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Abstract: In this paper a comparison between two agro-hydrological models, used to schedule irrigation of typical
Mediterranean tree crops, is assessed. In particular the comparison between the model proposed by FAO, using a black
box processes schematization, and the SWAP model based on the numerical analysis of Richards’ equation is initially
presented for two irrigation seasons, 2005 and 2006, and two Mediterranean tree crops, i.e. grapevine (Vitis vinifera,
L.) and olive oil (Olea europea, L.). The comparison mainly focuses on hydrological balance components and on soil
water contents.
After investigating and setting the scheduling parameters ordinarily practiced by the framers in the area (i.e ordinary
management), the performance of the two models aimed to evaluate seasonal water requirement and irrigation time,
is assessed.
In the validation phase both the models satisfactorily simulated the soil water content, allowing to obtain quite
comparable values of evapotraspiration fluxes. On the other hand, when the models are used for scheduling irrigation,
the FAO 56 model usually overestimates the irrigation amount, as a result of an overestimation of the transpiration
fluxes. On the contrary the SWAP model simulates values of crops water requirements and a number of irrigation
corresponding to those evaluated in the ordinary scheduling at the investigated area. Finally, in order to improve the
FAO 56 model performance, a modification of the stress function is presented and discussed.
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of crop evapotranspiration on large area, has addressed
part of the scientific research towards the
development of mathematical models able to provide
a detailed description of the processes related to the
exchange of mass and energy in the Soil-PlantAtmosphere system, SPA (Feddes et al., 1978;
Bastiaanssen et al., 2007).
The advance of the knowledge related to the
energy and mass exchange processes taking
part in the SPA system, has carried to the
characterization of a unique and dynamic system
(continuum) in which the various variables
involved in the processes must be considered as
mutually dependent. The acquired information
will allow to validate the available models aimed
to supply a detailed description of the processes
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INTRODUCTION
The quantification of crop water requirements of
irrigated land has a fundamental importance, in
particular in the Mediterranean regions characterized
by semi-arid conditions. The knowledge of the
evapotranspiration fluxes allows to correctly estimate
crop water requirements and to dispose of irrigation
management strategies able to increase the
irrigation systems efficiency. For this purpose, to set
out new procedures permitting the correct estimation
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Riassunto: Nel presente lavoro viene presentato un confronto tra due modelli di simulazioni agro-idrologica per la gestione dell’irrigazione in colture arboree mediterranee. Vengono in particolare confrontati il modello proposto dalla
FAO che utilizza uno schema a serbatoio ed uno più complesso SWAP basato sulla soluzione dell’equazione di Richards. Il confronto ha riguardato i valori delle componenti del bilancio idrologico ed i contenuti idrici del suolo relativamente alle due stagioni irrigue 2005 e 2006 su colture di Vite ed Olivo. È stata inoltre valutata la performance dei
due modelli sulla programmazione dell’irrigazione impostando i parametri di scheduling ordinari della zona. Sebbene
nella fase di validazione entrambi i modelli hanno simulato in modo soddisfacente l’andamento temporale del contenuto idrico medio del suolo e stimato valori dei flussi evapotraspirativi del sistema suolo-pianta-bassa atmosfera del
tutto confrontabili, nella fase di programmazione dell’irrigazione, il modello semplificato ha sovrastimato i volumi irrigui in conseguenza della sovrastima dei flussi traspirativi. Il modello SWAP ha invece simulato valori del consumo
idrico delle colture e del numero di adacquamenti analoghi a quelli ordinari della zona oggetto d’indagine. Ai fini della
programmazione dell’irrigazione viene quindi proposta una modifica della funzione di stress utilizzata dal modello
FAO, in modo da migliorarne la performance.
Parole chiave: Modelli Agroidrologici, FAO 56, SWAP, Programmazione dell’Irrigazione, Vigneto e Oliveto
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of mass and energy exchanges in the SPA system
(van Dam et al., 1997).
In previous researches, the proposed team, became
confident with the models analyzing the dynamics of
water in the SPA continuum; such models are also
able to describe the water root uptake by means of
mathematical functions considering soil matric
potential, and therefore are able to reproduce water
stress conditions. Other example of model application
is represented by WATERUSE (Evaluation of
alternatives techniques for determination of water
budget components in water-limited, heterogeneous
land-use systems, EVK1-CT-2000-079) research
program, financed by U.E. The research extended
verified the feasibility of such type of approach also
to heterogeneous crops characterized by complex root
apparatuses, like the olive and grapevine.
Moreover, the boundary conditions that must be
used to obtain the numerical solution of Richards
equation as well as the functions allowing to
estimate the root water uptake were defined.
Further studies demonstrated the correspondence
of the proposed algorithms not only to fix optimal
criteria of irrigation scheduling, but also to identify
the crop water stress conditions.
The mentioned research projects, surely
representing a scientific starting point, evidence also
the lack of information related to some crop
biophysical parameters like the root density, the
Leaf area index and finally the crop coefficients
valid under stress conditions, typical of the
Mediterranean environment.
One of most appropriate ways to avoid the irrational
water use in agriculture is to supply the exact
amount of irrigation water to crops when it is
required, so that water use efficiency can be
maximized.
Despite the farmer experience, irrigation scheduling
established on the basis of simple plants and soils
observations, often lead to water overuse, as a
consequence of pour effectiveness of the empirical
evaluations; otherwise, a precise assessment of
irrigation depth and/or irrigation timing, can allow to
optimize the water use.
Agro-hydrological models represent the most
precise, economic and simple tool to manage water
volumes to be supplied with irrigation. Unfortunately,
the physically based agro-hydrological models,
although very reliable, in relation to the high
number of variables and the complex computational
analysis, cannot often be used. Therefore, the use
of simplified agro-hydrological models may
represent an useful and simple tool for irrigation
scheduling, even for not skilled operators.
The main objective of the work is to assess the

