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Abstract

Characteristics of rainfall variability and trends in Indonesian region are
investigated for the period 1900-2008 based on monthly gridded rainfall data. Standard
statistical methods and multivariate statistical methods are used to examine rainfall
variability and its trends. This study identified a significant decline in annual-mean
rainfall in the entire region of more than 20% commencing in the late 1980s. There are
only two dominant rainfall modes calculated from Empirirical Orthogonal Function (EOF)
that accounts for about 38% of variance occurring in the centre of the region. A smaller
variance of about 9% appeared in the second EOF mode with the negative spatial loading
concentrated in the southern part of the region.

Previous analyses of Indonesian rainfall data indicated a tight seasonal coupling
between ENSO anomalies and rainfall anomalies during the dry season peaking in August.
Nevertheless, rainfall anomalies tended not to persist from the dry season into the wet
season. Indonesian rainfall variability has dramatically changed from the early 1970s
onwards. Instead of being seasonally confined, ENSO events have switched into a mode in

which they also control Indonesian rainfall anomalies outside the dry season.

This prolongation of ENSO influences and extended EI-Nino episodes the early
1990s onwards explains the observed decline in annual-mean rainfall by ~20% in most of
the Indonesian region and why this decline occurred spatially coherent and during most
seasons of the year. Given the widespread impacts of ENSO events, we anticipate these
findings to be an important clue in the understanding of climate-change impacts on
changes in modes of climate variability. For instance, the sudden onset and persistence of
intensified ENSO influences over the last 40 years, revealed here via an analysis of
Indonesian rainfall anomalies, could point to a dramatic and permanent shift in ENSO-
related climate variability influencing most areas across the tropical Pacific Ocean.
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South Pacific region. From Trenberth (1991).

Rainfall classification in the Indonesian region. From
Aldrian & Susanto (2003).

Climatological average monthly rainfall for regions A,
B, and C. The dotted lines refer to one standard
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Monthly climatological mean of SST derived from NOAA-
AVHRR based on monthly mean data from January 1998 to
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superimposed with Quick Scatterometer (QuikSCAT)
wind (m/s) in (a) August and (b) February. Data are
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July 1999 to January 2005, respectively. From: Qu et al.
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Peak-to-peak SST variability in Indonesian seas. From
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Monthly climatological mean of zonal wind stress
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scatterometers based on monthly mean data from
January 1998 to December 2003. Seasonal monsoon
winds are clearly seen. Stronger eastward zonal winds
from the Australian continent affect the southern part of
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Conditions are reversed during the NW monsoon
(October—April). Solid arrows in the months of
February and August represent the general pattern of
wind directions during the NW monsoon and SE
monsoon, respectively. From : Susanto et al. (2006).
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Definition of different rainfall regions used in this study.

SST regions (A*, B* and C*) considered in this study
(dashed boxes).

Morlet wavelet basis. The left plot shows the real part
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from 1900-2008.
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from 1994-2008 (solid lines). Dashed lines denote
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Average monthly rainfall declines in regions A, B, C and
D in the period 1994-2008 with reference to the long-
term average for 1900-2008.

The first EOF for a) spatial loading and b) PC of
Indonesian rainfall for 1900-2008 accounting for 38% of
the observed variability

The second EOF for a) spatial loading and b) PC of
Indonesian rainfall for 1900-2008 accounting for 9% of
the observed variability.

Wavelet analysis of rainfall in region A for 1900 — 2008.
a) Monthly-mean rainfall (mm/month), b) wavelet power
spectrum (line shows cone of influence; i.e. data points
below this line are statistically insignificant), c) global
wavelet spectrum (dashed line denotes the 95%
significance level), and d) wavelet time series for the 0.5-
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Wavelet analysis. Same as Figure 28, but for region B.

Wavelet analysis. Same as Figure 28, but for region C.

Wavelet analysis. Same as Figure 28, but for region D.

Lag correlations between rainfall in the entire Indonesia
region and climate indices (Nifio 3.4, DMI, IPO), and
SST anomalies in regions A*, B* and C*. X-axis
represents lag (months), and y-axis gives the correlation
coefficient. Note: lag positive, climate indices and SST
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Same as Figure 32, but for rainfall anomalies in region
A.

Same as Fig. 32, but for rainfall anomalies in region B
Same as Fig. 32, but for rainfall anomalies in region C.
Same as Fig. 32, but for rainfall anomalies in region D

Lag correlations between SST anomalies in regions A*,
B* and C* and climate indices (Nifio 3.4, DMI and
IPO).

Indonesian rainfall anomalies (cm/month) during 1900-
2008. Shown are averages for DJF, MAM, JJA, SON,
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Schematic of seasonally ENSO-controlled annual-mean
rainfall patterns.

Time series (1900-1969) of rainfall anomalies (annual
mean) and JJA values of a) Nifio 3.4 and b) DMI. The
data are normalised by one standard deviation (units on
the y-axis). The standard deviations for rainfall, Nifio
3.4, and DMI anomalies are 1 cm/month, 0. °C, and 0.2
°C respectively.

Correlation value of the correlation between the
combined index (5) and annual-mean rainfall anomalies.
The best correlation of -0.77 is given for SON values of
climatic indices and € = 0.3.

Observed and reconstructed annual-mean rainfall
anomalies based on ¢ = 0.3. a) JJA values of climate
indices. b) SON values of climate indices. Dashed lines
show differences between reconstructed and observed
values. Y-axis values are in cm/month. Arrows indicate
the period of calibration (1900-1979). Anomalies refer to
the long-term rainfall average over the calibration
period.

Sliding-window cross-correlation between JJA values of
NINO 3.4 with seasonal rainfall anomalies in JJA, SON, DJF
and MAM of the following year with visibility assistance in
grey area.

Sliding-window cross-correlation between SON values of
NINO 3.4 with seasonal rainfall anomalies in SON and DJF,
and MAM and JJA of the following year with visibility
assistance in grey area.
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Same as Fig. 43, but using JJA values of DMI as a basis.

Same as Fig. 44, but using SON values of DMI as a
basis.

11-year sliding-window correlations between JJA rainfall
anomalies and rainfall anomalies in the following
seasons with visibility assistance in grey area

11-year sliding-window correlations between SON
rainfall anomalies and rainfall anomalies in the
following seasons with visibility assistance in grey area.

Normal-probability plot of the rainfall distribution
(1900 — 2008) for the Indonesian region.

The first 24 EOF modes including variance explained.

Wavelet analysis for monthly mean Indonesian rainfall
anomalies for the period 1900-2008.

Wavelet analysis for monthly mean values of Nino 3.4
for the period 1900-2008

Wavelet analysis for monthly mean values of SOI for
the period 1900-2008.

Wavelet analysis for monthly mean values of 10D for
the period 1900-2008.

Wavelet analysis for monthly mean values of IPO for
the period 1900-2008.

Time series of SST anomalies in a) region A*, B*, and
C*. b) Global SST for the period from 1900 to 2008.
Based on HadISST1 data.
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