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Abstract. In this paper, results of certain empirical equations for estimating the daily
reference evapotranspiration for the area of southern Italy have been given. Evaluation
of the daily values of evapotranspiration of Policoro was conducted by the following
equations: FAO-56Penman-Monteith (FAOPM), FAO-24 Penman (FAOPn), FAO-24
Blaney-Criddle (FAOBC), FAO-24 Radiation (FAOR), FAO-24 Pan, Priestley-Tailor
(PT) and Hargreaves (HARG). The results strongly support the use of the FAO-24 pan
and FAO-56 Penman-Monteith equations for the calculation of daily reference
evapotranspiration at the location of Policoro.
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1. INTRODUCTION

Evapotranspiration (ET) is one of the major processes in the hydrological cycle, and
its reliable estimation is essential to water resources planning and management. A com-
mon practice for estimating evapotranspiration is to first estimate reference evapotranspi-
ration (ETo) and then apply a corresponding crop coefficient. Reference evapotranspira-
tion is defined in Allen et al. (1998) as "the rate of evapotranspiration from hypothetical
crop with an assumed crop height (0.12 m) and a fixed canopy resistance (70sm™") and al-
bedo (0.23) which would closely resemble evapotranspiration from an extensive surface
of green grass cover of uniform height, actively growing, completely shading the ground
and not short of water".

There are a number of methods for calculation of reference evapotranspiration. The
goal of this paper is comparison of some empirical equations for calculation of daily ref-
erence evapotranspiration for the area of southern Italy.
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2. MATERIALS AND METHODS

For the purpose of this study, daily lysimeter and weather data (minimum and maxi-
mum air temperature, minimum and maximum relative humidity, wind speed, sunshine,
and pan evaporation) were collected at the experimental field "E. Pantanelli" of Bari Uni-
versity, located in the area of Policoro (Province of Matera), along the Western Ionian
Coast, about 3 km from the sea.

The experimental site is characterized with the Mediterranean semiarid climate with
40°17' N, 16°40" E, and altitude 15 m above sea level. The long-term average values of
the major weather parameters are presented below : minimum and maximum air tem-
perature are 11.0 and 21.4 °C, respectively; minimum and maximum relative humidity are
52 and 87%, respectively; sunshine is 6 h 36 min; wind speed is 2.3 m s'; and Class A
pan evaporation is 5.2 mm day' (Caliandro et al. 1990).

The agrometeorological station was equipped with a Class A evaporation pan and a 4
m’ (2x2 m) wide and 1.3 m deep weighting lysimeter covered by fescue grass. The
lysimeter was situated near the center a 60x60 m grass field. The site was maintained un-
der optimal water conditions. The fescue grass was periodically mowed to keep the height
between 8 and 15 cm. Irrigations were applied with a frequency from 3 to 5 days.

The various instruments were located about 30 m from the lysimeter. The data for tem-
perature and humidity were gathered by bimetallic thermograph and hair hydrograph, respec-
tively. The wind speed was measured by propeller anemograph 3.5 m above the grass. Bright
sunshine duration was gathered by Campbell-Stokes sunshine recorder. The integrity of data
was assessed by comparison with a nearby station through "double mass analysis".

The values of solar radiation were tested using the envelope of solar radiation indica-
tion the maximum values of solar radiation which can occur on that day. If no measured
value of solar radiation does not reach envelope, this suggests malfunction of the instru-
ment and the need to correct the solar radiation values. Allen (1996) described three
methods for determining the envelope, and in this paper the simplest method is used,
which slightly underestimates the real values of the envelope in the days of highest ra-
diation (3-5 %), but, since, for all practical purposes it does not differ on other days, its
accuracy is considered satisfactory.

This method can be expressed in a following way:

R, =(0.75+2-10"° Z)R, 1

where Ry, is the solar radiation envelope, Z is the height above seal level of the station, R,
is the extraterrestrial radiation.

The values of solar radiation obtained by Ansgstrom's formula on the basis of the
measured values of sunshine hours are presented in the Figure 1 where one may observe
that the points lie below the envelope and that a correction must be accomplished. In this
paper the factor 1.12 was used for correction, and the modified values of solar radiation
were presented in the Figure 2. The obtained value minimally differs from the value of
1.11 presented in Todorovic (1999). Calculation of evapotranspiration was conducted
with the new, corrected values of solar radiation.
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Fig. 1. Solar radiation calculated from sunshine hours; Policoro (Italy, 1981/84)

35 - & Rso
20| & kRs 1981
_ x kRs 1982
% 25 1 A kRs 1983
320 ] = kRs 1984
3
215 1
%)
€ 10
5
0

1 Dan u godini 365
Fig. 2 Corrected solar radiation calculated from sunshine hours; Policoro (Italy, 1981/84)

The raw data set included lysimeter and weather data from May 15, 1981 to December
18, 1984 (Caliandro, personal communication, 2000). However, problems existed on
some days, so not all days were selected for analysis. Days with irrigations or rainfall,
grass cuttings, and problems associated with irrigations or equipment were omitted from
analysis. The final data set used in this study had a total of 497 patterns distributed over
all seasons.

