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Outlines

* Vegetation
— Role of vegetation in NWP
— Tiled approach and current data

— Evolution of vegetation parametrization and practical
cases

« Carbon
— Why are we interested in carbon?
— Parametrization and feedback from the atmosphere

— Comparison with Jarvis approach and interaction with
the atmosphere

Improved Soil discretization and perspectives



Vegetation state affects

* Energy/water budgets
— Evapotranspiration
— Interception evaporation
— Surface albedo (net radiation at the surface)

— Aerodynamic exchange through surface roughness
« Carbon budget

— Plant Respiration

— Photosynthesis
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Vegetation role: some recaps

e Energy balance equation

Table 3.1
Radiative Properties of Natural Surfaces®

" ! 4 missivi
(1_@:28 T ]-;k + H + iE — G Surface type Other specifications _ A]?:)do E (s.:) v

Water Small zenith angle 0.03-0.10 0.92-0.97
Large zenith angle 0.10-0.50 0.92-0.97
Snow Old 0.40-0.70 0.82-0.89
—_— I /71 Fresh 0.45-0.95 0.90-0.99
_>AI bedo (a) and em ISSIVIty (8) dependrce Sea 0.30-0.40  0.92-0.97
. L. Glacier 0.20-0.40
Bare sand Dry 0.35-0.45 0.84-0.90
on the surface/vegetation condition Dry 035045 084050
Bare soil Dry clay 0.20-0.35 0.95
Moist clay 0.10-0.20 0.97
Wet fallow field 0.05-0.07
Paved Concrete 0.17-0.27 0.71-0.88
R n o Black gravel road 0.05-0.10 0.88-0.95
rass Long (1 m)
Short (0.02 m) 0.16-0.26 0.90-0.95
H LE Agricultural Wheat, rice, etc. 0.10-0.25 0.90-0.99
Orchards 0.15-0.20 0.90-0.95
Forests Deciduous 0.10-0.20 0.97-0.98
Coniferous 0.05-0.15 0.97-0.99

a Compiled from Sellers (1965), Kondratyev (1969), and Oke

(1978).
Arya, 1988




¥ \/egetation role: some recaps

e Energy balance equation
(1-a)R; +¢,Ry —¢,0T +H+(E)=G
=> Latent heat (LE) is related to vegetation through:

P
L. E =—"2 —
Evapotranspiration and r+r, 9 ~ 0 (T )
momentum exchange 7 N =
rc 1(RS )f3(9)f4(Da)
Interception evaporation= 1 C, = f(Ri, ‘
f(Interception reservoir)=>f(LAl))

Wet vegetation @ ﬂ ﬂ

H LE




Vegetation role: some recaps

e Energy balance equation

(1—a)R§ té, R —~¢,0T,, +@/1E =G

=> Sensible heat (H) is also related to vegetation through its
relative partition with LE and the aerodynamic exchange
specific to surface/vegetation type

Sensible heat flux

ﬁﬁ H=pCou (C,T +g2-C.Ty)
Rn Ch = f(RiB,Zohlzom)
H LE Zons Lom

Roughness length for heat and momentum

Dependent on surface/vegetation type



Vegetation role: some recaps

e Water balance equation

oW/t =P—-E—-Ro-1-D P _

oW/ot = change in water
storage

P= precipitation

E= evapotranspiration
Ro= runoff

| =Infiltration

D=lateral diffusion

Evaporation from:

Bare soill

Interception layer
Root transpiration
Infiltration also depend on through fall amount



' Vegetation heterogeneity

Land surface is heterogeneous blend of vegetation at many
scales

— forest/cropland/urban area

— within forest: different trees/moss/understories

Most LSMs use set of parallel “plant functional types” (PFTs)
with specific properties

— gridbox mean or tiled

Some ecological models treat species competition and
dynamics within PFTs

Properties of PFTs

LAI

rooting depth
roughness
albedo

emission/absorption of organic compounds



ECLand :atiles approach

Schematics of the land surface

SNowW on

high interception gmund&lurw
“’“’gf‘ ous ‘El“'“ bang"”" crow under Land/vegetation Sea and ice
vegetation ground high vegetation

