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Is the Land Surface Important to NVWP?

“The atmosphere and the upper layers of soil or sea form
together a united system. This is evident since the first few
meters of ground has a thermal capacity comparable with 1/10
that of the entire atmospheric column standing upon it, and since
buried thermometers show that its changes for temperature are
considerable. Similar considerations apply to the sea, and to the
capacity of the soil for. water. “

LL..F. Richards@p, 1922

Weather PredictioglsWVANBINEY el Processes

“Much improved understandinfESIBHEBUNLSIIIETE interaction
and far better measurements (S §EISIELENIULIErtiES,
especially soil moisture, would gynstitute a maje sintellectual
advancement and may hold the keyf IEUG Improvements in
a number of forecasting problems, i [iiIE location and
timing of deep convection over land, @aniitative precipitation
forecasting in general, and seasonal climate prediction.”

National Research Council, 1996
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Why surface parameterization is
Important?

« Bias detected in climate modelling due, e.g.,
to the absence of vegetation, incorrect heat
fluxes partition, etc.

« NWP models need BC for. enthalpy, moisture
and momentum equations: fluxes of energy,
water and stress at the surface

* Need of consistent budgets of energy apis
water,

» Experimentation and comparison exergses
during 80’s and 90’s (HAPEX-MOBILHY# 3G}
FIFE 87, BOREAS 94, EFEDA 91, PILPS,"®
have allowed extensive validation '

* |Improvement of near surface variables (T2m,
RH2Zm, vi0m)
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] ) Assimilated Future: Use observed
Atmospheric Forcing Satellite Data | SWR*Precipitation
(always) (ELDAS)

(sometimes)

Land Surface
Model

Goal of an LSM: To produce

@ \Water balance partition (evaporation/runoff/storage)

® Energy balance partition (latent heat, sensible heat, ...)

@ Carbon balance partition (uptake, respiration, storage,...)

@ Evolution of surface and subsurface states (temperature,
soil moisture, snow, vegetation phenology,
vegetation distribution...)



Outline

Why surface parameterization is important?
Which are the distinct features of surface/atmosphere interaction?
How important are the different surface parameters?

Treatment of surface heterogeneity. Aggregation. How big is the
impact of tiling?

How are surface schemes validated?
Physiographic description. ECOCLIMA R WASIIRERIE I Impact of
physiography? i
Assimilation of surface variables. Casé} of soil moisiurg.: LDAS
experience. How big is the impact of SG)IHTEIEIEY,

HIRLAM surface analysis. Future plans: *
HIRLAM surface parameterization. Future pll

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)



Which are the distinct features of
the surface/atmosphere interacton?

 Heterogeneity at all scales.
Aggregation issues =
» Different physical/biological | 5 B
processes are involved Vol e

* Need to initialize
surface/subsurface variables

« Many soil and vegetation r T
parameters (10-14) are 1
involved: veg, LAIl, emis., I - N
albedo, Rsmin, solil texture, ...
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How important are the different surface
parameters?

Use of the )-

General technique for sensitivity analysis of mathematical models. With this technique input parameters are varied
simultaneously through their ranges of possible values according to some given PDF. All input parameters are
assumed to be independent.

Each input parameter is assigned a different frequency which determines the number of times that the whole
range of the parameter is traversed. This

Shaaiienef those Fourier coefficients
corresponding to a particular input parameter frequency and its harmoniceRaie e Rtiotal contribution of that
particular input parameter to the model output variances.

The )t Miejueneies of Model Gutpul ,

Nele { ) {8 Trequenoies. Finally by scaliieRUESHEIECIN
contribution of the input parameters to the total variance partial Yatia e e G Rl a0 Mt snow the sensitivity
of |the model output parameters to the variation of the individual inpgj sarametars in hair prescideelielie Yo
values. -

The FAST. technique is a very : "%n@wg muEematical models though it
has also some limitations: ¥

— Nonlinear algorithms connecting the input parameter and output pargfter.speaees can distort the real
sensitivity caused by some input parameter. :

—  Theinput parameters should be either independent or their dependency in form of covariances between
pairs of parameters should be modeled.

— The FAST technique provides the module of the sensitivity but not its sign

— The range of variation of the input parameters is usually a critical issue 1 _
(Rodriguez & Avissar, 1998)
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Table 3; Land-swface parameters used for the ISBA scheme as input to the FAST alporithm. Thelr masdmum
and mininmum vadues determine the range of variability of every parameter as it is used in the analysis.

Darameter Minimum | Macdmun
Pevcentage of sand (s) (%) 10 100
DPercentage of day (c) (%) 10 100
Surface soil wetness (W) 0.0 L0
Total soil wetness (1) 0.0 L0
Rouglmess length (Z,) (m) 0.01 2.0
Leaf aren index (faid) 0.0 6.0
Mininmum stomatal resistance (Rs ) 120, 200,
Radiation transpiration factor (Re) (Wm—=2) 30, 100,
Vapor transpivation factor (e 0, 0,04
Temperature transpiration factor (T ) (K] 205, 300,
Wetness transpiration factor (W] 0.5 L0
Albedo () 0.14 0,20
Emissivity () UKL 0.9

i

Table 4; Land-swface parameters used for the BATS scheme as input to the FAST algorithm. Their
maximum and minimum values determine the range of variability of every parameter as it is used in the

Table 2: Land-swface parameters used for the LATD scheme as nput o the FAST algorithm. Thelr masd-
mum And mininmm values determine the range of variability of every parameter as it is used n the analysis.

Parameter Mininmum | Maximm analysis,
Soll Albedo (o) 005 0.05
Soil emissivity le,) 0,80 0,995
Soil texcture () L 11 = =
Vepetation albedo (o) 0.14 0.20 DParameter Minmum | Masdmum,
N Vegetation muﬂ:ﬁh (ec) (w) ggg ggg Surface soil water (W) (m) 0, 0,06
eretation extinetion coefliclent (w0 k . . ) . V.

Sl surface wetness (1) 0.0 10 Root zone soil wate (Wr) (m) L L
Surface roughness (Z,) (m) 0.01 20 Soil texture (¢) 1 12

Leaf area e (faf) 0 6 Sodl color(c) 1 &
Mazximum relative conductanoe (Csmar) 0.81. l.(Jl Roughmess length (Z,) (m) 001 2.0
Temperatwe fctar in oonductance () (K) | -2, | 427, Minimum stomatal resistance (Rsyi ) 120, 200,
Radiation facter in eonductance (R —25% +25% af awea, index (fai) 0.0 G0

Water vapor factor in conduetane (c.] -2 | 25 L ) ' -
Moisture potential factor in conductance (We) | —25%° | 4+25%° i Stem e index (sai) 0.0 40
Vapor transpivation factor (eq) 0, 004
Temperature transpiration factor (T (K) 205, 300,
+ The variation range is £2° the model value, w%ﬁﬂﬁiﬁ% F::f ngJ g'j'g g";‘:

\ =g . v
2 The variation range is £25% of the model value, Reflectance VIS (ays) 0,04 0,20




PARTIAL VARIANCES FOR LATENT HEAT FLUX (ISBA)
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Treatment of surface heterogeneity.
Aggregation.

