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Surfex system

surfex stands for surface externalisée ;

externalized from meso-NH mesoscale model ;
externalization allows use with various atmospheric models;
surfex gathers all surface developments;

lower boundary condition of atmospheric model ;

its goal is to compute the exchanges of momentum, heat,
water, CO2 concentration or chemical species. These
exchanges are performed by mean of fluxes.
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energy budget
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UV solar radiation
2 - 3 microns

|PCC, 2001 sources (Intergovememental Panel for Climate Change)

Mean annual values (W /m?)
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net radiation

Fret = Sw L —Sw 1 +Lw | —Lu 1 )

Frete =(1—a) xS, | +e(Ly | —0 T4
Frete =H+LE+ G
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water cycle
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Ground water flow

water repartition

On the 20% of total precipitation falling on continent
60% evaporates, 25% infiltrates and 15% generates surface runoff
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available water for plants

Soil-moisture

(increasing )

H0
unavailable
for plants
Soil particles with P
forms of soil moisture

Hygroscopic H,0" .

Capillary H,0 ‘

Gravitational H,0 -

. Gravitational
Note: Some capillary water is bound to hygroscopic water
water on soil particles and is also unavailable.
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surfex content

global databases
@ orography : GTOPO30, 1km
@ soil texture : FAO, 10km
@ land use : ECOCLIMAP, 1km
@ bathymetry : ETOPQO2, 4km
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surfex content

physical models

@ ISBA : Interaction Soil Biosphere Atmosphere, Noilhan,
Planton, 1989

o TEB : Town Energy Balance, Masson 2000
e FLAKE : Mironov, 2005
@ SEAFLUX : Gaspar, et al. 1990
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Preparation of physiographical fields

description of databases
initialization of physiographical fields

databases

orography

GTOPO30 is a global, digital elevation model (DEM), with a
horizontal grid spacing of 30 arc seconds (approximately 1km)
http ://edc.usgs.gov/products/elevation/gtopo30/gtopo30.html

GTOPO30
. | Global 30 Arc Second Elevation Data

U.S. Geological Survey
National Mzpping Division
EROS Dala Center
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orography

envelope

25275+Fenv*azs

Ferv =0 in Arome

Laplacian filtering

1
2, =2, + g™ Azs,,) n=1

n

1
zf =z + 3 * A(zs) in Arome
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databases

FAO information is used to construct a 10km global database for
percentage of sand and clay, used in surfex to retrieve some model
parameters.

http ://www.fao.org/ag/agl/agll/dsmw.htm
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Preparation of physiographical fields

description of databases
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ECOCLIMAP is a 1km global database for land use. )

@ parameters depending on soil
e % sand
o % clay
e soil depth
@ parameters depending on vegetation
fraction of vegetation veg
leaf area index LA/

minimal stomatal resistance R,
roughness length zy

@ parameters depending on soil and vegetation

e albedo
e emissivity
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ecoclimap

definition of ecosystems/land covers ]

@ climate map : Koeppe and de Lond 1958, 16 classes, 1km
@ land cover maps :

e University of Maryland, global, 15 classes, 1km
o Corine land cover, Europe, 44 classes, 250m

@ ndvi profiles
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ecoclimap

Corine land cover, Europe, 44 classes, 250m )
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ecoclimap

ndvi : normalized digital

vegetation index [T C] LandsatThs
[TTT ] Landsat MsS
ndvi = Rnir = Rvis 00 O sornav
Rnir + Rvis o[ [T wows aveie
50|
':,i 40
é :2 Green Vegetation
0.725u < Rpir < 1. B oA

