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Overview

GLM is a key technology for communicating IAM results with
climate models. Developed with partial DOE support.

For the land-use harmonization project we established a multi-year
working group to bridge LU history, carbon cycle, integrated
assessment, and ESM communities.

Collaborative approach involves end-users and ensures that
developed products would have wide usage.

GLM data products now being used by all teams for AR5 and CMIP5

simulations and in several key applications (Thomson et al. 2010
PNAS and Pereira et al. 2010 Science).

Technology now being used in iESM and undergoing further
development.
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Global Land-Use Model (GLM)

Global Land-Use Model (GLM) computes estimates of annual, gridded, fractional:
— land-use activities
— land-use conversions/transitions
— patterns and dynamics of recovering lands (including secondary land area, age, and mean biomass)
Land-use transitions —annual (gridded) rates of change of land-use. Includes the

establishment and abandonment of agricultural lands, afforestation and wood
harvesting, shifting cultivation, etc.

Developed with goal of implementation within an ESM: Land-use states and
transitions have been used in Princeton GFDL Climate Model
Key findings from original version of GLM

— 42-68% of land surface impacted by human land-use activities (agriculture + wood harvest)
1700-2000.

— Total secondary land area increased 10-44 x 10° km? during this period; about half is forested.

— Wood harvesting and shifting cultivation generated 70-90% of secondary land; permanent agriculture
changes generated the rest.

Hurtt et al. (2006)



Proposed Scheme for IPCC AR5
(Land-use)
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Cropland in 2005
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Mathematical Structure for Computing Land-use
Transitions

latitude

longitude

Global, 0.5 deg, 600y, 4D:
~10% unknowns!

Hurtt et al. (2011)
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INPUT MODEL OUTPUT
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Model Sensitivity

Model factor

Number of Cases: Description

Historical land-use reconstruction (H)

Residence time of agricultural land (7)
Wood harvest history reconstruction (L)

Land-conversion wood clearing tallied as
harvest to satisfy annual wood harvesting (IV)

Priority for land-use transitions (P)
Historical start date (D)

Urban land use included (U)

Future land-use projections (F)

3: HYDE 3.0, “No Data”, None

2:  Shifting cultivation, no shifting cultivation

3:  No wood harvest, FAO wood harvest
reconstruction, “No Data”

2:  Included 100%, not included

2:  Primary, secondary

4: 1500, 1700, 1850, 2005

2:  Included, not included

4. AIM, GCAM, IMAGE, MESSAGE

Total number of simulations: 1664




Key model factors:

Inclusion of wood harvest

e Early simulation start date

* Primary vs. secondary
priority

e Shifting cultivation
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New Work

Working with ESM groups to help guide the use of our products
in their models

Fully coupled IAM-GLM-ESM simulations (iESM)

New development upon our existing framework:
— Remote sensing data

— Multiple crop and pasture types

— What happens to land surface during transitions

— Changing climate

— Biofuels

— Management layers, etc
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