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Abstract The 2018 Central Pacific (CP) El Niño preceded the 2019 strong positive Indian Ocean
Dipole (pIOD). The robustness of a CP El Niño preconditioning a strong pIOD has not been investigated.
Here, we show that March-April-May (MAM) easterly anomalies over the equatorial eastern Indian
Ocean (EIO) induced by a preceding CP El Niño drive a thermocline shallowing conducive to an early
equatorial EIO cooling. However, the same winds also generate off-equatorial downwelling Rossby waves
in the southern EIO, which reflect as downwelling Kelvin waves, able to weaken the initial anomalies.
Furthermore, zonal winds in June-July-August (JJA) can either be beneficial or unfavorable for the
developing pIOD. Only when the equatorial easterlies, EIO cooling, and thermocline shallowing are
sufficiently amplified by JJA does a strong pIOD occur. Despite this, a multi-century model simulation
suggests that development of majority of strong pIOD events is facilitated by a preceding CP El Niño.
Plain Language Summary

The strong pIOD event in 2019, featuring strong cooling in the
east and mild warming in the west Indian Ocean, induced devastating climate extremes over the populous
Indian Ocean-rim countries. Its impact was amplified by the preceding CP El Niño, which has been
suggested to play an important role in the generation of the 2019 strong pIOD. This study investigated
the relationship of a strong pIOD with a preceding CP El Niño based on observations and model
outputs. The results show that a CP El Niño in the preceding December-January-February and MAM
has a preconditioning effect for development of a following strong pIOD in JJA, by generating easterly
anomalies and shoaling the thermocline over the equatorial EIO in late May. However, the easterly
anomalies also generate off-equatorial downwelling Rossby waves which reflect at the western boundary
as downwelling Kelvin waves. The downwelling Kelvin waves may weaken the preconditioning effect, or
even trigger negative IODs. In addition, JJA stochastic westerlies are detrimental to initial EIO cooling.
Thus, whether a preceding CP El Niño leads to a strong pIOD is not deterministic, and is to some extent
random, although strong pIOD appears to be more likely when preconditioned by a CP El Niño.

1. Introduction
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A positive Indian Ocean Dipole (pIOD) develops in June-July-August (JJA) and peaks in September-October-November (SON), when the seasonal thermocline in the southeastern Indian Ocean is shallow (Saji
et al., 1999; Webster et al., 1999). The associated cool sea surface temperature (SST) anomalies in the equatorial eastern Indian Ocean (EIO) and warm SST anomalies in the equatorial western Indian Ocean influence
climate extremes in surrounding countries (Abram et al., 2003; Behera et al., 2005; Hashizume et al., 2012;
Ummenhofer et al., 2009). Growth of initial cold SST anomalies off Sumatra-Java is dominated by Bjerkneslike positive feedback, in which the cold SST anomalies, anomalous southeasterlies, shallowing thermocline
and upwelling off the Sumatra-Java coast reinforce each other (Saji et al., 1999; Webster et al., 1999). The
resulting dipole pattern is usually described by a dipole mode index (DMI), defined as a zonal temperature
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gradient between the western (50°E−70°E, 10°S–10°N) and eastern (90°E−110°E, 10°S–0°S) equatorial Indian Ocean (Saji et al., 1999).
During strong pIOD events, as in 1994, 1997, 2006, and 2019, the cooling off Sumatra-Java extended northward toward the Equator and then westward along the Equator, shifting atmospheric convection to the far
west (Cai et al., 2020). The massive atmospheric re-organization induced devastating floods, landslides, and
malaria outbreaks in the eastern African countries, and catastrophic droughts and bushfires over Indonesia
and southeast Australia (Ashok et al., 2003; Behera et al., 2005; Black et al., 2003; Cai et al., 2009; Hashizume et al., 2012; Ummenhofer et al., 2009; Wang & Cai, 2020).
The impact of the 2019 strong pIOD was particularly devastating. For Australia, the 2019/2020 bushfire
season, referred to as the “Black Summer,” commenced early and was uncharacteristically extensive in
affected area. Fires broke out in June 2019 in northeastern Australia, followed by forests burning out of
control between September 2019 and March 2020 (Cai et al., 2020; Wang et al., 2020b). By early March 2020,
an area of 180,000 square kilometers was burnt, at least 34 people killed, one billion animals perished, and
59,000 buildings, including 3000 homes destroyed (Cai et al., 2020; Richards et al., 2020). In east Africa, the
2019 short rain season (October-December) was one of the wettest in recent decades, after a wet short rain
season in 2018. Massive floods and destructive landslides occurred across the region, with estimates of over
2.8 million people adversely affected (Wainwright et al., 2020).
