'Explicit Diffusion and Cold Season Processes

Options

In red

1) Explicit diffusion Option CISBA=DIF

A) Thermal Transfer and the surface Energy Budget
(NP89 or PL98 thermal conductivity, DEF or MLCH
surface heat capacity)

B) Hydrological Transfer (DEF or option KXP: expo. Ksat,
WDRAIN 2D variable input)

2) Cold Season Processes CSNOW
A) Soil Phase changes

1) Phase changes based on water content (DEF)

i) Phase changes based on water content and
temperature (LWT)

B) Snhowpack
i) Single-layer bulk show (EBA)
ii) Composite snow (DEF)
iii) Explicit Snow (3-L)
- DEF or RIL Rich. Number limit
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'Explicit Diffusion and Cold Season Processes

Explicit soil DIFfusion Option: Downgradient thermal transfer
and Richard's Eq.
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Comparison: 2 force
restore soil options
verses DIFusion grid
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'Explicit Diffusion and Cold Season Processes

Explicit soil DIFfusion Option: Downgradient thermal transfer
and Richard's Eq.

3 Prognostic equations: N-layers for temperature, liquid water and soil ice:

oT,  0G

Ch — — . + (I)f
ot 2 o
E)"ﬂ"f OF (Il'q 5;
ot 92 L_fﬂ'-n- e ( min I = at :}

— : R ([} < wy < Weat — '“-rmiu)

w = uy + w; Total soil water
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'Explicit Diffusion and Cold Season Processes

Vertical heat transfer:

- Simple down-gradient thermal transfer

- heat capacity and thermal conductivity based on texture,
soil moisture (and possibly mulch in uppermost layer)

| o1
G=A
= Flux
¢gj = (1= wsat)Cosoitpsoit + wijcw + wijc;  Heat capacity
SURFEX Workshop, Oct. 14-16, Toulouse METEO FRANCE
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Soil Thermal conductivity: CSCOND
NP89: based on McCumber and
Pielke (used implicitly in FR option)

- no explicit accounting for soil ice

PL98: Peters-Lidard: shown to be
more accurate for dry and wet soils,
and includes soil ice.

- lower thermal wave penetration for
wetter soils

Thermal Conductivity [W/(m K)]
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Explicit Diffusion and Cold Season Processes

0.4 0.6 0.8 1.0

Soil Wetness
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’Explicit Diffusion and Cold Season Processes

The prognostic temperature equation for each layer also
iIncludes a phase change term (described later):

dT, ;
Azjcp d;J = Gj—1 — Gj + Az Py,
Cq i (Ji — 2‘ PJ)
The Heat chi = { qJ
CapaCIty IS. 1{',-' {{FT; -jﬁ:l) [.:j — l)

So for the uppermost thin layer (surface energy budget):

1 OT.
Cr Ot

= R” —H—LE—GI +$21‘I}H1
Upper BC
CT takes into account soil and vegetation
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’Explicit Diffusion and Cold Season Processes

The heat flux between the surface layer and the underlying soil
IS simply:

G = 2\ ‘
1 : _"'le + —\:3
% = Az + Az Interfacial (AVG)

(Az;/As) +(Az3/A2)  thermal conductivity

The surface thermal conductivity is reduced when veg is large:
assumed to result owing to a mulch/organic layer. Option
CDIFSFCOND = MLCH

- Has an insulating effect (decoupling of sfc-deep layers)
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’Explicit Diffusion and Cold Season Processes

Vertical soil water transfer:

- Flux includes Darcy's Law, vapor diffusion (dry soils), and a
linear drainage term (WDRAIN option). This is “mixed form”
Richard's flux (using matric potential gradient)

i) D, O )
F= —k— z) — — — K,
dé[ +2) Py Oz :
o
F = —-n="—¢
0z

With no linear drainage and moist unfrozen soils, the above
collapses into usual Darcy's law:

9
F = _k;_:{ff_:; + 2)

METEO FRANC
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’Explicit Diffusion and Cold Season Processes