suitability of two different agro-hydrological models
for irrigation scheduling. In particular a comparison
between the physically based SWAP model (SoilWater-Plant-Atmosphere, van Dam et al., 1997) and
the simplified FAO 56 procedure (Allen et al., 1998)
to study the typical management ordinarily practiced
by the farmers in the area (i.e. ordinary management)
and to estimate the water requirements in two typical
Mediterranean tree crops (grapevine and olive) is
showed.
Model Description
Agro-hydrological models used for irrigation
management, allow to explain the complex
relations of water exchange occurring within the
Soil-Plant-low Atmosphere (SPA) continuous
system. SPA is a very complex system, not only for
the high number of variables to be defined, but
specially for internal self-regulation phenomena,
taking place between the system components.
Whatever the modelling approach used to study the
water relations within the SPA system, it is necessary
to estimate the evapotranspiration term, which
depends on the combination of water evaporation
from soil and plant transpiration. According to FAO
the reference crop evapotranspiration, ETref [ mm d1], can be determined on the basis of the following

Penman Monteith equation:

(1)

where D [kPa °C-1] is the slope of saturation vapour
pressure curve, es(T) [KPa] is the saturation vapour
pressure at air temperature, Rn [MJ m-2 giorno-1] is
the net radiation, G [MJ m-2 giorno-1] is the soil heat
flux, (es-ea) [kPa] is the vapor pressure deficit, c [kPa
°C-1] is the psychometric constant at air temperature
Ta [°C] and U2 [m s-1] is the wind speed measured at
2 m from the soil.
In the FAO 56 procedure the root zone depletion is
calculated daily, with a water balance model based
on a simple tipping bucket approach:
(2)
where D,i [mm] and D,i –1 [mm] are the root zone
depletions at the end of day i and i-1 respectively,
Pi (mm) is the net precipitation, ETc,i [mm] is the
actual evapotranspiration and DPi [mm] is the
deep percolation of water moving out of the root
zone.
The domain of the depletion function, Di, is between

where ifc [cm3 cm-3] and iwp [cm3 cm-3] are the soil
water content at field capacity and wilting point
respectively and Zr [m] the depth of the root system.
In absence of water stress (potential condition), the
crop potential evapotranspiration ETc is obtained
multiplying the dual crop coefficients (Kcb + Ke)
and the Penman-Monteith reference evapotranspiration rate, ETref, (Allen et al., 1998). In
particular the “dual crop coefficients approach”, as
explained in FAO 56 paper, splits the single Kc
factor in two separate coefficients, a basal crop
coefficient, Kcb, to consider the plant transpiration,
and a soil evaporation coefficient Ke. The crop
potential evapotranspiration ETc can be therefore
evaluated as:
(4)
When water represents a limiting conditions, the
coefficients of Eq. (4) have to be multiplied by a
reduction factors, Ks, that can be variable between
0 and 1. The reduction factor can be express by:

(5)
where TAW [mm] is the total available water, Di
[mm] the root zone depletion, and RAW [mm] is
the readily available water. RAW values can be
obtained multiplying the TAW values by a
depletion coefficient, p, taking into account the
crop water stress resistance. In particular when
water storage in the root zone is equal to RAW,
the reduction coefficient Ks is equal to 1. Values
for p are listed in tables and differ from one crop
to another. A value of 0.50 for p is commonly used
for many crops. Considered that fraction p is a
function of the atmospheric evaporative demand,
a function for adjusting p for ETc should be used.
The following empirical equation can be used to
calculate the depletion coefficient (van Diepen et
al., 1988):
(6)

(7)

where Ke is the soil evaporation coefficient, Kcb is the
basal crop coefficient, Kc max is the maximum value of
Kc following rain or irrigation, Kr is a dimensionless
evaporation reduction coefficient depending on the
cumulative depth of water evaporated from the
topsoil and few is the fraction of the soil that is both
exposed and wetted, i.e. the fraction of soil surface
from which most evaporation occurs.
The timing of irrigation in the FAO 56 procedure is
based on the management allowed depletion, MAD
[-] (Merriam, 1966) of the available water that can
be stored in the root zone, obtained as

(8)
in which ilim is the average soil water content below
which it is necessary to start irrigation. The values
for MAD are influenced by management and
economic factors in addition to the ecophysiological
factors influencing p. When irrigation is scheduled
in absence of crop water stress, the MAD parameter
can be assumed equal to the p coefficient. On the
contrary, when irrigation is managed under water
deficit conditions the MAD parameter is higher than
p. This last circumstance is typical of the arid
Mediterranean environments.
The algorithm proposed in the FAO 56 paper
(Appendix 8: Spreadsheet for applying the dual Kc
procedure in irrigation scheduling) enables to program
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(3)

where ap [-] and bp [d cm-1] are regression
coefficient, respectively equals to 0.76 and 1.5 (van
Diepen et al., 1988), ETc [cm d-1] is the crop
potential evapotranspiration rate and Nocg [-] is the
Crop Group number, depending on the level of crop
resistance to water stress.
The soil evaporation coefficient, Ke, describes the
evaporation component of ETc. Where the topsoil
is wet, following rain or irrigation, Ke is maximal.
When the soil surface is dry, Ke is small and even
zero, in absence of water in the upper layer of the
soil surface. When the topsoil dries out, less water
is available for evaporation and consequently the
soil evaporation reduction occurs in proportion to
the amount of water remaining in the soil top
layer, or:
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0, which occurs when the soil is at the field capacity,
and a maximum value, corresponding to the total
available water, TAW [mm], for the plant, given by
the following equation:

13

only full irrigation technique (MAD=p). This
assumption cannot be assumed in Mediterranean
environment, where frequent conditions of water
shortages and consequently crops water stress occur.
Therefore, as will be later specified, it was necessary to
amend the model FAO 56 in order to allow the
scheduling irrigation under deficit conditions
(MAD>p).
SWAP (Soil-Water-Atmosphere-Plant) is a onedimensional physically based model for water flow
in saturated and unsaturated soil (van Dam at al.,
1997) simulating the vertical soil water flow and
solute transport in close interaction with crop
growth. Richards’ equation (Richards, 1931),
including root water extraction, is applied to
compute transient soil water flow under specified
upper and lower boundary conditions.

(9)
in which z [cm] is the vertical coordinate,
assumed positive upwards, t [d] is the time, C
[cm-1] is the differential moisture capacity
(ui/u}), K(}) [cm d-1] is the soil hydraulic
conductivity function and Sa [d-1] is the root
uptake term that, for uniform root distribution, is
defined by the following equations:
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defining an allowable depletion fraction, f, of readily
available water in the root zone:

(12)

(11)

in which ilim is the soil water content below which it
is necessary to provide irrigation water, ifc and iwp
are the soil water content at field capacity and at
wilting point respectively, and n is the number of
layers of homogeneous soil, as defined in the model.

