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ABSTRACT

An asymmetry, and its multidecadal variability, in a rainfall teleconnection with the El Nifio—Southern
Oscillation (ENSO) are described. Further, the breakdown of this relationship since 1980 is offered as a cause
for a rainfall reduction in an ENSO-affected region, southeast Queensland (SEQ). There, austral summer
rainfall has been declining since around the 1980s, but the associated process is not understood.

It is demonstrated that the rainfall reduction is not simulated by the majority of current climate models
forced with anthropogenic forcing factors. Examination shows that ENSO is a rainfall-generating mechanism
for the region because of an asymmetry in its impact: the La Nifla—rainfall relationship is statistically sig-
nificant, as SEQ summer rainfall increases with La Nifia amplitude; by contrast, the El Nifo—-induced rainfall
reductions do not have a statistically significant relationship with El Nifio amplitude. Since 1980, this asym-
metry no longer operates, and La Nifa events no longer induce a rainfall increase, leading to the observed
SEQ rainfall reduction. A similar asymmetric rainfall teleconnection with ENSO Modoki exists and shares
the same temporal evolutions.

This breakdown is caused by an eastward shift in the Walker circulation and the convection center near
Australia’s east coast, in association with a post-1980 positive phase of the interdecadal Pacific oscillation
(IPO). Such a breakdown occurred before 1950, indicating that multidecadal variability alone could poten-
tially be responsible for the recent SEQ rainfall decline. An aggregation of outputs from climate models to
distill the impact of climate change suggests that the asymmetry and the breakdown may not be generated by
climate change, although most models do not perform well in simulating the ENSO-rainfall teleconnection
over the SEQ region.

1. Introduction much lower monthly totals since 1980 (Fig. 1b), con-
tributing to about a 20% reduction since 1950, amid
significant reductions over other Australian regions (Fig.
1la, Cai et al. 2001; Alexander et al. 2007). This observed
reduction can also be viewed as a significant linear step
jump (at the 99% confidence level) around 1975 using
breakpoint analysis (figure not shown), consistent with
the shift in the interdecadal Pacific oscillation (IPO)
during this time (Meehl et al. 2009).

Numerous studies have examined similar declines over
southwest Western Australia (e.g., Smith et al. 2000; Cai
et al. 2005; Hope et al. 2006; Cai and Cowan 2006), and
across southeast Australia (Cai and Cowan 2008), but
few have focused on the reduction over SEQ. In one such
study, Syktus (2005) shows that incorporating a strato-
spheric ozone depletion forcing to climate model simu-
lations appears to contribute to a drying trend in annual
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The El Nifio-Southern Oscillation (ENSO) cycle is the
dominant mode of climate variability affecting many parts
of the globe including eastern Australia, where it is widely
accepted that El Nifio events increase the risk of drought,
whereas La Nifia years are associated with floods
(McBride and Nicholls 1983; Ropelewski and Halpert
1987; Philander 1990). The affected Australian regions
include southeast Queensland (SEQ; encompassing
20.5°-30.5°S, 150.5°-154.5°E, covering an area of ap-
proximately 210 000 km?, denoted by a border in Fig. 1),
where austral summer [December—February (DJF)]
rainfall accounts for most of the annual total. Over re-
cent decades, there has been a decline in summer rain-
fall, as a result of a reduction in heavy rainfall events with
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FIG. 1. (a) Australian DJF rainfall trends over the period 1950—
2008 (mm year '). The bordered area indicates the SEQ region.
(b) SEQ summer rainfall time series together with trend lines over
1950-79 (red), 1980-2008 (blue), and 1950-2008 (green). The spa-
tial trend pattern and time series are taken from interpolated ho-
mogeneous station data, provided by the Australian Bureau of
Meteorology (see section 2).