']

.......

PBLs over comple
(Sodankyla, 4-158



Parameter aggregation (1)

Parameter aggrepation 1s the averaging algorithm used to define effective parameters.

Let define f7 as the relative area of one of the M land types within a grid element, @ the
esponding flux from this land type, and © the area-averaged flux. If we

{ogf, k =1,...,N} as the various parameters of a land type ¢ (N being the total number of

parameters), and {a;,, k= 1,.., N} as the effective parameters of the grid element, then

for a given set of environmental conditions (2) and for each type of land, a flux can be

expressed as

and the grid-averaged as;

where F is the same function relating parameters and fluxes in both expressions.
If, however, the area-averaged flux is assumed to be equal to the weighted average flux

calculated from each land type, then 1t can also be expressed as:

PBLs over complex/veg. surfaces
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Parameter aggregation

To estimate the effective parameters, we assume that all land parameters, except the one
being aggregated, are identical in all patches of the grid element. If « is the parameter
to ageregate, 3; are the other N — 1 parameters and F the corresponding 1-dimensional

function (F (arp) = Filag: 3;,€))) then Eq. 4 can be re-written

-, . M ==
Flay) =) fiF(of;

i=1

The effective parameter can be computed from Eq. (5), assuming that F(a) is invertible,

Formally,

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)

(Il

13



Parameter aggregation (I

Thus, in summary, to caleulate an effective parameter assocated with a surface flux F,

the following procedure 1s used:

. Compute the flux as a function of the parameter a;
2, Compute the imverse F=1(a);
3. Compute a; from Eq.(6).

Because F(a) must be a monotonous function of the parameter to be
inverse, F=1, exists. The existence is locally assured if OF(a)/da # 0. If 0F(a)/da =0 in
some interval of the parameter range, it implies that £ does not depend on « and, therefore,
the effective parameter 15 not relevant to this particular case, The functional dependency of
the flux on the aggregating parameter must be explored to determine the range of validity
of these previous assumptions. Likewise, this functional dependency should be considered

under different environmental eonditions, and under different ;.

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)
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Parameter aggregation (I\V)

There is, in principle, one different ageregation algorithm for each surface flux (latent,

sensible and radiative) but it is possible that one algorithm is applicable to two or all fluxes,
If F is a linear function of e, then the effective parameter is simply oy = Y4, £

sufficiently small range of values is selected for the parameters, then the inear approximation
can generally be used. In fact, the entire range of values of the parameter can alwayvs be
divided mto small enough subranges, so that a linear approximation can be applied to

calculate the effective parameter within these subranges.

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)
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The averaging algorithms for the land surface parameters should be defined according

to the dependency of the surface heat fluxes on these parameters, as evident from Eq. 6.

This dependency, in principle, could change under different sets of environmental conditions
and parameters. Aggregated parameters are well defined only when fluxes computed with
them give the same results as fluxes obtained by averaging the contribution of the different

patches n a grid element. If the concept of effective parameter is extended to all atmospheric

ponditions and to all parameters, then the properties of the surface fluxes computed from

the effective parameters can be relaxed. Thus, the averaging algorithm can be selected to
minimize the mean error in the caleulation of the surface fluxes with effective parameters.
Furthermore, the surface fluxes must be monotonously dependent on the parameter to ag-
gregate, In fact, to obtain the surface heat fluxes, we need to find an interpolating function,

Ala), to estimate the effective parameter, oy, for each parameter a:

ap = A1 [ J{ :w‘ fj(cv).i[cr)ef{v] (7)
| f pla)de = 1. (8)

which results In a flux similar to that obtained when the real distribution of a land-surface

parameter, Ma). 15 used explicitly, and such that the difference of surface heat fluxes:

fﬂtum: ﬂ({ﬂFl{{t‘: }E_, E!?]Ef{l' = F{Cl’_lr: j!_f ﬂ) (gj

Ceman

1s munimized when averaged over as many envirenmental conditions and other land-surface

parameters as possible. Since A(a) could vary with different distributions of land-surface

parameters, several functions should be evaluated.




Table 2: Land-surface parameters used n the ISBA scheme as mput to the aggregation
algorithm. Maximum and mininmmm values are given to the most important parameters for
land-surface processes, Averaged values are given to the parameters which have less impact

on land-surface processes.

Table 1: Prescribed envirommental variables used for the experiments

Parameter Units Minimum Maximum | Average
Percentage of sand (s) % 50
Percentage of clay (¢) % 50
Surface soil water content (SWC) | m¥m™* 0.0 field capacity
Total soil water content (STCy) mFm=* | wilting point | field capacity
Roughness length (z) m 0.01 2.0
Leaf area index (LAT) nm =2 0.5 6.0
Minimum stomatal resistance (R, ) [ sm™* 140,
Radiation transpiration factor (R.) | Wm™2 G5,
Vapor transpiration factor (¢, 0.02
Temperature transpiration factor (Ty) K 208,
Wetness transpiration factor (Wy) 1.0
Albedo (a) 0.15
Emissivity (¢) 1.0
G T T T T |
| —
I
sF C——
l-;“l‘. !..ﬁ-H- ‘ﬁ* 4 -
+f T
S T

FREQUENCY

0.4

0.6

0.8

NORMALIZED PARAMETERS

Parameter Units | Minimum | Maximum
Wind speed ms—t 1.0 6.0
Relative humidity % 20 100
Adr temperature K 283 303
Solar radiation Wimn—2 200 1000
Atmospheric radiation | Wm™2 250 350

Table 3: Interpolating functions used for aggregating different land-surface parameters.