Climate variability of the Indian and Pacific Oceans are related, especially the IOD and ENSO (Abram
et al., 2020; Cai et al., 2019; Fan et al., 2017; Le & Bae, 2019; Le et al., 2020; Nagura & Konda, 2007; Stuecker
et al., 2017; Wang & Wang, 2014; Zhao et al., 2019). However, previous research about the connection between the IOD and ENSO has mainly focused on their concurrent coupling. The dynamics of the 2019 strong
pIOD are suggested to be closely related to the preceding CP warming condition in 2018 (Doi et al., 2020).
Propagation of oceanic downwelling Rossby waves due to equatorial easterly anomalies of early 2019 and
its reflection at the western boundary contribute to an equatorial zonal SST gradient and trigger pIOD development (Du et al., 2020). The prolonged massive impact of the 2019 strong pIOD was also related to the
2018 CP El Niño condition, which is more conducive to dry conditions over eastern Australia than eastern
Pacific (EP) El Niño (Wang & Cai, 2020). The strong pIOD event in 1994 had similar features to those of the
2019 strong pIOD (Doi et al., 2020) and was also preceded by a CP El Niño condition.
Contrasting the suggested connection between the 2019 strong pIOD and the 2018 El Niño condition is an
suggestion that an El Niño, especially a strong El Niño, may limit the development of pIOD in the year after
by generating off-equatorial downwelling Rossby waves in the southern EIO; the Rossby waves reflect at the
western boundary as eastward propagating downwelling Kelvin waves, which deepen the thermocline in
the EIO and may even result in a negative IOD (Chen et al., 2019; Du et al., 2020; Xie et al., 2002). As such,
how an El Niño influences development of an IOD event has not been fully investigated.
In this study, we have examined the relationship between pIOD, specifically the strong pIOD and its preceding El Niño condition based on observations and model outputs. Considering the different relationship
between CP El Niño or EP El Niño and the IOD (Zhang et al., 2015), here we focused on the relationship of
preceding CP El Niño with pIOD events.

2. Data and Methods
2.1. Observations
We use SST (potential temperature at 5 m depth), potential temperature, and wind stress (momentum flux)
from the NCEP Global Ocean Data Assimilation System (GODAS) dataset for the period of 1980–2019, with
a 0.333° latitude and 1.0° longitude grid (Behringer & Xue, 2004). The anomalies of each variable are calculated referenced to the climatology of the full period, and quadratically detrended.
2.2. Depiction of Observed pIOD and ENSO Diversity
As is described in previous studies, dynamics of strong pIOD are different from that of moderate pIOD
(Cai et al., 2014, 2020). During a strong pIOD, initial cold anomalies off Sumatra-Java extend toward the
YANG ET AL.
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Equator, and the equatorial easterly anomalies strengthen, triggering equatorial nonlinear zonal, and nonlinear vertical oceanic advection, favoring fast growth of the equatorial surface cooling (Cai et al., 2014). A
separate index for strong pIOD events is constructed based on the normalized first two principal components (PC1 and PC2) from Empirical Orthogonal Function (EOF) analysis of observed SON SST anomalies
over the tropical Indian Ocean (5°S–5°N and 40°E−100°E). The two PCs have a nonlinear relationship (Cai
et al., 2020; Yang et al., 2020), that is, PC2(t) = α[PC1(t)]2 + βPC1(t) + γ. EOF1 features an all-event average pattern, analogous to that associated with the DMI, showing the dipole SST structure with a shoaled
equatorial thermocline in the east but a deepened thermocline to the west. EOF2 displays an equatorially
north-south symmetric cooling maximum in the east and at subsurface, reflecting the effect of equatorial
nonlinear oceanic advection (Yang et al., 2020). During a strong pIOD, the equatorially symmetric cold
anomalies of the EOF2 pattern superimposes onto the cold anomalies off Sumatra-Java of EOF1, such that
it features strong westward-extended cold anomalies along the equator (Cai et al., 2020). A strong pIOD is
defined as S-index = (PC1+PC2)/ 2 larger than 1.5 standard deviation (s.d.). Following Cai et al. (2014), a
moderate pIOD is described as when DMI > 0.5 s.d. and S-index < 1.5 s.d. (a pIOD but not a strong event),
and a negative IOD (nIOD) is described as when DMI < −0.5 s.d.