High vegetation Open sea/

unfrozen lakes

Low vegetation Seaice / frozen

Fep

High vegetation lakes
with snow

Snow on low
vegetation

+ new urban tile

Bare ground
Interception layer
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ECLand geographic characteristics

Albedo

LAI

rsmin

Root depth

Root profile

Vegetation type Global constant

(grass)

Annual

Global
constants

Im

Global constant

Fields ERAI15 TESSEL CHTESSEL
Vegetation Fraction Fraction of low Fraction of low
Fraction of high Fraction of high

Dominant low type ~ Dominant low type

Dominant high type Dominant high type
Monthly Monthly

Annual, Dependent Monthly
on vegetation type

Annual, Dependent Annual, Dependent
on vegetation type on vegetation type




More realistic vegetation dynamic:
Seasonal varying Leaf Area Index



i\/egetation types dependent parameters

&

Ts,min L g
Index Vegetation type H/L (sm™') mYy) . (hPa™?!) a, b,
1 Crops, mixed farming L 180 3 0.90 0 5558 2.614
2 Short grass L 110 2 0.85 0 10,739 2,608
3 Evergreen needleleaf trees H a0 5 0.90 0.03 6.706  2.175
4 Deciduous needleleaf trees H 500 5 0.90 0.03 TO66  1.953
5 Deciduous broadleaf trees H 175 5 0.90 0.03 5990 1.955
6  Evergreen broadleaf trees H 240 6 0.99 0.03 7.344  1.303 Cycle 48r1
7 Tall grass L 100 9 M7 n RoaE 1 A97
8 Desert 250 Ts,min gD
9 Tundra L 80 s -1 -1
0 Trrigated crops L 180 Index Vegetation type H/L (sm™") cvee (hPa™") ar by
11 Semidesert L 150 1 Crops, mixed farming L 0.90 0 5.558  2.614
12 Ice caps and glaciers 2 Short grass L 0.85 0 10.739  2.608
13 Bogs and marshes L 240 3 Evergreen needleleaf trees H 0.90 0.03 6.706 2,175
14 Inland water 4 Deciduous needleleaf trees ~ H 0.90 0.03 7.066  1.953
15 Ocean 5 Deciduous broadleaf trees ~ H 0.90 0.03 5.000 1955
lE Evergreen shrubs L 225 6 Evergreen broadleaf trees H 0.99 0.03 7.344  1.303
IT Deciduous shrubs L 225 7 Tall grass L 0.70 0 8235 1.627
18 Mixed forest /woodland H 250 -
19 Interrupted forest H 175 8 Desert 0 _ v 4.372 - 0.978
20 Water and land mnctures L 150 9 Tundra L 0.50 0 8.992  8.992
10 Irrigated crops L 0.90 0 5.558  2.614
Era Interim E! ISelnideécrt. . L 0.10 0 4.372  0.978
ce caps and glaciers
13 Bogs and marshes L 240 0.60 0 7.344  1.303
14 Inland water
15 Ocean
16 Evergreen shrubs L 225 0.50 0 6.326  1.567
17 Deciduous shrubs L 225 0.50 0 6.326  1.567
18 Mixed forest/woodland H 250 0.90 0.03 4.453 1.631
19 Interrupted forest H 175 0.90 0.03 4.453 1.631
20 Water and land mixtures L 150 0.60 0

Era 5



Seasonal Varying Leaf Area Index

Tetal LAIL [m? m-2] -Cperational

oW weW I laeW SR W weW e an 20 e aE BeE WE B 1mE 1meE

Total LAT [m2 m-2] -July MODIS Total LAT [m2 m-2] -January MODIS

T T =
in in
T T =
in in

Obtained by the inversion of a 3D radiative transfer model which compute the LAI and FPAR based
on the biome type and an atmospherically corrected surface reflectance thanks to a look-up-table

=>derived 8years (2000-2008) climatological time serie



? Expected LAl impact on screen level Temperature

For vegetated area the evapotranspiration is parameterized as:

E;, = JTC [QL (sat (Tsk,i)}

Where the canopy resistance r, is defined following Jarvis(1976) as:

re = R f(0) fa(Da)

Where [ i, is the minimum stomatal resistance, LAl is the leaf area index and f1, 12, f3
are respectively stress functions for the downward shortwave radiation R, soil moisture 8
and vapour deficit D,

If LAI\ then rc/and E' so TZm/

If LAI/then rc\ and E/so 2m \




Analysis experiment: fc experiment validation

Sensitivity

2T diffarsncs [CY2ERI_LAIALE)-CY2ERZ_CTL(GE), FC+36 walid 12 UTGC, KIMAM 2008 T Z m Setu p: T255
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The MODIS LAl introduces a consistent warming seen in FC36h (12UTC)
due to reduction of LAl in spring, (increasing vegetation resistance to ET).

