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Atmospheresurface interactions

Theatmosphere and the surface are coupletthroughturbulence(in boundary layer) anchdiation
(SW and LW). Currently, theris no direct influence of the surfat@other parametrizations.
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Atmospheresurface interactions

Theatmosphere and the surface are coupletthroughturbulence(in the boundaryayer) and
radiation (SWand LW). Currently, there are no direct influence of the surface to other

parametrizations.
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precipitation from t

The surface impacts the atmosphere via the orography (factors constant witinairgenessalbedo

The surface Arecei
emissivity
In LMDZ:

Each surface grid may be decomposed in a
maximumof 4 subgrids of different types:
land (_ter), continental ice (lic),

openocean (oce), seaice (_sic)

Radiationdepends only on mean surface
properties

Turbulent diffusiordepends on local sudyrid
property

Atmospheric component of the IPSL integrated climate
model LMDZ4
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Turbulent diffusion pbl surfacg

A Change of a variablew¥th the time due to the turbulent transporicontinuity) :
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X=specifichumidity, momentum

7 m =mass per surface unit (kgfn moist staticenergy tracers

7!3 Diffusion coefficient (r#s-1)
F dJpwardpositive
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Solving the tridiagonal system

m . N\ o My, Lo o
(o_; 4K+ hg) Xy = XD+ K X + KXoy

which may be written as:

(0P, + R+ RN X =060, X))+ Ry X + RN X [(2< 1< n)

with R = goth)
At the top (I=n,F =0)
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With £7° : flux of X at the bottom of the first layer (i.e. between sheface
and the atmosphere), positive downward.
K, =




Solving the tridiagonal system

Starting from top:

can be written as:
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interfaces—— Solving the tridiagonal system

——————— X | layers
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(P+RX, (1-DX)+RY)X, = 6B X)+RY, C8 +RX X,

. with ;Y = gdtK
So we obtain by reccurence:

Xg = (TIX + D{{Xg_1 (2 g [ E Tl)
with, for (2 <[ < n) B
X _ XJoP + Ry Oy
dependonly on propertiesin the ob + HX + Bl+1( Dz)iﬂ
layers aboveand the variables — nX
at the previoustime step. Di* = - R f R
| ob + Iy + HI+1( Dz+1)




Solving the tridiagonal system

At the bottom of the boundary layer X, = C5' + D3 X,

(6P + Ry ) X1 = 0P, X{ + Ry Xy — gStFy}*

replacing Xs in the equation above:

X, = Ay + By . F;* .6t

with
' 0P + RX (1 — DY)
—9
Byt =



Solving the tridiagonal system
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X=wind, enthalpie,specifichumidity, tracers

F* (flux of water mass, flux dheat, flux ofmomentum) is either prescribedor
computedfor eachsub-surface

Once Eisknown, the X canbe computedfrom the first layer to the top of the PBL



Couplingwith the surface ComputeF,!

Dependson the vertical diffusiorscheme

F =Bulkformula =r

G drag coefficienfMonin Obukhoy constant flux in the surface layer)

dependson

A roughnesdenghts(gustinessvegetatior), routine cdrag.F90
A Richardsomumber(boundarylayer stability)

A Formulationdependson the sub-surface type

Onc:eXS iIsknown, X and R, areknown



Couplingwith the surface compute T,and F' (sensibleheat flux)

Case of the continental surface and themperature

A Heatconduction in thesoil Diffusionequation :

ITOKSNMIFET dza A @A (&
N = C = thermatapacity

Boundaryconditions

V bottom:F =0
V top: Continuity of the fluxes and the temperature betweeub-surface andatmosphere

W +LW, - ST H AL FoZ0 WbV, (T9a)
depeledon Ts L=-r VG (T;-Ty




Couplingwith the surface compute T,and F' (sensibleheat flux)

Case of the continental surface and themperature

A Heatconduction in thesoil Diffusionequation :

ITOKSNMIFET dza A @A (&
(C) - E C = thermatapacity

Boundaryconditions

V bottom:F =0
V top: Continuity of the fluxes and the temperature betweeaub-surface andatmosphere

SWoet # LW -€ ST+ H + L F07 0 H =bVG (g - a4(T))
depeljwdon Ts L=rVG(T-T)

Verticaldiscretizationand timediscretizationof C
U Tridiagonabkystem as for thatmosphere(different boundaryconditions)



A Heatconduction : Diffusioequation _ _ 1I°Y
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A Heatconduction : Diffusiomquation

We obtain by recurrence(sameas foratmospherg F

A Top: Continuity between subsurface andatmosphere
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Att, a,and b, dependon T4,
at the previoustime step

they canbe computed with a
recurrencerelation from one
layer to theother.



