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How to model the Surface boundary Layer
and/or canopy processes?

with a 1D turbulence scheme inside Surface schemes !

Valery MASSON, Rafig HAMDI, Yann SEITY
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SBL scheme principle : state of the art
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SBL scheme principle : what we want to do
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Evolution equations in the SBL are :
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SBL & « canopy » scheme
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' SBL & « canopy » scheme

= Regrouping terms into 3 main types :

%’T = LS(U) +Turb(U) +Drag,

9 = LS(V) +Turb(V) +Drag,

{ % -
% — LS(Q) —{—T'U,Tb(G) +%canopy
o = LS(q) +Turblq) +%..

\

The TKE equation remains the same:

s, s,
LA Adv(e) + Dyn.Prod. + Therm.Prod. + Turb + Diss. + -
8t at canopy
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SBL & « canopy » scheme

= Supposing that:

The mean wind direction does not vary with height in the SBL

The turbulent transport and advection of TKE is small in the SBL compared to other terms
Above the canopy (if any), the turbulent fluxes are uniform with height (« constant flux layer »)
The Large-Scale Forcing terms LS(U), LS(0), LS(q) are uniform with height in the SBL

- These are hypotheses commonly done in Monin-Obukhov-like SBL relationships
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SBL canopy scheme in TEB

Offline Validation with the BUBBLE data
— City-center of Basel (Switzerland)

— Simulation covers half of the summer IOP:
from 16th to 30th June, 2002

Basel-Sperrstrasse
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SBL canopy scheme in TEB

Dynamical variables
Walls imply a drag force on the flow parameterized (CD=0.4) as :

Wallls are also a source of TKE, parameterized as :

- Cd U2
+ Cd U3

Both mean wind profile and momentum fluxe profile are correctly simulated

Average vertical profile (207 observations)
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Temperature and surface Energu Budget

! DE LA RECHERCHE

Heating terms come from wall, roof, road
separate energy budgets

Good fluxes, temperature profile good above roof

level, could be improved near the road
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SBL canopy scheme in TEB

(a) Net radiation
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Evaluation in AROME

Surface Boundary Layer

Ta 5 levels added +
Last model ® turbulence scheme used
(S)
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Evaluation on July 2007 and January
2007 on South East France domain :
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Evaluation in AROME

= Scores in plains (z<300m)
2m temperature scores (Januwary 2007) : plains 2m temperature scores (July 2007) : ploins
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Evaluation in AROME

= Scores in mountaineous areas

2m lemperolure scores (January 2007) : mountains 2m temperalure scores (July 2007) : mountains

8 T2m — REF 3 8 — REF 3 .

30 ! 30 SBL 3 b I
- z.sv-’-i‘-: = == SBL better in January & July
£ 20f 3 E 20f .

2 1SE -] $ 15E 3
% e _ = %

8 osf T i o

§ 00F N gl § o

= o8t 3 =gy

-1.0F 3 .

-15E 4 4

-2.0E " L . 3 -2.0 L L L L 3

3h 6h sh 12n 15 1Bh  21h  24n  27h  30h 3h &h sh 12n 15 1B 21h  24n  27h  30h
Forecost lime since QUTC Forecoal lime since QUTC
2m Humidity scores SJonuury 2007) : mountains 2m Humidity scores (July 2007) : mountains

10 - - : oo Ry : - -

HU?2 REF 3 B wr 1 = Reflects t2m errors
& 200 U2m SBL 4 & =:f — - SBL -

e ————— B S S S DS p— it
3 w0f 3 g 1o E
£ sb - E 3 =
£ o_____________\ _ = E - .-——-—s.\\l _____ //—‘___,_.—
_§ 3 i 3 2 E P < E
g 5 P T e oz gl PR e S
T -0 _ — — 3 E -10fF

-18F E -18F 3

-20 E -20E

3n Eh oh 12n 15h  1Bn  21h  24h  27h 30k 3h Eh oh 12n 18, 18R 21h  24n  27h  30h

4 10m wind sirength socres (Jonuary 2007) : mountoins 10m wind strength scores (July 2007) : mountains . SBL better for Wlnd Strength
] —— REF
— - SBL

35E — REF

nE Wind '

Wind strength {m,/s)
&
o
T

Wind strenglh (m,/s)

3h Bh ah 12h 16h 18n 21h 2an Th JOll i Eh 9h 12h 16h !éh 21h 2an 3'.“!\ 3o

Farecost lime since OUTC Farscost time since OUTC [ ] S B L better for Wi nd d i rection

10m wind direction sceres (January 2007) : mountains 10m wind direction scoeres (July 2007) : mountains
B e Lot —IL WINC cCir Sk

_ h = 0 (even if wind direction is not
e Direction  — g3 ¢ 7 a SBL scheme variable !)

& 10} -E ‘E: L=

E_ngﬂ"‘—‘——-—-———"’f—h‘“‘_‘-‘——:’—'ﬁé E-O_ = —

" i e i -20 " " i i
Forecost lime since OUTC Forecast lime since OUTC 5
Toujours un temps davance

12



Evaluation in AROME

Better statistical scores,
Especially in mountains

No surface/atmosphere decoupling

l

Significant (necI:]ative) heat fluxes

Air cooling in the atmospheric model

l

Better catabatic winds

l

Better structure of temperature field
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’ Conclusions

= One 1D SBL & « canopy » scheme has been included in SURFEX

= This allows a better physical treatment of the SBL, taking into
account obstacle effects if any (e.g. buildings in TEB)

= Scores are globally improved, especially over mountains

= To couple the surface scheme (ISBA) with a very low SBL level
avoids the classical surface/atmosphere decoupling

= Opens new collaboration opportunities on e.g. forest schemes
iIncluding a tree canopy
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' Conclusions

= Thank you
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SBL & « canopy » scheme

Turbulence scheme is the Cuxart, Bougeault, Redelsperger (2000)

Mixing and dissipative length scale, above canopy, are given by Redelsperger, Mahé

and Carlotti 2001

A summary of the turbulence scheme is given below:

- SoU
u'w = _C"u"\/EE
Wl = —Cylyfed
. 10)
=TF L )r.'.-; (
w'qg = —C,l/e3t
) a
o __au §—— . ez De
E = —vuuw'—+ b, -C—+5_
Y 4 1, canopy
S o
Dyn, Prod. T'herm Prod. Diss.

with €, = 0126, (, = ¢, = 0.143, C; = 0.845 (from Cheng et al 2002 constants
values for pressure correlations terms and using Cuxart et al 2000 derivation). The mixing and

dissipative lengths, [ and [, respectively, are equal to (from Redelsperger et al 2001, a = 2.42) :

I = kz/[\JaC.¢%(2/Lyo)oe(z/ Luo)] ™

l. = la®C,/C,/(1 —1.92/Lyo) if /Lo < 0 (1)
fc = !(.126:/(-'“/“ - 0.3\/2/1{.;\;0) if Z/L_\,qo >0

Where L) is the Monin-Obukhov length, ¢, and ¢, the Monin-Obukhov stability functions

for momentum and TKE.
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