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[1] We describe the seasonality in the variability and predictability of Indonesian
monsoonal climate, dominated by the El Niño–Southern Oscillation (ENSO)
phenomenon, and interpret it in light of theories of the development of the global ENSO
teleconnection which explain the evolution of the response of the tropical ocean-
atmosphere to ENSO’s perturbation. High predictability during the dry and transition
seasons, which coincide with ENSO growth, is expected from the coherent large-scale
response to ENSO’s initial perturbation. As the tropical ocean-atmosphere equilibrates to
ENSO, and ENSO itself begins to decay, its direct influence diminishes, and regional
features associated with the delayed response to ENSO become more prominent.
Consistent with this interpretation, in a preliminary observational analysis of station data
over Jawa we find that predictability is high during the growth phase of ENSO. We also
find that at these regional scales there may be more predictability than previously thought
as ENSO decays. Finally, we show that a simple one-tier prediction system, i.e., a
system where the evolution of oceanic and atmospheric anomalies is internally consistent,
better captures the intrinsic coupled nature of the ENSO teleconnection, compared to a
two-tier system where the ocean forces the atmosphere, but does not respond to its
feedback.
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1. Introduction

[2] At the crossroads between the region of warm sea
surface temperature and high precipitation known as the
Western Pacific warm pool, and the path of annual migra-
tion of the Asian-Australian monsoon [Chang, 2005],
Indonesia is endowed with a warm and wet tropical climate.
Traditional agricultural production systems are finely tuned
to the local climate. The expectation for a certain amount of
precipitation to accumulate on average during a certain
period of the year, accompanied by a certain range in
temperature, number of sunny days, or subseasonal distri-
bution of rain events, etc. determines what type of produc-
tion system is feasible at any one location.
[3] Seasonality, i.e., the contrast between warm and cold,

wet and dry seasons, is spatially varied. In Indonesia it is
less pronounced in equatorial regions than it is farther away
from the equator (Figure 1 (all observational data sets used
in this study are publicly available and can be downloaded
from the IRI Data Library, http://iridl.ldeo.columbia.edu);

also see Aldrian and Susanto [2003] for a classification of
Indonesian climates). Over the islands of Jawa and Bali, and
the island chain that comprises the Indonesian provinces of
Nusa Tenggara Barat and Nusa Tenggara Timur and the
sovereign nation of Timor Leste, the climate is monsoonal;
that is, it is customary to distinguish a wet season (the
Indonesian Bureau of Meteorology and Geophysics (BMG)
classifies a month as belonging to the wet season when at
least 150 mm are accumulated) from predominantly dry,
fair-weather conditions during the rest of the year. The
length of the wet season depends on the migration of the
Asian-Australian monsoon [Chang, 2005], which is forced
by the seasonal cycle in insolation through the response in
land/ocean surface temperatures. This cycle follows a
northwest to southeast track, such that the wet season is
typically shorter the farther one moves away from the
equator, i.e., considerably shorter over Timor than over
Jawa.
[4] However, how likely is it that the average expected

climate will be realized year after year? How ample a
deviation from the climatological mean is it reasonable to
expect, and with what frequency? What is of interest in the
study of climate variability and its predictability is to
diagnose how a season or month in a specific year deviated,
or to prognose how likely it is to deviate from the mean
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climatological expectation. In the following, we summarize
aspects of the predictability of Indonesian climate as they
relate to the El Niño–Southern Oscillation (ENSO). Focus-
ing on the island chain from Jawa to Timor, which we
loosely describe as being part of ‘‘monsoonal Indonesia,’’
we propose an explanation for the observation that predict-
ability is high during the dry and transition seasons, but low
during the core monsoon season, when patterns of variabil-
ity lack large-scale coherence. We refer to this behavior as
‘‘seasonality in the predictability of precipitation.’’ This
explanation hinges on recent theoretical and modeling
studies by Chiang and collaborators and Neelin and collab-
orators that explain the development of a new quasi-
equilibrium state in the global tropical ocean-atmosphere
system, a state that is attained in response to ENSO in the
seasons immediately following mature conditions in the
equatorial Pacific Ocean.
[5] Related work accomplished in the framework of a

project funded by the U.S. Agency for International Devel-
opment (USAID)’s Office of Foreign Disaster Assistance on
‘‘Climate forecast applications for disaster mitigation’’ is
detailed in companion papers by J.-H. Qian et al. (A dipolar
pattern of precipitation anomaly over Java Indonesia asso-
ciated with El Niño, manuscript in preparation, 2007,
hereinafter referred to as Qian et al., manuscript in prepa-
ration, 2007), on dynamical downscaling using a regional
model, and V. Moron and A. W. Robertson (Spatial coher-
ence and intra-seasonal variability of Indonesian rainfall:
Preliminary results, manuscript in preparation, 2007), on
statistical downscaling to subseasonal timescales.

