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Calibration of relevant parameters of reference crop evapotranspiration
with genetic algorithm
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Abstract The existing methods of calculating reference crop evapotranspiration (E7;) from meteorological data need various
climatic and physical parameters. Net radiation (R,) is one essential parameter for £7,. However, professional measurement devices
of R, are seldom installed in agro-meteorological stations. To overcome problems in calculating E7, without R, data, a genetic
algorithm model was used to calibrate recommended values (a, and b,) of the FAO56 method, using meteorological data from
Nanshaliang Meadow Steppe in the southeastern margin of Hunshandake. R, and the corresponding E7, for April to September and
October to March were calculated and the pre-calibration solar radiation compared with that of post-calibration. The simulation
accuracy of ET, was analyzed using the estimated residual index method. From comparison of the result using recommended and
calibrated values (a, and by), a consistent annual trend was noted for simulated R, in areas without R, data. Although R, obtained
from calibrated values was unstable with high fluctuations, the overall accuracy of ET, improved. The analysis showed that large
error immediately before and after precipitation events. Although precipitation factor is not directly included in the Penman-Monteith
equation, it certainly influences local humidity and temperature. Apparent, both a,; and b, were affected by changes in humidity. There
was therefore the need to further analyze these parameters in relation to humidity.
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Fig. 1 Fitting curves of calculated reference crop evapotranspiration (£7p) by recommended values, adjusted values, and measured values
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Table 1 Residual estimation errors between calculated reference crop evapotranspiration (£7)) and measured values
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Fig. 2 Calculated net radiation by FAO56 recommended values and adjusted values, and calculated reference crop
evapotranspiration by adjusted values
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Fig. 3 Relative error between calculated ET, by measured and adjusted values, and daily precipitation in calculated period

3 iteEge ’
, © a=0.210, h=0.521( );
, , FAO56 a,=0.177, b=0.569( )
(a,=0.25, b=0.50) a, b, ,
( ) ( y

, FAO56  (a; b))



