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Community Land Model

Hydrometeorology

Biogeophysics Hydrology
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Community Land Model

Energy fluxes: radiative transfer; turbulent fluxes
(sensible, latent heat); heat storage in soil; snow

* Land model for Community Climate System Model relt

- Developed by the CCSM Land Model Working
Group in partnership with university and

Hydrologic cycle: interception of water by leaves;
government laboratory collaborators yeroodie o P Y

infiltration and runoff: snow accumulation and melt;

Bonan et al. (2002) J Climate 15:3123-3149 multi-layer soil water; partitioning of latent heat
Oleson et al. (2004) NCAR/TN-461+STR ; ; : :
Dickinson et al. (2006) J Climate 19:2302-2324 info evaporation of intercepted water, soil
Oleson et al. (2008) JGR-Biogeosciences, in press evaporation, and transpiration
Stockli et al. (2008) JGR-Biogeosciences, in press



Carbon cycle and dynamic vegetation

Community Land Model

Ecosystem carbon balance

Photosynthesis
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Flux tower observations,
tropical evergreen forest,
Brazil

Stockli et al. (2008) JGR-

Biogeosciences, in press Rl

Integrated Latent heat flux (J/m2)

Hydrometeorology
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NEEDLELEAF EVERGREEN TREES G I O ba I Veg e.l-a* i o n

BROADLEAF EVERGREEN TREES

SHRUBS & CROPS
GRASSES

(a) CLM3.0-DGVM {b) CLM3.5-DGVM {c) SATELLITE

SIMULATED VEGETATION (percent cover)

Oleson et al. (2008) JGR-Biogeosciences, in press



Annual net primary production

Ecosystem Model-Data Intercomparison (EMDI)
compilation of observations

« Class A and Class B observations used

«  NPP extracted for each model grid cell
corresponding to a measurement location

Randerson et al., BGCWG, unpublished

Modeled NPP (g C m-2yr-1)
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Comparison with FACE experiments

. CN CASA'
Experiment La(t!t,\tf)d © iﬁ% ]S,:r%? Initial ~ final Initial ~~ final
NPP NPP B \pp  npp  Be
DukeFACE 35.6 2832  364.1 661 733 043 1091 1241  0.55
AspenFACE 45.4 283.2  364.1 358 397  0.43 524 595  0.54
ORNL-FACE 35.5 2832  364.1 828 901  0.35 1090 1248 0.58
POP-EUROFACE 422 2832  364.1 235 253  0.30 397 453  0.56
Mean: 0.38 0.56
Observed mean f3: 0.60 Observed NPP increase (376 -> 550ppm): 23%
CN model mean : 0.38 CN predicted (376 -> 550ppm): 14%
CASA’ model mean 3: 0.56 CASA' predicted (376 -> 550ppm): 21%
[ NPP(f) 1)
NPP (i _ CO. (t
B = U NPP(t) = NPP(i)-| £-In 2(_) +1
CO, (1)

ln[comj
CO, (i)

Randerson et al., BGCWG, unpublished



Anthropogenic land cover change

Evergreen Needleleaf Forest
Evergreen Broadleaf Forest

Deciduous Needleleaf Forest IGBP land cover types

Deciduous Broadleaf Forest

Mixed Forest

- - Closed Shrubland

Open Shrubland

- Woody Savanna
r - Savanna

- - Grassland

Barren/Sparce Vegetation

Cropland/Natural Vegetation

Cropland
Urban and Built-up

Agroecosytems
Snow and Ice Q Albedo
Permanent Wetland O Bowen ratio

Q Infiltration/runoff
O Soil water holding capacity

O Atmospheric CO,
Land cover change occurs O Nitrogen cycle

from human uses of land Q Dust



U.S. deforestation

Summer Surface Air Temperature Difference (Present Day - Natural Vegetation)
LSM Biome Dataset PFT Dataset

(C) (°’C)

son

NCAR LSM

20N

BON

20N

Oleson et al. (2004) Climate Dynamics 23:117-132

Four paired climate
simulations with CAM2
using two land surface
models

* NCAR LSM
* CLM2

and two surface datasets

* Biome dataset without
subgrid heterogeneity

* Dataset of plant
functional types with
subgrid heterogeneity

Conclusion
Magnitude of cooling
associated with
croplands is sensitive
to surface datasets
and model physics



Sensi’rivi’rx to a’rmosEher'ic model

JJA TREFMXAV: pd-pdyv yrs 1982:2001 (K)

Present-day - potential vegetation

CAM3/CLM3.5

CAM3.5/CLM3.5




Future land cover change as a climate forcing

Future IPCC SRES Land Cover Scenarios for NCAR LSM/PCM

a) Present day land cover

LSM Land Cover Typas
1 [ o e [ #4- Decd forstundm
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_E‘- _-_—"""-_ e - 13 - Bvemreen forest tundra - 28 - MNen-forest wetland
b) B1 2050 land cover d) A2 2050 land cover

S

| -

g) A2 2100 and cover

Feddema et al. (2005) Science 310:1674-1678

A2 - Widespread
agricultural expansion with
most land suitable for
agriculture used for farming
by 2100 to support a large
global population