This has beneficial impact on near surface temperature forecast (green
being positive impact in reducing t2m bias by ~0.5degree)



Updated and more realistic vegetation fields



Updated vegetation types

ESA-CCI high veg type ESA-CCI low veg type

ESA-CCI; High vegetation type; Tco399 ESA-CCI; Low vegetation type; Tco399
Thursday 15 July 9999 00 UTC ecmf 140 VT:Thursday 15 July 9999 00 UTC surface Type of high vegetation Thursday 15 July 9999 00 UTC ecmf t+0 VT:Thursday 15 July 9999 00 UTC surface Type of low vegetation
| ever needle [ deci needle [ deci broad MM evergr broad (IR mix forest [ int forest Elcors [ shoass tatgrass [wnca  [liccops [ | semi desent [l bog/marsh [ evergr shutfillll doci shrub

GLCC1.2 high veg type GLCC1.2 low veg type

Climate v015; High vegetation type; Tco1279 Climate v015; Low vegetation type; Tco1279

ever needle [ decineedle MMM deci broad MM evergr broad [ mix forest [N int forest Ml cors [ shgrass tallgrass  [[ltwnora [ i crops semi desert [JJill og/marsh I everor shrutfilll deci shrub
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Updated vegetation cover
ESA-CCI high veg cover

ESA-CCI; High vegetation cover; Tco399 mean:0.25; max:0.9

Thursday 15 July 9999 00 UTC ecmf t+0 VT Thursday 15 July 9999 00 UTC surface High vegetation cover
) 02 o4 o8 o8

GLCC1.2 high veg cover

Climate v015; High vegetation cover; Tco1279 mean:0.33; max:1

001 ot 02 0. 06 08

ESA-CCI low veg cover

ESA-CCI; Low vegetation cover; Tco399 mean:0.57; max:1

Thursday 15 July 9999 00 UTC ecmf 1+0 VT:Thursday 15 July 9999 00 UTC surface Low vegetation cover
' oz ) o8 s

GLCC1.2 low veg cover

Climate v015; Low vegetation cover; Tco1279 mean:0.43; max:1

001 01 02 0. 08 08

fr—
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Atmospheric impact I. vegetation parameters revision

Change in RMS error in T (V4V3_z0Reset+rcovShrrun04+LAlscaling-CTL)

R B R N S A Stratified optimization with Vegetation types

) T+12 ) T+24
s 10}, 1 & o 0.10 - \
£ oo 1 = oo} ] Updated Vegetation:
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Atmospheric impact Il: parametrisation update

Pressure, hPa

Pressure, hPa

Pressure, hPa

Pressure, hPa

Pressure, hPa

Change in RMS error in T (LU_V11_opt1-CTL)
5-Jun-2020 to 31-Aug-2020 from

Cross-hatching indicates 95%

156 to 175 samples. Verified a%ainsl own-analysis.
with Sidak fon for 20 i tests.
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0.00
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Ditference in RMS error normalised by RMS error of control

New Soil moisture Stress function

Updated Vegetation: A
C3S LULC + CGLS LAI (+ new disaggregation

operator) )

15t revision of Canopy resistance and

momentum parameters (rsmin, cveg)
N

Updated Soil moisture stress

J

2"d revision of Canopy resistance parameters
and momentum (rsmin, cveg)

13

[ 4
3

1
ssans NS

| /

o olz ola

* Physically consistent with the soil matric potential
* Allow higher evapotranspiration under drier conditions

SM™ o
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More and more realistic vegetation dynamic:
Assimilation of Near Real Time LAI/Albedo



