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Current status

2 Model development (CLM-Community, TERRA)
201 |cosMO  |NA |Vertically dependent soil structure, HWSD data set [[CLM] B. Ahrens (Uni Frankfurt |stop
202 [cosmMO  |N/A |Soil thermal conductivity dependent on soil moisture [[CLM] JP. Schulz (Uni Frankfur ltest
203 [cosmO  |N/A |Carbon cycle [[CLM] B. Ahrens (Uni Frankfurt |stop
204 |cosmo IN/A [Dynamic vegetation |[CLM] B. Ahrens (Uni Frankfurt lidea
[2.05 [cosmO IN/A |Urban scheme BEP [[CLM] S. Schubert (PIK) ltest
[2.06 |cosmO IN/A |urban scheme TEB [[CLM] K. Trusilova (DWD) [finish
[2.07  |cosmo [5.20 |Parameterization of urban effects |[CLM] H. Wouters (KU Leuven) [work
[2.08  |cosmo IN/A |River routing model [[CLM] J. Volkholz (PIK) |stop
2.09 |cosmo IN/A |Soil temperature - lower boundary condition |[CLM] J. Tédter (Uni Frankiur [work
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A new leaf phenology for the land surface scheme
TERRA of the COSMO atmospheric model
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2Deutscher Wetterdienst, Lindenberg
3Goethe University Frankfurt
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COSMO Phenology Workshop, 1 Dec. 2014, Zlrich
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Phenology Is governed, or limited, by:

» Temperature
» Day length
» Water availability

> f . ietivity

Two approaches for phenology not depending on NPP adopted from:

> Polcher, J. (1994), Thése de doctorat, Univ. Pierre et Marie Curie, Paris
» Knorr, W., et al. (2010), J. Geophys. Res., 115, G04017
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Land surface scheme
TERRA
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Layers for temperature and
soil water content
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Experiments.

(.81 m

» Use atmospheric forcing to run
TERRA in offline mode

243 m

gravitational
drainage

» Here, observed forcing from DWD
observatory Lindenberg is used
(Falkenberg site)

7.20m

constant
temperature

21.87 m

Heise et al. (2006)
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Phenology determining temperature

X0 ~ T ~

T-(t +)e” df
7= HDE
O e/’ df

¥

This is equivalent to an exponentially declining memory of the plants for the surface
temperature Ts. £ is the averaging period for Ts.

J.-P. Schulz: TERRA developments 4 Mar. 2015 6



FRANKFURT AM MAIN

Q. BlKF UNIVERSITAT E

Phenology as function of temperature
based on Polcher (1994)

L LAL if TO)ET,
'|' _
LA =t LAL. + T T A Al ) if T<TOET,
i T- T
L LAL,, if T,<T(t)

T, : minimum limiting temperature
T, : maximum limiting temperature
LAI LAI .. : minimum and maximum value of LAl

min ! max
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Inter-annual variability at Lindenberg
2-m temperature
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Leaf area index (grass)
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Phenology as function of temperature
based on Knorr et al. (2010)

ALAI(E) T Ko (WAL = LAI®) T T Ty
oli f Kaea (LAl - LAI(L)) else

Toofr - leaf onset and offset temperature
k Ko - growth rate and shedding rate

grow 1
LAl ., » LAl : maximum and minimum value of LAI

J.-P. Schulz: TERRA developments 4 Mar. 2015 10



[OE

. GOETHE
Q7 BlKF UNIVERS%

FRANKFURT AM MAIN

Leaf area index (grass)
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Phenological Data
Assimilation

A gap-free Leaf-Areda Index Climate Data Record

Reto Stocklil (reto.stoeckli@meteoswiss.ch)
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2Colorado State University, Fort Collins CO, USA
30eschger Center, University of Bern, Bern, Switzerland

