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1 Introduction 

1.1 Executive summary 

This CAR document reports the work that has been done during the three years of the ESA HRLC project within 

ǘƘŜ άtǊƻŘǳŎǘ !ǎǎŜǎǎƳŜƴǘέ ǿƻǊƪ ǇŀŎƪŀƎŜǎ ό²tмрмл[ϧaΣ ²tнрмл[ϧaύΣ ōȅ ǘƘŜ [{/9 ŀƴŘ /w9!C ŎƭƛƳŀǘŜ ǘŜŀƳǎΦ 

Given that the HRLC products were not available to the climate users during the first two years of that period, 

part of the studies are based either on the MRLC maps and MERIS data at 300 m resolution, or on higher 

resolution satellite products like Landsat and aerial imagery available through Google Earth Engine platform. 

These works helped firstly, to better diagnose some of the deficiencies of the MRLC product and of the methods 

developed to use the land cover maps in climate modeling (especially the mapping of the land cover classes into 

Plant Functional Types used by global land surface models), secondly to develop the modeling tools that will be 

used for the HRLC product assessment. As a result, we have carried out preliminary developments in the 

ORCHIDEE land surface model and the LMDZ atmospheric model, in order to better describe the land cover 

heterogeneity in every grid cell and improve some of the biophysical parameterizations linked to the surface-

atmosphere coupling. A first version of the HRLC products which were only available over selected tiles, have 

also been used to assess the contribution of HRLC compared to MRLC in ORCHIDEE and helped to define the key 

performance indices that will be used in the final step of the project to compare both products. Finally, we 

present the simulations and analysis performed with the HRLC final production (static maps and historical 

products). In summary, this first version of the CAR document presents the following results: 

- some guidelines to improve the interpretation of the MRLC land cover classes in our studied regions 

and to revise it regionally, 

- the methodology developed to refine the Cross Walking Table used to translate land cover classes into 

Plant Functional Types, 

- the added value of auxiliary products like satellite derived Above Ground Biomass products (ABG) to 

improve woody/herbaceous coverage fractions, 

- some guidelines to revise the surface albedo calibration in ORCHIDEE and to better account for water 

bodies, the set-up of the optimization process and the results obtained globally, 

- some guidelines to use the upcoming HRLC dataset in an optimal way and some first highlights of its 

expected contribution for climate modeling, i.e., a better characterization of the croplands, in particular 

of its woody character, a better separation between croplands and grasslands, a better characterization 

of the vegetation organisation within the grid cell, a better characterization of the land cover changes 

(class transitions and localisation), 

- the ORCHIDEE and LMDZ simulations performed based on the final HRLC production and the results 

obtained highlighting the crucial role of land cover and albedo on the land-atmosphere feedbacks, 

- a methodology for identifying the coupled role of land cover and climate change in the dynamics of 

ecosystem functionality. This methodology was prepared with MR products and it was adapted to the 

HR product version 1.   

- the analysis of the relationship between the presented Ecosystem Functional Types (EFT) model and 

selected interesting land cover transitions 

- the use of the quality layers of the HR product (first and second best classes and corresponding 

probabilities) for filtering LC changes  

- the KPIs evaluation of the benefits of changing spatial resolution from MR to HR  
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1.2 Purpose and scope 
In this document, we report the methods/tools that we have developed to prepare the assessment of the HRLC 

products for climate modeling and the results obtained with preliminary products. The different axis/questions 

that have been studied are the following: 

 how MRLC products allow to assess land cover (LC) and land cover changes (LCC) on our 3 study regions, 

their deficiencies and the expected contribution of HRLC to better interpret the land cover classes in 

terms of ORCHIDEE Plant Functional Types (PFTs) 

 a complementary study on the potential of Above Ground Biomass data (estimated from satellite 

observations) to improve the split of land cover classes in terms of tree versus short vegetation PFTs.  

 the new CWTs developed for the HRLC products  

 the coherence with the satellite albedo products and the capacities of ORCHIDEE to simulate the 

observed values and time evolution 

 the results of a new albedo optimization method 

 the sensitivity of ORCHIDEE simulated energy, water and carbon (e-w-c) fluxes to LCC 

 how the IPSL LMDZ climate model has been settled and performs in the studied regions and what are 

the expected surface/atmosphere retroactions 

 the results of the simulations performed with the final HRLC production on the 3 studied regions, 

 the dynamics of Ecosystem Functional Types (EFTs) as a result of an integrated model of climate and 

land cover changes 

 the discrimination between climate and LCC drivers in the main detected EFT changes 

 the inclusion of quality layers of HR products for refinement of the LC change analysis 

 the design elaboration for the climate assessment of HR products  

1.3 Applicable documents 

Ref. Title, Issue/Rev, Date, ID 

[AD1] CCI HR Technical Proposal, v1.1, 16/03/2018 

[AD2] CCI Extension (CCI+) Phase 1 ς New ECVs ς Statement of Work, v1.3, 22/08/2017, ESA-CCI-PRGM-EOPS-

SW-17-0032 

[AD3] Data Standards Requirements for CCI Data Producers, v2.0, 17/09/2018, CCI-PRGM-EOPS-TN-13-0009 

[AD4] CCI_HRLC_Ph1-D1.1_URD, latest version 

[AD5] CCI-LC-PUGV2, 2017-04-10 

1.4 Reference documents 

Ref. Title, Issue/Rev, Date, ID 

[RD1] The Global Climate Observing System: Implementation Needs, 01/10/2016, GCOS-200 

1.5 Acronyms and abbreviations  

AGB  Above Ground Biomass 

CCI Climate Change Initiative 

CRS Coordinate Reference System  

CRU Climate Research Unit 

CWT  Cross Walking Table 

EFT  Ecosystem Functional Type 

EO  Earth Observation 
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ESM Earth System Models 

EVI Enhanced Vegetation Index 

GCOS Global Climate Observing System 

GCM General Circulation Model 

HR High Resolution 

IPSL Institut Pierre Simon Laplace 

JRA Japanese ReAnalysis 

KPI Key Performance Indicators 

LAI Leaf Area Index 

LC Land Cover 

LCC Land Cover Change 

LCCS Land Cover Classification System 

LMD Laboratoire de Météorologie Dynamique  

LSCE [ŀōƻǊŀǘƻƛǊŜ ŘŜǎ {ŎƛŜƴŎŜǎ Řǳ /ƭƛƳŀǘ Ŝǘ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ 

MR  Medium Resolution 

MMAX Phenology, EFT component 

NDVI Normalized Difference Vegetation Index 

NDVI-I Productivity, EFT component 

PFT Plant Functional Type 

RS Remote Sensing 

sCV  Seasonality, EFT component 

SPEI Standardized Precipitation Evapotranspiration Index  

URD User Requirements Document 
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2 Land Cover from MRLC on our 3 study regions (static and historical): 

analysis and potential issues 

The CCI MRLC product has been processed all over the available period (1992-2018) to characterize the various 

ecosystems present in our 3 studied regions and to analyse the class transitions, especially over the historical 

region where the HRLC product will be focused. This analysis was performed with a critical eye, to highlight the 

potential uncertainties/biases. Therefore, the maps were in some regions compared to HR images and pictures 

with the help of Google Earth platform, in order to assess the future contribution of the HRLC maps to better 

interpret the mosaic classes and better translate the land cover classes into the Plant Functional Type (PFT) 

categories used by the climate modelers to represent the land surface heterogeneity and the related processes 

in their model grid. 

2.1 LC and LCC (1992-2018) over Amazonia 

Figure 2.1 presents the LC maps and transitions derived from the MRLC product over the static and the historical 

regions. The land cover is mapped for the year 1992 and the transitions are calculated between the two extreme 

years of the study period to illustrate the changes observed in 2018 compared to 1992. The conversion of the 

evergreen forests into crops, grasslands or shrublands is clearly visible in the southern part of the Amazonian 

Brazilian forest (Mato Grosso and Gran Chaco) as well as in Bolivia and Paraguay. The afforestation in protected 

areas is also visible at different places, and in the historical zone in Cerrado province with an intensification of 

this process since 2015. The water bodies class also shows some changes around the river beds, explained both 

by various dams implementation and the new flooded areas generated upstream, and by the well-known 

dynamics of Amazonian rivers with moving river beds because of the flat terrain and their high sediment load. In 

the historical region, the observed changes mainly concern the decrease of the evergreen broadleaf forests in 

the northern part of the domain and of the deciduous broadleaf forests in the south-western part (Bolivia, 

Paraguay), by about 6% in favour of the increase of croplands, grasslands and shrublands, all by around 2%. The 

classification review against Google Earth HR data allowed to diagnose some issues of the MRLC product 

particularly in the interpretation of the croplands/grasslands mosaic classes: managed grasslands for bovine 

farming being classified sometimes as crops although their functioning regarding the e-w-c cycles is closer to 

grasses and shrubs, and some tree crops like palm trees being classified as crops, although they should be 

considered as evergreen trees/shrubs in the land surface model. The interpretation of the mosaic classes in terms 

of fractions of PFTs is thus associated with potential large uncertainties as it depends on the regions and the type 

of crops / grasses and their usage. A regional interpretation seems thus to be highly needed, as opposed to the 

global interpretation used so far during the ESA-CCI MRLC projects. The future HRLC product will therefore 

certainly help to better characterize the land cover in these areas.  
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Figure 2.1: MRLC classification and land cover transitions between 1992 and 2018, over the static and 

historical regions of Amazonia and South Brazil. 

