climate: an exploration of regional climate model analysis in Spain: MOPREDAS database (monthly precipitation trends December
projections,” Clim. Change, vol. 81, pp. 71-95, 2007. 1945-November 2005),” Int. J. Climatol., vol. 31, pp. 715-731, 2011.

[10] R. Moss, M. Babiker, S. Brinkman, E. Calvo, T. Carter, J. Edmonds, |. Elgizouli, S. Emori, [21] J. Huang, H. Yu, X. Guan, G. Wang, and R. Guo, “Accelerated dryland expansion
L. Erda, K. Hibbard, R. Jones, M. Kainuma, J. Kelleher, J. F. Lamarque, M. Manning, B. under climate change,” Nat. Clim. Chang., vol. é, no. 2, pp. 166-171, 2016.

Matthews, J. Meehl, L. Meyer, J. Mitchell, N. Nakicenovic, B. O'Neill, R. Pichs, K. Riahi, S. 22] A. Dai, “I ing di ht und lobal ing in ob: fi d dels,” Nat.
Rose, P. Runci, R. Stouffer, D. van Vuuren, J. Weyant, T. Wilbanks, J. P. van Ypersele, and (221 C"m(_mChgr?:Gvsg.g& ,Z%U? pg%Qe_rs%’oQOc]:ST/mrmmg N observarions and moaess =

M. Zurek, “Towards New Scenarios for Analysis of Emissions, Climate Change, Impacts

Author: Silvia Carvalho | CCIAM/cE3c, Faculty of Sciences, University of Lisbon, Portugal | sccarvalho@fc.ul.pt September 2018



