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ORCHIDEE-CAN ORCHIDEE-CN

N-version of ORCHIDEE
updated with the trunk,
June 2017

(known as ORCHIDEE-
DOFOCO on svn) +

ORCHIDEE-CN-CAN

TRUNK
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SIMULATING THE CANOPY

Outside air 'V

Pipe model theory = -100t0
-100.0 MPa

* Recognize how stomata is Leat ¥ (ai spaces)
hydrological connected to
the roots and the need to
invest carbon in building
roots and stem

* Allometric relationships,
leaf to sapwood area

Leaf ¥ (cell walls) : Atmosphere
= -1.0 MPa )

ratio, relationship between  rrunkxylemvy & [yolls Wk il .
. : = 0.8 MPa ® Cohesion,
diameter and height [ po—escsoopullll< N

bonding

Water stress bt

molecule
: ic archi " e
Hydraulic architecture Root xylem > | 8 ﬁaﬁ/"“ v
Soil ¥ f— \ | 0 particle
= -0.3 MPa g , 1 Water
'\ Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.
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SIMULATING THE CANOPY
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SIMULATING THE CANOPY

Diameter classes and age
classes are introduced

Number of PFTs depend on
number of age classes

Each PFT has x numbers of
diameter class

Each diameter class has x
number of trees depending on
basal area - self-thinning rule
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SIMULATING THE CANOPY

R

Stand structure

B Q lllustrations from
Moreira et al 2015

. >
landscape heterogeneity PLoS One

. Diameter recruitment
[Allocatlon} . o classes 4 -
Age classes ) -
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SIMULATING THE CANOPY

The trees are horizontally
distributed following a
Poisson distribution

The structured canopy allows
for calculations of light
penetration within the
canopy.

Statistic approach to reduce
memory allocation

oL b ) TN
agalleria.com
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ECOSYSTEM DYNAMIC
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ECOSYSTEM DYNAMIC
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ECOSYSTEM DYNAMIC

LAl & GPP

IET

e L 4
A E:
NPP & biomass
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Energy budget
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The soil biogeochemistry in
ORCHIDEE
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THE SOIL C IN ORCHIDEE

Soil representation mainly

based on CENTURY (Parton et

al., 1987).

aSOC
ot

=]-kxSOCx0xtT

Litter

Structural

Litter

Co,
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THE SOIL C IN ORCHIDEE

Split between stomate _litter.f90 and stomate_soilcarbon.f90

Run at %2 hourly time-step whereas stomate runs at daily time-
step.

Moisture and temperature function calculated in
stomate_litter.f90

(T -Topt)/10
T = Q10

0 = Max(0.25, Min(1,M)
=_]. 1 *SM?+2.4*SM-0.29
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THE SOIL C IN ORCHIDEE

Input from plants
through bm_to_litter
and turnover

Split between above
and below ground

Split into two pools:
metabolic/structural
depending on lignin and

N content of the litter.
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THE SOIL C IN ORCHIDEE

Inputs from litter
decomposition Iin
Sollcarbon _input

Distributed into the
active and slow pools
control by the lignin

content.
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THE SOIL C IN ORCHIDEE

Decomposition
following 18t order

kinetics.

aSOC

ot
A fraction of C

decomposed is respired
the 1-resp is distributed

In the other pools.
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THE SOIL N IN ORCHIDEE

Decomposition Structural
: : Litter
following 15t order Litter
: : Metabolic
Kinetics. Litter
NMin
ISON =] -kxSON x0xTt Active SOM
ot J
The flux of N from one i
N Slow SOM
pool to another must
NMi
satisfy the CN_target of Passive
SOM

the receiving pools
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HOW THE NITRIFICATION/DENITRIFICATION
PROCESSES ARE REPRESENTED

Nitrification Denitrification
A 'i
. NH— NO, 4{No; {-»NO; »NO—N,0->N, |
b i . _‘I:_ O
Pathway

Peng and Zhu (2006)
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HOW THE NITRIFICATION/DENITRIFICATION
PROCESSES ARE REPRESENTED

Key point -> N outputs fluxes & GHG production
DNDC is an old model based on Li et al. 1992.

Design to represent denitrification and
decomposition.

In ORCHIDEE, only the N-related aspects are used
but in a simplified way.
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ORIGINAL DNDC

'

Climate scenario

!

