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Understanding the role of Land in the Climate System:

Investigations with an Earth System Model (NCAR CESM)

Modeling the Climate System

The land is a critical interface through which:

1. We study climate and climate change S Uapar
impacts on humans and ecosystems St ot I

Precipitation Snow Cover
Evaporation -

and

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




Land Cover Change Contribution to Carbon Emissions

Balance of sources and sinks

AN N+ D

Units of GtC 1850-2018
Emissions

Fossil CO» emissions ( EFg) 440 4 20
Land use change CO, emissions (E£y yc) 205 £ 60°
Total emissions 645 £ 65
Partitioning

Growth rate in atmospheric CO» concentration (G ATMm) 255 £5
Ocean sink (SocEAN)® 160 420
Terrestrial sink (S AND) 195 £40
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Land Cover Change Deforestation Impacts
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CLMS Land Cover — Prescribed Annual Changes
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CLMS5 Land Use — Prescribed Wood Harvest (biomass)
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CLMS5 Land Use — Crop Model Prescribed Management
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CLM5 Land Use Data Tool

I Data

Current day
cropping (CFTs)
1961 - 2015

Historical

or future

land use
time
series

LUMIP format:

12 land units Current day
Transitions vegetation (PFTs)
Management 2000 - 2015

[}

CLM5 other
raw data files

“__,mmkm [}
CLM Land
Surface
Properties
Tool

CLMS format: l

14 Plant Types

32 Crop Types CLM/CESM
(Wood Harvest :
Shifting Cultivation
Irrigation and

N Fertilizer)




Land Representation - CLMS Land Data Technote

Land Cover and Cropping Data

MODIS IGBP Land Cover

CLMS5 Land Use Data Tool - Mksurfdata

Time Series Data
Global LUH2 CLM5 Tree PFT Area Millions km”~2

Climate Data

CRU Climate - Whittaker Biomes 2000 - 2015

Leaf Area and Albedo Data

MODIS Maximum Annual Leaf Area Index (LAI) 2003 - 2015
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CESM Land Cover Change and Global Carbon Cycle

Balance of sources and sinks
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CESM LULCC vs no LULCC - Historic Eco Carbon

Global CESM Total Ecosystem Carbon PgC
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CESM LULCC Conversion and Wood Harvest

CLM5 Global Conversion Flux (PgC/fyr)

! CESM NoLUC has large
Cumulative Conversion Flux = 59.3 PgC uptake of carbon
0.8 from CO, fertilization,

Climate and N Deposition
CLMS +142.7 PgC

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

- CLMS5 conversion of PFTs
g and CFTs results in a
cumulative loss of 59.3 PgC
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CLM5 Global Wood Harvest (PgC/yr)

CLM5 wood harvest of tree
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0s . Cumulative Wood Harvest = 60 PgC |OS§ of 60 PgC over the
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CESM LULCC Fire and Food Harvest

¥ 1 CLMs Global Fire (PgC/yr)

Cumulative LULCC Diff Fire = +60.5 PgC CESM NoLUC has large
| uptake of carbon
“1 —amswsr from CO, fertilization,
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: l
*\ * v IV This is offset by LULCC
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CLMS Global Grain C to Food (PgC/yr)

CLMS5 LULCC results in
large crop harvest flux out of

the land of 159 PgC

2.5 - Cumulative LULCC Diff GrainC to Food = 112.3 PgC

15 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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CLMS5 LULCC vs no LULCC - Biogeophysics Change
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CESM LUMIP SSP3-7.0 vs no LULCC Tot Eco Carbon

o8 Global CESM Total Ecosystem Carbon PgC
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CESM - Carbon Dioxide Removal (CDR)

The carbon dioxide removal potential for large scale Reforestation and Afforestation has
been receiving much attention in both the literature and the press.
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Potential for low-cost carbon dioxide How much can forests fight climate change?
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CLMS5 RCP 2.6 Re/Afforestation — Total Eco Carbon 139 PgC
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RF+AF+RS % 2100
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CLM5 RCP 2.6 Re/Afforestation — Air Temp / Evapotrans

SSP126 rfafrs - noLU 2m Ref Temperature (2091 - 2100)
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CLM5 RCP 2.6 Re/Afforestation — Air Temp / Albedo / Solar

SSP126 rfafrs - noLU 2m Ref Temperature (2091 - 2100)
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