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4.4. Calculation of surface temperature and surface heat fluxes in ORCHIDEE coupled with
LMDZ (section 1.5.2 in Dufresne and Ghattas [2009])
4.4.1. Surface energy balance:
The soil surface temperature “Ts’ is controlled by the surface energy balance equation [E.Q. A29, in
Hourdin F. (1992)]:

CSTSE_S—IS”St =Fs+ Z FY(TS) (A29)
where Cs is the heat capacity of the surface, Fs represents the heat transfer from the surface to the deepest layers,
> Fl(TSt) represents the balance of net fluxes on land surface, e.g., the sum of net radiation at the ground, the
sensible heat flux and latent heat flux. Y, F*(T¢) is composed of three terms [e.q. (61), in Dufresne and Ghattas,
(2009)]:

Z FY(TS) = F = Fraq + FI + LF}(61)
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The above flux terms are introduced in the following sections 4.4.2 (FY), 4.4.3 (LFf), and 4.4.4 (F,,q)-
4.4.2. Enthalpy:

(1) The basic equations:

= Fs + Fraq + FI' + LF}

P K
Fil = Kb <H1 -Gy (Fr) TS> (62)

The coefficient KP' is written in a "bulk” type formula:

— kg m kg mm
K} =K =K, =p|V|Cc|(un1t:E><;=m2 i )
By replacing H; with Equation (54) in Dufresne and Ghattas, (2009):
H; = AY + BD x FI x 5t
we obtain [e.q. (64)-(66) in Dufresne and Ghattas, (2009)]:

FH = MP + NPT, (64)

with
KpA}
Mh=—11 (65
Y- K*;B{lst( )
P K
h
Nb = 0 \P) ) (66)
17 1 — kMBSt

Fi' can be divided into two terms: the value at old time step ({Ts}) and a sensitivity term (Ts — {T;}) (Truncated
Taylor expansions). And, in both of orchidee and boundary layer, the surface pressure and reference level pressure

equal the first level pressure of LMDZ. Then, E.q. (64) can also be written as:
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(2) The equations in the source code and its correlation with the equations here:

Fi! = sensfloq + (—Cp) X sensfl_sns x (Ts — {Ts})
The sensfl,q and sensfl_sns are the ‘old’ term and the ‘sensitivity’ term, respectively.
The “old’ term:

J
petBcoef — psold kg

sensflyyg =——————
old = "7ikt — petAcoef

. . ) J J
psold = C,{Ts} = cp_air X temp_air (unlt: kg x K XK= k_g)

1
zikt = K—gl,pethoef = AY, petAcoef = BP8t, temp i = {Ts}, CPair = Cp

The ‘sensitivity’ term:
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4.4.3. Water vapor flux:
(1) Basic equations:

FI = BK(Q — q0)(67)
With B the coefficient of evaporation which accounts the relationship between actual evaporation and potential
evaporation, and q, is the saturated specific humidity corresponding to Ts, they are bounded by the
Clausius-Clapeyron equation:

Qo = Qsat(Ts)(68)

The dependence of the saturated specific humidity as a function of temperature is linearized with respect to the

value at beginning of the time step:
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e.q. (69) in Dufresne and Ghattas (2009):

0Qsat
aT

(Ts = {Ts)(69)
{Ts}

= qo = Qsat({Ts) +

By replacing Q in equation (67) by its expression Eq. (54) in Dufresne and Ghattas, (2009)
Q=AY+ B x F] x 5t
which takes into account the variation of the specific humidity and the linearization of saturated specific humidity
with surface temperature (Eq. 69), we then obtain [e.q.(70)-(72) in Dufresne and Ghattas, (2009)]::
FY = M{ + N{T,(70)
With
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F is divided into two terms: the value at old time step ({Ts}) and the sensitivity term (Ts — {Ts}). Then, E.q. (70)

can be also written as:
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The total evaporation is divided into sublimation and evaporation:
Sublimation:
q a(1sat
Bsub A1 - {qsat} + 0T o) (Ts - {Ts})
Q — 4 q — s
Fsub,1 - Msub,l + Nsub,iTS - 1
=5 — BsupBy 6t
Kq Bsub 1
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Evaporation:
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(2) The source code (SUBROUTINE enerbil_surftemp) and its correlation with the equations here:
Q 1 —Cp
Fr= (f) x (larsubgg + larevagq) + (T) x (larsubgps + larevag,s) X (Ts — {Ts})

