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ii
Summary

The Distributed Hydrology-Soil-\kgetationModel (DHSVM) wasusedto evaluatehydrologic
impactsof hypaheticallandscapetructuresn H.J. Andrews Experimenal ForestWatershed..
Landscapetructuresveredefinedby patternsof oldgronth andclearcutareaswherevegetation
propertief eachland cover type wereconstanin time. Twentydifferentlandscapetructures
weredefinedwith variouslevelsof total clearcutarea patchsize,andpatchdistributions.
DHSVM wasrun over wateryears1980-98for eachlandscapeatructure andthe predictedmean
annualstreamflev, meanannualevapotranspation,anddaily streamflov responsewere
comparedacrosdandscapsatructuresOverall, hydrologic responsevasprimarily andlinearly
relatedto total clearcutarea.Someminor nonlinearitywasevidentin the daily streamflov and
meanannualfluxes. Distribution type for smallpatchsizewasnot significant,but locatinglarge
patchcutsn theriparianzonedid resultin morestreamflov at moderatelow levels comparedo
locatinglarge patchcutsn thetop or bottam of thewatershed.
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I ntroduction

Theimpactsof forestpracticeson catchmenhydrology areanimportantproblemin resource
managemerandscience Oneaspecbf the problemis how waterfluxesdependn sizeand
distribution of clearcutpatcheswithin a catchmentDo fluxeschangdinearly with respecto total
clearcutarea,or non-linearly?Do hydrologicimpactsdependon thetype of patchdistribution,
for examplerandomvs. even?The purposeof this study preparedor Dr. Steve Garman/Orgon
StateUniversty, is to answerthesequestims by applyingthe Distributed
Hydrology-SoitVegetationModel (DHSVM) to 20 landscapestructuregscenarios)n watershed
1 (WS1)of theH.J.Andrews ExperimentaForest(HJA) (Figurel). TheHJA datasetncludes
long-termclimateandstreamflov recordsthathave beenusedin mary studesof watershed
respons¢o foresthanestirg. The datasehasbeenrelatively little usedto supportmodeling of
watershegrocessedjovever. Modelingasaresearchmethodis anexcellentway to generate
hypotesesandpreliminaryanswersvherefield experimentsareimpossible, suchasthe multiple
land cover configurationstudied here.

DHSVM is aphysically-basednodelwith fully explicit spatialrepresentationf thelandscapeat
theresolutian of availabledigital topographyDHSVM wascalibratedon WS1 streamflev data
from the WY58-62 periodwhenthe vegetationcover wasoldgrowvth Douglasfir/Westerrhemlock
forest.Landscapetructuresonsistng of varioussizeclearcutpatchesanddistributions of those
patchesveredevisedby Dr. Garman.DHSVM wasthenappliedto thetime periodof best
meteorologial data,WY80-98,usingthe 20 landscapetructuresasmapsof vegetationtype. The
predictedstreamflev andevapdranspirationET) from thesemodelrunsindicatedthat
hydrolagic differencesvereprimarily relatedto total clearcutarea,andthattherelationshipwas
essentiallylinear.

Model Description

The Distributed Hydrology Soil VegetationModel (DHSVM) is a process-based;stributed
parametehydrologc modelthatallows the simulationof runoff processes forested,
mountaimusernvironmens (Wigmosh etal., 1994. Recentapplicationf themodelhave
evaluatedheimpactsof forestharnestingandroadconstructioron watersheds western
WashingtonLaMarcheandLettenmeier2001) andwesternBritish Columbia(Wigmosa and
Perkins 1997). A particularstrengthof DHSVM is its grid-basedepresentationf thewatershed,
allowing specificatiorof vegetationandsoil typesat theresolutian of the digital elevationmodel
(DEM). Elevation dataof the DEM areusedto simulatetopographiacontrolson absorbed
shortwave radiation,precipitation air temperaturenddovndope watermovement