The linear drainage Is usually

- 12b+4-3
OFF, but can be turned on by K el :L.."i”f [[“._,I"e' + "rrh'r.i.l'n} )/H'J."i”f_ X
giving a non-zero \(alue for (min (wfe, w;) — Winin]
Wdrain...can maintain a nearly _ ) ;
constant flow (to rivers...) even (Wre = Wmin

for fairly dry conditions.

o _ i Water Flow Boundary

‘N = —(nv = —hkn — 4 Conditions:
Infiltration is the lesser of a

. _ : maximum infitration rate

I = —Fy = min(R; — Qp, —Finaro)  gng throughfall less sub-
grid surface runoff...
Lower BC is free drainage.

-"-r:.rr.'u.r'[l — "I"‘.H'I'E-!'
SURFEX Workshop, Oct. 14-16, Toulouse METEQ FRANCE

Toujours un temps d'avance



’Explicit Diffusion and Cold Season Processes

dv (m2/s)
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>
Explicit Vapor diffusion:
Silty Clay Loam Only significant just above wilting
oAy point water content, with a
= o maximum at roughly half this
value.
D o Cky, P Dmr frm ,3.'.~.-.u: ' Pr,-' sat h:f
Y o T E
(p_p!f"} {RHI)
Pres=101325 Pa
Function mainly of
temperature and soil
| moisture
“_*_04“ o 0.6 0.8 1.0
Wetness
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Explicit Diffusion and Cold Season Processes

Mixed-Form Richard's
equation permits the use of -2l YT e

Ry I I I I koA L X
heterogeneous soil texture e et S ce e
I

I

I

I
profiles (since psi is Az; | Z pRE=SEE W SE LR
continuous while water | - speeocs _
content is NOT under such
conditions)

Vertical interpolation is based T | _
on the upper layer valge in dx =l
the presence of a wetting !

front, and relaxation to
hydrosFatlc equilibrium )9z = —1
otherwise

(Noilhan and Planton, Koster

and Suarez...etc...)
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’Explicit Diffusion and Cold Season Processes

0.0 ——— —— : -
Sand
- Cl
Example of heterogeneous Sand (AVG)
Profile Application: 02 | Gy 4
Soil texture profile at MUREX:
(thick lines represent vertical o4l
averages) T
5
- Result is significant gradient of @ s |
hydrological parameters...
0.8 -
1.0 & . : : : : |
10 20 30 40

Composition (%)
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Using DIF with 7
layers

(corresponding to
each horizon plus

thin upper layers for
numerical reasons)

- Equilibrium soill
water profiles using
homogeneous and
heterogeneous
texture profiles
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Heterogeneous
Profiles better
agree with
observed soil
moisture profile.

No options to
specify: just
prescribe sand
and clay fractions
by layer in
NAMELIST
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'Explicit Diffusion and Cold Season Processes

AMMA (ALMIP) Aug. 2006 : ISBA-DIF — volumetric water content

Lowest layer is saturated
METEO FRANCE
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'Explicit Diffusion and Cold Season Processes

Hydrological Effect of soil ice:
Ice is assumed to become part of the solid soil matrix....

w — wj oy
Wgat — Wy Wgat 1

k = JI"'.WI (_}Eb-l_:i

When a layer freezes, this can
@ = 107% wi/w  create strong liquid water

gradients, so a diffusion

impedance term is used

METEO FRANC
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Explicit Diffusion and Cold Season Processes

1.0

Reduction factor for vertical

——— Eice =1 soil water diffusion for
N e Eice =2 .
08 Hi Eice = 3 i different values of
— =g parameter Eice as a
— Eice=6 function of ice fraction in
the soil.

o
o

Ice Flux Impedence Coefficient
(=]
i

0.2

lce Fraction
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'Explicit Diffusion and Cold Season Processes

Phase Changes in the Soil: CSOILFRZ=DEF option

The freeze/thaw rates are proportional to the
temperature depression and the available liquid/ice.