CP and EP ENSO have been separated using a similar EOF analysis over the tropical Pacific (15°S–15°N
and 140°E−80°W) based on monthly SST data. CP and EP ENSO are represented by C-index = (PC1ENSO
+ PC2ENSO)/ 2 and E-index = (PC1ENSO-PC2 ENSO)/ 2 , respectively (Cai et al., 2018; Karamperidou
et al., 2017; Takahashi et al., 2011; Wang et al., 2020a). A CP El Niño event is identified as C-index > 0.5 s.d.
2.3. Model Outputs
Considering the limited events in observations, a 1,801 years long preindustrial, fully coupled control simulation from Community Earth System Model (CESM-control; Kay et al., 2015) is used to confirm the relationships and mechanisms in observations. The same approach is applied to the CESM-control to calculate
the anomalies of each variable as in observations.
The CESM-control shows a reasonable ability in simulating the nonlinearity of the first two PCs of EOF
over the tropical Indian Ocean and the Pacific Ocean (Figure S1). The strong and moderate pIOD, and
the EP and CP ENSO are well separated in this model. The nonlinear coefficients (|α|) of the PCs are 0.88
and 0.29 for the Indian Ocean and Pacific Ocean, respectively. These are comparable to that in observations, which is 0.45 for the IOD (Yang et al., 2020) and 0.31 for ENSO (Cai et al., 2018), respectively. Cai
et al. (2020) suggests that the two regions defined by the DMI may not be suitable for describing the IOD
in models. In the CESM-control, we use the PC1 of EOF instead of the DMI to define the IOD events. The
definition of strong pIOD and CP El Niño is similar to that in observations, while the moderate pIOD is
described as when S-index < 1.5 s.d., and PC1 > 1 s.d.; nIOD is defined as when the PC1 < 0.

3. Results
3.1. Impact From a Preceding CP El Niño on Strong pIOD
Since 1980, there are four strong pIOD events defined as when the S-index > 1.5 s.d. (1994, 1997, 2006, and
2019), among which two events (1994 and 2019) are preceded by a CP El Niño condition in the previous
D(-1)JF (“D(-1)” indicates previous December) and MAM season (Figures 1a and 1b). Here we examine
the CP El Niño condition in D(-1)JF and MAM because oceanic Rossby waves associated with the CP El
Niño condition of the two seasons may influence the tropical Indian Ocean subsurface temperatures in
the subsequent seasons (Du et al., 2020). In 1997, the early development of the extraordinary EP El Niño
generates conducive easterly wind anomalies and contributes to the development of the strong pIOD (Yang
et al., 2015). Below we compare the development of strong pIOD in 2006, 1994, and 2019 to elucidate the
preconditioning effect of a preceding CP El Niño.
The evolution of SST and wind stress anomalies in the 1994 and 2019 strong pIOD are similar (Doi
et al., 2020), and are both accompanied by preceding CP El Niños from D(-1)JF to SON (Figure 1c). The
easterly anomalies associated with the preceding CP El Niño condition are seen over the EIO in MAM,
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Figure 1. The relationship of a preceding Central Pacific (CP) El Niño and a pIOD in observations. (a and b)
Relationship of (a) D(-1)JF C-index and (b) March-April-May (MAM) C-index with September-October-November
(SON) S-index in the Global Ocean Data Assimilation System (GODAS) dataset for the period of 1980–2019. A CP El
Niño is defined as C-index > 0.5 s.d. A strong pIOD is described as S-index >1.5 s.d. There are four strong positive
Indian Ocean Dipole (pIOD) events in the past 40 years, shown in red. The horizontal and vertical dashed lines show
the 1.5 s.d. for S-index and 0.5 s.d. for C-index, respectively. (c) Normalized D(-1)JF, MAM, June-July-August (JJA),
SON C-index, and SON DMI of all 7 years with D(-1)JF, MAM, SON C-index > 0.5 s.d. Events of pIOD and nIOD are
defined as DMI>0.5 s.d. and DMI < −0.5 s.d., respectively. The dashed lines show the 0.5 s.d. of the C-index and DMI.

