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.. '- ABsTRAcT:..' A critical componentof any silvieultura!treatment is the creation of '_ I

• ..sui_ble mieroclimaticconditions fordesired plant andanimal:_peeies. Oneof the most- _ E :__.
:useful tools for.examining :themicroclimatic implicationsof differentvegetation treat- _ _ i _

_+ merits is :_euse of atmospheric boundary-layermOdelsthat can simUlateresUlting . " _ _ , _"_

•_. " ".mierometeorol6gieal conditions -withinandabovevegetation layerS.A two';dimensi0nal . - i _ _. - " . a.._ospheri,c b0undary-layer,model hasbeen successful.ins'tmulatingthe atmospheric _ _ 9 •
? .- +. _vir0nme.nts Withi-n,andabove,forestvegetationlayers.thathav.eundergone:idifferent " _"-_m ' _'<:__..

: .. +, ._es.ofsil:vicu..lmmitreatments:Model simulationsillconjunction with.current 0bserva- z ." _ _.,o
: fions.:reaffirm..:.lheimportance,offorest overstory vegetation.in affeCting.thedynamic-and _ _ ,,_ _'_r

•: :" • _ " :,.i . " _r_.
, .-_ .. : .thermodynamic._propertiesOf_the..atmosphere.. . . near thesurface...: • ,. .. " .- +-+_X:
..' : • . . .. - . ._. _ . . . ." . .,... _ • , . .. ¢_

....
........

,.:.. . .:.. . .- . ":. . _,..'." . - ..,.-... . ...,. .::.: . .?. ,,; -- ., ... • . .. -'.

. "" . .. . . .' ..." ;. ...... .. ....

• .. :_' .":":(::" _Cl].Olq . :-.i.:_.. .. candamageyoungred oakan._aSSOgia_ species during.:-;.-....• . . . .: ..• ..

.... . . ........ . ... " . • budbre,akjn+the+_.,._:.-=:_.__-:l-.--.-.:,,.snrin_-Mana_ement______,,__.,______..._..,.,...treatmen_..thAi...... " .--
Natural andhum_-ea"u..}ged_i:di.__aneesi_ an.:int.egmi' • speCificalLy:_.lter.forest ov.ersto.ry,.¢onditi0ns.may;be;.....:." .-
part.ofee0syStem d__ie_ iini_e.i.,upp_iGreat.L_es !i: especiaiiy:inipbrtant:iinihfluen_ing.the,freqt_eneyand.

.+ •region.The..sca!esat:W_.ehia[siii._.anc"es0etmr_V_from severity.ofe.ar!y__.owhig-season:frost,episodes. ...

•:spons.e_:b::f:p]_t:_e.ciesio:ch'_iing'eon_tionsbrought A fUli:understand_:g:0f:the_p!:iCati0niof¢orest :. "i"_.
mana_ementiira'6t.ieeson+f;reStmiC_iimiites requireS.::"

'_: i_i .for.theindiyld_ai:Pi_t:_p.ee[eS.:_ii_¢_5_ of the. :..:...' mte_.Ct!ons..tha,t.;i_..urln:._aged _. Thi.sstudy.-.... '.
_.... • .... . foeuseS:_h":/tll6d__a::behav[6i::.o.:fthi_:a._o__hcri:;g." .-..
:!!i:.,_'-/:i:: disturb_ees' Resp°nses":m"_disL'_"_b_ces"wi!lu[fimately boun_ J_yerin':__se: to__nt..::ifi_nsiheS, of.:.:
•. :!/ , produceehangeS:jn.prim_:producfivity,:abun_c.e, forestoveNi_._/u_ng__-_ both.o_s:e_afions and:.. .

"_:':_'!_.+. structUre,and.....cbmposifio:noLpian..t.......specie.s:....... .i ..'. ' ..
'_..:. . . . -_.:. : .,..:.:..; -:.:.:-:.,.:,-: ...::.+-:.-: ... •.. numericalmodel simulations.An.atm.o...spheri'c.boundary;
-:'.." :_-'....... :""-;_":_:"_Y....." " :" " ..... layerresearoh:m0dei;thaf_ti:|:iZes.approi_at__egetation
+::. . Alteredmieroeiimatec0nditions'.':-resultifigfrom natural " " 'andmrbulence.p_eterizations was-usedto examine -..
!_i and hurnan-eauseddisturbances that add,remove,Or ' : how differentfoteg__civerst0_.densit!eS:.impactithe' • . "i
.+ - modifyexisting vegetationmay bemore favorable .for dynamictUrbuient_anot)-_ule_t_i_,.ior within and "
..: s_me plantspecies:..wl_il6increasingenvironmental,stress abovefoi-est.v..,egi_i_tioii'lay_s,_i_d i__.pr0_,ide.m0i_..in-.i...:
:. ., forOthers.The.vegetation characteristics andpatterns. " dep._'_bsphetic"infonnati6_":th_"What=lsp6:ssible '.: .

that result fromthe§e disturbances.inturn :canfurther front limitedi_s_6nt m_Sureme/i_: _one: Einphasis •_.+_ . .... .,.. _ . . ... ..... : ......... . ... . .

!ii " modify the near-surface:dynamicand:thermodynamic : was placed:0n'.examining"_6dynhm:icsofa specific frost
i. propertiesof the atmosphere,:Forexample,.earlygrow-. • " episode and'th_,-e_6.-lution:--ofthe.n0__aiboiindary "

, " : g,.- ... _ , ,_, :.._ .... ;. . ..f,-._ ,P_,_..., ..... -i!_ ing-season..frostepisodes in .vege"tation:magagedareas of layerunderdifferent sod,re._s_r¢ eOi_ditionsat:astudy
•+_ ' ;" " . i... ._ %"::_": ..,' ...;,,.% _;.:,_:_;_:'". ,.:i:'_. :',_'_ "._ :..-._ ..::;:!: the upper;GreatLakes regi6ia--depend:.tb_:a_large.d_greeon ' s_teon the Oii_quamegon-NationalForestnear Park._.. . . . .

