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&) Relevance of PT VAINT

TN
&, COSMO-CLMV5.16 (g COSMO-CLM .16 COSMO-CLM v5.16
.~
v Uses the simplified Jarvis- v Neglects any influence or v Uses the phenology cycle
Stewart approach with feedback on the based on a 6-year
BATS parametrization for environmental conditions climatology and follows
calculations of stomatal (no connection to the the same sinusoidal fitted
resistance biogeochemical cycle via curve between its
v Applies highly simplified photosynthesis, no plant maximum and minimum
dependencies, for which growth). values
the leaf photosynthesis v' Does not consider the
and CO, uptake cannot be influence of atmospheric
calculated CO, concentration
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Project tasks

Developing the Validating Writing the

new algorithms experiment documentation

for: results: and articles:
Stomatal resistance « at stations More information:
Leaf photosynthesis « at COSMO-CLM grid

Two-big leaf
Leaf area index
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&) Model experiments

COSMO-CLM v5.16 — Regional
climate model of the Consortium
for Small-Scale Modelling

CLM 3.5, CLM 4.5 — Community
Land Model

\

N

* Ball-Berry approach
coupled with leaf
photosynthesis and
calculating separately for

 Jarvis-Stewart
approach with BATS
model parameterization

scheme « Ball-Berry approach * Ball-Berry approach sunlit and shaded
- Does not consider coupled with leat gﬁgfclazglnv’:lrlmtgsliza;nd oaves. (CLMVA.9)
stom?tf_ll regulatiﬁn and Egﬁt&Zi’i’;tgzse'sa?gf’ely . calculating separately for - Night-time values of
vegetation growt sunlit and shaded sunlit and shaded stomatal resistance is
g?neggglhnegr _gnCO leaves, (CLMv3.5) leaves. (CLMv4.5) cor|1trolling by available
| 5 : . soil water
concentrations « Night-time values of * Night-time values of - .
stc?matal resistance is stomatal resistance is * Additional changes in
equal to 20 000 s m- controlling by available calculations of
q - soil water transpiration from dry

ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022 leaf surfaces 4



\g) Research domains

S prentiste

_ i¥w. @ EURONET sites

@® Linden site

o ) @ Lindenberg site

.......

a & TR NG
Park domain
Linden domain
Lindenberg domain
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COSMO-CLM parameters:

Time increment: 25 s
Spatial resolution: 0.0275° ~ 3 km
Grid size: 25 * 25

Numbers of vertical atmospheric layers: 50

vV V. V V VY

Numbers of soil layers: 9

Verification parameters:
o AEVAP, ALHFL,,, ALHFLg, ASHFLg, QV,, QVg, Ty, T, T,y

o T, PS, RELHUM,,,, ZTRALEAV, ZVERBO, RSTOM

Data for comparisons:
0O HYRAS, GLEAM datasets (T, Ts, Tmae Tmin AEVAP, ZVERBO)
O EURONET, FLUXNET, TRY
U TERENO, Linden and Lindenberg sites information



» Stomatal resistance, leaf photosynthesis
and two-big leaf algorithms

ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022
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\g) Stomatal resistance algorithm

CCLMref CCLMv3.5; CCLMv4.5; CCLMv4.5e
The Jarvis-Stewart approach with BATS The Ball-Berry approach coupled with
model parameterization scheme: processes of leaf photosynthesis
gcgm — gg%mLsun 4+ gésgla]_‘sha
S
gsem 1+<1 1>[FFFF]
st — . - rad'watf'tem ! hum ha
_ 1 ASun.s
Tmax I'min I'max g;ttm,sha =— = m €s Patm + b Fwat
g Cs€i
Frad: Fwat: Ftem: Fhum — environmental stress pSumsha gsun sha _ stomatal resistance and conductance

functions (photosynthetic active radiation, soil water  5r sunlit and shaded leaves, A — leaf photosynthesis,
content, ambient temperature and specific humidity) e, e; — vapor pressure at leaf surface and inside the
Tmaxs Tmin — Maximal and minimal stomatal leaf; c, — CO, partial pressure; m, b — empirical
resistance coefficients;
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https://link.springer.com/chapter/10.1007/978-94-017-0519-6_48
https://royalsocietypublishing.org/doi/10.1098/rstb.1976.0035
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Leaf photosynthesis algorithm

