Modelling croplands with ORCHIDEE-crop,
pioneering practices modelling China’s rice
croplands
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Introduction - crop model genealogy
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Site-based model Ecosystem model AEZ model

Process/mechanism medium high low
Spatial scale site -> global regional/global regional/global
Input requirement high medium low
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Development of agro-ecosystem model

Morth US—Canada Pakistan 72°E 30°N

temperature,
photosynthesis daily LAI

\> NATURAL VEGETATION &
CROP PHENOLOGY MODULE

budburst | senescence | dormancy )

planting date | emergence | grain fill | senescence | grain drying .
Agro-IBIS (Kucharic et al., 2003)

— GIMMS
- CROP
= NoCROP

ORCHIDEE-STICS
(Smith et al., 2010)
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Global crop models

100

Percentage of yield projections

2010-2029 2030-2049 2050-2069 2070-2089 2090-2109

Color Legend

Range of yield change
Il 500 100% 0to 5%
25 to 50% ~5t0-10% IPCC, 2014 AR5
increase M 10t025% d?:-;iae?; [ -10t0-25%
" 510 10% 25 t0-50%
0to 5% Il 50 to-100%

Rosenzweig et al., 2014 PNAS
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growth cycle simulation

Ecosystem model (ORCHIDEE)

Farhquar for C3

GPP Collatz for C4

radiation
interception

LAI

ALAI=SLA
Aleaf biomass

LEAF

SLA is a PFT-
specific constant

Onset and senescence regulated by
functions of T, water and vernalization

Site-based crop model (STICS)

PHENO
LOGY

FRUIT

SHOOT

I “demand” base
:(trophic competition):
1 Function of pheno, ALA

1T, ...
I

hem

A approach

pheno = f(T) * stress(N, radiation, water,
photoperiod, vernalisation). Management
implicit in f(T) & stress

LAI

N NPP
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growth cycle simulation

Ecosystem model (ORCHIDEE) * Site-based crop model (STICS)

Farhquar for C3

Agro-ecosystem model GPP Collatz for C4

(ORCHIDEE-crop)

radiation
intercepgtion

NPP
LAI
R\
ALAI = f1(Pheno) * 2 .
s streM/ .
PHENO "y

LEAF FRUIT | - ..

LOGY

pheno = f(T) * stress
Management implicit in f(T) & stress
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Allocation Scheme

Compartment demand calculation
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Nitrogen fertilizer response

1.8

vmax enhancement

0 20 40 60 80 100 120 140
N fertilization (kgN/ha)
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ORCHIDEEcrop irrigation scheme

New
Irrigation
Scheme

h 4

M No land
e Addressing:
_ When

Mo~ Reach dry Yes

_ W h ere threshold?

Drip Flood

—_ H ow mu Ch (( PETecy - rainfall ) ! rech? J (_soil water defiit )

Demand Demand
— H ow Calc (1) Calc (2)

I |
1) River basin runoff, (2) Local runoff

of natural PFTs, (3) swamp supply, (4]
Demand cross-basin transport(TBA)

Yes

No .~ Water Resource ™ Yes X
constraint? Water
Awvailability
vL Min |« |
Apply to Facility
soil Constraint

¥

Only on crop PFTs
End
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A decision support system

Yield ~ irrigation

- 100
80

60

60

Irrig Initial (%)

Irrigation Efficiency ~ irrigation

o
fe

40 920 40

Irrig Initial (%)

Irrigation Efficiency (t/ha/100mm) =
dYield/dIrrigationWater
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ORCHIDEE-standard vs. ORCHIDEE-crop
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The optimization system

* A step-by-step Bayesian optimization system

with particle filter

— Global optimization, but large computing cost

. Caleulat
State  Predict A Resample

weight
Space L,

-1 i Fime

Particle filter (e.g. Van Leeuwen et al., 2009)

| Assimilation data | Forcing data

Meteo. data Fossil fuel fluxes
- Prior param.
Satellite : : i
Biomass bur fluxes
NDVI calibration

Atmos.
[CO2]

G oM
FluxNet ?W -
3 Ve \
L] ~

data ’ Carbon data assimilation ’
~ ”
system -

~
- -~
Ocean / Te= -
pCO2 data &
Physical fields

| Evaluation data

Forest C stock

Soil C stock

Independent
land C fluxes

Independent
ocean C fluxes

Independent
satelite / Atm data

Optimized Carbon fluxes & pools
and model parameters
(values & uncertainties)