annular mode in austral summer. However, the season-
ality of this ozone depletion linkage with SEQ rainfall
has not been investigated using multimodel outputs. Cai
et al. (2001) suggest that the decline is consistent with
an El Nino-like warming pattern in response to global
warming, as simulated by a climate model (Meehl and
Washington 1996). This type of an El Nifio-like rainfall
response is now in question (Collins 2005; Vecchi et al.
2006), although the associated eastward shift and
a weakening of the climatological Walker circulation are
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simulated by most models used for the Intergovernmen-
tal Panel on Climate Change (IPCC) Fourth Assessment
Report (AR4). On the other hand, SEQ summer rainfall
is a part of an Australia-wide annual total rainfall in-
fluenced by the multidecadal variability of ENSO (Power
et al. 1999). Furthermore, a nonlinear relationship ex-
ists between ENSO and Australian rainfall during the
peak ENSO impact months (June-December), whereby
strong La Nifia events have been linked to a large con-
tinental rainfall response, whereas El Nifio events are
more unreliable in terms of their impact (Power et al.
2006). However, the robustness and the mechanism of
such an asymmetric teleconnection have not been ad-
dressed. Here, we show that significant multidecadal
fluctuations exist in the asymmetry. We then examine
the mechanism and demonstrate that a collapse of the
asymmetry since 1980, with La Nifia no longer inducing
a higher rainfall, is a process leading to the recent SEQ
summer rainfall reduction. We address whether the re-
duction and the associated processes are captured by the
IPCC AR4 twentieth-century climate model experi-
ments and whether anthropogenic climate change plays
a part.

Another issue is whether the observed reduction is
induced by a different ENSO pattern, referred to as
ENSO Modoki (Ashok et al. 2007), which has the anomaly
center at the date line rather than in the central eastern
Pacific and has occurred more frequently in recent
decades. During an El Nifio Modoki event, there are two
anomalous Walker circulation cells in the troposphere,
instead of the single-celled pattern of the conventional
El Nifto. The core rising branch of the double-celled
Walker circulation is located over the central equatorial
Pacific, and the associated western-descending branch
is situated over Indonesia and northern Australia; there-
fore, it is more effective in suppressing Australian rain-
fall. In spring, this explains the inter-event difference
of the impact on Australia rainfall between the 2002
El Nifio (a dominantly Modoki event, with extremely
dry conditions across Australia) and the 1997 episode
(conventional El Nifo, with little rainfall reduction in
Australia; Wang and Hendon 2007). However, the situ-
ation in autumn is different in that only La Nifia Modoki
events have a statistically significant impact over Aus-
tralia (Cai and Cowan 2009). The influence in summer
is not well understood. We therefore explore whether
climate models can first simulate the long-term SEQ
summer rainfall changes (section 3), and second, how
much of this change is due to the asymmetric tele-
connection of ENSO and ENSO Modoki with rainfall
(sections 4 and 5). The issue of multidecadal variability
as a catalyst for the SEQ rainfall reduction is high-
lighted in section 6.
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2. Model experiments, reanalysis, and observations

We analyze the twentieth-century experiments from
24 models submitted as part of the IPCC AR4, compris-
ing a total of 75 simulations made available through the
third Coupled Model Intercomparison Project (CMIP3).
Model names and details are listed in Table 1 of Cai et al.
(2009) with references to further documentation. Two-
thirds of models have multiple ensemble members. A
total of 44 experiments include a stratospheric ozone
forcing component, whereas the rest do not, allowing
stratification into two groups: with and without ozone
depletion. Because ozone forcing may not be the only
difference between these two groups, and as all models
include an anthropogenic aerosol forcing in one form
or another, we have also analyzed a series of targeted
multimember ensemble experiments with the Common-
wealth Scientific and Industrial Research Organisation
Mark 3A (CSIRO Mk3A) model (Rotstayn et al. 2007),
which is designed to isolate the impacts of individual
forcing factors. The impact of ozone depletion (four en-
semble members) and greenhouse gases only (four en-
semble members) in these targeted Mk3A experiments
are realized by forcing the model with a time-evolving
forcing alone, whereas the impact of an anthropogenic
aerosol forcing is obtained by comparing two sets of
experiments (eight ensemble members each) with and
without increasing aerosols, both in the presence of all
other forcing factors.