• , - .. ... : -.- . .... .. ; -. ..

":-,. the types ofve_etafion.mana_ement:_.eatments_that:'have__,_ __ _,,_ .__ ...... " _ ..,..._ans,.:W_._::_+' .:_.... '._.:_--'_"-"-.'-:__+:: :.:.:. '.• . .. •

i:: been:applied.,FrostepisodeSareparflcularly importantin" . -..... : " -_-_,..... ..

" red oak (Quercus rubra),regeneration.intlieupper Great ' " MODEL__ON "
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,. ' ' . " , :."- ' " ...." Simulatingthe Small-scaleattnospheriedynamicsWithin
' W.E, Heiiman, USDA ForestService, .Northcentral andaboveVegetationlayers _qdires:i_ atm0Spheric . •
ResearchStation, 1407 S. HarriSon-Road,East Lansing, model that can resolvecriti_l:_tmoSphefic-vegetation _.

MI 48823. J.C..Zasada,.USDAF0fest Service, North interacti0ns,iheluding bothatmospherictUrbulentand .....
. Central.Research.Station,5985 HighwayK, Rhine!ander, non-turbulenteffects. Atmospheric models of this type-

• WI 54501. :. are referred to as boundary-layermodeis.-Forthisstudy,... .
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the.two-dimensionalboundary-layermodel developedby used in themodel include,bothtemperaturevariancesand
HeilmanandTakle(1991) is used; it incorporates temperature/specifichumiditycovariances.Inorderto
vegetati0nparameterizati0nsfrom the one-dimensional close the set of model equations,temperaturevariance
boundary-layermodeldeveloped_byHeilman(!984), andtemperature/specifichumiditycovarianceprognostic
Previousapplicationsof the model includesimulationsof . equationsareincluded_Diagnostic equationsare incorpo-
nocturnal turbulencecharacteristicsassociatedwith ratedforsimulatingall otherturbulentquantities,
small-scale drainageflows over sloping terrain(Heilman includingthe horizontal,andverticalTKE components,
andTalde 1991)andthe simulationof daytimeupslope andthe horizontaland verticalturbulentfluxes of
flows in responseto surfaceheating(Heiiman 1988). momentum,heat, andmoisture.Withinthenumemus

, ... Prognostioanddiagnosticequationsfor the.atmospheric. "
AtmosphericMean Variables: turbulencevariables_e pammeterizationsthataccount

, .... forvegetation'effectson turbulencegeneration..• !

The non-turbulentatmosphericvariablespredictedbythe • ' . :
level-3 modelincludeh0rizontalandverticalwind Radi_itionand,SoftParameterizations -." :_

" components,tempera.ture,specific humidity.,anddew, : . . .. .., ... • .!_:i
: The horizontalWindc0mp0ner)_aresimulatedby RadiationprocessOsplayan.importantixolein the diuma!

soMn_ prognosticequa.ti'0nsthata.ccoumfor wind,speed evolutionofiho atmosph_cbound_ layer. Upward .
Changesdue tOadvection,change..Sin.the a_ospliefic anddoWnwardfluxes,of longwaveand shortwave ...

. . . , ..... • ",,i '. :. " ._ "::,: "':::. _ ..... :::..",. " "
p.ressu..regradients(mcludmgteml_ -ture_-"eff_-_),_t_e mdiation,at,theground.andat thetop of vegetationlayer_:
Cori_)liseffect, verticalfluxes:of momentum_anddrag contributeto the.heatingandcooling of the boundary .>

•effects dueto the presenceof cari0pyelements,The layer.The:foi_e-restoremethodof Deardorff(1978) is:. " • .i_
. vertical:windcomponentis computedfromth()incom- appliedin-themodel to.¢a_u!_e s_c¢ temperatureSl.". :.: -!_

" : pressible- formofthe atmospheri¢confinuityequ_iti0n. ' Thismethod calculat(_S"_.efie_bal_ce at the .ground _
. , . Temperamreis:.p_edieted,_ifl_::_-"pt6_t)_fiC-_qu(_ti0h:_t ' " " " ' .... ' ' "" " .....' .... " ":_basedon 10ngwavoradiationfluXc.on._bufio_ from.. .._! ..

• " includes.advecfi0n.effect_,diffus.iotieffects,' _d: h._tiiig vege__, the__ _d_i__c: _6is_e_ ahd:_n_.: _-":
• e :flux.0fh_t be_e.en :"""":•andcooling,eff¢ct_-..due: :--:". "'_'...." .....' .. - :,'........:." .... the s0!_._h0_a".ve.._afi:bfii_.iS_m-f_e_.pera_s i:_

' vegetationelements'andfile,air.an&__een the grotmd " are-i)_d_¢'_'._ing her-_di'afibn,'s_iblefi_t flux, and.

and-ihe.air.,simi_"l_ly;.._e..sp_ifich_i_.tY..i _,predicted., latenth¢_:fl_ Valties_e__d_;S_i:alongwiih: .ii '_
withaprognos :eiiio Vaon desoil: era"s.  e; mte pied/,ctivcabili.:. ".',_'..: .-.:i:.__.- ' ... ,_:., ...:_._.-.:.:., ._ :.. .:'_,:_.":. ..'.-...;-:... .. ' .t,-;-.'_... . •
and d!_on effects,_ We!!,as._e._sf_ of mo_stu_.- ties and.relatiWsimpfici_..of the..f0rc_t0re :meth6d:

. ground=an_i>.:theiiir.:Noc_a[de._ if0m_fion<0n-vegeta-.: predictiOn.Becati_e._0i)moi_'_ects: the__ " "
" tion is-.__t_-_::_tlt:ap_o_C: _0_'_at ifidUdes ' balanceat"_e_SUrface_thmt/_.latenih_tficXes and . > " .

wecipitati0n, __ir_fio_: ahd___tion effectsl " altered.__ii_ _fl_, _ f0__S_:__od:aiso " " •
'=" " ' "" _:!:. : " ' '>: " " .... " " inciudesa _gno_fic _fibn f0,fl_isoil_volm"_¢ _ "

..... " Atmosph_de_i'bulenee variables " . . ... mOiStureconcel/trdfi0m:This:_equafion includesevap0ra- ,_
" ' ' " fion,wanspirafion,prcc_pitafion,:'and;deep-soil.moisture.-:.• ". ',_.:::: ' : .__.."•.',-'..•,:',_.::.._.._"=;'..?. " • ', ..'_. • :... " ' • : " " _:i

The _ulence P0rfi6nof the-level,3 modelconsis_:of effects. • ,.. -., " ._. -'- ' ." . ) .:,.-::_!_,..;:;.:,_::,,.-.'.:":.""...:L'_.'- :,'",:_. -" .". ":.". , ..: • ' " ..... " ': :
re.ttrpr0gnosttcequations.thatareused tO.de_e.._e ....
temp0mieV01ufi0n":0f__!en_e !.nthe.atm0spheric,:. .. . ..STAY S_ DESC_ON ..
boundarylayer.T_u!entklh_fiEener__)_d_fined ..... • -.

• as the sum"6ftheV_anc_ of:tl)e_oriz6nml:_d verti.cal In 1987,the USDA ForestService, North.Central ... "
wind_speed.::c_n_p0n_,i'i_.p_di_:tM _tb a prognostic . Research.StationinRhinelander,-WI-andthe • - .-..
equation_at:iln:ciu_l__e.eff_ts.of_d.v_ion, diffusion, Chequam...ogon,:Nicolet,andOttawaNationaiForests •- ".-4:t'i '-"" ;_ "'" " '":'t ''_": "'': : '"''" " '"........ " ° ' "'

•. buoyancypM_c't.igh,,8.'._,d(s_[p_fi_.n,..p_Uc.iioR..0f, . developed._. OakAdminis.trafiveStudy(OAS) to focus- '
.. .turbumerice:_¢<t_:_i_o_ _u,_can0/py ellen,; and. on improvingthe qualityofnorthem.-redoak seekings.in _'

non-buoyafitdlssipafi6fied'turbuience_Then0n-buoyant nurseriesandonmonitoring thegrowth of red oak • ii
• " " .... " .'i_

dissipationof turbulencein the atmosPhereis dependent seedlingson.:selec_dresearch:sitesin northernWiscon.. .. -
on the charactedsticsizes,of turb.g|en,,t,,eddies,with . sin. Oneparti'.¢ularresearchsi._:.e_tablished as.partof the _ • • • .
dissipationbeing..mnchmOreprev'al_ntat smalleddy OASwas .the..,Wil!owSprings.OakRegenerati'onStudy... ..
sizes. Aprognosfic,equation.,f...0r,,..the:c.__teristic length- . site on the..ParkFalls Districtof the Chequ_egon
scale of_uient eddi_,_tl.a,p_cu!a:r lo.eation.is ... Nationa!Forest.in.May,_1-989,This.study site is:situated " :
included inlthemodel It takes_i_toaccount the_effectsof on an80acre mixedhardw_ region (Acer-Viola/ : . .
advecti0n,_diffusi0ni:enhanc'ement0feddy sizes due.to Osmorh'_za,vegetativehabitattype) withsandy loam soil- 'ii::
vertical"wiiidshears,,andthe _ml.breakdown.of. thatfi)moderately,drained.The,terrain:iSgenerally flat '. .i::

turbulenteddies oncethey havefo_ ed. Finally, (0-5 percentslope). The.study site was divided ini0 four... "
pammeterizationsof thenumerousdiffusioncoefficients . 20-acreplots. Oneplot.wasthinnedto 75 percent0fthe

262 " ""..

-.

•.........
, . ..

.. ..



originalcrown cover(canopy area index(CAI) = 3.9) Micrometeoro!ogicaldata fromthe sensorshavebeen.
•and anotherplot was thinned-to 50 percent 0fthe original colle.ctedeveryday.from1 January 1994to the present, ..
crowncover (CAI = 2..-1).A third plot Wasc.learcUt(CAI . with a few minor data.gaps.
= 0,0),while,thefinal pl0t was leftuntouchedto actas a.

control (CAlf 5,7). Overstorytree-heightsareapproxi- OBSERVATiONSAND SIMULATION RESULTS
mateiy20-m_The understory,vegetationwastreatedin ........ :..

the_loggedplots usingvdriisuS:c0mbinationSofdisldng The presence_.0foverstoryvegetation layersinfluences
and SprayingWitha,:herbicide.Following the understory
treatments,-.:l-year,oldbare,rootandcontainerizedred the atmospheric¢nvironmen_withinandabove these.• layersduringboth daytimeand noctuma!periods:During

. oak-seedlingsandpre-ge.i-minatedacomswereplanted.in the daytime, ovcrstoryVegetationlayers.reducethe
_ all the studyplots,in May,1.989.Since the timeof -.-
• seedlinganda¢0rnp!anting,, the growthand-surviValOf amount of so!atradiationreaching!the surface,and,alter

the redoak seedlings andother understoryvegetationhas theradiation.andenergybalances at,the ,surface.The . • ..
" beenandcontinuestobe monitored. :" daytimeevolmion of surfaee:teml_turesdependsto a •

• ' largeexfentonthcse radiationand_energybalan0es.The
Inor.d,e.rt0betterunderstan,d the impacts0fthe diffc,,_nt daytimeheating of.the!atmosphericbounda_,.,layer, in .