)er'x2010

DY ustralia




Sensible Heat flux

Sensible Heat flux from SCLIM for 201011 [W/ m2 ] Sensible Heat flux Diffrence SLAINRT - SCLIM for 201011 IW /m2]
-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 -5 -0.02 -80 -50 -40 -30 25 -20 15 -10 8 -5 -3 -2 -1 -0.01 0.01 1 2 3 o 8 0 15 20 25 30 40 50 80

Clim NRT LAl - Clim

Sensible Heat flux Diffrence SNRT - SCLIM for 201011 [W /m2 ] Sensible Heat flux Diffrence SALBNRT - SCLIM for 201011 [W/m2 ]
0 8 -5 -3 -2 -1 -001 001 1 2 3 5 8 10 15 5 -10 -8 -5 -3 -2 -1 -0.01 0.01 1 2 3 5 8 10 15

-80 -50 -40 -30 -25 -20 -15 -1

20 25 30 40 50 80 -80 -50 -40 -30 -25 -20 -1 20 25 30 40 50 80

- .
NRT_ALB_LAI - Clim NRT ALB - Clim




. 2m temperature sensitivity in coupled run
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AS

Even more realistic vegetation dynamic:
Variable vegetation cover



AS

February May July October

1

(1- Vegetation fraction)

Bare-ground/snow cover
(1- Vegetation fraction)

=>» vegetation cover variation based on satellite observation of Leaf
Area Index according to a modified Beer-Lambertlaw with clumping

Cveg =1 — e'O.Sa)LAI



February May July October




Impact in weather forecast mode

2m specific humidity [g/kg] NUMBERS: 10*(FC-OBS)/OBS norm.errors [10s of %]

Fc?zng1t§'gge;gtl1"2'e,()[;%]() ngJéAIEEzR\S/:TFgé?sBise:rgrfz[-lé]o-oo FC:2015-03-13 12:00:00 STEP 72 VT: 2015-03-16 12:00:00
oo L : o S N=2436 BIAS= 8.4% STDEV= 24.5% MAE= 16.6%

N=2768 BIAS= -0.7K STDEV= 2.5K MAE= 2.0K erors for [10rn=75.00, wesi12.50, souih=35.00, easi=¢250]

errors for [nonh=75 00, west=-12.50, south=35.00, east=42.50]

Cold bias on 2m Temperature Moist bias on 2m specific
4K on average humidity 1g/kg on average



Weather forecasts sensitivity
=>Check the T 2m and RH on short term forecast fc+72 valid 12 UTC, March 2015

2T mean[CY41R1 CVEG(gb32)+72-AN(0001)}-mean[CY41R1 esuite LWDA(gb1h)+72-AN(0001)] RH mean( 1C 72-AN(0001)}-mean(CY41R1 esuite LWDA(gb1h)+72-AN(0001)]

-3 -2 -1 05 02 0.1 0.1 02 05 1 2 3 -10 -5 -3 -2 -1 05 05 1 2 3 5 10
=1 AT2m R => V_\/armmgﬂ e . 4 ARH2Z2m Blue => Drylng_, e _
L g ';‘ = - ‘“;__ = - -

Sensitivity = CVEG - CTL
if >0 => Warming / adding moisture
if <0 => Cooling / removing moisture



Weather forecasts impact

2T mean_abs[CY41R1 CVEG(gb32)+72-AN(0001)}-mean_abs[CY41R1 esuite LWDA(gb1h)+72-AN(0001)] RH mean_abs[CY41R1 CVEG(gb32)+72-AN(0001)}-mean_abs[CY41R1 esuite LWDA(gb1h)+72-AN(0001)]
-3 -2 -1 05 0.2 0.1 0.1 02 0.5 1 2 3 -10 -5 -3 -2 -1 05 05 S 2 3 5 10

AErr RH2m

AErr T2m  Blue =>Better forecast

Impact = |CTL — analysis| - |CVEG — analysis| ,
If >0 => relative error reduction from the analysis (positive impact )
if <O => relative error increase from the analysis (negative impact)



Behind the scene: change in the forest albedo

Forecast Albedo from CTL for 2015031372 - Forecast Albedo Diffrence VegCLUM - CTL for 2015031372 -
04 02 41 405 005 04 02 04 06 424 02 046 012 404 004 40z 401 001 00z 004 006 042 046 02 034