which contribute to a shallower thermocline in the equatorial EIO compared to the absence of a preceding
CP El Niño in 2006 (Figures 2a and 2d). The shoaled thermocline by late May when the seasonal easterlies
start to establish over the equatorial EIO, provides a favorable condition for the development of a pIOD.
In the meantime, the easterly anomalies generate off-equatorial downwelling Rossby waves in the southern
EIO, which propagate westward and warm the west tropical Indian Ocean. The MAM heat content anomalies in the tropical western Indian Ocean (20°S–20°N, and 40°E−80°E) are significantly correlated with
the MAM C-index (with a correlation coefficient of 0.51, significant above the 99% confidence level). This
contributes to a west-minus-east SST gradient that in turn favors development of enhanced easterly wind
anomalies (Du et al., 2020), particularly when cool anomalies have been amplified by the local Bjerknes
feedback, aided for example by a concurrent El Niño. The shallow thermocline and easterly anomalies result in pIOD development in JJA and eventually into a stronger pIOD in the mature season (SON) in 1994
and 2019 than that in 2006 (Figure 2).
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Figure 2. Comparison between strong pIOD preceded and not preceded by a CP El Niño in observations. (a–c) The SST (ºC, color, and upper panel), wind
stress (N m-2, vectors, and upper panel) and vertical potential temperature (ºC, and lower panel) anomalies in (a) MAM, (b) JJA, and (c) SON averaged over
1994 and 2019 in the GODAS data. The vertical potential temperature is calculated as the average over 5°S–5°N (d–f) Same as in (a–c), but for 2006.

3.2. Nondeterministic Outcome of a Preceding CP El Niño
However, a CP El Niño in D(-1)JF and MAM does not always result in a strong pIOD in SON, even with
enforcement of a concurrent El Niño, which provides pIOD-favoring equatorial easterly anomalies (Figure S2). Besides 1994 and 2019, there are another five years with C-index > 0.5 s.d. in D(-1)JF, MAM, and
SON. Among them, in 1987 and 2015 when a moderate pIOD developed and in the other 3 years (1991, 1993,
and 2003), neutral or a nIOD followed (Figure 1c). As discussed earlier, the same easterly anomalies generate off-equatorial downwelling Rossby waves in the southern EIO. These Rossby waves reflect at the western
boundary as downwelling Kelvin waves and halt the shoaling of the EIO thermocline (Chen et al., 2019;
Du et al., 2020). In addition, equatorial wind variability over the Indian Ocean is strong in JJA, influenced
YANG ET AL.
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by a number of factors, such as the Indian summer monsoon, Australian
high, and Northwestern Pacific Subtropical High (Abram et al., 2007; Lu
& Ren, 2020; Sun et al., 2015; Yang et al., 2015). Anomalous westerlies are
unfavorable for development of a pIOD event.
Focusing on 1987 and 2015, the equatorial easterly anomalies and the
associated shoaled thermocline are seen in March accompanied by downwelling Rossby waves in the southern tropical Indian Ocean (Figure 3a,
left panel), which reflect at the western boundary in April (Figure 3b, left
panel). The reflected downwelling Kelvin waves, together with the downwelling Kelvin waves associated with the equatorial westerly anomalies
over the western tropical Indian Ocean, arrest the shallowing of the EIO
thermocline by June and July (Figures 3c–3e, left panel). The moderate
pIOD restarts from August (Figure 3f, left panel).
Only when the equatorial easterlies, EIO cooling, and thermocline shallowing are sufficiently amplified by JJA does a strong pIOD occurs, as in
1994 and 2019. In these two years, although the equatorial easterly anomalies and the associated shoaled thermocline develop later (in April) than
that in 1987 and 2015 (Figures 3a and 3b, right panel), the timing is optimal such that the initial cool anomalies are able to be amplified from May
to August (Figures 3c–3f, right panel). The downwelling Kelvin waves
reflect in May and June, a time when Bjerknes feedback starts to operate. The easterly anomalies and shoaled thermocline in the EIO persist,
leading to substantial cool anomalies (Figures 3c and 3d, right panel).
