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Abstract. The east coast of North Sumatra has lower rainfall than the central (Bukit Barisan) and the
west coast. Meanwhile, the literature on the influence of climate phenomena, such as El Nino, La Nina, and
positive/negative IOD, on the rainfall distribution in North Sumatra remains quite limited. This paper aims
to describe the spatial distribution of seasonal rainfall on the east coast of North Sumatra and its correlation
with ENSO and the IOD. Hopefully, the spatial analysis of seasonal rainfall and its correlation to ENSO and
IOD can improve the understanding on rainfall distribution and the influenced factors in the study area. For
16 years (1999-2014), the monthly rainfall data at 52 rain gauge stations that passed the homogeneity test
were divided into the seasonal 6-month and 4-month. Hereafter, the seasonal rainfall was spatially analyzed
with the Inverse Distance Weighting (IDW) method using ArcMap software. The spatial analysis results can
clearly describe the rainfall dynamics and its anomalies, therefore, can be more easily understood. The
repetition of rainfall anomaly patterns can be seen in January to June (JEMAMY]), January to April (JEMA),
and May to August (MJJA), which occurs in 3-4 years. Furthermore, the Pearson-correlation analysis shows
that SOI has a strong positive correlation on JEMAM]J (0.529), JEMA (0.485), and MJJA (0.366), while IOD
has a strong positive correlation on MJJA (0.512) and negative on September to December - SOND (-0.341).
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This article is an open access article distributed under the terms and conditions of the Creative Commons
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1. Introduction

Indonesia is a tropical archipelago country, located on the
equator and surrounded by two oceans (Indian and Pacific)
and two continents (Asia and Australia). North Sumatra is
located in the western part of Indonesia, traversed by the
Bukit Barisan mountains, and flanked by Malacca Strait and
the Indian Ocean. Thus, Indonesian climate is mostly
influenced by the Indian and Pacific Oceans, with at least five
factors that affect its rainfall variabilities, such as the local
effect (topography), meridional (Hadley) circulation, zonal
(Walker) circulation, monsoon activity, and tropical cyclones
(Boer and Faqih, 2004). Many studies have found that most
occurrences of extreme climate events such as droughts or
high-intensity rainfall were associated with the El Nifio-
Southern Oscillation, or ENSO, and the Indian Ocean Dipole,
or IOD (Fadholi, 2013; Lestari et al, 2018; Mulyana, 2002;
Prasetyo, 2018; Sekaranom et al., 2020; Yuggotomo and
Thwan, 2014;).

Generally, Indonesia has three types of rainfall patterns,
known as the monsoonal, equatorial, and local types (Aldrian
and Susanto, 2003; Lee, 2015; Tukidi, 2010), while North
Sumatra experiences equatorial-type rainfall. Nowadays,
understanding changes in rainfall pattern and analyzing
which factors affect it receives considerable attention from

various researchers throughout the world, as any change,
usually triggered by extreme weather events such as droughts
or floods, could threaten agricultural productivity and
increase ecological damage or fire risk (He et al, 2018;
Suhaila and Jemain, 2012). Improved knowledge of these
patterns will help the government or decision-makers to
prevent more significant loss or damage to agriculture
productivity.

Many studies across the globe have used spatial analysis to
identify and understand rainfall patterns in locations such as
Morocco (Salhi et al, 2019), Australia (Yang et al., 2015;
Saunders et al., 2017), Ethiopia (Alemu and Bawoke, 2019),
Iran (Zeinivand, 2015), Taiwan (Lee et al., 2020), Malaysia
(Suhaila and Jemain, 2012), India (Ghosh, 2018), and
Indonesia (Lee, 2015; Nugroho, 2015). Ly et al. (2011) found
that Inverse Distance Weighting (IDW) is the best method
for spatial interpolation since it provides the smallest RMSE
(Root Mean Squared Error) compared to KED (Kriging with
an External Drift), OCK (Ordinary Cokriging), and UNK
(Universal Kriging). Similar results were found by Yang et al.
(2015), suggesting that IDW is preferable to three other
methods (ANUDEM, Spline, Kriging) and easy to implement
in a geographic information system (GIS). Chen and Liu
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(2012) found that the radius influence of the IDW method
was over 30 km and that the method was more accurate
during the dry season.