Evaluation of daily values of evapotranspiration of Policoro was performed with the
methods: FAO-24 Penman-Monteith (FAOPM), FAO-24 Penman (FAOPn), FAO-24
Blaney-Criddle (FAOBC), FAO-24 Radiation (FAOR), FAO-24 Pan, Priestley-Tailor
(PT) and Hargreaves (HARG). These methods were listed in Allen et al. (1994) as
methods which should be used for estimation of evapotranspiration with the exception of
FAO-24 Penman method.
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3. RESULTS AND DISSCUSION

The obtained results were compared to the measured lysimeter values and presented in
Table 1. Data comparison has been done with the following statistic values: maximal er-
ror (MXE), mean absolute error (MAE), mean square error (MSE), correlation coefficient
(R) and the relation of evapotranspirations obtained by calculation and measurement
(ET./ET}y). According to all the statistics, the best results are obtained by FAO-24 Pan
and FAO-56 Penman-Monteith, while the weakest statistics are obtained by FAO-24
Penman i Priestley-Taylor.

FAO-24 Pan method has proven in many locations to be insufficiently reliable (Jensen
et al. 1990). The values of pan factor used in FAO-24 Pan equation obtained by meas-
urement in Davis and many papers suggest that in other climates they must be used with
caution. (Allen and Pruitt 1988, Jensen et al. 1990, Katul et al. 1992, Chiew et al. 1995).
However, evaporation pans are used throughout the world because of simplicity of tech-
nique, low cost, and ease of data interpretation (Trajkovic i Stojnic 2004, Trajkovic and
Stojnic 2008).

Table 1. Comparison of methods for calculation of evapotranspiration

Method MXE MAE MSE R ETq/ET}y
(mm/d) (mmv/d) | (mm/d)2 (%)

(1) (2) 3) 4) (5) (6)

FAOPM 3.74 0.524 0.524 0.945 0.975
FAOPan 2.53 0.439 0.373 0.959 0.976
FAOPn 4.15 0.882 1.282 0.942 1.201
FAOR 2.82 0.732 0.851 0.938 1115
FAOBC 4.15 0.716 0.907 0.929 1.100
HARG 4.56 0.717 0.997 0.887 0.949

PT 3.90 1.002 1.586 0.900 0.780

The first place of FAO-24 Pan equation can be explained by the similar climatic con-
ditions of Policoro and Davis. FAO-56 Penman-Monteith proved to be very reliable, and
the obtained results only confirm that FAO and ICID rightfully recommended as a stan-
dard for calculation of plant water demand calculation. Some significant departures of
FAO Penman-Monteith method which were presented in some previous analyses of
lysimetric measuring in the area of the Mediterranean (Caliandro et al. 1990; Rana et al.
1994. and Steduto et al. 1996) can be accounted for by inadequate data on solar radiation,
which has been corrected in this paper.

FAO-24 Penman method, which was recommended by Doorenbos and Pruitt (1977)
as a standard in calculation of evapotranspiration, overestimates the measured values for
over 20% which agrees with the data in the literature which indicate that due to the
poorly defined evapotranspiration coefficient ¢ and the inappropriate function of the
wind, it is not possibly to appropriately apply FAO Penman method which overestimates
the measured values for 10-35 % at all locations (Jensen et al. 1990; Allen et al. 1994).

Poor results of FAO-24 Blaney-Criddle, FAO-24 radiation and Hargreaves method
can be justified by the fact that these methods are not intended for the calculation of daily
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values of evapotranspiration (Doorenbos and Pruitt 1977; Hargreaves et al. 1985), al-
though there are papers, where they are used for daily periods, with variable success (Jen-
sen et al. 1990; Amatya et al. 1995). Priestley-Taylor method shows extremely high de-
parture from the measured values, which confirms that this method cannot be successfully
used for daily calculation of evapotranspiration, which agrees with results presented in
Jensen et al. (1990) and Trajkovic and Zivkovic (2009).

4. CONCLUSIONS

The following main conclusions can be drawn:

e The results strongly support the use of the FAO-56 Penman-Monteith equation as
the standard method of estimating reference evapotranspiration. The basic obstacle
to using this method widely is the numerous required weather parameters. In many
areas, the necessary data are lacking, and simpler techniques are required. Evapo-
ration pans are used throughout the world because of simplicity of technique, low
cost, and ease of data interpretation.

e The FAO-24 pan equation gives the best daily estimates of ET, and it can be used
with high reliability for the calculation of daily reference evapotranspiration at the
location of Policoro.

e Other equations cannot be recommended for usage at this location.

Acknowledgments. The authors are particularly grateful to Prof. Angelo Caliandro (University of
Bari, Italy) for providing the agrometeorological data of Policoro. The authors would like also to
acknowledge and thank Dr. Mladen Todorovic (CIHEAM-Mediterranean Agronomic Institute,
Bari, Italy), for his generous support and encouragement.

