The surface-atmosphere interactions
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Why the surface atmosphere interactions are
Important ?

. To describe the climate = One needs to describe interactions
between Ocean-Atmosphere-Ice caps-land surfaces under the
external solar forcing and the modified atmospheric
composition (CO2, aerosols, CH4 ..)

First order Ocean-Atmosphere interactions dominate (exchange
of heat, moisture ..)

. The land-surface interactions are essential for the high
frequency variability of near surface meteorology, can strongly
modulate the regional climates, impact the hydrological cycle...

Partially control climate hazards: Heat waves, droughts ... and
their consequences e.g famines



COUPLING BETWEEN ATMOSPHERE AND SURFACE Processes involved

SW

Latent heat for the surface
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The atmosphere and the surface are coupled through turbulence (in boundary layer) and
radiation
(SW and LW). Currently, there is no direct influence of the surface to other parametrizations.

The surface “receive” precipitation from the atmosphere (no direct feedback).




Atmosphere-surface interactions

The atmosphere and the surface are coupled through turbulence (in the boundary layer)
and radiation (SW and LW). Currently, there are no direct influence of the surface to other
parametrizations.

The surface “receive” precipitation from the atmosphere (no direct feedback).

The surface impacts the atmosphere via the orography (factors constant with time),
roughness, albedo emissivity

Atmospheric component of the IPSL integrated climate
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Turbulent diffusion (pbl_surface)

Change of a variable X with the time due to the turbulent transport (continuity) :
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Solving the tridiagonal system

my

m . N\ <
(o_; 4K+ hg) X,

which may be written as:

(6P, + R+ RY) Xy =08, X))+ Ry X + RN Xy [(2< 1 < n)

with ' = gotK;
At the top (1=n, @ =0)

(6Pn + Rf) ‘}(?1 — (EPH, )(2 + Rf )(-n,—l

At the bottom: (I=1): m,23X=@1, -2,

||||||||||||||||||||||||||||||||||||||||||||||||| t
JY - xXr“ - -
my— s = (X - Xy) - B

(6P, + RY) Xy = 6P XY + Ry Xy — g0t F}

With F7* : flux of X at the bottom of the first layer (i.e. between the surface
and the atmosphere), positive downward.
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Solving the tridiagonal system

Starting from top:
(§Pn_ - RX) X, =0P, X'+ R X, _;

can be written as:
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interfaces

Solving the tridiagonal system
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Solving the tridiagonal system

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

(6P, + RY) X1 = 0Py XY+ Ry Xy — g6tFyY

replacing Xs in the equation above:

X, = A} + By F{* .ot

with

Y0P+ R (1 — DY)

BY _ —4g
Y0P+ RY (1 — DY)




Solving the tridiagonal system
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X= wind, enthalpie, specific humidity, tracers

F* (flux of water mass, flux of heat, flux of momentum) is either prescribed or
computed for each sub-surface

Once F,*isknown, the X, can be computed from the first layer to the top of the PBL



Coupling with the surface : compute T, and F1T (sensible heat flux)

Case of the continental surface and the temperature

* Heat conduction in the soil: Diffusion equation

oT
b, =—-A—
g 0z A= thermal diffusivity
Toar_ 00, C = thermal capacity
ot C oz

Boundary conditions:

v' bottom:® =0
v’ top: Continuity of the fluxes and the temperature between sub-surface and atmosphere

SWnet + I‘Wd - 8? Ts4 +H+L+ cDO :[ 0 L= BpCpVCd (qs(Ts)'ql) = pCpVCd (qsurf_ql)
depen'd on Ts H=-pC,VCy(T;-T))




Coupling with the surface : compute T,and F," (sensible heat flux)

Case of the continental surface and the temperature

* Heat conduction in the soil: Diffusion equation

aT
A
T 0z A= thermal diffusivity
(C) or 400, C = thermal capacity
ot C oz

Boundary conditions:

v' bottom:® =0
v’ top: Continuity of the fluxes and the temperature between sub-surface and atmosphere

SWnet + I'Wd '|80 Ts4 +H+L+ ch) =0 H = prcd (ql - qs(Ts))

depc'end onTs L=pVCy(T,-T))