These pIOD anomalies are able to outweigh the impact of the reflected
downwelling Kelvin waves. The thermocline remains shallow into July
and shoals further in August (Figures 3e and 3f, right panel), and the
associated wind and SST anomalies grow into a strong pIOD in SON.
In addition, other difference between the two groups of events, such as
warmer SST over north Indian Ocean in 1994 and 2019 than that in 1987
and 2015, may also contribute to the difference of zonal wind anomalies
over the tropical Indian Ocean and the associated development of pIOD
(Figures 3e and 3f).
3.3. The Role of Boreal Summer Equatorial Wind Variability

Figure 3. Evolution of moderate and strong pIOD preceded by a CP El
Niño in observations. (a) Upper ocean heat content calculated as averaged
potential temperature over the upper 200 m (ºC, color) and wind stress
(N m−2, vectors) anomalies in March. The left panel shows the anomalies
averaged over 1987 and 2015, the right panel shows the anomalies
averaged over 1994 and 2019 (b–f) Same as in (a), but for (b) April, (c) May,
(d) June, (e) July, and (f) August, respectively.

That a preceding CP El Niño may not always lead to equatorial Indian
Ocean easterly anomalies in JJA (Figure S2) is key to understanding the
nondeterministic outcome. Stochastic westerlies not only can cancel the
preconditioning effect of a CP El Niño but also can reverse the associated
initial cooling. For example, in 1991, the western tropical Indian Ocean
shows enormous westerly anomalies by May and June, as the downwelling
Kelvin waves are more than enough to wipe out the initial EIO shoaled
thermocline anomalies and generate a deepened EIO thermocline as seen
in June (Figure S3, left panel); the reinvigorated EIO cool anomalies are
ultimately small (Figure 1c). In 1993, the easterly anomalies and any associated shoaled EIO thermocline anomalies are hardly established by MAM,
and the EIO shows westerly anomalies in JJA, producing a negative IOD
(Figure S3, middle panel). In 2003, the shoaled thermocline over the EIO in
April is reduced by the westerly anomalies in May, and a premature pIOD
develops in June and vanishes in August (Figure S3, right panel).

Thus, whether the preceding CP El Niño leads to a specific outcome is to a degree random, depending on
not only the shallowing directly from the associated easterly anomalies, the relative strength of the EIO
thermocline deepening associated with the reflection, timing of the reflection, but also stochastic wind forcYANG ET AL.
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ing. For example, if the reflection occurs after the seasonal Bjerknes feedback substantially amplifying the
initial cool anomalies and thermocline shallowing, the impact of the reflection is small, as the case for the
1994/2019 strong pIOD. By contrast, in 1987 and 2015, when the impact of the reflection, and/or westerly
wind forcing, is strong, a moderate pIOD is generated, as development of the pIOD is temporarily halted
(Figure 3).
That equatorial easterly anomalies over the equatorial Indian Ocean in JJA are also important for a CP El
Niño to induce a strong pIOD is supported by findings of previous studies. For example, easterly anomalies
associated with an interhemispheric pressure gradient are suggested to contribute to the development of
the 2019 strong pIOD (Lu & Ren, 2020). On the contrary, westerly anomalies over EIO may arrest the preconditioning effect of a CP El Niño and result in a neutral or even a nIOD condition (Figure S3). Thus, high
variability of equatorial Indian Ocean zonal wind in JJA, which has been suggested to be related to internal
variability of the Indian Ocean, Indian summer monsoon, Australian high, and Northwestern Pacific Subtropical High (Lu & Ren, 2020; Sun et al., 2015; Yang et al., 2015), appears to contribute to the nondeterministic preconditioning on strong pIOD by a preceding CP El Niño.
3.4. Mechanisms Confirmed by Model Simulation
The robustness of a CP El Niño preconditioning a strong pIOD is limited by the rare strong pIOD events in
observations. Examination of the long simulation of CESM-control finds that 79% of the strong pIOD are
preceded by a CP El Niño condition in MAM. This confirms that the preconditioning effect of the CP El
Niño plays an important role in the development of strong pIOD (Figure S4). However, majority of CP El
Niño are not followed by a strong pIOD.