in which Tp [cm d-1] is the potential transpiration, zr [cm]
the rooting depth and aw [-] is a }-dependant reduction
factor accounting for water deficit and oxygen stress
(Feddes et al., 1978), Kc [-] is the crop coefficient, ETc
[cm d-1] is the reference evapotranspiration, kgr [-] is an
extinction coefficient for global solar radiation and
finally LAI [-] is the leaf area index.
The numerical solution of Eqs (9), (10) and (11) is
possible after specifying initial, upper and lower
boundary conditions and the soil hydraulic
properties, i.e. the soil water retention curve, i(}),
and the soil hydraulic conductivity function, K(});
detailed field and/or laboratory investigations are
therefore necessary.
Different options are available in SWAP to schedule
irrigation (i.e. determining irrigation times and
specific volumes); for the purpose of this study, only
the irrigation time parameter was assessed after

MATERIALS AND METHODS
Investigation was carried out during irrigation seasons
2005 and 2006 in an experimental farm (fig. 1) near
Castelvetrano (lat.: 37°.6461 N, long.: 12°.8518 E) in
which land use is mainly characterized by tree crops
(olives, grapes and citrus). During the two years the
most important micro–climatic parameters, such us
precipitation, wind speed and direction, global
radiation, air humidity were monitored. In the same
period in two experimental plots (vineyard and olive
grove) agro–hydrological and physiological parameters
were monitored.
Traditional laboratory methods were used to
evaluate the soil hydraulic properties of undisturbed
soil cores representative of four different depths of
a soil profile. Soil texture, bulk density, hydraulic
conductivity of saturated and near saturated
conditions, as well as some points of the water
retention curve in the potential range between –0.5

(10)
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Fig. 1 - Geographic location and Google earth image of test
area. The description of land use and the position of installed
instruments is showed. S: agrometeorological station; P1, P2:
soil moisture measurement.
Fig.1 - Indicazione dell’area test, dell’uso del suolo e degli
strumenti istallati. S: stazione agrometeorologica; P1, P2: stazioni per la misura del contenuto idrico del suolo.

Setting models
The van Genuchten-Mualem parameters of soil
hydraulic characteristics, showed in tab. 1, were

Fig. 3a-d - Average soil water content simulated by the two models for the 2005 (a) and 2006 (b) season in vineyard; the cumulated soil evaporation and tree transpiration fluxes are showed below (c-d).
Fig. 3a-d - Vigneto. Udogrammi simulati dai due modelli per la stagione irrigua 2005 (a) e 2006 (b) e corrispondenti flussi
cumulati di evaporazione dal suolo e di traspirazione dalla pianta (c-d).
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Tab. 1 - Soil parameters used in SWAP simulations.
Tab. 1 - Parametri del suolo utilizzati nelle simulazioni condotte con il modello SWAP.

Italian Journal of Agrometeorology - 1/2010

Fig. 2 - Scheme of DIVINER access tubes installation in
vineyard.
Fig. 2 - Schema d’istallazione dei pozzetti di accesso DIVINER nel vigneto.

and -1530 kPa were deduced for each depth. Soil
textural class, according USDA classification, is silty
clay loam.
The Leaf Area Index (LAI) was monitored by means
of the optical sensor Li-Cor LAI 2000. The root
depth distribution has been determined through an
indirect methodology based on roots interference
on the shape soil moisture profile around the plant,
when compared to the shape profile under bare soil
condition (Cavazza, 1981).
Temporal variability of soil water contents in the
different plots was measured, at several depths,
using Diviner 2000 Sentek capacitance probe. The
probe containing the sensor can measure the soil
water content at different depth, if inserted in an
access tube installed in the field. In the vineyard
three access tubes were installed at 10, 30 and 50
cm from the point receiving the emitter flow, with
an axis-symmetrical scheme, as shown in fig. 2. In
the olive grove plot, where irrigation water is
supplied with a micro-sprinkler system, a single
access tube was installed at the border of wetted
zone.