Step-by-step procedure

(see P Peylin’s presentation on CCDAS)
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Parameter selection with Morris sensitivity

tests when needed

Posterior probability (often multi-module)
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Classification Parameter Explanation Default  Min Max Rank
Cumulated
GDDievamr  development units 265 100 500 15
between LEV and AMF
Cumulated
GDDamriax  development units 510 300 700 16
Phenology between AMF and LAX
thermal unit Cumulated
GDDievore  development units 959 300 1050 4
between LEV and DRP
Cumulated
GDDprpmar  development units 442 100 600 2
between DRP and MAT
Min threshold
Tmin temperature for 13.0 6.0 17.0 1
development
Optimum temperature
Temperature  Topt 30.0 20.0 35.0 6
for development
thresholds for .
Optimum temperature
crop Tmax 40.0 35.0 45.0 23
for growth
development -
Min temperature for
Tmin 13.0 6.0 17.0 8
leaf growth
Optimum temperature
TCopt 30.0 20.0 35.0 21
for leaf growth
Grain filling rate per
Vircarb ) 0.0012  0.0011  0.0024 7
thermal unit
Maximum harvest
IRmax . 0.65 0.45 0.65 29
index
Grain Min temperature for
. Trmin - 14.0 11.0 16.0 5
formation grain filling
Max temperature for
Trmax . 38.0 27.0 41.0 17
grain filling
N, Days before grain filling 30 27 % 7
grein to form the sink
Max rate of LAl
dLAImax . 0.005 0.004 0.007 14
increment
LAl related
R Development units for
durvief . 480 300 600 13
leaf duration
Max partition ratio for
repracmax 0.24 0.20 0.30 28
root
) Min partition ratio for
M . 0.047 0.03 0.20. 12
root
Partition fraction for
Fracgr 0.28 0.23 0.30 11

growth respiration
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Step 1: response to nitrogen fertilizers

IRRI site Shizuku site
8 r r r 10 r r
[ Jobs [ Jobs
7+ I prior b 9+ I prior
I posterior I posterior
T 8 i T 8
< <
2 2
o ° i - 7
2 <
> 4 - = > 6
3- - 5 -
2- - 4
60 90 120 15 34
fertilizer applied (kgN/ha) fertilizer applied (kgN/ha)
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Step 2: on rice phenology (1)

Early Rice (@)

The blue-circled sites are
not used in the
optimization of
parameters, but only used
as validation to the
optimized parameters

Late Rice (b)

Single Rice ©
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Step 2: on rice phenology (2)
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Step 3: onrice yield variability
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Historical attribution (1)
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Projected yield change (1)

—— RCP8.5
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Projected yield change (2)

RCP2.6 RCP&.5

60 100
40
L 5

= =
© - © .
Irrigated ; 20 % % ;; ! é — 2080s (2066-2095)
0 - - 0 v % 3
=20
M1 M2 M3 M4 MS M1 M2 M3 M4 M5
- 100 @ M1: ORCHIDEE-crop
g= % - 50 . M2: GEPIC
| S oL@ %% ] e % M3: LPJ-GUESS
Rainfed o ‘ - 01 ke |7 M4: LPJmL
50 .50 MS5: pDSSAT
M1 M2 M3 M4 M5 M1 M2 M3 M4 M5

B SOFIES ‘ 2%

SINO-FRENCH INSTITUTE FOR EARTH SYSTEM SCIENCE




Projected yield change (3)
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Global Gridded Crop Model
Intercomparison

The Agricultural
Model Intercomparison
and Improvement Project
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Impact of climate change on European cropland

>40

122+ The impact of 4K
Irrigated le warmer climate on
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Ways ahead

High Minimum agriculture-induced ° Biophysical impaCt on

climate change

Minimum global the Climate SyStem

-é population food needs
E Safe space
s * Interaction with land
C use change
Maximum climate-constrained
food production
Low ( A
Low Extreme . .
Climate change * Linkage with global
A schematic of an integrated conceptual frame- agrO-eCO nNom ic m Od els

work for the scientific community to define and test
limits, thresholds, and dynamics that affect food secu-
rity in the face of climate change. Modified from (14).

Beddington et al., 2012 Science
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Thanks for your attention ©
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