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Water cycle is essential substance move for human survival. Mathematical modeling of
hydrology is the key tool to meet the more and more critical societal needs for improved
water management and hazards prediction. The development of hydrological modeling has
been in the direction from the first generation empirical and lumped models, to the second
generation distributed hydrological models, and then to the third generation distributed
biosphere-hydrological model. The new generation models incorporate the advanced schemes
to understand the response of hydrological cycle to the change of biosphere, human society
and climate system. The advances of methods for translating satellite data into global surface
parameter sets have driven the development of the third generation models. With the new
generation model, many of the merging advances in monitoring, computation, and
telecommunications are brought to bear on disaster prevention, food supply, health, security

and development issues facing Earth's growing population.

Multidisciplinary developments have prompted hydrological simulation. These advances
include the new insights into mass/heat flux in the Soil-Vegetation-Atmosphere Transfer
(SVAT) processes, progress in getting reliable land surface information from satellite remote
sensing (RS), and developments of Geographic Information System (GIS) technique to
extract topographic variables from digital elevation models (DEMs). This study has aimed at
developing a new generation distributed biosphere-hydrological model accounting for the
merging multidisciplinary advances. The main objectives include: extraction of hydrology
related information from nontraditional datasets, development of a time-continuous
distributed process-based land surface hydrological model accounting for the representations
of the terrains, soil, vegetation, and hydrological response, model evaluation of the new
generation model, and model application to evaluate the effects of human activity and natural

climate variability on hydrology cycle.

The credibility of extraction of hydrology related information from nontraditional datasets is
examined with a distributed biosphere-hydrological (DBH) model system. The nontraditional
datasets to address water resource problems are largely from satellite remote sensing. The
DBH model system is applied to the Yellow River basin, a continental scale river basin in

semi-arid area, to compare the satellite remote sensing data with in situ observations. The



relationship between nontraditional dataset and traditional in situ observation on cloud cover,
which is characterized by large spatial and temporal variations, shows strong correlations,
implying the credibility of use of nontraditional datasets in hydrological simulation. The DBH
model system is then used to analyze hydro-climatic change and stream flow change,
exploring the possible connections between hydrology, vegetation, climate and human
activity in the Yellow River basin. The analysis, using station, satellite metadata and
interpolated coverage, indicates that the precipitation decreases in most part of the Yellow
River basin, climatic factors such as temperature and evaporative demand of the atmosphere
have large trend in special part of the basin, and that human activities have changed the
vegetation condition in the irrigation districts. The Loess Plateau, the Tibetan Plateau, and the
irrigation districts are suggested as precipitation, temperature, and human activities "hot

spots" of the Yellow River drying up, respectively.

A realistic distributed biosphere-hydrological (DBH) model has been developed for
representing the role of both topography and land cover characteristics in hydrological cycle.
The model is designed for use in a continental scale river basin and coupling with
atmospheric models. The vegetated surface is calculated by a realistic land surface model
SiB2. The vegetation phenology is described by satellite data, and the transfer of energy, mass
and momentum between the atmosphere and land surface. The hydrological part estimates the
surface runoff and calculates the interlayer exchanges within the soil profile and interaction
between soil water and groundwater. The geomorphologic properties are abstracted from
Digital Elevation Model using a distributed hydrological sub-model. Realistic watershed map
and river way map are used to delineate sub-river basins and river network. The sub-river
basins are coded following a natural numbering scheme which is self-replicating and is
possible to provide identification numbers to the level of the smallest sub-basins. The river
network routing order of the sub-basins is implicated in the numbering scheme. The runoff is
then accumulated and routed to outlet using kinematic wave approach. The parameters and
forcing data are obtained from various ways, including remote sensing, ground observation,
and statistical surveys. The hydrology-related information was digitized into the model

system in order to diminish the uncertainty in the hydrological simulation.

The model evaluation processes, such as model verification, validation and credibility, are
preformed in the Yellow River basin, China. The effects of natural and anthropogenic
heterogeneity on hydrological simulation were evaluated using the DBH model system. The
model system embeds a biosphere model into distributed hydrological scheme, representing
both topography and vegetation conditions in mesoscale hydrological simulation. An

irrigation scheme has been included in the model system. The effects on hydrological
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processes of two kinds of variability, precipitation variability and the variability on irrigation
redistributing runoff, was investigated in this study, representing the natural and
anthropogenic heterogeneity, respectively. Runoff is underestimated if the rainfall is spatially
uniformly put over large grid cell. And runoff simulation could be improved by taking into
account the precipitation heterogeneity. However, the negative runoff contribution cannot be
simulated by only considering the natural heterogeneity. This constructive model shortcoming
can be eliminated by taking into account anthropogenic heterogeneity, irrigation water
withdrawals. Irrigation leads to increased evapotranspiration and decreased runoff. Surface
soil moisture in the irrigated area increases because of irrigation. Simulations performed for
the Yellow River basin indicates that stream flow decrease of 41% by irrigation. The latent
heat flux increase in peak irrigation season (June, July, August: JJA) is 3.3 Wm™ with a
decrease in ground surface temperature of 0.1 K of the river basin. The maximum simulated
increase in latent heat flux is 43 Wm™ and ground temperature decrease is 1.6 K in peak

irrigation season (JJA).

A comprehensive application of the DBH model system is performed in the Yellow River
basin with the use of data analysis results to evaluate the effects of human activity and natural
climate variability on hydrology cycle. Scenario simulations are performed from 1960 to 2000
to quantify the effects of human activity on hydrology, and to distinguish it from the effects
from natural climate variability. The linear tendency of the forcing data is removed to provide
input for non-change scenarios. The model results from six scenarios, i.e. most realistic
control scenario, non-climate change scenario, non-vegetation change scenario, non-irrigated
area change scenario, stable scenario without linear tendency and stable scenario without
climate pattern change, are compared. The results show that climate change is dominated in
the upper and middle reaches, but human activities are dominated in the lower reaches of the
Yellow River basin. The runoff and evapotranspiration decrease over the Loess Plateau is
dominated by the contribution of climate change. The intensively affected area by irrigation
and vegetation change is the irrigation districts especial in the Weihe irrigation district and
lower reaches irrigation districts. The river discharge at the river mouth nearly half is affected
by climate change and half by human activities. The linear climate change contributes to the
water consumption, but the climate pattern change is more important than the linear climate
change. The river channel flow is more significant affected by the direct irrigation water
withdrawals than by the climate change, which dominantly contributes to the annual water
resources change. The reservoirs are believed to make more stream flow consumption for
irrigation, at the same time, our results demonstrate the reservoirs help to keep environment

flow and counter zero-flow in the river channel.

il




<<
  /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