•_ _silvic_i.m/ai_i_eatmehtsOn.the miCmmeteoro!ogical turn.,dep._ds.to a..!argee.xtenton:theupw:ardflUx;of heat •
:: '.envir0nm.en_.withinthe.smdy.pl0ts,a-micrometeorologi- fromthe._s.._ac_.e.,when.suff.,ac¢.temPera.turesexceed lower

1 cal m0,niipfingnetw0rkwas:setup 6n.threeof th¢four: atmospheric!temperatures.Vegetationelementsalso act._ .. -- . .. ,- .-... • . - .

. studYi_!rtSih :i9_4. A.i:i:0-_,toWerw_s..iiistalled.and as:aso_ce ofm0is_e for.the atmosphericb0undary "
. instrumented,in:th_"Contr01_'50percen(o.verstory- " layerthrough..transpirationprocesses.M0isture.inthe

reduced,_d.i_i_dt.piots. !ns_ents iWe_'p!acedon.- atmospheri_boundary,layer influences the Iongwave

•the.t0.w._r.sathdglits .of2,5 m and.10mt0me_sure air radiation,fluxesand the:evolution-of.b0thdayt._e .and•• _r_ ._teiafiy¢.fi_idity,_dsp_¢_and_Wind nocturnaltemperatures.Exampl.esof:the:¢ff_.tsof.. • •

i di.'recfi_on,._e_ocofipies:._ere. m__d.on :,s_t_es:at diffe.,rent0verstory?vegetationde_ities On_o/:_al • ._
: • threeiocati.6nS:near:.e_ic.h.t.ower'a!"hej'_tso.f2..._-.im, .. nearsurfacetempiraturesas_.measuredat:thcW..il.low::
i - - .0.5m,.:and0125mit60i)taini:ci_¢teris_c profilesiof. Springs.study.Si_-_/sho._infi_! :l..Fromal_0utDay..

'i ne___e.tempeta_es: Therm0couples_..ero,al_o 150(30:May .| 9:94.),fi1[Day 290 017October4994): when
- . : placedat:,tlep_llSlofO.051/n,0:L_ 0,2 m, 0.5 .re,and t m leaf-areadensitiesin theoverst0ry:vegetationwere. "

!!:, at tfielstake:lo_'ionSio:oti_inchara_teristics0_ii-, sign.ifioant,largenoctumaii_peramfe,-differeii¢_we_:
" :. temp__ _dfi!es.,_'l_otoi_fhai¢_i|y _tiv_ira.diati0n..; observedbetween the 50 percent overstory,reduce_:plot

• - (P_i and.ne_i_diafionsenso_. We/elpia_[_eareach and thedtearcutPlot,andbetween the COntrolplot and
:_ . t0wer:.todef_._¢.i_e:radiafion '¢h_ci,e._ticS Withinthe ¢learcut.plot.Teml_raturedifferencemaxima:reached

studypl0¢. Scan .time_s for..thedifferentsensors ra_ged 5 oc for the 50.percentoverstory:reducedplotvs,-the- '
, • "from.10seconds tO i0 minuteS,andaverage10onditi0ns ¢learcut Plot, and-exceeded.6 °C for thecontrol,pl0t .vs.,..

_ wererep0.rtedh0_lYto data loggersin..eachstudy plot .. the clearcut.ploton three occasions, The.higher:nocturnal
.. .• .

• . • .
: .. .: .

•

" ,50% Overstory - Clearcut: 0300 LT Control - Clearcut: 0300 LT

.i_! " '__ ,co " " " ,o:.'---......... "":":_ ............... b"" "

,. - , . . . ,. , <

_': .

_:, ._ . 'n.L
" _-'. ._ .0 _ " - .

" . '

o so soo _so zoo 2so 3oo 3so o so lOO .sso _oo 2so 300 . 3SO

: DAY. ' DAY

.iFigure l.--Temperature d_ffe.r.encesin 1994 at 0300 LT between (a) the 50percent overstory-reduced plot
• . and the clearcutplot,andbetween (b) the controlplot and the clearcutplot at 0.5 m above the surface at

: • • .

the WillowSprings study site.
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temperatures observed in the 50 percent overstory- temperaturesdecrease rapidly after sunset due to /• .. , . 'i " '-" ' .. _. .... " - " - "

reduced andcontro! plots on numerous nights during the radiational cooling if no.oversto.ryvegetation.ispresent.
Day 150-290 periodare due to .theincreased downward The Coo!i.ngof the groundproduces a noc.tumal inversion
flux of longwave radiation resulting from the overstory layer above th.esurface where temperatures increase..