As will be shown (section 3), the majority of models
and targeted model experiments do not simulate the ob-
served rainfall reduction since 1950. If these models are
perfect, it would imply that multidecadal variability plays
arole in forcing the observed reduction. Given that ENSO
is the dominant driver of rainfall variability across east-
ern Australia, we examine whether the changing proper-
ties, the associated multidecadal-mean state in the Pacific
(Wang 1995), and ENSO Modoki plays a part in the ob-
served reduction. To this end, an updated version of the
Hadley Centre’s Global Sea Ice and Sea Surface Tem-
perature (SST) reanalysis (Rayner et al. 2003), covering
data since 1870, is used to construct a Nifo-3.4 index (5°S—
5°N, 170°-120°W), ENSO Modoki index (EMI), and their
associated circulation patterns. The EMI is defined as
EMI = [SSTA]JA — 0.5 X {[SSTA]p + [SSTA]c}, where
the square brackets represent the area-averaged SST
anomalies for the regions A (10°S-10°N, 165°E-140°W),
B (15°S-5°N, 110°-70°W), and C (10°S-20°N, 125°-
145°E), respectively (Ashok et al. 2007).

As a means of providing information for the latter
sections, Fig. 2 displays the anomaly pattern associated
with ENSO and the ENSO Modoki through a regression
of SST onto their respective indices (e.g., Nifio-3.4 and
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FIG. 2. One standard deviation anomaly pattern obtained by lin-
early regressing observed gridpoint SST onto (a) detrended Nino-3.4
and (b) detrended EMI, and then multiplying by the one standard
deviation value of the index. Dashed (solid) green contours indicate
positive (negative) correlations significant at the 90% confidence
level. Patterns shown are for DJF.

EMI). Austral summer is the season in which traditional
ENSO and ENSO Modoki events peak, while SST
anomalies associated with both types are similar, well
developed, and occupy almost the entire equatorial Pa-
cific. Indeed the correlation between the EMI and Nifio-
3.4 (both detrended) for this season using samples since
1950 is rather high, at 0.65. In other seasons (e.g., austral
spring and autumn), the EMI displays a warm SST
anomaly in the date line region but cool anomalies to the
east and the west. In the case of summer, the cooling in
the eastern Pacific is weak (Fig. 2b), suggesting that there
is no pronounced double-celled Walker circulation. As
will be shown later, the impact from ENSO Modoki on
SEQ summer rainfall is similar to that of conventional
ENSO.

Also deployed are reanalyses from the National Centers
for Environmental Prediction—National Center for At-
mospheric Research (NCEP-NCAR; Kalnay et al. 1996)
and observed Australian rainfall since 1900 from the
Australian Bureau of Meteorology. As we are interested
in variability, monthly and seasonal anomalies are ref-
erenced to the climatological mean over the period 1950—
2008 and are linearly detrended, unless otherwise stated.
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3. Results from CMIP3 twentieth-century
experiments and targeted runs

Is the summer rainfall reduction reproduced by climate
models? For all but one of the experiments, the ensemble-
mean trend from each model over 1950-99 is calculated
(the Mk3 A ozone ensemble is calculated over 1961-2000,
as the model experiment starts at 1961). The uncertainty
range of the trend is estimated as the standard error of
the linear regression fit on the ensemble-mean data.

Several results emerge (Fig. 3). First, only four models
{red crosses; Geophysical Fluid Dynamics Laboratory
Climate Model version 2.1 (GFDL CM2.1), Model for
Interdisciplinary Research on Climate 3.2, high-resolution
version [MIROC3 2(hires)], Institute of Numerical Math-
ematics Coupled Model, version 3.0 (INM-CM3.0), and
L’Institut Pierre-Simon Laplace Coupled Model, ver-
sion 4 (IPSL CM4)} produce a rainfall decline over SEQ
that is comparable to the observed. Second, the observed
summer rainfall reduction is not generated in an all-model
ensemble mean (orange cross), which, as an entity, con-
tains all climate change forcing factors, such as green-
house gases, aerosols, and stratospheric ozone depletion.
Third, results from targeted experiments forced by ozone
depletion only (green circle), or a comparison between
the CMIP3 model groups with and without ozone de-
pletion (orange circles), show that ozone depletion has
little impact, contrary to the results from a one-model
study (Syktus 2005). Finally, increasing aerosols, if any-
thing, tend to increase SEQ summer rainfall, although the
increase is very small (green crosses).

