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Introduction

* General Circulation Models (GCMs) have difficulty
representing clouds, and determining the source of the errors
is challenging.

* Because GCMs do not predict specific weather events,
model output cannot be directly compared to observations.
Rather, long term averages of model and observational data
are usually compared. This obscures the source of any errors
that may exist.

» Compositing model and observational data by atmospheric
state is an alternative method of making comparisons. In this
case, when errors are found, the physical conditions which

_ caused the errors are better known.

Methods

* Two years of ECMWEF reanalysis fields (T, U, V, SLP, RH)
comprise our input data. We use a competitive neural
network to define an initial set of states

* An issue common to many clustering studies is the proper
selection of the number of clusters. We use an iterative
technique'? to determine the optimal number of states and
ARM data to validate the statistical significance of the states.
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« States 1 & 2 occur during the monsoon

« States 3, 4, & 5 occur during the dry season.
« States 2 & 5 peak during the transitions

Results

* We find 5 distinct atmospheric states for the region surrounding Darwin. The first two
of these states occur during the monsoon season, while the latter three occur during the
dry season.

* The five states have distinctive meteorological characteristics, including cloud
occurrence profiles and liquid water path.

Meteorology of the five atmospheric states

State 1 State 2 State 1 State 2

Latitude (deg)
& N
5 =

Latitude (deg)
- :

-20
125 130 135 140 125 130 135 140 125 130 135 140

State 3 State 4 State 3

>

RS

" \

Latitude (deg)

1)
3

Latitude (deg)
Iy .

125 130 135 140 125 130 135 140 125 130 135 140 125 130 135 140
Longitude (deg) Longitude (deg)
Sates - setes - .
i o w0 2 8 02 04 06 08
e Surface Dew Paint (C) o~ 500mb Relative Humidi
§ z-amge suv)vace wﬁn)js % 500m‘{) ianty
] ]
- - - -
125 130 135 140 125 130 135 140
Longitude (deg) Longitude (deg)
Timing of the states
by month by MJO phase
State 1: 658 State 2: 1305 State 3: 969 State 1 State 2 State 3
400 400 400
) 2
£ 0 9 5 200
8200 200 200 3
100 100 100 I
0 0 042345678 124456786

DJFMAVJJASON  ° DJFMAMJJASON  ° DUFMAMJJASON 345678

State 4 State 5

State 4: 988 State 5: 1809

02345678
MJO Phase

02345678
MJO Phase

0 DJFMAMJ JASON

0 DJFMAMJ JASON

Phases of the MJO? indicate different regions
of enhanced convection:

 Phases | & 8: western hemisphere & Africa
* Phases 2 & 3: Indian Ocean
 Phases 4 & 5: maritime continent

* Phases 6 & 7: western Pacific Ocean

season.

between monsoon and dry seasons.

Cloud Profiles
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The probability of measuring a reflectivity greater than -30dBz.
Data from the millimeter radar at the ARM site in Darwin are
shown in red. Data from Cloudsat are shown in black. Shading
shows 95% confidence limits.

Cloud Properties
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* Data from the microwave
radiometer at the ARM site in
Darwin.

* Data from the rain gauge at the
ARM site in Darwin.

* Only data from times there was
* Excluded are data from when the precipitation are included.
instrument was wet or when there

were no clouds in the sky.