15
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Tab. 2 - Input
parameters used
in SWAP simulations.
Tab. 2 - Parametri
di input utilizzati
nelle simulazioni condotte
con il modello SWAP.
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Tab. 3 - Input parameters used in FAO 56 simulations.
Value between brackets were used for the 2006 irrigation
season.
Tab. 3 - Parametri utilizzati nelle simulazioni condotte con il
modello FAO 56. I dati tra parentesi sono relativi alla stagione irrigua 2006.

determined with the ii(}i) and Ki(}i) experimentally
obtained, by using the RETC code (van Genuchten
et al., 1991).
The values of different soil-crop-atmosphere parameters used as input for the simulations with the
SWAP and the FAO 56 models, are showed in tab.
2 and 3 respectively. The values of ifc and iwp used
to run the FAO 56 simulations are obtained
averaging the correspondent values measured in
four different soil layers, as considered for the
SWAP simulations. For both the irrigation seasons,
the initial soil water contents assumed along the
soil profile were fixed according to the measured
values.
In order to evaluate the values of the irrigation
scheduling parameters (MAD and f) a preliminary
simulation was carried out on both vineyard and
olive grove, considering the irrigation timing and
the water volumes derived from the observed
data.
The performance of the models was evaluated by

Fig. 4a-d - Average soil water content simulated by the two models for the 2005 (a) and 2006 (b) season for olive grove; the
cumulated soil evaporation and tree transpiration fluxes are showed below (c-d).
Fig. 4a-d - Oliveto. Udogrammi simulati dai due modelli per la stagione irrigua 2005 (a) e 2006 (b) e corrispondenti flussi
cumulati di evaporazione dal suolo e di traspirazione dalla pianta (c-d).

(14)

(15)
To determine if the difference between measured and
simulated soil water content are statistically significant,
the absolute value of the calculated t must be less than
the critical t value (tcrit), obtained from the statistical
tables. In this study, a significance level a=0.05 has
been taken and, for N-1 degrees of freedom, the value
of tcrit is equal to 2.05.
RESULTS AND DISCUSSION
Tab. 4 - Statistical comparison between measured and simulated soil water content.
Tab. 4 - Statistici ottenuti dal confronto tra i contenuti idrici
stimati e misurati.

Model validation and assessment
of scheduling parameters
Fig. 3a,b shows the daily average soil water content
in the root zone simulated by SWAP (continous
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(13)

where N is the number of data, di is the difference
between the predicted and the measured values
(Kennedy and Neville, 1986).
Because, the use of only RMSE and MBE combined
is not adequate to evaluate the model performance,
additional statistical tests was used. In particular, the
analysis involved also the t-statistic, defined through
the MBE and RMSE errors (Kennedy and Neville,
1986), as:
Italian Journal of Agrometeorology - 1/2010

calculating the root mean square error (RMSE), the
mean bias error (MBE), defined as:
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Tab. 5 - Values of MAD and f obtained for both vineyard
and olive grove for each irrigation practised by the farmer.
Tab. 5 - Valori dei parametri di programmazione irrigua,
MAD ed f, ottenuti per entrambe le colture e per ciascun
adacquamento praticato dall’agricoltore.

Tab. 6 - Amendment of the FAO 56 algorithm.
Tab. 6 - Modifica dell’algoritmo proposto nel quaderno FAO 56.

lines) and FAO 56 model (shaded lines) in the
vineyard, for the two considered irrigation seasons.
The average water contents measured in the soil
profile (white dots) as well as the rainfalls and the
irrigation amounts (dashed lines) are also showed .
As can be observed in the fig. 3a,b both the models

are able to predict quite well the average soil water
contents during the considered irrigation seasons.
Differences between the two models are mainly
observed at the begin of the first irrigation season
(2005), during which the simulated values of soil
water content obtained with the FAO 56 model are

Fig. 5 a-d - Average Soil water content distribution and timing irrigation simulated by the SWAP model for 2005 (a) and 2006
(b) seasons, for ordinary and model scheduled irrigation for the vineyard. The cumulated evapotranspiration fluxes (c-d) are
showed below.
Fig. 5 a-d - Vigneto. Udogrammi e distribuzione degli adacquamenti simulati da SWAP per le stagioni irrigue 2005 (a) e 2006
(b) nel caso di programmazione irrigua ordinaria o programmata dal modello. Sono riportati in basso i corrispondenti flussi
cumulati di evaporazione dal suolo e di traspirazione dalla pianta (c-d).