Thus, the observed rainfall decrease is not produced
by the majority of models, nor is it attributable to any
individual climate change forcing factor. Two possible
implications may be drawn: first, climate change has
little impact and much of the observed reduction is driven
by internal variability; and second, climate change has an
impact, but models do not capture the associated process.
In either case, it is important to understand the mecha-
nism of the observed rainfall reduction; therefore, we
focus on the impact from ENSO from an observational
perspective.

4. Asymmetry in ENSO and ENSO Modoki
impacts

What is the impact from the ENSO cycle as an entity?
ENSO can be divided into two distinct phases: El Nifio
and La Nina. Figure 4a depicts the relationship of SEQ
austral summer rainfall with each phase through a linear
fit showing a slope and a correlation using samples with
positive and negative values of the indices. A distinct
asymmetry emerges. A significant correlation exists during
La Nina conditions, meaning that SEQ summer rainfall

CAI ET AL.

4947

Rainfall trends for SEQ

AR L
- e

—| Observations
— o — BCCR-BCM2.0
- —e— | CGCMB3.1(T47)
- e — CGCM83.1(T63)

— f—e— —{ CNRM-CM3
— —e—1 - CSIRO-Mk3.0
—eo— — CSIRO-Mk3.5
—eo— — GFDL-CM2.0
—x— — GFDL-CM2.1
F—e— —{GISS-AOM
e+ —{GISS-EH
ted —{ GISS-ER
o — FGOALS-g1.0
—e—1 —{ INGV-SXG
F——e— — INM-CM3.0
- ——— —{ IPSL-CM4
—se— — MIROC3.2(hires)
—e— —{ MIROCS3.2(medres)
e — ECHO-G
—eo— — ECHAM5/MPI-OM
—e— —{MRI-CGCM2.3.2
ted —{ CCSM3
e —{ PCM
F—eo— — UKMO-HadCM3
F—e—  — UKMO-HadGEM1
— b4 — 24 model ensemble
ol — Ozone ensemble (12 models)
tof — No ozone ensemble (12 models)
! —| All forcings (Mk3A)
e —| All forcings except for aerosols (Mk3A)
- i —| Greenhouse gas forcing only (Mk3A)
—o—f

s rStratosphericozonedepletiononly(MkSA)

-1 -06 -02 02 06
SEQ rainfall trends (% of clim. per yr)
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increases as La Nifia amplitude increases, with a sensi-
tivity of approximately 109 mm °C ™! cooling in Nifio-3.4
(a negative slope). Yet, such an ENSO-rainfall telecon-
nection is not evident during El Nifio conditions; al-
though rainfall tends to decrease, the influence is not
statistically significant (correlation of —0.08), meaning
that stronger El Nifio events do not statistically generate
a greater rainfall reduction. This is consistent with the
findings of Power et al. (2006) for Australia-wide rainfall
during June-December. The asymmetry is reproduced
using the EMI (Fig. 4b), though with a higher sensitivity,
suggesting that the impacts from the two types of ENSO
in this season are similar. The asymmetry is also gener-
ated using an atmospheric index of ENSO [the Southern
Oscillation index (SOTI), see Fig. 4c] from anomalies since
1900 (Fig. 4c).

A similar analysis is conducted by regressing gridpoint
circulation anomalies onto the Nifio-3.4 index, using
samples with negative (La Nina) and positive (El Nifio)
Nifio-3.4 values. Maps of the associated regression co-
efficients (shaded) and correlation coefficients (contours)
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FIG. 4. Scatterplot of detrended SEQ DJF rainfall anomalies vs
(a) detrended Nino-3.4 over the period 1950-2008, (b) detrended
EMI over the period 1950-2008, and (c) detrended SOI over the
period 1900-2008, with slopes, correlations, and p values of sig-
nificance of the linear fits conducted separately using samples
corresponding to positive and negative values of the indices.