Unfortunately, published studies of the rainfall trends in
Indonesia have mostly been conducted on the island of Java
and are very limited on other islands including Sumatra,
especially North Sumatra. The rainfall in Java is greatly
influenced by ENSO and has a clear dry season, while North
Sumatra rarely experiences rainfall of less than 60 mm/
month. The correlation and influence of ENSO and the IOD
on the rainfall variability in North Sumatra was also unclear;
whereas several studies have stated that it is not influenced by
ENSO and IOD (Aldrian, 2002; Lestari ef al., 2018; Mulyana,
2002; Nasution and Nuh, 2018; Qian, 2019), other studies
have stated the contrary, especially in the eastern coastal
region (Irwandi et al, 2017). Moreover, the occurrence of
rainfall below 60 mm/month in January to March 2014 on
the eastern coast of North Sumatra, which rarely occurred,
led to a 25% loss in oil palm productivity in the following
year (Pradiko et al., 2016), emphasizing the importance of
this study to understand rainfall patterns in order to prevent
greater productivity losses. This article will describe and
discuss the spatial distribution of seasonal rainfall on the east
coast of North Sumatra and its correlation with ENSO and
the IOD.

2. The Methods

The East Coast of North Sumatra is located at 1°45’-430’
N and 97°50°-100°20’ E. It contains thirteen districts: Serdang
Bedagai, Medan, Langkat, Tebing Tinggi, Deli Serdang,
Batubara, Asahan, Pematang Siantar, Simalungun, Tanjung
Balai, Labuhan Batu, North Labuhan Batu and South
Labuhan Batu. The boundaries of the study area are Aceh
Province and Malacca Strait in the north, Riau Province in
the south, the Bukit Barisan mountains in the west and the
Malacca Strait in the east.

Over 16 years (1999-2014) of monthly rainfall data series
were taken from seventy-four rain gauge locations owned by
BMKG (North Sumatra Agency for Meteorology,
Climatology, and Geophysics) and the government or private
oil palm plantations in the study area. The 16 years of
monthly historical data were considered sufficient for
analysis of rainfall patterns, following the approach of Kisaka
et al. (2014), which used 13 years of data to analyze rainfall
variability in Kenya. Supporting Kisaka, Brisson et al. (2015)
stated that at least 10 years of historical rainfall data were
needed to describe rainfall patterns and at least 30 years to
analyze climate change in any region. Furthermore, the data
were tested for homogeneity using the Pettit method (Kang
and Yusof, 2012) and resulted in 52 locations that are
homogenous (Figure 1).

The collected data were first analyzed to understand their
annual distribution by plotting as a chart (Figure 2). Based on
the chart, the monthly data are divided into seasons of 6
months and 4 months. The 6-month classifications used in
this study are January to June (JFMAM]J) and July to
December (JASOND), which are commonly used by the local
society to describe the dry season and wet season, related to
the equatorial-type rainfall in North Sumatra with two
rainfall peaks (Hermawan, 2010; Prasetyo, 2018). The 4-
month classifications used in this study are from January to
April (JEMA), May to August (MJJA), and September to
December (SOND). Farmers commonly use these seasons to
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define the dry, transitional, and wet seasons (Boer and Faqih,
2004). The average rainfall distribution showed that JFMA
has the lowest rainfall (142 mm/month) and SOND has the
highest rainfall (250 mm/month), while MJJA is intermediate
between these with as much as 167 mm/month.

The SOI index and IOD index were then classified into 6-
month and 4-month seasons, similar to the rainfall data.
Based on the Chiew method classification (Chiew et al,
1998), the El Nifio years during the observation period were
2003, 2007 and 2010, and the La Nifa years were 1999, 2008,
and 2011. The average SOI index over twelve months (April
to March) was used to define ENSO events. If the SOI value is
below -5 then the year is classified as an El Niflo, while values
above +5 are classified as La Nifia events. If two consecutive
years are classified as El Nifio or La Nifia, then only the first
year is considered to be an El Nifio or La Nifia, and the
second is classed as Neutral. The classification of IOD events
as negative (IOD index < -0.4) and positive (IOD index > 0.4)
was based on the classification described by the Australian
Bureau of Meteorology.