Forecast Albedo for CTL CVEG albedo - CTL albedo




Introducing Land Carbon parametrisation



Why increasing complexity?

of g 20002010
- (PgCy)
: ] The stomatal aperture controls the ratio:
I sources i 7 9 +0 5 Transpiration Photosynthesis/Transpiration
~ 3. R according to the environment conditions
| [ l Light, temperature air humidity
> 1 soil moisture, atmospheric [C(),]
U L
g 10407 i
x ] “ e
2 ] 25+1.0 c'
g | * E
- I *
s { 41402 i :
[ l 2'3i0'5 Glucides
-10. - | | | | | - (5models)
1750 1800 1850 1900 1950 2000 CO2 and water vapour share the same
Global h
Carbon pathway

Fofet Global Carbon Project 2011; Updated from Le Quéré etal. 2009, Nature G; Canadell et al. 2007, PNAS

The land surface natural contribution to
the global carbon budget is highly uncertain




jLand carbon/photosynthesis-based canopy resistance
parametrisation 0 A, = p f(soil m) ACO, /.,

Met. forcing « | => r. back-calculated from
— Empirical soil moisture dependence
- — CO,-gradient ACO,, . also f(g, — Q)
ISBA-A-g,/ C-TESSEL LE, H, Rn, W, Ts... — Net photosynthetic rate A,

[CO,laim = Photosynthetic active Radiation

A, =—(C,—C) (PAR)

Ve = temperature
E——% _(q.—q.).r. = f(r.) = [CO,
r. +r,

CTESSEL combines HTESSEL (Balsamo et al. 2009) with the A-gs model used within the
ISBA-Ags (Calvet et al.1998) and developed by Jacobs et al. (1996);

=» Account for the effect of CO2 concentration and the interactions between all environment factors on the
stomatal aperture.

= Replaces the Jarvis-type stomata conductance by a photosynthesis dependant-type stomata
conductance (Jacobs et al.1996)

= The model can account for the vegetation response to the radiation at the surface, temperature, soil
moisture stress

=> Vegetation Assimilation of CO2 can be used to drive a vegetation growth module to simulate LAI

=> The Ecosystem Respiration is parametrized as a function of soil temperature, soil moisture and biome
type via a reference respiration parameter



Jarvis Vs photosynthesis-based evapo-

transpiration (offline run)

HTESSEL fluxnet.fr-lbr 2004 RMSE= 25.380 BIAS= -4.521 CORR=0.929 N= 36
T

200 T

100

_ HTESSEL

Surtace Energy Fluxes [ W/m2 ]

-300 - —

1 | 1 | 1 | 1 |
4000 90 180 270 360
Time (Julian day)

Surface Energy Fluxes [ W/ m2 ]

CCTESSEL_dev fluxnet.fr-Ibr 2004 RMSE= 16.884 BIAS= 1449 CORR=0.956 N= 3¢
200

100

CTESSEL ‘

-100

-200 —

-300 - —

! l 1 | L | L |
400
0 90 180 270 360
Time (Julian day)

Surface sensible heat flux (W/m?) compared with flux-tower observations over Fr-LBr for HTESSEL (left panel) and CTESSEL (right panel)

HTESSEL fluxnet.fr-Ibr 2004 RMSE= 20.354 BIAS= 2.743 CORR=0.706 N= 36
200
" T " T T I T I

— 36R4_LE |
e Obs

100~ —

-100

200 — —

Surface Energy Fluxes [ W/m2 ]

-300 — —

L l L | L | L |
-400
0 90 130 270 360
Time (Julian day)

LE

Surtace Energy Fluxes [ W/ m2 ]

CCTESSEL_dey fluxnet.fr-lbr 2004 RMSE= 11.621 BIAS= -3.715 CORR=0.914 N= 3

200 . I . I T ‘ r I
36R4_LE |
°  Obs
100 —

-200 —

-300 — —

! | 1 | L | L |
-400
0 90 180 270 360
Time (Julian day)

Surface laten heat flux (W/m?2) compared with flux-tower observations over Fr-LBr for HTESSEL (left panel) and CTESSEL (right panel).
® CTESSEL improves the LE/H simulations (Photosynthesis-based vs Jarvis approach).



