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Resumo

E geralmente aceite que o aumento das emissfeasds gom efeito de estufa, e a utilizacio exterdava
combustiveis fésseis esta a provocar uma alterelg@dtica ao nivel mundial. O crescimento das cakué
muito afectado pelo clima e as suas alteracdesnp@dectar seriamente a seguranca alimentar a glioeal.
Por outro lado, as reservas de agua para a ref@ &stiminuir e € importante avaliar os efeitos aleeracdes
climaticas sobre o consumo de agua pelas plansisd@s anteriores indicam que na lbéria as tempesat
médias do ar aumentaram ao ritmo de 0,3-0,7 °Cddéean Espanha e 0,4 °C décadao Sul de Portugal.

O presente estudo utiliza séries de dados de 26 daoCaliférnia, regido que também tem um clima
Mediterraneo, para estudar as implicacdes dasaefies climaticas sobre as necessidades de regdados
referem-se a 20 estagdes climaticas distribuidés Bstado da Califérnia. Os resultados indicam qse
temperaturas aumentaram ao ritmo de 0,15 °C décads Ultimos 20 anos, o que esta de acordo com a
tendéncia de aumento da temperatura do ar verdficamh estudos realizados em Portugal e Espanha.
Adicionalmente, a radiacdo solar aumentou em 8 YWorante os vinte anos do estudo, o que represemta
aumento de 4% na energia total recebida atravésditecao. Este aumento importanteimmut de energia solar,
associado ao aumento da temperatura resultou nomerdo de 0,11 mm dfadécadd na evapotranspiracdo
calculada pelo método de CIMIS Penman e de 0,12diafhdécadd na evapotranspiracdo quando calculado
pela equacdo de Penman Monteith. Estes valoressapiam um aumento de, respectivamente, 6,6 e Mg2%
periodo 1991-2011.
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Comparative study of climate change and its influece on irrigation requirements in the
Mediterranean climate

Abstract

It is generally accepted that the increase in thssgions of greenhouse gases and the extensivef fsssil fuel
is leading to a global climate change. Crop produacts very much affected by climate and any changgn
greatly affect the world’s food security. Additidigathe reserves of water for irrigation are desieg and it is
important to study how climate change can affedewaeonsumption by crops. Previous studies havevstibat
in Iberia the average air temperature has increaséte rate of 0.3 - 0.7 °C decdda Spain and up to 0.4 °C
decad@ in southern Portugal

This study uses 20 year data series from Califormigich also has a Mediterranean climate to stuuy t
implications of climate change on crops irrigati@guirements. The meteorological data used ingtudy is
from 20 stations distributed throughout the Statee results indicate the temperatures have incteatsthe rate
of 0.15°C decadkover the past twenty year study period, whichikrie with the air temperature increase trend
identified in previous studies carried out in Rgel and Spain. Additionally, solar radiation irased by 8 W
m? during the twenty years of the study period, whigpresents an increase of 4% in the total enexggived
through radiation. This increase in the solar epéngut as well as the increase in temperatureditessin an
increase of 0.11 mm ddydecad@ in evapotranspiration when using the CIMIS Peni@n equation and 0.12
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mm day* decade® when using the Penman Monteith ETo equation. Thesges represent an increase of 6.6
and 7.2%, respectively in the 1991-2011 period.

Keywords: Climate Change, Mediterranean Climatgderanspiration, California

Introduction and justification

It is estimated that agriculture is responsible&6%6 of the total human water use (Haie et al. 2008
Presently the existing water resources have reatttezdlimits in some areas of Iberia, such as the
Guadalquivir river basin, where the water authohniég reduced the amount of water assigned to each
irrigation district (Rodriguez Dias et al. 2007).

Global climate change is expected to have a sgmti impact on the availability and use of water
resources and thus on the future of irrigated atitice. According to the"4report of the evaluation of

the inter-government panel for climate change (IPd&etween 1906 and 2005 the average air
temperature increased 0.74°C, while most of theghavas at the northern hemisphere. During the
same period, the average air temperature in Eurmpeased 1°C. Since the industrial revolution and
until 2004, the concentration of Gan the atmosphere has increased 35% due to huwtavitya
(Santos et al., 2006). The annual emission of @@reased 70% between 1970 and 2004 (IPCC;
2007). Additionally the increase in global temparas has caused other climate changes, such as a
change in the rainfall patterns, resulting in digant cycles of draught and floods.

