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ABSTRACT

This paper presents an evaluation of the feasibility and the reliability of a visual characterization technique for gravel—
cobbleriver bed surface substrate. Based on principal axis regressions, using piii)scal@parisons of visual estimation

and grid sampling techniques show that useful predictive relatRfs (-78—-088) exist between visual estimates of the
surfaced, g, dsp anddg, and estimates obtained for the same percentiles with the grid sampling technique. Comparisons of
visual estimation and the surface-bulk sampling technique also indicate a predictive réatioh {0) between thds of

the two methods. Trained operators can visually estimate gravel—cobble bed dystacmcertainties of 41 per cenlgto
15percentandg,sto 11 per cent (forexample, there is-& Bnm error on &g, size of 50 mm). Furthermore, evidence shows

that if operators are properly trained, a calibration relation for each percentile can be applied independently of operators.
This visual characterization allows effective detailed mapping of spatial patterns in substrate size distribution along
extensive reaches of gravel-bed rivers. The technique can be very useful in creating terrain models for various
geomorphological, hydrological and biological applications such as the determination of entrainment thresholds, hydraulic
roughness and substrate suitability for benthic insects or salmonid habitat. Cogyrff@1 John Wiley & Sons, Ltd.
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INTRODUCTION

The characterization of bed sediment calibre in a gravel-bed river involves spatial sampling difficulties due to
lateral, longitudinal and depth variability of sediment size and distribution (Mosley and Tindale, 1985;
Churchet al,, 1987). The majority of existing sampling techniques (reviewed below) have been applied to
spatially limited river forms such as riffles, pools and point bars (Milne, 1982; Payne and Lapointe, 1997).
Nevertheless, these techniques are not optimized to describe with reasonable precision the lateral and
longitudinal variability along long reaches of gravel-bed river, especially within a limited time span and the
usual physical resources of a researcher. The usual way to achieve a spatial map of the sediment size
distribution along a gravel-bed river has been to visually delimit the river bed into facies or areas whose
surface grain size composition and distribution are approximately similar. This is followed by a
characterization of the different areas by a surface sampling technique (Lisle and Madej, 1992; Sear,
1996; Buffington and Montgomery, 1999). This procedure, a form of stratified sampling, can be adequate, but
it still relies on an initial visual delimitation of the boundaries of substrate facies in different areas. Because of
the gradual nature of many facies transitions, this delimitation can be time consuming and relatively
subjective in gravel-bed rivers. Furthermore, it has not been demonstrated that replication of this procedure
by different operators can give consistent results.
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This study proposesa useful alternativevisual techniqueto characterizehe surfacesubstrategsize and
distribution) over an expanseof a gravel-bedriver. The techniqueis quick, relatively preciseand easyto
applyin clear-wateiflows, evenoverlong river reacheslt canalsobe easilycoupledto grid datasmoothing
algorithmsin commonGIS packageso producenterpolatednapsof substratecalibreinformation(example
of whichwill beprovidedbelow). Thesemapscanbe usefulto describespatialpatterndn streamhabitatfor
variousorganismsaswell asbedroughnessnd critical entrainmentstressrequiredin the developmenbf
two- or three-dimensionahydrodynamiocor sedimentransportmodels.

This paperis divided into four sections{(1) a brief review of bed sedimentsamplingtechniques{2) an
explanationof the methodologyandtraining protocolusedfor the visual estimationof a river bed surface
sedimentizedistribution; (3) the error estimationlinked to this techniqueanda comparisorwith common
surface sampling techniques(grid sampling and surface-bulksampling); and (4) a discussionof the
applicability and someadvantagesf the proposedvisual characterizatioriechnique.

SUBSTRATESAMPLING REVIEW

A wide rangeof methodsexistto characterizesubstrateAt the beginningof the 1950s,severalresearchers
wereinterestedn the sizedistributionof bedsedimentin orderto quantify the bedroughnes®f a channel
flow. Indeed LaneandCarlson(1953),while focusingon canalconstructiondeveloped surfacesampling
techniqueto evaluatethe Manningcoefficient. This techniqueconsistsof extractinga thin surfacelayer of
1 m? areafor sieveanalysis For similar reasonsyWolman(1954)developedagrid samplingtechniquewhich
involvessettinga grid over the surfaceand picking up the particlesimmediatelybeneatheachpoint on the
grid. Usually,it is recommendethat 100particlesbe collectedandtheir b-axismeasuredwhichis themore
representativaxisto estimatediameterof anellipsoidalparticle (Kosteretal., 1980).Unlike thefrequency-
by-weight relations of volumetric samplingtechniquesthe Wolman grid techniquesuse frequency-by
numberstatistics(Churchet al., 1987).KellerhalsandBray (1971) proposecdconversionformulaeto relate
thesevarioustypesof grain size statistics.Severalvariationsexist of thesebasictechniquessuchasthe
photographidechniqgue(Adams,1979)andthe greased-blockechnique(Ettema,1984).