2.2 LC and LCC (1992-2018) over Sahel 

Figure 2.2 presents the same results over the Sahel static and historical regions, with the LC map of 1992 over 

the static and historical regions and the transitions accumulated over the (1992 - 2018) period.  Here, the pattern 

of the Great Green Wall afforestation project to combat the increasing desertification of Sahel is clearly seen in 

the north of Sahel in the transition maps. Reforestation in the southern part of Sahel as well as intensification of 

croplands are also clearly visible. In some places, like in Center Mali, Niger or Soudan, land degradation can be 

seen with the conversion of grasslands and shrublands to sparse or bare soils. The vegetation recovering since 

2003 after the severe droughts of the last century, can be clearly seen on the yearly transitions. In the historical 

region, the largest changes concern the decrease of shrublands in the north-western part by 3%, the 

afforestation in Ethiopia and Eastern Sudan by 2% and a slight increase of croplands by 0.6%. It can be noted that 

the afforestation is mainly done with deciduous tree species (Fetene et al., 2016), less water demanding than 

the evergreens, in order to preserve the water resources. The fact that the HRLC product will be able to separate 

evergreen from deciduous tree species will be very interesting to study the impacts of these replanting choices 

on climate trends and future resources.  The product will also help to see the density of the afforestation (tree 

per hectare), an important characteristic for modeling aspects. 



 

 

Ref CCI_HRLC_Ph1-CAR 

 
Issue Date Page 

3.0 28/10/2022 10 

 

  
 

 

Figure 2.2: MRLC classification and land cover transitions between 1992 and 2018, over the static and 

historical regions (right column) of Sahel and Ethiopia. 

2.3 LC and LCC (1992-2018) over Siberia 

Over our static region of Siberia, as shown in Figure 2.3, the main land cover features concern the large flooded 

area of the downstream part of the Ob river on the western part of the study region and the large part of Central 

Siberia covered by the needleleaf deciduous trees (mainly larches). The northern part with extreme weather 

conditions sees mainly shrubs, grasslands which move into lichen and mosses northern. In the 28-year study 

period, the land cover transitions show some forest loss in favour of grasslands and shrubs on both sides of the 

large Taiga forest which could be the signature of land drying and browning and fire disturbances increase 

(Dyukarev, 2011, Miles, 2016). As described by Miles and Esau, 2016, the Taiga browning is species and spatially 

dependent, affecting more evergreen coniferous trees compared to needleleaf deciduous (larches) more 

tolerant to warmer temperatures and water deficit. More to the North, forest/shrubs gain is observed, probably 

a consequence of the Arctic tundra greening already observed by numerous works (Macias-Faura, 2012, Miles & 

Esau, 2016). In the historical region, the main transitions concern the significant decrease of flooded shrubs by 

2% in favour of forested areas, which could be explained by the drying of the region because of the increased 

temperatures. Parallel increase of flooded shrubs could be the result of increased floods because of the larger 

precipitation over the region. These transitions are expected to be better identified with the HR products with 

the benefit of the higher spatial resolution and the SAR imagery. Such transitions from flooded grasslands and 

shrubs to trees (and the other way round) is expected to have a significant impact on the land surface processes 

simulated by ORCHIDEE. The HR products will also help to characterize the water bodies especially the 

thermokarst lakes due to the melting of soil ice in the permafrost regions. 
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Figure 2.3: MRLC classification and land cover transitions between 1992 and 2018, over the static and 

historical regions of Siberia.  

3 Use of Biomass products to improve the interpretation of MRLC classes in 

terms of Plant Functional Types for land surface models 

3.1 Using biomass product with land cover data in ORCHIDEE   

ORCHIDEE describes the heterogeneity of the vegetation in each grid cell by combining fractions of PFTs (15 PFTs 

in the standard configuration) that share the same equations (with exceptions for the calculation of leaf 

phenology) but differ in their parameters. The PFTs distribution usually comes from historical land cover 

reconstructions and/or contemporary remote sensing products. Since the release of the ESA-MRLC product, the 

land cover maps have been used by the ORCHIDEE group to derive the PFT distribution. The original 38 land cover 

classes (DiGregorio et al., 2005) of the MRLC are re-mapped onto a set of generic PFTs at 0.25° resolution. Re-

mapping for the years 1992 to 2015 is guided by a so-called cross-walking table (CWT, Poulter et al., 2015) 

defining the correspondence between the land cover classes and the generic PFTs. The fraction of each generic 

PFTs for each land cover classes can be visualised under the web page: 

https://orchidas.lsce.ipsl.fr/dev/lccci/tools.php  

However, the CWT has been defined globally and there are large uncertainties in terms of PFT fractions especially 

for specific LCCs like: mixed vegetation, cropland, mosaic vegetation, etc. In this context, several actions were 

initiated to revise / improve the CWT and to define specific CWTs per region (by large ecosystems). Before using 

the upcoming HRLC products, we started to revise the CWT for the African ecosystems, using an independant 

product: satellite driven estimates of above ground biomass data (AGB). 

The main objective of this parallel project is to assimilate AGB data into ORCHIDEE in order to improve the 

simulation of forest carbon stocks and their fate under climate change. Assimilating AGB is a complicated task, 

because simulating forest C stocks combine not only the uncertainties linked to C input, C allocation, mortality 

and recruitment over the history of the forest ecosystem but also the uncertainties in land cover description. 

https://orchidas.lsce.ipsl.fr/dev/lccci/tools.php
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More specifically the partition between tree and short vegetation is likely to be a first order driver of the AGB 

distribution (C stocks in trees are two orders of magnitude larger than in grasses). In this context, we propose to 

test a stepwise approach for Africa with the Bouvet et al. (2018) AGB maps, as described in Figure 3.1, below:  

 In a first step we use the satellite AGB map to refine the fraction of tree / grass / bare soil PFTs of each 

grid cell in Africa, given the uncertainties in the current PFT map derived from the standard CWT 

presented above and applied to the MRLC product (Bontemps et al., 2013).    

 Second, we will define at the resolution of the model (0.5 degree) the maximum AGB for each grid cell 

(ABGmax, using the 95 percentile of the raw AGB values) as a function of mean annual precipitation 

(MAP), as in Yang et al. (2020). The AGBmax - MAP relationship will be the target of the ORCHIDEE 

parameter optimisation, i.e. the potential AGB that ORCHIDEE should simulate without large 

disturbances. The maps in Figure 3.2 illustrate the approach with a preliminary comparison of the AGB 

estimates.  

 Finally, the simulated AGB from the optimised model will be compared to the raw EO AGB of Bouvet et 

al. (2018). Remaining differences will primarily inform on all processes not simulated in ORCHIDEE.  

 

Figure 3.1. Overview of the three model applications with the AGB product, i.e., (1) model initialization, (2) 

parameter optimization, and (3) model evaluation, that are explored in this study.   
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Figure 3.2: (from G. Marie, personal communication). Spatial distribution of the AGB simulated by the 

ORCHIDEE model and from satellite observations (Bouvet et al., 2018) together with a diagram for each 

product of the AGB versus Mean Annual Precipitation for the whole of AFRICA. Such relation will be the 

observation operator in the Data Assimilation step. 

3.2 Refinement of the description of LC classes in terms of PFTs with Biomass data 

The first objective is thus to improve the CWT linking the 43 land cover types of the ESA MRLC product to the 15 

PFTs distinguished by ORCHIDEE, using the information contained in the AGB product (and also from an annual 

mean precipitation data).  

Because of the large difference in biomass between woody and herbaceous biological entities, the biomass 

observed at each pixel, p, (Bp) can be written as: 

                                                                          (1)    

 

where Fp,tree and Fp,herb are the fractions of the surface area of a given pixel p covered by woody and herbaceous 

vegetation respectively.  Breftree and Brefherb are the reference biomass of the tree and the herbaceous vegetation 

respectively. Equation (1) can be further simplified: 

                                                    (2) 

 

Equation (2) will be used to refine the existing CWT that links 38 land cover types to 15 PFTs. We thus simply 

express the biomass of each land cover type, lc, (Bp,lc) as a function of the mean tree cover of each lc type ( Ὂȟ ) 

and the mean reference biomass for tree and herbs (ὄὶὩὪȟ  and ὄὶὩὪȟ ) following: 

                                                       (3) 

 

The estimation of  Ὂȟ  will be then used to update the CWT and thus the PFTs of ORCHIDEE. Equation (3) 

assumes that the reference biomasses are constant across space for a given land cover type.  This is true only if 

land cover types are restricted in a narrow range of climatic characteristics. In a further refinement of this 

approach (ongoing) we will make the reference biomass a function of the mean annual precipitation.  

