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Future%work:%Connect%the%
local%physics%to%the%valley%
scale%flows%using%the%
balloon%soundings,%
Doppler%lidars,%and%
sensorscope%(distributed%
sensor%network%in%the%
catchment)%

27.09.2011 %17:43:45%
11.8°C%<%Ts%<%18.81°C%
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z = 0.44 m
z = 1.26 m
z = 2.12 m
z = 3.74 m
z = 6.23 m

Nigh\me:%
Downslope%Direc/on,%

East%

Day/me:%
Upslope/Up%valley%Direc/on,%

WNW%

INTRODUCTION&
Much%of%atmospheric%boundary%layer%(ABL)%theory%holds%for%
terrain%that%is:%Flat%!%Uniform%!%Sta/s/cally%homogeneous%
%%

In%contrast,%experiments%during%transi/onal%periods%(morning/
evening)%are%underrepresented%and%the%associated%physics%%are%
less%well%understood%especially%in%complex%terrain.%%In%addi/on,%
most%numerical%models%perform%poorly%for%steep%terrain%and%
during%transi/onal%periods.%

and%for%‘sta/onary’%periods%(day/night).%For%example:%
•  KANSAS%1968%and%Minnesota%1973%Experiments%
•  Similarity%theory:%MoningObukhov,%Willis%and%Deardorff,%etc.%%

VS%

SLOPING&TERRAIN&
For%sloping%terrain,%atmospheric%flows%under%clear%skies%and%
weak%synop/c%forcing%are%thermally%driven%and%characterized%by%
upslope/up%valley%winds%during%the%day%and%downslope/down%
valley%winds%at%night.%%The%turbulent%mechanisms%during%the%
morning%transi/on%at%the%10m%flux%tower%from%the%on%21%Sept.,%a%
typical%cleargsky%day%during%the%SELFg2011%field%campaign,%are%
examined%herein.%
%
%
%
%
%
%
%

C%D%Whiteman.,%2000%Mountain(Meteorology%

Morning%
Transi/on%

C%D%Whiteman.,%2000%Mountain(Meteorology%

Due%to%slope%aspect%and%
topographic%shading,%the%
slope%site%is%one%of%the%

final%loca/ons%in%the%valley%
to%receive%direct%solar%

radia/on%

Nigh\me%air%temperature%inversion%breaks%
up%from%above%due%to%hea/ng%in%the%valley.%

10%Thermocouple%
array:%
Measures%%
neargsurface%%
air%temperature.%%
(10%TCs%between%0g1m)%%
%

w 'θv '

EVENT&TIMING&
&

•  Astronomical%sunrise:%07:14%
•  Local%sunrise%(slope%site%receives%direct%solar%radia/on):%10:42%
•  Sensible%heat%flux,%H,%becomes%posi/ve%%%%%%%%%%%%%%%%%%%%%%%%%%%%%:10:52%
•  Surface%temperature%overtakes%virtual%temperature%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%:11:22%

(⇢Cpw 0✓ 0 > 0)

(Tsurf > ✓v)

Typical%diurnal%slope%flow%
palerns%at%the%site.%

10m%Flux%Tower%
Instrumenta/on%

Mounted%slopegparallel:%
•  5X%CSAT3%sonic%

anemometers%
•  CNR2%net%LW/SW%

radiometer%
Mounted%tradi/onally:%
•  2X%HMP45C%T/RH%

sensors%
•  Li%7500%hygrometer%
•  4X%thin%wire%

thermocouples%(one%
per%the%top%4%sonics)%
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Future%work:%Compare%with%
LES%and%try%to%improve%
modeling.%Learn%more%about%
the%physics%from%LES%test%
cases.%%Sensi/vi/es%to%slope%
angle,%surface%temperature%
patches,%roughness%patches,%
etc.% See%A12Dg02%by%Giomelo%

LES%of%kataba/c%flows%
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Heat%and%momentum%fluxes%at%z%=%1.26%m%

Turbulence%Kine/c%Energy%
(TKE)%

•  Advec/on%of%heat%
normal%to%the%
surface%(termIII)%
damps%out%aper%
the%heat%flux%
crossover%/me.%

•  Heat%flux%
divergence%
(termIV)%is%
nega/ve%and%
steady,%but%weak%
at%night.%Aper%it%
becomes%>0,%it%
does%not%
strengthen%un/l%
apernoon.%

•  Bouyant%
accelera/on%
(termIV)%drives%
both%up%and%
down%slope%
flow.%It%drops%
aper%local%
sunrise%and%rises%
again%almost%
2hrs%later.%

•  Momentum%flux%
divergence%
(termV)%par/ally%
balances%
accelera/on.%

%%

•  All%terms%~0%for%10%
min.%aper%local%
sunrise.%

•  Mechanical%
produc/on%
(termV)%
dominates%
produc/on%of%TKE%

•  Viscous%dissipa/on%
(termVII)%%
dominates%
destruc/on%of%TKE%

•  Buoyancy%(termIV)%
destroys%at%night%
and%produces%TKE%
during%the%day.%

%

CONCLUSIONS:%%
Residual%terms%in%the%
budget%equa/ons%are%
generally%significant%which%
indicates%the%missing%
terms%are%poten/ally%
significant.%Since%the%night%
/me%temperature%
inversion%breaks%up%from%
above,%horizontal%
advec/on%most%likely%plays%
a%significant%role%that%is%not%
accounted%for%in%the%
budget%analyses.%Future%
studies%should%alempt%to%
measure%horizontal%
advec/on%of%TKE,%
momentum%and%heat%%