In 1964 biologistsinterestedn the gravel-sizedistributionin salmonspawningareagdevelopedheir own
sampling techniqueusing ‘McNeil-type samplers’ (McNeil and Ahnell, 1964). This method involves
collectingsediment(from 6 to 15kg) underwaterto a depthof 60cm into the substrateWalkotten(1973)
developedanotherapproachcalled the ‘freeze-coretechnique’.A hollow rod is insertedinto the bedinto
which coolingliquid (carbondioxin or nitrogen)is injected.This bindsthe particlessurroundingherod and
allows themto be extractedfor analysis.Rood and Church(1994) emphasizedomeweaknessesf these
methods:the McNeil-type samplersmay undersamplethe fine particle contentand it is impossibleto
predeterminethe volume of sedimentfor the freeze-coretechnique.Furthermore,ndividual samplesby
eithertechniguemay be too smallto allow a statisticallyprecisecharacterizatiomf cobble/gravesubstrate
sizedistribution. Therefore,Rood and Church(1994) proposeda combinationof the two techniquesThis
techniqueconsistsof burying a 20 cm diameterbarrelin a bedto a depthof 30cm, the maximumdepth
usuallyusedby somesalmonidfor spawning(Devries,1997),and into which the freeze-cordechniqueis
applied.This methodhasprovento beefficient to awaterdepthof 1-1 m andcollectsapproximatelyl 3.5 kg
of sedimentsPayneandLapointe(1997)useda flow-isolationchamberffor extractinglargemasse$100kg)
of substraten a subaqueousnvironment.

METHODOLOGY OF THE VISUAL CHARACTERIZATION TECHNIQUE

The visual characterizatiortechniquefor surfacesubstrateproposedin this paperallows a rapid visual
estimationof the surfacegrainsizedistributionof a 1 m? bedarea(eitheremergecr submergedinderclear
water).Particledessthan2 mmin diameterarenottakeninto accountin the visual estimationconsequently
limiting thetechniqueto gravel-bedivers. Thistechniquenvasdevelopedindtestedfor moderatelyrounded
sedimentsn analluvial gravel-cobbleiver andhasnot beentestedfor highly imbricated,platy sediments
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andin systemslominatedby bouldersor clustersThegrainsizerangeof the 1 m? areavariedbetweer? and
38mm (dyg), 11 and64mm (dsg) and24 and115mm (dg,). Additional studiesare neededo validatethis
visual techniquefor otherriver environments.

Training protocol

Using a subaqueougrid sampletechnique Wohl et al. (1996)notedthat multiple operatorscanproduce
statistically different measure®f dsg and dgs. Marcuset al. (1995) notedthat the size estimateprecision
decreasewhenmultiple operatorswith different biaspool their samplesandsuggestedigoroustraining to
reducehis effect. To achievestatisticallyconsistentesults operatottrainingis necessarpeforecarryingout
visualgrainsizesurveys.Theoperatorsarefirst trainedto estimatevisually the b-axislengthof 200particles
(rangingin sizefrom 5 to 160mm) laid out on a table.After training, operatorsareusuallycapableof doing
this to an accuracyof 15 per centof diameter.An introductionis thengivento the basicsubstratesurface
samplingtechniqueggrid andsurface-bulksamplingtechniques)Operatorsareinformedthatin a spatially
randomor systematicampleof abedsurface(suchasagrid sample)with datarankedby particlediameters,
the dig, dso and dg4 diameterscorrespondo thoseparticle sizessuchthat 16, 50 and 84 per centof the
sampledbedarea respectivelyjs coveredby particlessmallerthanthe givensize.Operatorghenattemptto
visually estimatethe dy ¢, dsg anddg, (in mm) of 20 different1 m? areasof contrastingtextureon the study
gravel-cobbleriver system.Immediately after visual estimation,the operatorsapply the grid sampling
techniqueon exactlythe samearea(with a 1 m? grid andby picking up 100particles)to calculatethe sizeof
thepercentileneededThe operatoraretheninstructedo replaceeachrockin the exactpositionfrom which
it wastakenfor measurement hisis immediatelyfollowed by a surface-bullsamplingtechniquewherethe
thicknessof the surfacelayeron a 1 m? areais definedby the depthof the hole left by removingthe largest
rock (Churchetal., 1987).Thesurfacdayeris thenentirelyremovedmasss recordedandgrainsaresieved
and weighed.The reliable estimatesof the d;¢, dso and dg4 of eachl m? areabasedon acceptedsurface
sampling techniques(grid sampling and surface-bulk sampling) are communicatedto the operators
immediatelyafter they completeeachof the samplingtechniquesThis allows the operatordo furthertrain
andcalibratetheir visual estimationsThis training protocoltakesapproximatelytwo to threedays.