Major processesimulatedarecanopy interceptionevaporationfranspirationsnov
accumulatiorandmeltin the canopy andontheground,verticalunsaturateavaterflow, and
lateralsaturatedyroundvaterflow. The majorinputsaregridsof surfaceelevaion, soil type, soil
thicknessyegetationtype;look-uptablesof soil andvegetationbiophyscal parametewalues;
andtimeserief theclimatevariablesair temperatureprecipitation wind speedrelative
humidity, solarradiation,andlongwave radiationfrom oneor morestations.In theversionused
here,local climatedataaremappedo eachcell duringthe modelrun usinglapseratesfor vertical
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distribution of temperatur@ndprecipitation Incomingsolarradiationis adjustedaccordingto
topographicslopeandaspectCanofy evapotranspiratin is simulatedfor eachcell with the
Penman-Monteitkequationandlocal aerodynami@andcanopy resistancesAn explicit
enegy-balanceapproachs usedfor snov accumulatiorandablation,bothin the canogy andon
theground.Unsaturatedoil watermovementis downwardonly anddriven by aunit gradientwith
hydraulicconductvity asafunctionof soil moisure content,usingthe Brooks-Corg equation.
Lateralsaturatedoil watermovements simulatedwith Dargy’s Law, wherehydraulicgradientis
basedn eitherland surfaceor watertableelevations(land surfaceoptionwasusedhere).

Surfaceoverlandflow is generateavherethe watertablerisesabove theland surface.Quick flow
(i.e. macropordlow) is animportantmechanisnior streamflov generationin steeptemperate
forests,andis representedly limiting infiltration into the soil matrix usingthe Holtanequation
(Holtan, 1961) anddirectingmorewaterinto surfacerunoff thanwould otherwisebe indicatedby
forestsoil with highinfiltration capacity The surfacerunoff is thenroutedusinga simple
kinematicapproactor a hydraulc approaclof (SzilagyiandParlange 1999; thekinematc
methodwasusedhere.Streamflov is generatedby channelinterceptionof surfaceandsubsuréace
runoff. Vegetationmayberepresenteavith up to two layers.An oversory, if presentmaycover
all or somefractionof thecell. An understoryif presentjs assumedo cover theentirecell.
Vegetationtypesrangingfrom baresoil to low-lying vegetaton to closed-canopforestswith
understorymay be specified.Climatevariablesarespecifiedat a heightabove thetop of the
vegetaton. Wind speedandsolarradiationareattenuatediown throughthe vegetationlayers
basedon fractionalareacovered,vegetaton height,andLAl. Stomataresistancés compued
separatelyor eachroot zone-\egetaton layercombinaton, usingsoil moigure (Feddestal.,
1978, andair temperatureyaporpressuraleficit, solarradiation(Dickinsonetal., 1991).

Model Application

A regional10-meteDEM andthe WS1gagingstationlocationwereobtainedrom the HIA
databankandusedto defineWS1. StandardArcinfo algorithms (ESRI, 1999 wereusedto
procesgshe DEM to fill erroneousinks,calculateflow directionandflow accumulationand
delineateghewatershedqFigurel). Thestreamchannehetwork wasdefinedusinga minimum
contrikbuting areaof 35 cells(0.35ha).

A soiltypemapin vectorformatwasobtainedrom the HJA databankandcorvertedto a 10-meter
grid cell formatusingthe Arcinfo polygrid function. Soilswerecharacterizé ashaving three
rootingzonesandabottomzone.Soil depthandotherpropertiedor the sevensoil typesfoundin
WS1werecompilkedfrom Dyrnesq(1969 andBredensteinef1998. Additional soil parameters
werecalculatedusingmethodgoundin Cosbyetal. (1984 andClappandHornbeger (1978