B1 - Loss of farmland and
net reforestation due to
declining global population
and farm abandonment in the
latter part of the century



Future land cover change as a climate forcing
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JJA reference height temperature
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PCM/NCAR LSM transient climate simulations with changing land cover. Figures show the
effect of land cover on temperature

(SRES land cover + SRES atmospheric forcing) - SRES atmospheric forcing

Feddema et al. (2005) Science 310:1674-1678



C4MIP - Climate and carbon cycle

Effect of climate change on carbon cycle
J 4 Climate-carbon cycle feedback

_ 250, e = - All models have a positive climate-carbon
E cycle feedback
£ 200. - Ef}— * The difference between fully coupled carbon
8 - - cycle climate simulations and uncoupled
£ 150, - . simulations (CO, has no radiative effect)
=
a = 1 ranges from 20 ppm to 200 ppm
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Friedlingstein et al. (2006) J Climate 19:3337-3353 L



C4MIP - Climate and carbon cycle
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Fraction of cumulative
anthropogenic CO, emission in air,
ocean, and land up to 2000 (open
symbols) and to 2100 (closed
symbols) for eleven carbon cycle
climate model simulations

All models show that the efficiency
of the carbon cycle to store
anthropogenic CO, in ocean and land
decreases in the future
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Denman et al. (2007) in Climate Change 2007: The Physical Science Basis,
Solomon et al., Eds., 499-587



Climate, carbon, and nitrogen cycle

Ca from uncoupled experiments ACa due to radiative coupling
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Thornton et al., submitted



Future land cover change
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A2 - Widespread agricultural
expansion with most land suitable
for agriculture used for farming
by 2100 to support a large global
population

Bl - Loss of farmland and net
reforestation due to declining
global population and farm
abandonment in the latter part of
the century



Future land cover change

Biogeophysical

A2 - cooling with widespread
cropland

B1 - warming with temperate
reforestation

-180 120

Biogeochemical
- large warming; widespread
defor'es‘ra‘rlon

B1 - weak warming; less tropical *
deforestation, temperate 01

reforestation

Net effect similar

A2 - BGC warming offsets BGP
cooling

B1 - moderate BGP warming
augments weak BGC warming
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Sitch et al. (2005) GBC, 19, 6B2013, do0i:10.1029/20046B002311
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Permissible anthropogenic CO, emissions

Atmospheric €O, (ppmy)

CO, emissions (GIC/yr)
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(c) calenlated anmmal COp emissions and (d) calculatad cumul ative T emissions.

Matthews (2006) Tellus 58B:591-602

Permissible anthropogenic CO,
emissions to achieve a targeted
atmospheric CO, are derived
from specified atmospheric CO,
concentration and simulated
land and ocean carbon fluxes.

The positive carbon cycle-
climate feedback reduces the
ability of the biosphere to store
anthropogenic carbon emissions
and necessitates reductions in
emissions to achieve
stabilization goals.

The CO, fertilization effect is
particularly important as this
increases the terrestrial carbon
sink and allows high
anthropogenic emissions.



Land management policies to mitigate climate change

Reforestation might be chosen as an option for the
enhancement of terrestrial carbon sequestration or
biofuel plantations as a substitute for fossil fuels

2100 land management, IPCC Alb scenario
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. Excess agricultural land converted
to carbon storage or biofuels
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Green = carbon plantations
Green + red = biofuel plantations

Schaeffer et al. (2006) GBC, 20, 6B2020, doi:10.1029/20056B8002581



Land management policies to mitigate climate change
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How to in’regr'a’re ecological studies with earth system models?

Environmental Monitoring  Experimental Manipulation i b

Includes the Atmosphere,
Incoming Solar Land, Oceans, Ice, and Biesphere
Energy Qutgoing Heat
Energy
Transition from
Solid to Vapor
Evaporative
and Heat Energy 3

= Cumulus Cirrus Clouds Atmospheric
Stratus Clouds Aerosols Exchanges il R

Precipitation Snow Cover

Evaporation Atmosphere
B (I'emperaturpe. Winds,
and Precipitation) »
)
2
Stratus Clouds &
3
Evaporation B
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g
Heat & Salinity E
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Ocean Excha
(Currents, Temperature, and Salinity) nge

.

and Waves

Eddy covariance flux tower
(courtesy Dennis Baldocchi)

CO, enrichment, Duke Forest

LA

Planetary energetics

Ecosystem Study |

Planetary ecology
Planetary metabolism




Ecology or climatology

Climatic Interpretation Pieter Bruegel the Elder's "Hunters in the Snow"

Lamb (1977) Climate: Present, Past and Future.
Volume 2, Climatic History and the Future

Lamb (1995) Climate, History and the Modern
World

* Painted in the winter of 1565

* Records Bruegel's impression of severe winter
* Start of a long interest in Dutch winter
landscapes that coincided with an extended
period of colder than usual winters

Ecological Interpretation

Forman & Godron (1986) Landscape Ecology
Defines ecological concept of a landscape

* heterogeneity of landscape elements

* spatial scale
- movement across the landscape

Bonan (2008) Ecological Climatology. 2nd edition (Cambridge Univ. Press)
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