Thermal-hydraulic submodel

Rain event Yes l Denitrification submode!
? o (1 hour step)
¥
Yes Soil moisture < 40%
- ?
Yes Time = 240 hours <>
- ?
! | |
Decomposition submodel
1 day step)
Y
- End
?
Yes
Output
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ORIGINAL DNDC

i

Climate scenario

!

Thermal-hydraulic submodel

Rain event Yes l Denitrification submodel
? . {1 hour step)
'

Yes  Soil moisture < 40%

- ?

Yes Time = 240 hours Q
- ?
Y .

Decomposition submodel
1 day step)
Y

" End /?
Y

Output
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ORIGINAL DNDC

Soll temperature & molsture
from submodel of thermal-

hydraulic flow
r- - - -—-—-—-—-———-—.—.—'—.—01»
f
Resldues
Temperature Very labile | Labile | Resistant CO2 @
-moisture
- P - A
reduction + -
tactor Microbial biomass
Labile [ Resistant
- D
f
Labile humads +——— Resistant humads [
| __J \f ____
| Passlve humus | Blant
uptake
R EE—
: }
Denitrifier - =
Soluble C biomass NO3
1 N-fertilizers or
rainfall N
 § Y |
To submodel of denlirification

Li et al., (1992)
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Soll temperature & molsture

from submodel of thermal-

ORIGINAL DNDC

hydraulic flow
|.- - - — — — — ) > — a— — — — — .
f
Resldues

Temperature Very labile | Labile | Resistant CO2 @
-moisture
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reduction + - .
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f
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ORIGINAL DNDC

From submodel of decomposition
!.— ......... S o o AR & S & S d S ] S S SN & SN 6 A S S A e A G — .-._.—.—‘—.—.— ..... —
!
| Denitrifier .
i Available C blomass o NO3
i
= Temperature N20
-—.—— .
Nitrate
: and . -
! JECURNRI S p denitrifier| ] NO2
| moisture ™ |
: —  Nitrite
| R NS o denitrifier | - N2O  froremerereecom
I :
|
! = N20 R
= ______________________ —_____®» denitrifier |
. Lietal., (1992
L.“.".—-_.— ...................................................
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IMPROVED DNDC

The PnET-N-DNDC Model

Eégc_»logical

drive Anthropogenic activity
anvers

Climate Vegetation

Temperature Moisture
profile profie
Soil climate
‘environmental Moisture (NH4+, NO3- and DOC)

factors

» Exchangs of NO and N20

Gas emissions Fluxes of NO, N20, N2, and NH3 Li et al ( 2000 )

ORCHIDEE—training Feb. 2023



IMPROVED DNDC
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IMPROVED DNDC
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THE ANAEROBIC BALLOON CONCEPT

An "Anaerobic Balloon" in Soil Matrix

A A AA A
i

Aerobic microsites !

g Anaerobic i
" microsites

NO3- —»NO2-—» NO_—»N20 —»N2
AN \ 5

Li et al., (2000)
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THE ANAEROBIC BALLOON CONCEPT

Table 2. Functions and Parameters for O, Diffusion and Volumetric Fraction of Anaerobic
Microsites (ANVF)

Equation
No. . Function Equation
1 oxygen diffusion coefficient in soil Dy, =D, afpsy,** / afps,.q,*"
2 oxygen diffusion rate affected by Dy =D,y F_frost; 0<Dy; <1
frost T >0°C,; F_frost=1.2;
if T <=0°C, F_frost=0.8;
D,y, =Dy, F_frost; 0<Dg, <1
if T > 0°C, F_frost=1.2;
if T<=0°C, F _frost=0.8;
3 oxygen partial pressure d(pOy Vdt = (d(D,;, d(p0O2,)/dz)/dz —R)/afps;
4 Volumetric fraction of anaerobic anviy; =a (1-(b pO,y/ pO...));
microsites

a, b, constant coefficients; afps, air-filled porosity; afps,..., porosity; anvf, volumetric fraction of
anaerobic microsites; D,,, oxygen diffusion rate in the air, 0.07236 m*/h [Beisecker, 1994]; D,, oxygen
diffusion coefficient in soil; F_frost, frost factor; L, layer number; pO,, oxygen partial pressure; R,
oxygen consumption rate (kg C ha'h™); t, time (h); z, soil depth (m).