Agpregated parameter | linear | trigonometric parabolic square root | logarichime
Roughness length (z) [ = 1/in( 2y
Soil water content(1) X sin(Zr) —0.74% + 172 | L1/ =01z

Leaf area index (LA | x sin(Zx) -2+ 2 | 14/F—04x

INTERPOLATING FUNCTIONS

L A

0.4

0.6 0.8

NORMALIZED PARAMETERS




Heuristic approach: concave or convex
shape of the surface flux wrt parameter

LHF

LAl LAl3
LAlo LAI1 LA
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Table 4: Mean () and standard deviation (o) of differences between aggregated and aver-
aged estimations of sensible heat fluxes (SHF), latent heat fluxes (LHF) and net radiative

DIFFERENCE IN LATENT HEAT FLUX (W)

-100 ] 100 200
DIFFERENCE IN SENSIBLE HEAT FLUX ('W."I'IIZ:I

fluxes (RF) calculated with the different distributions of leaf area index (LAT), total soil
water content (SWCy) and roughness length (z) illustrated in Fig. 1. Linear interpolat-
g funetions were used to compute the effective parameters. The ground was covered with

DIFFERENCE IN LATENT HEAT FLUX (Went)

DIFFERENCE IN LATENT HEAT FLUX (Wint')

200
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-200

=200

200
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vegetation. Units are Wm™2,

AGGREGATION OF LAl PDF 'H.' !'L.!.! '17'!'15!.! a"*‘"lb'ii'{f'd 'gd-b'”":r';.: ﬂ.!@ o !'.z‘:.
STABLE = SHF | 1 21.3 | 34.0 214 3.9 [-36.6 [ 13.0
UNSTABLE p) 82 | 133 8.3 138 | 04 | 117
3 0.7 7 0.8 14 03 | 2.2
- 4 0.5 1.9 0.6 1.7 03 | 21
'* 5 14 | 10.1 3.3 8.8 26 | 3.2
\ 6 4.1 6.8 42 7.3 -18 | 3.8
e LHF | 1 | 238 | 355 | 240 37.6 | 202 ]3L5
2 9.0 | 134 9.3 14.3 53 | &6
-100 0 o 20 3 0.8 1.3 0.9 1.5 0.2 | 1.3
DIFFERENCE IN SENSIBLE HEAT FLUX (W/m™) —.I: _0.'5 2.7 '0.6 1._1: 0.2 1._1:
5 5.3 | 101 3.7 8.9 1.5 | 2.8
6 44 | 68 -1.6 7.0 11 | 2.6
AGGREGATION OF SWC RF | 1 2.6 5.0 2.4 6.2 16.2 | 16.8
STABLE = 2 1.0 2.0 0.9 2.3 41 | 4.5
UNSTABLE — + 3 0.2 0.7 0.1 0.2 01 | 1.3
4 0.0 1.0 0.0 0.5 0.1 | 0.8
5 0.7 2.5 0.2 3.0 1.1 | 1.1
. 6 0.4 13 0.4 1.1 07 | 1.6

%‘Fun

=200

-100 ] 100
DIFFERENCE IN SENSIBLE HEAT FLUX (W.-'mz]

200
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Table 5: Mean (1) and standard deviation (o) of differences between ageregated and averaged
estimations of sensible heat fluxes (SHF), latent heat fluxes (LHF) and radiative fluxes
(RF) caleulated with different distributions illustrated in Fig.l and different interpolating
functions (A-linear, B-trigonometric, Cl-parabolic, Dl-square root) for the leaf area index
(LAI). The ground was covered with vegetation. Units are Wm™2,

PDF | ptpy L otoar [P par [ o5 [0 par [0 [0 L
21.3 340 34 17.8 -0.7 o -1.4
8.2 133 1.0 7.0 -0.7 W 0.1
0.7 1.7 010 1.2 -0.1 N 0.1
0.5 1.9 -0.5 21 -0.6 2. 0.2
1.4 10.1 2.7 8.5 1.6 7T -1.0
1.1 6.5 -1.0 . -1.9 " 0.5

SHIF

oL e Lo B~

237 | 350 | -43 . ffs 1.0
9.0 | 134 | -1.2 : B : 0.0
-0.8 1.3 0.0 W s 5 0.1
-0.5 2.7 0.6 2. K 2. 0.2
-3 | 101 | -3.4 . 2. N 0.9
-4.4 6.8 1.3 3.7 2. 3 0.5

!
2
3
4
D
G

2.6 2.0 1.0 3 5 3. 0.5

‘ 0.2 B 5 . 0.2
0.0 B 5 B 0.0
-0.1 . . 0.0
0.6 2.1 5 2. 0.1
-0.1 . ! . 0.1

Ly Ty QSR T Y ]

More in (Rodriguez and Avissar, 1999)
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Conclusions on parameter
aggregation

Relation between most

Thus, not surprisingly, when a these parameters
for the calculation of mean land-surface heat fluxes, a relatively can be
generated.

The process of linear aggregation of, e.g., LAl and SWC enhances/ decreases
latent/sensible heat fluxes. This is general for all PDFEs studied in this

work (more distributions not shown here confirm this poinlyseging.the upper
limit for differences the extreme case of the double DjEREElieRIkiribution.

this error.

finding a non-linear function for the roughness -*ngln er*n s 2 d|f erent impact on
the surface heat fluxes under stable and unstab -w ng:_‘,pn-anc and ons, is more
ompllcated

study. Some atmospherlc conditions result to be more SE¥ieNiVERNan others to the
procedure for computing surface heat fluxes.

While the type of aggregating function used for the various parameters is typically
independent of the magnitude of the surface fluxes, it is nevertheless important to
calibrate these functions under those environmental conditions resulting in strong
heat fluxes (e.g. high solar radiation). This is because the non-linear effects then

become more important. PBLs over complex/veg. surfaces 23
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Surface as mosaic of tiles

(Awssar & Pielke, 1989)

The rest of the physics only
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How big Is the impact of tiling?

Ver.obs.: HH+ 06, Area:scn, Period: 19935070100 / 1995071406
25

* In general small in
term of scores of
screen variables

 However, it can be
very relevant when
Verifying! PEo e 6Ve;fic:ii0119da-5f10 nEEEe
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Verification issues associated

UEs assoc
with subgrid structure and spacial
scaling
E. Rodriguez, B. Navascués and J. Calvo
INM
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Scales of model forecasts and
observation networks (1)

Verification of deterministic forecasts against observations is very much
conditioned by the represented’ spacial scales of both ferecasts and
observation network.

Maodel output is usually supplied in the form of QrEgREINt values.
However, those values should be conside[eLIEEERs({sk0X areal
guantities when dealing with variables tjEIeEIEE iraniC|' ly areal (Skelly
and Henderson-Sellers, 1996). This Is i{EXsEEE R INEUELIES resulting
from subgrid parameterlzatlons like .arwungn radiatiogeited

Observations, on the other hand, are fre}d aniI/ Blipsee oy the problem
of representativeness. Some observe Errizinles ara GUESEIE R
large areas and are not very much influencedjfsyg @@l conditions,
whereas others show.a remarkable horizontal variability.

