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Abstract

The aim of this document is to describe the set of reference of the equation for the implicit
coupling between SURFEX and the atmospheric model above and the calculations done in the
routine e_budget to solve the surface temperature.
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Chapter 1

Reference set of equations

1.1 Definition of the coefficients As and Bs

We follow here the set of equations proposed by Best et al. (2004). The surface variable evolution
are done in the resolution of the vertical diffusion of the atmosphere. If X is an atmospheric
variable (u, v, 0, q), at the lower atmospheric level we use the equation :

Xy =Axn X FXg+Bxy (1.1)

We will use in this document the subscript N for the lower atmospheric level, the subscript
S for the surface level. The sign - means that this value is calculated at the time t. The sign +
means that the value is calculated at the time t+At.

° X]J\r, is the atmospheric variable at time t+At.

° A;Q n and By y are the coefficient used for the vertical diffusion resolution. They are
calculated by the atmospheric model. A)_Q N is a function of A)_Q y—p and the diffusion
coefficients in the atmosphere between the levels N-1 and N. B;(’ n 1s a function of the
diffusion coefficients in the atmosphere between the levels N-1 and N and X ,_;.

° F;g g is the surface flux of the variable X.

In our case, the variables used for the interface are : u,v, 0, q, following the variables used
in the externalised surface code developped by CNRM/GMGEC (A. L. Gibelin, I. Zuurendonk).
Hence Eq. 1.1 becomes :

uf = Ay n X Ffg+ By y (1.2)
vy = A X Efg+ By (1.3)
0% = Agn X Fifg+ By y (1.4)
ay = A Ny X Fig+ B,y (1.5)



1.4 aciinivlion Ol Il 11uXes

In the surface scheme, we need the definition of fluxes to calculate the evolution of the surface
temperature, and then to calculate the fluxes at t+At, which will be used in the atmospheric
model to solve the vertical profile of u,v, 4, q.

This fluxes are defined as follows :

Ffs = p OpVyuy (1.6)
Ffs = p CpVyuk (1.7)
Fyfs = p CyVy 0y —0%) (1.8)
Ffs = p CpVy(dy —4q2) (1.9)

e Surface or atmospheric models use the latent heat fluxes (LE) or the sensible heat fluxes

H). We can easily obtain these fluxes by : F*. = ZLE and F,f. = . However, it must
q,S Cps 0,8 Cps

be noted that we need coherent values of L and Cpg for the transformation (e.g. from A
and B coefficients for Fq+ ¢) and the back substitution (from LE to Fq+ <)

e the relation between 6 and temperature is the classical definition : 6 = T(%)“, where Py

is a reference pressure. For convenience, we define G = (%)“, and the Exner function 7,

= % Hence we have 6 = T = %



Chapter 2

Evolution of the surface temperature

In this chapter (and in the routine e_budget.F90), the aim is to calculate the new surface
temperature T; . For a force restore scheme, Tgf is given by :

e

At(T;—TS—) =Rf—-H"—-LET - Gf (2.1)

We will detail in the following the calculations of the fluxes. The main objective is to eliminate
the air variables Ty and gy in the equation using the As and Bs coefficients.

2.1 New wind speed

The calculation of the wind speed at the time t + At is straightforward, because of the no-slip
condition at the surface (Vg=0). By using Eq. 1.1 and 1.6, we can deduce :

uy =p CpVyuly x Ay v+ By y (2.2)

Hence, we have for u (and in an similar way for v):

B~
+ u, N
2.3
T TV < A, 2
B
vy = v,V (2.4)

1—p=CpVy X A) N
It is then easy to calculate FJS, FUJFS and u? = /)_C'ij\ﬂ/uﬁ2 + v]J(,Q
SURFEX case

In the present version of SURFEX, we have only one set of coefficient A and B for u and
v. If the drag coefficient are identical for u and v, it it possible to use these coefficients. By



dennition, A, n = A, (bOth depend only on dirusion terms 11 the atmospiere). Vve can demnne

an equivalent coefficient By, \, = \/(B;N)2 + (B, n)*
By n

We finally obtain : u2 = p~ OV X
e finally obtain : uy, = p CpVy 1—p_OBV]\7><A‘77N

2.2 Contribution of turbulent fluxes : elimination of Ty

Using the expression of the fluxes we will express T R? as a function of T; . We start from Eq.
1.4 and 1.8 and we obtain :

0 = Agn X p~ CrVy 0k — Ag y x p~ CrVy 04 + By (2.5)
And finally, using T, as in the routine e_budget.F90 :

—_ By — Agn ¥ p~CpyVy BsTS
N Bn(Ag y X p~CrVy)

(2.6)

We have here an expression of T]J\; as a function of T;f . For convenience we define two new
coefficients A and B for the surface. We write Eq. 2.6 as follow :

Ty = Ays x Td + By g (2.7)
with :
Cos = Bn(l—=Ay N xp CyVy) (2.8)
_ —Agn X P CyVn Bg
Ags = ’ . (2.9)
6,9

By n
Byg = —— (2.10)

’ Cos

2.3  Contribution of the latent heat flux : elimination of ¢j

In ISBA, the latent heat flux is defined by the following expression :

LE

veg x (1= Panowy) x p~ LoV Cighy [asat(Td) — 4]

(1= veg) x (1= Ponowc) X (1= Pprozen) X p~ LoViy Cry [ht  qsar(T3) = ]
(1= veg) X (1= Panowe) X Prozen X p~LsViy Oy [ty X q,at(T5) = 45|

Panow X p~ LV Chy [ant(T;_ ) — q]ﬂ (2.11)

+ o+ o+

LE is the sum of four terms : transpiration over vegetation non covered by snow, evapora-
tion over non frozen bare ground, sublimation over frozen bare ground, sublimation over snow.