ERRORESTIMATION OF VISUAL CHARACTERIZATION TECHNIQUE

After this training, a study was conductedon 37 new sitesusing the sameprotocol. On thesel m? sites,
operatorsvereaskedto performvisual estimationsof the d,6, dsg anddgs. To evaluatethe reliability of the
visual characterizationechnique yisual estimationsof the d; g, dsg anddg, werecomparedo the resultson
the sameareaof the di6, dsg anddg, given by the grid samplingand surface-bulksampling.Principal axis
regressionsvere usedto analysethe relationshipamongvarioustypesof size estimates.

Comparisondetweervisual samplingand grid samplingtechnique

ThreetrainedoperatorgS1,S2andS3)completedvisualestimationof thed, g, dsp anddg, onrespectively
29, 21 and 18 of the 37 1 m? sitessampled.Typically, researchersvill usethe visual field estimateand
converttheseto equivalentgrid samplingresults,using a calibration relation developedfor eachvisual
estimator.Sinceall surfacesamplingtechniquegvisual, grid andsurface-bulk)are subjectto measurement
error,aleastsquaresimplelinearregressiorcannotbe usedfor purpose®f calibrationor predictionof one
samplingtechnigueto another.It has beensuggestedhat when all variablesare in the sameunits of
measurementhe principal axis methodprovidesa singleaxisto representhe trendbetweentwo variables
(Mark andChurch,1977; SokalandRohlf, 1981).

Principalaxisregressions/ereobtainedor comparisonbetweerthevisualestimation®f anoperatorand
theresultsof a grid samplingfor the samepercentile It shouldbe notedthatthe datahavebeentransformed
from millimetres to a phi scale (Wentworth,1922; Churchet al., 1987). Nine principal axis regression
equationsverederived,onefor eachoperatorandsizepercentilg(Figurel). Backtransformedo millimetres,
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Combination Correlation |Principal axis regression | Error
# |Samplers | Percentiles| n R? b a SE
1 S1 016 29 10.746 0.937 -0.090 0.568
2 S2 016 21 |0.863 1.026 0.277 0.403
3 S3 G 16 18 | 0.519 0.987 -0.089 0.731
4 S1 ¢S50 29 10915 0.936 -0.421 0.172
5 S2 ¢50 21 [0.889 1.093 0.390 0.205
6 S3 ®50 18 | 0.812 1.159 0.862 0.194
7 S1 084 29 10910 1.207 1.275 0.153
8 S2 084 21 10.878 1.107 0.700 0.179
9 S3 084 18 | 0.778 1.288 1.801 0.171

Figurel. Relationbetweervisual estimatef threedifferentsamplersandcorrespondingrid samplingresultson 1 m? area for three
percentiles{A) ¢16; (B) ¢50; (C) ¢84

this yields error estimatesxpressedh percentagesrlhis is consistenwith havingsize uncertaintiesvhich
scalewith particlediameter Notethatstandarcderrorsin predictingthe grid resultfrom visualestimation(SE
(vis-grid)) arelargerfor the d,g but relatively identicalfor dso anddg, (Figure 1).
SlopeandinterceptcomparisongScherrer,1984; Zar, 1984) of the principal axis regressiorequations
were conductedseparatelyfor eachpercentile(ds, dso and dgs), to determineif thereis a significant
differencein thetrendof thevisualto grid calibrationsamongoperatorsThe analysisdemonstratethat, for
eachpercentile,the slope and the elevationgiven by the principal axis regressioncannotbe considered
significantly different (at « = 0-05) amongthe operatorsTherefore datacanbe pooledfor the threetrained
operatorandusefulpredictiveequationsareobtainedbetweervisual estimateandgrid samplingresultsfor
eachpercentile(Figure 2). Although different trained operatorsmay have different bias, the calibration
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Figure2. Comparisorbetweervisual estimationsandgrid samplingresultsfor eachpercentileusing pooleddataof all samplers