S O EEE

NASA NEWS (NASA Energy and Waier Cycle Study), Grant NNG06CG42G

. . - r——



The GSI diagnostic phenology model

The GSI model was developed based on the insight that
also the state of vegetation on the global scale can be
determined by only 3 climatic driving states:

* Temperature T (air temperature)

* Radiation R (daylength or global radiation)

e Water W (vapor pressure deficit)

GSI=f(T)- f(R)- f(M)
f(T) B T.rn,a;r _ IT?TI?',TI, f()()
R - R:rn,in
f(R) B RTTIEII T Rm.in 0
W — W, .. Xmin X Xmax
FW)=1-

W W Growing Season Index (GSI)
mer X Jolly et al. (2005)



From diagnostic to prognostic phenology

Steady-state GSI: A
GSL= f(T)- f(R) - f(M)

Prognostic state P:

P = f(LAT) P
Deviation of P from i |
“potential” GSI: 0 5 g _
ICSI | |
ISl e p t

ot

Modify LAl at each time step towards diagnostic GSI by
logistic growth and defined growth rate:

OLAI HGSI (5, ifOGSI>0
=y —— P1-P) " { Ny ifOGSI <0 -

Ot | Ot
Stockli et al. (2008,2011)
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Leaf area index (grass)
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Leaf

area index (grass
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Leaf area index (grass)
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Leaf area index (grass)
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Conclusions

» With the current parameterization TERRA can not account for the inter-annual
variability of the phenology.

» Two approaches based on Polcher (1994) and Knorr et al. (2010) for simulating
the seasonal cycle of phenology as function of temperature were implemented.

» The first one improves the simulations, the second one even gets very close to
the observations of latent heat flux.

» The approach by Knorr et al. (2010) appears to be favourable due to the use of
the concept of growth and shedding rates.

» The next steps are the extension of the scheme to more vegetation types,
e.g. trees (deciduous and evergreen), and the implementation into the
three-dimensional coupled model code.
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Conclusions

» With the current parameterization TERRA can not account for the inter-annual
variability of the phenology.

» Two approaches based on Polcher (1994) and Knorr et al. (2010) for simulating
the seasonal cycle of phenology as function of temperature were implemented.

» In addition, the approach by Stockli et al. (2008, 2011) was implemented,
Including functions of temperature, but also of day length and water availability.

» It combines the concepts of threshold values (Polcher 1994) and of growth and
decay rates (Knorr et al. 2010).

» The next steps are the inclusion of the full 35 plant functional types, and the
implementation into the three-dimensional coupled model code.
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WG EVAL: Coordinated Evaluation Project

Aim of this WG task is to carry out a coordinated parameter testing of the new
reunified version COSMO5.0-CLM and give a recommendation on the parameters
to the users. We would like to end in an evaluated community version including an
evaluation report.

For most of the simulations the following facts have been defined:

« domain: CORDEX-EU
* simulation period: 1979-2010 (currently only until 2000)
« evaluation period: 1981-2010 (1981 - 2000)

Reference simulation for all tests is CON502, done by Klaus Keuler.
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Parameter test:

Bare soil evaporation:

» Replace BATS by ISBA

> This reduces the bare soill
evaporation

sea 0 100 200 500 1000 1500 2000 3000 Geyer et al. (2014)
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BIAS CCLM - EOBS (T_2M) BIAS CCLM - EOBS (TOT_PREC)

