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Abstract

The aim of this document is to compare the formulations of the turbulent exchange coefficients
Cy and Cp both in ARPEGE and SURFEX in the different stability cases. For that purpose,
the formulations are taken from source code CY25T1_op3 of 1D ARPEGE model containing split
of acdifus in order to plug surface energy budget at the level of vertical diffusion computations
(work of GMGEC) and version 0.7 of SURFEX. The examined subroutines are achmtls.F90 for
ARPEGE and drag.F90, surface_aero_cond.F90 and surface_cd.F90 for SURFEX. The organiza-
tion of the document will separate the equations from ARPEGE and SURFEX in both stable
and unstable cases for the two turbulent exchange coefficients above mentioned.

Usually, developers work consists in translating equations of a given parameterization into pro-
gramming language. The current exercise does the reverse since it tries to identify the basic
equations used to compute the turbulent exchange coefficients from fortran source code.
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Chapter 1

C'p: turbulent exchange coefficient at
surface for momentum

1.1 ARPEGE formulation (achmtls.F90)

(ZLOI + PSTAB x (ZLOS — ZLOI)) x PCDN
(1.1)
ZU
ZU represent the wind speed, PC DN is the neutral surface exchange coefficient for wind,

PCD =

ZLOS and ZLOI are expressed as function of atmospheric stability (Richardson number) and
wind speed, PSTAB is an indicator of the stability: PST AB = 1 means that the case is stable
and PSTAB = 0 otherwise.

1.1.1 stable case

In the stable case, PSTAB=1 and equation 1.1 becomes:

ZLOS x PCDN
PCD = 207 (1.2)

Following notations are introduced:

ZCIS = u?+? (1.3)
ZU = VZCIS (1.4)

ZDS = \/ZCIS +5|25TA| (1.5)
JLOS — ZCIS x ZDS 16)

ZU x ZDS + Z2B x |ZSTA|

Z ST A characterize the atmosphere stability (expression will be given later).
At this stage, it appears that the possibility to have a critical Richardson number does not exist
in SURFEX. To go on with the comparison it’s assumed that Richardson critical numbers are
set to zero. The consistency between ARPEGE and SURFEX, as far as Richardson critical
numbers are concerned will be ensured by introducing these refinements in SURFEX code.



USURIC = 0. (1.7)
ZIXP = 1. (1.8)
USURID = 0. (1.9)

With these assumptions, expression 1.6 becomes:

ZCIS x \/ZCIS + 5| ZSTA]
ZU\/ZCIS + 5|ZSTA| + Z2B x |ZSTA|

ZLOS (1.10)

The expression of Richardson number is given by:

. ZSTA
' ZCIS
When introducing this variable into the expression of ZLOS one obtain the analytical

relationship :

ZLOS 1

= — 1.11)
10R; (
ZU 1 + V1+5R;
Neutral coefficient for momentum is given by:
(2
PCDN = ——— (1.12)

(In(1+ 4))?

Where Z = % is the height (A¢ is the thickness between full and half-level close to the
lowest atmospheric level and g is the gravity) and Zj is the current roughness length that takes
into account vegetation and orography. Equation 1.2 that gives expression of exchange turbulent
coefficient for momentum may be expressed as follows:

PCDN

V14+5R;

1.1.2 unstable case
In the unstable case, PSATB = 0 and equation 2.1 becomes:

ZLOI x PCDN

PCD = 1.14
¢ 70 (1.14)
ZLOI = ZU —-Z7Z2Bx ZSTA x ZDID (1.15)
ZDID = L (1.16)

ZU + ZCH x Z3BC x PCDN\/|ZSTA[ x ZRZD



In these equations ZzsH = 1U. and ZoDb0U = 9. X LoD wWithh 4o = 1o. and

ZRZD = 1+£ (1.17)
Z
VA
ZCD = ZCDOx (1+———)?PP (1.18)
ZOMR

Where Zyprr is the roughness length without orography. By replacing ZRZD, ZCD, Z2B
and Z3BC in equation 1.14, we can express ZLOI as follows:

ZLOI = ZU— 152574 (1.19)

ZU +52CDO(1 + 7Z-)?FD x 10PCDN,\/|ZSTA|(1 + %)

Equation 1.14 can be rewritten as a function of Richardson number R;, |7'| the wind
modulus, 4 and two other functions ¥4 and ¢4 defined below:

K 2
o= (— 1.20
" = Gar gy (1.20)
b4 = Ay Xzomr (1.21)
e —
. Z
ba = vivXamr o, 2 (1.22)
Zy
1ORZ‘7‘2 nAa
PCD = (7| - ) x4 (1.23)
T+ 10navada IR 1]
Eliminating | 7’| in the expression of PCH gives finally:
10R;
PCD = (1- : ) X na (1.24)
1+ 10navagav/| Rl
With the following notations:
1
SN Z Z
X = | s () Y= (14 —)
1 ZoH OMR
13
and vectors 171;; and A—w) are:
A; = (75 239 -0.2858 0.01074 ) (1.25)
A, = (0. —0.07028 0.01023 —0.00067 ) (1.26)



1.4 DUl DA 10I'11ulatlon (sulriacc_cd.r Ju)

PCD = PCDN x ZFM (1.27)

ZFM is expressed differently according to stability and PC DN is given by:

PCDN = ( )2 (1.28)

ln(Z%)
Be carefull, meaning of Z0 differs from ARPEGE since it represents the vegetation rough-
ness length without orography.

1.2.1 stable case

1
V1+5R;
PCD is then expressed as:
PCDN
pcp = PEDN (1.30)
_|_ 2
VI+5R;
1.2.2 unstable case
In this case, ZF M is given by:
10R;
ZFM = 1- 1.31
1+ ZCM~/—R; ( )
Z
ZCM = 10.x ZOMSTAR x PCDN x (——)%PM (1.32)

Zoeff

Zoeys is the effective roughness length that takes into account the effect of snow and the
effect of orography (possibly subscale orography if option is selected). By replacing ZFM and
PCDN in equation 1.27, the expression of PC'D becomes:

10R;
PCD = (1- x 7 1.33
0 T Monsvses vimD <" -

K

ns = (—5=)? (1.34)

ln(Z%)
6s = 55Xz, (1.35)

— =
s = YZSWXZO (1.36)

With the following notations:



1
Z A
e

w N

u
"

and vectors §)¢ and 5_1; are:

- (6.8741 2.6933 —0.3601 0.0154)

& A

= (0.5233 —0.0815 0.0135 —0.0010)

(1.37)
(1.38)



Chapter 2

C'fr: turbulent exchange coefficient at
surface for heat

2.1 ARPEGE formulation (achmtls.F90)

(ZLOI + PSTAB x (ZLOS — ZLOI)) x ZCDNH
ZU
ZU represent the wind speed, ZC' DN H is the neutral surface thermal exchange coefficient,

PCH =

(2.1)

ZLOS and ZLOI are expressed as function of atmospheric stability (Richardson number) and
wind speed, PSTAB is an indicator of the stability: PST AB = 1 means that the case is stable
and PSTAB = 0 otherwise.

2.1.1 stable case

In the stable case, PSTAB = 1 and equation 2.1 becomes:

PCH:ZLOSXZgCDNH (2.2)

Following notations are introduced:

ZCIS = u?+° (2.3)
ZU = VZCIS (2.4)
ZHS = \/ZCIS+5/ZSTAH)| (2.5)
ZSTAH = 2574 ST (2.6)
(1+ZIXP x ZUSURIC x Zz7g)7IXP
ZC1S8?
ZLOS = ¢15 (2.7)

ZU x ZCIS + Z3B x |ZSTAH| x ZHS

At this stage, it appears that the possibility to have a critical Richardson numbers does not
exist in SURFEX. To go on with the comparison, it’s assumed that Richardson critical numbers



are set to zero. 1he consistency bpetween AR LGE and SUREFEA, as 1ar as hvichardson critical
numbers are concerned will be ensured by introducing these refinements in SURFEX code.

USURIC = 0. (2.8)
USURID = 0. (2.9)
ZIXP = 1. (2.10)
With these assumptions,
ZSTAH = ZSTA (2.11)
ZHS = \/ZCIS+5Z5TA (2.12)

And expression 2.7 is simplified into:

ZC18?
ZLOS = ZU x ZCIS + Z3B x |ZSTA| x ZHS (2.13)
=
2
ZLOS = ZCI5 (2.14)

ZU x ZCIS + Z3B x |ZSTA|\/ZCIS + b|ZST A

The expression of Richardson number is given by:

ZSTA
ZCIS
When introducing this variable into the expression of ZLOS one obtain the analytical

R; =

relationship :

ZLOS 1 (2.15)
ZU 1+ 15R;\/T+5R; '
As established in previous chapter,
2
K
ZCDNH = (2.16)
In(1+ ZOLH) In(1+ ZoiR)

Equation 2.2 that gives expression of exchange turbulent coefficient for heat may be ex-
pressed as follows:

ZCDNH

PCH = 2.17
1+ 15R;v/1+5R; ( )