The different terms of Eq. 3 are associated with an uncertainty that was accounted for in the method used to fit 

this model to the AGB data.  A Bayesian approach was used to estimate the 95% confidence interval of  Ὂȟ for 

each LC. The approach requires to set prior values and statistical distributions for each unknown of the equation, 

which were chosen to follow a normal or gamma distribution. 

The first results that we obtained are: 

 On average the crop or mosaic-crop land cover classes (classes 10, 11, 12, 20, 30) appear to need more 

tree PFTs than the original assessment in the CWT. The main reason is that there are vegetation 

classified as crops in the MRLC product that correspond more to trees (aǾƻŎŀŘƻΣ ǇŀƭƳ ǘǊŜŜΣ Χύ ŦƻǊ ǘƘŜ 

carbon cycle. 

 The split of the mosaic and shrubland classes (classes 40, 100, 110, 120, 121, 122) into tree and short 

vegetation PFTs is also slightly modified compared to the original split, with less trees. 

 

We are currently finalising this regional CWT following the information provided by the AGB data. We will apply 

the CWT to the MRLC product in order to create a new PFT map for the year 2010 and to simulate the African 

biomass. This work also prepares the use of the upcoming HRLC products as we will try to combine the 

information for the HRLC maps and the information from the AGB map to better define the fraction of trees for 

each class of the MRLC product.  
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4 New Cross-Walking tables (CWTs) to convert HRLC classes to Generic PFTs 

and to ORCHIDEE PFTs 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀōƭŜǎ ǎƘƻǿ ǘƘŜ DŜƴŜǊƛŎ tC¢ǎ ŀƴŘ ǘƘŜ hw/IL599 tC¢ǎ όǳǎŜŘ ŀǎ ŀƴ ƛƴǇǳǘ ŦƻǊ hw/IL599Ωǎ 

simulations): 

 

Table 4.1: Generic PFTs (left) and ORCHIDEE PFTs (right). 

  

 

4.1 CWT-HRLC: HRLC-to-Generic PFTs 

In contrast with the MRLC classification, the HRLC pixels in most cases tend to represent more homogeneous 

classes due to the higher resolution, and thus, the legend is different. For this reason we needed to revise the 

previous interpretation of the land cover classes in terms of PFTs and we had to adapt our previous MRLC CWT. 

We decided to build regional HRLC CWTs, one for Amazonia and Sahel and another for Siberia, because the 

vegetation features (species, density, phenology) are different when comparing tropical and boreal regions. 

Given that ORCHIDEE lacks from shrub PFTs, the shrub classes are converted already in this stage into trees PFTs, 

prioritizing their seasonality (evergreen/deciduous) and assigning 100% of them to broadleaved PFTs in 

Amazonia and Sahel and 25% to broadleaved/75% to needleleaved PFTs in Siberia. The flooded vegetation was 

treated in a similar way: 20% water in every region and 80% broadleaved evergreen trees in Amazonia and Sahel 

and 80% needleleaved evergreen in Siberia.  

-HRLC can be found here: https://orchidas.lsce.ipsl.fr/dev/lccci/hr_regions.php  
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Table 4.2. CWT-HRLC (Amazonia and Sahel): HRLC classes to Generic PFTs 

Source: https://orchidas.lsce.ipsl.fr/dev/lccci/hr_regions.php   

 

Table 4.3. CWT-HRLC (Siberia): HRLC classes to Generic PFTs 

Source: https://orchidas.lsce.ipsl.fr/dev/lccci/hr_regions.php   

 

 

4.2 CWT-ORCH v2: Generic-to-ORCHIDEE PFTs 

4.2.1 New Köppen-Geiger map 

hw/IL599Ωǎ tC¢ǎ ŀǊŜ ǎŜǇŀǊŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƳƻƴƎ ŘƛŦŦŜǊŜƴǘ ŎƭƛƳŀǘŜ ȊƻƴŜǎ ŀƴŘ /оκ/п 

classification (for crops and grasses). The climate zones are defined using a Köppen-Geiger map adapted from 

Peel, M. C., Finlayson, B. L., and McMahon, T. A (2007). 

In order to fix possible biases due to an oversimplification of the previously used Köppen-Geiger map (needed to 

ŘƛǎǘǊƛōǳǘŜ ǘƘŜ DŜƴŜǊƛŎ tC¢ǎ ŀƳƻƴƎ ŘƛŦŦŜǊŜƴǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴǎύΣ ǘƘŜ ά¢ǊƻǇƛŎŀƭέ ŎƭƛƳŀǘŜ ȊƻƴŜ ŜȄǘŜƴǎƛƻƴ ǿŀǎ 

excessive, so we decided to ƛƴŎƭǳŘŜ ǘƘŜ ά!ǊƛŘ ²ŀǊƳέ ŀƴŘ ά!ǊƛŘ /ƻƻƭέ ŎƭŀǎǎŜǎ όCƛƎǎΦ пΦм ŀƴŘ пΦнύΦ !ƭǎƻΣ ǿŜ 

ǊŜŘƛǎǘǊƛōǳǘŜŘ ǘƘŜ ǇǊŜǾƛƻǳǎ ŜȄǘŜƴǎƛƻƴǎ ƻŦ ά.ƻǊŜŀƭ ²ŀǊƳέ ŀƴŘ ά.ƻǊŜŀƭ /ƻƻƭέΦ 

With this new classification we intend to have a more realistic split and global distribution of PFTs after the 

conversion from Generic-to-ORCHIDEE PFTs.  

This new Köppen-Geiger map is currently used for the PFT construction, and it could eventually be used to 

regionalize the albedo optimization in the future (Section 10). 

https://orchidas.lsce.ipsl.fr/dev/lccci/hr_regions.php
https://orchidas.lsce.ipsl.fr/dev/lccci/hr_regions.php
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Figure 4.1: Previous Köppen-Geiger climate zone map (300 m resolution, 5 climate zones). Original data: 

Peel, M. C., Finlayson, B. L., and McMahon, T. A (2007). 

 

Figure 4.2: New Köppen-Geiger climate zone map (300 m resolution, 7 climate zones). Original data: Peel, M. 

C., Finlayson, B. L., and McMahon, T. A (2007). 
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4.2.2 C3/C4 classification 

The distinction between C3 and C4 for grasses and crops was improved through the combination of two detailed 

products with higher resolution:  

a) Grasses: product provided by C.Still at 1/6=0.166° for 3 classes: C3 herbaceous cover, C4 herbaceous 

cover and C3 tree cover 

b) Crops: product provided within TRENDY2020 (land use harmonization data) at 0.25° for 12 classes: primf 

(forested primary land), primn (non-forested primary land), secdf (potentially forested secondary land), 

secdn (potentially non-forested secondary land), urban (urban land), c3ann (C3 annual crops), c4ann 

(C4 annual crops), c3per (C3 perennial crops), c4per (C4 perennial crops), c3nfx (C3 nitrogen-fixing 

crops), pastr (managed pasture), range (rangeland) 

 

4.2.3 CWT-ORCH v2 

Using the new Köppen-Geiger map, the C3/C4 map by Still et al. (2009 and 2018) and the Land-Use 

Harmonization data (LUH2, 2020), we built a new CWT (CWT-ORCH v2; Tables A.1, A.2 and A.3 in Appendix A) to 

convert the Generic PFTs into the ORCHIDEE PFTs solving some biases found using CWT-ORCH v1. The future 

implementation of this new CWT will bring the following changes and improvements to the PFT translation: 

 Arid classes are added. Arid Warm assigns the same PFTs as Tropical, while Arid Cool behaves as 

Temperate Warm.  

 Temperate Broadleaved Evergreen (PFT 5) in Boreal areas (warm or cool) are converted to Boreal 

Needleleaved Evergreen (PFT 7). 

 Temperate Needleleaved Evergreen (PFT 4) in Tropical areas are converted to Tropical Broadleaved 

Evergreen (PFT 2). 

 Tropical areas only present tropical PFTs (PFT 2 or 3) and Boreal Cool areas only present boreal PFTs 

(PFT 7, 8 or 9) prioritizing the seasonal properties (evergreen or deciduous) coming from the generic 

PFTs. 