show that during La Nifia conditions (Fig. 5a) the rain-
fall influence is broad in scale over eastern Australia but
is greatly reduced during El Nifio conditions (Fig. 5d).
One cause, as proposed by Power et al. (2006), could be
that atmospheric circulation anomalies that lead to rain-
fall declines cannot reduce rainfall below zero, that is, by
more than the climatological mean (~330 mm for SEQ
during summer). This mechanism explains how rainfall is
“capped” by El Nifio events (i.e., strong events will not
fall below zero), as opposed to rainfall induced by
La Nifa events, which is not bounded to a value. However,
as the reduction in SEQ rainfall in El Nifo years is gen-
erally far smaller than the amount needed to reach zero,
this mechanism is unlikely to be a major contributor.
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Another potential cause is the appreciable longitudinal
shift in the main heating anomalies, indicating a shift in
the mean convection center between La Nifia and E1 Nifo
events (Hoerling et al. 1997; Cai et al. 2001; Power et al.
2006). This has been invoked to explain a nonlinear
teleconnection with temperature and rainfall over North
America. There is also the possibility that the forcing of
the teleconnection is in itself nonlinear (Khokhlov et al.
2006), and that the nonlinearity of the ENSO cycle has
become stronger in the post-1980 period (An et al.
2005). Below, we illustrate that such a zonal shift to-
gether with a difference in the response of the South
Pacific convergence zone (SPCZ) is responsible for the
asymmetry over SEQ.

ENSO-rainfall teleconnections are generated mainly
through movements of the tropical convergence zones
from their seasonal-mean positions. During La Niia,
the warm pool expands meridionally and shifts west-
ward. In association, convection reduces over the central
equatorial Pacific, reflecting a westward migration of the
west Pacific convergence zone, as seen in the regression/
correlation between Nifo-3.4 with outgoing longwave
radiation (OLR, Fig. 5b). This is accompanied by an en-
hanced convection extending from the equatorial lati-
tudes toward the subtropical Pacific on both sides of the
equator, indicative of a poleward expansion of the in-
tertropical convergence zone (ITCZ) and the SPCZ. In
austral summer, the impact from the SPCZ is particu-
larly important, as it reflects anomalies associated with a
high-intensity warm-hemisphere convergence zone. The
anomaly extends into eastern Australia, leading to an
increase in rainfall over SEQ (blue, Fig. 5a). Anomalies
of vertical velocities display attendant uplift motions
where convection intensifies (Fig. 5¢). Most importantly,
the extent of the SPCZ’s southward expansion and the
intensity in convection are proportional to the amplitude
of La Nina. This is why SEQ summer rainfall increases
with La Nifia amplitude.

Anomaly patterns associated with El Nifio are gen-
erally similar, but maximum regression and correlation
coefficients in the tropical Pacific are situated further to
the east (Figs. 5e and 5f). As cooling in the west Pacific
and warming in the central and eastern equatorial Pa-
cific lead to more uniform SSTs, a merger of these major
convergence zones ensues: the ITCZ and SPCZ move
equatorward, and together with the convergence zone
over the west Pacific, they migrate eastward, where the
strongest warm SST anomalies develop. Once the merged
convergence zone (i.e., the main heating region) moves
sufficiently away from the west Pacific, El Nifio intensity
becomes irrelevant for its impacts over SEQ. Thus, the
ENSO-rainfall teleconnection over SEQ is highly sensi-
tive to an eastward shift in the mean convection center.
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El Nifio
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FIG. 5. Anomaly patterns obtained by linearly regressing, onto negative [(left) La Nifa] and positive [(right)
El Nifio] Nifio-3.4 values (note the color reversal for ease of comparison), (a),(d) anomalies of detrended gridpoint
rainfall (mm °C 1), (b),(¢) OLR (W m ™ 2°C™!), and (c),(f) vertical velocity at 500 mb (Pa s~ ! °C™!, negative =
upward motion). Dashed (solid) green contours indicate positive (negative) correlations significant at the 90%

confidence level. Patterns shown are for DJF.