• • . j_: - ._ . . . . .... . - . • . ,

vegetation, the increaseddownwaidflux of longwave rapidly Withheight. Atmospheric_rbulene¢ within
radiationresulting fromenhanced atmosphericmoisture inversion l_yers i,ssuppressed,:therebydiminishing the
contentswithin thevegetation layers, and from the turbulenttransport :ofw_er.,_jr fromhigher levels •
thermal inertia providedby the overstory vegetation downward_.tQthe S_uffac¢.This :reducedatmospheric
(Potter 1999)._Observedtemperature differences in- mixing.__ :e_.ances .the cooling of the surface. If
Creasedfrom the 2,5 m level,to the 0.5 m level. The overstory Vegetationis p_esen.Lthe inversion layers that...... " ' _."' . . . . • .' • . ' ",-'t.:". • ,- .... - " " "-. - :- •

night-to-nightfluctuationsin tempera.turedifferencescan develop wi_in the vegetationlaye.rs in,_e l_te afternoon
be attributedto wind-speed.changesand cloud-cover or early ..evening:aremuch we.aker_r!_theinversion .
conditionsover the WillowSprings S.tUdYsite. Tempera- layers that exist in clearcut areas. F__.2_ shows the

turedifferences are reducedas wind speeds increase , observed near-surfaceverfi'ca!tempem__!gradients in
because,the inere_ed atmospheric turbulence dueto theWillow Springs.eieareutand eontrolplots in 1994. In.
•horizontal and vertical wind shearsacts to minimizeatiy the elearcut plot .(fig.2a); vertical:temp.'erathre.g_dientS "
spati_lgradients oftemperature and moisture, The- .. in the 0.5-. 2:,51m.lay.orabovethe surface 0ten eXeeieded
prcs_enceof periodic cloud cover and inereasedlow_level 1.2 °C m"lbetweenDay150 anffDay 29.0.Pfi6r t0!tlfi_.....• .:. .. .... .. • . . . . , . ." .:. . . .... . ,

" moisture also reducesthe amountof co0!ing-at the • period:in 1994, l/i_er temperatute-_djent I_-gni_des.._'
• surface throughenhanceddownw_dfluxes of longwave were observedaS:aresult.of snow _0ver.i_:the:50 ': • _:*• ... :

• radiationoverthe entire study site.. .- pereent.ove_tory-redueedandeontt_i;plt_;near-sUrfaee .
. -- • temperaturegradientswere.:much':i;ess_be_ee_:Day '150:- :

At_emoon (:i50o LT)temperature-differencestended to andDay 290, With.the eontrd!plot h*aving:fiie:smali_si.:--"-
• " be slightly larger:inmagnimde,,Withtemperatures!." . noctumaFtempem_-gradients (fig. 2b}_!_:fi_s. ;":'i..:ii:

. approaching-8..:°C c0ol_ron..several.oeeasionsin the clearly shoW:_e_aet that !eay.es_: _.e ove_rsii_ !:.!:ii-{
• con_o!pIotas comlya_¢dt;o:thec!earcutplotat a:height::, vegetation:haveionne,_...,surfac-etempe"ra_ __ents,A :.
?of0i:5 :m.dun'ng.the.sameperiod_ff0m;Day150-290.,:AS • distinct_it,ion 0eeurred::.ne.nrDa"Y.!50,.co.r_spon_g:'- i..

-. with..:t.!!e_noc.mm_!:;temper_turediffer..encesi;]arge_ila3_=to-... to the.fu.!l_.iemergenc;e_of l_aves in._e'o_erst6_:_ge_ i:_.:i/
day fluctuafionsiwcr¢,obserVgd:andc.anbe attfibuied tionin _eS_ring;:'Nigh[-to-_ig_/fi_fi;_ns _nthe-_7 '
m_n|Y.t0;wind:sPeed.and:cloudcQ_er/10W-leve!moisiure surfaeetempe:_re i_dien_:,chi_t0Mfid_p"i6ed_g, I .:-.

•- ° .'

variations, :,,-:: _i...... •.......... .... _ . i.:-.".>.': -;. .-.. ,, .... tions anff.el6Udi....... eover/!ow-!i:vel..,... ... .m0is.tu_....... .¢.o.._ditions:..... , ..w_._.-'
-.. :. .... :,_:-:.., .. also obse.rved)t0bemueh:sma!lerin _e 50_Pe_rcem..... ' -

• O.verstow v.cg_tationals0has _amajor impacton the .. .overstory_.reduced:andcontr?l:plotsas comp_iredtothe:-,i
vertical profiles of...temperaturewithin the vegetation, cleareutPlotffOmDay150.t/ntil Day-.290. .
layers,.partiC.uiarlyat nightwhen:turbulentmixing:dueto .i!.:.: . . -..-..... " ...._::"' " : '.. '..

' " wind shear,jS._UsualIyless;thanduringthe daytime. • ' The evolutionof"noe_al inve_ion ia3/ers.:within_d . ..

During calm andcloud-free conditionsat night,surface aboveforest.overstory layers is an important atmospheric
. • ,. ._ "-:. ." .. ...f

: . ..... .. " :- , • ..
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Figure 2.---Near-su.rfacevertical temPeraturegradients in.1994at0300 LTin(a)theclcarcutplot, (b) the50
. percentoverstory-reduced plot, and.(c) the contrOlplotat the WillowSprings study .site.
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dynamicprocess thatresultsfromcooling of the Surface studyplots is reflectedin the near-surfacevertical

andVegetationelements,andis stronglyinfluencedby temperaturegr.adientsthat developedduringtheevening
.. the overstoryvegetationcharacteristics,A particular andearly-morninghoursof Day.-!52-153(fig. 3b). Large '

disturbance_at depends:toa.largedegreeon.the positivenear-surfacevertical.temPeraturegradientsin the
evolutionof the n0cturnal.,inversionlayeris frost, clearcutplot duringthe nighttimehours:ofDay :152,153
Observationsandm0del'simulationresultsarepresented suggest.thepresence.ofa stronginversionlayerover the " "

+ " for thenightof 1-2June 1994 (Day 152-153).when a .clearcutplotresulting:fromsignificantsurfacecooling in ..
• - significant-frostepisodeunder.calmconditionsoccurred the.absenceof any ove_storyvegetation.Tempe_ture
•" in:theWillowSprings+ciearcutplot, butno frostwas. gradientsin the 50 percent.0verstory,reducedandcontrol. +