2
ZCODNH = ~ (2.18)

In(1 + %) In(1 + —Zofm)



z.1l.2 unstaple case
In the unstable case, PSATB = 0 and equation 2.1 becomes:

ZLOI x ZCDNH

PCH = 2.1

C - (2.19)
ZLOI = ZU—-Z7Z3BxZSTAx ZDIH (2.20)
ZDIH = L (2.21)

ZU + ZCH x Z3BC x ZCDNH\/[ZSTA[ x ZRZH

In these equations Z3B = 15. and Z3BC = 5 x Z3B and

ZRZH = 1+i (2.22)
ZoH
VA
ZCH = ZCHOx (1+—)%PH (2.23)
ZoH

By replacing ZRZH, ZCH and Z3BC' in equation 2.21, we can express ZLOI as follows:

ZLOI = ZU - 152574 (2.24)
ZU +5ZCHO(1 + 2= )ZPH x 15ZCDNH\/\ZSTA| x (1+ 52-)
0H 0H
~
15ZST A
ZLOI = ZU - 525 (2.25)

ZU +5ZCHO(1 + 2)?PH+3 x 15ZCDNH \/[ZSTA]

Equation 2.18 gives the expression of ZCDNH the neutral surface thermal exchange coeffi-
cient noted 74, thus one can write PCH as a function of Richardson number R;, | 7’| the wind
modulus, 74 and two other functions 14 and ¢4 defined below:



na = (2.26)
In(1+ ) In(1 + zZ-)
s = Ay Xz (2.27)
A, X7
Ya = YU (2.28)
15Ri|7|2 nA
PCH = (|v|- x (2.29)
7 BT BravaoaIBTTE) T
Eliminating | 7’| in the expression of PCH gives finally:
15R;
PCH = (1- : X NA (2.30)
( 1+ 15n4va04/ |Ri|)
With the following notations:
1
ZoMR Z
13
and vectors sz) and A—dj are:
A; = (5 4513 03401 —0.0533 ) (2.31)
Ay = (05 —009421 0.01463 —0.00099 ) (2.32)

2.2 SURFEX formulation (drag.F90, surface aero_cond.F90)

PAC
=—— 2.
PCH PVIOD (2.33)
PV MOD represents the wind speed and PAC is the aerodynamical conductance.

2.2.1 stable case
Aerodynamical conductance is given by:

ZCDN x PVMOD  In(£)

PAC = 5% ZSTA%ZDI Z (2.34)

L+ = Fvrops IH(E)

where

10



I€2

ZCODN = ——— (2.35)
(In(£))?

ZDI = \/PVMOD?+5ZSTA (2.36)

ZSTA = R;x PVMOD? (2.37)

At this stage we can express PCH given in equation 2.33 as a function of R;:

pon - — ZCDNH (2.38)
14 15R;\/1+ 5R;
2
ZCDNH - — " (2.39)

ln(%)ln(z%)

2.2.2 unstable case

In this case, aerodynamical conductance is given by:

PAC = ZCDN x (PVMOD —15ZSTA x ZDI) (2.40)

where

1
ZDI = 2.41
PVMOD +15 x ZOHSTAR x ZCDN(4%)2PH x ZFH\/~ZSTA (2:41)

With the same approach as it was done for the Arpege case, we introduce the following
quantities: | 7’| for wind speed (the equivalent of PVMOD), ng for ZCDNH (cf equation 2.39)
and two other functions vg and ¢g defined below. We can express PCH as follows:

52

ng = — (2.42)
ln(ZOLH)ln(Z%)
6s = S5-Xz (2.43)
— —
X
by = vorEa (2.44)
15R:[ T s
PCH = (|7v]- : ) X —= (2.45)
T R usvsosVIRITTE 7]
Eliminating | 7’| in the expression of PCH gives finally:
15R;
PCH = (1 o (2.46)

- - ) X 15
1+ 15ns¥sos/ | R

11



with the rollowing notations:

and vectors g(; and ST; are:

& &

(3.2165 4.3431  0.5360 —0.0781)
(0.5802 —0.1571 0.0327 —0.0026)

12

(2.47)
(2.48)