_{ chalsu0, ice
~ |chalev0, water

The saturated specific humidity:

. . blappa kg
qsOlsat, ., = qSOlsac + zicp X pdgsold X dtheta = gsolg,¢ + zicp X devggg X m X dtheta (umt: k_g)
bkappa 1
pdgsold = dev_gsol x cp_air (unit: E7)

Problems in the source code here. 'pdqsold’ changes to — pdqgsold = dev_gsol
The ‘old’ term:

peqBcoef — gsolg,¢

W
larsubg g = chalsu0 X vbetal X (1 — vbeta5) x = L(Mg‘ub‘1 + quub,l{Ts}) (unit: P)

zikq — peqAcoef
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eqBcoef — valpha X gsol
bea P 459%sat + chalev0

larevayq = chalev0 X (1 — vbetal) X (1 — vbeta5) X vbeta X zikq — peqAcoef

kg
peqBcoef — gsolg,¢ q a ] kg w
X vbeta5 X 2ikq — peqAcoef = L(Meva’1 + Neva,l{Ts}) unit: ke X E =3
kg m
The ‘sensitivity’ term:
e.q. (72) in Dufresne and Ghattas, (2009):
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In code, SUBROUTINE enerbil_surftemp:
3 _ —pdgsold ~ LN{ ( . kg )
larsubg,s = chalsu0 x vbetal x (1 — vbeta5) X (—zicp) X Zikq — peqAcoet =, unit: s
. 1 . kgxK
zZicp = - (umt: )
cp_air ]
—pdgsold
larevag,s = chalev0 x [(1 — vbetal) x (1 — vbeta5) X vbeta X valph + vbeta5] X (—zicp) x L
zikq — peqAcoef
kg x K % 1
LN} [ ] ] K kg
=—=| unit: X —= =—
—Cp kg m? S m? X s
kg " m

Problems in the source code:  missed in denominator.
4.4.4. Net radiation
Frag = RsWyet + RIWgown — [86(T5t)4 + (1 — &) X RIwgown]

F? is divided into two terms: the value at old time step and the sensitivity term. Then, it can also be written as:

54 4
Fraqa = RsWper + RIWggwn — [ac(TSt M)+ (1—g) x ledown] +e0(TE™) " — eo(TH*

~RsWpet + RlWgown — [acs(Tst_&)4 +(1—¢) X ledown] + 80(T§_5t)4 - aG(TSt_6t)4
~4so(T{™)° (1§ - T§°)
=(R RI —[ea(TE)* + (1 — &) x RI — {4ec(TL )’ (T — TES
SWhet T RIWgown 80( S ) +( &) X RlWgown 80( S ) ( S S )
The “old’ term, in Subroutine enerbil_begin:
\'\
netrad = Iwdown + swnet — [emis X Cgeran X temp_sol* + (1 — emis) X lwdown] (unit: ﬁ)

The “sensitivity’ term, in Subroutine enerbil_flux:

lwup = [emis X Cgefan X temp_sol* + (1 — emis) x lwdown]
. 3 . W
+ [quatre X emis X Cgeran X temp_sol® X (temp_sol_new — temp_sol)] (umt: ﬁ)

netrad = lwdown + swnet — lwup



netrad_sns = zicp X quatre X emis X Cgefan X [(zicp X psold)3]

3
x ————x K3 =
] m? x K4 m? X s

) ) 3 . kgxK w kg
= zicp X quatre X emis X Cgtefan X temp_sol (umt: = )

4.4.5. The sum of old term and the sensitivity term
(1) The old term

4
Sumgig = FS + RsWnet + RWaown — [£0(TE%)" + (1 = €) X Riwgown| + MJ + NPTEt + LM{ + LNJTE S

In code: SUBROUTINE enerbil_surftemp:
sumgq = netrad + sensfly g + larsubgq + larevag g + soilflx

petBcoef — psold peqBcoef — gsolg,¢
= netrad + ———————— + chalsu0 X vbetal X (1 — vbeta5) X —
zikt — petAcoef zikq — peqAcoef

eqBcoef — valpha X gsol
+ chalev0 X (1 — vbetal) X (1 — vbeta5) X vbeta X bea P d59%sat

zikq — peqAcoef

eqBcoef — gsol
+ chalev0 X vbeta5 x P q d59%sat + soilflx
zikq — peqAcoef

etBcoef — psold eqBcoef — gsol
=netrad+p p peq qSO0lgat

zikt — petAcoef zikq — peqAcoef

X [chalsu0 X vbetal x (1 — vbeta5) + chalev0 x (1 — vbetal) x (1 — vbeta5) X vbeta
w
+ chalev0 x vbeta5] + soilflx (unit: F)

