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Overview

Precipitation spectrum

frequency (cpd)

ronal wavenumber

Observations

* Tropical variability, of which the MJO is a leading contributor, is strongly linked
to extratropical weather patterns and global climate

* MJO depiction in many GCMs is poor (e.g., Lin et al. 2006)... but improving

* Spectral character of MJO in SP-CAM is encouraging...

* How does MJO time-height structure in SP-CAM compare to nature?
* How does SP “give life” to the MJO in CAM3?
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Model Configuration

Time step 30 min 20 sec

P Integration: Sep 1985 - Sep 2004 (19yrs)
» Forcing: Prescribed (observed) SSTs
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Compared to reanalysis,
SP-CAM has...

* An upper atmosphere that is too
warm

» Pre-MJO PBL warming not seen in
reanalysis

¢ ~20% more rainfall
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heaviest rainfall

¢ Insufficient decrease of

0. following deep
convection

Results: Basic Variables
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Results: Convective Heating & Drying

ERA-40/GPCP
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meridional component in
model and nature

* Lower tropospheric zonal
convergence unrealistically
strong before Day O,
divergence too weak after
Day O
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Results: Horizontal Divergence
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Results: Horizontal Moisture Advection
ERA-40/GPCP
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Results: Geographical Differences of u’

Indian Ocean u . Marltlme Cont.u'_ WestPaaﬁcu
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* General SP-CAM zonal wind structure compares favorably to ERA-40
wind structure

* Onset of west winds based on geography is well simulated
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Results; Timing of Westerly Onset
Westerly Onset Comparison
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* Both SP-CAM and ERA-4-0 have earlier onset of westerly wind anomalies
as MJO-related convection propagates eastward

* Unrealistic pre—MJO easterlies noted in Indian and Maritime Continent
regions
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SST: Model vs. Nature

\ 55T Comparison
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CAM, and lack of coupling could -0.4
play arole in its overestimation
of convective intensity (e.g.,
surface fluxes)
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Summary: MJO in SP-CAM & nature

. related convective intensity,
particularly concerning deep
convective heating

* The SP-CAM exhibits insufficient suppressed-phase subsidence and
drying, particularly in the boundary layer

* Several important mechanismes, including the timing of westerly onset
and advective drying tendencies, are captured well by the SP-CAM
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SP-CAM => Good M|O
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e CAM => Not So Good MJO

® Why! What basic processes of the MJO did
we get right in the SP-CAM, but are missing in
the traditional CAM!?
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About the Models

- AMIP Style boundary conditions
e SP-CAM

- Same temporal and large scale grid properties as the CAM
- 2D CRM embedded in each gridcell to simulate clouds

= CRM has 64 columns 4 km wide oriented East-West with 24
layers
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CAM Deep Convection

1 - Very low entrainment

2 - Average entrainment

3 - Very high entrainment

above minimum of
L~ saturated MSE

Zhang and McFarlane (1995) e All downdrafts exit below

cloud base, and all clouds
in the ensemble have the
same base
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Some Observational Data

- 2.5°x2.5° 12 pressure levels 1000 hPa-50hPa
- Replace reanalysis precipitation with TRMM

e TOGA-COARE
- |IOP: Nov [, 1992 - Feb 28, 1993
- Six sounding sites between 1°N-4°S and 147°E-167°E

- Tipping buck rain gauge data recorded per minute, summed to
daily rain
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Composite Views of the MFR

Number of gridcells with value of daily averaged rainrate
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® All data is averaged to a 2.5°x2.5° grid and daily
timescale

® Each gridcell is identified and binned by the daily
average rainrate

® Profiles above the gridcells are averaged with others in

the bin to create a composite profile per rainrate
Colorado
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|dentification of Events

Locations of SP-CAM Filtered OLR Minima Locations of CAM Filtered OLR Minima

Locations of ERA-40 Filtered OLR Minima

® Similar to Jim’s approach,
except using filtered OLR

® Any OLR anomaly less than |O
is selected

® Only events in the Eastern
Hemisphere are composited

CMMAP EAP Meeting, Fort Collins, September 2008
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Moisture and the MJO
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Daily Average Change in TPW (kg m* day™)
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Mean Low-Level Winds

Composite Near-Surface Winds per Value of Rainrate TOGA-COARE IOP Near-Surface Winds per Value of Rainrate
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Pressure (hPa)

Pressure (hPa)

Days relative to Minimum Filtered OLR

Height (hPa)

0 10 20 30 -30 -20 -10 0 10 20 30
Days relative to Minimum Filtered OLR

TOGA- COARE Q2 Heating Proflle Average Over IFA

100

300

500

-30 -20 -10 0 10 20 30
Days Relative to Approximate Minimum Filtered OLR

Co r%do
CMMAP EAP Meeting, Fort Collins, September 2008 University




Discharge-Recharge Cycle

From Bladé and Hartman 1993

..........

0
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+10 +15 +20

~10-15 days

~10 days

~20 days

® Proposes MJO is an intrinsic oscillatory state of the tropics

® During suppressed convection regimes, convection moistens
and destabilizes the area

® Extra-tropical stochastic forcing sets off deep convection

® Huge convective system travels through the tropics
estabilizing the area and suppressing convection after passage
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TPW for SP-CAM Path (kg/m2)

CAM v3.0 and SP-CAM.

Discharge-Recharge

ERA-40 / TRMM
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Tropical Convection, Moisture,
and the MJO

- Increased environmental humidity decreases dilution by
entrainment

= Increased environmental humidity decreases the
evaporation of downdraft air

® The Discharge-Recharge Cycle

- The MJO occurs on a semi-regular interval dictated by
the time required for convection to moisten the
atmosphere (Recharge) to the point where deep
convection is not effective at restabilization and a large-
scale circulation is induced (Discharge).

Cog(t);gdo
\ CMMAP EAP Meeting, Fort Collins, September 2008 University




Summary

feedback which causes the SP-CAM to be overly
humid, and have stronger convection.

® The MJO appears in the SP-CAM because the
representation of convection does a better job of
moistening the tropics and creating a Discharge-
Recharge Cycle.
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