equationgor d;g anddsp of our threeoperatorsverenot significantly differentfrom the line of agreement.
The SE (vis-grid) obtainedby the pooleddatademonstratethatthe threeoperatorcanvisually estimatebed

surface¢6 to uncertaintiesof 0-582p, ¢so to 0-211¢p and ¢g4 to 0-162p. Therefore,generalcalibration

relationsto transformvisual estimatesnto equivalentgrid samplingresultsfor the studyoperatorsaregiven

asfollows:

b16grid = 0+ 974 ¢16.is — 0~ 130 and SE (vis-grid) = 0 - 582
16 grid = 1 - 094 (di6vis)*°"* and SE (vis-grid) is approximately41 per cent
Gs0grid = 1- 015 dsoyis + 0 - 103and SE (vis-grid) = 0 211
dso grid = 0 - 931 (dsovis)“** and SE (vis-grid) is approximatelyl5 per cent
¢gagrid = 1- 178 ¢gavis + 1 - 121 and SE (vis-grid) = 0 - 162

dga grid = 0 - 460 (dggvis)™*"® and SE (vis-grid) is approximatelyl1 per cent

In generalthe bestcandidatesor visualcharacterizatiomvould bethosewith consistentfor zero)biasand
smallestpossiblerandomerror (basedon standarcerror statistics)

Relationbetweervisual samplingand surface-bulksamplingtechnique

The complexrelationbetweena surfacecountsample(suchasa grid sampling)anda bulk sampleof the
armourlayer hasbeeninvestigatedheoreticallyand experimentally(Kellerhalsand Bray, 1971;Hoey and
Ferguson;1994).In this section,visual estimatesvere comparedo surface-bulksamplingresultsfor each
percentile.Using the sameanalysisas the previoussection,comparisonf the principal axis regressions
indicatethattheslopeandinterceptof thecalibrationequationcannotbe considerediifferent(ato = 0-05) for
thedsg only, amongthe operatorgFigure3). The uncertaintiesn the calibrationof thevisual estimateto the
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Figure 3. Comparisorbetweenvisual estimationsandgrid samplingresultsfor eachpercentileusing pooleddataof all samplers

surface-bulksampling (SEpsq (vis-sb)=0-289% or approximately20 per centof dsg) are largerthenthe
imprecisionin calibratingvisual estimatego grid samplingfor the samepercentile(0-21¢ or 15 percentof
dso).

In summary,calibration betweenvisual estimationsand grid samplingresultsfor the three percentiles
studiedare operatorindependentbut lessprecisefor d;¢ thancoarsempercentilesThe relationbetweernthe
visual and surface-bulktechniqueis significantly differentfrom line 1:1 andonly operatorindependentfor
dso percentile.The principal axis regressionon Figure 3 revealthat visual samplingtechniquetendsto
underestimatehe size of the dso with respectto surface-bulksamplingresults. The latter resultis to be
expectedThisis logically consistentvith HoeyandFerguson’'§1994)findingsthatgrid-basedisg estimates
of thesurfacdayertendto besystematicallysmallerthanbulk dsg values Thisalsoappearso beinconsistent
with the KellerhalsandBray (1971) predictionthat grid samplingis equivalentto bulk sieveanalysis.

APPLICABILITY AND ADVANTAGES OF THE VISUAL CHARACTERIZATION TECHNIQUE

Percentileof the grain sizedistributioncanbe usedto estimateseveralgeomorphologicalhydrologicalor
biologicalvariablessuchasbedroughnesg¢Limerinos,1970;Bray,1979;Hey,1979),critical sheaistresdor
entrainmen{Chang,1992;SimonsandSentuik, 1992)andrelatedbedmaterialtransporpredictiongMeyer-
Peterand Muller, 1948; Einstein,1950; Parker,1990). Bed surfaced, g, dsq anddg, canalso be usefulto
characterizevisual estimatef riffle zonegravelsfor salmonidreproduction(Kondolf andWolman,1993;
Moir et al., 1996) aswell as habitatsuitability for variousfishes(Morantz et al., 1987; Heggenes1996;
Heggene®tal., 1996)or benthicmacroinvertebrate@uotka et al., 1996).