(2) The sensitivity term
—40(TEY)” + NP + LNY
—CPair
—CPair X Sumgys = NI + LNJ — 480(T§_5t)3
In code: SUBROUTINE enerbil_surftemp:

SUlMgpg =

sumgps = netradgyg + sensflg, s + larsubg,s + larevag,

1

= netradg,s + —————
SBS " zikt — petAcoef

+ chalsu0 x vbetal x (1 — vbeta5) X (—zicp)

—pdgsold
_L + chalev0 x [(1 — vbetal) x (1 — vbeta5) X vbeta X valph + vbeta5]
zikq — peqAcoef

% (—zicp) X —pdgsold
Ziep zikq — peqAcoef

= —zicp X [—(quatre X emis X Cgean X temp_sol®)] + + (—zicp)

zikt — petAcoef

—pdgsold
zikq — peqAcoef

x {chalsu0 x vbetal x (1 — vbeta5) + chalev0

k;
x [(1 — vbetal) x (1 — vbeta5) X vbeta X valph + vbeta5]} (unit: — i s)

4.4.6. Temperature and surface fluxes:
(1) The surface energy balance equation [e.g. (61) in Dufresne and Ghattas, (2009)]:

Z FY(TS) = F = Fraq + FI + LF}(61)

= RsWpet + RWgown — [€0(TH* + (1 — €) X Rlwgown] + [MP + NITE] + L[M] + NIT¢]
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~ Fs + Rswyet + RlWgown — [so(Tst_St)4 + l}scs(TSt_gtf(TSt —T&®) + (1—¢) x ledown]

+ [MI + NITS] + L[MT + NPT
(2) The variation of enthalpy with surface temperature: (variable ‘dtheta’ in the code)
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_ _ Cs _
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Sumygq

Cs
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In code, SUBROUTINE enerbil_surftemp:

\\
dtradia X sumgq o SXoz W m?xs ]
dtheta = — - - unit: =—X— =
zicp X soilcap + dtradia X sum_sns s % kg m? kg kg
m? X s
dtradia = 6t
soilcap ] kg xK kg kg kg

unit:

: — = = —, dtradia X sumg,; = s X =
cp_air m?2 xK ] m? sns

m?xs m?
(3) Surface temperature:
Finally, by using E.Q. (64) and E.Q. (70) to replace F}' and Ff in E.Q. (A29), we obtain T&. (‘temp_sol new’ in

source code)

Tt
= Cs 32+ 4e0(TE0) T¢ — NITE — LNJ'TS

= Fs + Rswye; + RlWgown — [so(Tst_St)4 - l}scs(TSt_gt)4 +(1—¢) X ledown] + M

q Tst—ﬁt
+LM; +Cs
! 5t
t—5t)4 h q s~
Fs + Rswyer + Rlwgown — [—380‘(TS ) +(1—g)x ledown] + M7 + LMy + Cs—5;

Cs -5t)3 _ \h q
5t T 4e0(T5™%)" — N7 — LN}

CSTE + 8¢ {Fs + RsWner + RWaoun — [—380(Tst_5t)4 + (1= £) X RWgoun | + M} + LM}
- Cs + 8t [420(TS %) — (NJ + LNY)]

CSTE % + 8t {Fs + RsWiee + [eRWgoun — £0(TE%)"| + 4e0(TE0) " + M + LM{ )
- Cs + 8t [420(TS )" — (NJ + LNY)]

In SUBROUTINE enerbil_surftemp:

] ]
psold = C,Ts = temp_sol X cp_air (umt. kg <K XK= kg)
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psnew = psold + dtheta

tem X CDoe + dtradia X sumgq
_ psnew _ psold + dtheta Psol % CPair zicp X soilcap + dtradia X sumg,

tempg,) -
new CPair CPair CPair

dtradia X sumgq

= tem + - -
Psol CPair X dtradia X sumgys + soilcap

tempg, X soilcap + tempgy X (Cpair X dtradia X sumgy,g) + dtradia X sumgg
- Cpair X dtradia X sumg, + soilcap

tempg, X soilcap + dtradia X [tempgg; X (Cpair X SUMgyg) + Sumgq]
- CPair X dtradia X sumg,¢ + soilcap

temps, X soilcap + dtradia X {tempsol X [—N{‘ —LN{ + 480(T§_5t)3] + sumold}

soilcap + dtradia X cpgjy X sumgp

temps,) X soilcap + dtradia X [Fs + RsWpet + ERWgown + 380(T§_5t)4 + M+ LM?]

soilcap + dtradia X cp,jr X sumgpg

4.4.7. The calculation of water vapor flux and enthalpy

Once the surface temperature Ts is known, the water vapor flux and enthalpy flux are immediately calculated from
E.Q. (64) and E.Q. (70).

(1) Calculation of epot_air_new, tair qair_new, fevap:

Calculation of epot,;, . €.9. (62) in Dufresne and Ghattas, (2009):

H
L

0o P\~ F
FH = gt Hl—cp(F) Ts|(62) = H, =

Ki

P\ P 1y
+CP(F) Ts=— H, ZFXFl +Cst
1

In code:

epotair, ., = zikt X (sensflyq — sensflg,s X dtheta) + psnew (unit: klg)

K (petBcoef — cp,ir X TS)
epot_air _ zikt X (sensfly)q — sensflg,s X dtheta) + psnew ZIKE X zikt — petAcoef + psnew

cp_air cp_air cp_air

tair =

Calculation of qairyey, €.9. (67) in Dufresne and Ghattas, (2009):

q
F{ = BKI(Q—q0)(67) = Q= —5 +do
PK;
In code, SUBROUTINE enerbil_flux:
qairnew
= zikq

1
% chalsu0 x vbetal x (1 — vbeta5) + chalev0 x [(1 — vbetal) X (1 — vbeta5) X vbeta X valpha + vbeta5]
m® s kg W kg)

X fevap + gsolgye, ., (unit: k_g X - X ] X == k_g

w
fevap = (lareva_old — lareva_sns X dtheta) + (larsub_old — larsub_sns X dtheta) (unit: E)

(2) To calculate fluxsens and fluxlat:

According equation e.q. (62) in Dufresne and Ghattas, (2009):

CPair X temp_sol_new — petBcoef

ﬂ =
Uxsens zikt — petAcoef




in code: SUBROUTINE enerbil_flux

fluxsens = rau X speed X qcqrag X (PSNEW — epoty;,)

According equation e.q. (67) in Dufresne and Ghattas, (2009)
fluxlat = {chalsu0 x vbetal x (1 — vbeta5) + chalev0 X [(1 — vbetal) x (1 — vbeta5) X vbeta + vbeta5]}

qsOlsat,,, — PeqBcoef

zikq — peqAcoef
in code: SUBROUTINE enerbil_flux
fluxlat = chalsu0 X rau X qc X vbetal x (1 — vbeta5) x (qsolSatnew - qair) + chalev0 X rau X qc X vbeta5
X (qsolSatnew — qair) + chalev0 X rau X qc X (1 — vbetal) x (1 — vbeta5) X vbeta
X (valpha X gsolsae, .. — qair)
vevapp = dtradia X rau X qc X [vbetal x (1 — vbeta5) + vbeta5] x (qsolSatnew — qair_new) + dtradia X rau

X qc X [(1 — vbetal) x (1 — vbeta5) X vbeta] x (valpha x qsolgae, .., — qair_new)

A new subroutine ‘SUBROUTINE enerbil surftempflux” was written by merging SUBROUTINE

‘enerbil_surftemp’ and ‘enerbil_flux’.



Some constants in the code

Ratio between specific constant and specific heat of dry air:

cte_molr  287.05(kg/mol) kg x K
kappa = = ~ 0.2857 (kg/mol X ] )

P-ar 1004675 (klg /K)

Specific heat of dry air:

Cp.ir = 1004.675 (kg]x K)

Stefan-boltzman constant:

oW
Cstefan — 5.6697 X 10 (umt: m)

Latent heat of sublimation:
chalsu0 = 2.8345 x 10°(J/kg)
Latent heat of evaporation:

chalev0 = 2.5008 x 10°(J/kg)
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