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A Temporal evolution of total dry matter using the allometric
relation of Ottorini, 2012 from Montigny (2021-2022)
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Nitrodecline.F90 flow chart

Logigramme Nitrodecline
Julie Acerbis | November 13, 2023

NB :

1.[1] next to a variable refers to the
different biomass reservoirs
(columns of the matrix)

2. ZWORK is a temporary variable

Evolution of leaf which is reset between processes
biomass and

LAI (m?fm?)

Multiple constants

Biomass of the previous day
Tempaorary leaf biomass =
max{Biomass of the previous day
[i]; 0)

Latitude

Mesophyll conductance {m/s)
e-folding time for senescence (s)
Maximum leaf assimifation
Maximum photosynthesis rate

Day duration l

Minimum LAI s ] /
¢ LAl correction

senescence
calculations

15 there data for
TR_ML {new radiative
iransfer)?

Yes LAl correction
> for shadow
effect

{ LAl correction parameter for e fold f
{ calculation = max(5.76 - 0.64* |

Ratio biomass/LAf

Daily net CO2 assimilation / parameter for e fold / /
(kgCO2/m=d) { caleulaton =53 i arctg{|latitude|) * (r/180) ; 3.8)

XCA_NIT : rate of nitrogen difution [ w i T /
of above-ground biomass at all CO2
concentrations = 0.38 (Calvet and
Saussana, 2001 ; Gibelin et al. 2006) Mesophyll
XCC_NITRO : coefficient ¢ for Zonducnce (mis)
biomass [kgfm?) = 0.314255631725 -0 ¥
Daily cumufated respiration of ) } { ZWORK = exp[0.321 * !
biomass (kgDM/mzd) / ! i log{mesophyll conductance * |
Type of phosynthesis : NON - AST [ IWORK =0 ;‘# /1000)] * LAl LAl correction .
- MT - NCB i / / parameter for e fold calculation; Leaf life
XBIOMASST LIM : threshold value - b T i expectancy
for leaf biomass and total above -
ground biomass in nitrogen dilution $
theory = 4,7540042445 . 102
XTAU WOOD : residence time in e-folding time for senescence corrected {days) = max[ 1 * 10 % ; e-folding
woody biomass (s} time far senescence (s) * max(ZWORK ; 1} * min(1 ; max lzaf assimilation/
XPCCO2 : proportion of carbon in max photosynthesis rate) f day duration |

dry plant biomass (kgC/kgDM) = 0,4

Yes—.

J

Correspondence hetween e-folding time for senescence corrected {days) = max(e-folding time Limitation of
array indices and biomass for senescence corrected (days) ; e-folding time for senescence (s) / leaf life
compartments: day duration / 10) expectancy
«LEAF=1 |
« STRUCT_ACT =2 ,f
« STRUCT_PAS =3
« STRUCT_BELOW =4 Biomass decline (storage + mortality) (kgDM/m2d)[1] = min[ Temporary leaf
« WOOD_ABOVE =5 biomass - Minimum LAl * ratio biomass/LAl ; Temporary leaf biomass * (1 - s

= M enescence of
« WOOD_BELOW =6 exp(-1/ e-folding time for senescence corrected)) ] active biomass

Biomass decline (storage + martality) (kgDM/m?d)[1] = max{Biomass decling[1] ;

0) — avoid negaltive values

Current leaf

Tempaorary leaf biomass = Temporary leaf hiomass - biomass with
Biomass decline[1] assimilation and
senescence
Daily assimilation (kgDM/m?2d) = Daily net COZ assimilation * DE:::' n::::e

Coefficient conversion from kgDM to kgCO2 P
assimilation

—_— e e Y
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Evolution of
active structural
biomass

emporary lea
biomass > 0

! ZWORK = exp[ (1/ {L- XCA_NITY)
* log( Temparary leaf biomass /
XCC_NITRO) ]