The data were then analyzed spatially using ArcMap 10
software with the Spatial Analyst tool. The IDW method used
in this study is a commonly-applied and deterministic
interpolation method used for rainfall data; it has small
errors, is easier to use, and is computationally faster
compared to other interpolation methods (Chen and Liu,
2012; Ly et al, 2011; Yang et al., 2015). The IDW method
estimates an unknown value by calculating the weighted
average of observed data at surrounding points. The values at
unknown points are determined by the search distance, the
nearest point, a power parameter, and obstacle settings from
nearby known observation points. The known sample points
are assumed to be independent of each other (Bhunia et al.,
2016; Zeinivand, 2015). The formula used is:

z_p =(S_(i=1)"n (z_i/(d_iNp)))/(S_(i=1)"n (1/d_i*(p)))) (1)

where z, is the interpolated value, n represents the total
number of sample data values, z; is the i-th data value, d; is
the separation distance between the interpolated value and
the sample data value, and p denotes the weighting power.

3. Results and Discussion

Generally, the rainfall on the east coast of North Sumatra
is smaller than on the west coast. This is due to the movement
of wet air masses carried from the Indian Ocean were
obstructed by the Bukit Barisan mountains, causing the East
Coast region to receive only wet air masses from Malacca
Strait and those brought by the monsoon during the rainy
season (Hermawan, 2010). During the observational period,
the study area's annual precipitation ranged between 1,885-
and 2,577 mm/year. The rainfall peaks occurred in May (190
mm/month) and October (289 mm/month), related to the
equinox phenomenon that causes warming of the sea surface
temperature around the equator and then triggers clouds and
rain (Sinambela et al., 2008).

The overview analysis in this study showed that anomalies
in average 5-year annual precipitation in the study area were
above normal (positive) in 2003, 2006-2009 and 2011-2013,
and below average (negative) in 2002, 2004-2005, 2010, and
2014-2015 (Figure 3), similar to results found in Prasetyo
(2018). That study showed that the anomalies in average 5-
year annual precipitation on the East Coast of North Sumatra
(taken from four rain-posts) were significantly different for
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Figure 1. The rainfall stations distribution in the study area
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Figure 2. Average monthly rainfall distribution at the study area during 1999-2014

the decade before and the decade after 1998, with below-
normal anomalies before 1998 and more variability after,
allegedly due to ENSO fluctuations since IOD tended to be
normal in 2000-2010.

6-Month Seasonal Rainfall

The spatial analysis of JFMAM] and JASOND data
showed that the rainfall distributions over both periods
contrast with each other (Figure 4). The eastern area adjacent
to the Malacca Strait is drier than the western area adjacent
to the Bukit Barisan mountains. Each year's rainfall dynamics
tend to be different, and no identical pattern was found
during the observational period.
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The JEMAM]J data represent the first rainfall peak and the
dry season in the study area. The results show that the study
area was dominated by rainfall of 125-200 mm/month
(orange, yellow, and green) during the study period. Several
years were dominated by rainfall of <125 mm/month (red) in
over 50% of the study area, occurring in 2002, 2004, 2005,
2008, and 2014. Even so, in certain years, some areas are also
visible in rainfall of >250 mm/month (blue), such as in 1999,
2000, 2003, 2006, 2009, and 2011-2013.

The JASOND data represent the second rainfall peak and
the wet season in the study area. The results show that the
study area was dominated by rainfall of 200-275 mm/month
(green and light blue) during the study time. Several years
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Figure 3. The anomaly of average 5-year annual precipitation in the study area
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Figure 4. Seasonal (JEMAM]J and JASOND) rainfall distribution after interpolation with IDW

were dominated by rainfall of >250 mm/month (dark blue) in
over 50% of the study area, occurring in 2001, 2003, and
2013. Even so, there are several spots where rainfall was 125-
150 mm/month (orange), which occur almost every year
during the observation period.

The rainfall amount in the JFMAM] period was always
lower than in the JASOND period by approximately 75 mm.
The analysis of average 5-year seasonal precipitation
(JEMAM]J) anomalies in the study area showed that the
anomaly was positive in 2006, 2009, and 2011-2013; negative
in 2004, 2005, 2010, and 2014; and normal in 2003, 2007, and
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2008. Thereafter, the anomaly during JASOND was positive
in 2007, 2008, and 2013; then negative in 2004, 2006 and
2009; and normal in 2003, 2005, 2010-2012 and 2014 (Figure
5). It can also be seen that rainfall anomaly patterns in
JEMAM]J repeated over a span of 3—4 years.