A = ASunjsun _|_AshaLsha

* Ly e

ASun, sha — min(Wc, wj, We) .:;n-m_.*

Leaf photosynthesis algorithm is based on the

Farquhar*and Collatz* models for C; and C, plants
and uses sunlit and shaded leaves parameters

* Glucose

( _
Vemax (€i g*) . ((ci —T)46ad 0.5 Vemax *
_ *
\ Vemax * \ 16ad Fam

Vemax — the maximum rate of carboxylation, K.; K, — the Michaelis—Menten constants for CO, and O,,
I, — the CO, compensation point, c; — the internal leaf CO, partial pressure, O; — the O, partial
pressure, a — the quantum efficiency coefficient, ¢ — the absorbed PAR

ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022


https://link.springer.com/article/10.1007/BF00386231
https://www.sciencedirect.com/science/article/pii/0168192391900028?via%3Dihub
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@) Two-big leaves algorithm

Figure: Luo et. al, 2018 » Sunlit (¢sun ) and shaded (¢sha ) absorbed
Solar radiation photosynthetically active radiation (PAR):

(¢gir + ngiffsun + qbdiffsun) (ﬁ)

sun _
¢ _ Lsun

(ngiffsha + ¢diffsha) (ﬁ)

ha _
Reality The two-big-leaf scheme ¢S ’ N LSha
» Sunlit (f,, ) and shaded (f,) fraction of canopy:
ti. —the portion of the incoming visible
e KL waveband direct beam radiation
fsun=1-— fsha =1— foun o ..
KL dif ~ the absorbed visible waveband

: h . direct beam radiation
» Sunlit (L**"* ) and shaded (L*>™“) leaf area indices: _ _ S
¢qir —is the incoming visible waveband

Lswn=f | Lsha = £, I diffuse radiation

ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022 9
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\ﬁ) Evaluation of the new stomatal resistance
(RS TOM) algorithms at the Parc domain

Summer months (May — August) from 2010 - 2015

Daily day-time values (6 a.m. — 18 p.m.) Daily night-time values (18 p.m. — 6 a.m.)
1600 - 12000
o 1200 ] E E '''''' o E e
CC) mm C 4.5e 8 100007 I CCLMv4.5e
E 1200 E
2 1000 B2 —~ 80001
o & 8o ’ D - *
_,% D 600 é ; * % »n o - =
& 400 ﬁ & 4000 *
e = = o = - = . T H
7p) 200 N ﬁ ;
2000 1
0 May Jun Jul Aug May Jdn Jﬁl Aug

B ccLMref [ CCLMv3.5 . _
Results: The experimental day-time values of RSTOM are less

colmvas B CCLMva5e than the reference COSMO-CLMv5.16. ~The
night-time values of RSTOM of the CCLMv3.5 differ
ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022 significantly from the other experiments. 10
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\ﬁ) Evaluation of the new stomatal resistance
(RS TOM) algorithms at the Parc domain

Summer months (May — August) from 2010 - 2015
Daily values at 13:00 p.m.

1200 1 1200 600 -+

—— CCLMref

1100 CCLMV3.5 +1100 E RMSE

8 10004 — CCLMv4.5 1000 8 I

c 900] — CCLMv4.5e | 900 -

(5 ¢ OBS 3 S

"(T) 800 f + 800 -'(T)

(7) ~—~~ 700 L 700 (7)

-
Gd c 600 1 600 (]!_J '
— 500 1 +500 —_—
w

4% ~ 400 +400 -%

E 300 i +300 E

o 200 : i : . e .. - * 1200 e)

- ; ° 4 -

(@p) 100 f ; i i f T 1 —+100 )

0 , . ; . | , , 0
May June June July July August August September RSTOM

B ccLmref [ CCLMv3.5 _
Results: Refence experiment (CCLMref) has the largest

ccimvas B CCLMv45e values of stomatal resistance at 13:00 p.m.

ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022 11
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\ﬁ) Evaluation of the new stomatal resistance
(RSTOM) algorithms at the Parc domain

Summer months (May — August) from 2010 - 2015
T, categories with daily day-time values of RSTOM Correlation heatmap

1600

Name
CCCCC -
. | AEVAP

-
-
1400 - EEN CCLMv4.5
-
-

ALHFL -
1200

1000+ l ASHFL - o
300 ¢ RSTOM 0.65

+

s, e W

Stomatal resistance
(s m™)

WSO
200+ -
= T - | P
. ‘ : : : Q
10-15 15-20 20-25 =>25 N " O
NS < < N ©
Temperature ranges, °C ?é V\\;\ V@Q\ Q_@&O /\q§ $@0 &O&QQ-

B ccimref [ CCLMv3.5 _ _ - _
Results: CCLMv4.5e experiment with the additional changes in

the algorithm for calculations of transpiration from dry
leaves demonstrates the better accuracy that other
ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022 experiments_ 12
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\ﬁ) Evaluation of the experiments at
meteorological stations in Parc domain

Summer months (May — August) from 2010 - 2015
Total evapotranspiration (ZVERBO)

4.5

4.5

|
—— CCLMref

c I
o j —— CCLMv3.5
+— 4.0 . i - —— CCLMv4.5 4.0
© /\4\ (./\’\ —— CCLMv4.5e
b ] J s —-— GLEAM 3.5a
% 3.5 /\f\ /\\/\/ ,{\,’*\,\ > -- GLEAM3.5b T35
C >\ ,'.f\"\_ \\‘ I:‘. R\ A\
CU m ! \-‘\’N ,’;'

o 3.0 | A i/ -3.0
b S~ \! =AY / =
o E VA | i
Q 2.5 y / kY 2.5
m E . AN ‘-,I’ V 2 '\\\‘ ’
>
@) #ON A\

2.0 — \/ X 2.0
©
i}
@) 1.5 - - - - . 1.5
|_ May June June July July August August September
B ccLMref [ CCLMv3.5

ccLmv45 | CCLMv4.5e

ICCARUS 2022 - SoilWeg virtual meeting, 10.03.2022
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RMSE

ZVERBO ZVERBO
(GLEAM v3.53)  (GLEAM v3.5Db)

Results: CCLMv4.5e has the better scores for ZVERBO at the
stations in Parc domain

meteorological

(RMSE = 0.283, r = 0.874) in comparison with GLEAM
data set averaged to the point. 13



UNIKASSEL
VERSITAT

\ﬁ) Evaluation of the experiments at
meteorological stations in Parc domain

Summer months (May — August) from 2010 - 2015
Amount of water evaporation (AEVARP)

4.0 | 4.0 0.60 T

—— CCLMref N
~~ S— CCLMvz.S — N RMSE
o 3.51 | | | — colMvas [ & 050
() & . | —— CcCLMv45e |~ GLJ =
© o) —— GLEAM 3.5a = S, 0.40
---- GLEAM 3.5b -
== e T T
€T 25 = % 0.20
S ST
E 20 g€ g 010
e ®©
<3 < > 500
° A ' | | = e~ AEVAP AEVAP
M<":\y Ju'ne June Juvly July August Aug;ust Septe:mber (GLEAM 3.53.) (GLEAM 3_5b)

B ccuvref B cCLMv3.5
Results: CCLMv4.5 has the better scores for AEVAP at the

ccimvas [ CCLMv4.5e meteorological stations in Parc domain
(RMSE = 0.279, r = 0.882) in comparison with GLEAM
ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022 data set averaged to the point_ 14
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\ﬁ) Evaluation of the experiments presenting at
COSMO-CLM model grid (Parc domain)

Summer months (May — August) from 2010 - 2015

RMSD KGE
0.60 + 0.60 0.85 T T 0.85
~—~ 0-50 050 - ; :
NE ] o NE 0.80 + + 080 <
£ 040 T 040 S = [ ] 2
2 : S~ 2 : ] o~
< 0.30 7030 3 g5 = 0757 T 075 3§ >
- ] (7)) _e) C [ 1 ) ®
S 0.20 1020 S 8 - - c 3
g= ] 8E = i ] © £
© ] = e O 070+ T+ 070 S
0.10 010 9 & & [ ' o £
S Q. Q. I ] Q
c o © — — ©
> 0.00 - - 0.00 |.|>J > 0.65 - L 065 >
L AEVAP  AEVAP ZVERBO ZVERBO Ll AEVAP  AEVAP ZVERBO ZVERBO L
(GLEAM (GLEAM (GLEAM (GLEAM (GLEAM (GLEAM (GLEAM (GLEAM
3.5a) 3.5b) v3.5a) v3.5b) 3.5a) 3.5b) v3.5a) v3.5b)

