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Boreal forest - menace to society -
ho need to promote conservation
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Tropical rainforest - planetary savior - promote avoided
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A Tropical forests B Temperate forests C Boreal forests
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Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs -
Clouds
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Atmosphere- Interaction
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Exchange Stress ———
Biosphere

Hydrosphere:
Ocean

Ice-Ocean Couplin . \ Changes in the Cryosphere:
- g%rvir;sghfar:es f | Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers
Changes in the Ocean: Changes in/on the Land Surface:
Circulation, Sea Level, Biogeochemistry Orography, Land Use, Vegetation, Ecosystems

(IPCC 2007)

Se The Earth system

Climate models use mathematical
formulas to simulate the physical,
chemical, and biological processes
that drive Earth's climate

A typical climate model consists
of coupled models of the
atmosphere, ocean, sea ice, and
land

Land is represented by its
ecosystems, watersheds, people,
and socioeconomic drivers of
environmental change

The model provides a
comprehensive understanding of
the processes by which people and
ecosystems affect, adapt to, and
mitigate global change
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Subgrid land cover and CLM represents a model grid cell as a mosaic of up
plant functional types to 6 primary land cover types. Vegetated land is
further represented as a mosaic of several plant
functional types

Glacier
16.7%

1.875° in latitude (~200 km)

n

A

Bonan et al. (2002) GBC, 16, doi:10.1029/20006B001360
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I Tropical Forest

[ Temperate Forest

Natural - Boreal Forest
Vegetation SHiERRE
Grassland/Shrubland
Tundra
[:I Semi-Desert/Desert/Ice
Croplands
NSF/NCAR C-130 aircraft above a patchwork of agricultural land
during a research flight over Colorado and northern Mexico
-90%
-100%
Global land use is abstracted to the
fractional area of crops and pasture
Pastures
and
Rangelands

90 - 100%

Foley et al. (2005) Science 309:570-574
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The emerging consensus is that land
cover change in middle latitudes has
cooled the Northern Hemisphere
(primarily because of higher surface
albedo in spring)

Comparison of 6 EMICs forced with
historical land cover change, 1000-1992

0.4

Mean annual air
temperature, NH (°C)

— ECBILT-CLIO-VECODE
02 .| —mir
g — KMMI
—MOBIDIC
. — CLIMBER
Northern Hemisphere annual g
mean Temper'a"'ur'e decr'eases " Jo00 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
by 0.19-0.36 °C relative to Year AD
the pre-industrial era Brovkin et al. (2006) Climate Dynamics 26:587-600
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Future IPCC SRES Iand cover scenarios for NCAR LSM/ PCM

a) Present day land cover

LSM Land Cover Types
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2 2050 land cover farming by 2100 to
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11 - Trap sea=onal decid tree

12 - Zavanna

A
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b) B1 2050 land cover d)

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

N ] latter part of the

= o A 7| century

Feddema et al. (2005) Science 310:1674-1678
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Change in temperature due to land cover

SRES Bl JJA reference height temperature SRES A2
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Land use choices
B1 - Loss of farmland and net A2 - Widespread agricultural affect climate
reforestation due to declining global expansion with most land suitable for
population and farm abandonment in  agriculture used for farming by 2100
the latter part of the century to support a large global population

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



caumm e R Bandhuse _and carbon

SO U

- =

e = . NS e ] o

There is a net flux of carbon to the atmosphere from changes in land use

oTropical deforestation releases carbon
oTemperate reforestation stores carbon

Land Use Change
Combustion of Fossil Fuels

Annual Emissions to the
Atmosphere (PgC)

e =
July 28, 2000

(NASA/GSFC/LaRC/JIPL)

Settlement and deforestation surrounding Rio Branco,
Brazil (10°S, 68°W) in the Brazilian state of Acre, l{b '{b
near the border with Bolivia. The large image covers

an area of 333 km x 333 km.




