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Abstract

The longer period of time series of anomaly data was usually used to express the climatic phenomena. Even it is common, however, there
were limited study discusses how powerful anomaly technique for understanding the climatic phenomena that occur in the period of time.
The objective of this study is to understand the nature of anomaly, to identify an unusual fluctuation of data, and to detect the climate
change impact to the Sea Surface Temperature (SST). The eleven years satellite Aqua Modis data and Dipole Mode Index were applied
to this study. The raw data were averaged and removed seasonal trend using anomaly technique and then plotted to both MS Excel and
Surfer ver. 6. The result shows that the monthly average of SST was indicated a seasonal/ sinusoidal pattern. Furthermore, anomaly anal-
ysis provides an unusual SST trend that has a direct impact on the climatic phenomenon as Indian Ocean Dipole. It is suggested that an
anomaly technique may provide a good tool for expression unusual phenomena due to climate change.
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1. Introduction cussed in detail, even though this method is very important in

: looking the peculiarities of a time series data. Therefore, this arti-
cle was compiled.

Oceanographic phenomena vary in space and time scale. The

smallest phenomena such as bubbles, capillary waves, even El :

Nino Southern Oscillation (ENSO), Indian Ocean Dipole (I0OD) 2. Material and Methods

and thermohaline circulation and Milankovitch, occur from the ]

narrowest (mm) to the widest (thousands of km) of space oceans  2.1. Material

and also require the shortest time (0.001 sec.) to the longest (thou-

sands of years) (1). Data availability and analytical methods are  This research was carried out in the South Java Sea at 7-14°S and

important in oceanographic studies. Creativity in analyzing data, =~ 103-115°E (Figure 1). The South Java Sea are areas that are direct-

especially serial data is very important in determining the results 1y adjacent to the Indian Ocean and are potential fishing grounds

and interpretation of the data so as to provide useful information ~ due to the presence of upwelling in these waters. The dynamics of
in studying a phenomenon in oceanography. the waters of the South Java are strongly influenced by global
climate phenomena such as the Indian Ocean Dipole as explained

The abundance of data due to the development of modern physics by (2), (4) and (5).

oceanographic instruments such as CTDs, current meters, satellite 5 - —

instruments capable of measuring many samples per unit of sec- A ~ '\\MT‘ : '

onds, means that the average analysis is more utilized than indi- e o |
b ol

vidual analysis. This average analysis is generally plotted on time
series charts based on raw data or just average, so seasonal trends
are still visible. This method is not enough to explain the existence
of deviation or anomalies in the time series graph.

One method of approach in analyzing oceanographic phenomena %ﬁﬁge
on a relatively long-time scale is the anomaly method. According b “‘“":ﬁ*- “":.]
to (1), an anomaly is a difference between a measured value and a =27 e

mean value. This anomaly method is commonly used not only in
the fields of oceanography, but also in the fields of meteorology
and climate, such as study conducted by (2); (3), (4); (5), etc.
However, in previous studies the anomaly method was not dis-

Fig.1. Map of study area at South Java Sea.
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A total of 11 (eleven) years of Sea Surface Temperature (SST)
data with monthly intervals from Satellite Aqua-MODIS level 3
data obtained from the official website oceancolor.gsfc.nasa.gov.
became the main data in this study. While the additional data is
the data for climate change indexes such as the Indian Ocean Di-
pole or the Dipole Mode Index obtained from
jamstec.go.jp/frsgc/research/d1/iod/iod/dipole_mode_index.html.

Indian Ocean Dipole is an El Nifo like phenomenon that occurs in
Indian Ocean. It is another important manifestation of the tropical
air-sea interaction (6)(7)(8). Positive 10D is indicated warm phase
of SST in Africa and cold phase of SST in South Indonesia, or
vice versa (6). Like the Pacific ENSO, the evolution of the IOD is
strongly locked to the annual cycle. In active years, cold SST
anomalies off Java and Sumatra typically develop in June to Au-
gust and peak in September to October, while warm SST anoma-
lies in the western Indian Ocean occur later (9). The Dipole Mode
Index (DMI) is an index that expresses the 10D. It is defined as
the sea surface temperature anomaly (SSTA) difference between
the tropical western Indian Ocean (50°E-70°E, 10°S—10°N). Both
El Nino and 10D also explain most of the tropical Indian Ocean
variability due to their contribution about 30% and 12% of the
tropical Indian Ocean, respectively (7).

2.2. Methods

Raw data and seasonal mean were plotted in time series graph to
look at the trend. Data processing usually were started with aver-
ages over many samples, for examples, over 1 second or some
other time interval. For this case monthly average is applied. The

samples mean X of a data set X that has been measured

N equally spaced times is

i &)

With the increasing number of observations, Eq. (1) approaches
the true mean if there is no external source of bias error.

An anomaly is the difference between a measured value and the
mean value (1):

X'=X—X )

The quantity of X" s also often referred to as a deviation from the
mean; it is also referred to as an anomaly. Depending on the study,
it might also be common to remove a seasonal cycle from the
original data set by computing monthly or seasonal means rather
than the overall mean, and then displaying the anomalies relative
to the monthly or seasonal means (1).

Both average and anomaly analysis were plotting in time series
graph of MS Excel 10. Furthermore, anomaly data were plotted at
2D map using Software Surfer 6.