A similar asymmetry in circulation is generated using
the EMI, as illustrated in Fig. 6. In particular, there is a
strong teleconnection during La Nifia Modoki phases
as a result of convective heating. This is associated with
a broader and stronger SPCZ that is situated over the
western Pacific and intensifies with La Nifia Modoki am-
plitudes and a weak teleconnection during El Nifio Modoki
phases as convergence moves sufficiently eastward.

The asymmetry means that the ENSO or ENSO Modoki
cycle as an entity is conducive for SEQ summer rainfall
because the rainfall increase during the La Nifna years
more than offsets the reduction during El Nifio phases.
Indeed the ENSO cycle is an important mechanism of

rainfall generation for the region. Recent studies suggest
that the frequency of La Nifa events has been on a de-
cline with only six events observed during 1977-2006,
based on a count using the SOI, whereas the frequency
of El Nifo has been increasing (Power and Smith 2007).
This would cause a summer rainfall reduction over SEQ,
but by using Nifio-3.4 and defining a La Nifia as when
the index amplitude exceeds a one-standard deviation
value, only a slight decline in the number of La Nifia
events is evident throughout the past 30 yr. As we will
show, since the 1980s, the ENSO-rainfall teleconnection
over SEQ collapses (see Fig. 9), with La Nifia or La
Nifia Modoki events no longer exerting a significant
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FIG. 6. As in Fig. 5, but using EMI.

influence. This appears to be the main cause behind the
SEQ summer rainfall reduction.

5. A breakdown of the rainfall teleconnection
since 1980

Splitting samples used in Fig. 4a into two periods, 1950
79 and 1980-2008, we see that the asymmetry within the
ENSO-rainfall teleconnection is time dependent (Figs. 7a
and 7d). As expected, both periods show El Nifio cor-
relations with SEQ summer rainfall that are not statis-
tically significant. However, a very strong correlation
is seen for the pre-1980 La Nifia events, above the
98% confidence level, reflecting La Nifia-induced strong
rainfall events. [For the 90% confidence level, with 15
independent samples (13 degrees of freedom), a corre-
lation coefficient of 0.44 is required.] By contrast, for the

post-1980 period, the impact from La Nifia events is not
significant, and the asymmetry between the impact of
La Nifia and El Nifio is barely visible. Thus, the asym-
metry shown in Figs. 4 and 5 predominantly exists in the
pre-1980 period, with a breakdown occurring in the
ENSO-rainfall teleconnection over SEQ in the post-1980
period, meaning that the summer rainfall-generating pro-
cess no longer operates. This is reflected in the rainfall time
series (Fig. 1b), which shows that since the 1980s there
have been far fewer large seasonal totals.

Comparing the OLR regression and correlation pat-
terns with La Nina events for the pre- and post-1980 pe-
riods (Figs. 7c and 7f), one finds that their overall patterns
actually resemble each other. However, a remarkable
difference exists in the warm hemisphere: the influence
from the SPCZ originates from further west during the
pre-1980 period than that during the post-1980 period,
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FIG. 7. (a) Scatterplot of detrended SEQ DIJF rainfall anomalies vs detrended Nino-3.4, with linear fits using
samples with positive and negative Nifio-3.4 values, and anomaly patterns obtained by linearly regressing (b) grid-
point rainfall (mm °C~') and (c) OLR (W m ™2 °C') onto negative Nifio-3.4 values (La Nifia) using corresponding
samples for the period 1950-79. (d)—(f) As in (a)—(c), but for the period 1980-2008. Dashed (solid) green contours
indicate positive (negative) correlations significant at the 90% confidence level.

consistent with a post-1980 eastward shift in the Walker
circulation and the associated convection center. Be-
cause of the shift, despite a westward swing during
La Nifna events, the impact barely reaches SEQ (Figs. 7e
and 7f).

The fluctuations in the asymmetry during the pre- and
post-1980 periods and the associated circulation differ-
ences between the two phases generally carry over to
ENSO Modoki (Fig. 8). One important feature worth
noting is that SEQ summer rainfall appears to be rather

sensitive to La Nifia Modoki amplitude, more so than to
La Nifia amplitude.

