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CAM configurations used In this study

Spectral dynamics, semi-Lagrangian transport
(SLT) for tracers

- Spherical harmonic discretization in horizontal
- Low order finite differences in vertical

- Inconsistent, Non-conservative -> fixers required for
tracers

Semi-Lagrangian Dynamics, semi-Lagrangian
Transport for tracers

- Polynomial representation of evolution of "mixing ratios’
for all fields

- Inconsistent, Non-conservative -> fixers required for
tracers

Finite Volume (FV) using "flux form semi-
Lagrangian” framework of Lin and Rood

- Semi-consistent, fully conservative

!



Resolution, Forcing, and Boundary
Conditions

Spectral and Semi-Lagrangian dynamics
- (~2.8x2.8 degree)
- 26 layers from surface to 35km

Finite Volume
- (2x2.5 degree)
- 26 layers from surface to 35km

All models run with
- Prescribed sea surface temperatures, or

- Sea surface temperatures calculated using a mixed layer
model
- Upper layer temperature evolves as an inert slab
- Lower layer has a fixed heat transport

Pre-industrial, Present day, and Future
anthropogenic forcing with a slab ocean model.
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Transport and Rectification in the
atmosphere

Conventional wisdom is accurate advection is
required for constituents that have large gradients

- But accurate advection makes a difference even for
long lived tracers in some circumstances.

+ Great example is CO2 rectification.

* Biogenic sources for CO2 are an important
component of the Carbon Cycle

* Biota have a strong diurnal and seasonal cycle

+ Correlations of source/sinks with transport
processes result in rectification of signal, and
influence inferences about missing sinkl



Seasonal Rectifier Forcing
(next 4 slides C/O Scott Denning)

Summer

Photosynthesis

Dilution of photosynthesis
signal through deep mixing

Transport of low-CO, air into
upper troposphere

Autumn

Weak Cumulus

Convection ~

High CO,
Concentration

Shallow PBL
Mixing

111

Decomposition

Accumulation of respiration
signal near the surface

Elevated CO, in lower
troposphere

Annual mean: Accumulation of CO, near the ground, depletion aloft



Two-Box Model: No Rectification

Tracer Concentrations
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Two-Box Rectifier Forcing

Tracer Concentrations

Mean C1 = 132.958
Mean G2 = 91.5416
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Ppm

Gradients Affect interpretation of Sinks

8 - Annual Mean Surface Concentrations
at the NOAA/CMDL Flask Stations

CSU GCM

Flask Data

GISS CTM

SP 30 S EQ 30N NP



Neutral Biosphere Test Cases

+ Assume the biosphere is at a steady state.
-> the source and sink of carbon exchange
between biosphere and atmosphere is zero.

» Annual Average of emmisions are zero at
each gridpoint.

* Each gridpoint has a diurnal and seasonal
cycle designed to represent photosynthesis
(uptake of CO2) and respiration (release)

 Base case emissions follow CASA model
(Potter et al 97, Olsen and Randerson, 04)



3 NB Inventories

* Base case (diurnal and monthly variations)

» Equivalent Monthly mean inventory (no diurnal
variation)

» Shifted diurnal inventory
(source/sink lags base case by 6 hours)
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Solutions span the
range of all models In
COSAM.
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Depth of Rectification depends on
numerics
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Solutions more sensitive to numerics

than climate change

semi-lagrangian fixed SST/ spectral fixed 35T
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Simple Ozone Studies

- Source in Stratosphere

- Fixed concentration (Pseudo-Ozone)
- Fixed emissions (SYNOZ)

 Sink near surface

Pseudo-Ozone test case
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SYNQO/Z test case

Spectral solution FV solution

aynthelic oZone (ppm volume) aynthetic ozone
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Ratio of POZONE/SYNQOZ

Spectral solution FV solution
scaled pssudo—ozone ¥ 1e+04 (ppm volume) scaled pseudo—ozone x 1e+04
lzynthelic ozone . i Isynthetic ozone
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Summary and Conclusions

There are many atmospheric problems where formulation of
numerics of transport and dynamics are first order effects.