0
04 06 0B 10 12

O58,u < Rvis < 068N \Wavelength (micron)
3 g B, Near
@ O & fnfrarad
0.1<ndvi<06 |
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ecoclimap

each land cover is represented by a fraction of 12 vegetation types :
bare soil, rocks, permanent snow, evergreen broadleaf, deciduous
broadleaf, needleleaf, C3 crops, C4 crops, irrigated crops, grassland,
wetland, irrigated herbaceous

woody vegetation: herbaceo

bare soil / rocks /  evergreen brodaleaf /  C3 / C4 / irr. crops /
permanent snow  deciduous broadleaf /  natural herbaceous /
permanent snow needleleaf wetland and irr. herbaceons

any forest 100%

woodland 0-10% 0%
wooded grassland 0-20% 20-30% 50-70%
closed shrubland 2:30% 20% 50-60%
open shrubland 20.60% 10.80%
grasland 100%
crops. 100%

bare sail; rock, 90-100% 0-10%
permanent snow
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tion of physiographical fields

ecoclimap

global repartition of woodland

S

ndvi profiles of woodland

~ T
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Preparation of physiographical fields
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initialization of physiographical fields

databases

ETOPO?2 is a global database, with a horizontal grid spacing of
2 arc minutes (approximately 4km) .
http ://www.ngdc.noaa.gov/mgg/global /global.html

LATITUDE

3 1
LONGITUDE

ow
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PGD tool

user has to define

@ geographic area of interest
@ projection

e grid

user has to select

@ databases for vegetation, orography, soil texture and
bathymetry
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PGD tool

orography

Example of 10km orography computed from initial GTOPO30
database
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PGD tool

ion of surface parameters

LAl — LAlin = (NDVI — NDVipmin) * 5141 /Snpvi

v v <
() vegetation  resistance (sm 1) vegetatior
o 0.013
o 0.1
0 0.0013
L — e=OBLAT 013 min(1, ¢ 2AF2) 0.20 10 0.07
1 AL 013 min (2.5, ¢S 0.20 10 0.07
0.95 0.1 LAL 0.20 120 0.7
0.95 0.1 LAL 0.20 10 0.07
0.95 EREY 0.10 150 0.07
0.90 ERE 0.3 250 0.07
0.05 ERE 0.15 150 0.07
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PGD tool

Preparation of physiographical

Leafl Area Index

Vegetation
fraction

Roughness
length
Minimal

Stomatal
Resistance

Albedo of
vegetation

soil albedo

total albedo

total emissivity

description of databases
initialization of physiographical fields

sand, %

(1-veg) . Esoil

1ypey
LAL
type,
LAL field at 1 km
2 of r i
LLAI, o+ —LAL . LA
' '
Lveg, o+ LTwer, e

Lon e +

L €0 [0y

— Cb[m]

4 _LAL 1 LAL LAI
> Rsmin, 2 Rsmin, Rsmin
1 '

T Gy b Oy, > e

(1-veg) . Oluoil + veg . Clvex

+ veg . Evep
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description of databases
ization of physiographical fields

PGD tool

=
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Preparation of physiographical fields
description of databases
initialization of physiographical fields

PGD tool

town fraction

| P B I
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42 —

41 : -

goloda b bl bbb bl 1]

10 8 6 4 2 0 2 4 6 8 10 12
longitudes
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initialization of historical model variables

PREP tool

oX
ot

from atmospheric model :
ECMWEF, ARPEGE, ALADIN, MESO-NH, MOCAGE, MERCATOR

vertical profiles for temperature, liquid water and ice
interception water content
temperatures of road, wall, roof

sst, salinity

e 6 6 o6 o

snow water equivalent, albedo, ...
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initialization of historical model variables

PREP tool

@ reading of relevant surface fields in atmospheric file : Z, T,
Wiig, Wice, Wg, snow, SST (LAI)