Senescence phase : the active structural biomass dies
exponentially at the lowest rate

i

Storage (part of decline, kgDMim2d)[1] = 0
Biomass decline (storage + mortality)[2] = Biomass of the
previous day[2] * [1 - exp( -1 * Day duration / e-folding time
for senescence)]

Temporary biomass reservoir[2] = Biomass of the previous
day[2] - Biomass decline {storage + mortality)[2] - Daily
cumulated respiration of biomass[2]

Temporary biomass reserveir[2] = max(Temporary biomass
reservoir[2] ; 0) - avoid negative values
Leaf + active structural biomass = Temporary leaf biomass
+ Temporary biomass reseroir[2]

Daily assimilation
= Biomass decline
storage + mortality)[1

Growing phase : plant nitrogen decline theory the
growth allometric law is applied repartition of
total biomass

Leaf + active structural biomass =
max(Temporary leaf biomass ;
ZWORK)

Ld
Temporary biomass reservoir[2] = Leaf + acfive structural biomass -
Temporary leaf biomass
Biomass decline (storage + mortality)[2] = Temporary hiomass
reservoir[2] * [1 - exp{ -1 * Day duration / e-folding time for
senescence)]

Starage (part of decline, kgDM/m2d)[1] = Temporary biomass
reservoir[2] - Biomass of the previous day[2] + Biomass decline[2]
+ Daily cumulated respiration of biomass[2]

1 )

Input flux to biomass pool (kgDM/mad) [1] = Daily assimilation . N .
Input flux to biomass pool (kgDM/mzd) [2] = Storage (part of decline)[1] Flow to the passive structural biomass: cut

. i or growth after senescence
Input flux to biomass poal (kgDM/m?2d) [3] = - min[ Storage (part of decline)[1] ; . f :
0] Biomass is taken from active structural

Storage (part of decling)(1] = max| Storage (part of decling)(1] ; 0] biemass, not from senescence of leaves

Slarage (part of
fecline)[1] > Biomass decling
{storage + mortality)[1

Biomass decline (storage + mortality)[2] = Biomass of the
previous day [2] * [1 - exp( -1 * Day duration / e-folding time for
senescence)]

Leaf + active structural biomass = Biomass of the previous day
[1] + Biomass of the previous day [2] - Biomass decline (storage
+ mortality)[2] - Daily cumulated respiration of biomass[2]

J

Leaf + active
structural
biomass > 0

Mass conservation :
leaf biomass
sensecence must be
== structural storage

Yesﬂv
. r

| ZWORK = exp[ (1- XCA_NIT)*
log( Leaf + active structural
biomass) |

Slorage (part of
fiecline)[1] > Biomass decling
storage + mortality)[1)

Temporary leaf biomass = XCC_NITRO * ZWORK
Temporary biomass reservoir[2] = Leaf + active structural biomass -
Temporary leaf biomass
Biomass decline (storage + mortality)[1] = Biomass of the previous day[1] -
Temporary leaf biomass
Storage (part of decline)[1] = Temporary biomass reservoir[2] - Biomass of
the previous day[2] + Biomass decline (storage + mortality)[2] + Daily
cumulated respiration of biomass|[2]
Input flux to biomass pool[2] = Storage (part of decline)[1]

__
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Evolution of other
biomass pools and

final calculations

Leaf mortality = max{0 ; Biomass decline (storage + mortality)[1]
- Storage (part of decling)[1]
Temporary bicmass reservoir[3] = Biomass of the previous day[3}

Mortality of leaf biomass

Evolution of the other reservairs

Biomass decline (storage + mortality)[3] = min[ Biomass
af the previous day(3] * (1 - exp{ -1 * Day duration /
(e-folding time for senescenceld))) ; Biomass of the