:ii reportedin.the50 pe.rcent,overstory-reducedore0ntrol plots:,weremuchsmallerin magnitude,withtempemtt..ires
>.. plots.Figure 3a shoWs.theobservedevolution.ofthe' at 0.25 m.observedrobe slightly wannerthanthe 2 m "

near,surfacetemPeratu_s(0.25m abovethe .surface)in temperaturesin the control._10td_'ng thenighttime "
•thecontrol,.50,percentovecst0ry__eed,., and¢iearCut .. hours,:D'um.".nishedsurface,_atlonal-coQ/!mg'+'.... _+'m the non-..

plots onthis particular night_,Teml_ratures:4nthe clearcutplots resultedinveryweak inversionlayers :
clearcUtplot decreased_:mpid!yafmr_!800 CDT(Day underneaththe forestovemtorie_;Althoughthis suggests _-
152.75)anddroppedbelow 0 °.C.by2100 CDT,.How- " a strongertendencyformore-verticalturbulentmixing of •

-ever,near-surface..tempem_turesin.the50.percent-over- heatfrom.aboveunderless stableconditions.,_turbulence..
•" story-reducedaridControlp!0ts.decreasedless .rapidly" wit_n the vegetationlayers,w_ minima!0n,.thisnight

'after1800CDTand.neVer"_pped below 0oC:II_ night. : dueto very10w-windspeeds _d:enhanced_urbulence-. • . .

• Differences in radiationalCOolingof_e surfaceafter, dissipationassociatedwith.theforced.smallturbulent-" .
sunset in the.differentove_tory:treatmentplots resulted eddy Sizeswithinthe.vegetationlayers. " " -, . • .

_: in maximum:temPerature.differences.among.the-plots • .
•s. " duringthenigM.!_e-stAble inve_ioni!ilhy_l_:_at:devel- - .Simulated.temperatureand TKE profilescorfesl_0nding:-." ..

• oped.ox,er.thestudyplots!on.._is:e_eningacted:tO,_- tO0200 CDTon 2 June 1994(Day 153) are.shownin../-..::_.:.-. •
•. " Suppress-the:turbulen_-'i).withini_em.and.inhibited.any-. figure4. At .that:.fime_the temp_ra_ gradient."overihe"i;:.:..:.,!- '-.

mixtng:_fw.armer_airfroiiiabove+,int0--the-._VerSi0n". : .lowest1o m-inthe dearcutpl0t Wasappmximateiy:o,7:?.i::.":......
•" iayers,"._is..led+.to:m_imumtefnpera_,differences • . oc-m-', in.:¢6ntmstto _e.5o per_ent:0verstory-redu.ced>:i:!:::..... . ..

...among,the..piots:atier,su_et_:After:suntisei,.ihe.:noctumal and.controlplots WhereaVerage"temperat_ _ien_!:.::ii: :.i-.-:..- ..
" inversionlayererodedfrom+:_10w.d_eto<_ice>heafing were be_eeno.li<oc m" and.0.2 °Cm-!".(fig_4a).:_ese .:iii::.. i

.."which.tlieft.inCreas_:n_++_ac e:_turbulentmixing.and chamcteriifiCtemperatureprofiles we_ assc_a_d :_$: i)".i--."....:
;_. redU6ed,"_l_th_tli_diffet_c_ betw._ii:thcpli)ts. " simulatedni_tfimo netradiationflux.Values (notsho_ ) " -. '
+. Temperatur-"ediff_n_eS,:betWeen.i:thePiotS".decreas_. atthesurfaCethat.rangedfromabout-70 wm 2 in_th¢i •..+:-":! "

•- + .rapidlyai_f.:su_e+an d:remaitiedreiati_elysmall- clearcutplott0.ib0ut 40W m2 in the.50 pe._t :+'-!.:_i_i.';:i "
throughouttlie:.daytimeh'durs0fDay. 153. _e s_ngth .... overstory-reduced:plot:and.-25w m2."mthe C0n_01p[0L ::.i:.
of-then0C_mal inversion.:iayetSWithintheindivid_l These upward.fluxes;Ofnet radiation.were at_.a.maxim_..... :

. ....• ...,.:,....,i,'..:.?_>._..... •:..............-.. .. ."• ,
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• Figure:3._ear-surface (0.25.m) temperature evolution (a) and.near-surface (2 m -0.25 m layer) vertical , ...
_ temperaturegradientevolution.. (b).in .thecontrol,.SOpercent overstory-reduc._d,and clearcut.plotsfrom., ....., .,__ , • . • _, . .. . . • . . . . .. ..... i

+: 1200CDTon l.June 1994:(Day152.5) to 1200 CDTon 2 June 1.994(Day 153.5) at the Willow Springs " .
smavsite. , ..
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"'" .:'F| /gUre4_--_imulated and observedprofiies of(a) temperatureand M_la(ed_fi. "te_:iof,(b)tuP.bui_n.:t • .._
" ... ' idne_e _e_ at0200 CDTb"n:2 June 1994::(Day153.)in the_f _k't' (O:per_n.t),"..50,pe_e_i !O_gPs?ory- :ii

• " "" .: . "' .. -.':C'.._:'.'.'(: "7-' ,-"'_ " " ,": :: - . "J " - ::

•. s:educed:(50perCeni)_:"andcontrol(loOperc_nOplots at the mliow SprCh-gsstudy_ite, -
• " " .."".." :_ . .. . - " ..,_ "..: '_:....:.",i".."...._".:"......... "" :

• .. " .... " " : '.;.'--':'.;" " .:::::::-" :;,,F'..:__'::'-.'i_:.:;':'. ,"::" " ; .-:"-:_.":".