5 HRLC in ORCHIDEE: PFT building and comparisons with MRLC 

5.1 Maps for 2019 over the historical regions 

We built and compared ORCHIDEE-PFTs maps using HRLC and MRLC as an input over the three historical regions 

for 2019. In order to build the MRLC and HRLC maps for the first comparisons presented below, we used for each 

dataset its respective LandCover-to-Generic PFTs CWT (CWT-MRLC or CWT-HRLC), and then, the same CWT from 

Generic-to-ORCHIDEE PFTs (CWT-ORCH v1) for both datasets. In this way, the main differences between the two 

are related to the changes introduced by the HRLC product and its improved land cover classification: better bare 

soil detection, higher distinction between grasses and shrubs (which are included in the trees PFTs in ORCHIDEE), 

no mosaic classes (in the MRLC dataset, mosaic classes are distributed in a generic way globally, bringing biases 

and unrealistic distributions of PFTS, such as broadleaved evergreen trees in boreal regions). 

5.1.1 Amazon 

In Figure 5.1 we can see the HRLC-ōŀǎŜŘ hw/IL599Ωǎ tC¢ǎ ŦƻǊ ǘƘŜ !ƳŀȊƻƴƛŀƴ ƘƛǎǘƻǊƛŎŀƭ ǊŜƎƛƻƴΣ ŀƴŘ ǘƘŜ 

comparison with the MRLC PFTs, presented as the fraction differences (HRLC-MRLC). The differences are mapped 

for each PFT (upper plot) and summarized in the bar plots below. The results show a reclassification of an 

important fraction of broadleaved evergreen trees to broadleaved summergreen trees, possibly showing an 

improvement in the seasonality detection by HRLC. We can also find an important amount of MRLC croplands 

that are detected as grasses and bare soils by the HRLC, as well as a reclassification of the MRLC needleleaved 

trees as broadleaved trees. 
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Figure 5.1. ORCHIDEE-PFTs maps built with HRLC first production over Amazonia (top left), maps 

compÁÒÉÓÏÎ ÂÅÔ×ÅÅÎ (2,#ȭÓ ÁÎÄ -2,#ȭÓ /2#()$%%-PFTs (top right) and bar plots showing fraction 

differences (bottom). 

 

5.1.2 Sahel 

The same analysis has been performed for the Ethiopian historical region and Figure shows the results obtained. 

They clearly show an imprƻǾŜƳŜƴǘ ƛƴ ǘƘŜ ŘŜǘŜŎǘƛƻƴ ƻŦ ōŀǊŜ ǎƻƛƭ ŀƴŘ ǎƘǊǳōǎ όǿƘƛŎƘ ŀǊŜ ǘǊŀƴǎƭŀǘŜŘ ǘƻ ǘǊŜŜǎΩ tC¢ǎ 

in ORCHIDEE). 
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Figure 5.2. ORCHIDEE-PFTs maps built with HRLC first production over Sahel (top left), maps comparison 

ÂÅÔ×ÅÅÎ (2,#ȭÓ ÁÎÄ -2,#ȭÓ /2#()$%%-PFTs (top right) and bar plots showing fraction differences (bottom). 

 

5.1.3 Siberia 

The LC differences in the two maps in Western Siberia concern mainly a redistribution of grasses PFTs to trees 

and bare soil. In reality, the increase of the trees' PFTs are mostly coming from an increase in shrublands 

(interpreted as trees in ORCHIDEE PFTs). 
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Figure 5.1. ORCHIDEE-PFTs maps built with HRLC first production over Siberia (top left), maps comparison 

ÂÅÔ×ÅÅÎ (2,#ȭÓ ÁÎÄ -2,#ȭÓ /2#()$%%-PFTs (top right) and bar plots showing fraction differences (bottom). 

6 Coherence of MRLC and surface albedo changes in satellite products and 

comparison to ORCHIDEE 

Surface albedo is critical in land surface and climate modeling since it determines the surface net radiation, i.e., 

the part of the solar radiation that will be available to heat the soil and the atmospheric boundary layer or to 

evaporate land water (from soil and vegetation surfaces). In ORCHIDEE, it is calculated at each timestep according 

to the vegetation and snow coverage. The parameterisations used for this calculation have been calibrated 

against MODIS albedo products (in the visible and near infrared domains) acquired during the (2001-2010) 

period. Since the albedo can vary significantly with land cover (a bare soil presents generally higher values 

compared to a vegetated area and forest covers present lower albedo than grassland covers), drastic land cover 

changes as deforestation or afforestation could produce high changes. In this work, we wanted to see if the land 

cover changes detected in MRLC have impacted the surface albedo, quantify these changes, compare with 

ORCHIDEE and diagnose potential albedo issues in our parameterizations that would need prior corrections. For 

that purpose, it was important to use a product which has not been used in our calibration process. The 

GlobAlbedo time series available at http://globalbedo.org/  have therefore been used. 

6.1 GlobAlbedo product 

GlobAlbedo has been derived from European satellites (ATSR2, SPOT4-VEGETATION and SPOT5-VEGETATION-2 

as well as AATSR and MERIS) and is available for a 15-year period from 1998 to 2011 (Muller et al., 2012). It is 

produced at different spatial resolutions at 0.05° and 0.5° and also at different time scales (8-day and monthly).  

In this work, we used the monthly dataset and the 0.5° resolution to assess the time evolution and the links with 

land cover changes. 

6.2 Albedo changes observed 

Figure 6.1 shows the albedo changes derived from the GlobAlbedo dataset (annual averages for the Amazonia 

and Africa regions, summer monthly minimum for Siberia to avoid potential snow effects), calculated over the 

time period (1998 - 2011). The differences have about the same order of magnitude in the 3 regions and the 

spatial variations are close to the LCC patterns. The transitions from forests to crops or shrublands in Amazonia 

http://globalbedo.org/
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or Sahel show higher albedo values (values around 0.04 but up to 0.2 higher), (the opposite is observed in the 

afforested regions), and an overall small decrease is observed in Siberia northern of the larch forest (values 

around 0.02 lower), corresponding to the observed intensification of shrubs. In the extreme Arctic regions, the 

albedo seems to have increased and we have to confirm if this is not the result of remaining snow impacts or/and 

potential directional effects not correctly removed in the satellite product.   

Figure 6.1: Albedo differences/changes extracted from GlobAlbedo product between 1998 and 2011 on 

Amazonia, Sahel (both in annual mean) and Siberia (monthly minimum) 

6.3 Comparison with ORCHIDEE 

To assess the capacities of ORCHIDEE to reproduce the observed albedo trends and patterns, we have performed 

a model simulation over the same time period. In ORCHIDEE, the surface albedo is calculated at each time step 

according to the land cover type and fraction (which evolves daily with the seasonal evolution of the biomass/LAI) 

and the variations of the snowpack (mass, temperature, coverage and aging) if any.  The parameterization was 

calibrated against MODIS albedo datasets using the ORCHIDAS data assimilation tools developed at LSCE 

(https://orchidas.lsce.ipsl.fr/, Bastrikov et al., in preparation). The calibration was done with one albedo value 

(for the visible and for the near infrared) for each vegetation PFT and with one albedo for each grid cell for the 

bare soil PFT. The performed simulation (called in the following ORCHIDEE-LUC) used the CRU-JRA reanalysis 

(Kobayashi et al., 2015, Harris, 2019) as atmospheric forcing over the period (1992-2018) with a 6-hourly time 

step and at a resolution of 0.5°.  In this simulation, the MRLC land cover product is used to map the Plant 

Functional Types (PFTs) used in ORCHIDEE to prescribe the vegetation properties and is updated yearly as 

described in Lurton et al., 2020.  

Figure 6.2 illustrates the albedo differences simulated by the ORCHIDEE model between the two years 1998 and 

2011. As for GlobAlbedo dataset, the annual mean has been used for Amazonia and Sahel, the monthly minimum 

value has been extracted for Siberia, in order to remove the perturbing effects of snow cover. The comparison 

with ORCHIDEE shows the same patterns already seen in GlobAlbedo, confirming that the vegetation trends and 

changes are correctly accounted for. However, the differences are significantly lower than in the GlobAlbedo 

product, with differences generally lower than 2%, suggesting that the variations are underestimated even if the 

trends are correctly represented. This underestimation points to the need for a better calibration of the different 

vegetation PFT albedo coefficients. It is noteworthy also to highlight that the positive trend observed in the north 

of Siberia at the limit with the coastline is not present in ORCHIDEE simulations. In the historical region, the 

https://orchidas.lsce.ipsl.fr/
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region which shows significant transitions between flooded and non- flooded forests and shrubs, show also 

different trends in ORCHIDEE compared to the satellite observations. A positive trend is simulated in ORCHIDEE 

in this region showing an increase of flooded vegetation. This incorrect variation could be the consequence of 

one of the deficiencies of ORCHIDEE (like most of the climate models) which represent land water as bare soils. 