Furthermore, almost every positive and negative anomaly
in both periods can be described clearly in the spatial analysis
results. As can be seen in Figure 4, when the positive
anomaly occurred in the JFMAM] period, the blue spots
(rainfall >225 mm/month) appeared in several areas, and
when negative anomalies occurred, red (rainfall <125 mm/
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month) was dominant. In contrast, in the JASOND period,
the positive anomaly appeared through the dominance of
dark-blue (rainfall >275 mm/month), and the negative
anomaly appeared as green and yellow (rainfall of 150-175
mm/month) spots in several areas. This is similar to
Australia's study that stated the ENSO could affect the
distribution of spatial extremes rainfall, where the La Nina
phase has a more significant impact on the extreme rainfall
distribution than the El Nino phase (Saunders et al., 2017).

The positive rainfall anomalies in JEMAM] and JASOND
were not always coherent with La Nifia events, as in 2009 (a
La Nifia year), the anomaly in JASOND was negative.
Furthermore, several positive anomalies in both periods were
not coherent with La Nina events. Similar to the positive
anomalies, negative anomalies also did not consistently
correspond to El Nifo events. In 2007 (an El Nifo year),
instead of a negative anomaly occurring, the anomaly was
significantly positive in JASOND. The El Nifio and negative
IOD in 2010 caused a significant negative anomaly in
JEMAM]J, but in JASOND the anomaly was normal.

10D events also showed coherence with the JFMAM]
rainfall anomaly in other years, namely in 2012 and 2014,
when the IOD and the anomaly were positive and negative.
However, the coherence between the IOD and rainfall
anomalies in JFMAM] and JASOND seems to have the
opposite influence: for every positive or negative rainfall
anomaly in JEMAM]J, the positive or negative IOD tended to
reduce and neutralize the anomaly. This is similar to Boer
and Faqih (2004) statement that a negative IOD could reduce
the El Niflo impact on rainfall decrease in Bandung.

Hence, a simple Pearson correlation coefficient analysis
was conducted on seasonal rainfall with the SOI and IOD to
determine the correlations (Ruigar and Gulian, 2015). The
results showed that the rainfall in the JEMAM] period has a
strong positive correlation to SOI (0.529) and is very weakly
correlated to IOD (0.153), while the rainfall in JASOND
period has a weak correlation to both SOI (0.293) and IOD (-
0.290). In line with this finding, Irwandi et al. (2017) also
stated that El Nifio events had decreased the rainfall on the
east coast of North Sumatra by as much as 8% (51-100 mm).

While other studies (Aldrian, 2002; Lestari et al., 2018;
Mulyana, 2002; Qian, 2019) have stated that ENSO does not
influence rainfall variability in North Sumatra, this could be
due to these studies being conducted over a greater area

(Indonesia region), while examining the ENSO influence in
Sumatra, Singapore, and Malaysia. Furthermore, all of these
studies used satellite-estimated precipitation data, such as the
Global Precipitation Climatology Centre (GPCC), Global
Historical Climate Network (GHCN), and National Ocean
and Atmospheric Administration (NOAA), while Irwandi et
al. (2017) used data collected from rain gauges located in
North Sumatra. Thus, that study was more specific and
represented local rainfall variability.

4-Month Seasonal Rainfall

The spatial analysis for JEMA, MJJA, and SOND showed
more clearly the seasonal rainfall distribution in North
Sumatra (Figure 6). The first period (JEMA) represents the
dry season, which was dominated by rainfall of <175 mm/
month (yellow to red) but the red, indicating low rainfall,
dominated more frequently than in JEMAM]. The years with
the most dominant red color occurred in 2005, 2010, and
2014, where 2010 was an El Nifo year, and a negative IOD
occurred in 2014, but there were no ENSO or IOD events in
2005.

The second period (MJJA) is the transition from the dry
to the rainy season, which was slightly wetter than the first
period (22 mm difference) and dominated by rainfall of 125-
200 mm/month (orange to light blue). However, unlike in
any other years in this period, the year 2002 was dominated
by rainfall of <150 mm/month (red and orange), even dryer
than in the previous period, although there were no ENSO or
IOD events in that year.