Usually, the variables close to the ground (like 2-metre temperature, 10-
metre wind) inherit their big horizontal variability from the high
heterogeneity of the land surface. Other variables, like precipitation,
inherit their high horizentalwariabilitydranrdhke scales of the intervening
precipitating clouds.  (Sodankyla, 4-14 June 2005)




ldeal verification of model output
against conventional observations
should consist of:

« The model variable is horlzontally
Interpolated to the observatlo ,)

between model orograph
of the station. '

« Some quality control should beetrormed to
disregard disparate values coming from
Incorrect observations.

» Approaching efuimoedel-andwBservation scales 27
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Subgrid structure in the surface
model treatment

Which T2m?:



Postprocessing and verification
of T2m and RHZm

» The complexity of the surface scheme
allows many possibilities for
postprocessing and verifying_ against obs.

e Surface analysis: compaEXslsSEI,
against output of observelsEsPETator
(vertical correction+averadERsyeEigland
tiles) . i3 &

PBLs over complex/veg. surfaces 29
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2m temperature (RMSE/BIAS K)

Ver.obs.: HH+06, Area:Scn, Period: 1997060612 / 199706151
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Verification of T2m and RH2Zm

(vertical correction)

4 Ver.obs.:HH+06, Area:Nt+, EXP:DMN Period: 199504 1500/1995043018

2m Temperature (BIAS/RMS K)
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Obs distribution over categories * 2002100100-2002103118 * ANAus-ANA-ANAclim
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Verification of precipitation by scaling a

very dense observation network (I)

Frequency Bias Index (FBI) =(a+b)/(ctd). It measures the event frequency and has
value one for. a perfect forecast, and larger (smaller) than one if the system is over
(under)forecasting. Bias alone conveys no information about skill.

Equitable Threat Score (ETS) is the TS rendered eqiiiel]EXsyAEIINg away the
random forecast R(a)= (a+b)\cdot(a+c)/(at+b+c+ R(a)+b+c). It

True Statistics Skill (TSS)=(ad-bc)/(a+c)(b+d)Hu ."P T3S can also saaViEEER E
probability of detection (H=a/(a+c)) minus the {JOLEEIIVEASREIEENElection
(F=b/(b+d)): TSS=H-F. It ranges from 1 (perfett fof
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CONCLUSIONS

* The new surface scheme has a complexity.
which is lost during the postprocessing/
verification: (i) Vertical correction and (ii)
distinction between grid averagegdeyger: all/land
tiles) screen variables.

IS used

» Usage of very dense observatiofffé
validate new code updates. The usage of only
synoptic stations could be misleading.
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Outline

Why surface parameterization is important?
Which are the distinct features of surface/atmosphere interaction?
How important are the different surface parameters?

Treatment of surface heterogeneity. Aggregation. How big is the
impact of tiling?

How are surface schemes validated?
Physiographic description. ECOCLIMA R WASIIRERIE I Impact of
physiography? i
Assimilation of surface variables. Casé} of soil moisiurg.: LDAS
experience. How big is the impact of SG)IHTEIEIEY,

HIRLAM surface analysis. Future plans: *
HIRLAM surface parameterization. Future pll
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How are surface schemes
validated?

Operational model (3D) results vs observations: T2m, RH2, low level cloudiness
|[dentification of missing/misrepresented physical mechanisms (e.g., soil water

freezing, thawing). Evaluation of energy and water. budget terms.
Changing the model formulation. Sensitivity experiments.

Comparison exercises with other. schemes (e.g., PILPS, RhoneAggr, ELDAS).

|dentification of potential validation data sets and methodology for. controlled
validation (e.g., FIFE, NOPEX, EFEDA, HAPEX-MOBILHY , 43013="C. - )
Testing in “controlled” mode (ie, cutting most feedbacks
— 1-column 1-2 day integrations
— Surface only integrations, 1 month to several years, forcELREReIE,
— 1-column integrations with data assimilation emulation, [RIEHISVERIE
— 3D relaxation integrations: A cheap proxy for data assingiBHarg
3D testing with model and model/assimilation .

3D testing with idealised configurations for further identificAl
mechanisms :

Testing in seasonal/yearly experiments

(Thanks to P. Viterbo)

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)
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Surface Temperature Evolution (Illinois)
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Evolution of SWIin low veg and forest(Iberia) April 1995--=Apnl 1996
forest —e—
low veg

IMay 1Jun 1Jul TAug 1Sep 10ct INov 1Dec 1lJan 1Feb 1Mar 1Apr
day

(Navascues et al. ,2003)

igure 23: Daily evolution of total layer soil wetness index averaged for all grid points over the
berian Peninsula. Values of low vegetation and forest fractions are represented separately.
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Outline

Why surface parameterization is important?
Which are the distinct features of surface/atmosphere interaction?
How important are the different surface parameters?

Treatment of surface heterogeneity. Aggregation. How big is the
impact of tiling?

How are surface schemes validated?
Physiographic description. ECOCLIMAERSWAIIRERIE Impact of
physiography? i
Assimilation of surface variables. Casg) of soil moisiurg.: LDAS
experience. How big is the impact of SG)IHTEIEIEY,

HIRLAM surface analysis. Future plans: *
HIRLAM surface parameterization. Future pll

PBLs over complex/veg. surfaces 56
(Sodankyla, 4-14 June 2005)



How big Is the impact of
physiography?

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)
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How to assess a physiographic
database

Most straightforward way: compare against point measurements or
estimations of vegetation and soil features. (i) comparison is restricted only to
certain landuses and climate conditions; (ii) representativeness problem.

Another. way of evaluating a physiographic database is to introduce it in a
forecasting model and to compare the forecasted relevant parameters against
the corresponding observations using the standard scores. Advantage:
globality. Drawback: models are usually tuned to their climatic fields and a new
physiographic database would be in clear disadvantage
By comparing with other databases and by |ogF{KIBIRIER &AL ata (either
using satellite information, direct terrain inspectif il IEELNGa Tive to the
vegetation maps. Also the comparison of the SlEIIIIERIEELREEBSSITY
ecosystems and the aggregation rules (to upsGEIER BB IERSIB1BlGatabase
resolution to the resolution used by the forecaSi; e dal) can shad soyile]gfely
the quality of the database .

When a weather forecasting modelis used to evalu io J*V‘ Beiation database it
must be born in mind that models have usually comp&jgfgtisfifnechanisms to
minimize errors. This is the case of the assimilation of soil Water content based
on the optimal interpolation method used by the HIRLAM model.The soil water
content is corrected at every assimilation cycle to minimize errors of H+6 T2m
and RH2m. The method is not able to improve simultaneously turbulent fluxes
and soil moisture if the vegetation parameters are poorly specified

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)
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ECOCLIMAP database S
(Masson et al., 2003)

Global and high resolution dataset (1-km).
Detailed information over Europe coming from CORINE and PELCOM projects.