Biogeophysical

A2 - cooling with
widespread cropland

B1 - warming with
temperate reforestation

22 o2 3

$ 8 o8

Biogeochemical

A2 - large warming with
widespread deforestation
B1 - weak warming; less

tropical deforestation;
temperate reforestation
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Net effect

A2 - BGC warming offsets
BGP cooling

B1 - moderate BGP
warming augments weak
BGC warming

g & o w2

1 {

-{80 -120 -60

Sitch et al. (2005) GBC, 19, doi:10.1029/20046B002311
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MuITiple compeTing influences

. STRONG CO :

TROPICAL FOREST

Bonan (2008) Science 320:1444-1449

8=and. _climate change

of land cover change
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Credit: Nicolle Rager Fuller, National Science Foundation
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Surface albedo
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o Reinterpret MODIS VCF herbaceous fraction in forests
o Optical properties of grasses are much less reflective in both the
visible and near infrared (Asner et al. 1998. Remote Sens. Environ.

63:200-215)
Annual all-sky albedo
CLM4 CLM3.5
clmsci_go_pftn - Obs cim36sci16_cim3_6_11shklitd_Ssfc - Obs
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Units are Aalbedo x 100



BBtilder, Colorado_

g ey

Expected
current day — potveg DJF Albedo

20N

G0N

30N

La
o
[¥2]

=]
)
o

=
v by e by by —L
LI Y I N B B N N N N B BN B N BN B

208

1B0 150W 120W 90W 60W 20w O dJ0E &(0E ©Q0E 120E 150E

—10 -5 —25 —1 -0.25 025 1 25 B 14
Modeled

MGDIS — potveg (new) DNF Albedo 1
A

180

80N

BON

30N

305

805

(=)
PRI T T NI N N T NN T N T

f0s

1RO 150W 120W HOW B0OW 30w a 30E &0E B0OE 120E 150E

-1 -5 -25 -1 -025 0235 1 25 B 10

180

Units are Aalbedo x 100

current day — potveg JJA Albedo

20N

BON

30N

308

808

=
P R R R B B

208

180 150W 120W 90W 60W 230w 1] 30E &0E ©QO0E I20E 150E
-1 -5 —-25 -1 -0.25 025 1 2.5 B 10

MODIS — potveg (new) JJA Albedo
C T

180

¥/m2

SN

BON

30N

303

808

(=]
PRI T T NI N N T NN T N T
s - T

203

1D 150W 120W S0W  60W 30w 4] 30E &0E 90E 1E20E L50E

-1 -5 -25 -1 -025 025 1

25 B 10

180



Be der, Colorado

i
s Lo

LSM biome dataset

y
60N —|

NCAR LSM

20N | .

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

PFT dataset
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40N —
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Summer air ‘remper'a‘rur'e duffer'ence (presenT day - naTural vegetation)

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
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RAMS with LEAF-2
6-member July simulations

Land cover S
N
i
o = Ve Temperature (°C)
S - : o
N Dominant vegetation - I
+0.6
Cropland
I P — +0.3
o
Desert N | 0
|
Semi-desert Q — -0.3
o o) -0.6
o) Grassland
-0.9
I Woodland P
o
- | Broadleaf e
_ | deciduous tree =
I Needleleaf o
= evergreen tree &
=
Grass — crop: Increased ET
Forest — crop: Increased albedo,

reduced z0, reduced ET (rooting depth)
Baidya Roy et al. (2003) JGR, 108, doi:10.1029/2003JD003565
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Regional climate model
RAMS with LEAF-2

(A) Dominant land-cover type: (i)
evergreen needleleaf forest, (ii)
deciduous broadleaf forest, (iii)
other forest, (iv) grass/shrubland,
(v) desert/semi-desert, and (vi)
farmland.