Chapter 3

Convergence between SURFEX and
ARPEGE codes

In this chapter, we’re going to compare the formulations of C'p and Cp that have been es-
tablished in the previous chapters. For that purpose, we need the same naming convention,
especially for roughness length: in ARPEGE, Zj is the current roughness length: it takes into
account the effects of vegetation, snow and orography while Zya;r is the roughness length with-
out the effect of the orography. In SURFEX, Z; is the the vegetation roughness length (no
orography) and Zy.ys is the roughness length of vegetation plus snow and orography. In this
part of the document, the SURFEX notation for roughness length is used. A second difference
of convention concerns the height at which computations are done: from ground in SURFEX|
above Zy in ARPEGE. We call Z* the reference height, it goes from 0. to Z in SURFEX and
from Zy to Z in ARPEGE. Considering that Z is sufficiently large compared to Zy or Zyg or

z . Z _Z
are respectively close to 7 Tom and

ZoMR, We can assume that 1+ Z%v 1+ % and 1+

Zo
7 OMR
ZoMR "
parameters that account in | ARPEGE notation | SURFEX notation
roughness length definition
vegetation Zo — Z0MR 20
vegetation + orography 20 Zoeff
3.1 Cp

3.1.1 stable case
ARPEGE and SURFEX formulations are the same in the stable case:

C ! . (3.1)
D = 10R; Z* \\2
1+ V1+5R; (ln(ZOEff ))

3.1.2 unstable case

ARPEGE and SURFEX formulations are different. If we remind the expression of Cp found in
unstable case for ARPEGE and SURFEX, we have the same formula:

13



- 10R; ) xn
1+ 10mpo/ | Rl

But, if we can assume that 7 function is the same for ARPEGE and SURFEX (ln(%),

PCD = (1 (3.2)

. . . . . o . - = . .
this is not the case for ¢ and ¢. First main difference concerns definition of: Xz arr(1) since in
ARPEGE p = ln(%) while in SURFEX for definition of Cp the expression is p = ln(%).
It means that in one case, the orography roughness length is taken into account but not in the

other case. If we look to the other terms: ¢ and 1 we have:

¢4 = Ay Xzun (3.3)
ps = T;JTZ_O)
A, X Z
Q/)A = Yzw ZoMR 1+70 (3.5)
—_— =
Sy X
s = Y, VR (3.6)

Even if we can adjust the coefficients of A, and Sy or Ay and Sy, since they’re not applied
on the same variable, there’s no possible convergence. Situation is even more difficult for ¢ func-
tion since Y is different and there’s multiplication by /1 + ZLO that appears in the ARPEGE
formulation.

Let’s come back to the operational formulation of Cp as computed in achmt.F90 and not
achmtls.F90. According to the code and with the same approach that was made in previous
chapters, it can be expressed as:

_ 10R;
14+ 10navada/|Ri

PCD = (1 ) X 1A (3.7)
na = (
b2 = Ay Xz (3.9)
Yo = Y, ¥ (3.10)

With the following notations:

1
—
Xn=1|H

W N

W
7

and vectors sz) and A—dj are:

14



= (75 239 02858 001074 ) (3.11)

=&

= (05 —0.07028 0.01023 —0.00067 ) (3.12)

This set of equations is comparable to the one obtained in SURFEX unstable case. The
adjustment needed can be made at the level of coefficients of Ay, and Sy, functions (note that
coefficients differ slightly).

The question here concerns the formulation of Cp in achmtls.F90 which appears
to be different as the one written in achmt.F90 and its counterpart from SURFEX.
Note that we obtain the same formulations for achmtls and achmt if the orography roughness
length is set to zero.

3.2 Cpy

3.2.1 stable case
ARPEGE and SURFEX formulations are the same in the stable case:

C L Gl (3.13)
H = 5R; 7= 7+ :
I+ A5s In(Z5;) In(Z7)

3.2.2 unstable case

For C coefficient, the problem found for the expression of C'p does not exist and Cpy coefficient
may be written like this:

15R;
PCH = (1- : )X n (3.14)
1+ 1509/ | R
With the following notations:
2
K
na = (3.15)
In(1+ ) In(1 + zZ-)
62 = A;-Xz (3.16)
A, X,
ha = Y, VA (3.17)
2
K
ns = gy~ (3.18)
ln(%)ln(z%)
6s = S4-Xz (3.19)
- =
X
vy = YZSﬂ’ %o (3.20)

If we apply the assumptions for Z*, this system becomes:

15



ln(ZZOH)ln(g—o)

s = Ay Xz (3.22)

bs = S, Xz (3.23)
—_ —

Ya = YZA”"XZO (3.24)
—>X,—>

s = Y, VA (3.25)

Xz, and Y7z have the same definition in the two systems:

1
~ 1% Zo Z
Xz, = =In(—— Y; = —
“o p? a (ZOH Z™ Zou
13

The adjustment of coefficients of functions Ay, Sy in one hand and Ay, Sy on the other
hand for ARPEGE and SURFEX will return the same value of Cpy coefficient.
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Figure 3.1: Comparison between ARPEGE and SURFEX of Cp (left picture) and Cy (right
picture) coefficients
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