Li et al., (2000)
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THE EQUATIONS

Table 3. Functions and Parameters for Nitrification

Equation
No. Function Equation
1 relative growth rate of nitrifiers 1e = tmax (DOC]/ (1 + [DOC)) + F,, / (1 +F,));
2 relative death rate of nitrifiers 1y = ayax B,/ (5 + [DOC])/ (1 + F,);
3 net increase in nitrifiers biomass = Ukeiiy) B, P Yo
4 nitrification rate R, = R, [NH4] B, pH;
5 temperature factor F, =((60-T)/ 25.78)’% @0 @342y,
6 moisture factor if wips > 0.05 F,=1.01-0.21 wips;
if wips <= 0.05 F.=0,
7 NO production from NO =.0025 R, F;
nitrification
8 -N,O production from N,O =0.0006 R, F, wips;
nitrification

ayax, maximum death rate for nitrifiers (1.44 1/d [from Blagodatsky and Richter, 1998]); B,,,
biomass of nitrifiers (kg C/ha); [DOC], concentration of dissolved organic C (kg C/ha); F,,, moisture
factor; F,, temperature factor; [NH4], concentration of ammonium (kg N/ha); NO, NO production from
nitrification; N,O, N,O production from nitrification [Ingwersen et al., 1999]; pH, soil pH; R,
nitrification rate; R_,., maximum nitrification rate (1/h); T, soil temperature (°C); wips, water-filled
POrosity; uuax, maximum growth rate for nitrifiers (4.87 1/d [from Blagodatsky and Richter, 1998));
uy, NEt increase in nitrifiers biomass; u,, relative death rate of nitrifiers; ., relative growth rate of

nitrifiers. Li et al., (2000)
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THE EQUATIONS

Table 4. Functions and Parameters for Denitrification

Equation
No. Function Equation
1 relative growth rate of Nox Hyox = Myoxmay [POC)/(Ke+[DOCY)) [No,J/(Kn+[NO,]);
denitrifiers
2 relative growth rate of total My = F, (Bnos Feu*non Fpua+tno Fria + tinzo Fous:
denitrifiers = QU
Fmﬂ =1-1/ (1 + elpHA.ZilD.s));
FPHZ = l - l / (l + clpH»S.ZSIL(»);
FPHJ =1-1 /(1 + elpH-6.2511.5));
3 denitrifier growth rate, death rate, R, = p; By
‘ and consumption rate of soluble R,=M_Y.B,
carbon Re=(py /Y. + M) By,
4 consumption rates of N oxides Ruox = (Mno Yrox T Muox [NOLJ/[N]) By
5 nitrogen assimiliation rate qn = R, /CN;
6 gas diffusion factor v =D, afps (1 - anvf) F,, 2",

Fouy = 0.13 - 0.079 clay;

afps, air-filled porosity; anvf, volumetric fraction of anaerobic microsites; B, denitrifier biomass (kg
C/m?); clay, clay fraction in the soil; CN, C/N ratio in denitrifiers (3.45 [Van Verseveld and Stouthamer
1978]); D,, consumption rate of soluble carbon by denitrifiers (kg C m*h'); D, maximum diffusion rate in
air (m%h); Dyoy, consumption rate of N oxides by denitrifiers (kg C m*h™'); [DOC], so!uble C concentration
(kg C/m’); F,,, clay factor; F,, temperature factor; Fpyy, pH factors for NO," denitrifiers; Fpy,, pH factors for
NO, and NO denitrifiers; Fys, pH factors for N,O denitrifiers; Kc, half-saturation value of soluble carbon
(0.017 kg C/m® [Shan and Coulman, 1978]); Kn, half-saturation value of N oxides (0.083 kg N/m® [Shan and
Coulman, 1978]); M., maintenance coefficient on carbon (0.0076 kg N kg'h' [Van Verseveld et al., 1977]);
[N], concentration of all NO, (kg N/ m’); [No,], concentration of for NO;", NO,", NO and N,O (kg N/m?); pH,
soil pH; q,, nitrogen assimilaion rate (kg N ha'h™); T, soil temperature (°C); v, gas diffusion factor (%); Y.,
maximum growth rate of denitrifiers on soluble carbon (0.503 kg C/kg C [Van Verseveld et al., 1977]); Myox.
maintainance coefficient on N oxides (0.09, 0.035 and 0.079 kg N/kg/ for NO;,, NO, (+NO*) and N,0,
respectively, based on Van Verseveld et al. [1977]); R,, denitrifier death rate; R,, denitrifier growth rate; Yyo.,
maximum growth rate on N oxides (0.401, 0.428 and 0.151 kg C/kg N for NO;,, NO, (+NO*) and N,0,
respectively, based on Van Verseveld et al. [1977)); u,, relative growth rate of total denitrifiers (1/h); uyos, knoa,
no. nz0s Telative growth rate of NOy -, NO, -, NO-, and N,O denitrifiers; uNOx, relative growth rate of NO, .
denitrifiers (1/h); /iouee, Maximum growth rates (0.67 1/h for NOy', NO, denitrifiers, and 0.34 1/h for NO Li et al., (2000)
and N,O denitrifiers, based on Hartel and Alexander [1987]). The parameters are shared by NO,” and NO due
to the lack of data for NO.
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WHAT IS DONE IN ORCHIDEE