6. Multidecadal fluctuations in the teleconnection

The breakdown since 1980 is apparent in the corre-
lations of the SEQ summer rainfall with Nifio-3.4 or the
EMI time series using a 13-yr sliding window (Fig. 9),
showing another period of low correlation centered
around 1935. Other Australian regions show similar

Unauthenticated | Downloaded 12/19/23 04:29 AM UTC



4952

1950-1979

(a) EMI & SEQ Rainfall

JOURNAL OF CLIMATE

500
400
300
200
100
0
-100

SEQ Rainfall anomaly (mm)

-200'

c=-0.

d

(] @
s=-4307 @g

6|5

éSIope (s)=-81.2"]
-0.317

ECorreI. (c) =

o o . |

1 -0.5

0 0.5

—_

EMI

(b) Rainfall
10°S

15°S 1
20°S A
25°S A
30°S A
35°S A
40°S A

60°N

30°N
00
30°S

60°S

135°E 180° 135°W 90°W
FIG. 8. As in Fig. 7, but using EMI.

low rainfall correlations with ENSO during this period
(Simmonds and Hope 1997). The evolution covaries with
an IPO index, taken from the definition in Parker et al.
(2007), similar to the correlation between ENSO and all-
Australia rainfall (Power et al. 1999, 2006). During an IPO
high phase, the multidecadal-mean circulations resemble
those associated with El Nifio. The SST anomaly pattern
associated with the IPO, obtained by linear regression
since 1948, features a warming in the east and a cooling in
the west, though broader in scale than that associated with
ENSO on an interannual basis (Figure not shown). In re-
sponse, convection activities shift to the east (Fig. 10a). In
association, equatorial surface easterlies, which feed into
the ascending motion, decrease showing strong westerly
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anomalies. These provide multidecadal-mean conditions
upon which interannual ENSO or ENSO Modoki oscil-
late. But even during La Nifia phases, when the convec-
tion center has shifted closest to Australia, the impact is
small. The interannual ENSO-rainfall correlation over
SEQ therefore breaks down completely, reinforcing the
notion that the ENSO-rainfall teleconnection over SEQ
is highly sensitive to the multidecadal-mean condition.
A similar breakdown in the influence from La Nifa or La
Nifia Modoki occurred during the previous low-correlation
period (i.e., mid-1930s; Fig. 11); likewise, there is no sig-
nificant correlation during La Nifia conditions nor during
El Nifio phases. The hypothesis that the rainfall reduction is
due to the breakdown is further reinforced by the fact that
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FIG. 9. Time series of correlation using a 13-yr sliding window of
SEQ DJF rainfall with (a) Nifo-3.4 and (b) EMI over the period
1900-2008, together with time series of an annual IPO index in red
(based on the definition described by Parker et al. 2007).

there is actually an increase in the amplitude of La Nifa
Modoki since the 1980s, which would have induced a
stronger rainfall response if the teleconnection still oper-
ated. In terms of Nino-3.4, there is no obvious trend that
could explain the SEQ summer rainfall reduction either.

The fact that the breakdown in the teleconnection was
also seen around 1935 suggests that multidecadal vari-
ability has the potential to generate the recent breakdown
and the rainfall decline. However, this does not preclude
climate change as a contributor to the breakdown and the
rainfall reduction, which can usually be inferred through
the use of multimodel outputs, which act to smooth out
climate variability.

Figure 12 depicts a scatterplot of detrended SEQ sum-
mer rainfall anomalies versus detrended Nino-3.4 from the
second half of the twentieth-century experiments based on
24 CMIP3 models for the pre- and post-1980 periods. If
climate change contributes to the asymmetry and the
breakdown, it should manifest in Figs. 12a and 12b, re-
spectively, because when aggregated over such a large
number of models, the contribution by multidecadal var-
iability is largely cancelled out. As there is no asymmetry
(Fig. 12a) before or after 1980, or breakdown in the post-
1980 period (Fig. 12b), this suggests that climate change
does not contribute to the rainfall reduction.