calculated as the average of the values obtained in
the two years of observations. In particular the
values of MAD and f, corresponding to each
irrigation practised by the farmer, were evaluated
according to equations (8) and (12) respectively, as
results of the simulations carried out by means of
SWAP and FAO 56 models respectively. Then the
average values MADav and fav were considered as
ordinary scheduling parameters for the study area.
Tab. 5 shows the values of MAD and f obtained for
both the considered crops during the investigated
irrigation seasons, as well as their average values.
These parameters were used to run the following
simulations, in order to determine the irrigation
timing.
Model application to schedule irrigation
The models were then applicated in order to
obtain the irrigation timing, whereas the water
supply was fixed up to 50 mm, corresponding
approximately to the average irrigation depth
provided by the farmer (scheduled irrigation).
The scheduling MADav and fav parameters were
assumed equal to the average values indicated in
tab. 5. Figg. 5a,d shows the outputs of the SWAP
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lower than those obtained with the SWAP model,
due to the higher simulated evapotraspiration rates,
as showed in fig. 3c,d. Unfortunately, the absence
of measured water contents during the initial phase
of the irrigation seasons, does not allow to verify
which of the two models performs better.
Similar results are obtained for the olive grove,
as illustrated in fig. 4a,d, for both the considered
irrigation seasons.
Tab. 4 shows the values of the coefficient of
determination (R2), root mean square error (RMSE),
mean bias error (MBE) and t-statistic, for the examined
crops by considering measured and simulated soil water
contents.
In the vineyard, SWAP model performed slightly
better than the FAO-56 model according to the tstatistic. The opposite occurs in the olive grove. For
practical purposes therefore, the distinction
between the SWAP and FAO-56 models is
negligible because both the models produced
different between simulated and estimated soil
water content not statistically different (t<tcrit.).
The outputs of the two models allowed to examine
the farmer strategy for irrigation. Ordinary
scheduling parameters f and MAD were therefore

Italian Journal of Agrometeorology - 1/2010

Fig. 6a-d - Average Soil water content distribution and timing irrigation simulated by the modified FAO 56 model for 2005
(a) and 2006 (b) seasons, for ordinary and model scheduled irrigation for the vineyard. The cumulated evapotranspiration
fluxes (c-d) are showed below.
Fig. 6a-d - Vigneto. Udogrammi e distribuzione degli adacquamenti simulati dal modello FAO 56 modificato per le stagioni
irrigue 2005 (a) e 2006 (b) nel caso di programmazione irrigua ordinaria o programmata dal modello. Sono riportati in basso
i corrispondenti flussi cumulati di evaporazione dal suolo e di traspirazione dalla pianta (c-d).
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model in the cases of scheduled and ordinary
irrigation for vineyard in 2005 and 2006. In
particular figg. 5 a,b shows the evolution of soil
water content during the two irrigation seasons,
whereas figg. 5c,d illustrates the cumulated
evapotraspiration fluxes obtained under ordinary
and model scheduled irrigation. The analysis
shows, for both the considered seasons, a
satisfactory performance of SWAP model allowing
to identify, the time of the first water supply as
well as the watering distribution during the crop
seasons. The actual evapotraspiration fluxes,
showed in figg. 5c,d, obtained when irrigation is
scheduled by the model, are very similar to those
estimated by considering the ordinary management.
Furthermore, SWAP model suggests the first
irrigation before the plant slow down its transpiration
consumption. This is particularly evident in the
2005 season, during the critical stage of growth
(June-July).
Before running the FAO 56 model to schedule
irrigation for the examined cases, it was necessary
to modify the original algorithm, in order to take
into account the crop water stress conditions
recognized in the field. In particular in the MAD
factor, hereafter indicated by the acronym MAD*,
the ecophysiological component, p, was separated
from the one related to economic management
factors. This amendment was carried out in the
spreadsheet suggested in the FAO 56 paper
(Annex 8; BOX 8.1: Spreadsheet formulas and
corresponding equations for Excel spreadsheet
programs). Tab. 6 shows the suggested amendments
of the FAO 56 algorithm.
Fig. 6a,d shows the outputs of the modified FAO
56 model in the case of ordinary and model
scheduled irrigation obtained for the vineyard.
The modified model allows to evaluate three
and four irrigation supplies in 2005 and 2006
respectively, distributed throughout the irrigation
seasons in an appropriate manner within the crop
cycle. The total evapotranspiration fluxes for both
the examined conditions (ordinary and model
scheduled irrigation), evaluated with the FAO 56
model resulted comparable to those estimated
with the SWAP model (fig. 6c-d). As for SWAP
even FAO 56 model suggests the first irrigation
before the reduction of crop transpiration.
However the performance analysis showed, that
the FAO 56 model for both the seasons
anticipates of some days the first irrigation timing
if compared to the ordinary management, and
suggesting a slightly higher seasonal water
requirement.
Similar results were obtained for the Olive grove,