The advantageof the visual characterizatiortechniqguebecomesobvious when estimatinggrain size
distributionsalong severalkilometre-longreachesof gravel-bedrivers, wherethe lateral and longitudinal
sedimentologicalvariability is important. Properly trained and calibrated operatorsrequire only a few
secondsto evaluategrain size percentilesof the bed surface over 1 m? area and hundredsof such
georeferencedstimatesanbe easilydonein areach.Visual estimatesanbe calibratedagainstotherwell
known river bed surfacesedimentsamplingtechniquessuchas grid and surface-bulksampling,with an
acceptabldevel of precisionfor manyapplications.

Copyright © 2001 JohnWiley & Sons,Ltd. Earth Surf. Process.Landforms26, 307—-318(2001)



VISUAL CHARACTERIZATION TECHNIQUE FOR GRAVEL RIVER BEDS 313

Flow direction

0 20 40

Meters

Bed topography (m)

[ B

Bl 2g-129
127 - 128
B 126 - 127
=5 125 - 126

*  Visual estimation of the
clI o d and d: s

ig

Figure4. Visual estimationof bed-surfacesedimenton a 100m reachof the Sainte-MargueritRiver

The method developedin this paperwas applied on a 4km sectionof the Sainte-MargueriteRiver
(Canada)A descriptionof theriver bedsubstratevith the visual estimationtechniquewasintegratednto a
topographisurveyof theriver donewith atotal station.At almosteverytopographicsoundingpoint, d; 6, dso
and dg4 were estimatedvisually and input in the georeferencedatabaseA densecoverageof visual
estimations(Figure 4) can be madewithin a reachto estimatevariableslinked to the sedimentsize and
distributionin a seriesof geomorpholgical andbiological applications.

Sedimensizedescriptors

The visual characterizatiortechniquecan be appliedto derive and map sedimentsize and distribution
statistics(Inman,1952;Kondolf andWolman,1993),oftenusedin streamecologicalcharacterizationAfter
conversiorof thevisualestimationto anequivalentgrid samplingvalue(in millimetres),thegeometrionean
surfacesubstratesize at variouspointsin ariver reachcanbe interpolatedusing[(dgs + d16) / 2] at every
visualsamplingpoint (Figure5). Usingthis techniquethelongitudinalandlateralvariability of meansurface
grain sizebecomesapparentBasedon the uncertaintief d,g anddg,, the standarderror of the geometric
meancalculatedis 0-37¢ or approximately26 per cent. This error is not significant, when producingan
interpolatednapof geometrianeanwith aphi sizecontourinterval. Thesortingindex(i.e. thedegreeof local
heterogeneitatthebedsurface)definedas[(dgs — d16) / 2] is mappedn Figure6. Thestandarderrorof the
sortingindexequalg-21¢ or approximatelyl4 percent.Forthereachstudiediffle composeaf verycoarse
gravelhasanotablylargeareawith highhomogeneitysortingindex~2), presumabhanindicationof sorting
by transportover many metresundera fairly uniform bedstressregime.The point bartendsfirstly to fine
downstreanfrom very coarsegravelto granulesand secondlyto be relatively homogeneousxceptedat
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Figure5. Geometricmeancalculatedusingthe visual characterizatioriechnique.

its tail where sorting index increases.The pool is composedof gravel-size particles and is very
heterogeneous.

Bedroughnessshearstressand critical shearstressestimation

The percentilesestimatedwith the visual samplingtechniquecan be usedas input to bed roughness
equationdasednsurfacepercentilesyieldingadensdield of estimatededroughnessalues A mapof the
bed roughnessbasedon the Manning—Stricklerformula (Richards,1982), where n=0-0151 dso*®, is
presentedn Figure7 andtakesinto accounthelateralandlongitudinalvariability of sedimentexturesThe
percentage®f error of the Manning—Strigler coefficient using the visual estimationconvertedinto grid
samplingvalueor into surface-bulksamplingvalueare2-4 and3-3 percentrespectivelyTherefore only the
fourth decimalof the Manning—Stricklercoefficientis affectedby grain sizeuncertainty Terrainmapssuch
as Figure 7 have the potential to improve the accuracyof two- or three-dimensionahydrodynamic
simulations.