REFERENCES

1. Allen, R. G., Assessing Integity of Weather Data for Reference Evapotranspiration Estimation, J. Irrig.
and Drain. Engrg., ASCE, 122(2), 97-106, 1996.

2. Allen, R. G., Pereira, L. S., Raes, D., and Smith, M., Crop Evapotranspiration. Guidelines for
Computing Crop Water Requirements. FAO Irr. and Drain. Paper 56, FAO, Roma, 1998.

3. Allen, R. G., and Pruitt, W. O., Rational Use of the FAO Blaney-Criddle Formula, Closure, J. Irrig. and
Drain. Engrg., ASCE, 114(3), 375-380, 1988.

4. Allen, R. G., Smith, M., Perrier, A., and Pereira, L. S., An Update for the Definition of Reference
Evapotranspiration, ICID Bulletin, ICID, 43(2), 1-34, 1994.

5. Amatya, D. M., Skaggs, R. W., and Gregory, J. D., Comparison of Methods for Estimating REF-ET, J.
Irrig. and Drain. Engrg., ASCE, 121(6), 427-435, 1995.

6. Caliandro, A., Catalano, M., Rubino, P., and Boari, F., Research on the suitability of some empirical
methods for estimating the reference crop evapotranspiration in southern Italy, Proc., 1st Congr. of the
Eur. Soc. of Agronomy, Session 2 P 65, 1990.

7. Chiew, F.H.S., Kamaladasa, N.N., Malano, H. M., McMahon, T. A., Penman-Monteith, FAO-24
reference crop evapotranspiration and class-A pan data in Australia, Agricultural Water Management,
28(1), 9-21, 1995.

8. Doorenbos, J., and Pruitt, W. O., Crop Water Requirments, FAO Irrigation and Drainage Paper 24, FAO,
Roma, 1977.

9. Hargreaves, L. G., Hargreaves, G. H., and Riley, J. P., Irrigation Water Requirements for Senegal River
Basin, J. Irrig. and Drain. Engrg., ASCE, 111(3), 265-275, 1985.



168

10.

11.

12.

13.

14.

15.

16.

17.

S. TRAJKOVIC, M. GOCIC

Jensen, M. E., Burman, R. D. and Allen, R. G., Evapotranspiration and irrigation water requirements,
ASCE manuals and reports on engineering practice No.70, ASCE, 1990.

Katul, G. G., Cuenca, R., H., Grebet, P., Wright, J. L., Pruitt, W. O., Analysis of Evaporative Flux Data
for Various Climates, J. Irrig. and Drain. Engrg., ASCE, 118(4), 601-618, 1992.

Rana, G., Katerji, N., Mastrorilli, M., and El Moujabber, M., Evapotranspiration and Canopy Resistance
of Grass in a Mediterranean Region, Theor. and Appl. Climatology, 50, 61-71, 1994.

Steduto, P., Caliandro, A., Rubino, P., Ben Mechlia, and Snyder, R.L., Penman-Monteith Reference
Evapotranspiration Estimates in the Mediterranean Region, Proc. Int. Conf. on Evapotranspiration and
Irrig. Scheduling, 357-364, 1996.

Todorovic, M., Single-Layer Evapotranspiration Model with Variable Canopy Resistance, J. of Irrig. and
Drain. Engrg., ASCE, 125(5), 235-245, 1999.

Trajkovi¢, S. i Stojni¢, V., Estimacija referentne evapotranspiracije evaporacionim metodama, Zbornik
radova Gradjevinskog fakulteta u Nisu 20, 189-196, 2004.

Trajkovic, S., and Stojnic, V., Simple daily ET, estimation techniques, Facta Universitatis, Series:
Architecture and Civil Engineering, 6(2), 187-192, 2008.

Trajkovic, S., and Zivkovic, S., Effect of actual vapor pressure on estimating evapotranspiration at
Serbia, Facta Universitatis, Series: Architecture and Civil Engineering, 7(2), 171-178, 2009.

POREDJENJE EMPIRIJSKIH JEDNACINA ZA PRORACUN

DNEVNIH VREDNOSTI REFERENTNE EVAPOTRANSPIRACIJE

SlaviSa Trajkovi¢, Milan Goci¢

U ovom radu predstavijeni su rezultati pojedinih empirijskih jedncina za proracun dnevnih

vrednosti referentne evapotranspiracije na podrucju Polocoro, Italija i to: FAO-56 Penman-
Monteith (FAOPM), FAO-24 Penman (FAOPn), FAO-24 Blaney-Criddle (FAOBC), FAO-24
Radiation (FAOR), FAO-24 Pan, Priestley-Tailor (PT) and Hargreaves (HARG). Dobijeni rezultati
snazno podrzavaju koris¢enje FAO-24 Pan i FAO-56 Penman-Monteith jednacina za racunanje
dnevnih vrednosti referentne evapotranspiracije na lokaciji Policoro, Italija.

Kljucne reci: referentna evapotranspiracija; Penman-Monteith; Class A pan, Policoro




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




