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Some Basic Definitions

» "Land use (LU)" refers to management without
changing the land cover, such as wood harvest
and agricultural management (e.g., cropping
practices and irrigation)

» "Land use change (LUC)" refers to conversion of

one land cover type to another, such as clearing
forest to grow crops.

+ CO, emissions from LU represents the "net
effect”

- Including CO, sources (emissions from deforestation,
logging, and other direct human activities) and

- CO, sinks (as vegetation regrows following land
disturbance).
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Forest Management and
Secondary Forest

» Historically, more secondary forests
have resulted from wood harvest than
from agricultural abandonment,
underscoring the importance of forest

management in estimating LULUC
emissions

» The 21st century scenarios based
CMIP5 project a 380-10807% rise in
global total forest due to wood harvest
compared to those of the 20th century




Objectives

* Quantify the contributions of LU to
terrestrial carbon emissions, for the
period 1800-2100

* How these contributions are impacted
by the N dynamics

- Use of ISAM land surface model with
carbon and nitrogen dynamics

- Use of three different LU
reconstruction over the period 1800-2012

- Use of 4 IPCC RCP for LU data for the
215" century data




Direct and Indirect Emissions

+ We study the relative contribution of

- the direct effects of human LU
activities

versus
- the indirect effects of human LU

activities via environmental changes
(climate, CO,, and nitrogen deposition) to
total LULUC emissions




Schematic Diagram of the

Current Version of ISAM
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LU Activities

+ Considered four major LU
activities:

- cropland expansion and abandonment,

- pastureland expansion and abandonment,
- urbanization, and
- regrowth due to wood harvest.




LU Data

Historical Data ( < 2005):

» Used three global historical data sets of cropland &
pastureland

- SAGE (ISAM-RF), HYDE (ISAM-HYDE), Houghton
(ISAM-HH)

- A common data set for historical wood harvest and
urban land

- GLM (Hurtt et al., 2011)
Future Data (> 2005)

* The future projections for LU (cropland,
pastureland, and wood harvest) are based on the
four RCPs derived.




Estimated Net Exchange of C (gC/m?/yr)
for the 2000s in Secondary Forests

(a) Without N Dynam’lcs
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- C stocks in forests are increasing
in recent years due to
reforestation and forest
management

Positive values represent net C releaseto the atmosphere and negative values represent net

C storagein terrestrial biosphere Jain et. al. (2013, GCB)




Estimated Net Exchange of C (gC/m?/yr)
for the 2000s in Secondary Forests
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- C stocks in forests are increasing - In some regions accumulation of C is
in recent years due to reduced where N is a limiting
reforestation, abandonment and nutrient or enhanced if the additional
management (wood harvest) N is deposited in the forest

regrowing regions

Positive values represent net C releaseto the atmosphere and negative values represent net
C storagein terrestrial biosphere :
0 P Tain et. al. (2013, 6CB)




Model Simulated LU Emissions
(Pg/Century)
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Model Simulated LU Emissions
(Pg/Century)
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Model Simulated LU Emissions
(Pg/Century)
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Conclusions

* N limitation reduces regrowth rates of
vegetation in temperate areas resulting
in higher net caron emissions.

» Exclusion of N dynamics leads to an

underestimation of LU emissions by
around 34-52 PgC (20-30%) during the
20th century and by 128-187 PgC (90-
150%) during the 21st century




ISAM and Its Applications
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Model-Simulated response to key Nitrogen
variables illustrated using RCP8.5 simulations
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NPP for Secondary Forests - With and Without N

limitation, RCP 8.5 Scenarios
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TSAM and Its Applications

Integration of nitrogen cycle dynamics into the Integrated Science
Assessment Model for the study of terrestrial ecosystem responses
to global change
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Climate, N Cycle, LULCC uncertainty
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Primary and Secondary Forests
Averaged for 2000s

Primary Forest Secondary Forest
ISAM-RF
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Three distinct global estimates of historical land-cover
change and land-use conversions for over 200 years
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Net Change in Forest and Wood
Harvest Areas
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CMIP5 Dataset
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