@ ; =min [Hh.ffmm: (0, Ty —T7) e,

L¢pymax (0, wyj — Wyin) } /T

‘I)m J =1mnin [If,u.-f,-”lﬂ-':l:'{ {[]. ]r:i — :Ff] C;, pru‘u'ri ;] ,H(T;'

H:'j_-.'i‘."( {'H‘.-.'rn‘ — Wy J') (TI E Tf} Rate of
€ = | ' freeze thaw a
w; _;'r'f (?f-‘.mr - “‘min)I (T; > Tf} function of

efficiency and

K. — (1 - e::’:g) (1 B L;':II) (0< K, <1) vege.tation
Ko K4 (Bazile)
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Explicit Diffusion and Cold Season Processes

I5BA-FR I5BA-DIE
Example setup for lllinois: T, o
B o i L. I -, = 0.
d i SRR :_r.t = _-l_"‘_.\_ = _h_- L/ A z : = .0/
Test soil freezing impact on soil z,=0.03
temperatures, surface fluxes... z,=0.05
: : : Z =0
Examine 2 cold periods in 98-
99 75 =021
T, w, War Tj n'“_ n'ﬁ
b4 z,=0.43
G ' F! -
g i)
z,=0.385
- zy=170
METEO FRANCE

SURFEX Workshop, Oct. 14-16, Toulouse

Toujours un temps d'avance




With soill
ice

No soil ice

Soil Temperature (K)

356

357

Time (DoY)

358

359

1—2

Explicit Diffusion and Cold Season Processes

With soil freezing:
significantly warmer
compared to obs

Old default: no soill
freezing: cold bias

METEO FRANCE
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Explicit Diffusion and Cold Season Processes

Temperature Ts (K)

GEWEX/GCIP lllinois

1998 DF
274 | :

268
Tob ™3
| —— glace \\ )
262 - sans glace N |
" i N
¥ "
256 - i L " 1 i L " f
ass 358 357 358 359

Impact of soil freezing on
surface temperatures
. during 2 cold

274 -
268 -
262 |
256 — . . A =l : L
355 356 357 358 359
264 , . .
286 -
278 -

270 ¢

262 |

periods...night-time cold
bias all but removed

L i | 1 L 'l
40 42 44 46 48 50
294 T

286 -

278 |

270

262 -

52
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’Explicit Diffusion and Cold Season Processes

1.0 | | I e e o o e e, e ey i
, L Option CSOILFRZ=LWT:
Sand B .
08 | Loam | — o4 L | As opposed to potentially
T | Clay T - freezing ALL liquid water,
5 - 2 0a this method uses the
g = freezing curve method. The
& 2 | " maximum liquid water
i 4 g 0= " content for a gi
S J . given texture
E | 2 1 e ' is a function of T...
kS 1 T _
0.2 + = 0.1 e S
S e - —————— - More physical...
0gLt—-1I1 . | I I 0.0 | I | T PR I T 1 1
o i & B 4 v B4 8 6 3 also av0|ds_ num_erlc_:al
Ti-T (K) TE=T (K) problems since liquid water

content stays above
minimum numerical
threshold
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Explicit Diffusion and Cold Season Processes

Soil freezing characteristic curve

1.000
From Gibbs free | Ly (T — ’fj.} __
energy concept % — g T 0800
& “l_ <
é 0.600 &
o* \ P £ N
And C|app Wi max = Waat ( I ) ﬁ OA00:
Wsat < '
and 0.200 -
woget " Tonax = L1
get (Ly—gv)
0.800 §
-é 0.600
o
/ § oo
- 0.200 -
Example for Goose Bay, Canada...lower
panel both coefficients set to unity. All 5 N S g

soil layers shown together. For a winter

SURFEX Workshop, Oct. 14-16, Toulouse

| L L L | L -
4.00 6.00 8.00 10.00

T = T (K)
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’Explicit Diffusion and Cold Season Processes

C[%]I'S

Snow scheme options: CSNOW

EBA - Bazile composite scheme, 2 prognostic
variables NWP usage and improved fcst scores

DEF - Douville composite scheme, 3 prognostic
variables Extensive use in offline and GCM