In ORCHIDEE, the flooded class 180 of CCI-MRLC, assigns a fraction of 30% to water, therefore to the bare soil 

PFT. Such an increase of the bare soil fraction could have led to an unrealistic increase of the surface albedo.  

This point which has to be confirmed with a deeper analysis of the bare soil values assigned to bare soil in 

ORCHIDEE in this region, highlights the importance of the land cover mapping for climate modeling and the 

expected improvements that will be brought by the HRLC dataset which will allow to better identify the flooded 

areas and their dynamics. 

Figure 6.2: Albedo differences modeled by ORCHIDEE-LUC on the time period (1998 - 2011) 

 

In Figure 6.3, the mean errors between ORCHIDEE-LUC albedos and GlobAlbedo time series have been calculated 

for the 3 study regions and are plotted at 0.5° resolution. The mountainous areas show the larger errors because 

of the variability of the snow coverage which could differ from model to observations on the monthly time series. 

Apart from these regions, we see some interesting features starting from the Amazon (showing the lower RMSE), 

where the rivers and surrounding flooded areas (e.g., Pantanal in South Brazil) show significant underestimation 

in ORCHIDEE, suggesting that the albedo of bare soil/water is not well calibrated. Positive errors also appear in 

the transition regions from forests to croplands and shrublands, suggesting that the vegetation albedo could be 

slightly overestimated for these ecosystems. In Sahel, the RMSE are slightly larger compared to Amazonia (0.032 

compared to 0.023) and a positive bias is clearly seen on the bare areas highlighting that the bare soil albedo in 

this area could be overestimated. A negative bias is observed in the north of the Sahelian band, showing that the 

albedo is underestimated in ORCHIDEE for shrublands and croplands contrary to the Amazonian case. This could 

be the result of too large fractions of bare soils assigned to these ecosystems by the CWT or to calibration issues, 

both assumptions suggesting that regional CWTs and/or PFTs parameterizations are necessary to improve the 

representation of the surface albedo in ORCHIDEE. 

Finally, in Siberia, apart from the mountainous area of Central Siberia Plateau contaminated by snow, the albedo 

seems to be underestimated overall with a mean error of about 2%, suggesting either incorrect albedo calibration 

or incorrect land cover fractions assigned by the CWT. In the south, the albedo could be overestimated in some 
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places mostly covered by crops. All these discrepancies have to be analyzed more in depth, in line with other 

satellite datasets like biomass and LAI to confirm and drive the revision of the CWT as well as the calibration 

process.      

Note finally that part of these model - GlobAlbedo differences can be due to the fact that for ORCHIDEE the 

albedo parameters and especially all grid-point bare soil albedo values were calibrated with a different albedo 

product, i.e., from MODIS instruments. 

 

 

Figure 6.3: Albedo errors ORCHIDEE-LUC / GlobAlbedo (average RMSE, biases, max and min errors) 

calculated over the period (1998 - 2011) at monthly time step. 

7 Use of MRLC in ORCHIDEE to assess LCC impacts on carbon, water and 

energy surface budgets 

To assess the impacts of land cover changes on the e-w-c budgets and the contribution of yearly updated land 

cover maps for climate modeling, we proposed to compare 2 simulations performed with ORCHIDEE based on 

either a static land cover map representative of the nineties (ORCHIDEE-FIX), or a dynamic one, updated each 

year accounting for the land cover changes observed (ORCHIDEE-LUC, simulation already presented in section 

4.3). For this task, we performed the second simulation (ORCHIDEE-FIX), forced with the same atmospheric 

forcing CRU-JRA than for the ORCHIDEE-LUC simulation, the only difference being the not updating of the LC 

map, therefore of the PFT fractions. Both simulations were done at a scale of 0.5° and for the period 1992-2018. 

A spin up period of 10 years was chosen for the initialisation of the model variables with the static map of 1992 

for the prescription of the land cover. 
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7.1 Analysis 

7.1.1 Globally 

Figure 5.1 presents at global scale and in annual mean, the differences between the two simulations (ORCHIDEE-

LUC minus ORCHIDEE-FIX), for different prognostic variables: surface albedo, LAI, latent and sensible heat fluxes, 

GPP and surface temperature.  

The plots show clearly how the LCCs translate in albedo changes, the conversion of forest to croplands/grasslands 

in Amazonia leading to albedo increase, and in the contrary, the gain of forests in Siberia to albedo decrease. But 

even if these changes are the consequence of similar amplitude of variations on vegetation coverage (LAI, i.e., 

LAI decrease in Amazonia and increase in western Siberia by about 0.4), these changes do not translate on surface 

fluxes in the same way and with the same amplitude: in Amazonia, the lower LAI values impacts negatively the 

evapotranspiration but positively the GPP and the sensible heat flux leading to larger surface temperatures. In 

western Siberia, the increase of flooded areas translates into lower albedo values, larger surface water and 

carbon fluxes and slightly lower temperatures. Note that the increase of GPP with a reduction of 

evapotranspiration is due to the fact that grass/crop PFTs have a larger maximum photosynthetic capacity than 

tree PFT, on average. 

 

Figure 7.1: Differences between the 2 ORCHIDEE simulations (ORCHIDEE-LUC minus ORCHIDEE-FIX) forced 

by the same CRU-JRA atmospheric forcing. 

7.1.2 South Brazil 

To better understand how the LCC impacts the surface e-w-c transfers, Figure 5.2 shows summer averages 

(December to February) over the historical region of South Brazil. In the north-western part of the domain, the 

conversion of evergreen forest to crops translate in higher albedo values, lower LAIs (around 0.5), lower 

evapotranspiration (latent heat flux lower by a few W/m2) but higher GPP (around 0.3 KgC/m2/yr) because crops 

and grasslands are more productive than forests in the ORCHIDEE model, and larger surface temperatures up to 

0.6°C because of the reduction of the evapotranspiration. In Paraguay, the conversion of evergreen forests to 

mosaic of croplands in the northern part and the conversion of deciduous forest to mosaic of shrublands in the 

southern part, produce opposite impacts on LAI, surface fluxes and finally surface temperatures, with higher 

temperatures on the shrublands compared to the croplands (a few tens of degrees). The different phenology of 

deciduous trees compared to evergreen species, combined with the two different climates (warmer and dryer in 

the South with lower soil water availability), result in opposite effects on LAI, evapotranspiration and surface 
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temperature. This point highlights the importance of land characterization in land surface models and of the 

cross-walking table that will interpret the land cover classes in terms of PFTs. The uncertainties already 

highlighted in this region where managed grasslands are mostly classified as crops and where mosaic classes are 

difficult to interpret, show the improvements that will be brought by the HRLC product, by a better mapping of 

the vegetation and an improved translation in terms of PFTs. 

 

Figure 7.2: Albedo, LAI, surface fluxes (Latent and Sensible Heat, GPP, transpiration, soil evaporation) and 

soil temperature differences between the 2 ORCHIDEE simulations (ORCHIDEE-LUC minus ORCHIDEE-FIX) 

over South Brazil 

8 First use of HRLC in ORCHIDEE to assess the improvements or 

deteriorations on the carbon, water and energy budgets with respect to 

MRLC 

ORCHIDEE model was run on 4 regions of Amazonia, Ethiopia and Siberia, corresponding to the 4 tiles processed 

for the round-robin (RR) task, at the first production delivery. The climate and evaluation teams reported some 

deficiencies in the classification results, e.g., overestimation of water/flooded areas in Amazonia or some 

confusions between grasslands and croplands in Sahel.   However, these HRLC maps have been used to assess 

the impacts of the land cover changes (compared to MRLC maps), on the surface fluxes and states simulated by 

ORCHIDEE. This preliminary assessment allowed us in addition, to set up some evaluation metrics, to quantify 

the changes and be able to show further improvements or deteriorations in the simulations. These metrics, 

named KPIs (Key Performance Indices) in the following, have been defined according to the observations 

available to evaluate the simulations. They are presented in Section 13.1, the analysis of the new maps and their 

contribution in ORCHIDEE are discussed in the following.  

8.1 New vs MRLC land cover maps 

The 4 regions which were studied correspond to the 4 RR tiles shown in Figure 8.1, i.e., 2 tiles in South-America, 

named in the following Amazon (21KXT) and Amazon2 (21KUQ), 1 tile in Ethiopia (37PCP) named Sahel and 1 tile 

in Siberia (42WXS). In this work, only the most likely class provided in the files was used to map LC and generate 

the PFTs maps required for ORCHIDEE, following the methodology presented in Section 4.2. 
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Figure 8.1 Land cover mapping of the 4 regions/tiles studied  

In each of these regions, the PFT comparison with the previous MRLC-derived PFT maps, highlighted 

discrepancies summarized in Figure 8.2. 