• ,--.: .....:-._':-.._.,.....,.:,_.._:,..,.-..,.. .. ,-'_..:..:..;;--.,_.'.......:..,-:,.,: ..:-.-...,:.. : ."

shortly..after.sunset:inthe .simulationsover:allthe: ......: flUx.es0..:f.s..e.n,ibi__ea[occ__at.- the,s_c: e,..although:.
" treatmenl.p.lo_,;andtheflux.slowlyd_reased t._.ou._.OUt these fl .u_.:e_...w.._e!___4,¢o.:_ical daytim...e-.:::::....

thehigh.me :.he:_. However, the.decre.ase:,in the ..upw_d uPW._ fl.uxes_-_fh:_tb¢_.aqseo_th...eLst_.,g_s_bi!iW " ".
flux of net radi'ati0nwas.moresignificant.in.theclearcut. .within.then.,.._,_a!.inve.rsion!.a_y..¢xabove.the:_cieatcut:.i::-::_• . . :. .., .... .. .... .. : ..... ,.. . : .. . .,... .. . .,. ... , . ; .... ._..,,. . :. -.: -.

" plot b_a_e:surface-.tem.peraturesdecreasedmore, plot;In..theSO,:.pe_tov-._t_._O:W_dl]_._,a,_control • .- :_..... . .... ...... , ._ .:,. • ............ -;. .., .. .... ,::,:.._ . : , . ..._.... ,;,. ,_, . , .. : ..., _ ...... .., . ,. . ...... .

rapid!y..the_,.:which_duced _eup,w.._ :fl,._..._0.f,........:.. plots;-.s/',n.u!._,d-..max_..m__w.-...ard-:fi.qxes_o:f_.ensib!e._.:- :
10ngwaveradiat[tnover time.Tiiemodeisimuiatigns. heatoccu_:jusg:.a:b,gye.:_.¢.._t.o_...top._.._,._is_,s!'mu,....:,- -, '• . .... .. . . ...... : ;.,'" ..... .-...._:.,'.. ... . . .

' rev.._led_atthe"prestnce.oft'o/cst b¥c.rstq.ry.¥.egetation, iate,d.heha_r of he_t:flu__.,w_. _-__,::._.the tern:;--;. ' !!
• in._¢i..otherp!o_:enhancedthe..do_..W_ fiux of: .": i' p__._fi]c)_.h._.g,._in/_-_ff.e_..n.t.p:.10_gs-(s,eo fig., • '

10n_ave radiationandt:edu.c..e.dthe:nocmma.l.__.urfac.enet 4a),.w,i.,.flt....the:...!argestla.i?p,e,.:.mt¢:o_ec,_g:j_t. a,b.eve the.?_.... '
-...radiat|onch.ange._o,gl_,:Out._e.n[ghL:.Larger.a..-I_.0-,.:. surfacei_.i_¢.c_ht:p.[:._.._s.o,__g _. .th..¢.-..:-,:.....:....:...::

sphericm0is_ conteniSwithinthe Vegetafi0n"l.aYers •simu!ate_,-.Sn_lerdo_ward,h_t fl.,uxe_'m.theplots....-;•:• "_ . . :.,:.: . .. .... • , . . :-.. . :: .... _-;:.. :-..: :.::_ -...... - .: .- .. ...... . ..................... . ...... . ..

also.contribUtedto the.reducedn.etupwardflux.:of _ .: con_"_ng.::0ve_tory..v,ege_tion .i.._:_c:x_uc,gd:...mrbuience•
radiation:atthe Surfaceduringthe nighttime:h0ursi " underneaththe overstoryvegetafion.(seefig. 4b)..-.- . .• ..

.. . -
• . .

•._'_:"SimUlatedturbulencestructureswithin the nocturnal surface moistureconditions also inflUencetheatmo- " "
spheric,d_cs. _So.ciated..with.noc._malinversion-. '

inversionlayerspresent.0ver each of the plots areshown layerdevelo_,ment,andfrostoccurrenee.overvegetat_

"in figure 4b. The simulationsindicatevery.low _TKE surfa;:e's:,_......Soil moiS_pre_nt..... at:0rn_ar:_e surfacevalues overeach treatmentplotcompared:to!_ypicai •
.. .:.. reduees:._e.amou_tof._._..ighttimesurface_li_)g.._iad •

• . • ._ -_ .,., •... ,,, _,, , ."_

valuesduringdaytimehours:Thisisaresultofthe contributCs_othemonstennngof._eatmospheric:bound-
inherent atmosphericstabilityand".l_e dissipationof..

• - turbulencewithin the.inversion,layets_......along.With"'the...!i:. ary layer.'M0del.=_.:_.simulationswei;e.,__carried:_-:.6ut:t°!_xamine' "': " " " .-'._. the sensitivity0fn0cturnalnear:surfacetempem_ "
lackof any.significanttu_ulence generation:from:wind " - --- "'--_' - " I

shears.Withinthe vegetationlayers inthe 50 i_ercent : profi|¢s:..._..:..:_._and_lence valdeStO differentsoil.fo_st.moisture .:_:i!:_concentrauonsm tlie:pt."ese..ode.ofdifferent Over-

" overst°ry'reduCedfurthera_,_a..-__,=aMc°ntr°lturbu.l_ncePl°ts'TKE_._,._,:,,..yaluesare-is.._" ... storydensitieS.:_e simUlationsrevealthat.noctum:al . i
,,.i,,,inis.e,_.ec_,s_ .d,_oiw,v, ,.. Surfacetempera_sin clearcutareasaretypically 8 °C

more signifigant._vithinthe vegetationlayerswhere... _ ........
turbulent-eddies-arelimitedin size by the pre_onceof colder.._::,.ifsoil conditionsare:dry..ias opposed:to Saturated, :_

c,a._ an.d"clearConditionSpre.vaiL .This
canopy elementsand theirproximityto.the ground, ass_,..,n_