@ horizontal interpolation on target grid

@ vertical interpolation on target soil

@ vertical interpolation according to dz,
e repartition of liquid water and ice

surfex



initialization of historical model variables

PREP tool

ice content with heig

4000 ——

———— = . :
0.5 m¥m¥/km . soil ice vertical gradient
3000 CT

o ] d
= " Hy
2000 'Y(d) =Y *xe
1000 —
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,n
4000 ———————————
t 0.05 m*/m*km 1 | Middle of root zone 1
3000 — . . — /
. 150 .
| Goor oo om0 aooor 00068
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surfex




initialization of historical model variables

PREP tool

liquid water and ice content

w = w; — 0w

w; = w; + 0w

ow = y(h) *dz

dw = ~y(h)dz1 + v(0) x5z

o
0 A 515 zs.1s 518
ZSLST T 7SS o
o T s zs = s
o
”
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surfex algorithm

running surface schemes

princip

Surfex output as surface boundary conditions for atmospheric
radiation and turbulent scheme

albedo
emissivity
radiative Atmospheric forcing
temperature Sun position
Downward radiative
momentum flux fluxes
sensible heat

latent heat
CO2 flux
Chemical fluxes
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surfex algorithm

running surface schemes

princip

one important feature of the externalized surface :
each grid cell is divided into 4 elementary units called tiles
according to the fraction of covers in the grid cell

surfex



surfex algorithm

running surface schemes

princip

vegetation tiling
second level of tiling for vegetation : natural area
may be divided into several peaces called patches

s of each grid cell

: conifer forest

n broadleaf trees
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. surfex algorithm
running surface schemes

packing

@ a mask is associated to each tile to select points of same kind
@ physical parameterizations are done separately on each tile

@ masks size is obtained by counting number of point which
have a non-zero fraction of the tile in the domain

surfex



surfex algorithm

running surface schemes

initialization of masks

Particular case where each grid box is represented with only one tile
(pure pixel, while in reality the 4 tiles may be present in the box)
The grid is composed of 12 grid cells organized as follows

1 NATURE ] 2 NATURE | 3 TOWN 4 TOWN
5 WATER 6 NATURE 8 TOWN
9 NATURE |10 SEA |11 SEA 12 NATURE

fraction of each tile

XNATURE=(110001001001)
XTOWN =(001100010000)
XSEA =(000000100110)

XWATER =(000010000000)
The dimensions of the masks are respectivel
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surfex algorithm

running surface schemes

Once the fraction and the size of the mask of each tile is
computed, it becomes possible to pack the variables over each tile
to deduce effective mask (1D vector)

associated masks

N Y O T A e P ™

sea I L
inland_water _
town LT

nature I I Y I 0
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. surfex algorithm
running surface schemes

Input/Output

I/O belong to the model that calls SURFEX. Reading and writing
orders are done using the same generic subroutine, called
respectively read_surf and write_surf

According to the atmospheric model (AROME, Meso-NH, Aladin),
specific subroutines are used

reading and writing orders are distributed over processors J
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. surfex algorithm
running surface schemes

Monin Obukov characteristic scale parameters : uy, g, 0.

17l = paw/u” = —pau®
H = pacp,w'0 = —pacp,u.bs

LE = p,L,w'q = —psL,u.qs
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surfex algorithm

running surface schemes

171 = —paCoU?
H = pacp,CHU(0s — 65)
LE = p.L,CeU(qs — qa)

Cp, Cy and Cg are expressed as functions of atmospheric 1st layer
height, stratification and roughness lengths

surfex
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Intercation Soil Biosphere Atmosphere
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2 options to treat soil transfer

o force restore method (Noilhan-Planton 1989)
2 layers for temperature and 2 or 3 layers for water and ice
contents

o diffusion method (Boone 1999)
n-layers for temperature, water and ice contents
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Atmospheric forci ,u P, S, L, rai

— i -
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basic equations

0Ts 27
- T - T
5t Cr(G) T( 2)
0T> 1
92 T - T,
ot 7'( 2)

C7 : thermal coefficient for continuum soil-vegetation-snow
G : ground flux

G=Fpee—H—LE
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basic equations

8Wg . C1
W_Pwdl( e — Eg) 7(Wg Wgeq)

Pg:(l_veg)P+Rr_Qr

@ P : total precipitation
@ E, : bare ground evaporation p
@ wyg,, : balance water content
(gravity/capillarity)
. . E
@ R, : interception runoff ¢
Rr Qr

@ Q) : surface runoff
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surface runoff

saturated areas in a gridbox reduce infiltration and contribute to
surface runoff.