for which the FAO 56 model suggests to anticipate
the irrigation timing and higher seasonal water
requirements compared to the SWAP model.
CONCLUSIONS
Both the models well simulated the measured
values of average soil water content in the root
zone. In general, the two considered models,
produced estimates that are not statistically
different from the measured values (a=0.05) with
RMSE lower than 3%.
Both the models provided similar estimation of the
actual evapotranspiration fluxes.
The models were then compared in order to verify
their suitability for irrigation scheduling. Firstly,
considering irrigation timing and volumes observed
in the field, the ordinary scheduling parameters, fav
and MADav, were obtained. Secondly the FAO 56
and SWAP models’ outputs (irrigation scheduled
volumes and timing irrigation) were compared.
FAO 56 model simulates reliable values of average
water content of soil profile when a modification of
stress function Ks is used, even if, compared with
the SWAP model, a certain overestimation of
evapotranspiration fluxes is observed. For both the
examined crops FAO 56 model suggests to
anticipate the first soil watering and to supply a
slightly higher seasonal water requirements, if
compared to the ordinary management.
AKNOWLEDGEMENTS
The research was supported by grants from
Università di Palermo, Ministero dell’Istruzione
dell’Università e della Ricerca (PRIN AGNESE
2006) and Assessorato Agricoltura e Foreste Regione Sicilia (AGROIDROLOGIA SICILIA 2007).
The contribution to the work must be shared
equally between the Authors.
REFERENCES
Allen R.G., Pereira L.S., Raes D., Smith M., 1998.
Crop evapotranspiration. Guidelines for
computing crop water requirements. FAO
Irrigation and Drainage Paper 56.
Bastiaanssen W.G.M., Allen R.G., Droogers P.,
D’Urso,G., Steduto P. 2007: Twenty-five years
modeling irrigated and drained soils: State of the
art. Agric. Water Manage., 92, 111-125.
Cavazza L. 1981. Fisica del terreno agrario, Ed.
UTET, Torino , p. 432-439 (in italian).
Feddes R.A., P.J. Kowalik and H. Zaradny, 1978.
Simulation of field water use and crop yield.
Simulation Monographs. Pudoc. Wageningen.
189 pp.
Kennedy J. B. and Neville A. M. 1986. Basic

Freeman and Co., San Francisco, California, p.
434-435.
Van Dam J.C., Huygen J., J. Wesseling J., Feddes
R.A., Kabat P., van Walsum P.E.V.,
Groenendijk P. and van Diepen C.A., 1997.
Theory of SWAP version 2.0. Simulation of
water flow, solute transport and plant growth
in the Soil-Water-Atmosphere-Plant environment.
Wageningen University and Alterra. Technical
Document, 45.
Van Diepen C.A., Rappoldt C., Wolf, J., Keulen, H.
van, 1988. Crop growth simulation model
WOFOST. Documentation version 4.1. Centre
for World Food Studies, Wageningen, The
Netherlands.
Van Genuchten M.Th., F.J. Leij and S.R. Yates,
1991. The RETC code for quantifying the
hydraulic functions for unsaturated soils. U.S.
Salinity Laboratory, Riverside, California.

Rivista Italiana di Agrometeorologia - 1/2010

Italian Journal of Agrometeorology - 1/2010

Statistical Methods for Engineers and Scientists.
(3rd Edn. ed.), Harper and Row, New York
(1986).
Merriam J. L. 1966. A management control concept
for determining the economical depth and
frequency of irrigation. Trans. Am. Soc. Agric.
Engrs. 9: 492-498.
Mualem Y., 1976. A new model for predicting the
hydraulic conductivity of unsaturated porous
media. Water Resour. Res., 12: 513-522.
Richards L.A.. 1931. Capillary conduction of
liquids in porous mediums. Physics 1, pp. 318–
333.
Ritchie J.T. 1972. Model for predicting evaporation
from a crop with incomplete cover. Water
Resour. Res., 8 (5): 1204-1213.
Sentek environmental technologies 2000; Calibration
Guide Diviner 2000.
Taylor S.A., Ashcroft G.M., 1972. Physical Edaphology.

21