 

  

  

Figure 8.2: Changes in ORCHIDEE PFTs fractions for the 4 RR tiles studied.  

 

The main changes for each region are: 

 in Amazon tile: different fractions of broadleaf evergreen/raingreen trees, less needleleaf evergreen 

species, larger fractions of bare soil and grasslands and lower fractions of crops 

 in Amazon2 tile: different fractions of broadleaf evergreen/raingreen trees, larger fractions of bare soil 

and crops and lower fractions of grasslands 

 in Sahel tile: lower fractions of trees, except for temperate broadleaf evergreen species, larger fractions 

of bare soil and crops and lower fractions of grasslands  
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 in Siberia tile: larger fractions of bare soil and needleleaf deciduous trees, lower fractions of grasslands 

Many differences in the tree species identification (needleleaf/broadleaf, evergreen/summergreen) 

were noted. 

8.2 ORCHIDEE results 

The model was run over the period (1992-2018) over the 4 different tiles, at three different resolutions (0.025°, 

0.1° and 0.25°) forced by the same atmospheric forcing (CRU-JRA reanalysis).  

As expected, the PFT changes highlighted previously, translated into changes in the albedo, vegetation 

momentum, thermal and hydrological properties, leading to significant differences in the surface fluxes and 

variables simulated. However, similar changes do not impact the surface fluxes in the same way. For example, 

an increase of trees in Siberia would negatively impact the albedo, increase the available energy at the surface, 

the turbulent fluxes and lead to lower temperatures in summer but larger temperatures the rest of the year. This 

is explained by the larger contribution of the sensible heat flux compared to the latent heat flux, part of the year.  

In the Sahelian tile, the larger fractions of bare soil and lower fractions of trees, explained the higher values 

simulated, the lower evapotranspiration and the increased surface temperatures consequently. Figure 8.3 

illustrates the results obtained on the Amazon tile where the larger fractions of evergreen trees impact the LAI 

seasonality negatively, with lower agreement with the observations provided by the Eumetsat SAF-Land.  The 

effect of the latent heat flux appears however very small when averaged on the south-eastern part of the tile 

with a quite good agreement with the observations.  

 

Figure 8.3: Comparison of the LAI and latent heat flux (mean seasonal cycles averaged over the period 2010-

2019), simulated by ORCHIDEE with the two land cover maps MRLC and HRLC, compared to the observations 

from the SAF-Land. The values were averaged over the south-eastern part of the tile.  

 

Given the small size of the new tiles and the deficiencies of the albedo parameterization in these ORCHIDEE 

simulations, we did not go further in the analysis of these preliminary simulations, seeing them as a way to 

prepare the work on the whole historical regions, i.e., set up of the most relevant observational datasets and 

development of the visualization and data processing tools.  

9 Implementation and validation of LMDZ IPSL ESM on our 3 studied regions 

We have seen previously how LC impacts the land surface variables simulated by ORCHIDEE (albedo, surface 

fluxes, soil water content and surface temperature); the objective in this project is to go further in order to 

understand the relationships between changes in surface properties induced by LCC and changes in the 

atmosphere (physics and dynamics) and the possible feedbacks. For that purpose, we need to work with an 

interactive atmosphere, fully coupled with the land surface, therefore with a climate model like LMDZ. In this 

part, we show the work which has been performed to settle the model on our 3 regions using the zoomed 

configuration of the coupled LMDZ - ORCHIDEE model.  

9.1 LMDZ description 
LMDZ is the atmospheric General Circulation Model (GCM) that has been developed for about thirty years at the 

ά[ŀōƻǊŀǘƻƛǊŜ ŘŜ aŞǘŞƻǊƻƭƻƎƛŜ 5ȅƴŀƳƛǉǳŜ ό[a5ύέΦ ¢ƘŜ Ϧ½Ϧ ƛƴ Ϧ[a5½Ϧ ǎǘŀƴŘǎ ŦƻǊ ϦȊƻƻƳϦ ŎŀǇŀōƛƭƛǘƛŜǎΣ ƛƴŘƛŎŀǘƛƴƎ 
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that the horizontal grid is stretchable in both longitude and latitude.  The model is composed of two parts: i) a 

dynamical core in which the three dimensional primitive equations are discretized on a longitude-latitude 

horizontal grid, and ii) a physical part in which the vertical transfers of heat, moisture and momentum associated 

with physical parameterizations are computed. The mass and energy transfers at the land interface are calculated 

by the ORCHIDEE land surface model (Cheruy et al., 2020). 

9.2 Zoom implementation in the 3 study regions 

LMDZ (version 6.1.9) has been implemented in 3 configurations zoomed in the historical regions. Figure 6.1 

presents the grid structure zoomed over South Brazil, Ethiopia and Western Siberia. In these configurations, the 

dimension of the grid is 142x144 boxes horizontally and 79 levels vertically. For all the configurations, a zoom 

factor of 5 was used, meaning that the grid cell is divided by 5 at the center of the zoomed area. As a 

consequence, the size of the grid cell is equal to 54.8 km x 28.2 km at zoom center in Ethiopia, to 52.9 km x 28.2 

km in Brazil and to 21.7 km x 28.2 km in Siberia.  

 

 

Figure 9.1: LMDZ grid for the three zoomed configurations over South Brazil, Ethiopia and Western Siberia 

9.3 Simulations performed 

Three simulations were performed over the time period (1966 - 2015) with each configuration, all of them were 

done using the nudging capacity of the model to constrain the large scale dynamics of the winds. In practice 

wind-nudging consists in relaxing the horizontal winds of the model towards those of the reanalysis produced by 

numerical weather forecast centers with a typical time constant of several hours (in our case a reanalysis from 

ECMWF). By constraining large scale features (dynamics) to be close to the observed ones, nudging allows to 

derive meteorological time series which can be confronted on a day-by-day basis to observations with much 

smaller errors than using a free GCM (Coindrau et al., 2007, Cheruy et al., 2013).  
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The three LMDZ simulations performed were compared to the independent CRU-JRA atmospheric reanalysis on 

a five-year period (2011 - 2015), in order to verify that the model configurations are correctly defined and that 

the simulated atmospheric variables are realistic. The idea here is to validate the model dynamics and quantify 

the systematic errors and internal model noise in order to allow the interpretation of differences between 

simulations. We recall that the objective is to run the model with different land cover maps to separate the 

respective roles of the land surface and of the global climate patterns on the simulated surface variables. 

Figure 9.2 shows the comparison of various atmospheric and surface variables (rainfall, shortwave and longwave 

radiations, LAI, sensible and latent heat fluxes, air temperature and total soil water content) simulated by LMDZ 

in the African configuration with the CRU-JRA forcing resampled at 0.5° on the time period (2011-2015). The 

differences (coupled GCM minus CRU-JRA reanalysis) in annual mean are plotted here. Given that the 3 

configurations give the same results, we present only one model configuration (the simulation zoomed on 

Ethiopia).  

 

 

Figure 9.2: From left to right and top to bottom: rainfall, downward shortwave, longwave radiations, LAI, 

sensible and latent heat fluxes, soil and air temperatures and total soil water content simulated by LMDZ and 

compared to CRU-JRA reanalysis. The differences (LMDZ minus CRU-JRA) are plotted globally and on annual 

mean over the time period (2011- 2015). 

 

The plots confirm that LMDZ with its zoomed capacity and with a simple nudging of the winds with reanalysis, is 

able to correctly reproduce the atmosphere dynamics and the global climate. The albedo comparison (not shown 

here) shows that the surface albedo is slightly overestimated in the northern latitudes, explaining the bias 

observed on the shortwave radiation. The snowfall comparison shows that in the same area, the snowmass is 

larger in the coupled simulations leading to higher albedo values. A moderate bias of about 20 W/m2 is also 

observed in the atmospheric longwave radiation, probably linked to larger cloudiness (to be confirmed with more 

analysis). Spatial differences in the rainfall can also be noted, for example over the north of America. These 
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differences explain the differences in the LAI and in water and carbon fluxes, and the resulting surface 

temperatures.   

 

Looking at the monthly time series of air temperature, rainfall and LAI averaged on the three historical regions 

for the 3 model configurations (Figure 9.3), shows that the seasonal cycles are well represented and well phased 

compared to the reanalysis. Over Ethiopia, a negative bias on the air temperature (around 1°C) is highlighted, 

probably linked to the excess of cloudiness and storms on the high reliefs, but the monthly rainfall and LAI 

present very good agreement. Over South Brazil, the air temperature is positively biased, especially during the 

start of the rainy season (above 1 °C). This bias corresponds to a positive bias on the shortwave radiation; LAI 

time series show larger seasonal amplitude but lower values especially in the dry season (up to 1 lower) which 

may be linked to the higher air temperatures which induce larger hydric stress. Over Siberia, rainfall and air 

temperatures are correctly represented, snowfall differences (not shown here) which is larger in the coupled 

model, explain the larger soil water capacity and the larger productivity of the vegetation (forest, shrubs and 

grasslands) present in this area.  All this comparison and the overall good agreement between CRU-JRA and our 

LMDZ-ORCHIDEE simulation shows that LMDZ in the 3 configurations that we have developed in our study 

regions is really reliable and can be used in later experiments to understand the impacts of LCC on the regional 

climate.  