Vegetationin WS1wasrepresentedstwo types,oldgrovth andclearcut,n varyingproportions
anddistributionsin the 20 landscape&cenariosThe oldgrownth typewasdefinedashaving an
oversbry leafareaindex (LAI) of 8.5,anda heightof 60 m. The oldgronth understorywas
definedwith LAI=0.5 andheight=1m. The sameunderstorybut no overstay werespecifiedfor
theclearcutvegetatontype.
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Four typesof clearcutpatchdistribution weredefinedby Dr. Garman:1) Miscellaneous
topographidistributions;2) Randomdistribution with a minimum patchsizeof 1 cell; 3)
Randonmdistribution with a minimum patchsizeof 9x9 cells; 4) Evendistribution with a
minimum patchsizeof 3x3 cells (Figures2- 5). For the Miscellaneousopographidistributions,
threeschemesveredefinedin additian to 0% clearcut(oldgronth) and100%clearcut:1) 25%
clearcutwith patchedocatedin upperportionof watershed2) 25%clearcutwith patchesn
lower portion;and3) 25%clearcutwith patchedocatedin theriparianzone.In theother
distribution types(2-4), five levelsof total areacut weredefined:5%, 10%,25%,50%, 75%.

Climateinputto the modelwasobtainedrom the PRIMET andCS2MET stations)ocatedl-2km
from theWS1. For the calibrationperiodof WY58-62,hourly climatedataweregeneratedrom
daily minimum andmaximumair temperatur@ndrelative humidity, andprecipitationfrom
CS2MET For the mainsimulationsinvolving WY80-98, hourly air temperatureprecipitation,
relatve humidty, wind speedandsolarradiationfrom PRIMET wereused plusderved
longwave radiation.

Themodelwascalibratedusingclimateandstreamflev datafrom the pre-harestyearsof
WY58-62,anda 100%oldgronth vegetationcover. The primaryparametershatwerecalibrated
werelateralhydraulicconductvity, andtheratio of lateralto verticalhydraulicconductvity in the
uppersoil layer, which governsthe amountof waterenteringquickflow andregularmatrix flow.
Modelskill in simulatng hourly streamflev wasgood;for WY58-62,R-squared=0.80=0.787,
E1'=0.480,d1'=0.746,andbias=0.98GseeAppendixfor explanaton of statisical measures).

Results

Overall,the predictedhydrologt responséo the amountof clearcutareais linearandsimilar for
differentdistribution types.Meanannualrunoff increasesvith total clearcutarea(Figure6), and
meanannualET decreasewith clearcutarea(Figure7). A smallamountof nonlinearityis
indicatedin Figures6a,c. At eachlevel of clearcutarea fluxesaresimilar acrosglistribution

types.

Daily streamflavs werealsoevaluated Hourly streamflev wasaggreatedto a daily timestepand
thenthe upper50 percentof daily flows wereselectedor furtheranalysis.The percentchangean
streamflov from the oldgrowth stateto thetreatedstate relative to the oldgronth state was
plottedagainsistreamflov probability (Figures8,9). All threedistribution typeswith clearcutarea
rangingfrom 5 to 75 percentexhibit somenonlinearityin the streamflev changes—atows near
themediantheincreasdetweerthe 25%and50%clearcutlevelsis slighty largerthanthe
increasedetweerotherclearcutlevels separatedby 25% (Figure8). For flowsin theupper
decile,thelargestincreasas betweerthe 50%and75%levels (Figure9). For the miscellaneous
topographidistributionsinvolving large patchestheriparianschemeesultedn higher
streamflov nearthe streamflev medianthanthe other25% clearcutdistributions (Figure 8d).
This s attributableto theabsenc®f strongtranspirationn anareawheresoil moistue is not
limiting, resultingin morestreamflev underthe hanestscenariaattimesof moderate
precipitation snavmelt, andrunoff.
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To look morecloselyat peakflavs, maxinum hourly flow for eachyear(annualmaxinum series)
wasplottedfor eachlandscapetructure(Figure10). For thesehighestflows, therewaslittle
differencebetweenrstructuresreflectingthe low buffering capacityof vegetaton cover during
high-intengy storms.

