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Introduction Regression Model Historical Connections Predictability of the MJO index
The most widely accepted characterization of the Connections between the MJO and other environmental variables are calculated
Madden-Julian Oscillation (MJO) is the index developed by A. Multivariate Linear Regression by @ linear regression of these variables onto the two components of the MJO The figure below shows all MJO events with an initial value of [1.41,1.41] +/- 0.25 plotted for
Wheeler and Hendon (2004) [1]. This index is based on index. Our results are consistent with previous studies [1,4,5]. the following 35 days. The mean (solid line) of this ensemble rotates counterclockwise and
satellite measurements of outdgoina longwave radiation We use a multivariate linear regression model: The MJO is a propagating phenomenon but instead of adding , , , o , o decreases decays exponentially while the variance (shaded area) increaes with time.
2nd 50 Is only defined for 1974-gresgnt 9 lagged variables we have simply included the Hilbert transform of Connections with Northern Australian precipitation and air temp(g)rature, (Wg)allfornla
. I(WH) o 5 (a) 1oe each gridded pressure time series which improves the skill of the Sea level, and Alaska air temperature are consistent between ;™ and I;"™: MJO Event Ensembles in MJO Space | | | o

Connection Between Environmental Variables and the MJO to that of a forced damped harmonic

pressure and daily measurements of surface pressure are

(a) - - The regression is trained over half of I, and validated over the 5 oscillator. Based on this, we have
avallable fOF 100+ ears. We resent a StatiSticaI Where pt > d le VeCtOr Of predICtorS qt tlme t The " I Tal ¢ I I I I L Booby Is. Precipitation % " arwin Air Temperature 6] an Diego Sea Level I ’ i
reconstruction of the yWheeIer ang Hendon MO index regression coefficients were estimated (3) using least other half.It Switching the training and validation periods yield the 5 Booby Is. Precip 1 Danwin Air Temp San Diego Sea L 1] proposed the following autoregressive
same results. ‘l

from 1905 to 2008 based on a regression of tropical squares and the MJO index was reconstructed using: model for the MJO index:

surface pressure from the 20th Century Reanalysis (o1 A Continuous (year-round, daily) measurements of surface pressure
Project. It — ﬂpé"’) do not occur in all basins prior to 1905. Therefore, we only use
pressure data over the range 1905-2008.
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The reconstructed index is validated by demonstrating
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where I, Is a bivariate index and &,,

maximum temperature anomaly [de

that its temporal and spectral properties are consistent - - - - - s wiophsse | .| wmopme | | wophse Bs 2 4 o0 1 2 3 IS a bivariate white noise process with
with the Wheeler and Hendon index over the common B. Selection Criteria for Pressure Time Series S (W;, . fOT) ¢ 5 6 (ZT) 8 o2 8 4 5 6 7 8 . I [ . I covariance o?I.
period  (1979-2008).  Furthermore, we show that We limit the selection of pressure time series by the following criteria: egression e’ f f e [lrenoscrmerig13yearegresson -

For § < 0 and 0 < 7Y < 1, this model
represents a stochastically forced
underdamped harmonic oscillator.
and makes the following predictions:

relationships between the reconstructed index and
various meteorological and oceanographic properties are
consistent with the Wheeler and Hendon index. Finally,
we examine the predictability of the MJO index using an

For the Australia and California time series, these connections are also
approximately time invariant over the complete record. For the case of surface air
temperature over Alaska the connection shows significant interdecadal variability:

1. Linear Relationship to MJO A frequency-dependent regression based on the spectral density of pi;?t (fi;) and the coherence

(K;;) between p,ﬁ;‘;?t and I,"”is used to measure the fraction of standard deviation in pa that can be accounted by the MJO [4]:

| 2 y , , —t/T
autoregressive model. _2 f Rij (w) [ ©J (w)dw Reject regions for . o p(t) e
) o _ I-iz-j — hich &..< 0.33 ™ " th £ th Moving 15-year regression: Alaska SAT 52 ( t) o ] — e—2t/T
2. Comrelation Lengthscales Zonal and meridional separation [ fij(w)dw BHE gy = W2 € streng of 1the T T ——— —— z
lengthscales are determined based decorrelation distances. We connection can be divided o Y iGe I: _ 17 (1979-2008) | where 7 = 7(7) and t = nAt
find 14° meridionally and various values zonally, depending on into the following periods; 545 '\‘ 2 3 3> =2 4 o 1 2 3 =3 -2 -4 0 1 2 3 ! -
| in. : =2 m A 13
Data atitude and ocean basin Ap® — DPijt  where s;;is the standard 1) 1946-1966 (strong) e —— o 3 3
Pijt Sij deviation of p;%; o Dore] | . -, 15 Assuming that the value of the MJO index at time j for the kth event is normally distributed,
3. Predictor Uncertainty An estimate of relat " - R/ . o i th Ao , 2) 1970-2000 (moderate) £ 24 we can write the joint probability distribution as
® MIO Index Dailv values of the bivariate Wheeler and . Predictor Uncertainty An estimate of relative pressure ensemble spread. Regions are rejected if the mean of Ap;?; is greater ) 2 A
Hjendon 2004 ?/ndex (1) were obtained from the than 0.8 and if the trend in Ap;”, is greater than 1.76 10~ 1/days (change of 0.67 over 1905-2008). ’ ) LBA-1ES (219 Ml ' e =V | K n nK K n
Lt (] 1920 ! . 1950 1960 1970 1980 1990 2000 (k)| (k) 1 1 (k) (k) \T,_ (k) (k)
Government of Australia Bureau of Meteorology for the and is consistent between =~ s{==&" g : pa) = [ [ [ [ p(z;7 12570, 0) = 9702 XD\ 752 DD (@ = At (25 — Azi?y)
period 1(%/7]{? to 2008 inclusiye. We have low-pass C. Locations Chosen for Rearession both Nome and Fairbanks f_éz N, . k=1j=1 k=1 j=1
Egr?\rsgngnts ;VrléhdZnCol{ce-dOflgl\elﬁflnlogn?jf Rll\(/)ll\/?§ ys. The two ) J (except 13910-1920) m;_‘\ \, / VTN L :0.0_0 where A\ = |v, 0, 0]. We have used maximum likelihood estimation to fit this distribution to a
These locations (open circles) were chosen by hand based on the above criteria (rejection region contoured below). Preference set of MJO events and determine the decay timescale as a function of xg
' ' lati I r n r taken tor t the meridional an : . e
® Predictors Daily fields of surface pressure from the ;Voar?a?gleepna:gtggﬂI?ennsgigizglaeg 2 fow frend andmean relative ensemble spread and care was faken fo respect the meridional anc e A regression of sea level pressure MJO Index Predictability in MO Space
. , - (oT) - : or
20th Century Reanalysis Project (20CR) for the period - 700 gn]EiO Iél ,bd|V|de€ mt(t)h t?e hran%?s I (19732008
1871 to 2008 inclusive [2,3]. The reanalysis assimilates 0o soon| 500 €nned above, SNows that when the | " bh
- MJO is strongly related to Alaska air arger 7 In phases 8
surface pressure observations, monthly sea surface 0.55 5oo§ : : gly + | ‘ | and 1-3 means greater
temperatures, and sea ice distribution from the late 05 ol & cmperature - 1t = also - Strongly dictabili : £
19th century to the present using an ensemble Kalman 045 _ N g modulates a region of sea level predictability ~ In tor
smoother. The analysis is carried out on a global grid 04 [} N 2 pressure to the southw_est. . In tum, !VUO events |n|t|aI|ze.d
with a resolution of 2°. Seasonal and interannual 0.35 < this modulates the direction and In those phases. This
variability have been removed and the data were low 0.3 40N S strength of temperature advection Is consistent with [6]
pass filtered with a cutoff period of 10 days. The low 0.25 30°N due KI) ckhanges In surface winds
pass filtered data are henceforth denoted pj;;,. The o z0° e S — over Alaska.
reanalysis also supplies an ensemble error Ap;,,;, which |
IS the standard deviation of the 56 member ensemble
after data assimilation.
e Other Environmental Variables The following station The Reconstructed MJO Index over the validafion periog, the multivarate 15-year moving spectral density Conclusions and Future Work

- (W) (a) Ve
and tide gauge records were obtained: regression of /" “onto Py~ and their Hilbert

transforms has an RMS error of 0.58 and a 0.05
Location Variable Range % Time Series of I, correlation of 0.82 for the first component and T 0.04 ~
an RMS error of 0.55 and a correlation of 0.84 for

Using long records of surface pressure we have reconstructed MJO variability back to the beginning of the

Booby Is. QL, Australia | precip. 1/8/1908 - 8/7/2001 | 96.3 . ?o.osj‘." : . | 20th century. Connections between the reconstructed index and other environmental variables are
Darwin PO. NT, Australia | max.T | 1/1/1885-31/1/1942 | 99.7 A the second component. 3 002 sl vo - “ oy 1, consistent with the Wheeler and Hendon index and are approximately time invariant over the full record.
Darwin Airp. NT. Australia | max. T | 1/1/1941-2/10/2010 | 99.0 = 0.01f m R 1 He. Furthermore, we have developed an autoregressive model that shows the predictability of an MJO event

Fairbanks AK, USA | min.T | 1/8/1904 - 31/7/2010 | 99.4 I Our model does a good job of predicting the 0 ‘ ' 1> depends on its initial phase and amplitude with most predictability for phases 8 and 1-3.

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 (42 1990 2000 (-3

(OT)

Nome AK, USA [ min. T 1/8/1906 - 31/7/2010 | 99.6 Tool, Yos
San Diego CA, USA | sea level | 21/1/1906 - 31/12/2008 | 97.6 LY

index over the common period, with only a slight
underestimation of amplitude. —

0.05

Future work will involve examining the predictability of the MJO prior to 1979 as well as developing a more

2| 2 0.04 : : Y : :
' W l , ~ ' accurate (nonlinear, nongaussian) statistical model for its behaviour.
Ee?%vetc? r%@efsgrl;meoni(iat?egrgasgio;he Hsc’>eu?~f; nsaeJa ?Zﬁleel P fon 200 The reconstructed index (r°”) has the same Sool a— w
. Hourlv sea level 1 1 = s— | n , | , ® 002 -
data was detided, detrended, subsampled to daily : Eﬁreocjgﬂ Eﬁ:?ﬁﬁ;(ﬁm} ?fgotshlzsostha)pe 5 fEnee £ 0,01 ‘@ - . .
values, had the Inverse barom_e’_cer _effeCt and seasonal _ _ _ _ — Ol9t0 1920 1930 1940 1950 1960 1970 1980 1990 2000 1990 2000
cycle removed. Daily precipitation amounts were There is a slight trend in variance but we ST ' ' ' ' ' ' ' ' ] e
transformed into a daily time series indicating the attrlbl}te this to changes in the observing system S O_SM 1 We would like to acknowledge funding from GOAPP, [1] Wheeler and Hendon (2004), MWR 132 [4] Oliver and Thompson (2010), JGR 115
number of rainy days over a seven day span. over time. g ol ' ' ' ' ' ' ' ' ' 0 CFCAS, Dalhousie, the Nunatsiavut Government. We [2] Whitaker et al. (2004), MWR 132 [5] Vecchi and Bond (2004), GRL 31
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