Various researchers have used climate models tolatenthe impact of different scenarios on the
agricultural use of water (Guereia, 2001; Ddll eb8rt, 2001). For example the GIM model (Doll,
2002) foresees an increase of 3-5% in net radiatiaih 2020. This work also indicates an increakse o
up to 15% in irrigation water requirements in soedist Asia until 2070.

Marsal e Utset (2007) simulated various scenaod.€rida (Spain) and foresee an increase of 4°C

until the end of the Century. Rodriguez Dias e2807 modeled the impacts of climate change on

irrigation water demand in Southern Spain and oleska increase of between 15 and 20% in seasonal
irrigation requirements by the 2050s, dependingherocation.

The general purpose of this work is to comparerdzent changes in climate in two regions with
Mediterranean climate and evaluate to what exteist thange has translated into increased water
requirements for irrigation, in the form of refecenevapotranspiration (ETo). The study will focas o
California, and compare the climate change datd itevious studies carried out in tow other
Mediterranean regions: Southern Spain and Portugal.

Material and Methodology

The United Nations Food and Agriculture OrganizafbAO) adopted the Penman-Monteith method
as a global standard to estimate ETo from four aretegical data (temperature, wind speed, radiation
and relative humidity), with details presentedhe trrigation and Drainage Paper no. 56 (Allenlet a

1998), referred to hereafter as PM:

900
0408A Ry =)+ y = uoles — )
ET, =
0 A+ y(1+ 034u,) @)
where
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R, — net radiation at crop surface [MFmay’],
G — soil heat flux density [MJ tday’],

T — air temperature at 2 m height [°C],

u, — wind speed at 2 m height [M]s

e — saturation vapor pressure [kPa],

e, — actual vapor pressure [kPa],

ese, — saturation vapor pressure deficit [kPa],
A — slope vapor pressure curve [kPEPC

y — psychrometric constant [kPaiC

The PM model uses an hypothetical green grassergfersurface that is actively growing and is
adequately watered with an assumed height of 0.having a surface resistance of 70 samd

an albedo of 0.23 which would closely resemble etramspiration from an extensive surface of
green grass cover of uniform height, completelydsigthe ground and not short of water (Allen
et al., 1998)This methodology is generally considered to berttwst reliable in a wide range of
climates and locations because it is based on gdlyprinciples and considers the main climatic
factors which affect evapotranspiration.

The CIMIS Equation uses a version of the Penmanbamation equation, as modified by Pruitt and
Doorenbos (1977) which calculates hourly ETo. #oaémploys a wind function developed at the
University of California, Davis. For California, 2@ars of daily data from 20 CIMIS stations were
collected and used in this study. The twenty statioere selected to be as diverse as possible,
covering different geographic areas, as well afedint elevations (Table 1). The data were then
averaged to obtain the annual values.

Table 1:The twenty CIMIS stations used in this study.

r?lj?:k())gr Station name Elevation (m) Latitude (deg) Lo(r:j%g;de
2 Five Points 86.87 36.34 -120.11
6 Davis 18.29 38.54 -121.78
8 Gerber 76.20 40.05 -122.16
13 Camino 847.34 38.75 -120.73
19 Castroville 2.74 36.77 -121.77
35 Bishop 1271.02 37.36 -118.4
41 Ca|ipatria/|\/|u|berry 33.53 33.04 -115.42
43 McArthur 1008.89 41.07 -121.45
54 Blackwells Corner 214.88 35.65 -119.96
57 Buntingville 1220.72 40.29 120.43
62 Temecula 432.82 33.49 -117.22
64 Santa Ynez 149.35 34.58 -120.08
71 Modesto 10.67 37.65 -121.19
77 Oakville 57.91 38.43 -122.41
78 Pomona 222.50 34.06 -117.81
88 Cuyama 697.99 34.93 -119.61
91 Tulelake 1229.87 41.96 -121.47
99 Santa Monica 103.63 34.04 -118.48
105 Westlands 58.22 36.63 -120.38
106 Sanel Valley 160.02 38.98 -123.09
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Results and Discussion

The results indicate a small change in averagedeatyre, which increased 0.15 °C decaoieer the
twenty year study period (Figure 1). Additionallglaght increase in the maximum temperature (0.28
°C decad@) and a slight decrease in the minimum temperg@8 °C decad® can be observed.

The changes in air temperature are not significnte the coefficient of determination is low.

25
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Figure 1. Evolution of minimum, average and maximuntemperature over the study period.