previous day[3] - Daily cumulated respiration aof

¥

Type of
photosynthesis

NIT

Biomass decline {storage + mortality)[3] = Senescence of

- Temporary biomass reservoir[3] * [1 - exp{ -1 * deep-structural
biomass(3] | Day duration / e-folding time for senescence)] hiomass
Biomass decline (storage + mortality)[4] = min[ Biomass
of the previous day[4] * (1 - exp( -1 * Day duration / M
(e-folding time for senescence/d))) ; Biomass of the R
previous day([4] - Daily cumulated respiration of
biomass[4] ] Leaf + active structural
No biomass = XBIOMASST _LIM
Senescence & .
¥ e-folding time for
senescence corrected > 1
Yes Emergency
deep
~—Neo. owooD Yes structural
5 hiomass
Temporary hiomass
HERBACEOUS wooDyY reservoir(3] = Temparary
: - - hiomass reservoir[3] - Leaf
Biomass decline[5] = min(Biomass of the Biomass decline[5] = min{Biomass of the mortality
previaus day[5] * (1 - exp{-1* XDAY / previous day([5] * (1 - exp(-1* XDAY /
XTAU_WOOD)) ; Biomass of the previous XTAU_WOOD)) ; Biomass of the previous

day[5] - Daily cumulated respiration of
biomass[5]

Biomass decline[6] = Biomass af the

previous day[6] * (1 - exp{-1* XDAY /

day[5] - Daily cumulated respiration of
hiomass[5]

Bilomass decline[5] = Biomass of the

previous day[6] # (1 - exp(-1* XDAY {

XTAU_WOOD))

XTAU_WOOD))

\ Storage

Daily assimilation
= Biomass decline
storage + mortality)[1

Senescence, Input flux to biomass pool[4] = min{

a part of max(0.5* Daily assimilation ; 0) ;
mortality is 0.5*Leaf mortality)

stored in Storage[1] = Storage[1] + Input flux to

roots, biomass pool[4]

Iirr]ite_:l PV Leaf mortality = Leaf mortality - Input

aSSlm':a“G“ flux o biomass poal[4]
rate

Yes.

:

Input flux to biomass
poal(4] = Leal martality

¥

Storage[1] = Storage[1] + Input flux to
biomass([4]

Leaf mortality = Leaf mortality - Input
flux to biomass[4]
Storage[2] = Biomass decline[2]
Storage[3] = Biomass decline([3]
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Remaining
mortality is

stored in roots

Growing phase,
all leaf decline
is used as
storage




Senescence

Légende

. Routine used in our study

Not used in our study.

@ roos

Evolution of other
biomass pools and

final calculations

!

Leaf mortality = max(0 ; Biomass decline (storage + mortality)[1]
- Storage (part of decline)[1]
Temporary biomass reservoir{3] = Biomass of the previous day[3}

Evolution of the other reserve

Biomass decline (storage + mortality)[3] = min{ Biomass
of the previous day[3] * (1 - exp( -1 * Day duration
(e-folding time for senescencer4))) ; Biomass of the

previous day[3] - Daily cumulated respiration of
biomass(3] ]

Biomass decline (storage + mortality)[4] = min[ Biomass
of the previous day[4] * (1 - exp( -1 * Day duration /
(e-folding time for senescencer4))) ; Biomass of the

previous day[4] - Daily cumulated respiration of
biomass(4] ]

_

I

Type of

Mortality of leaf biomass

photosynthesis

—No. OWOOD

HERBACEOUS

Biomass decline[5] = min(Biomass of the
previous day[5] * (1 - exp(-1* XDAY /
XTAU_WOOD)) ; Biomass of the previous
day[5] - Daily cumulated respiration of
biomass[5]

Biomass decline[6] = Biomass of the
previous day[6] * (1 - exp(-1* XDAY /
XTAU_WOOD))

‘wooby

Biomass decline[5] = min(Biomass of the
previous day[5] * (1 - exp(-1* XDAY /
XTAU_WOOD)) ; Biomass of the previous
day[5] - Daily cumulated respiration of
biomass[5]

Biomass decline[6] = Biomass of the
previous day[6] * (1 - exp(-1* XDAY /
XTAU_WOOD))

assimilation

> Biomass decline
(storage +
mortality)(1]

Senescence,

Input flux to biomass pool[4] = min
max(0.5* Daily assimilation ; 0) ;
0.5*Leaf mortality)
Storage[1] = Storage{1] + Input flux to
biomass pool[4]