Use of full resolution maps of the vegetation index NDVid@aRrovide the appropiate
temporal and spatial scales.

215 ecosystems allowing a better. assignement g
Europe)

Use of aggregation rules to derive surface pare rrfters at tha dasirlelgglelelsIR = {e][]{e]g
and for mixed ecosystem pixels. 2

It allows the tiling approach, as used by the HIR ‘A M ieme.

It is highly sophisticated as compared with the curre 'physiographic
description and it allows many possible choices ;

Vegetation parameters (veg, lai, Zoh, Zom, alb, Rsmin, frac, emis, ...) with monthly or
decennial (10 days) frequency.
Under testing in HIRLAM system.

Straightforward usage for lat/lon cEId|RateSeg. surfaces 61
(Sodankyla, 4-14 June 2005)
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|y PURE ECOSYSTEMS

Each pure ecosystem includes a single vegetation type
with a corresponding LAL Note that the understory LA
is incorporated for the forests. Due to the lack of a
unique relationship between LAT and NDVI, this NDWVI
information serves to make a dynamic adaptation of the
LAI from the minimum and maximum values found in
the literature:

LAl = LAI

min

Imiin

— NDVI

] NDVI — NDVI

- [ "'.Jlll[lniu ¥ N['}‘\[

+ (LAl

mix

X min

I May 2003

a) Example: aggregated parameters for;
1 pixel of mixed ecosystem, (say a woodland)

Leaf Area Index
WVegetation
fraction
Roughness
length

Minimal
Stomatal
Resistance

Albedo of

vegetation

rypey
LAL

type,
LAL

1
=LAl + =LAl
8 2

1 LI
TC““"” + T(.nl:..z]

MASSON ET AL.

field at 1 km
of resolution

— Lal

— Cp[#]

1 _LAIL A _Lan, o Lal
2 Rémin, 2 Rsmin, Rsmin
1

T ez, 4+ = Oy, — (g

soil albedo

sand, % type , % Iype,
1 2

total albedo

total emissivity

(1-veg), Olscat + veg . Olveg

(l-veg). Esoll + veg . Evep

b) Example: aggregation of 4 pixels:
| pixel of pure ecosystem "1" {say a forest),

2 pixels of pure ecosystem "

1269

Ay CrOps),

| pixel of mixed ecosystem "37, (say a woodland)

type; type;
LAT LAl
KPSy
LAk ypey
WPE L LA field at 2 km
Ll‘“; of resolution
. 3 3
Leaf Area Index oy LAI, o LAL, — LAl
Vegetation EX A
fraction s g Vg2 — veg
Roughness 3 5 -
1cng‘r?h TCI][7J||| + T(I)[!"ll — Cn ]
Minimal 3 _Lal . = LAl LAI
Stomatal 8 Hsmin, & Rsming Resisin
Resistance
3
Albedo of 5 Overy  + o Qe —= Oy
vegetation
soil albedo sand, % l_\'ptl. % typrz
total albedo (l-veg) . Olail + veg . Olveg — o
total emissivity  {l-veg) . Eswil + veg. Eveg — £

Fig. 5. Aggregation rules used to derive surface parameters: (a) aggregation of the surface characteristics of a mixed ecosystem pixel,
and (b) aggregation toward a coarser resolution of the surface characteristics of several pixels, whether they are mixed or not. Here C, is
the neutral drag coefficient at 10 m, equal to x2An?(10/z,), where « is the von Karman constant and z, is in meters. The Veg,, Rs .. z,,.

ay (Vega. Rsa. 2o, @z ) are estimated from LAL (LAl and the vegetation type 1 (2) according to Table 2.

r complex/veg. surfaces
kyla, 4-14 June 2005)
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Ver.obs.: HH+ 06, Arca:afr, Period: 1995070100/ 1995071500
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days

Figure 8 The same as Fig, 4 but for the point (300N, ILOYE). The values correspond hepe only
to the bare ground [raccion, which is the predominant one over the considered grid square,



H+6 forecasts and analysis increments. Coordinates (46.3N,9.0E) H+6 forecasts and analysis increments. Coordinates (46.5N,9.0E)
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620 Mean Wd an-faimm) (19950702 12UT C, low veg) P18 Mean Wd an-fg(mmii 19250702 12UTC low weag)

Figure 3 Mean (top) and mms error (bottom) of soil water incroements at the 12 UTC assipulation
step for experiments 620 (left) and (BCO) averaged for the period 1-15 July 1995, The increments
here shown were computed only for the low vegetation tiles




Ver.obs.: HH+ 06, Areaewg, Period: 1995070100/ 19950731 18
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How big Is the impact of
physiography?

» The effect of the vegetation parameters change Is
frequently offset by soil moisture assimilation, whichis
able to compensate differences in vegetation parameters by
adding/removing soil water.

e Ofi course, If vegetation parametersEleRVglllispecified,
It cannot be expected that soil mofIENAINES e realistic.

In Vegetation parameters by minimizing
forecasted 2-metre temperature and humidity. The
possible errors or misspecification of vegetation

parameters Is therefore translated to the soil water

content. PBLs over complex/veg. surfaces 70
(Sodankyl, 4-14 June 2005)



Outline

Why surface parameterization is important?
Which are the distinct features of surface/atmosphere interaction?
How important are the different surface parameters?

Treatment of surface heterogeneity. Aggregation. How big is the
impact of tiling?

How are surface schemes validated?
Physiographic description. ECOCLIMA R WASIIRERIE I Impact of
physiography? '
Assimilation of surface variables. Casg Q‘E s50il moisiure, SRDIAS]
experience. How big is the impact of sEYIHTsEIUIEYe

HIRLAM surface analysis. Future plans: *
HIRLAM surface parameterization. Future pll
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The ELDAS project
In the cantext of the Fifth Frame-
waork program af the European

Commission, a project called eLpas [ |
{Cevelopment of a European Land
Diata Assimilation Systern to predict

flezds and droughts) was launched
on 1 December zoo . In ELDas
scientists frorm 1o Eurcpean in-
stitutes combined their expertise
on soil moisture assimilation and
related topics. The project resulted
ina set of accurate databases of
precipitation, radiation and s urface
heating rates at high spatial and
temparal resalution, a nurmber of
soil moisture assimilation systems
developed and tested atvarious
Eurcpeanweather institutes, and 3
collection of valid ation and d emaon-
straticn studies using the forcing
data and soil moisture estimates.
Before presenting the eLoas
databases and systermn design, an

Highly Resolved Precipitation Forcing for ELDAS

European Land Data Assimilation System to predict floods and drooghts

Franz Rubel. Paul Skomorawski and Markns Kottek
Working Group Biometeorlogy

Institute of Werkcal Phrysics s Blostafisties, e Unvenittt Wi VUW

L A-120Vierms, Austia, Fmzrabel vim acat

Precipitation in the Numerical Weather Prediction

The improvement o ffland an drought pre
Slobal L imilation §

e n and percotion. Therefare, the soil maisture should be realigned with observations which
contain 1 famation oo the sail moisture. Here, we focus on the high resolution cbeerved precip-
itation fies used as farcing dat o the snil moisture realignment [assimilation).
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ASMZ2005, Dublin, 14-17 March 2005

ELDAS: What have we Iearni?

