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ORCHIDEE 
a global terrestrial ecosystem model 

(ORganizing Carbon and Hydrology In Dynamic Ecosystems Environment) 
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Plan 

•  Models objectives, structure and interface 

•  Strategy of evaluation 

•  Ongoing development 
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Objectives 
•  To simulate energy, water and carbon 

fluxes at the land/atmosphere interface 
•  To be the ‘Land Surface’ component of Earth 

System Model (ESM, IPSL-CM5) 
ü Global => to account for the major biomes at global 

scale 

•  For past, present-day and future climate 
conditions 
ü A vegetation dynamic module 
ü Process-based modelling 
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Processes 

Net Photosynthesis 

Growth & Maintenance 
Respiration 

Allocation of the assimilates 
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Carbon Budget & nutriments 

CO2 Flux 

CO2  Concentration 

Interception by the canopy 

Infiltration, storage, drainage 
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ORCHIDEE standard version 

Atmosphere 
(prescribed or 

simulated by a GCM) 

LAI, roughness, 
albedo  

Soil profiles of 
water and temperature, 

GPP 

NPP, biomass, 
litterfall ...  

Vegetation types 
 biomass 

ORCHIDEE Biosphere 

SECHIBA 
Energy budget 

Hydrology 
+ 

Photosynthesis 
Δt=1 hour	



Vegetation distribution 
(prescribed or calculate by LPJ 

Dynamic General Vegetation 
model) 

STOMATE 
Vegetation and soil 

Carbon cycle 

Δt=1 day	



Prognostic phenology and 
allocation, constant mortality 

rainfall, temperature 
 solar radiation, CO2 

concentration, ... 

sensible and latent heat fluxes, 
albedo, roughness, surface 

temperature, CO2 flux... 
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Vegetated lands 
•  Concept of ‘Plant Functional Types’ (PFT) 
•  Defined according to systematic, physiological, phenological, 

climatic conditions 
PFT 

Woody 

Needleleaf Broadleaf 

Evergreen Deciduous Evergreen Deciduous 

Herbaceous 

Cold Cool Cool Cold Tropical Cold Cool Tropical 

Natural Crop 

C3 C4 C3 C4 
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How the surface is represented ? 

Land cover map 

•  A mosaïc of vegetation 
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Plant Functional Types 
•  A same set of equations governs C dynamic 
•  But parameter values differ among PFT’s 
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Response to environmental 
conditions 

Light Température 

32° 45° 0 ° 

[CO2] 

Ci 

1000 ppm 

Ci 

350 ppm 

C3 
C4 
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From the leaf to the canopy 
•  PS and Gs are calculated 

at each LAI level: 
•  Beer-Lambert decrease of 

light in the canopy 
•  Exponential decrease of 

Vmax (but limited to 30%) 
to mimic nitrogen decrease 

•  The others parameters (e.g 
CO2, rel hum..) are held 
constants. 

Light profile 

0                    100% 
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Interface 
•  Meteorological data 

•  from monthly to half-hourly time-step 
Precipitation 

Temperature 

CO2 Concentration 

Radiation 

Wind Speed 
Air Humidity 

Model 

Met data 
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Interface (2) 
•  Soil data 

§  Soil color 
§  Texture 

•  Optionnal (=fn of the config) 
§  LAI map (SECHIBA seule) 
§  Vegetation map (ORCHIDEE without the 

dynamic component) 
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Vegetation map 

Evergreen Needleleaf Forests (Taïga) 

Evergreen Broadleaf Forests 

Deciduous Needleleaf Forest/Woodland 

Mixed Forests 

Closed Shrublands 

Open Shrublands (Tundra) 

Woody Savannas 

Savannas 

Grasslands Deciduous Broadleaf Forests 
Croplands 

Cropland/natural vegetation Mosaics 

Bare Soil/ Ice 
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Evaluation strategy 
•  System  

•  Multi-processes 
•  Multi-components 

•  Spatial scale 
•  from local to global scales 

•  Temporal scale 
•  Daily / seasonal / interannual cycles 

Evaluation set 
=> To check that the model 
behaves well for good reasons 
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On-site evaluation 
•  The FLUXNET network 

§  Approx. 250 sites 
§  Time-series from 1 to up to 10 years 
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On-site evaluation 

Krinner et al., 2005 

Daily cycle 
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On-site evaluation (2) 

Krinner et al., 2005 

Seasonal cycle 
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[CO2] evaluation at stations 

•  Global simulations 
§ Where Land / Ocean / Atmosphere are coupled 

Cadule et al., 2010 

Carbon Cycle Climate Model Intercomparison Project
(C4MIP). This positive feedback leads to an increase of
global warming by up to 0.9°C [Cadule et al., 2009]. In
models, the carbon cycle response to climate change con-
sists of (1) a decline of tropical forests and a widespread,
climate‐driven, loss of soil carbon; and (2) a decrease of
CO2 uptake by the oceans, caused by decreased solubility
and by a shrinking volume of the surface mixed layer in
contact with the atmosphere. Further, Raddatz et al. [2007]
show that the C4MIP models unanimously agree on a key
role of tropical regions in controlling the global carbon‐
climate positive feedback. However, the models wildly
diverge concerning the amount of carbon released by the
tropics. Furthermore, the C4MIP models also diverge in
their response to climate change at midlatitudes and high
latitudes. Indeed, climate warming has opposing effects on
terrestrial ecosystems: on the one hand, an increased pro-
ductivity will increase carbon storage in biomass and soils,
but on the other hand, warmer and wetter conditions will
accelerate the decomposition of litter and soil organic
carbon. The balance between these opposing effects thus
determines the magnitude, and even the sign, of carbon
cycle feedbacks in midlatitude and high‐latitude ecosystems.