Q, depends on : soil texture, wy and a parameter b used to
compute the saturated surface of the gridbox : @, increases with b

Subgrid runoff

1.0
oap sand ]
e ]
1 / !
o4r S
//
ozt clay/

2. s J
000 0.0 0.20 0.30 0.40 0.50
ud (m8 ms)
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basic equations

@ E;, : evaoptranspiration

@ D, : root zone drainage dl
P a2 ¢D1-1¢Df1
@ Dy, : diffusion of water term B

surfex
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basic equations

8W3 d

C
D, = i leb, w — wi]

@ E;, : evapotranspiration a1
. dz ‘Dn‘Dﬁ
@ D, : root zone drainage &

Dr2

@ Dy, : diffusion of water term
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drainage

depends on soil texture and occurs from a given threshold J

Drainage for fm gdB—dEJ layer
1000.00 ]

100.66¢ sand 1
/ i

10.00F ( I /-
clay / !

/

p10p——— 1

B fmm/day)
P
3

0.07 Lot
0.60 0.16 0.20 G.50 0.40 0.50
w3 (m3/m3)
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basic equations

@ P : total precipitation

@ E, : evaporation of interception reservoir

“

Er
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basic equations

ow,
(91'” :Pn+pnPl_En_Emelt
A(t
Ds: n ()
Pnew
Ds1 = a1Ds + by
Dsz = ayDs + bo
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force restore equations

G=Fn—H-LE
Fret = (1 —a) xS, | +e(Ly | —0 T4

_ pacpa _
H= "R, (6s —0.)

LE=L,xE=L,x(Eg+E, + Ey + E,)
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evaporation

bare ground evaporation

Eg = (1 - Veg)%(huqsat(Ts) - Qa)
a

h, is the ground humidity

huqsat( Ts) = d4s
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evaporation

evaporation due to interception

)
E = vegpaﬁ(qsat(Ts) ~ 9a)

a

d is the fraction of foliage covered by water

6= (1 - fzo)élow + fzo(shigh
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evaporation

snow sublimation
Pa

En = pnF(qsat(Ts) - qa)
a

Pn : snow fraction
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evaporation

evapotranspiration

1-9
m(qsat(Ts) - qa)

stomatal resistance Rs regulates evaporation of plants

Ey = VEgPa

surfex
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A-gs approach

The active biomass is a reservoir fed by the net CO2 uptake by
leaves : net assimilation = photosynthesis - leaf respiration

Met, forcing LAI
ISBA LE, H, Rn, W, Ts...

Met. forcing
LY
ISBA-A-g_ LE, H, Rh, W, Ts...
[CO, L,
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urban canyon concept

building
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radiative perturbations

shading effect on walls and roads

& L

radiative trapping inside the canyon

Infrared emissions

& A
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thermal perturbations

@ specific properties of materials

o lot of available surfaces

= strong heat storage )
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anthropogenic perturbations

@ metabolism
@ road traffic
@ heating/cooling domestic systems

@ industrial activity
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hydrological perturbations

@ sewer network

@ waterproof surfaces

= strong runoff and weak evaporation J
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Fret + Fant = H + LE + AFoto + AFagy )

Fret : net flux
Mexico-city genter

Fant : anthopogenic flux

L

.

H : sensible heat flux
LE : latent heat flux

Fsto : storage flux

#

2

 Eneray Fiux Density W m®)

g

F,4v : advection flux

surfex
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princip of TEB model

@ urban canyon model :
parameterization of S
exchanges of water and ;
energy between canopy
and atmosphere

vall val |z

@ exclusive treatment of
built surfaces

@ idealized geometry

3 elementary surfaces

surfex



surfex physical parameterizations

princip of TEB model

computation of energy budget
of each surface

isba
teb
seaflux
flake

computation of temperature
surface + materials
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princip of TEB model

computation of air
temperature and humidity
inside the canyon

computation of exchanged
energy with aerodynamical
network

-ra

Ta,qa Us Ta qa,Us

Taga,Ua Ta.ga.Ua . t 2
t ’
RES: Az RES; RES} Az
Tyl 24 ---Ll---—--- z
T Tean|Gan.