3-L* - Boone (ISBA-ES: Explicit Show), 4
prognostic variables (3-N layer variables, 1 single
layer var) Offline and Mesoscale modelling, operational
Hydro

* Ongoing developments: new modifications with
snow grain variables, history variables, 10
layers....coupling with vegetation canopy

METEO FRANC
SURFEX Workshop, Oct. 14-16, Toulouse Toujours ugmps d'guancEe



'Explicit Diffusion and Cold Season Processes

DEF - Composite snow scheme
EBA - Composite (no density prognostic eq)

dw,
._.:PIJ'_EH_FIJ‘.

ot | |

dpn T

E = ?f (ﬂ'm:lx - ."}H-) — [:.lﬂlllill S Pn S :”nm:-:}
a{]f” _1 - - P”

E — T Oq Tf (f.l‘” - IIr-]fmin} + (1 - f}nJ Ta| + m

({}'Iuin < Yy < 'r-:fumx)

METEO FRANCE
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'Explicit Diffusion and Cold Season Processes

DEF - Composite snow scheme
EBA - Composite (no density prognostic eq)

dw,
A :Pn—Eu—Fn
ot
dp T¢
._” - {ﬂm:lx - F‘n) [:J”'l:nin S Pn S :"*’um:-:}
ot T
f}r.l:'” '_l - - P”
— =—0aTflOn — @min) + (1 = 04) Ta| + —
{'}t - X f( 1 I]l]ll} ( rr) (1 ””_”-
(1), —TY) Comoposite=
Fy, = pn Cn LAl (Fn 20) Single soil-
vegetation-snow
T, = (1 —veq)Ts + vegTs energy budget

METEO FRANCE
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Explicit Diffusion and Cold Season Processes

SNOW ALEBEDO (Douville et al 95)
Albedo scheme in all 3 Day=1 no melting, 2-5 melting, 6 0.5mmdday, 7 no melting, 8-10 melting

model options o 1 2 3 4 5 6 7 8 9 10
0.85 . 1o« 1 ¢ 1 a0 1 a0 | L+ 1 1 1 1 1 g 0.85

_0.825

0 1 2 3 4 5 6 7 8 9 th

METEO FRANCE
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’Explicit Diffusion and Cold Season Processes

Default snow fraction for baresoil (png) for all models,
pnv used for 3-L and DEF (EBA based on LA/ and age also,

results in significantly improved T2m air temperatures over
Northern Hemisphere)

Soil —» Png = ”rn,fl( {II‘H + ”r:'r'r.l;l (II‘F'J'H = 10 ]'I-f-', “13)
Ji}’”)r'r [:h” + :-)Eu}

Pn = V€gPny + (1 — f-’f'!f}ﬁ'ug » TOTAL snow cover fraction

veg —1» Pnuv

* Loosely physically based...mostly empirical...but...rather standard! Future

developments may include topographic index/exposition, improvements
using satellite-based data...

METEO FRANCE
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Explicit Diffusion and Cold Season Processes

Basic ideas: cover bare-ground faster...and taller vegetation with lower pnv

10— 71— ' 1.0 | L —
zOveg=0.05 m
08 - - zOveg=0.10 m = 0.8 -
1 zOveg=0.50na7 -
0.6 - -
> o
= c
o o
0.4 H -
0.2 -
i L | 1 1 L 0.0 | ] " i 1 l 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Snow Depth (m) Snow Depth (m)
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’Explicit Diffusion and Cold Season Processes

3-L: ISBA-ES is more detailed:

- an N-layer scheme (default 3)

- explicit compaction (and melt densification)

- radiative transfer

- explicit energy budget: prognostic vars = albedo, density, SWE and

- liquid water content (using enthalpy concept) /

New prog.
variable

2prognostic 1., =T + (Hy; + Ly W,;)/(esi Dyi) (W;; = 0)
variables “for
the price of

one”... Wii=Wsi + (Hsi/Ly) (Ts; =Ty)

METEO FRANCE
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0.50 r

Time varying layer
thicknesses

0.40 -

Snow levels (m)
Critical Snow Depth {m)

0.30

Total snowpack mass and
energy conserved as grid
changesint

Snow Depth (m)

o
[N
o

0.10 -

0.00 !