....... suggestsan inereaSedprobabi!ityof frost:occurrencein " "
MaximumsimulatedTKEvalhes .appear:"near50 m clearcutareaswithtypically drysoil conditions.The .
abovethe surfaceoverall treatmentplots. : "

• - presenceof overstory:vegetati0nreduces the.amountof
• The impactof Overs-torydensityOn-.nocturnalvertical surfacec001ingregardlessof the s0il-moisture.contents,

heat-fluxprofiles,was,also examined-in.themodel but the redu(_ti0n-_in,surfaceco01ifig::igm0resignificant • •
,simulatiohs.Inthe ciearcu:tplot, maximumdownward, when soil-moisture.contents.are:less thaa"33"percent

:..
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saturation..As soils becomeWetter,the impactof increas- can provideresearchersvaluable insight:into the dynamic
ing.forest0VerstorydensitiesOn.nocturnalsurface behaviorof the atmospherewi_in andabove Vegetation

., temperatures is minimized..The.simulations.alsoreveal, layers.Modeling results..fromthis partic.uiar.smdycan "
thatweakernoc_al inversion layersdevelop.overareas also be usedby -forestmanagersin theirdevelopmentof
with wetter soil, Weakerinversion layersimply less , silviculturaltreatmentsthat.producemicroclimates most
stabilitywithinthem and the potentialfor largerTKE. suitable for.enhancingthe regeneration of micr0climate-

.. Model simulationsof nocturnalTKE sensitivityto soil- sensitive:treespecies in the upperGreatLakes region.
-. moisturecOnditionsunder differentforestoverstory ..... ..

densities showed.that,.near:surfaceT-__ values tendedto ' , ACKNOWLEDGMENTS
be.about 15percenthigher,in ciearcutareas under " ' " ....... ;":" ..

.. . ..- .

saturated soil conditionsas 0pposedto.drYsoil c0ndi- -WeWouldlike to th_ Rona!dM..Teclawfor his efforts "
•tions. WhenoverstoryVegetationwasp resent,increasing . in maintainingthe me.te0ro!ogieal.insmnnentationat the.
.soil moisture had:littie_pad.ltlonTKE values Withinthe.. ._li0w SpringsstudySiltb"_dforc_ing outthe "• • . .......",.': ", • ' ..... " ' , .', :_ _. : : ..v. • ,'- _:.-'. . "., . _.' ./... _ ....,_ ,

• ove.rstory.vegetation.ia_er:Howvv,er, aboVethe topof:the : necessarydataprocessingfor this _dy. • "
; - overstoryvegetation,TKEvalueSw..ere.ag_inabout!l_S" : ':: ....... i,. • " " • ..

percent.largerWhenthe S0iiwas __tedas opposedto" : LITE_TURE CITED "
drysoil conditions. , • . ..

"- " CRow, ZR..1992. Population-dynamicsand.growth
• " CONCLUSIONS " patternsfora Coho_of northernredOak(Quercus ..

..... • " ...:,:,.,.:_. rubra) seedlings.Oecologia,9:-192-200.
• _ ObservationS.andm.,odeling,results_om thi.s:-..study. " "
. indica.t.ethat:_.m,,anagementpraefi:c_whichmodify - DEARBORFF,J-W-1978.:Efficient prediction..0fground::

0versto_. vegetationCan.alter:near-surfacemicroclimati¢ surface temperaturesandmoistureWith:ineiuston_.:6fa,," ./" .:.... ,._ .', 5 '. . • , .., .. - .... ' . ...... . .. : . . :. . . .. . . •

•" conditions,In.particular,_,theevo!ufion..of:.no_.,tumal:,,... layer :ofvegetafioni.JOui'nalof GeOphysicalResearch ....• "..;• , :: , ', ._. _.., ." :. :..,.".. -.. •.., : . • ..... .. ... .... .. . . -

tempemtures..and;the_p0tential.forlearly:gr0wing:seas0n : 83"1889-1904. " "-:.-.. .... :.: ...:_..... "-....: i..
•frost,_isode//!are,dependentOn0verst0_...vegetafion ..__-... • . -::. • .. ,. • ..,:. ..:-_ ..."• . - . ..: ..... ,- .... . •

. densitieS;.Large..noctumalsurfacetempemturediffer- Hp-iLMA_;:W.E. 1984. A 0ne-dimensional_numerical" '. •
encescan arise.betwee_clean:utareas,.m..d_.areas-wi_.• Simulati0n.of -!aycrfeatur.esover.a_ .-:.- .:.. :, _.': . ..,: :!" ..' .-.:- . . .' ....- . ..... ........ ....... ..,... ........ • ,.. . .....
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inversion :layersalso.._flect thepresenCeorabsenceof

" any fores_overst_,'vegetatiOn.SOibnioisturevariations H_ILMAN,W,E., :ANDE.s.TAgLE.I99:.|INumeriCal _:.i-.
in ¢.l_.ui andni_n=clearcUtareasalso play a role in" : . simu|ati0n of_. enoc_al _ulen.ce:.c]iaraet_risfic_.

.... ' .'mOdi_ingthe.evO!utionof noc_al"inversi0n 1aye. Ov6r_ttlesn\f_eM_:.tai'h.:jo.U_ai OfAppli_:!"."i"_.
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" .resu!t.ofsffmll_f::verficaltempera_._._d]_nts-withii_. the phenology.anddevelopmeiffof,northem_di6_iand

nocmreal inversion:layersWhensoi!s.:._:i_:, :tlie"_by.... scarletoak seedlings.Forest Science 21:i;75-i.791::
: ' enhancingtheamount.ofv.ettiealmixing"0_fh_eat._d' " . .. / . . . •
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