




















distinct northward propagation, the MJO diag-

nostics are calculated separately for boreal sum-

mer and winter, where appropriate.

(iii) All observation-based data (e.g., precipitation,

OLR, and zonal winds) are based on either satel-

lite remote sensing or global reanalyses. To ac-

count for measurement, retrieval and assimilation

uncertainties, more than one data source are se-

lected for each variable where possible (section 2).

Current discrepancies between different model

simulations of the MJO and any of these observa-

tion-based data are much greater than between any

two observation-based datasets.

(iv) Supplemental diagnostics are recommended to

include mean states of certain variables (SST,

zonal winds, precipitation) and interannual varia-

bility of the MJO (Table 4). They may help under-

stand the causes of erroneous behaviors of a simu-

lated MJO and/or illustrate shortcomings in the

multiscale interactions of a model (section 3a).

(v) The main part of the recommended diagnostics

includes two levels.

The level 1 diagnostics (section 3c; Table 1) provide

an initial assessment of intraseasonal variability in gen-

eral and the most basic features of the MJO that can be

easily calculated using standard tools without expertise

in the MJO. The maps of intraseasonal variance (Figs. 3

and 4) and time spectra for key regions (Table 2) help

reveal whether a model produces robust intraseasonal

variability and its correct seasonality. The lag–longitude

and lag–latitude correlations (Figs. 5 and 6) examine

whether the simulated intraseasonal variability pos-

sesses eastward and northward propagations at the ob-

served phase speeds, which are the most basic features of

the MJO. The single variable EOF analysis tests whether

MJO signals in a given field can be objectively isolated

from the remainder of the intraseasonal variability.

If the level 1 diagnostics indicate that the model is

indeed able to reproduce the basic features of the MJO,

the level 2 diagnostics (section 3d; Table 3) would fur-

ther detail the quantitative properties of the MJO using

more sophisticated tools. The wavenumber-frequency

spectra (Figs. 7 and 8) identify the intraseasonal spect-

ral peak and quantify its eastward–westward power

ratio, a measure of the robustness in the eastward pro-

pagation of the MJO. The coherence and phase relation

between the zonal wind and convection components of

the MJO are quantified by the cross-spectrum analysis

(Fig. 9), which also demonstrates the distinctions be-

tween the MJO and other equatorial waves. The key

test for assessing a model’s ability to reproduce the

MJO, including its time scale, phase speed, coherent

spatial–temporal structures in zonal wind and convec-

tion, is to see whether its MJO signals can be extracted

using a multivariate EOF analysis (Fig. 10). This mul-

tivariate EOF analysis also sets the stage for composite

analyses of the MJO to examine mechanistic, structural,

and evolutionary details during different phases of its life

cycle (Figs. 11 and 12). For coupled models, similar

composites can be made to include SST (Figs. 13 and 14).

The diagnostics recommended here are based on the

availability of reliable observation-based data (e.g., sat-

ellite and reanalyses products) and confidence in our

knowledge of the MJO. MJO diagnostics for other

variables (e.g., cloud and boundary layer structure, la-

tent and radiative heating) will be recommended in the

future when reliable observations are available for a

sufficiently long period. In addition, a number of rec-

ommendations related to MJO diagnostics/metrics were

made based on the discussions at a recent CLIVAR-

sponsored MJO workshop organized by the MJOWG

(Sperber and Waliser 2008). These include: 1) convert-

ing the diagnostics developed here, or new ones, into

scalar metrics/values to more easily quantify multimodel

comparison results and for quantitatively tracking model

fidelity, 2) develop process-oriented diagnostics that im-

prove our insight into the physical mechanisms necessary

for robust simulation of the MJO, and 3) continue to

explore the multiscale interactions and vertical structure

of the MJO. Other avenues for diagnostic development

are more precise characterization of the boreal summer

northward propagating events (e.g., Fu et al. 2003;

Krishnamurthy and Shukla 2008; Sperber and Annamalai

2008) and the discrimination between initial MJO events

(i.e., with no precursor) and those that occur in succession

(Matthews 2008). At present, the MJOWG is working on

applying the MJO diagnostics to a set of recent GCM

simulations and on defining and implementing a metric

for MJO predictions; the results of these activities will be

reported on in forthcoming papers.

In conclusion, we recommend the level 1 diagnostics

be applied to all model evaluation exercises and the level

2 diagnostics only to models with capability of producing

the basic features of the MJO as demonstrated by the

level-1 diagnostics. It is our hope that when all model

evaluations adopt the set of diagnostics recommended

here, we will be in a much better position to compare

models, identify common model deficiencies, and track

model improvement in regard to MJO simulations.
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