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Overview of presentation

1. Role of land-use and land-cover change in the 
Earth system

2. Sources of uncertainty in LUC modeling
3. Integrating remote sensing of forest structure 

and Earth system modeling

Take home message:
Sub-grid cell heterogeneity continues to be a key 
challenge in LUC (& disturbance) modeling

Caltech, Land and Biosphere Modeling, 
March 2018



1) Land-cover and land-use change is 
~10% of total CO2 sources

Caltech, Land and Biosphere Modeling, 
March 2018 Le Quere et al. 2018



Le Quere et al. 2018
Friedlingstein et al. 2009

1) Land-use change (LUC) is declining 
contribution to total CO2 emissions

Caltech, Land and Biosphere Modeling, 
March 2018



1) Net LUC perspective masks large gross 
fluxes from deforestation and regrowth

Caltech, Land and Biosphere Modeling, 
March 2018 Richter et al. 2011



1) Non-CO2 GHGs from land-use activities 
lead to positive radiative forcing

Caltech, Land and Biosphere Modeling, 
March 2018 Tian et al. 2016



Five year drought

Caltech, Land and Biosphere Modeling, 
March 2018

Le Quere et al. 2018Le Quere et al. 2013

2) Uncertainties in the LUC flux is 
increasing over time

• Inclusion of LUC processes
• Representation of LUC processes



Caltech, Land and Biosphere Modeling, 
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2) Inclusion of LUC processes
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2) Representation of LUC processes

Yue et al. 2018



Five year drought

Caltech, Land and Biosphere Modeling, 
March 2018

2) Representation of LUC processes
Sub-grid cell tiling of 
forests into primary and 
secondary stands, and 
with age classes

Grid cell properties are sensitive to tiling structure 



Five year drought
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2) Is the land carbon sink underestimated 
as sum of missing LUC sources increases?

Arneth et al. 2017

Summary of missing LUC fluxes (PgC yr-1)



Five year drought
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2) Towards an LUC benchmarking

Pongratz et al. 2016

• Bookkeeping models have no climate or CO2 fertilization 
effect on biomass (<10% error)

• Loss of additional sink capacity ~0.3-0.5 PgC bias in 
DGVMs

• Legacy fluxes and start date of LUC (e.g., 1860 vs 850)
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3) Remote sensing of forest structure
• Initialization opportunities for forest structure and forest 

age (inventory + remote sensing hybrid)



Caltech, Land and Biosphere Modeling, 
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3) Remote sensing of forest structure
• Initialization, benchmarking and data assimilation opportunities for 

forest structure and forest age (GEDI, ICESat-2, NISAR, BIOMASS, 
Tandem-X)



Caltech, Land and Biosphere Modeling, 
March 2018

Thank you
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