Leaf mortality = Leaf mortality - Input
flux to biomass pool[4]

i

Storage[2] = 0.5 * Biomass decline[2]

Storage[4] = 0.5 * Biomass decline[4]
Input flux to biomass pool[5] = Storage(2] +
Storage[3]

Input flux to biomass pool[6] = Storage[4]

-

Input flux to biomass
pool[4] = Leaf mortality

Storage[1] = Storage{1] + Input flux to

biomass|4]

Leaf mortality = Leaf mortality - Input

flux to biomass{4]

Storage[2] = Biomass decline[2]
Storage[3] = Biomass decline[3]

!

Storage[2] = 0
Storage(3] = 0
Storage[4] = 0

Input flux to biomass pool[s] = 0
Input flux to biomass pool[6] = 0

Storage[4] = Biomass decline[4]
Input flux to biomass pool[4] = Input flux to
mass pool[4] 0.3 * (Storage[2}+
Storage[3))
Input flux to biomass pool[5] = 0.7 =
(Storage[2] + Storage[3])
Input flux to biomass pool[6] = Storage(4]

M

Storage[4] = 0

Input flux to biomass pool[4] = Input flux to
biomass pool[4] + Storage(2]+ Storage(3]

stored in roots

Growing phase,
all leaf decline
s used as
storage

Storage

Biomass decline (storage + mortality)[3] =
Temporary biomass reservoir(3] * [1 - exp( -1 *
Day duration / e-folding time for senescence)]

'

Leaf + active structural
No biomass < XBIOMASST_LIM
~ &
e-folding time for g
senescence corrected > 1
(mm

—

Temporary biomass

reservoir(3] = Temporary

biomass reservoir[3] - Leaf
mortality

Senescence of
deep-structural

Emergency
deep
structural
biomass

P~
10




)

Turnover from biomass to litter (gC/m2/s)(1] = Leaf mortality * (10° * XPCCO?2 / Day duration)
Turnover from biomass to litter (gC/m?s)[2] = (Biomass decline[2] - St *(10% * XPCCO2 / Day duration)
Turnover from biomass to litter (gC/m?/s)[3] = (Biomass decline[3] - Storage[3]) * (10° * XPCCO2 / Day duration)
Turnover from biomass to litter (gC/m?/s)[4] = (Biomass decline[4] - * (103 * XPCCO2 / Day duration)
No Turnover from hiomass to litter (gC/m#/s)[5] = (Biomass decline[5] - * (103 * XPCCO2 / Day duration)
Turnover from biomass to litter (gC/m?/s)[6] = (Biomass decline[6] - Storage[6]) * (10° * XPCCO2 / Day duration)

Mortality
(senescence -
storage) and

turnover

Temporary biomass reservoir[3] = Temporary biomass resenvoir(3] + Input flux to
biomass pool[3] - Biomass decline(3] - Daily cumulated respiration of hiomass[3]
Temporary leaf biomass = Temporary leaf biomass + Daily assimilation
Biomass of the previous day[1] = Temporary leaf biomass Re-i

Biomass of the previous day[3] = Temporary biomass reservoir(3]

Maximum leaf assimilation = 0

Type of

NIT

Temporary biomass [4] = Temporary biomass [4] + Input flux to
biomass pool[4] - Biomass decline[4] - Daily cumulated respiration of biomass[4]

Temporary biomass reservoir[5] = Biomass of the previous day[5]
Temporary biomass reservoir[6] = Biomass of the previous day[6]
ZRESP = Daily cumulated respiration of biomass[5]

Biomass of the previous day[3] =
max(Biomass of the previous day[3] ; 0)

No OWOOD Yes.