2 245
(@ by , [10] : : . [M].
: , 1995:45-90
i Chen Y M, Guo G S, Wang G X, et al. Main Crop Water Re-
20% s quirement and Irrigation of China[M]. Beijing: Water Power
(4_9 ) 20% Press, 1995: 45-90
[11] Temesgen B, Eching S, Davidoff B, et al. Comparison of some
, 20% o . .
reference evapotranspiration equations for California[J]. Journal
of Irrigation and Drainage Engineering, 2005, 131(1): 73-84
Penman-Monteith , [12] Saxton K E. Sensitivity analysis of the combination
evapotranspiration equation[J]. Agricultural Meteorology,
;4 b 1975, 15(3): 343-353
5 [13] Goyal P K. Sensitivity of evapotranspiration to global
, FAO56 warming: A case study of arid zone of Rajasthan (India)[J].
Agricultural Water Management, 2004, 69(1): 1-11
> [14] Stone R J. Improved statistical procedure for the evaluation of solar
radiation estimation models[J]. Solar Energy, 1993, 5(1): 289-291
a, b, [15] Belcher B N, DeGaetano A T. A revised empirical model to
estimate solar radiation using automated surface weather
> > observations[J]. Solar Energy, 2007, 81(3): 329-345
s [16] Trnka M, Zalud Z, Eitzinger J, et al. Global solar radiation in
Central European lowlands estimated by various empirical
7;;% %irﬁk formulae[J]. Agricultural Forest Meteorology, 2005, 131(1/2):
54-76
[1] Allen R G, Pereira L S, Raes D, et al. Crop Evapotranspiration— [17] Iziomon M G, Mayer H. Assessment of some global solar
Guidelines for Computing Crop Water Requirements[M]. FAO radiation parameterizations[J]. Journal of Atmospheric and
irrigation and drainage paper 56. Rome: Food and Agriculture Solar-Terrestrial Physics, 2002, 64(15): 1631-1643
Organization of the United Nations,1998: 6567 [18] ) . J].
[2] SauF, Boote K J, Bostick W M, et al. Testing and improving , 2004, 24(2): 212-216
evapotranspiration and soil water balance of the DSSAT crop Li X J, Li Q S. Study on calculating methods for reference
models[J]. Agronomy Journal, 2004, 96(5): 1243-1257 crop evapotranspiration in Northeastern China[J]. Scientia
[3] Earls J, Dixon B. A comparison of SWAT model-predicted potential Geographica Sinica, 2004, 24(2): 212-216
evapotranspiration using real and modeled meteorological data[J]. [19] , , ;-
Soil Science Society of America, 2008, 5(7): 570-580 [J]. , 2004, 20(1): 99-103
[4] , Pereira L S, Teixeira J L, Feng Z M, Yang Y Z, Ding X Q, et al. Temporalspatial
1. , 1997(6): 27-33 changing characteristics of reference crop evapotranspiration
Liu Y, Pereira L S, Teixeira J L, et al. Update definition and in Gansu Province[J]. Transactions of the Chinese Society of
computation of reference evapotranspiration comparison with former Agricultural Engineering, 2004, 20(1): 99-103
method[J]. Journal of Hydraulic Engineering, 1997(6): 27-33 [20] s s .
[5] , Pereira L S. FAO [J1. , 1997, 8(4): 9-13
[J1. , 2000, 16(5): 26-30 Luo Y, Lei Z D, Yang S X. Seasonal variation trend and probability
Liu Y, Pereira L S. Validation of FAO methods for estimating distribution pattern of potential evapotranspiration[J]. Advances in
crop coefficients[J]. Transactions of the Chinese Society of Water Science, 1997, 8(4): 9-13
Agricultural Engineering, 2000, 16(5): 26-30 [21] , Pereira L S.
[6] s s . [J1]. ,2001(3): 11-17
[J]. , 2001, 35(1): 57-61 Liu Y, Pereira L S. Calculation methods for reference
Du Y D, Liu Z X, Zhang Y F. Evaluaiton of two reference evapotranspiration with limited weather data[J]. Journal of
crop evapotranspiration calculation methods[J]. Journal of Hydraulic Engineering, 2001(3): 11-17
He’nan Agricultural University, 2001, 35(1): 57-61 [22] s s , .
[7] s s . [J]. ,2003, 24(1): 4447
[J1. , 2002, 22(4): 372-376 LiuB C, Lu Z G, Gao J D, et al. Studies on intensity of ultraviolet
LiYL, CuilY, Zhang T H. Comparative study on calculation radiation and its forecasting method in the arid and semiarid
methods of reference evapotranspiration[J]. Journal of Desert areas[J]. Agricultural Meteorology, 2003, 24(1): 4447
Research, 2002, 22(4): 372-376 [23] s s ,  .a; b
[8] s . [ , 2006, 25(3): 5-6
[J1. , 2004, 23(6): 5-9 Peng S Z, XuJ Z, Ding J L, et al. Influence of a, and b, values
Peng S Z, Xu J Z. Comparison of reference crop on determination of reference crop evapotranspiration by
evapotranspiration computing methods[J]. Journal of Penman-Monteith Formula[J]. Journal of Irrigation and
Irrigation and Drainage, 2004, 23(6): 5-9 Drainage, 2006, 25(3): 5-6
[9] , R , . [24] s s , .
[J71. , 2006, 22(6): 19-23 (ETy) [J1.

Shi X N, Wang Q J, Wang X, et al. Adaptability of different
reference evapotranspiration estimation methods in Xinjiang
region[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2006, 22(6): 19-23

, 2005, 16(4): 11-14
Shang Y, Chao-lun B G, Da B X, et al. Reliability analysis for
estimation of ET, by using the solar constant[J]. Journal of
Water Resources and Water Engineering, 2005, 16(4): 11-14




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 600
  /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 600
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