ELDAS was EU funded project (ended Nov 2004)
Aims: To deliver a soil moisture data assimilation
system, validate its products and explore the

potential improvements in meteorolog]
hydrological applications
INM participation: comparison f
moisture assimilation methods (RS
using HIRLAM 6.2.0, one (predom e
only and ECOCLIMAP. A

June—>Oct. 2000

PBLs over complex/veg. surfaces
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Three approaches to SM assimilation

REF

Ol based on HIRLAM ref

It assimilates T2m and
RH2m

Opt. Coeff. fixed depending
on LST and veg/saill
features

6 h cycling
Masking

ELD

SM assim switched-off. SM
from ARPEGE based also
(Balsamo el al. 2004)

It assimilates T2m an ilates T2m and
RH2m. precip. correct.

Extra integration n a integrations to
estimate TL obs. TL obs. oper.

corrections adapte
and surf conditions *

VAR

2D-VAR assim (Balsamo et
al. 2004)

;‘lémassim. window

Masking: No assim. over threshold

values of differences in precipitation, wind,

cloud cover..., also no corrections when

AT2m and AWp are positively correlated

or when ARH2m and AWp are negatively

PBlrsleteer)complex/veg. surfaces 74

(Sodankyla, 4-14 June 2005)

6 h cycling



REF T2m BIAS(K)_JUN_to_OCT2000 H+36

EI"W  BOPW 3'E 4AIFE GIPE ElF

ELD T2m BIAS(K)_JUN_to_OCT2000 H+36
BN LW 3'E 40E Wi‘&f:" ED'E.--‘- .

T
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RMS  diffs T2m(K) JUNtoOCT2000 H+36 REF-ELD

aE  4IFE

RMS diffs RHZm(%) JUNtoOCT2000 H+36 REF-ELD

PBLs over complex/veg. surfaces
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OIF T2 REF-ELD bias{20000702 00UTC) OIF T2 REF-ELD bias{20000802 COUTZ)

PBLs over complex/veg. surfaces
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*Too big SM corrections, also experienced by other
A few p

model and implementations.

* Flevoland (NL): precip.error approx. SM

Evaltion of fcc SWilawrSW T and Wiler Halines. Fl-jigd

Increments.
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* Bordeaux (FR): SM incr. 1s the main positive

A feW pc contributor. Model SWD > Obs. SWD => Too much
_ ETP => Compensated by SM incr.

o
= w00 . . .
oo f * Norunda (SE): ETP and precip. major terms. Big
E_ §|Jt|: o M . M M
= o | diff. SWI => diff IC and poor coupling btw SM and
E 00
= 0o, . e .
= o screen variables => few SM corrections.
B - 1 L 1
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Figure 3: Monihly averaged (from June to Octeber 2000) soil maisture increments (analysis minus first
guess, expressed i mm) for the REF experiment.

Figure 4: Mowihly averaged (from June to October 2000) soil moisture increments fanalysiy mivus HIRLAM
Sirst guess, expressed in mm) for the ELD experiment.



| m. 8 [ i L ]

o |
REF RMS Wd arig{mmi[July all UTEG)

REF RMSWd an-fg[mmijaugust al UTC)

[ . ] . 1
== B

ELD RMS Wd an-fgfmmy July 2l UTE) ELD RMS Wi an-Fyfmm’Augstal UTC)
1 [] n ] | L ' [] s [] v 1
— L —— —— - — | E——
s
B O Ty - Ny % -
d .
L]
Dy X1 b
. B
| ] L ]
1 u \ 3 LRY)
- = -
o~ L .
LY
m - 0 ‘I
. - =
=- ui ' [ n
-l = o -
o o -
L = d

Figure 5: Monthly averaged {July and August) rms error of seil moisture increments {analysis minus
HIRLAM first guess, expressed in mm) for REF ftop) and ELD {botiom) experiments.
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Conclusions from ELDAS ()

The comparison of 3 SM assim. schemes covering a whole growing season from June to
October 2000 shows no big differences in terms of impact on screen level temperature and
relative humidity.

The default OI scheme in the HIRLAM system (REF experiment) showed a marked

tendency to overcorrect soil moisture. The ELDAS generated soil moisture field (ELD
experiment) showed a more realistic soil moisture evolution and soil moisture analysis
increments. The variational method (VAR experiment) implemented for. soil moisture

assimilation within the HIRLLAM system also showed qyfi@aseestndue to the excessively
large soil moisture perturbations used by the computsit RO RICRESwLed integration.

The analysis of water balance and of forcing terms QAR OIEIG! shiort wave radiation)
for the studied specific points seems to indicate thEiRIGRNLANURIRIlIGICnceS appear
between REF and ELD experiments. The accumulBiEtiBteiBt eI stegnerements and their
assignation to the different hydrological terms shoWgo1ZESTietI BTt .Ween both
experiments. v :

Net contribution of soil moisture coming from the analystegh@ragients (general to most
models). Some systematic behaviour requiring further study has been observed over certain
regions, €.9., the huge demand of water supplied by the soil moisture analysis and converted
directly to the evapotranspiration. This behaviour suggests the existance of water sources
not contemplated by the model (irrigation) or problems of representativeness.

PBLs over complex/veg. surfaces More from ELDAS in 83
(Sodankyla, 4-14 June 2005) http://www.knmi.nl/samenw/eldas/



Conclusions from ELDAS (II)

General problem: excessive SM corrections. Needed: (i) better
models, (ii) better assim. procedures, (iii) assim. of diverse set
obs. sampling physical space in complementary directions,
avoiding aliasing, e.g., use of SM informative sat. data (IR, MW).

Approx. neutral impact in term of scores of screen variables.

Size of SM increments gives some hints on the quality of the SM
assim. Procedure.
Recommedations: Start to use SM progil&SRisElss|sations, e.g.,
agriculture, hydrology, forest fires ris{EeEs

Start assimilation of vegetation —*rf‘&es (I_;\l, vaq), ZegleEL)
using satellite information. s

ELDAS has allowed to implement and teSigiiENIBIENTace
variational code (Balsamo et al., 2004 ) in TE g 3¢
framework. This code is the suitable frame tor'extending the SM
informative data from screen variables only to satellite

information. Also the ECOCLIMAP database has been used and
tested.