2. ENSO: Source of Predictability for Indonesia

[6] As indicated by many studies focusing on the rela-
tionship between sea surface temperature (SST) and the
climate of Indonesia [e.g., Hackert and Hastenrath, 1986;
Harger, 1995; Kirono et al., 1999; McBride et al., 2003;
Aldrian and Susanto, 2003; Chang et al., 2004] the dom-

inant source of year-to-year variability in Indonesian cli-
mate is the El Niño –Southern Oscillation (ENSO)
phenomenon, the most influential climate pattern globally
at interannual timescales [Ropelewski and Halpert, 1987;
Wallace et al., 1998]. The impact of ENSO on precipitation
is depicted in Figure 2. The two panels represent anomalies
typical of the warm and cold phases of ENSO, also known
respectively as El Niño and La Niña. 12-month mean
anomalies are computed from July of the year of ENSO
onset, or year(0) (onset typically occurs during the transition
between wet and dry Southern Hemisphere monsoon sea-
sons) to the June of the following year, or year(1), by which
time the ENSO event has usually ended [Rasmusson and
Carpenter, 1982]. The Indonesian/Maritime continent/West-
ern Pacific warm pool region is at the center of the
phenomenon. In the warm ENSO case, negative precipita-
tion anomalies develop over the Western Pacific warm pool
as deep convection and precipitation shift eastward toward
the central and eastern equatorial Pacific. In contrast, the
cold ENSO case is to a large extent appropriately described
as an enhancement of climatological conditions, i.e., heavier
than normal precipitation over the climatologically wet
Western Pacific warm pool, and enhanced dryness over
the climatologically dry cold tongue of the central and
eastern equatorial Pacific.
[7] Maximum precipitation anomalies around the inter-

national dateline (positive in the warm ENSO case, negative
in the cold ENSO case (in Figure 2)) are not exactly
colocated. They are just to the east of it in the warm ENSO
case, just to the west in the cold ENSO case. Such non-
linearities in the ENSO system have been investigated in
relation to their effect on variability in the Northern Hemi-
sphere midlatitudinal response to ENSO [e.g., Hoerling et
al., 1997]. In this paper we choose to focus our analysis on
warm ENSO events. The reader is referred to, e.g.,
Ropelewski and Halpert [1989] for a global survey of
canonical La Niña rainfall anomaly patterns.

Figure 1. Seasonal cycles of (a) temperature and (b) precipitation at two sites in Indonesia. One is
Pontianak, in West Kalimantan (0.15�S, 109.4�E; dashed lines), representative of the equatorial climate
type. The other is Kupang, in Nusa Tenggara Timur (10.17�S, 123.67�E; solid lines), representative of the
monsoonal climate type. Data are from NOAA’s National Climate Data Center/Global Climate
Perspectives System (GCPS).
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[8] Inception of an ENSO event in the central equatorial
Pacific is brought about by the dynamical coupling of
atmosphere and ocean that gives rise to local anomalies,
e.g., in precipitation, near-surface winds, surface tempera-
ture and ocean heat content that grow, reach maturity, start
decaying, and sometimes reverse in an internally consistent
way (see, e.g., Neelin et al. [1998] for a review). Here we
present evidence that the development that follows, of
global anomalies in the atmosphere and oceans known as
teleconnections [Ropelewski and Halpert, 1987; Glantz et
al., 1991; Wallace et al., 1998], can be interpreted as an
adjustment process to the perturbation initiated by tropical
Pacific anomalies. Central to our dynamical interpretation of
ENSO’s impact on Indonesia is the observation that anoma-

lies, especially tropical atmospheric anomalies, are larger
from ENSO onset to maturity, i.e., during the first half of a
typical ENSO life cycle, which coincides with the second
half of the year(0) calendar year, and that as ENSO starts to
decay in the first half of year(1), the climate system in and
around Indonesia behaves as if it had reached a new
equilibrium, the result of having adjusted to ENSO’s jolt.
In other words, the global-scale pattern of influence breaks
down, and the spatial coherence of ENSO’s regional effects is
largely reduced. Climatologically speaking, July–December
spans the dry and transition seasons in Indonesia, while
January–June includes the core Southern Hemisphere sum-
mer monsoon season of January–March (Figure 3).

