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Nutrients retrieval in the Dayang River Estuary based on HJ-1 satellite remote-sensed imagery. WANG Lin, ZHAO
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Dalian 116023, China) . China Environmental Science, 2012,32(1): 136~141

Abstract: On the basis of in situ measurement data in the Dayang River Estuary and HJ-1 satellite CCD imagery, the
nutrients retrieval algorithms were studied. The nitrite (NO, -N) concentration had the best correlation with the remote
sensing reflectance (R,s) in Band 2 (520~600nm), following a natural logarithmic function (R*=0.939). The ammonia
(NH,"-N) concentration was best correlated with R, in Band 2 as well, following a linear function (R*=0.935). Besides,
the nitrate (NOs -N) and total inorganic nitrogen (TIN) were best correlated with R in Band 1 (430~520nm), likewise
following linear functions (R*=0.945 and 0.970 respectively). However, good relationship between the phosphate (PO,° -P)
and R, in any band was not found. Theoretically, nutrients were not optically sensitive substance in the visible light band,
thus these empirical relationships between nutrients and equivalent remote sensing reflectance were largely due to the
typical diffusion characteristics of river input materials, which indirectly led to high correlativity between nutrients and
some optical coefficients, like the absorption of yellow substance (a,(400)). The indirect correlation proposes the potential
feasibility of nutrients retrieval in the estuary waters through satellite remote-sensed imagery. Applying the retrieval
algorithm to the HJ-1 satellite data, a euphotic zone with extremely high concentration of nutrients was detected in the
Dayang River Estuary, and various nutrients gradually declined from the estuary to open seas.
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Fig.1 Stations of the investigation cruise in the Dayang

River Estuary
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Table 1 Correlation analysis results between nutrients and

equivalent remote sensing reflectance

i H R(Bandl) R(Band2) R.(Band3) R.(Band4)
NO, N 0.868 0.880 0.746 0.245
NH;-N 0.928 0.935 0.894 0.417
NO; N 0.970 0.940 0.927 0.072

TIN 0.945 0.931 0.931 0.064
PO, -P 0.195 0.183 0.254 0.226
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Table 2 The statistics of various nutrients retrieval

accuracy
KB BARRA e (umolL) I e(%) R
y=a+bx 0.12825 453 0.880
NO,-N  y=a+blnx 0.09148 26.9 0.939
¥ =ae” 0.31236 51.2 0.286
y =atbx 1.14213 31.1 0.935
NH,"N  y=a+ blnx 1.28712 22.6 0.917
¥ =ae” 238377 45.1 0.715
y =atbx 0.94456 55.0 0.970
NO;-N  y=a+ blnx 1.01887 715 0.965
y =ae™ 2.91601 103.0 0.712
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TIN  y=atblnx 2.19964 313 0.944
y =ae™ 4.13978 52.9 0.802
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Table 3 Correlation analysis results among physical, chemical and optical parameters
IR [ERR e KESH BRI
ZH Sal TChl TSM a,(400) NO, -N NH; "N NO; -N TIN PO -P
Sal 1
TChl 0.422 1
TSM 0.487 0.407 1
ag(400) 0.809 0.570 0.600 1
NO; -N 0.837 0.472 0.768 0.836 1
NH,;"-N 0.755 0.431 0.857 0.808 0.966 1
NO; -N 0.950 0.400 0.402 0.786 0.826 0.718 1
TIN 0.911 0.489 0.670 0.854 0.981 0.935 0.911 1
PO, -P 0.021 0.009 0.132 0.147 0.180 0.209 0.065 0.108 1

T4 TChIRAEVFIE AL 5 ik, PR B HEL K LR A o 2540 ot

3 g

3.1 HJ-1A CCD2 Band2 B A NO,-N Hl
NH, N [ 8UE B Bandl o NO; -N FlI
TIN J 35 [P R B, B oW B B 5 NO, -N 5
Res(Band2) 2% H o, M1 M R T 3% 0.939, 111 114k

2 NO,-N. NH;N. NO; -N PA K TIN T =i & i
Fig2 NO, N, NH,-N, NO; -N and TIN satellite products
AT A pmol/L

PERREAU S NH, N 5 R(Band2). NO; N 5
Ri(Bandl). TIN Y R.(Bandl )% H fefd A5G
R* /¥ WAk 0.935. 0.945. 0.970, 4 R IEAE )
PO, —P 3 J# S 5 AR,