For sumplincations and to have an eXpression as Cclose as possible to the classical one we mtroduce
Lgvg, which is an area average of the different latent heat in the surface (see 2.13). LE is then

given by :
LE = p LawgVy Ciy |15 X qear(T) = iy x 4] (2.12)
Where :
Lowg = wveg X (1 = Poowy) X Ly
+ (1 —wveg) x (1 = Pspowa) % (1 = Prozen) X Ly
+ (1 - Ueg) X (1 - PsnowG) X Pfrozen X Ls
4+ Pspow X Ls (2.13)
_ L, _
hg = 7 x veg X (1 = Pspowy) X hy
avg
L
+ 7 - x (1 —wveg) x (1 = Pspowa) x (1 — Ptrozen) X hug
avg
L, _
+ 7 X (1 —wveg) x (1 = Pspowa) X Pfrozen X hu;
avg
L,
+ 7 X Psnow (2.14)
avg
_ L, _
hy = T x veg X (1 = Pspowy) X hy
avg
L,
+ 7 X (1 —wveg) x (1 = Pspowa) X (1 = Pfrozen)
avg
L,
+ L X (1 - Ueg) X (]- - PsnowG) X Pfrozen
avg
L,
+ L X Pspow (215)
avg

The next step is the linearization of LE with respect to temperature. Then we use Eq. 1.5
(which is a relation between q]J\r, and qu ) and replace qu g by its expression as a function of LE.
To derive LE from F qf g we use Lg,g. We obtain the following equations :

_ E v O¢sat 9Gsa _
LE = p La,VyCq [hs (qsat(TS ) — WtTS) + WtTg — hyah (2.16)
_ LE _
q]"’\} = _Aq,N X m + Bq,N (217)

We can then subtitute the expression of LE in 2.17 by the expression given in 2.16 to
obtain qj{, as a function of T; . We define two new coefficients A and B for the surface, as in the
previous section.



@ = A sxTg+Bg (2.18)

C = 1Ay xp VyCyhy (2.19)
_A p—V_O_ a(Isat h—
Aq,S — q,N ]é’ H o1 '°S (220)
Bs — Dan=AunX pVy Crhs (gsat (T ) — 22 (T5)) 1)
q, - C .

2.4 Effective resolution of the surface temperature

Equation 2.1 gives the evolution of the surface temperature. We recall it below :

e

Al (T§ —Tg)=R)—H"—LE" - Gf (2.22)

First, we express the different terms as a function of T’ JJ\}, T ;r and qj{, by using the expression
of the fuxes given in Eq. 1.8, Eq. 1.9, the expression of the ground heat flux and the linearisation
of the infrared flux :

Rt = Ry(1—a)+ eRam + 360T5_4 — 46(7T§3T§r

HY = p CyCyVy (BsTd = BNTY)

e - v 9sat 1| 9sa -
LE = p CyxVy Lawg [hs (qsat(Ts ) = 8TtTS 8TtT§r> — hyay
21Cyg _
G = TS —T
r o= 2 (g )

Then we substitute in 2.1 the expression of the fluxes. We obtain then an expression of

T4 as a function of T}, T, and e

Zo + ZrTy + Z3,Ts + Zgai

Cs
At

8(]sat + 27TCS

+deoT5” + PGy CyVn Bs + 0~ CyVy Lavghs — -

- _4 e - - f

(2.23)

27Cg

T

Ze
p C, CyVy By
Ze
p~CrVy Lavghy
Ze

Npls

(2.24)



Alter that, we use the coellicients As and bS Ior the surface obtamed In z.( and z.15 to
replaceT’y’, and q;\r, in 2.23. We recall here 2.7 and 2.18 :

{ Ty = Ajg x TS + By g
+ _ q- + =
QN_Aq,S XTS +Bq,S

And finally deduce the expression of T; :

T+ _ Zy + B;SZT + ZrgTy + B;SZQ

= 2.25

Correspondence with the code in e_budget.F90
In the code, we have slightly different coefficients, which can be easily derived from equation
2.25. The coefficient ZA, ZB and ZC are introduced. We also introduce Cp = CLS Eq. 2.25 is

written as :

ZAXTS =ZBxTg +2ZC

With :

1 [ -3 ——1,— —aqut e —

ZA = AL +Cr |deoTg™ +p CHVNLavghsa—T —Ags X p~ CyVy Lavghn

o _ _ _ 27

+p~Cy CViy (Bs — Ay x B)| + = (2.26)
1 [ —4 — =1 —aqut

ZB = At +Cr _3EUTS +p CHVN Lavghg 8—T] (2.27)
2

70 = gTQ‘ +Cr [Byg x o~ Cy CViy B + Ry(1 = @) + €Rapm
~p” CyViy Lavghs sat(Ts) + By,s % p~ CVy Lavghn| (2.28)