Vertical discretization and time discretization of C

» Tridiagonal system as for the atmosphere (different boundary conditions)



e Heat conduction : Diffusion equation Ca_T _ 9 (xa_T
0
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e Heat conduction : Diffusion equation

We obtain by recurrence (same as for atmosphere) aT _ 4199,
at  C oz
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e Heat conduction : Diffusion equation

We obtain an inner relation

Top: Continuity between sub-surface and atmosphere

t t t
1 t T1/2-Ty)2 _ 1 T3/2-Ti/2 Loty N4
( ) (:pl/2 8t Z1—Z0 Al Z3/2_Zl/2 + Z F (TS) SO-(TS)

(2) T5p=of Ti+ps
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e Heat conduction : Diffusion equation

We obtain by recurrence: oT

Top: Continuity between sub-surface and atmosphere

—

t t t
1 T1/2-Ty)2 _ 1 T3/2-Ti/2 Lty g
( ) Cp 1/2 8t Zl_ZO Z3/2—Z1/2 + Rad + Z F (TS) SO-(TS)

(2) @aﬁ Tf+D Att, oy and B, dependonT,,,

at the previous time step
they can be computed with a
recurrence relation from one
layer to the other.

t
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Ts : linearly extrapolated from T ,, and Ty ,

5 Ts—Ts

C*—=—% =G * +Rad + L F!(Tg) — e (Tg)*

Hourdin 1993 (these)
Wang, Cheruy, Dufresne 2016 GMD



e Heat conduction : Diffusion equation

We obtain by recurrence: oT

Top: Continuity between sub-surface and atmosphere

—

t t t
1 T1/2-Ty)2 _ 1 T3/2-Ti/2 Lty g
( ) Cp 1/2 8t Zl_ZO Z3/2—Z1/2 + Rad + Z F (TS) SO-(TS)

(2) @aﬁ Tf+D Att, oy and B, dependonT,,,

at the previous time step
they can be computed with a
recurrence relation from one
layer to the other.

t
E C*T1/2—T1/2

—" =G +Rad + LF'(T§) — ea(T)*

Ts : linearly extrapolated from T ,, and Ty ,

5 Ts—Ts

C*=—% =G’ * +Rad + Y F'(T5) — eo(Tg)*

Wang, Cheruy, Dufresne 2016 G

Solved using the sensitivity of the flux to the surface temperature
to calculate the flux at the new time-step



Atto,and 3, dependonT, at
the previous time step and on

the underlying layers :

They can be pre-computed
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Att o,and B, dependonT, at
the previous time step and on

the underlying layers :

They can be pre-computed
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Att o,and B, dependonT, at
the previous time step and on
the underlying layers :

They can be pre-computed
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Coupling between atmospheric column(s) and sub-surfaces

Each grid cell is divided into several sub-areas or "~“sub-surfaces" of fractions W;

Sub-surfaces Turbulent Radiative
flux flux
Z w; = 1 One PBL over each One column
i sub-surface covers all the sub-
surface

Each sub surface has to compute F, using variables X , A, and B,
The boundary layer tendencies in the atmosphere are mixed between

sub-columns (equivalent of averaging the surface flux)



Derivation of local sub-surface net solar
radiation from grid average net solar
radiation

The grid average net flux ¥s at surface has been computed for each grid point by the radiative cod
We want (1) to conserve energy and (2) to take into account the value of the local albedo ai of the <

We compute the downward SW radiation as

i 1Y
with the mean albedo o = (Wi (Vs s — S
2. SR
For each sub-surface i, the absorbed solar radiation reads: o7 = (1 — o) Ff
(1 — ) =

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

1



Derivation of local sub-surface net longwave
radiation from grid average net longwave radiation

The net longwave (LW) radiation U* 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:

V(T = e (F) = oT}) (1)

2

where 7; is the surface temperature of sub-surface ¢ and ¢; its emissivity. A linearization
around the mean temperature 1" gives:

V) =~ e (F.l. - ‘ﬂm) —4e,0T(T; = T) (2)

To conserve the energy. the following relationship must be true:
Sk =0 (3)
i
Using Eq. 2 gives
Z wipp =€ (F| —oT*) — 40717 Z wie; (T, = T) (4)

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



Derivation of local sub-surface net longwave radiation
from grid average net longwave radiation

Zwel' = FL—JT)—4JngwZEQ i —1T) (4)

