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SW_net+ LW net+H+LE +G=0
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Diurnal variations of weekly mean of surface energy budget terms (44N, 116E, Steppe, China )
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Hydrol. Earth Syst. Sci. 13, 987-998, 2009 Z. Gao et al: Seasonal and diwmal vanations mm moisture, heat and CO» Auxes



Surface energy budget

0
Cs=Ts = SWhet + LWhet + Fip , + LLE+G

ot
LWhet = LWaown — e0Ts* — (1 — &) LW gown
Fiy s =p|7|Ca(H; — H,)
L.E;=Lp|7|Caf(q1 — qgsat(T%))




Implicit coupling: The atmospheric temperature, humidity and surface
conditions are estimated synchroneously (at the same time step)
Tt . Tt—ét

CS(S 5; ):SWfLet+LW7§et+Ht+L.Et+Gt

Tt . Tt—ét)

= = SWiet + LWaoun + G — 2o 11 4+ H' + L.E

o,

G?, computed by thermosoil

(s is the apparent surface heat capacity and is computed by thermosoil




Turbulent fluxes and their dependence on the surface temperature

The diffusion equation of the potential enthalpie or the specific humidity (X) in
the boundary layer FX = —pk%X and %X = —laﬁF X and the continuity
p 0z

equation are discretized in space and time.

Xt . Xt—5t —g
: 5t l - O P, (F}{(H/z o FZ)E1/2)

(X — X y)

2l — Rl—1

Fl—1/2 — _pl—l/le—l/Q




For the interface variable this can be re-written as

X{ =Ax + Bx .F. x0t
X; =05 + Dy Hj

Fx o= p|7|Ca(Xi — X{)

AL X705 Py + S5XC5F
X 5P +SX(1 - DY)

Bk = 14
6P+ S55(1 - DY) (14)

2 2
. g pz,oks /00t . . .
with So = lii = ;g ~— and A% and B} do not contain any information on the

surface contition at the time t and can be computed from the PBL prior to the

land surface processes.




Sensible heat flux

Hi = Ay + By .F! 46t

1
F! H! — H!
s,H — sz ( 1 )

with H = C,T(4)" , Hy = C,Ts and —— = p|7| Cy

Flpy= zzk ——(Ay + By .F! yot — HY)

L (A}~ ) (-
; 1 B 1

]

FtH

FStH = sens flog — sens flons(TF — Tj_ét) (19)

[0 sensflyq is based on the surface condition at the previous time step (¢ — dt)

and the atmospheric condition at the time step t
[ sensflg,s is a sensivity term to the variation of surface temperature. U In the

ORCHIDEE code, A}, is called petBcoef, B};dt is called petAcoef




Latent heat flux (evaporation)

Fg,q = Lp ‘?| Cd5<Q§ - QSCLt<T§))

aQSat

sa Tt — {sa Tt_at
q t( s) q t( s )+ ot

(T=TL=°" (T; — Tst_ét>

¢i = A, + B, .F! bt

1 1 1 ) Iqsat s
Fg,q = sztﬁ(Aq + Bq.Fg’qét — ant(T;5 t) + W(T:Tst—&)(T; — T; t))

1 1 -5 1 19gsa
o %5(Aq —C]sat(T§ t) B ziktﬁ 8tt(T:T§_5t) ¢ L5t

(1 - ==BBldt) (1 - Z=BBldt) (T = 1.77)

zikt zikt

In the ORCHIDEE code, Aé is called peqBcoef, B;(St is called peqAcoef

L
L_Fst’q = L.larevayq — C—larevasns(Hg — HI%)
P




Radiation

netrad = SWiet + LW jown — E0 * T§4 — (1 — &) LW 4own (26)

In the present version the LW emissivity is set one

netrad = SWnet + LW aown — (1 - 5)LWdown —EO0 * T§_6t4 - 450_T§_6t3<T§ - Tg_&)
(27)

netrad = netradyg + netradg,(T! — Tj“”) (28)




surface temperature at the new time step

SUMe1g = netradyg + sensfloig + larevagg

SUMgns = Netradg,s + sensflg,s + larevag,s

(T - T
ot

Cs = sumeiq + G + sumg,s(TE — T%)

dt(sumeg + G)
Cy — sumgy,s0t

(1T =




About the radiation the time step of the radiation is usually longer
than the one of ABL and LSM

[1 Favoring the energy conservation: Between two calls of the radiation code, the
change of T is supposed not impact LW,,.; LW, ; is computed by the radiation
code in LMDZ, the radiation in enerbil and in LMDZ is consistent and the
radiation is computed in LMDZ.

O LW,, is updated as T is updated. The radiation used by enerbil and by
LMDZ are not consistent

[ LW,, can be averaged over the time-steps between two calls of the radiation

(account for the variation of Ty induced by varying surface conditions) (not yet

implemented).




Atmosphere/surface coupling in LMDZOR
LMDZ (phylmd)

Planetary boundary pbl_surface (‘ter’)

layer
(Aq ’ Bq AH ’ BB cd' Au ’ Bu Aw' Bw 'TZm' QZm)
and surface modules AcoefH, AcoefQ, BcoefH, BcoefQ ycdragh,
ycdragm, ysolsw, ysollw,ylwdown,ylwdown,yg2m,yt2m

(is_ter, ok_veget =y )

surf_land_orchidee

I'Wdown' SWnet' I'Wnet' T2m' qu' Cdrag' u,v
fluxsens, fluxlat, albedo, emiss A,,By Ay, BgA,, B, A,, B, rain, snow)
tsurf_new, z0 ORCHIDEE (sechiba)

intersurf
petA orc,petB_orc,pegA_orc,peqB_orc,swet, swnet,lwdown, cdrag
sechiba
Water and Energy diffuco ( z0, albedo , emissivity )
budget enerbil
(surface and soil) fluxsens ,fluxlat, tsurf_new

thermosoil G, ztsol




More information on

http://forge.ipsl.jussieu.fr/orchidee/wiki/Documentation/CouplingLMDZ