Discussion

Vegetationpropertiesemainecconstanin time, sodifferencesn hydrologic responsdetween
oldgronth andclearcutareasalsoremainedconstantin reality, regrowth would occurin the
clearcutareasresultingin decreasindpydrologic differenceghroughtime.

Meanannualfluxesdependegbrimarily uponthetotal clearcutarea,andtherelationshipvas
mostl linear. Therewassomeevidenceof nonlinearresponsén daily streamflovs. Theinfluence
of topographidistribution of large patchesvasminor. Basedon theresultsfor streamflev and
evapotranspation, nonlinearhydrologic responsevasnot animportantoutcomefrom this
experiment.

Variationin hydrologic statevariablege.g. soil moisure) andflux variablege.g.,transpiration)
in DHSVM is drivenprimarily by topographigosition. Here,elevationwasusedto vary
temperatureslopeandaspecivereusedto vary incidentsolarradiation.Variability in solar
radiationaffectsevapotranspation andsnavmetl. Otherclimateinputs(precipitation relative
humidity, wind speed)vereassumedo be uniform acrosghewatershedThe downslope
movementof waterdrives variationin soil moisure,which affectstranspiratioo andstreamflov
generationThe modelcanbe expectedo be sensitve to spatialpatternin vegetation whenthe
meanclimateor meanhillslope posiion of the vegetatio typesvaries.In this experimentthe
topographiextentandclimatic rangeof thewatershedveresmall,andvegetaton typeswere
distributed acrossall hillslopeposiions,exceptin the caseof largeriparianpatchesGreater
hydrolagic responseo spatialpatternof vegetationwould be expectedn a simulaton wherethe
climaticrangewithin thewatersheds greateyandwherethe vegetaton distributionscoincideto a
greaterdegreewith the climatic variability. Greaterhydrolagic responsevould alsobe expected
wherevegetationdistribution dependstronglyon hillslopeposition. Little differencewasseen
betweernthe upperandlower 25% patchcutistributionsbecausdothinvolved patchplacement
alongthe hillslope from streamchanneto ridgetop,andhadsimilar averagesolarradiationinputs
andair temperaturesGreatervariationin climateandconcentratiorof patchesn distinct
hillslopeandclimatic zoneswould causegreaterdifferencesn the meanhydrologic responsef
thewatershedcenarios.
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Figurel: H.J. Andrews Experimenal Forestand WS1. Graphicprovided by Beverly Wemple,
University of Vermont.
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Figure2: Miscellaneouslearcutdistribution types.
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Minimum Patch 9x9 Cells, Randomly Distributed
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Figure4: Randomlydistributed clearcutswith minimum patchsize= 9x9 cells.
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Figure5: Evenly distributed clearcutswith minimum patchsize= 3x3cells.
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Minimum Patch 1 Cell, Randomly Distr. Minimum Patch 9x9 Cells, Randomly Distr.
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Figure6: Meanannualrunoff (streamflov), WY80-98, for differentdistribution typesandlevels
of clearcutarea. Thin blackline is straightline segmentbetweenoldgronth and 100%
clearcutstates.
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Minimum Patch 1 Cell, Randomly Distr. Minimum Patch 9x9 Cells, Randomly Distr.

7b

600
|

7a

ET (mm)
400 500 600
| | |
ET (mm)
400 500

300
|
300
|

200
|
200

T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100

Total Area Clearcut (%) Total Area Clearcut (%)

Minimum Patch 3x3 Cells, Evenly Distr. Misc. Topographic Distr.