2m T Error differences from the CTL

T925 mean_abs[CY37R1_CTESSEL(ficd)+36-AN(ficd)]-mean_abs[CY37R 1(fhrd)+36-AN(fhrd)]

| I
‘-s 3 2 1 05 102 05 1 1 3 35

LE/H: When “good” is not enough?

(Interaction with the atmosphere)

2m Rh Error differences from the CTL

RH mean_abs[CY37R1_CGTESSEL (ficd)+36-AN(ficd)]-mean_abs[CY37R1(fhrd)+36-AN(fhrd)]

E[ S (. B I T B | 2 3 5 10 2




Surface NEE flux [ micro moles/m2 /s |

Soil Respiration improvement for winter

season
NEE = A, —R

soil

CETESSEL fi-hyy 2006 RMSE= 1.040 BIAS= -0.512 CORR=10.945 N= 36 CCTESSEL _dev fluxnct.fi-hyy 2006 RMSE= 0.620 BIAS= -0.221 CORR=0934 N= 3

15
1aF — ‘ | ‘ ' ' E BE ' ! ' ' ' ! I
13 |— 3613_NEE - 13E |— 36R4_NEE =
12E | = 3613 0bs E 12 = | o 36R4_Obs E
10F E - 0F E
9 = no9k —
8 = ol B -
T - E TF -
6 — ~ 6 =
i E = 3 i = E
— —] [=] — —]
3p = g 3F —:
2 = g 2r =
(} °ee = E 6_: E
-1 = — '21 — =
2= — 5 2 -
3E = = 43 e =
A — w 4F e
S = B SE 3
-6 = - Z 6 3
TR _ 8 7 - -
S - £ B —
-0 . 5 9 —
== ; w10 - -]
-1 - -1 B
-12 - -12F =
-3 = BE 3
:}g ) I | | I | I IE _—E. E L . L L l e
0 90 180 270 360 0 90 180 /0 360

Time (Julian day) Time (Julian day)
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Soil Respiration and winter improvement
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Near Real Time CO, concentration modelled in CAMS

MACC column-averaged dry-air mole fraction of CO2 [ppm]
September 2013
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Improved soil vertical discretization



Why increasing complexity?
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The model bias in Tskin amplitude ( Trigo et al. vertical discretization would improve the match
2015) with Observation

Dirmeyer et al. 2021, also showed the importance of an accurate soil representation for a
proper L-A feedback that could simulate drought such us the European 2018 one

41



Which configuration is good?
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Impact on surface fluxes and L-A interaction

Difference in correlation with FluxCom between the 10-layers soil experiment and the control 4-layers
experiment

a) Sensible Heat flux b) Latent Heat flux
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Better correlation with FluxCom sensible heat flux ==> could infer a better L-A

interaction
Latent heat flux shows an overall decrease of correlation and a slight increase over

some arid areas



Impact on Soil moisture and match with Satellite obs

a) |10L|-|CTR| LST drange bias JJA (K)
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Layerl SM correlate better with ESA-CCI SM Increased SKT amplitude and better
(plot for JJA 2018: Corr_10L —Corr_CTL) match with Land-SAF LST



EAdditionaI thoughts

®® Taking into account realistic vegetation dynamics is important for accurate representation of surface
fluxes and eventually better atmospheric predictability.

®%® Carbon, Hydrology and Energy cycles are tightly coupled and an integrated treatment of these
processes is a challenge to achieve the necessary accuracy in simulating Net Ecosystem Exchange
(CO2 flux) in global models (and as a component of the global carbon budget).

®% Enhanced connections between albedo, LAI (and roughness) in Earth System Models (ESMs) will
most likely increase the sensitivity to vegetation dynamics, and with increased surface related
satellite observation products there is potential for further improvements of NWP systems linked
with land surface. (better initialisation/ better process description/ possibility to better tune non-
observable model parameters)

®® With increased resolution ESMs will have to take into account additional layer of physical
complexity such as

vegetation interaction with snow/frozen soil,

better vegetation dynamics,

better representation of the soil profile,

surface- atmosphere coupling and the link with satellite LST,

CO2/evapo-transpiration coupled processes and satellite fluorescence observation.

LR



ECLand platform within the IFS and perspectives
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Evaluation & Benchmarking

Thank you

souhail.boussetta@ecmwf.int
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