Temporary biomass reservoir(5] = Temporary biomass
reservoir[5] + Input flux to biomass pool[5] - Biomass

Temporary biomass reservoir(5] = 0 decline[5) - ZRESP
Temporary biomass reservoir(6] = 0 Temporary

mass reservoir(6] = Temporary biomass
reservoir{6] + Input flux to biomass pool[6] - Biomass
decline[6]

h

iomass of the previous day[4] = Temporary biomass reservoir{4]

Biomass of the previous day[5] = Temporary biomass reservoir[5]

Biomass of the previous day[6] = Temporary biomass reservoir[6]
Daily cumulated respiration of biomass([4] = 0

cumulated respiration of biomass[5] = 0

Biomass increase (kg/m2/d) = Input flux to biomass pool

tialisations
Biomass of the previous day[2] = Temporary biomass reservoir[2] for next time

Evolution of
reservoirs
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C Spin-up outputs

The blue lines correspond to the modelled values on the 255 years of the spin-up, and the red line is the
median for each iteration. The median was chosen as it isn’t sensitive to extreme values.

Above ground biomass reservoirs (gC/m?)

Leaf biomass reservoirs (gC/m?)
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Figure 17: The outputs for the spin for each biomass.
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Figure 18: The outputs for the spin of the total soil organic carbon.

D Graphs of the water vapour fluxes

200 -

1501 1

1004

Water vapour flux (W/m?)

50+

g-.._uJUuuh uUUU

N
00000000000 0000000000000000000 00000000
O o e Wt p9ce? o el R BN p9ce? ofnet ge¢
A B @\NN\'«J X\ 6‘?'0'&0 ‘? \i\%wl\ N 7525, 00N O
oY oo Ao 0 4% LY ot ’L 1O L B ’J, Nl o
'1_0 rLQQrLQ "L -L 0 0 1 1_00 1_00 1@01001’ '2,0 ’L 100 o 1— 1{00 100 100100100

Date

—— SimREF modelled LEtr —— SimLAI-LAIB1 modelled LEtr

Figure 19: Graphs of the monthly average diurnal cycle of simulated transpiration from the foliage
fraction which isn’t covered by intercepted water for 2001 and 2002.
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—— SIMREF modelled LEr —— SimLAI-LAIB1 modelled LEr

Figure 20: Graphs of the monthly average diurnal cycle of simulated direct evaporation from the fraction
of the foliage covered by intercepted water for 2001 and 2002.
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Figure 21: Graphs of the monthly average diurnal cycle of prognostic variables of the latent heat flux
for 2001 and 2002 (SimREF).
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Figure 22: Graphs of the monthly average diurnal cycle of prognostic variables of the latent heat flux
for 2001 and 2002 (SimLAI-LAIB1).
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Figure 23: Graphs of the monthly average diurnal cycle of vapour deficit pressure (hPa) and specific
humidity for 2001 and 2002.
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E Graphs of the monthly average diurnal cycle for the drought
year 2003
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—— Observed NEE —— SimREF modelled NEE —— SimLAI modelled NEE —— SimLAIB1 modelled NEE

Figure 24: Graphs of the monthly average diurnal cycle of observed and simulated Net ecosystem ex-
change (pmol/m?s) for the drought of 2003.
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Figure 25: Graphs of the monthly average diurnal cycle of observed and simulated Gross Primary
Production (pmol/m?s) for the drought of 2003.
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Figure 26: Graphs of the monthly average diurnal cycle of observed and simulated Ecosystem Respiration
(nmol/m?2s) for the drought of 2003.

250+

200+

1504

Latent Heat (W/m?)

1004

501

—— Observed LE —— SImREF modelled LE —— SimLAI modelled LE

o ) o® (oc)“ \100‘\ (\00“ o%
“:\’a Q _‘;\'o 'b\
BN S A

o° ® o

'1’0

N
?5"
0’5’0

—— SimLAIB1 modelled LE

Figure 27: Graphs of the monthly average diurnal cycle of observed and simulated Latent Heat (W /m?2)
for the drought of 2003.
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Figure 28: Graphs of the monthly average diurnal cycle of observed wind speed (m/s) and vapour deficit
pressureand simulated Latent Heat (W/m?) for the drought of 2003.
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