Implemented by Zaehle et al., (2010)
At that time, no DOC and no soil C discretization.
Active C pools used instead of DOC.

Gas diffusion is calculated using a fixed soil depth
value of 20cm.

Several parameters tuned.

With Nicolas, we decided to let the original
parameter values.

ORCHIDEE—training Feb. 2023



A NEW SOIL SCHEME FROM THE MICT BRANCH

For CMIP6, some LSMs will have permafrost C, explicit N
cycle and perhaps both

All the necessary piece of code exist within the « orchidee
environment »

Opportunity to benefit from the huge effort done in the MICT
branch by many colleagues (Dan Zhu, Philippe Ciais,
Matthieu Guimberteau, Charlie Koven, ...)

Only an option in the trunk controlled by
OK _SOIL_CARBON_DISCRETIZATION
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WHAT DO WE TOOK FROM MICT?

Several options are available in MICT but not in the trunk
(fire, grassland management, permafrost C)

Focus on permafrost C
Not only adding « frozen C »

Soil C is discretized
Diffusion is added (including bioturbation and cryoturbation)
Temperature effect on SOC mineralization

When frozen, nroot is set to -> impact on water stress and on
transpiration.

Optional
Zimov effect
Insolation effect (thermal conductivity affected by SOC)
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WHAT DO WE TOOK FROM MICT?

Higher thermal
insulation

SOC decomposition
o rates vertically
e discretized

Higher water ~*

holding capacity A

ORCHIDEE—training Feb. 2023

Y <

Phase Fusion and
change of solidification
water heat fluxes in
impacts the soil
hydraulic .
conductivity Water.ﬁlled
and liquid fraction of
water pores affect
transfers thermal
conductivity

Soil hydrology

Fire
dynamics

Fuel moisture

Above
ground
carbon cycle

4

Water
budgets

A

Soil moisture stress on
transpiration and
photosynthesis

Guimberteau et al 2018



WHAT DO WE TOOK FROM MICT?

Fire
dynamics

\ 3/

Fuel moisture

Higher thermal
insulation _ _

o Phase Fusion and
SOC decomposition change of <olidification
water heat fluxes in
impacts the soil

hydraulic )
SOC decomposition conductivity V\;ater‘ﬁlleci
~ rates vertically and liquid ractlofr; Ot

RIS discretized water pores artec
R transfers ther_rr.1a|
BRI conductivity
~
b ~
~

transpiration and
photosynthesis

Higher water ~*
holding capacity

‘A Soil hydrology

Guimberteau et al 2018
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WHAT DO WE TOOK FROM MICT?

NCSCD (0-3 m) ISRIC (0-2.m) GSWP3 CRUNCEP
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Guimberteau et al 2018
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WHAT IS NEW

Soil organic N is also discretized
Mineral N is not
No effect on N plant uptake
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ONGOING DEVELLOPEMENT

Representation of the soil C/N profile
Lateral outputs of C (DOC, Erosion)
Representation of Priming effect.
Carbon isotopes ('*C and 3C)

Peatlands
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THANK YOU FOR YOUR ATTENTION!
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