Shearstressand critical shearstressmaps

The relationbetweenappliedbedshearstresg(z,) andcritical shearstressfor entrainmeniz) is usedto
model sedimenttransportin rivers. The depth-averageelocity method(Wilcock, 1996) or the near-bed
velocity method(Ippenand Drinker, 1962) are often usedto calculateshearstresse®n a river bed. These
methodgequiremeasurementsf flow velocity, waterdepthandestimate®f local bedroughnessength(z,).
Bed roughnesdength can be computedby severalformulae basedprimarily on dg, or dyg (Hey; 1979;
Whiting andDietrich, 1990;WibergandSmith,1991;Wilcock, 1996).Local shearstrescanbeestimatedy
combining(1) depthaveragevelocity method(Wilcock, 1996),(2) Whiting and Dietrich (1990)formulato
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Figure6. Sortingindex of the surfacesubstratesize calculatedusingthe visual characterizatioriechnique

calculatezy and(3) visual techniqueto estimatedg,. Giventhe form of the log law of the wall (Dingman,
1984), the componentof the error in 7, due to the uncertaintyin dg4 from the visual estimatedepends
essentiallyon theratio of depthto dg4 (Figure8). Excludingthe effectsof the error on waterdepthandflow
velocity calculationstheerroron t, inducedby thevisualtechniques under7 percentfor depthgreatertthan
tentimesdg,. Sincethe critical shearstress(z¢) is proportionalto surfacelayer dsg (Dingman,1984)their
percentagesrrors will be of the samemagnitude(i.e. 15 per cent). An exampleof sedimenttransport
calculationis given to illustrate the propagationof errorsin this case.The analysisbelow of courseonly
accountsfor the error directly relatedto the input of uncertaingrain size variablesin existing transport
models.Otherimportanterrorsin modelspecificationalsoneedto be considered.

Onauniformbedsurfaceareawith dso of 32 mm,waterdepthof 1 m, mearvelocity of 1.5ms™*, theshear
stresscomputedby depthaveragevelocity method(Wilcock, 1996)with zy basedon local dg4 of 64mmis
21.93+ 1.19Pa. The transportrate estimatedby Einstein—Brownformula (Chang,1992)is 162g ms ..
Given the uncertaintieson 7, (5-4 per cent) and dsg or 7. (15 per cent) involved by using the visual
characterizatiotechniquethe sedimentransporrateestimationvariesbetweer8-0 and688 gms *. These
uncertaintiesremain considerableHowever,taking into accountthe spatial variability of grain sizein a
sedimenttransportmodel can yield useful insightsinto lateral and longitudinal variability of sediment
transportrate,a major issuein modellinggravel-bedriver evolution.

CONCLUSION

The visual surfacesubstratecharacterizatiortechniqueproposedn this papercan efficiently and rapidly
provideestimate®f the d ¢, dso andds, overa 1 m? bedsurfaceareaandcanbe appliedon both submerged
and emergentsites. The techniqueis relatively simple, but requires adequateoperator training for
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Figure7. Map of bedroughnessisingthe dso obtainedby the visual characterizatiotechniqueand Manning—Stricklefformula

reproducibility. Trainedoperatorcandevelopindividual calibrationequationgo relatetheir visualestimates
of the dyg, dsg anddg, to resultsfor identical percentilesobtainedby grid samplingtechnique Becausehis

techniqués relativelyfastandreasonablyprecise high-densitylocal estimatesanbegatherednariver bed

andtheimportantlateralandlongitudinalvariability of sedimensizedistributionof agravel-bediver canbe

characterizeanoreaccurately.
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Figure8. Percentagef errorin 7, dueto dg4 uncertaintywithin the visual characterizatiottechniqueandthe relationshipwith depth

(H)
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Spatially interpolatedmapsof the threepercentilesof the grain sizesdistribution (d6, dsg anddg,) can
yield usefulinsightinto severageomorphologichydrologicor biologic factors.Analysisof thesefactorswill
be improved considerably becauseof the ability to take into accountthe sedimentvariability within the
reach. With the developmentof the two- and three-dimensionalhydrodynamic modelling of river
environment,the importanceof characterizingthe spatial variability of sedimentsize parametersat the
reachscalebecomesa majorissue.
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