 

 

Figure 9.3: Monthly time series of air temperature, rainfall and LAI over the five years (2011 - 2015), averaged 

over the 2 historical regions (from left to right: Ethiopia, South Brazil and Western Siberia). 
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10 New albedo optimization in ORCHIDEE 

Before launching the final ORCHIDEE-[a5½ ŎƻǳǇƭŜŘ ǎƛƳǳƭŀǘƛƻƴǎ ǿƛǘƘ Iw[/Ωǎ ŦƛǊǎǘ ǇǊƻŘǳŎǘƛƻƴΣ ŀ ƴŜǿ ŀƭōŜŘƻ 

optimization scheme has been developed and implemented. 

The optimization is carried out in three steps, aiming to successiǾŜƭȅ ŎŀƭƛōǊŀǘŜ ǘƘŜ tC¢Ωǎ ƭŜŀŦ ŀƭōŜŘƻΣ ǘƘŜ tC¢-

dependent snow albedo and the soil background albedo (bare soil albedo). 

The full description of the procedure is described in: https://orchidas.lsce.ipsl.fr/dev/albedo/3_steps.php  

The evaluation work performed during the project, in the evaluation against GlobAlbedo and MODIS products as 

well as the revision of the CWTs, allowed us to define more realistic ranges of variations of the parameters 

(intervals assigned to constrain the optimization process) and to use higher resolution and more recent auxiliary 

products like the prior background albedo whose resolution has been increased by a factor 50, from 0.5° to 0.01°. 

The optimization was performed at the global scale and also regionally on our 3 study static regions. The final 

results for the leaf albedos are given in Table 10.1  

We can see that the albedo difference between trees and grasses PFTs has increased (Table 10.1), and we expect 

that this effect, together with that of the improved snow and soil background albedo, will bring a global 

ƛƳǇǊƻǾŜƳŜƴǘ ǘƻ hw/IL599Ωǎ ǎƛƳǳƭŀǘŜŘ ŀƭōŜŘƻΣ ǎǇŜŎƛŀƭƭȅ ƻǾŜǊ ǘƘŜ ŀǊŜŀǎ ǿƛǘƘ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ǎǳŎƘ ŀǎ 

Amazonia and areas where the background albedo has a high impact on the overall albedo, such as in the 

Sahelian grasslands and shrublands. 

 

Table 10.1: Global vegetation albedos obtained at the end of the optimization process 

 

 

 

Table 10.2: Global calibration of snow albedo parameters  

 

 

https://orchidas.lsce.ipsl.fr/dev/albedo/3_steps.php


 

 

Ref CCI_HRLC_Ph1-CAR 

 
Issue Date Page 

3.0 28/10/2022 32 

 

  
 

Snow albedo parameters have been also revised using daily MODIS albedo products and the new values are given 

in Table 10.2. The two parameters that have been calibrated are related to the albedo of aged snow and a 

parameter controlling the decay of snow albedo with age. The new values of aged snow are larger for bare soil 

(PFT1) and short vegetations (PFT 6 to 15) and lower for tree PFTs. The decay parameters are lower for all the 

vegetation types except for bare soils. Such values should lead to larger simulated albedos during the snow 

periods with consequences on the duration of the snow cover (increased duration with lower melting rates).   

11 Analysis of land cover ς atmosphere feedbacks with ORCHIDEE-LMDZ  

We used the HRLC products to analyse the impacts of a better characterization of the vegetation and related 

properties such as the surface albedo, on the surface energy-water and carbon budgets and the boundary 

atmosphere. For that task, we run our land surface model ORCHIDEE in 6 different configurations: with a 

prescribed atmosphere given by atmospheric reanalysis (CRUJRA dataset, similar as in the previous simulations) 

and fully coupled with the atmospheric model LMDZ and using 3 different land cover maps: the former MRLC 

product for 2 different years 1995 and 2019 and the new HRLC product (static map for year 2019). The analysis 

of the simulations performed with 2019 HRLC and MRLC maps allowed to analyse the benefit of the HRLC 

developments, whereas, the comparison of the simulations performed with 1995 et 2019 MRLC maps allowed 

to assess the impacts of the LC net change that occurred between 1995 and 2019 on the regional climate. Finally, 

the comparison of forced and coupled simulations allowed assessing the atmospheric feedbacks in our study 

regions for which these feedbacks are known to be important. To summarize, the six simulations performed for 

each of the 3 studied regions are the following: 

¶ Forced ORCHIDEE simulation with the static MRLC 2019 map and CRUJRA atmospheric reanalysis 

¶ Forced ORCHIDEE simulation with the static MRLC 1995 map and CRUJRA atmospheric reanalysis 

¶ Forced ORCHIDEE simulation with the static HRLC 2019 map and CRUJRA atmospheric reanalysis 

¶ Coupled ORCHIDEE-LMDZ simulation with the static MRLC 2019 map and CRUJRA reanalysis 

¶ Coupled ORCHIDEE-LMDZ simulation with the static MRLC 1995 map and CRUJRA reanalysis 

¶ Coupled ORCHIDEE-LMDZ simulation with the static HRLC 2019 map and CRUJRA reanalysis 

 

The forced simulations have been done at the resolution of the CRU-JRA dataset (i.e., with a grid mesh of 0.5°), 

and the LMDZ-ORCHIDEE simulations have been performed in the same zoomed configuration presented in 

section 9.2, but after refocusing the zoom on the center of the static region (accounting for the new limits defined 

during the project) and relaxing the wind nudging inside the zoom (no nudging in the boundary layer and upper 

in the atmosphere using a nudging frequency of 10 days). The wind nudging outside the zoom was kept to the 

default value of the time step of the ERA5 reanalysis used to constrain LMDZ (i.e., 6 hours). The simulations were 

done on the time periods (1975-2014 in forced mode, and 1995-2014 in coupled mode) and the results are 

analysed on the same time period (2005-2014).  

In this report, given that the static maps were available only for year 2019, we focus on the analysis of the 

simulations performed with the maps of 2019. The analysis of the simulations performed in 1995 will be part of 

the next section on the historical regions. Then, for each region, we present first the differences between the 

PFT maps used in the MRLC and HRLC simulations, the impacts of the PFT differences on the surface fluxes and 

variables in forced mode and the atmospheric feedbacks identified. 

11.1 Amazonian region 

The static HRLC map covers the region limited by the following coordinates (0 - 23.5S, 62W - 43W). The new CWT 

presented in section 4 was used to interpret the LC classes in terms of ORCHIDEE PFTs. To generate the global 

PFT maps needed to run ORCHIDEE-LMDZ, we used the MRLC-PFT global maps and replace the data where the 

HRLC-PFT data where available.  
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11.1.1 PFT maps used in the simulations  

The PFT maps are all available on our website at https://orchidas.lsce.ipsl.fr/mapper/ . Figure11.1 presents for 

each of the ORCHIDEE PFTs its fraction in the HRLC product and the fraction of changes when moving from MRLC 

to HRLC maps. The study region covers a part of the Amazonian broadleaf evergreen forest in the north-eastern 

part, some broadleaf raingreen trees southern shared with grasslands and croplands (mainly C4 types) 

(Figure11.1, left). Compared to the former MRLC product, we observed in the HRLC dataset, that there is slightly 

more broadleaf evergreen (PFT2) and less raingreen trees (PFT3) at the benefit of grasslands (PFT11), slightly less 

crops and a rearrangement between C3 and C4 crops, because of the revising of the Land Cover-PFT Cross 

Walking Table. If we look only to the variation in tree amount (after aggregating the various tree species) and in 

order to get a global picture of the dominant changes, we can see in Figure11.2 that the tree fraction has 

significantly decreased along a diagonal SW-NE up to 20% and increased in the region of the Amazon delta and 

along the 50°W meridian. If we compare those changes to the ones that can be related to the forest deforestation 

between 1995 and 2019 (Figure11.1, central plot), we can see that the changes are of the same order of 

magnitude and present a larger extension. We will see in the following that the impacts on the surface processes 

and the atmosphere are coherent and can be used to better understand the vegetation-atmosphere feedbacks 

in this region. 