The third period (SOND) is the wettest and is also
known as farmers' rainy season. It was dominated by rainfall
of >200 mm/month (light blue to dark blue). Like other
periods, this period also has years with dominantly high
(>275 mm/month), in dark blue, which occurred in 2001,
2013, and 2014. Of those three years, only 2014 coincided
with a negative IOD, while other years did not coincide with
ENSO or IOD events.

Similar to the spatial analysis results for JFEMAM] and
JASOND, almost all of the rainfall anomalies that occurred in
JEMA, MJJA, and SOND were well described by the spatial
analysis. As can be seen in Figure 6, the negative rainfall
anomalies in JFMA, MJJA, and SOND were indicated by the
dominance of red, orange, and yellow spots, respectively.
Meanwhile, the positive anomalies were indicated by the
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Figure 5. The standardize of seasonal rainfall, SOI, and IOD on JEMAM]J (left) and JASOND (right) distribution
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presence of blue spots, light blue spots, and dominantly blue
coloration, respectively.

The analysis of anomalies in average 5-year seasonal
precipitation during the first period (JFMA) showed that the
anomalies were positive in 2008, 2009, and 2011-2013;
negative in 2004, 2005, 2010, and 2014; and normal in 2003,
2006, and 2007. The MJJA period showed a positive anomaly
in 2005-2007 and 2012; negative in 2009, 2013, and 2014; and
normal in 2003, 2004, 2008, 2010, and 2011. The SOND
period had positive anomalies in 2007 and 2013; negative in
2004, 2006, 2009, and 2010; and normal in 2003, 2005, 2008,
2011, 2012, and 2014 (Figure 7). The repetition of rainfall
anomaly patterns can also be seen in JFMA and MJJA, which
also occurred for 3-4 years.

Every positive anomaly in JFMA, except in 2013, is
coherent with a La Nifa event. In MJJA, two anomalies (2006
and 2012) were coherent with positive IOD events, while in
SOND, the anomaly (2013) was incoherent with ENSO or
IOD events. Furthermore, the negative anomalies in JEMA in
2004-2005, 2010, and 2014 were respectively incoherent with
IOD and ENSO events, coherent with an El Nifio event, and
coherent with a negative IOD event. Apparently, the negative
IOD events in 2010 and 2014 resulted in negative anomalies
in most JEMA, MJJA and SOND periods.
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Therefore, a simple Pearson correlation coefficient
analysis was also conducted to determine the relationship of
these three seasonal rainfalls with the SOI and IOD. The
result showed that the rainfall patterns in JEMA and MJJA
had strong positive correlations to SOI, with values of 0.485
and 0.366, respectively, while SOND rainfall did not correlate
with SOI (0.043). Furthermore, the JEMA did not correlate
with the IOD (0.135), while a strong positive correlation was
found in MJJA (0.512), and a moderate negative correlation
was found in SOND (-0.341). This is similar to Lee's (2015)
findings, which stated that the Dipole Mode Index has a
positive correlation with the rainfall in Northern Sumatra
and Western Kalimantan and a negative correlation in the
central area of Indonesia. While in Taiwan, the rainfall has
negative correlations with ENSO indices in March and
positive correlations in October (Lee et al., 2020).

4. Conclusion

The spatial analysis can clearly describe the dynamics of
rainfall distribution in the study area, showing that the
eastern area adjacent to Malacca Strait has the least rainfall,
with rainfall increasing westward. The analysis can also
represent the change in rainfall patterns due to rainfall
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Figure 6. The 4-month (JEMA, MJJA, SOND) rainfall distribution after interpolation with IDW
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anomalies. The repetition of rainfall anomaly patterns can be
seen in seasonal periods with less rainfall, namely JFMAM],
JEMA, and MJJA, occurring over 3-4 years.

The 4-month seasonal rainfall data delivered the best
correlation to the SOI and IOD, showing that the SOI had a
strong positive correlation to seasonal rainfall in JFMA and
MJJA, while the IOD had a strong positive correlation in
MJJA and a moderate negative correlation in SOND.

However, several anomalous occurrences cannot be
explained by the variability of ENSO and the IOD. These may
be associated with other climatic phenomena that need
further study.
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