Nkeaatid

%% {Res,, g
T

0l
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Arome forecast for the 18th November 2005 at 00UTC

I?.’-'i.f)rl

21.00

19.00
! ' 17.00

Urban heat o 1

Island around < St L | 1300

Lyon and

Toulouse cities ;

11.00
9.000
7.000
5.000
3.000
1.000

3, S b N =

1 .—1.000
h j —3.000

.......... Ao =
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flux parameterization
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Charnock formulation

u,2

G

Zp — 0.015

prescribed SST and Charnock'’s formulation allow to compute
fluxes over sea
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1d ocean boundary layer

pronostic SST, salinity and TKE
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1d modele fluxes

17l = —paCpU?
H = PaCp, CHU(95 — 03)
LE = paLvCEU(qS - qa)

Steess sur mer Vi de chalur seasible sur mer
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1d ocean boundary layer

sea surface temperature

DEPTH (m) : 5 DATA SET: ext-mercotorPay2v!R1v_med_meon_20031203_R20031217
MERCATOR PSY2¥1R1 VITRINE

LATITUDE

o 10
—= 0274 LONGITUDE

temperature (degC) and current (m/s)

surfex



isba

teb

seaflux
surfex physical parameterizations flake

1d ocean boundary layer

DEPTH (m) = 5 DATA SET: ext—mercotorPay2v! Rlv_med_meon_20031203_R20051217
MERCATOR PSYZVIR1 ITRINE

LATITUDE

o 10 20 30
—> 0274 LONGITUDE

salinity (degC) and current (m/s)
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Flake model

surfex
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Flake model is able to predict :

@ vertical temperature structure
@ mixing conditions in lakes of various depth

e for various time scales (few hours to several years)

@ bulk model based on M.O. similarity theory : structure of
turbulence in boundary layer entirely defined with turbulent
scales u, and 6,

@ includes a parameterization of sediments

@ includes also a snow scheme since part of lake can freeze

surfex
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summer profile

0s(t) surface temperature
h(t) height of mixed layer

o

0p(t) deep temperature
H(t) depth penetrated by
thermal wave

On(t) temperature at Hit)
depth H(t)
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winter profile

-H gt
,Hlﬁ)

variables

@ 0Os(t) temperature at
air-snow interface

)
@ 6;(t) temperature at

ice-snow interface
@ Hs(t) snow thickness

Sediment

o H(t) ice thickness " e

surfex



main options
2 meters diagnostics

surface diagnostics

energy budget (mean and per tile/patch)

o LSURF_BUDGET, classical energy fluxes : Fnet, H, LE, G
o LSURF_EVAP_BUDGET, evaporative components :

o L E;, LyE,, L Ey, LEy;, L.E,

e total evaporative flux, drainage, runoff, snow melting rate

o LSURF_BUDGETC : accumulated fluxes from begining of
simulation

surfex



main options
2 meters diagnostics

surface diagnostics

inquiry mode

@ LCOEF : turbulent exchange coefficients, roughness lengths
o LSURF_VARS : returns surface humidity gs

LPGD : returns surface parameters (LAI, veg, ...) J

surfex



main options
2 meters diagnostics

surface diagnostics

2 meters diagnostics

e N2M=1
Paulson, 1970 : extrapolation from lowest atmospheric level
using predefined stability functions

o N2M=2
Geleyn, 1988 : interpolation between surface and lowest
atmospheric level using exchange coefficients (used to
compute fluxes)

surfex



main options
2 meters diagnostics

surface diagnostics

SBL scheme : Masson, 2008
@ 1d vertical prognostic scheme

@ extra layers between lowest atmospheric level and surface

@ takes into account large scale forcing, turbulence and drag due
to canopy

lowest atm layer

Z (1)
14

s surface

2 meters variables are computed in a prognostic way J

surfex
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