 

 

Figure 11.1: ORCHIDEE PFT fractions derived from HRLC product (left) and differences between the HRLC 

and MRLC products aggregated at 0.25° (right). 

 

 

MRLC2019 MRLC1995 ςMRLC2019 HRLC2019 ς MRLC2019 

 

  

Figure 11.2: from left to right, tree cover fraction from MRLC2019 and differences (MRLC1995- MRLC2019) 

and (HRLC2019-MRLC2019) 

 

https://orchidas.lsce.ipsl.fr/mapper/
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11.1.2 Impacts of HRLC-MRLC differences on surface variables  

The analysis of the simulations performed with a prescribed atmosphere show the impacts of moving from the 

MRLC to HRLC product in ORCHIDEE. Changes of albedo are seen in the regions where LC is different but also 

elsewhere because of the refinement of the albedo model. We observe an overall decrease of the surface albedo 

up to 0.02% (in absolute value) and a slight increase on the diagonal where the tree cover decreased. These 

albedo changes translate in a larger amount of available energy where albedo decreased (and the other way 

round where albedo increased), a decrease of the surface latent heat flux where tree cover decreased 

compensated by an increase of sensible heat flux, leading to more water in the soils (not shown here) and lower 

simulated LAI and GPP values in these regions. The differences in C3/C4 crop fractions (less C4, more C3 in the 

SE quarter) and in grasses/crops fractions (more grasslands and less crops) explained also part of the LAI and GPP 

impacts, since C4 crops are more productive than grasslands in ORCHIDEE. As a result, surface temperature 

shows variations explained by the variations in the turbulent fluxes partition with larger surface temperatures 

where sensible heat decreased, all these processes strongly related to the amount of soil water available. Thus, 

a similar variation of tree cover in the humid northern part has more impact on the transpiration and sensible 

heat fluxes and surface temperature (especially in summer season) than in the more arid south region.  

  

   

  

 

Figure 11.3: Upper panel: surface albedo, latent heat and sensible heat fluxes simulated by ORCHIDEE; Lower 

panel: LAI, GPP and soil temperature; all variables are annual averages for the period (2005-2014) 

11.1.3 Land cover ɀ atmosphere feedback analysis  

The atmospheric impacts of the land cover and albedo changes between MRLC and HRLC simulations can be seen 

on Figure11.4 which display the same surface variables (surface temperature, sensible and latent heat fluxes) as 

well as air temperature, wind speed and total rainfall. The same features identified using a prescribed 

atmosphere can be seen but amplified in annual mean. Surface temperature for example show larger amplitudes 

in annual mean, with maximum differences in summer (JJA) up to 7°C in daily mean (compared to 1.4°C in forced 

mode). This amplification is probably the result of the increased wind speed in the regions where tree amount 
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decreased leading to an increase of the turbulence and of the surface fluxes. The increased surface temperatures 

in the less forested regions, lead to larger air temperatures that will themselves amplify the surface fluxes. 

Rainfall is slightly impacted with lower precipitation (up to 0.4 mm/jour in annual mean) where tree amount 

decreased, mainly linked to a decrease of convective precipitation and larger rainfall elsewhere resulting from 

the increase of large scale precipitation due to the larger winds and land-sea temperature gradients. 

   

  
 

Figure 11.4: Upper panel: soil temperature, latent heat and sensible heat fluxes simulated by LMDZ; Lower 

panel: air temperature, wind speed and rainfall; all variables are annual averages for the period (2005-

2014) 

11.1.4 Comparison with observations  

Comparison to observations allow to see if the HRLC changes compared to MRLC lead to improvements in the 

simulation of surface variables by ORCHIDEE. Here, we used various satellite products for LAI, albedo, 

evapotranspiration, soil moisture, surface temperature as well as surface fluxes, to quantify the model 

improvements or degradations. The products used are the following: 

- Albedo products:  

MODIS MCD43C3 16 days global dataset at 0.05° from 2000 to 2020 (Schaaf and Wang, 2015)  

GLOBALBEDO, 8-daily, 0.05°, from 1998 to 2011 (Muller et al., 2011) 

GLASS-AVHRR, daily, 0.05°, from 1981 to present (Liang et al., 2020) 

- LAI:  

 GIMMS 

 Copernicus, SPOT/VEGETATION, PROBA-V, 1 km, 1999-2020, v2.0, (Verger et al., 2014) 

- LST :  

 SAF-Land, 0.05°, 2004-2019, Trigo et al., 2011 

- Latent, sensible heat fluxes, GPP 



 

 

Ref CCI_HRLC_Ph1-CAR 

 
Issue Date Page 

3.0 28/10/2022 36 

 

  
 

 FluxNET- MTE, 0.25°, Jung et al., 2009 

- Evapotranspiration, Soil moisture 

 GLEAM, V3., 0.25°, 1980 ς 2021, Martens et al., 2016 

 

Figure 11.5 presents the comparison of the 2 coupled simulations (MRLC based) and HRLC based with the 

observations in annual mean. The model errors show about the same amplitudes but some slight improvements 

may be seen in some parts of the domain. For example, we can see that the LAI and GPP errors have decreased 

in the center of the domain (between 10°S and 20°S, 60°W and 50°W) a region where tree amount and crops are 

lower to the benefit of grasslands in HRLC compared to MRLC. Improvements are less visible on the albedo and 

the other surface fluxes (latent and sensible heat fluxes, not shown here), but it is important to note that the 

albedo data are not independent since they were used to calibrate the former MRLC version. More datasets are 

then needed to evaluate the simulations.  

 

 
  

 

 
  

Figure 11.5: Differences (simulated- observations) for LAI, albedo and GPP obtained for 2 LMDZ simulations 

based on the former MRLC land cover map (upper panel) and with the new HRLC product (lower panel). 

11.2 Africa 

The resized African static map covers the region 18°N ς 0°, 10°E ς 43°25E. Same protocol and methodology was 

used to perform the simulations in prescribed atmosphere and coupled to LMDZ and with the 3 different LC maps 

(MRLC1995, MRLC2019 and HRLC2019).  

11.2.1 PFT maps used in the simulations  
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In this region, the vegetation ranges from tropical rainforest in the south-western part to broadleaf raingreen 

trees, grasslands and crops northern. Further north, the southern part of the Sahara presents large fractions of 

bare soils (Figure11.6 left). The same figure shows the differences between the HRLC and MRLC derived PFT 

maps aggregated at the resolution of 0.25°. Tree PFTs fractions are generally lower in the northern part of Sahel 

but larger southern. More grasslands and different partition of C3 and C4 crops is also seen. The fraction of bare 

soil has also changed in the northern part of the region (more for longitudes larger than 20°E and less below) 

and translated to grasslands changes. Considering only the variations of tree coverage in Figure11.7, we see that 

tree fractions decreased up to 20% in the northern part of Sahel and increased in about the same proportions in 

the south-western part of the domain and that extreme values can be up to 58%. If we compare to the LC changes 

that were mapped in the MRLC product between 1995 and 2019, we see that the changes are much more 

important between the 2 products with extrema less than 20%.  

 

 

Figure 11.6: ORCHIDEE PFT fractions derived from HRLC product (left) and differences between the HRLC 

and MRLC products aggregated at 0.25° (right). 

 

 

MRLC2019 MRLC1995 ςMRLC2019 HRLC2019 ς MRLC2019 

   

Figure 11.7: from left to right, tree cover fraction from MRLC2019 and differences (MRLC1995- MRLC2019) 

and (HRLC2019-MRLC2019) 

11.2.2 Land cover impacts on surface variables  

Figure11.8 shows how these LC differences translated in surface processes in prescribed atmospheric conditions. 

The albedo difference map shows lower values up to 4% in absolute values where the tree fraction is larger and 

opposite variations where tree increased. In consequence, turbulent fluxes vary following the energy budget 

variations, soil moisture follows the evapotranspiration changes and GPP the tree cover changes and the changes 

between C3 and C4 grasslands/crops differences, as what was observed in Amazonia.    
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Figure 11.8: Upper panel: surface albedo, latent heat and sensible heat fluxes simulated by ORCHIDEE; Lower 

panel: soil temperature, soil water content and GPP; all variables are annual averages for the period (2005-

2014) 

11.2.3 Land cover ɀ atmosphere feedback analysis  

 

The impacts on the atmosphere are shown on Figure 11.9, and display different features. The soil temperature 

present similar variations compared to the forced simulations but the latent heat flux appears more impacted 

with a larger RMSD (4.63W/m2 compared to 2.63 in annual mean) and larger extrema, whereas sensible heat 

flux presents about the same statistics. Air temperature, wind speed, LAI and rainfall presents variations 

explained by the tree cover variations with larger impacts on the convective precipitation which dominates the 

rainfall contribution compared to the large scale one in the regions impacted by the tree cover changes (central 

Africa). 

 

   

   

   




































































