Figure 2. Composite anomalies in precipitation typical of (a) warm and (b) cold ENSO events. Data are
from the Global Precipitation Climatology Project (GPCP [Huffman et al., 1997]). Anomalies are
averaged over the ENSO year from July of year(0) to June of year(1). Warm and cold ENSO events are
identified on the basis of the December(0)–January(1) value of Niño3.4 being greater than 1�C or less
than �1�C, respectively. In 1979–2005 there were six warm and four cold events. Anomalies are every
mm/day; dashed indicates negative and solid indicates positive. The shading, light for negative anomalies
and darker for positive anomalies, represents statistical significance of the anomalies with respect to
climatology, at the 5% confidence level or greater, based on a two-sided t-test.

Figure 3. Seasonal climatology of rainfall, in (a) July–December and (b) January–June, from GPCP, as
in Figure 2. Contour is every 2 mm/day, and darker shading indicates higher rainfall rates.
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[9] Consistent with this interpretation, when the ENSO
year of Figure 2 is broken into two 6-month periods, namely
July to December of year(0), and January to June of year(1),
shown in Figure 4 in the averages of El Niño cases, it is
found that the significant precipitation anomalies over
monsoonal Indonesia typical of July–December(0) vanish
in January–June(1). Hence, from this viewpoint, predict-
ability as defined by ENSO can be expected to be high in
July–December(0), and low in January–June(1) [Aldrian et
al., 2007]. SST anomalies (Figures 4c and 4d) in the ENSO
source region of the tropical Pacific grow and peak in July–
December(0). In contrast, SST anomalies opposite in sign to
those in the source Pacific region initially develop in the
Western Pacific warm pool and eastern Indian Ocean, but
later reverse to the same sign as in the source region,
continuing to develop into January–June(1).
[10] The key question that this study addresses is why this

behavior in the life cycle of ENSO-related anomalies in
monsoonal Indonesia; specifically, why coherent large-scale
precipitation anomalies at the end of year(0), but not during
the core of the monsoon, at the beginning of year(1)? As
depicted in Figure 5, the near-surface circulation is remark-
ably consistent in transitioning from July–December of

year(0) to January–June of year(1): Divergence dominates
over the Maritime continent, with easterly anomalies in the
Indian Ocean sector, and westerly anomalies in the Pacific
Ocean sector. Why, then, are precipitation anomalies not
consistent in both seasons?

3. ENSO’s Impact on the Maritime Continent:
Large-Scale View

[11] The global atmosphere responds quickly to the
perturbation imposed by the shift in precipitation in the
equatorial Pacific Ocean; during a warm ENSO the entire
tropical troposphere warms up [Yulaeva and Wallace, 1994;
Su et al., 2005; Lintner and Chiang, 2007]. Surface temper-
atures take more time to equilibrate to the warming of the
atmosphere [Klein et al., 1999; Chiang and Sobel, 2002;
Chiang and Lintner, 2005]. For as long as the imbalance
persists between surface and atmospheric temperatures
above the planetary boundary layer, a warm ENSO trans-
lates into a more stable atmospheric vertical profile, unfa-
vorable for deep convection and precipitation, hence the
widespread tropical dry anomalies. Then, as surface tem-
peratures adjust to the warmer troposphere, a new ‘‘equi-