[3] The large range of C4MIP models’ results, regarding
the climate‐carbon feedback amplitude, reflects divergences
in their representations of basic carbon cycle processes and
their interactions [Sitch et al., 2008; Le Quéré et al., 2005;
Heimann and Reichstein, 2008]. Nevertheless, all these
C4MIP models are able to simulate a 20th century CO2
increase broadly consistent with the historical record, with
an atmospheric CO2 concentration of 380 ± 14 ppm in 2005,
as compared to the observed value of 379 ppm [Trenberth et
al., 2007]. Note that, as per the C4MIP protocol, various
radiative forcings (such as non‐CO2 GHGs, aerosols, and
volcanoes) are not taken into account even if studies have
shown the importance of these atmospheric agents on the
climate [Mitchell et al., 1995; Meehl et al., 2007] and the
carbon cycle [Jones et al., 2003]. The HadCM3LC [Cox et
al., 2000], IPSL‐CM2‐C [Dufresne et al., 2002], and IPSL‐
CM4‐LOOP coupled models, more deeply analyzed in this
paper, produce an atmospheric CO2 concentration of 386,
377, and 377 ppm, respectively, in 2005 (Figure 1a).
[4] Simulating the cumulated change in atmospheric CO2

during the 20th century is thus a necessary but not sufficient
condition to validate a coupled climate‐carbon cycle model.
It is in fact not even a very stringent constraint on the future

Figure 1. (a) Global average atmospheric CO2 concentration simulated by the three coupled models:
HadCM3LC (red), IPSL‐CM2‐C (blue), and IPSL‐CM4‐LOOP (green) over the historical period.
Observed global CO2 concentration, from combined ice core and atmospheric measurements, is shown
in black. (b) Atmospheric CO2 concentration at Point Barrow (BRW), Alaska, observed (black) and sim-
ulated by the atmospheric transport of the surface fluxes from the three coupled models. Color scheme is
as in Figure 1a. (c and d) Same as Figure 1b for Mauna Loa (MLO), Hawaii, and South Pole (SPO),
respectively.

CADULE ET AL.: COUPLED CLIMATE‐CARBON MODELS BENCHMARKS GB2016GB2016

2 of 24
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[CO2] evaluation at stations 

Cadule et al., 2010 



19 Mai 2011 : célébration des 50 ans 

SOFIE Spring School – PKU – 8-12 April 2013 

Phenology evaluation 
Remote-sensed data 

Maignan et al., 
en review 
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Phenology evaluation (2) 

Correlation map between monthly NDVIobs et 
FPARsim mensuels (2000-2008) 

Maignan et al., 
2011 
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Phenology evaluation (3) 

Maignan et al., 
2011 
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Correlation difference map between monthly NDVIobs et 
FPARsim (2000-2008) for 2 versions 

Phenology evaluation (4) 
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•  A) detection  

Piao et al., GRL, 2006 

LAI trend  (1982-2002) 

ORCHIDEE offline  NOAA data  

Study on the greening of the North 
Hemisphere 

Piao et al., 2006 
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•  B) Attribution 
 
 
 
 
 
 
 

Study on the greening of the North 
Hemisphere 

Piao et al., 2006 
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(M. Guimberteau, Thèse, 2010)  

Evaluating the ‘Hydrological’ 
component 

Variation of soil humidity index in Illinois (17 
stations) over 3 years 
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Evaluating the ‘Hydrological’ 
component 

Piao et al., 2007 
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Vegetation dynamic 

Static 

Dynamic 

Evergreen 
Deciduous 
Herbaceous 
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Ongoing developments 

•  C-N interactions 
•  Forest & crop management 
•  Wetland emissions 
•  New multi-layers energy budget 
•  New radiative transfert scheme 
•  New vegetation types (based on trait 

concept) 
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ORCHIDEE-STICS coupling scheme 

STICS-Maize 

STICS-Soybean 

STICS-Wheat 

 

           Sowing 

Phenology f(variety) 
 

 

 

Harvest 

radiative & turbulent fluxes, 
LAI, GPP, Recosystem… 

ORCHIDEE 

Nat. PFT Super-grass PFT 
Lignous : 
8 types 

Herbaceous : 
2 types           
C3 / C4 

C3 

C4 

Spatial. 

 
…                      → modified for agricultural PFT 

LAI                      
Irrigation             
Nitrogen stress            
Veget Height  

Daily 

Meteorological variables 
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Data 
ORCHIDEE 
ORCHIDEE-STICS 

O-S: Evaluation of LAI 

Smith et al., 2010 
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O-S: Impact of the 2003 heatwave 

Ciais et al., 2005 
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O-S: Net C flux anomaly 

Smith et al., 2010 
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O-S: Comparison with a top-
down approach 

Smith et al., 2010 
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Conclusion 
•  Evaluation 

§ Well tested models 
§  Lack of a systematic evaluation 

§  New developments to be included 
§  By keeping the constraint that the model 

serves for several types of application 
§ How to consider developments that induce low 

scores for good reasons 
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ORCHIDEE 
tomorow… ORCHIDEE 

yesterday… 
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More on ORCHIDEE 
 
•  ‘Official’ site 

§  labex.ipsl.fr/orchidee/ 
•  Wiki site: 

§  forge.ipsl.jussieu.fr/orchidee/wiki 
•  Mailing lists 

§  forge.ipsl.jussieu.fr/orchidee/wiki/Contact 