PBLs over complex/veg. surfaces More from ELDAS in 84
(Sodankyla, 4-14 June 2005) http://www.knmi.nl/samenw/eldas/



Irrigation (not a Nordic issue!)

S pl4 ‘%"‘

P

Table 1. Countries having more than 1% of the global irrigated area according to FAOSTAT 1998.
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APMGO05, Sesimbra 14-17 Febrero 2005

i

Treatment of irrigation by SIBUC (Yoruzu ef
2005) (1)

Vegetation scheme §iB J

Land Surface Scheme (SiBUC)

e Prognostic variables
Grid box is divided into three land use categories temperature @anopy, ground, deep soil j
, P Breen Area ®anopy, ground j intercepted water/snow @anopy, ground j
green area can be further divided (10classes) soil moisture 4durface, root zone, recharge j
. Q Drban Area arban canopy, urban ground j e Time-invariant parameter § Referonce Heigh
. R Water Body @horphological :
Fractional Area @ptical BormyBiEumcs
¥oa,Vua,Vwb physiological
Canopy Coverage e Time-varying parameter sy
We,Vue e Solil physical properties i
Recharge Zone
Vegetation type To activate irrigation in LSS
- P Broadleaf-evergreen trees The irrigation rules are based on at least
, Q Broadleaf-deciduous trees four parameters:
, R Broadleaf and_needle leaf trees 1 Planting date
, S Needle leaf-gd 9. farmland (non-irrigated) : g
, T Needle leaf-d 10. paddy field (non-irrigated) 2. Har_veSt'ng date )
» U Bhort vegeta| 11. paddy field (irrigated) 3. Periods of each growing stage
. V Broadleaf shil 12, spring wheat (irrigated) 4. Minimum water depth / soil moisture
- W Dwarf trees 4 13. Winter wheat (irrigated) for each growing stage

- X Bgriculture/Q 14. Corn (irrigated)
- B 0 Paddy field 15 Other crops (irrigated)




APMGO05, Sesimbra 14-17 Febrero 2005 m@“”’
. TH:
Treatment of irrigation by SIBUC (Yoruzu et y

2005) (11
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Outline

Why surface parameterization is important?
Which are the distinct features of surface/atmosphere interaction?
How important are the different surface parameters?

Treatment of surface heterogeneity. Aggregation. How big is the
impact of tiling?

How are surface schemes validated?
Physiographic description. ECOCLIMA R WASIIRERIE I Impact of
physiography? i
Assimilation of surface variables. Casé} of soil moisiurg.: LDAS
experience. How big is the impact of SG)IHTEIEIEY,

HIRLAM surface analysis. Future plans: *
HIRLAM surface parameterization. Future pll

PBLs over complex/veg. surfaces 88
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Main features of new surface

New climate files: REF+vegetation+texture+tiling

Fully re-coded surface analysis package: SST,
lce and water fractions, Sn, T2m, RHZm, SSM,
DSM, Ts, Td

ISBA for 3 land fractions

Mods In postprocessing: SUl§EleENi
(T2m,RH2m,W10m,...) ovelgiiee
over all tiles. '

PBLs over complex/veg. surfaces 89
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Surface Analysis(|)

« SST, Snow depth based on Succesive Corrections
e [2m, RHZ2m based on Ol

« SSM, DSM based on sequential asgj
91, Bouttier et al. 93, Giard &

. (Mahfouf

AWS — OKSTAT 2m + OKSHAH 2m

AWd = OCJATZm + OK(I;IAH 2m

PBLs over complex/veg. surfaces 90
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Soil moisture assimilation
(Mahfo uf, 1991)




Surface Analysis(I)

e Coefficients o = F(time,veg, LAI, RSmin,teXtUI’E)

 Constraints for soil moisture corrections: low 10m
wind, no precip., no snow, low cloudiness, day
length, etc.

o« Surface and mean soil tempEYEHITEXe6I1E
X AT:= AT/ 8
- : 'q_r ATs:ATZm }

ctions:

PBLs over complex/veg. surfaces 92
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Surface Analysis(lIl)

e Main weakness of SM corrections: T2m and
RH2m errors coming from other physical
processes (or numerics) different from incorrect
SM specification.

« Bias in precipitation is easiefleNIEEIENIt affects
to SM only) than bias in radigtsRIHERECts T2m
and RH2m independent of SVIX(SISUMIlE et
al.,2000). E i3

PBLs over complex/veg. surfaces 93
(Sodankyla, 4-14 June 2005)



Surface analysis (IV): new snow
depth analysis based on Ol

Madifications of the background field computation
accounting for a very simplified snow
metamorphism: snow aging

Second order. autoregressive (SOAR) function
structure function to model background errors:

afr)=(1+cr)exp (-cr)

Bias correction: all observations from the previoFlEREW Fig. 3. Structure Functions of the
to calculate the bias in a given station. analysis

PBis over co
(Sodankyla, 4-14 June 2005) (Cansado et al. 2004)



Surface analysis (V): hew snow
depth analisis based on Ol

OFR SNR SSMI SIM HRLAM 0 50EG. DATE: 20050129 el i b L LA T P I ] OPR SSMI INTERFOLATED 0.5DEG. DATE:20030128

s w-20 [lz0- 30 Mlz0-a0 [Jac-s0 [ 5040 M eo- 70 [0 -5 Mllzo- o Hll»- o - 20 [0 4 0. . . - 20 ¢ . i
[O5-10 Elic-20 El0-:0 El30-20 CJao-50 [ s0-40 [ &0-70 -0 Ellz-w Ellx- o ey v ° B el 30 [ :0-40 [ao.50 [ w0 -60 [0 -70 C0-20 Mllzo- o E:w aw
0 e

200 Rt

on between SNR (left), SNA (center) and SSMI derived data (right)

Fig. 4. Comparis
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Surface analysis (VI): new snow
depth analisis based on Ol

Two different satellite derived snow cover
iInformation sources have been tested (both
satellite products are not available in real time):

global snow cover information,
0.05 degrees spatial resolution, updated daily.

PBLs over complex/veg. surfaces 96
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* Precipitation:
* European Rain Radar Network —-OPERA
* National gauge online

* Thermal IR

* MW: Precip. over land, SM, snow

* Radiative forcing

* ECOCLIMAP:

- Static data (land cover GESSINESEUIGIE
GLC2000 and CORINE
B

- Semistatic data (soil/veg par m ;19d ug dated based
on SPOT/VEGETATION, MODIE; r 2tz

- [rrigation
* Hydro-meteorological observations
* Discharge

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)
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Future plans (ll): data
assimilation methodology

» Use of off-line 1D VAR technique forced
by observed precipitation and SW
radiation (feasibility demonstaged during
ELDAS (prototypes at E
HIRLAM)) |

» Combination of multiple UriEREISEIES:
GEOLAND (1d for SM; 2-3 WE¥s for LAI)

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)

VIVERS)VD, MF,
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Outline

Why surface parameterization is important?
Which are the distinct features of surface/atmosphere interaction?
How important are the different surface parameters?

