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Anthropogenic land cover change
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Natural vegetation dynamics

Upland boreal forest succession, Fairbanks, Alaska
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Vegetation masking of snow albedo

Maximum satellite-derived surface albedo during winter
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Tree-covered land has a lower albedo during
winter than other snow-covered land




Cropland increases surface albedo

Table 1. Black-Sky Snow Free Surface Albedo Values for Various Land Cover Types According to the IGBP Vegetation Classes Given

for 4 Months as 4 Years Mean"

Vegetation Type February May August November
| Evergreen needleleal (1) 0.0%6 0.050 0.050 0.092
Evergreen broadleaf in Amazonas (2) 0.122 0.119 0.124 0.127
Evergreen broadleaf excluding Amazonas (2) 0.121 0.116 0.118 0.127
Decidious needleleaf (3) 0.103 0.095 0.110 0.103
Decidious broadleaf (4) 0.116 0.137 0.140 0.119
Mixed forest(5) 0.096 0.101 0.119 0.100
Open shrubland 355-45N (7) 0220 0.219 0.209 0217
Open shrubland Australia (7) 0.177 0.177 0.177 0.173
Open shrubland other (7) 0.137 0.126 0.141 0.129
Woody savanna (8) 0.106 0.117 0.110 0.112
Savanna (9) 0.140 0.141 0.142 0.133
Grassland (10) 0183 0163 0.165 0178 Annual mean surface albedo change
Cropland Furasia (12) 0.144 0.140 0.150 0.139 : :
Cropland East Asia, India (12) 0.162 0.16] 0151 0.156 caused by anthropogenic vegetation
Cropland other (12) 0.162 0.151 0.163 0.159 Changes
Barren in Sahara and the Arabian desert (16) 0363 0.356 0353 0.365
Barren in Asia (16) 0222 0.229 0.232 0.228
Barren excluding Sahara, the Arabian desert and Asia (16) 0.208 0.215 0.175 0.215

"Data in the analysis are based on high quality and snow free quality assurance flag,

Myhre et al. (2005) GRL, 32, L21410, doi:10.1029/20056L024004
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Surface energy fluxes
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Atmospheric CO, and ENSO
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Global net primary production (NPP) and CO, growth rate during the
period 1982-1999 in relation to the multivariate ENSO index (MEI).
High MEI indicates the warm phase of ENSO. Highlighted in grey are
El Nifos of 1982-83, 1986-87, 1991-92, 1993, 1994-95, and 1997-98.

Global NPP on land decreased during El Nifio events with corresponding
increases in atmospheric CO, growth rate.

The period 1991-1993, following the eruption of Mount Pinatubo, is an
exception to the general relationship between ENSO and NPP.

Hashimoto et al. (2004) JGR, 109, D23110, doi:10.1029/2004JD004959



Carbon (Mg C ha')

Carbon Flux (Mg C halyr?1)

Deforestation is a carbon source
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CO, fertilization and stomatal conductance
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Synthesis results from 12 FACE studies in forest,
grassland, desert, and agricultural ecosystems exposed
to CO, concentrations of 475-600 ppm. Data are the
mean response (circles) and 95% confidence intervals
(bars) for all species and by plant functional type for
light-saturated leaf photosynthetic rate (A,,.) and
stomatal conductance (g,).

sat

Photosynthesis increases and stomatal conductance
decreases with higher atmospheric CO.,.



Community Land Model

Hydrometeorology

Biogeophysics
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* Land model for Community Climate System Model
- Developed by the CCSM Land Model Working
Group in partnership with university and
government laboratory collaborators

Bonan et al. (2002) J Climate 15:3123-3149
Oleson et al. (2004) NCAR/TN-461+STR
Dickinson et al. (2006) J Climate 19:2302-2324

Hydrology

Precipitation
¢ Evaporation
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Drainage

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

Hydrologic cycle: interception of water by leaves;
infiltration and runoff; snow accumulation and melt;
multi-layer soil water; partitioning of latent heat
into evaporation of inftercepted water, soil
evaporation, and transpiration



Carbon cycle and dynamic vegetation

Community Land Model

Ecosystem carbon balance

Photosynthesis
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Tropical deforestation

Settlement and deforestation surrounding Rio
Branco, Brazil (10°S, 68°W) in the Brazilian state
of Acre, near the border with Bolivia. The large
image covers an area of 333 km x 333 km.

July 28,2000

(NASA/GSFC/LaRC/JPL)

Numerous climate model studies find a warmer,
drier fropical climate following deforestation

(National Geographic Society)



U.S. deforestation

Cropland (percent of grid cell) Broadleaf deciduous tree (percent of grid cell)




U.S. deforestation

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



CO, fertilization and stomatal conductance

Amazonian evergreen forest,
diurnal cycle January
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Climate of the 20th century

Variations of the Earth’s surface temperature for...