(B) Model grid cells where crops and
pasture were replaced by softwood
(i) and hardwood (ii) plantations

11-member July simulations

Jackson et al. (2005) Science 310:1944-1947

Cur?rent
Land: Cover

Plantations increase summer
evapotranspiration and
decrease summer surface air
temperature
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Observations: FLUXNET, a global

USED SITES IN OUR STUDY: A 5
®*  Morgan Monroe (1999-2005)
Fort Peck (2000-2005)

*  Harvard Forest (1994-2003) Color Legend:

*  Niwot Ridge (1999-2004)

®* Boreas (1994-2005) temperate

[ ] i il ¥
Lethbridge (1998-2004) tropical

*  Sanfarem KM83 (2001-2003) boreal

*  Tapajos KM67 (2002-2005) sub-alpine

north-boreal

Collelongo (1999-2003)
El Saler (1999-2005)
Kaamanen (2000-2005)
Hyytigla (1997-2005)
Tharandt (1998-2003)
Vielsalm (1997-2005)

* & 2 8 ° o @

global range of
climates

Staockli et al. (2008) JGR, 113, doi:10.1029/2007J6000562

= - e

300+ sites coverg

LUXNET in the Community

Nodeéldevelopment

network
15 sites

Climate gradient

Tundra, boreal, subalpine,
temperate, Mediterranean,
tropical

Ecological gradient
Evergreen broadleaf forest
Deciduous broadleaf forest
Evergreen needleleaf forest
Mixed forest

Grassland
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Morgan Monroe State Forest, 300 : d-)
Indiana 250} ]
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5001

400}

300+

2001

Soil Moisture (-)
Latent heat flux (W/m2)

100F

02l &

gw_rsoil

ool . . . . | ; — 00 06 12 18 24
J FMAMUJUJASOTNTD AUG 2003
2003

CLM3 - dry soil, low latent heat flux, high sensible heat flux

Stackli et al. (2008) J6R, 113, CLM3.5 - wetter soil and higher latent heat flux
doi:10.1029/2007J 6000562
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Tropical -eve_r'gr'eerhl forest
(Santarem KM83, Brazil)

CLM3 - dry soil, low dry
season latent heat flux,
high dry season sensible
heat flux

CLM3.5 - wetter soil
and higher latent heat
flux during dry season

Stéckli et al. (2008) JGR, 113,
d0i:10.1029/2007 36000562

Integrated Latent heat flux (J/m2)
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Gross Primary Production (umolesim2/s)

0.4

0.0

o

easurements - tropical
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100+
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=100k

Integrated Sensible heat flux (J/im2)
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Multi-site, multi-year synthesis

Latent Heat Flux *cLM3 Sensible Heat Flux *cLm3
S = o CLM3.25 S 5 oo . CLM3.25
"o S 3 - A CLM3.5 - S 3 . A CLM3.5

—
()]
—_
(3]

standard deviation (normalized)
o

standard deviation (normalized)
o

095 0,95
0.5 0.5}
0.99 099
00 1 1 J 10 00 1 1 J 10
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
standard deviation (normalized) standard deviation (normalized)

CLM3.25 - increases correlation with observations

Stackli et al. (2008) J6R, 113, CLM3.5 - reduces variance compared with observations
doi:10.1029/2007J6000562



Normalized latent heat flux

Pelatent heat flux

Growing season evaporative cooling
is greater over watered crops
compared with forests and these
plants exert less evaporative
resistance

® Wheat

m Corn

¢ Deciduous forest
Jack pine

x Oak savanna

10 100 1000 10000
Canopy resistance (s m™)

Bonan (2008) Science 320:1444-1449

Evapotranspiration normalized by its equilibrium rate in relation to canopy resistance for wheat, corn,
temperate deciduous forest, boreal jack pine conifer forest, and oak savanna. Shown are individual data
points and the mean for each vegetation type.