B ccumref [ cCLMv3.5
Results: CCLMv4.5 (RMSD = 0.279, KGE = 0.80) has more

ccimvas [ COLMv4.5e accurate results than the other experiments for
AEVAP parameter, the CCLMv4.5e (RMSD = 0.277,
ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022 KGE = 0. 82) for ZVERBO parameter 15
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\ﬁ) Validating experiment results
Sensible and latent heat fluxes (ASHFL, ALHFL)

105 —F————1105 25.0 T + 25.0
" cotmes - RMSE :
% ~ — Cotmase [ -
-5 .~ " ot E L .
=22 AN waN WY e\ 15.0 T 150
—l ast——F YA NV Y N s [ I ]
30 y T 30 i 7
May June June July July August August September 100 100
75 75 ASHFL ALHFL
—— CCLMref
[ coeas B ccimref [ CCLMv3.5 cCclmva5 [l CCLMmv4.5e
4(_5‘ 60 — CCLM:4:59 160
D . —— OBS
-GCJ N 45 - | - i 145
sE W7
I = w s ~ | ‘ — Results: CCLMv3.5 and CCLMv4.5 are better
2= A B representing changes in sensible heat
3 is|o N 15 flux, however worse representing
changes in latent heat. CCLMv4.5e
° May Ju;1e June Jully Ju‘ly Aug;ust Aug;ust Septe‘mber('J ShOWS OppOSlte reSUItS

ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022 16
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\ﬁ) Validating experiment results . :

W
(=]

Air near-surface, maximum and minimum S|
O 20 20
temperatures (T, T,..,, Trin) -
I_ 15 15
1.8 1.8 N
1 . 6 R M S E 1 . 6 0 May June June July July August August Septembeso
1.4 1.4 * .
—~
o 1 12 9 . §
< 10 1.0 ~ O
g 0.8 0.8 é ~ 2 20
c 0.6 0.6 S 15 | , | | | | | I P
I—cgl 0.4 0.4 é -
. . I_ 10 10
O . 2 O . 2 May June June July July August August September
0.0 0.0 = i
T2m Ts Tmax Tmin =
~ -— OBS
g.) 15 t 15
B ccomref [ CCLMv3.5 ccLmva.s I CCLMv4.5e N
c
" L] " . L] " . 'é " "
Results: There are no significant changes in simulations of air =
temperatures (near-surface, maximum and minimum) S .
May June June July July August August September
17
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» Leaf area index algorithm

pr_ws ’\_ L
- A,

JREE % 5
o ~ N '
A% TG
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\ﬁ) Leaf area index algorithm
CCLMv4.5 + LAI algorithm from ISBA-A-gs (SURFEX)

The Calvet approach calculating leaf area
index depending on leaf photosynthesis

B(t+ At) = B(t) + ABY — AB~

Growth of biomass based on the
accumulated net CO,, assimilation

Mc
PcMco,

Mortality of biomass due to soill
B moisture stress, diseases and
LAI — senescence

Rays: At
e, oo =1 —en(-5))
S
Maximum effective life expectancy

Anfm (t)

A
nmax 19

AB* =

AnI, day At

T(t) = Ty

ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022


https://journals.ametsoc.org/view/journals/hydr/1/5/1525-7541_2000_001_0393_fnstrz_2_0_co_2.xml

&) First experiment results

Leaf area index (m2 m2)
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0.00

Research year - 2011
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CCLMv4.5 s CCLMref
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Similar for CCLMref, CCLMv4.5

0.85 0.85
PLCOY

0.80

0.70

Fraction of plant cover

0.65 0.65

1 1 o o 3 3 1 1 1 1 1 1
wﬂ,o‘r“ 201&‘31'%011—03'0 loﬂ,o&-o 1011,0‘3-0 1011,06-0 wﬂ,m-“ zgu,os-“ 1011,09-3 1011,\_0-@ 1011,\_3.-0 10&1,11-0