At scales resolved by current climate models the choice of
numerics still have important implications

Changes in simulation via numerics frequently exceed typical
climate change

Strong gradient tracer tests suggest largest differences occur in
upper troposphere, but even "weak gradient” (eg CO2) problems
reveal important sensitivities in boundary layer

- Interactions with subgrid scale parameterization are subtle and can
lead o unanticipated sensitivities (eg, phase of boundary layer &
convective venting

Overall, the FV simulations are most satisfactory

- Internally consistent, conservative

- Lacking signatures that we know are problematic
(eg excessive ozone Strat/Trop Exchchange)

- Age of air



The end



Why do tracer experiments?

* As climate studies become more comprehensive,
characteristics of constituents included in studies
become more complex

- Spatially, femporally, and in relationships between
constituents

» Transport processes are important in virtually all
equations important in the physics and chemistry
of climate

* Tracers tell us something about the atmosphere

» These simulations tell us about the model &
atmosphere in a simpler context than the more
realistic problems typically used for climate
studies.



What are the origin of errors In
transport?

=~Errors in numerics used to represen
advection operators in evolution equations
(resolved scale advection)

 Errors in (resolve scale) wind fields
produced by the general circulation

i _barameterized (subgei
numerics and physics



Plan of talk

+ Motivation

+ Tools

* Model Experiments
* Results



Initial Conditions
Passive Tracer Tests

Mixing ratio = 1
(single layer)

=0

(elsewhere)
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Mixing In
Mid-
latitude
UTLS

high tracer (kg/kg) day 30
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low tracer (kg/kg) day 15
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Experiments used the Community

Atmosphere Model (CAM)

+ Component of NCAR CCSM (Community
Climate Systems Model), a coupled ocean,
atmosphere, land, sea ice model that now
includes various options for more elaborate
physical representations (eg isotopic
fractionation [H, O, C]), chemistry,
biogeochemistry (N and C cycles).

 Can run as standalone model or as a
component model
- General Circulation Model (GCM)
- Chemical Transport Model (CTM)



Tracer Experiments

* Passive Tracers (short 30 day runs)
* Radon

+ SF6/Age of Air
* Ozone
* Biosphere Carbon Source



Sulfur Hexaflouride SF6

+ Lifetime > 1000 years
+ Source from electrical switching equipment
* Nearly linear emissions increase in time

- Measures mixing between
- Continents/maritime
- Hemispheres
- Strat/trop exchange
- Age of air in stratosphere




Spectral Solution of Radon, present day
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semi—lagrangian fixed SST/ spectral fixed SST

200
I q
4007 1-10
= e /
600 \
1
i 0.95 0.95
800 =
m . Q 0.95
T L L | |
-90 -60 -80 0 30
spectral SOM future/ spectral SOl
S
200
400 -
=
600
800

finite volume fixed SST/ spectral fixed SST

" * ' 5K > ¢
200
1.4 1.4
1/\7 1.1 400 1.1
8 1 = 1
< ] 0.9 600 | 0.9
semi—lagrangian fixed SST — spectral fixed SST 0.8
N T e SN “\‘_/*: 0.4
— — ]
| "'\ -_'l.7 _F___/S____ ] 8 0
: T <
200 >y Y <L <<__ s 1t day
I".I [:] I'l. e ]
K II:} H'fl || 2
400 |2/ [ |0 . 2
| - pL- 1.4
'II".I . (f i 1.1
ook /A Reduced bias in | ;
] | .
2 temperature field has
P direct impact on STE Gfﬂ"x,l A -4 09
E | |,-'r \ i "v"ll ]
800  \. P e . 0.8
| - _ ll\\._'ll / I'-._‘ jl,.'". _.-| -7
E - 1 \ /—// I::]ﬁ‘"'. R a"f- ! >
: ] - I (/ I : |\w | 0
-10
-90 -60 -30 0 30 60 a0



Typical Zonal Annual average SF6
profile
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Radon results

+ Spectral model shows more vigorous
transport across tropopause than SLD or FV.
Concentrations in upper troposphere 10-20%
higher in FV and SLD, much lower in stratosphere.

* Anthropogenic Climate forcing tends to enhance
cross tropopause exchange (upward and downward,
similar to Butchart and Sciaffe, Rind et al, Collins
etal, Zhang and Rind)

» Exchange strongly modulated by thermodynamics
in SLD case