However, it is worth noting that most climate models
suffer from a cold tongue bias in the equatorial Pacific,
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F1G. 10. Anomaly pattern associated with the IPO obtained
by linear regression using detrended NCEP anomalies from 1948—
2007 of (a) OLR (W m 2°C™") and (b) surface zonal wind
(m s~ °C™1). Dashed (solid) green contours indicate positive
(negative) correlations significant at the 90% confidence level.
Patterns shown are for DJF.

with a warm pool and the associated mean convection
center located too far west (Cai et al. 2009). As a result,
an unrealistic ENSO-rainfall teleconnection exists over
Australia, with more models showing a significant corre-
lation over Western Australia rather than eastern Aus-
tralia (Cai et al. 2009). This means that the models’ ability
to simulate the different teleconnective impacts of tra-
ditional ENSO and ENSO Modoki over SEQ is also
reduced. For example, only 4 out of 24 CMIP3 models
produce a correlation between Nifio-3.4 and SEQ summer
rainfall that is comparable or greater than the observed
(see Fig. 6a of Cai et al. 2009). The weaker ENSO-rainfall
teleconnection over SEQ means that using these models
to assess the role of climate change in the asymmetric
teleconnection and its recent breakdown, and hence in
the rainfall reduction, carries a fair degree of uncertainty.

7. Conclusions

We described an asymmetry in an ENSO-rainfall tele-
connection and its multidecadal fluctuations. Further,
the breakdown of the asymmetric nature of the tele-
connection since 1980 is offered as a cause for a rainfall
reduction in an ENSO-affected region of SEQ. We focus
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FIG. 11. Scatterplot of detrended SEQ DJF rainfall anomalies vs
(a) detrended Nino-3.4, and (b) detrended EMI, with separate
linear fits using samples with positive and negative values of the
indices for the period 1921-50.

on what drives the observed SEQ summer rainfall de-
cline since the 1980s. We show that the decline is not
simulated by the majority of climate models forced with
anthropogenic forcing factors, such as greenhouse gases,
ozone depletion, or aerosols. We therefore examine cli-
mate variability as a possible driver and show that the
impact of ENSO on SEQ summer rainfall is nonlinear:
La Nina events induce a statistically significant rainfall
increase, but El Nifo events do not generate a statisti-
cally significant reduction. Since 1980, there is a break-
down in the teleconnection with La Nifia over the region,
such that La Nifias no longer bring strong rainfall events,
contributing to the reduction.

Such an asymmetry undergoes multidecadal fluctua-
tions and is sensitive to the multidecadal-mean position of
the tropical Pacific main convection center, particularly
the SPCZ during austral summer. Since 1980, associated
with the positive phase of the IPO, an eastward shift oc-
curs in the Walker circulation and the associated convec-
tion center. As a consequence of this multidecadal-long
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FIG. 12. Scatterplot of detrended SEQ DIJF rainfall anomalies vs
detrended Nifio-3.4 from the second half of the twentieth-century
experiments based on 24 CMIP3 models (a) for the pre-1980 (1950-
79) and (b) post-1980 period (1980-99). Separate linear fits using
samples with positive and negative values of the index are also shown.

eastward shift, even with a La Nifia-induced movement
to the west, the convection center responsible for SEQ
rainfall barely makes an imprint in the SEQ region, con-
tributing to the reduction.

A similar asymmetry and a post-1980 breakdown exist
in the impact from ENSO Modoki. The asymmetry
suggests that ENSO Modoki as an entity is similarly rain
conducive for the region. The resemblance to the tra-
ditional ENSO arises because in this season there is little
difference in the circulation anomalies between the two
types of ENSO.

Early in the twentieth century, when the IPO was in
another positive phase, a similar breakdown was seen,
indicating that multidecadal variability has the potential
to cause the recent decline. However, this may not ex-
clude a coimpact from climate change. Aggregated over
the 24 CMIP3 twentieth-century experiments used in
this study, there is no asymmetry in the ENSO-rainfall
teleconnection over the period of 1950-79, or a breakdown
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in the post-1980 period (1980-99), suggesting that climate
change may not be a forcing. However, because the ma-
jority of climate models do not perform well in simulating
the observed ENSO-rainfall teleconnection over the SEQ
region, the robustness of this result needs to be further
tested. It is therefore essential for models to realistically
simulate this teleconnection before they are used in at-
tribution studies in ENSO-affected regions.
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