Results: Algorithm for calculations of leaf area
indexes based on biomass evolution
has been implemented in COSMO-

CLM v5.16 based on the CCLMv4.5
experiment. The next step is related to
the modernization of PLCOV

parameter. 20



(& Annual cycles for the experiment CCLMv4.5 from 01.2011 to 12.2011

First experiment results

Transpiration from

dry leave surface (mm day)

Domain: Parc  Station: Rollesbroich

evapotranspiration (mm day')

Total

Domain: Parc  Station: Rollesbroich

3.0 4 4.5
—— CCLMref —— CCLMref
ZTRALEAV =& ZVERBO  — =
e Gleam_v3.5a 4.01
2.5 -
3.5+
3 4
2.0 3.0
2,54
1.5 21
2.0
1.0 1.51
1 1.0
0.5
0.51
N
0.0 i
. . . 0 1 . . . . -
3 N & o of of of of 3] o S o ) >~ C et
o P we 3\ ¥ o @O xo® < o we SO & we ¥ ¥ ) WO x® o <
o« P @?‘2 o W e e W pof o o &= g

msm1 GLEAM v3.5a

ICCARUS 2022 - SoilVeg virtual meeting, 10.03.2022

=== GLEAM v3.5b

Amount of water
evaporation (kg m?)

00l

Domain: Parc  Station: Rollesbroich
—— CCLMref
AEVAP — i
-~ Gleam_v3.5a
---- Gleam_v3.5b

Results: The accuracy of the CCLMv4.5 experiment slightly

Increasing after implementation of the algorithm for LAI

calculations depending on biomass evolution.
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Annual cycles for the experiment CCLMv4.5 from 01.2011 to 12.2011 versitar
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First experiment results Gk
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Annual cycles for the experiment CCLMv4.5 from 01.2011 to 12.2011 versitar~
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Qg) Conclusions

In COSMO-CLM v5.16, the Validation of the new The documentation for the
new vegetation algorithms algorithms updates
have been implemented have been done have been written
% Stomatal resistance * in the exceptional warm % Code
% Leaf photosynthesis summer 2013 (https.//qithub.com/EvgenyChur
% Two-big leaf % in the period 2010 — 2015 [PT-VAINT);
% LAl changes depending on * In 2010 — 2011 for LAl _
biomass +» Documentation

(https://qgithub.com/EvgenyChur
/Doc_version1);

The experiment CCLMv4.5 for stomatal resistance shows the results, representing changes in stomatal
resistance better than the reference experiment. The algorithm CCLMv4.5 was used as a background for
the development of the new algorithm for calculations leaf area indexes depending on biomass

evolution. The LAl algorithm was implemented in COSMO-CLMv5.16 and we are working on the
validation of the experiment results

Implementation the CCLMv4.5 algorithm into COSMO-CLM v6.0

ICCARUS 2022 - 08.03.2022 24


https://github.com/EvgenyChur/PT-VAINT
https://github.com/EvgenyChur/Doc_version1
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Our contacts:

‘l , ‘?‘j | | \::X)’Q;, |
f . GitHub page: https://github.com/users/merajtoelle/projects/1
Tt A |
\ | G Address: Universitat Kassel - CESR il | )
\\\ Wilhelmshbher Allee 47, 34117 Kassel d’/ ,
\ y
Email: evgenychur@uni-kassel.de
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\ﬁ) Plant stomata behavior

o

C  « High light level D« Low light level
8_  High leaf nitrogen O *Low leaf nitrogen
O * Moderate CO, O - High CO2
@ ° Moist leaf O ° Dry leaf .  opencd stomata
@ Moist air © ° Dryair ‘ g
E « Warm E « Cold temperature
O temperature '®
+— =+ 2
m (D L —

l Stomatal I Plant IAmount ofwater‘ Latent l Sensible l Air ‘ Surface moisture
resistance | transpiration evaporation heat flux heat flux temperatures (1st level)

26
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Annual cycles of COSMO-CLM parameters (after stomatal resistance algorithms) e g s 17 a 1
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Additional materials
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Annual cycles of COSMO-CLM parameters (after stomatal resistance algorithms)
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Additional materials
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Annual cycles of COSMO-CLM parameters (after stomatal resistance algorithms)
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