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

T — Zz L"isEsz (5)

€

To ensure energy conservation, we need in addition to verify:
Uh =2 (F —aT?) (6)

Which 1s consistent with the definition of the net LW flux at the surface. We rewrite now
Eq. 2 as:

LTy = E—f\IJL — de;oT(T, = T) (7)
€

W

Due to radiative code limitation, in LMDZ, we always must have € = 1



In subroutine PHYSIQ Call tree
loop over time steps
CALL change_srf _frac : Update fraction of the sub-surfaces (pctsrf)

CALL pbl_surface Main subroutine for the interface with surface

Calculate net radiation at sub-surface

Loop over the sub-surfaces nsrf
Compress variables (Consider only one surface type and only the points for
which the fraction for this sub-surface in not zero)
CALL cdrag: coefficients for turbulent diffusion at surface (cdragh and cdragm)
CALL coef_diff_turb: coef. turbulent dif. in the atmosphere (ycoefm et ycoefm.)
CALL climb_hqg_down downhill for enthalpy H and humidity Q
CALL climb_wind_down downbhill for wind (U and V)
CALL surface models for the various surface types: surf_land, surf_landice,
surf_ocean or surf_seaice. Each surface model computes:
 evaporation, latent heat flux, sensible heat flux
 surface temperature, albedo (emissivity), roughness lengths
CALL climb_hg_up : compute new values of enthalpy H and humidity Q
CALL climb_wind_up : compute new values of wind (U and V)
Uncompress variables : (some variables are per unit of sub-surface fraction,
some are per unit of grid surface fraction)
Cumulate in global variables after weighting by sub-surface fractions
Surface diagnostics : (T, g, wind are evaluated at a reference level (2m)
owing to an interpolation scheme based on the MO laws).

End Loop over the sub-surfaces

Calculate the mean values over all sub-surfaces for some variables

End pbl-surface



About the surface models: land, ocean, sea-ice, land-ice

For land : simplified land surface model, hydrology= bucket or “beta clim”,
constant thermal inertia (soil /snow) , albedo and rugosity from a file.

or Soil-vegetation-atmosphere transfer (SVAT) model (ORCHIDEE)

For ocean: Forced, fully coupled (with NEMO), coupled with a slab-ocean

For sea ice depends on the coupling with the ocean (forced, coupled, slab)

For land-ice : snow properties calculated with sisvat if ok_snow=T.
otherwise simplified (as for land + simplified snow prop., rugo, albedo)



About the values interpolated at a reference level near the surface (e.g. 2m)

Principle: Constant flux in the surface layer and similarity laws: Non dimensional vertical gradient
of horizontal wind, potential temperature, specific humidity are assumed to be universal function
of a stability parameter z/L (L= Monin-Obukhov law) or of the Richardson Number (Louis 82).
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Technical note : Description of the interface with the surface and the computation
of the turbulent diffusion in LMDZ (J.L.Dufresne) These F. Hourdin 1993 (section
3.3.3 and annexes)

Wang F., F. Cheruy, J.L. Dufresne, 2016: The improvement of soil
thermodynamics and its effects on land surface meteorology in the IPSL climate
model. Geosci. Model Dev., 9, 363-381, 2016 www.geosci-model-
dev.net/9/363/2016/



Coupling with the surface : Compute F !

A, and B, rely on the vertical diffusion scheme

FL, = p C V] (xl@ Xi— A, Y= A+ BYFY
Bl6t P \
value of X, it F,=0 Sensitivity of X,
toF,

Cy* drag coefficient (Monin Obukhov, constant flux in the surface layan}ine cdrag.F90
depends on

* roughness lenghts (gustiness, vegetation), o}gp@y

* Richardson number (boundary layer stability)

* Formulation depends on the sub-surface type

Once Xs is known , X; and F!, are known



IMPLICIT SOLVING FOR T,

t
C*25 = G’ % +Rad + X FH(TY) — eo(T)*
5t > oLls
FL, = Bulk formula = p CXV| (X,-T.) = K, (X,-T.) X, = A} + B Fr ot
o
X —A if F.= \
Fly="ts =M+ N, T Value of X, it F,=0 Sensitivity of F,
' to X,
KA,
M, = 1-8tK B, = (Po/Pp)*
K A,
Ni=-105 KB,

A; and B, known