A Heatconduction : Diffusiomquation

We obtainaninnerrelation

A Top: Continuity between sulsurface andatmosphere

(1)

7 T 7 7 Y
# [1 . 7] B&(4) RA4 T

(2) 47=a 4_+b

Att, a,and b, dependon T4,
at the previoustime step

they canbe computed with a
recurrencerelation from one
layer to theother.



A Heatconduction : Diffusiomquation

We obtain by recurrence

A Top: Continuity between sulsurface andatmosphere
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Att, a,and b, dependon T4/,
at the previoustime step

they canbe computed with a
recurrencerelation from one
layer to theother.
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Hourdin1993 (these)
Wang,Cheruy Dufresne 2016 GMD
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Atta,and b, dependonT, at
the previoustime stepand on
the underlying layers:
Theycanbe pre-computed
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Atta,and b, dependonT, at
the previoustime stepand on
the underlying layers:
Theycanbe pre-computed
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Coupling between atmospheric column(s) andsubaces

Each grid cell is divided into several sakeas or sulsurfaces" of fraction W;

Sub-surfaces Turbulent Radiative
flux flux
Z w; = 1 One PBL overach Onecolumncovers
; sub-surface all thesub-surface

W ,(11 / w_,x

Each sub surface has to computg, using variablesX,, A, and B,
The boundary layer tendencies in the atmosphere are mixed between
sub-columns(equivalent of averaging the surface flux)



Derivation of local sulsurfacenet solar
radiation from grid average net solar radiation

The grid average net fluys at surface has been computed for each grid point by the radiative code.
We want (1) to conserve energy and (2) to take into account the value of tredbedall of the subsurfac

We compute the downward SW radiation as

- v
with the mean albedo v = Wi O s — S
Zi: L (1 —a)
For each subsurfacei, the absorbed solar radiation reads: O = (1 — o) Ff
(1— )
s = e

One may verified that this procedure ensure energy conservation, Z Wi L'f - qj,g

1



Derivation of local susurfacenet longwave radiation
from grid average net longwave radiation

The net longwave (LW) radiation W* has been computed by the radiative code for each grid
cell. How to split it depending on the sub-surfaces local properties and ensuring energy
conservation?’

If the downward longwave flux F| is uniform within each grid, the net LW flux for a
sub-surface ¢ may be written as:

UH(T;) = € (F) — oT}) (1)

2

where 1; is the surface temperature of sub-surface ¢ and ¢, its emissivity. A linearization
around the mean temperature 1" gives:

7

To conserve the energy. the following relationship must be true:
> wif =0t (3)
Using Eq. 2 gives
Z Wiy =€ (F| —oT?*) —40T" Z wie; (T, =T (4)

where € = > . w;€; is the mean emissity.



Derivation of local sulsurfacenet longwave radiation
from grid average net longwave radiation

szz* = FL—UT)—4UT32MQ i —1T) (4)

where € = > w;e; is the mean emissity. The second term on the right hand side is zero if

T — Zz L—LirEsz (5)

€

To ensure energy conservation, we need in addition to verify:
vl = (F —oT?) (6)

Which 1s consistent with the definition of the net LW flux at the surface. We rewrite now

Eq. 2 as:

L) =~ LUF 4601 - 1) (7)
€

.’ll—ll.'- 'J

Due to radiative code limitation, in LMDZ, we always must h@vel



In subroutine PHYSIQ Call tree
loop over time steps
CALL change_srf _fracUpdate fraction of the suturfacesctsri

CALL pbl surfaceMain subroutine for the interface with surface

Calculate net radiatioat subsurface

Loop over the suurfacessrf
Compress variablg€onsider only one surface type and only the points for
which the fraction for this suburface in not zero)
CALL cdrag coefficients for turbulent diffusion at surfacgl{aghandcdragn)
CALL coef _diff turb coef turbulent dif. in the atmosphengcpbefmetycoefm)
CALL climb_hq_dowrdownbhill for enthalpieH and humidity Q
CALL climb_wind_downdownhill forwind (U and V)
CALL surface model$or the various surface typesirf land, surf landice,
surf _oceanor surf_seaice Each surface model computes:
A evaporation, | atent heat flux, sensi
A sur f ac e albedortamissivity}, ougleness lengths
CALL climb_hqg_up: compute new values tenthalpieH and humidity Q
CALL climb_wind_up: compute new values of wind (U and V)
Uncompresvariables (some variables are per unit of ssirface fraction,
some are per unit of grid surface fraction)
Cumulate in global variabledter weighting by suisurface fractions
Surface diagnostic§T2m, Q2m, wind at 10m...)

End Loop over the sufurfaces

Calculate the mean values over all suisfacedor some variables

End pbl-surface