Time —————»
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'Explicit Diffusion and Cold Season Processes

Grid and numerical setup essentially
the same as for the soil heat diffusion
Equation (DIF)

@

0

D 'K
‘R! H! D;’ p! Qi:(G!J..?. J

R E G ) J
nl f"I n Qu:( n)t?.

/

| |

H D p T W W
] J ] - . b
R, Q, (G.r‘ff} Jj

SURFEX Workshop, Oct. 14-16, Toulouse
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'Explicit Diffusion and Cold Season Processes

«—

=

Richardson number limit
options (CSNOWRES=RIL)
for snow 3-L

- during very stable

conditions, decoupling from =
the atmosphere can lead to -
very cold surface snow
temperatures. Fix from
ARPEGE....

A.}i‘
Cy =
" {11‘1 {zee;’{zllf} In {:u,'"r:l]fj

CIrs

un_stable

‘ SURFEX Workshop, Oct. 14-16, Toulouse

stable
, :

““ =10m 7
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Modeled Snow Surface Temperature (K)

Explicit Diffusion and Cold Season Processes

a8 L

-18 -

-18 +

Control

RMS 2.94
r2 0.80
a 1.16

[ b-093 ¥

93-94

Limit Ri

Example using RIL:

’é} RMS 154 ImpaCt of USing RIL Option
g mi (with Richmax=0.20) at Col

a 0.79

b 016 | de Porte for 3 years. Good

[ r2 0.78

| b -1.13

RMS 3.34

a 117

-30 ¢

-8 |

Improvement...also impacts
melting.

L
M

" RMS 1.34 |
2 0.90
a 0.88
b -0.49

RMS 2.80
r2 085

a 123 «
| b -0.80

95-96

e 58
o RMS 1.70 _

. / 2 0.91
a 082

/

b -0.72

-18

Observed Snow Surface Temperature (K)
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Explicit Diffusion and Cold Season Processes

Phase changes and liquid water budget:
- relatively simple (“tipping bucket” hydrology)
- phase changes don't change H, but partitioning between T and Wi

(unless runoff/mass loss)

Fwn.f = min [i".'..,; t D.‘-i.': {IL; o I:I"] 1 L_f (H'HJ o ”'H}] )’rﬂf
qu;- — min [{.!H-D” {Jff — r”-j . L_f”r“] ,"",_""i.f .

-'F.l::.r' — F*iru..r' - F‘iff
Wy,

(';?_f = R“_l—R“-i-Fq.”’lLf {Hrﬁ < Hruff'mn:-:}

METEO FRANCE
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Explicit Diffusion and Cold Season Processes
ABOVE  4.00 ARPEGE MARCH 2000

[

Bl so00- 400 Ts +96h - Ts Analysis
B 200- 300
B 1.00- 2.00
] 0.20- 1.00
B  -020- 020
] -1.00- -0.20
I -2.00- -1.00
B  300- -200
B  400- -3.00
B scow 400
Impact of
new albedo,

snow fraction

-175 -150 -125 -100 -75 -50

Figure 5: Impact of the new scheme on the T5,, 96h forecast (avraged on the 15 runs).

From E. Bazile, GMAP
METEO FRANCE
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Explicit Diffusion and Cold Season Processes

Col de Porte 94-95

450 - Model Y 450 - —— AVGTotal
O Obs O Q .\--("cc' layer 1 ; , .’/' '

% 350 M JV . % 350 el
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Contact:

Aaron Boone, Eric Martin, Patrick LeMoigne

Eric Brun, Vincent Vionnet, Eric Bazile, Hervé Douville
(snow),

Bertrand Decharme (soil, hydrology)

GAME-CNRM Météo-France
GAME-CNRM
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Explicit Diffusion and Cold Season Processes

Average snow
Depth for 24 sites in
the Alps from the
Rhone-AGG EXxp.
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