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Understanding the role of Land in the Climate System: 
Investigations with an Earth System Model (NCAR CESM)

The land is a critical interface through which: 

1. We study climate and climate change 
impacts on humans and ecosystems 

and

2. The impact that humans and ecosystems 
can force on the environment and climate



Land Cover Change Contribution to Carbon Emissions
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Land Cover Change Biogeophysics
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Land Cover Change Deforestation Impacts
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CLM5 Land Use Data Tool



Land Representation - CLM5 Land Data Technote
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CESM Land Cover Change and Global Carbon Cycle
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Slide 6 – PFT Mapping

CESM LULCC vs no LULCC – Historic Eco Carbon

CESM NoLUC has large
uptake of carbon
from CO2 fertilization,
Climate and N Deposition
CLM5 +142.7 PgC

This is offset by LULCC
in CESM = 182.9 PgC
Global Estimates ~160 PgC



Slide 6 – PFT Mapping

CESM LULCC Conversion and Wood Harvest

CESM NoLUC has large
uptake of carbon
from CO2 fertilization,
Climate and N Deposition
CLM5 +142.7 PgC

This is offset by LULCC
in CESM = 182.9 PgC
Global Estimates ~160 PgC

CLM5 conversion of PFTs 
and CFTs results in a 
cumulative loss of 59.3 PgC

CLM5 wood harvest of tree
PFTs results in a cumulative
loss of 60 PgC over the 
period.



Slide 6 – PFT Mapping

CESM LULCC Fire and Food Harvest

CESM NoLUC has large
uptake of carbon
from CO2 fertilization,
Climate and N Deposition
CLM5 +142.7 PgC

This is offset by LULCC
in CESM = 182.9 PgC
Global Estimates ~160 PgC

CLM5 LULCC results in
large increase in carbon 
loss through increased fire
of +60.5 PgC

CLM5 LULCC results in 
large crop harvest flux out of
the land of 159 PgC

Much of the crop harvest
flux is offset in the LULCC 
simulation by higher NPP
from fertilizer and lower 
heterotrophic respiration 
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CLM5 LULCC vs no LULCC – Biogeophysics Change



Slide 6 – PFT Mapping

CESM LUMIP SSP3-7.0 vs no LULCC Tot Eco Carbon

CESM NoLUC had large
even larger uptake of carbon
from CO2 in SSP3-7.0 with
+372.0 PgC

This is offset by the very
large LULCC in the scenario
with CESM simulating a
LULCC of 179.3 PgC



The carbon dioxide removal potential for large scale Reforestation and Afforestation has 
been receiving much attention in both the literature and the press.

Range of results upper end has:
Re/Afforestation of 9 million km2

With 205 PgC additional storage
(Cumulative emissions ~500 PgC)

CESM – Carbon Dioxide Removal (CDR)



CLM5 RCP 2.6 Re/Afforestation – Total Eco Carbon 139 PgC



CLM5 RCP 2.6 Re/Afforestation – Air Temp / Evapotrans



CLM5 RCP 2.6 Re/Afforestation – Air Temp / Albedo / Solar