3. Results and Discussion

The following paragraph will discuss about the strengthen and
weakness of raw data and anomaly data for oceanographic data
expression.

3.1. The time series of the raw data of Sea Surface Tempera-
ture (SST)

Time series of average data Sea Surface Temperature (SST) were
plotted in Figure 2. The sea surface temperature showed seasonal
variation: the higher SST trend occurred in Northwest monsoon
(Dec, Jan, and Feb) and lower SST trend in Southeast monsoon,
furthermore moderate SST found in between both monsoons. By
only plotting the average data, ones only found the sinusoidal
pattern in time series of SST average data. Therefore, it is not easy
to identify the climate change phenomenon only used Figure 2.
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Fig.2. Time series of monthly average data of Sea Surface Temperature at
South Java Water. Seasonal variation is common using time series of raw
data or average data.

The anomaly analysis approach provides information of irregular
trend within period of study by removing seasonal cycle as men-
tion in chapter 2, material and method. Figure 3 represented the
time series of both raw data of SST and its anomalies. By using
anomaly data, ones could find the anomalous or extreme fluctua-
tion of SST trend, however nor for average data. The time series
of SST anomaly presented positive and negative fluctuations at
ranged between -1 (in 2006) to +1.5°C (in 2010), respectively. The
anomalous or extreme SST both positive and negative will tell
something about the unusual phenomenon both in ocean and at-
mosphere as a couple system. Further analysis will tell about SST
anomaly by using Surfer ver. 6 and moreover their correlation
with the global climate change by applying Indian Ocean Dipole
Index.
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Fig. 3. Time series monthly average of SST data (blue bar) and SST
anomaly (red-solid line).

3.2. Time series of SST anomaly and Indian Ocean Dipole
(10D)

In order to understand SST anomaly well, SST anomaly data were
also plotted in 2D map of Surfer as shown in Figure 4. Based on
Figure 4, SST anomaly well indicated the SST decrease or in-
crease compared eleven years-time series data. By using anomaly
technique, the anomaly or deviation of eleven-years data are able
to well identified. Blue-violet colour indicated about 0.5 to 1.0°C
lower below SST average during eleven years. While, yellow-red
colour showed about 0.5 to 1.5°C SST increasing above eleven
years average.
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Fig. 4. Map of 2D SST anomaly which be plotted in Surfer. X axis shows
the year (2003-2014), while Y axis indicates the month (Jan-Dec). Unit of
SST anomaly is °C.

Lower SST anomaly profoundly occurred in 2006, while higher
one found in 2010. Both years were indicated climatic phenomena
events as El Nino (2) and La Nina, respectively (4)(5)(9). El Nino
is a phenomenon characterized by increasing sea surface tempera-
tures in the eastern and central Pacific caused by the weakening of
wind trade at intervals of 2 or 7 years. EI Nino has an impact on
the occurrence of droughts in the western Pacific region including
Indonesia. Whereas La Nina is a reverse phenomenon, and has an
impact on prolonged rainfall (9).

The EI Nino and La Nina phenomena as known as El Nino South-
ern Oscillation (ENSO) is identical to the phenomena that occur in
the Pacific region. An El Nino-like phenomenon that occurs in
Indian Ocean is known as the Indian Ocean Dipole.

Those EI Nino and La Nina are also coincided with Indian Ocean
Dipole (10D) positive (+) and negative (-), e.g. in 2006 and 2010.

To understand Indian Ocean Dipole (IOD) phenomenon, SST
anomaly were plotted together with 10D index, Dipole Mode In-
dex (DMI) as shown at Figure 5.
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Fig.5. Time series of DMI and SST anomalies. Blue bar shows the time

series of DMI and red solid line indicates the time series of SST anomalies.

During 10D (+) (2006) there were more intensive upwelling in
South Java as indicated by lower SST (reached -1.0°C), and vice
versa for 10D (-) (2010) SST remain higher (reached +1.5°C) due
to lack of upwelling as mentioned by (2) (4) and (5).

The ENSO and 10D phenomena are intensifying with the recent
increase in global warming (10). However, increase in the fre-
quency of extreme ENSO events is largely independent of in-
creased frequency of extreme positive Indian Ocean Dipole events
(10), but the sequence of climate extremes similar to what the
world experienced during ENSO 1997-1999, is projected to in-
crease markedly, from one in 187 years to one in 48 years; during
these two years, an extreme positive Indian Ocean Dipole preced-
ed an extreme El Nifio, and was then followed by an extreme La
Nifia (3).

Time series data with a long period of time may provide infor-
mation on climate change and can even be used as a tool to predict
climate change.

4. Conclusion

An anomaly technique is easy way to show unusual phenomenon
for long period of time series data. Without using anomaly analy-
sis, we will face the seasonal pattern that expressed a sinusoidal
shape as usually experiences with raw data. An Anomaly analysis
was also match well with climatic index, therefore they are suita-
ble to be plotted together and be able to express the possible rela-
tion between SST anomaly and climate change phenomenon such
as Indian Ocean Dipole. It is suggested that an anomaly technique
will provide a basic tool for further analysis not only for oceanog-
raphy, but also for meteorology, climate, and etc.
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