Departures in temperature in °C (from the 1961-1990 average)
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What are the causes of this observed climate change?



20th century climate for'cings
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match the observed temperature record

What is the vegetation forcing of climate over this period?

Meehl et al. (2004) J Climate 17:3721-3727



Climate of the 215t century
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Historical land use forcing of climate

Many studies have examined the global climate forcing due to historical changes in land cover.
The emerging consensus is that land cover change in middle latitudes has cooled the Northern
Hemisphere (primarily because of higher surface albedo)

Comparison of 6 earth system models of intermediate complexity forced with historical land
cover change, 1000-1992...

Northern Hemisphere annual mean temperature decreases
by 0.19 to 0.36 °C relative to the pre-industrial era
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Historical land use forcing of climate
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Future land cover change as a climate forcing

Future IPCC SRES Land Cover Scenarios for NCAR LSM/PCM

a) Present day land cover
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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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U.S. deforestation warms climate
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Winter wheat warms temperature

Dorman & Sellers Vegetation (urb_noag)  index
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A broad diversity of crops worldwide

Cropland fraction
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Carbon cycle feedback

Transient simulations 1860-2100 with a carbon cycle, forced with anthropogenic CO, emissions

Two simulations to isolate the carbon cycle feedback:

« Coupled carbon cycle-climate simulation (with carbon cycle-climate feedback)

» Carbon cycle-climate simulation but no effect of CO, on climate (no carbon cycle-climate feedback)

Effect of carbon cycle-climate feedback

_ . Carbon budgets for the fully coupled simulation
on CO, increase and global warming
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Carbon cycle feedback
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Without climate change (i.e., without carbon cycle-climate feedback), CO, fertilization of plant
growth increases carbon uptake by the terrestrial biosphere throughout the 20t and 215 centuries.
In the fully coupled model, climate change decreases the terrestrial carbon sink, and the biosphere
becomes a source of carbon by the middle of the 21st century.

Cox et al. (2004) Theoretical Applied Climatol. 78:137-156



C4MIP - Climate and carbon cycle

I I : : I : : Experimental protocol
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E. 500. - leaf area, biogeography)
E N Results
< 400. Models have large uncertainty in simulated
= atmospheric CO, at 2100 (range is from
300. - e 730 ppm to 1020 ppm)
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Friedlingstein et al. (2006) J Climate 19:3337-3353



C4MIP - Climate and carbon cycle
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* 1 model simulates a 11 Pg C/yr terrestrial carbon sink from 4-10 Pg C/yr at year 2100
- majority of models simulate a modest carbon sink

Friedlingstein et al. (2006) J Climate 19:3337-3353



C4MIP - Climate and carbon cycle

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

250. —n— e - All models have a positive climate-carbon
cycle feedback
200. - I * The difference between fully coupled carbon

- - cycle climate simulations and uncoupled
150. - = simulations (CO, has no radiative effect)
= Ju ranges from 20 ppm to 200 ppm
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C4MIP - Climate and carbon cycle
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All models show that the efficiency Ocean Fraction

of the carbon cycle to store
anthropogenic CO, in ocean and land
decreases in the future

Denman et al. (2007) in Climate Change 2007: The Physical Science Basis,
Solomon et al., Eds., 499-587



Biogeophysical vs. biogeochemical interactions

Historical land cover change

Biogeophysical cooling

Biogeochemical warming

Biogeophysical cooling offsets
biogeochemical warming

Brovkin et al. (2004) Global Change Biology 10:1253-1266
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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

A2 biogeophysical

Biogeophysical

A2 - cooling with widespread
cropland

B1 - warming with temperate
reforestation

BEEREE.

Biogeochemical
A2 - large warming; widespread
deforestation

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

180 120 60 0 &0
A2 biogeochemical

120 140

Net effect similar

A2 - BGC warming offsets BGP
cooling

B1 - moderate BGP warming
augments weak BGC warming

Sitch et al. (2005) GBC, 19, 6B2013, do0i:10.1029/20046B002311
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Permissible anthropogenic CO, emissions
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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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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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Colonial Americans and forests

Thomas Cole - "View from Mount Holyoke, Northampton, Massachusetts,
after a Thunderstorm (The Oxbow)", 1836

Conveys the views Americans at that time felt toward
forests. The forest on the left is threatening. The
farmland on the right is serene.

Forest - dark, sinister, forbidding, lacking order, threat to
survival



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. 2"d edition (Cambridge Univ. Press)
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