Original data from: Baldocchi et al. (1997) JGR 102D:28939-51; Baldocchi & Xu (2007) Adv. Water Resour.
30:2113-2122
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Annual mean temperature change

and aerodynamics

OF to PP | OF to HW
Albedo +0.9°C +0.7°C
Ecophysiology -2.9°C -2.1°C

Juang et al. (2007) GRL, 34, doi:10.1029/20076L031296

Forest
Lower albedo (+)

Greater leaf area index,
aerodynamic conductance, and
latent heat flux (-)
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F_Cen’rral France
1 August 2000 10 August 2003

Surface reflectance

S

© !ﬂr
Ea E
- n i
" .
A
E r
| 2E . 42°C 32°C - . 47°C

Surface temperature

Scale bar indicates

500 m

Zaitchik et al. (2006) Int J Climatol 26:743-769

2000 2003 | Change
Forest
NDVI 0.87 0.87 0
Albedo 0.19 0.17 -0.02
T, (°C) 29 +11
Crops
NDVI 0.81 043 -0.37
Albedo | 0.22 0.22 0
T, (°C) 30 +24
Barren
NDVI 0.27 0.29 +0.02
Albedo | 0.24 0.22 -0.02
T, (°C) 47 +11
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urface energy balance

= "afforestation

NCEAS "Forest and Climate Policy”
working group

I |
: Grass - decid.brdlf.

¢ Grass > evergrn. ndle
4 : 'Crop = evergrn. ndleaf.

Cooling.

-20 0 20

Delta LE (W m™)

40

nf.

Differences in energy
fluxes among forest,
cropland, and grassland

Based on ~100 site-
years of AmeriFlux
data. OHalloran et al,
20089. in prep.

A affected by:
Proximity of towers
Leaf area index
Soil water status

Thomas O'Halloran
Oregon State University
Department of Forest Ecosystems & Society
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The LUCID inter-
comparison study

Cropland fraction
=< (L1
0.01-90.2
02-0.4
B 04-08
Bl os-08
Bl 0s-10

Models
Atmosphere - CAM3.5

Land - CLM3.5 + new datasets for present-day vegetation + grass optical properties
Ocean - Prescribed SSTs and sea ice

Experiments
30-year simulations (CO, = 375 ppm, SSTs = 1972-2001)

PD - 1992 vegetation

PDv - 1870 vegetation
30-year simulations (CO, = 280 ppm, SSTs = 1871-1900)

PT - 1870 vegetation

PIv - 1992 vegetation

Pitman et al. (2009) Land use and climate via the

5-member ensembles each LUCID intercomparison study: Implications for

Total of 20 simulations and 600 model years experimental design in ARS. Geophysical
Research Letters, submitted.
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50NAq°
40N
30N 1
20N A
10N 1
EQ A
10S 1
20S 1
308 1
408-'
508 1

60S

=

180 120W 60W 0 60F 120E 180

Extent of land cover change between experiments PD and PDv (PD - PDv) expressed as the
difference in crop and pasture cover between the two experiments. Blue colours represent
changes that decrease pasture and crop cover while yellows and browns are increases (25%-50%
and 50-100% respectively).

Pitman et al. (2009) GRL, submitted
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earth system models

Eddy covariance flux tower
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with observations

Includes the Atmosphere,
Tnceming Solar Land, Oceans, Ice, and Biosphere
Energy OQutgoing Heat
Energy
Transition from
Solid to Vapor
Evaporative
and Heat Energy 5
v Cumulus Cirrus Clouds Atmospheric
Stratus Clouds Aerosols Exchanges Clouds GOM
Precipitation Snow Cover
Evaporation Atmosphere
(Temgerature, Winds,

and Precipitation) o

colo g Stratus Clouds 3

]

1 K 1 Influerice Evaporation §

e I 8

3 =

4 2

— &

> 2

y 8

and Reflectivity) EE

Ocwan Heat & S;gl:ly
(Currents, Temperature, and Salinity)

<
'Q and Waves.
Marine Biology

Y

Planetary energetics
Planetary ecology
Planetary metabolism




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42