8| difference [K] [ difference [K] FR difference [K] Bl ditference [mm/d] P dlfference [mmid] FR difference [mmid]
a0 N T - I Y R M | et I N Y N N N N M | e I S R [ Y S N N LB T N T Y Y N i Y el T Y TN T T Y i A | P T N N N T i O 1
e Foz2o0d Eozo E e E 10 Eiod E
ne F e F o as Foos F
e S f\
i — e S— —
oo - — 00— o0 00
- T ’ A -
- - - 2N
F 1 4 e r a8 4 = ‘-:\_V Fooo-08 4 E
—
W
20 Fo-zod Fooeed o 10 F 1.0 Fow1o4 F
B LI B B S S s e p | B e e LI R S e S S B S B p | A5 A———r—r—TrTrTTT L A——r——TrTTT—TT B e e e NI E s s o |
Jan Fantdar AsrMay.un Jul AugSap 0 NovDas JanFabMar Aprhay an Jul AugSap DeNoDes JanFaniiar Aprhiay.un Jul AugSap 0o NevDas JanFathar Azehay Jun Jul SugSep O NovDac JaniFab M Apriay Jun Jul AugSaep O MovDes Jan FabMar AgeiayJun Jul AugSep o NovDies
dlfference [K] difference [K difference [K] i m/ dlfference [mmid diflerence [mmid|
a0 MI: 1 1 1 1 1 1 1 1 1 1 [I] a0 S::: 1 1 1 1 1 1 1 1 1 1 ll] ao }\L 1 1 1 1 1 1 1 1 1 1 'I] 5 MI: 1 1 1 1 d|| (icr:ce|[m| IFJ 5 S::: 1 1 1 1 1 1 1 1 |l 1 |] 15 'QIL 1 1 1 1 1 1 1 1 | |J
a6 Foozo] Fooae ] F i Fooad F
1o 4 F 1o F oo ~ F a4 o oosd L
.r/ \\ et —
an [ g an 0.0 ——
J’J‘ ___.--" JE ", ’_.a
1.0 4 F 14 E In-’_"‘/— F a5 o F 08 - e
= o E =m0 F o= E 18 F 1.0 Fo-1ed F
oLl e B N O N L B B S N N L B ST T T T T T T T T T -5 T 18 AT s
Jan Fatiar AgeMay.Jun Jul AugSep Oct NovDas JdanFetMar Apriay un Jul AugSep CeiMNevDee Jan Fathiar Aoehay.in Jul AupSep Ot Moy Das JanFatihar AorMay Jun Jil AugSsp Oc NovDes AaFsks M A M Jan Fabiiar ApMayJun Jil AigSas 0 NovDes
difference [K] difference [K dlfference [mmid difterence [mm'd
a0 MD 1 1 1 1 1 1 1 1 1 1 [I] a0 EIQI 1 1 1 1 1 1 1 1 1 1 ll] 15 MD 1 1 1 1 1 1 1 1 |[ 1 |J 15 EIAI 1 1 1 1 1 1 1 1 |l 1 I]
0 n 0 i 10 o E B e
AN —CON556 —CONb556
1.6 3 Eooo T \\ F 08 J Fooosd F
\\\ __,——-_;?\ T o
e oo / o — . o
e il A \-—-
1o F 1o F s 4 S E
ET o -20 F 10 F 1,0 4 F
B s T LI B B B B S S S S B N B B ST T T T T T T T T T ST T T T T T T T T T
Jan Fabibar ApeMayJun Jul AugSep Oct NevDas danFalMar AprMay Jun Jul AugSep Ot Moy Dae JanFabbar AseMaydin Jul AugSep Ol NevDas JdaniFad Ma AR MEp Jn Jul AugSep O Mo Des

J.-P. Schulz: TERRA developments 4 Mar. 2015 23



Deutscher Wetterdienst
Wetter und Klima aus einer Hand N ‘

BIAS CCLM - EOBS (TMIN_2M)

BIAS CCLM - EOBS (TMAX_2M)
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Brier Skill Scores Ref: CON502, OBS: EOBS-v10.0
BSS T_2M versus BSS TOT_PREC
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Conclusions

In the experiment the parameterisation for the bare soil evaporation was changed
from BATS to ISBA. This reduces the bare soil evaporation.

» 2-m temperature and total precipitation are improved on average over
European domains.

» Cold and wet biases mainly in spring are reduced.

» Cold bias of maximum 2-m temperature is reduced, but warm bias of minimum
2-m temperature is enhanced.
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