7d

600
|

7c

600
|

500
|
500
|
100% Old Growth o
25% in Upper Portion o

25% in Lower Portion g
25% in Riparian Portion g

ET (mm)
300 400
| |
ET (mm)
300 400
|

200
|
200
|

@ 100% Clearcut

T T T T T T
20 40 60 80 100

o

Total Area Clearcut (%)

Figure7: Mean annualevapdranspirationWY80-98, for differentdistribution typesand levels
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clearcutstates.
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Minimum Patch 9x9 Cells, Randomly Distr.
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Figure8: Percat changein daily streamflov (runoff) betweentreatedstateand oldgrowth state,
relative to oldgrownth state at streamflov probabiltiesrangingfrom the median(0.5) to
maximumflow (1.0). Streamflev probabilty = cumulatve densityfunction, the proba-
bility of aflow beinglessthanor equalto the givenstreamflaov.
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Minimum Patch 1 Cell, Randomly Distr. Minimum Patch 9x9 Cells, Randomly Distr.
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Appendix: Statisticsfor evaluating model skill

Biasandsereralgoodness-of-fimeasuresverethe primary statistcs usedto evaluatemodelskill
atreproducingclimatevariablesandstreamflev. The overall approachandcertaindefinitionsare
takenfrom LegatesandMcCabe(1999, anexcellentreferenceon goodnesof-fit measures.

Biaswasdefinedastheratio of predicted(simulated)meanto obseredmean

P

bias=
@)

(1)

where o
meanof the predictions

P—
O = meanof theobserations

Thetraditioral R?, or squareof Pearsors product-monentcorrelationcoeficient, describeshe
portionof total variancein the obseneddatathatcanbe explainedby the model,andrangesrom
0.0to 1.0:

3 (@-0)(R-P)

R = N 105 N ~ 105 (2)
So-0)] [Sm-7]
i=1 i=1
where

N = numberof timeseps

O = obsenedvalueattimestep

O = meanof theobsenations

R = thepredictedvalueattimesepi

P = meanof thepredictions

Therearetwo disadwantage®f R? for describingmodelskill: 1) ary linearrelationshp between
theobsenationsandthe predictionsnotnecessarilya 1:1 relationshp, resultsin a high valueof
R?; 2) the squaringof termsgives too muchweightto large values.In the caseof streamflov, a
high R2 valuemayindicategoodfit of peakflavs, but may maskpoormodelskill duringbaseflov
periods.

TheNashandSutcliffe (1970 efficiency E is atoughertestthanR? andcaststhe meanof the
obsenatiors asa benchmarkor themodel:
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N
Y (01— PR)2
Y (Gi—0)?

Valuesof E tendto beslightly lessthanR-squaredn the caseof streamflav.

Threefirst-degreegoodness-of-fimeasuresrom LegatesandMcCabe(1999 useabsolutevalues
of differencesnsteadof squaresThefirst-degyreeefficiencgy is definedas

N
3 |0i—-R]
Ei=10-"F—— (4)
2 16-0]
i—=

E; is animprovementover E whenevaluatingmodelskill atlow andmoderatestreamflov levels
is important,but thegrandmeanis still the basisof comparisonA furtherdiscriminationcanbe
gainedby usinga baselinemeaninvolving somekind of seasonabr othercateyoricalvariation
inherentin thedata.Here,thethe baselineaneanwasdefinedasthe meanfor eachmonthof the
year wherethemeanis takenacrossll yearsin the simuation. Avoidanceof squaringanduseof
baselinameaninsteadof the grandmeanprovidestougher morerevealing testsof modelskill.

Thebaseline-adjusd, first-deggreeefficiengy is

N
Y16 —-R|
Ej=10-2 (5)
_Zl\oi—o’\
i=

where
O = baselinaneanof the obsenations,variablein time.

All of theabore measuresf efficiency have a possble rangeof —o to 1.0. Whenefficiengy=0,
themodelis no betteror worsethanthe obsened meanasa predictor Thecloserthe baseline
meanis to theindividual obsenations,the lower the efficiency is likely to be.

Thebaseline-adjustd modifiedindex of agreemenis

N
S [1G-R]
i=1

1 =1.0- (6)

- — —.
> (IR-0[+]0-0)

dy hastheadwantageof having the samerangeasthe familiar R?,0to 1.0.
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