Treatment of surface heterogeneity. Aggregation. How big is the
impact of tiling?

How are surface schemes validated?
Physiographic description. ECOCLIMA R WASIIRERIE I Impact of
physiography? i
Assimilation of surface variables. Casé} of soil moisiurg.: LDAS
experience. How big is the impact of SG)IHTEIEIEY,

HIRLAM surface analysis. Future plans: *
HIRLAM surface parameterization. Future pll
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Land fractions: ISBA scheme
(Noilhan & Planton, 1989)

27
=CG+—(Ts—T.
o . (Ts—T>)

oT: T.-T.
ot 7
OW:
8’[ p/vdl
% = ! (Pg —Eg— Etr) + &maX[O, (Wz — ch)]
ot owd> dar

oW
Er = Veg . P — Er,Wr < Wr max

(—;)

C.
(Pg Eg) + 7 (Ws — Wgeq)

= Cfth(F qf —F Sm )

ot - f/m )

( -' ) :Cfo(F f _Ffm)

ot - f/m

Noilhan & Planton (1989)
Giard & Bazile (2000)
Rodriguez et al. (2003)

Bazile and Giard (1999)
Parodi et al. (2003) 1o
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New surface scheme for HIRLAM (Gollvik)
(1)

Force-restore formulation replaced by heat conduction
formulation for temperature

Force-restore formulation for soil moisture
Energy budget for snow and canopy

[ tiles: water, sea ice, snowfree bajelElfldmERowiree low
vegetation, snowfree forest, snowz¥ og—»nl.mr,
snowed forest.

For all land tiles: 3 prog. soil te nrg,r.nrures wlrr depths
1.0, 7.2 and 43.2 cm + bottom clifnJEVET

The forest tile has a common canopYABEY&@er snowed
and snowfree forest. t 1%

Both snowed tiles also have evolving albedo, density
and liquid water content

PBLs over complex/veg. surfaces 101
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Snowfraction

It 1s simply estimated by

frsn(z,y,t) = sn(x,y,t)/snerit(z, y,t), frsn <1

Latitude

- One of the biggest problems in all snow
schemes.

 Observations indicate an hysteresis
effect, such that the melting phase 1s more
patchy than the growing phase. In order to
be able to use observations of snow we
use this simple formulation.

» By analysing both snow depth and snow
coverage sncrit can be calculated. This is
not ready yet, so for the time being we use
an ad hoc sncrit as a function of time of
the year and latitude:

PBLs over complex/veg. surfaces
(Sodankyla, 4-14 June 2005)
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Heat
conduction

*Snow described by 1
layer: Tsn

*Thermally active snow
layer

Heat conduction btw
snow and Ts is function
of snow depth

*Snow thawing starts
when Tsn reach 0°C

*Melted snow starts
draining when SnWsat is
reached (4-12%
depending on snow
density).

*Dry snow density (snow
at old time step — liquid
water) increases with
time (Douville et al.,
1995) (e-folding time
about 4 days). Density at
the new step is then
modified by liquid water
and frozen liquid water.

MELTING/FREEZING

- | .
Here we use only one layer of snow, the depth of which is Zj,,, [m Melted water is ke pt In
snow|. Only the upper part is thermally active in cases of deep snow: the snow, until it reaches

E a saturation value swsat
nergy fluxes . . . .
recipitation / varying linearily with
snow density between
12% for low density
snow, and 4% for dense
[dsn“““*Thermally EMIVEEN RIS snow (Simulating that the
snow gradually
transforms to ice)

I o =Rn+LE+H
/ Liquid water in snow

Freezing of the water in
the snow, is less
raightforward, since
dT, 3 O (T T ; gativ.e. energy flux must
At Conow * MIN(Zgpow dsp) snowlsn "~ ssn) partitioned between
reezing and cooling of
S the snow pack. This
fraction is parameterized
Here the coefficient g, (formulation from ERA 40) is parameter- as freezefrac, which is a
izing.a. "fictive" profile through the snow, since the isolation is a function of snow depth
function of the snowdepth: iy :
and liquid water in the

agl, = 0570 4 o521 snow. Technically the

o timestep is split between
a phase shift part and a

PBLs over complex/veg. surfaces warming/cooling fpgst.
(Sodankyl4, 4-14 June 2005)

Temperature

. - . !
Csnow = Vhice * Psn/ Pice



The forest tile

T
Low tree heat am__am H = Teo = Tam _
capacit for = PG, =
p y r'afor
\ T Lafor =H_+ frsn*H__+(1- frsn)H_,
\%% g
T q ca
ca \
Iy Canopy air
temperature
soilsc (assuming no heat
T i’ capacity) and
t Toon 45 =T 4 humidity
« Within the forest, l l Tee
the snow pack is SC SC -
roated oo in _“;ﬂ& Calculations of v
openland Td Td and rd follows
© A view factor S1 Choudbury and Monteith,
defines how much 1988
of the incoming
SWD is reaching Teclim

the forest floor



New surface scheme for HIRLAM (Gollvik) (1V).
Changes in the surface analysis

o The two mnow temperatures are adjusted in the sane way as the other surface temnpera-
bures, based on the 2m-amalysis,

o The soll temperature changes under the snow are neolectosd in the analvais,

o Delow the snowfres tles, the soll temperatures are upsdated by salving the heat conduction



Future plans

Concept of externalized cade for assimilation and parametrization of surface
processes to separate surf 'schemes from atm model (in line with MF,
ECMWE)

As some soil/surface variables increase their. accuracy, new applications of
e.g. SM can be envisaged: hydrological, crop yield, fire risk, irrigation
management, efc.

Incorporation of carbon/green biomass processes

The ELDAS project has posed the problem of IENEIWABIHEE stematic SM
iIncrements, probably coming from incorrect JBIGIRUB e mod‘ (but not
only!). Need to revise:

* Parameters responsible fojgs
iIncrements, such as hydraulic conductivity]
stress formulation, etc.

* For-the snow treatment, introq
bands and param. of snow cover. fraction as
hysteresis: effect.

* For the proper assim of TIT,
coupling of surf/atm, possibly by adopting a c:

4 I\/Iodelling of urban terrain (TH
PBLs over complex/veg. su

(Sodankyld, 4-14 June 20(

al. 2002)
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