3.2 Sal 5 NO,-N. NH;-N. NO; N LK
ag(400) 4776 5 5 I AR 26 NO, -N'. NH4 N,



13 +OREE

BT IREE— 5 TR A RPE IR R I7 Bh 18 8 141

NO;-N 5 a,(400) [ AH G5 Sl vl ik 0.836.
0.808.0.786, 1 skt JhT -1 ¥ i 448 Y A A\ ) Joz e
R HURFAE, b AE L BERE EATERE SR Eh S80S
GRS BUATFAE IR 5 A DG A2 AT VT 13
$CES F S8 J R Y 1) A R

3.3 M= U A ORI
5 NO, -N. NH;~N. NO;-N BL K TIN #4E7E
AN PR R % e R DX TR I B T
Ir) &0 I T B AT, T 22 A N SR AIK.

S
(1] WI%E52, AT L, ok e, S0 X0 U] 1T ViR A R A e A
AEMEIHLE T D] R, 2011,31(6):996-1000.

(2] Z/NOBREEREIE 15 BRYL I O LA 1 RE SR T

1], HEERFEER, 2007,27(2):313-318.

[3] Pekka H, Jenni V, Tuula H, et al. Detection of water quality using
simulated satellite data and semi2emp irical algorithms in Finland
[J]. The Science of the total Environment, 2001,268:107-121.

[4] Dmitry P, Robert S, Anton K, et al. Operational algorithm for the
retrieval of water quality in the GreatLakes [J]. Remote Sensing
of Environment, 2005,97:352-370.

[5] Ana Silié-Calzada, Annick Bricaud, Bernard Gentili. Estimates of
sea surface nitrate concentrations from sea surface temperature
and chlorophyll concentration in upwelling areas a case study for
the Benguela system [J]. Remote Sensing of Environment, 2008,
112:3173-3180.

[6] V& HILIVEIRTHLEAREE IR HIEE RIS [D]. #ut:r
HUMVE K, 2009.

(71 x| FESRFESE ARAE SRR KR SR SRS RS D
WARFERIORR [J]. A FEER 2R, 2009,11(3):45-55.

[8] GBAJELRH, X E, B 7 5 A TORE FE /K PR 7K 2 B IR S U o
[J]. HhI 5 I BB, 2007,23(6):46-49.

[91 TRETY BRI B AR TR AR 5 SO G i R AR IR 5%
AHr [I]. BEEEAR, 2006,10(6):69-75.

[10] B B XSPIME, £ B BETh MR B 1 5 TR IR E

IKAAKTRIE [J]. FREERFE224R, 2004,24(3):376-380.

EEE,T AN IR A WA AWK BUR B (7).

BRI, 2000,21(6):65-68.

T R, DU A ) TM AR AT K (8 ST L

PN LA PIZE R [J]. SRBEREE, 2003,24(2):18-24.

[13] NASA/TM-2003-211621/Rev4 Ocean optics

[11]

[12]

protocols  for
satellite ocean color sensor validation above-water radiance and
remote sensing reflectance measurement and analysis protocols
[S].

[14] Mobley C D. Estimation of the remote-sensing reflectance from

above-surface measurements [J]. Applied Optics, 1999,38(36):
7442-7455.
[15] NASA/TM-2002-210004/Rev3 Ocean optics protocols for
satellite ocean color sensor validation fluorometric chlorophyll
a: sampling, laboratory methods, and data analysis protocols [S].
[16] NASA/TM-2000-209966/Rev2 Ocean optics protocols for
satellite ocean color sensor validation determination of spectral
absorption coefficients of particles, dissolved material and
phytoplankton for discrete water samples [S].
GB/T 17378.4-2007 V¥R dIBLTE [S].
IREER I RE A/B A BAAE AR FRI B bR R E [R]. bt
o [E Y5 TR R e, 2009.

[17]
[18]

BT T ] S PEER B I O I A 1 LA N LB

B

TEZEN: T Ak981-), 3, bt M ALBE =) 5L, 32 38 g
R 62 5K B RS R B 5 R




<<
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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