The Analysis of the other climate variables redliifer the ETo calculation with the Penman
equationindicate that the solar radiation increasge@® W n¥ during the twenty years of the study
period (Figure 2). This represents an increase%fi the total energy received through radiation.
Additionally this was accompanied by an increas@.bfm & in the wind speed and an increase of 0.7
percentage points in the relative humidity. It ¢cenobserved for the four main parameters affecting
evapotranspiration, that while the increase in tmafure, radiation and wind speed contribute to an
increase in evapotranspiration, the slight incréaselative humidity has the inverse effect.

Sol Rad (W.sg.m)
250 3

Linear (Sol Rad (W.sqg.m))
f(x) = 0,410x + 197,859 Avg wind Spd (m/s)
R2 = 0,090 9 p

25 Linear (Avg wind Spd (m/s))
200 W , Avg Rel Hum (%)
Linear (Avg Rel Hum (%))

f(x) = 0,005x + 1,998
R2 = 0,206 1,5

100

Wind speed m s-1

50
0,5
f(x) = 0,037x + 60,219
R2= 0,004

0 0
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011

Solar radiation, W.Sg.m and Relative humidity, %

Year

Figure 2 Evolution of the solar radiation, relativehumidity and wind speed during the study period.
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The evolution of the annual evapotranspiration e@slis presented in Figure 3. The results indicate
that the average ETo increased in the 20 Califastations between 1991 and 2011 at an average rate
of 0.11 mm day decadé when using the CIMIS Penman ETo equation and Gi2day" decade’
when using the PM ETo equation. These values reptes) increase of 6.6 and 7.2%, respectively, in
the 1991-2011 period.

f(x) = 0,012x + 3,505
R2=0,225

= CIMIS ETo (mm)
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f(x) = 0,011x + 3,492
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Figure 3. Evolution of the CIMIS ETo and Penman-Moreith ETo during the study period.

These results are in agreement with what has blesgreed in southern Iberia. For example the work
of Moratiel et al. (2010) shows that in the 38 meddogical stations they studied, between 1973 and
2002, the average temperature increased betweem@.8.7 °C decadeAdditionally they observed
that the relative humidity fluctuated between Orid a3.7% decade In a previous work on the
evolution of climate in southern Portugal coverthg 1965-2009 period (Shahidian et al. 2012) a
gradual increase in the average temperatures veas\aal, with some areas showing an increase of up
to 0.4 °C decade These authors also observed an increase of Odawymin the daily average ETo
values during the 1965-2009 period, which trangl@iéo an increase of 35mm yéar

The data from California indicate that besides itherease in average temperatures, there is an
important increase in the average daily radiatiginich can be assumed as one of the causes for the
increase in the daily temperatures. There is|gtié information on what is the compound resuit o
the various changes in the climate parameters.cantestudy (Famiglietti and Min-Hui Lo, 2003)
shows that the large amount of evapotranspiratiom the California Central Valley irrigations boost
humidity, and eventually using a climate model,yttmncluded that in some areas, the water
evaporated from the fields can return in the fofmainfall, reaching a maximum of 350 mm yéait

can thus be assumed that the increase in evapoia@ien observed might be responsible for the
increase in relative humidity, and that eventuatiyne of this evapotranspiration might be returmed i
the form of precipitation.

Conclusions
Twenty years of climate data from California CIM$&ations indicate that the temperatures have

increased at the rate of 0.15 °C decanléer the twenty year study period, although theetseries are

Ref. N° C0193



( 7 VIl CONGRESO IBERICO DE
AGROINGENIERIA Y

PRODUCI SEAgIng

para el FUTURD Madrid, 286-29 Agesio 2013

not long enough to statistically validate the resulhese temperature increase trend is in lina wit
previous studies carried out in Portugal and Spaiere temperature has increased at the rate of 0.3
0.7 °C decadkin Spain and up to 0.4 °C dec#dde southern Portugal.

Additionally the data indicate an important incied@s the solar radiation received at the statiding
solar radiation increased by 8 W?rduring the twenty years of the study period, whigpresents an
increase of 4% in the total energy received thraagletion. This increase in the solar energy irgsut
well as the increase in temperatures resulted ininenease of 0.11 mm daydecadé in
evapotranspiration when using the CIMIS Penman Efation and 0.12 mm daylecade' when
using the PM ETo equation. These values represemicaease of 6.6 and 7.2%, respectively, in the
1991-2011 period.

If these tendencies continue over the next decadesght be important to seriously reconsider the
prevailing lifestyle of the developed world, anduee the use of fossil fuels.
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