Figure 4. Composite anomalies in (a and b) precipitation and (c and d) sea surface temperature (SST)
during warm ENSO events in 1979–2005. Precipitation is from GPCP, as in Figures 2 and 3. SST is from
the NCEP-NCAR Reanalysis [Kalnay et al., 1996]. In Figures 4a and 4c, anomalies are averaged over the
first half of an ENSO year, from July to December of year(0). In Figures 4b and 4d, they are averaged
over the second half, from January to June of year(1). Warm ENSO events are identified as in Figure 2.
Contour is every mm/day for precipitation, every 0.5�C for SST; solid indicates positive and dashed
indicates negative anomalies. The shading, light and darker for negative and positive anomalies,
respectively, represents statistical significance of the anomalies with respect to climatology, at the 5%
confidence level or greater, based on a two-sided t-test.
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librium’’ is found. We use the quotation marks here,
because strictly speaking it is not correct to speak of
‘‘equilibrium’’; the ENSO system grows and then decays,
never reaching a steady state. However, here we wish to
stress the difference between the growth phase of ENSO,
when the global tropical system is perturbed and responds
with large-scale coherence, and the following phase, when
the system response loses coherence. In addition, how this
equilibrium manifests itself locally depends on the details,
on the mechanisms by which near-surface humidity adjusts
to free-tropospheric temperature, e.g., through changes in
evaporation and moisture convergence [Su and Neelin,
2002; Lintner and Chiang, 2007]. The end result is that
the absence of coherent large-scale forcing in the ENSO
decay phase allows for conditions that have developed
locally in relation to ENSO to take hold. As we will see in
section 4 (also see Qian et al., manuscript in preparation,
2007), these can favor or hinder deep convection locally.
[12] In the following subsections we describe in greater

detail ENSO-related anomalies in the global tropical atmo-
spheric circulation, and in the evolution of SST around
Indonesia.

3.1. ENSO-Induced Atmospheric Anomalies in the
Indo-Pacific Sector

[13] The large-scale atmospheric circulation associated
with growth/mature and decay phases of a warm ENSO
event is described in Figure 6. Figures 6a and 6b depict the
velocity potential at 200 hPa. Figures 6c and 6d depict
vertical velocity at 500 hPa. Figures 6e and 6f depict sea
level pressure. The contrast between July–December(0)
and January–June(1) pictures is easy to notice. In July–
December(0) (Figures 6a, 6c, and 6e) the equatorial belt in
the Indo-Pacific sector is clearly the focus of action. Centers
of action can be recognized over the Maritime continent and
in the central Pacific. Centers of anomalously positive and
negative velocity potential at 200 hPa broadly define the
location of anomalous convergence and divergence at upper
levels. At middle levels, these same centers of convergence
and divergence are associated with subsidence and ascent,
respectively. The surface expression of this large-scale
circulation pattern is the Southern Oscillation; anomalously

high sea level pressure over the Western Pacific, Maritime
continent and tropical Oceania, and anomalously low sea
level pressure in the central and eastern equatorial Pacific.
In the Southern Hemisphere, a wave train known as the
Pacific–South American pattern [Mo and Higgins, 1998]
emanates from the Maritime continent and arches eastward,
first poleward and then equatorward, into the South Atlantic.
[14] In January–June(1) (Figures 6b, 6d, and 6f) action in

the central equatorial Pacific has largely subsided. Though
residual anomalies remain over the Western Pacific warm
pool, the focus has now shifted to the Northern Hemisphere
subtropics, as exemplified in both upper level velocity
potential and sea level pressure. Again, a wave train, known
as the Pacific–North American (PNA [Wallace and Gutzler,
1981]) pattern, is visible in sea level pressure.
[15] Anomalies in the vertical temperature profiles during

the growth and decay phases of ENSO are depicted in
Figure 7, for the core ENSO region (180–240�E, 15�S–
15�N; Figures 7a and 7b) and the Maritime continent
(100�E–160�E, 15�S–15�N; Figures 7c and 7d). These
correspond to the regions of enhanced ascent and subsi-
dence, respectively, in the July–December(0) panel of
vertical velocity, in Figure 6c. In July–December(0) the
temperature profile below 700 hPa is unstable in the core
ENSO region, stable over the Maritime continent, as
expected. Over the Maritime continent, temperature anoma-
lies start on the negative side at the surface, consistent with
the cool SST anomalies there. The difference in stability is
much amplified in the equivalent potential temperature (qe)
profiles, implying a nonnegligible contribution from
changes in humidity. This is also true in January–June(1),
when the vertical profiles in qe become unstable in both
regions below 850 hPa.

3.2. ENSO-Induced SST Anomalies in the Indonesian
Seas

[16] The ENSO-related response of sea surface temper-
atures in basins remote from the tropical Pacific has been
argued to come about both because of changes in thermo-
dynamic and ocean dynamical forcings [Klein et al., 1999;
Murtugudde et al., 2000]. Thermodynamic forcings include
changes in radiation associated with cloud cover changes,

Figure 5. Composite anomalies in 1000 hPa winds during warm ENSO events in 1949–2005. (a) July–
December of year (0) and (b) January–June of year(1).
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