However, the result from the CESM-control also supports a lack of deterministic effects of a preceding CP
El Niño on a strong pIOD. Similar to observations, a CP El Niño in both D(-1)JF and MAM may either be
followed by a strong pIOD, moderate pIOD, or a nIOD event, even though all with a concurrent CP El Niño
condition in SON that favors development of a pIOD (Figure 4). For cases in which a strong pIOD eventuates in SON, the preceding CP El Niño shoals the equatorial EIO thermocline and generates off-equatorial
downwelling Rossby waves over the southwestern tropical Indian Ocean in MAM (Figures 4a–4c, left panel). The shoaled equatorial EIO thermocline and the east-west temperature gradient in May favor easterly
anomalies and the establishment of positive Bjerknes feedback in JJA, facilitating a strong pIOD (Figure 4e
and 4f, left panel).
Compared with strong pIOD cases, in years when a CP El Niño condition in D(-1)JF and MAM leads to
a moderate pIOD in SON, there are similar thermocline (or heat content) and easterly wind anomalies in
March. However, a stronger effect of downwelling Rossby waves is seen in April (Figures 4a–4c, middle
panel). The weaker shallowing of the equatorial EIO thermocline is completely wiped out by the reflected
downwelling Kelvin waves by June, in spite of easterly anomalies over the EIO (Figure 4d, middle panel).
Development of the moderate pIOD restarts in July (Figure 4e and 4f, middle panel).
When the easterly anomalies associated with the preceding CP El Niño are weak in MAM (Figure S5), the
shoaling of the thermocline is small. The weak thermocline and cool anomalies can be easily arrested by
the reflected downwelling Kelvin waves, which may even lead to a deepened thermocline in the EIO by JJA,
and eventually to a nIOD (Figures 4a–4f, right panel).
In addition, the JJA C-index during pIOD (strong or moderate) events is smaller than the C-index in nIOD
events, while the JJA E-index during pIOD events is generally larger than the E-index in the nIOD events,
which might suggest that some pIODs are coupled with EP El Niño in JJA in addition to preconditioning
associated with a positive C-index (Figure S5), as in 1997.
Figure 4. Preconditional effect on IOD events by a preceding CP El Niño in CESM-control. (a) Composite of the heat content (ºC, color) and wind stress
(N m-2, vectors) anomalies in March for years with D(-1)JF, MAM, and SON C-index > 0.5, and eventually develop to a strong pIOD (left panel, 86 events,
S-index > 1.5 s.d.), a moderate pIOD (middle panel, 94 events, S-index < 1.5 s.d. and PC1 > 1.0 s.d.), and a negative pIOD (right panel, 69 events, PC1 < 0)
in SON. Black stippling shows areas where the heat content anomalies are significant above the 95% confidence level. For the wind anomalies, only those
significant above the 95% confidence level are shown. The heat content is calculated as the average potential temperature over the upper 200 m (b–f) Same as in
(a), but for (b) April, (c) May, (d) June, (e) July, and (f) August, respectively.
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4. Conclusions
A CP El Niño condition in D(-1)JF and MAM favors easterly anomalies and a shallowed thermocline over
the equatorial EIO. These may provide a beneficial precondition for early development of a strong pIOD
and “seed anomalies” for the positive Bjerknes feedback, which starts to operate in late May. However, a CP
El Niño is not always followed by a strong or a moderate pIOD. This is partly due to the fact that the same
easterly anomalies also generate off-equatorial downwelling Rossby waves which reflect at the western
boundary as equatorial downwelling Kelvin waves, potentially halting or even reversing the shoaling of the
equatorial EIO thermocline anomalies. Another offsetting factor is equatorial winds in JJA which have a
high variability. Easterly anomalies over the equatorial Indian Ocean in JJA can reinforce the shoaled thermocline associated with the preceding CP El Niño and lead to a strong pIOD, whereas the westerly anomalies can arrest the preconditioning effect and lead to a neutral or even a nIOD condition. These results have
been confirmed by a multi-century preindustrial control simulation from CESM, in which 79% of the strong
pIOD events are preceded by a CP El Niño in MAM, suggesting that a strong pIOD is more likely to occur
when preceded by a preceding CP El Niño.

Data Availability Statement
The data used in this study can be downloaded from the websites below:
GODAS: https://psl.noaa.gov/data/gridded/data.godas.html;
CESM-control: https://www.earthsystemgrid.org/dataset/ucar.cgd.ccsm4.CESM_CAM5_BGC_LE.
html?df=true.
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