MultiScale Modeling
of Land-Atmosphere
Interactions

Objectives Focus areas Key Scientists/
Years 6-10 Partner Institutions

3. Application of Land-atmosphere interactions in

CMMAP models to [the current climate Denning, Bonan

study the multiscale

\F/)vrr(\)i((;;ﬁst?]ees through Changing roles of

biogeochemistry and land-use  |Denning, Bonan

atmosphere and change in future climates

land-surface
interact




Why Land-Atmos
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Land Carbon feedback is:a Ist order t
source ‘of uncertalnty in S|mulat|;
of 21st Century cllmate 0 ¥ -

Most of. the senS|t|V|ty in carbon
: feedback is related.to: preclp
(e.g. Hadley Center vs CCSM).

'Subgrld-scale sml m0|sture, drought
stress, methane & feedback
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Land Uptake (GtClyr)

Ocean Uptake (GtClyr)
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» Coupled simulations of climate and
the carbon cycle

» Given nearly identical human
emissions, different models project
dramatically different futures!




Applicatons

e Land-surface hydrology ... Subgrid
topography, snowpack, irrigated
agriculture (economically important)

Diagnsis of contemporary carbon sinK:
from atmos data subject to cloud-
clearsky biases

Future climate chaqgedue to land-use
and surface hydrology are subgrid-scale
(e.g., development,i;"de,«fdrestation)

Sea-ice energy budget, clouds, radiation,
dynamical coupling at fine scales is
crucial for high-latitude climate feedback




Why CMMAP!?

¢ Realistic mechanistic coupling among
clouds/radiation/precip/soil moisture/
vegetation/BGC at fine spatial scales

¢ Diurnal cycle of precip & radiation is
coupled to ecosystem function, much
morvre realistic in multiscale model

¢ Limited-area models OK for study of
heterogeneity, but precip requires a
global domain




Land-Surface Coupling

e Exchanges of
radiation, sensible
heat, water, carbon,
and momentum

e Prototype model: in
each GCM grid
column, many
cloud-resolving
cells, but just one
land-surface!

o Effects of
heterogeneity?




Topography

’-"ﬁ* g , - - & | e
b Orgamzatlon of/safl m0|sture .

° Varlatlcimf solar radiation accordmg
to slope and aspegt

e Organization ‘of vegetat'mn radiative
ipropecties, and surface fluxes
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Urban/Suburban/Rural

: Wom ey wied
LB W]
R
[ ¢
. -

TN Bty oF 1) Ssrsen »

R L]
L R

URBAN TERRAIN

e I

JARRRRRRRY

e




Clouds, Radiation, and CO.,

Photosynthetic light response
- Strong (but saturating) dependé‘;i%e

nt for dlffuse w in dir ac'r
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Clearsky Sampling Errors
June Column C02 W|th Cloud Mask (t= 0)

000 189 379 568 758 947 1137 1326 15.16

095 284 474 6.63 pp8rf153 1042 12.32 1421 16.11

Coupled Simulation

Corbin et al, 2008




Clearsky Sampling Error

Spatially coherent
JJA regional biases SON
N e > 1.5 ppm ! :

—2.00 —1.38 —0.77 —0.15 0.46 1.08 1.69

—1.69 —1.08 —0.46 0.15 Q.77 1.38 2.00

Corbin et al, 2008 PR




Multiscale
Strategy

® Understand locally
(observe, experiment,
& model development)

Extrapolate to regions
& evaluate (SiB-SAM)

® |Implement globally and
perform experiments

(SiB-GCRM)
Predict! (SiB-MMF)




Wet-Dry Seasonality as an
Analog to Climate Change
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Amazon carbon
uptake in wet
season, release in

1500

1 0

NEE (flux to atmosphere) kgC/ha/month
+500

60 c d
— C
neutral yrs, 1980-95 Ha0 § £ ry S€ason

-1000

Site (7/00-7/02)

0§ (stress)

: I T T T T T T l ' ' ! !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ’ Observations

Month

| ut is mean of 4 gridpoints: -54.5 > longitude > -55.5, -2.5 > latitude > -3.5, for neutral years 1980-81,1984-85,1990, & 1993-95.
i s, km67 site (2.85 S, 55 W, from 10-Apr-01 to 08-May-02) & km83 site (3.05 S, 55 W, from 1-Jul-00 to 1-Jul-01). S OW exac y e

opposite!
Saleska et al, 2003, Science




Latent Heat (W/m2)

Sensible Heat (W/m2)

C flux (g C/m2/month)
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Impact of roots on Upper
Tropospheric Circulation

SiB3 Stressed - Jan 2001-2003 Area Mean = 12.28

Improved simulation of
Bolivian High and
Nordeste Low
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Surface Heterogeneity
Impact on Carbon Cycle

CANOPY PHOTOSYNTHESIS (Difference)
moles/m’/s

® |atent/Sensible
Heat Fluxes
Relatively
Unchanged

® Reduction in

: : : : : Photosynthesis

ﬂ L o ° (mean; 12%)
B 7 7T 7 7T 7T 7 T
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Wimn®

Coupled Simulations in a
Cloud-Resolving Model

Sensible Heat Flux _Sians'

Wimn?
N

I

® |and-surface heterogeneity improves sinftilated
surface fluxes of energy and water




Coupled Simulations in a
Cloud- Resolvmg Model

Precipitation High Cloud

mm/day

® |and-surface heterogeneity improves simulated
precipitation and clouds!




C U rre nt ® (Coupled S1B-LES experiments

C I i m ate ® Regional S1IB-SAM experiments
g 7

|. continental US (emphasis on
topographic control,

mesoscale organization, and
CO2)

2. monsoon climates
(emphasizing coupled onset
and proagation)

3. Amazon (emphasizing fine-
scale deforestation)

® SiB-GCRM experiments




Future Climate

® coupled land-atmosphere MMF
to study the effects of land-use
change and biogeochemistry in
simulations of future climates.

® These simulations will use land-
use change scenarios being

developed using the IMAGE
model.

e Hostorical and projected future
land-use change scenarios are
currently available on a 0.5
deegree grid. These will be
downscaled using topographic
controls and run in the coupled

MMF and CCSM




