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ABSTRACT

Coffee is an annual crop sensitive to climate variability. Most Indonesian coffee is cultivated on marginal lands that are vulnerable to environmental chang-
es, including climate. Indonesia’s climate variability is influenced by several factors, including the monsoon, local aspects, and global climate oscillations
such as the El Nifio-Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD). It is crucial to identify the impacts of climate variability on both the
production and the economy to develop adaptative measures. This study aims to determine the effects of global climate variability, namely ENSO and I0OD,
on coffee production in several Indonesian production centers. It uses annual coffee production data in the five major production centers in Indonesia. The
ENSO indicators used in this study were the Oceanic Nino Index (ONI) in the Nino 3.4 region and the 10D indicator in the Dipole Mode Index (DMI). The
anomaly analysis approach between neutral years and the extreme ENSO and between normal and IOD extreme phases were applied in this study. The
results showed that the effects of ENSO and 10D were different in each region. The highest decline in production occurred in the La-Nina year in almost all
production centers. The decline in output in the La-Nina year ranged from 6 to 22%. Meanwhile, the IOD that had a decreasing effect on production was

positive 10D with a decrease ranging from 1 to 15%.
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1 INTRODUCTION

Coffee is Indonesia’s leading plantation
Indonesia has long been recorded as one of the world’s major
coffee producers. Most coffee plantations in Indonesia are
smallholder plantations involving around 1.7 million farmers
(Central Bureau of Statistics, 2019). Robusta coffee dominates
Indonesia’s coffee production, namely 75.4%, and involves
1.23 million farmers. Meanwhile, the remaining 24.6% is
Arabica coffee, involving 542,072 farmers (Directorate of
plantation, 2019). Coffee is cultivated in almost all Indonesian
provinces, but the leading coffee producing regions are Aceh,
North Sumatra, South Sumatra, Lampung, East Java, South
Sulawesi, and Bengkulu.

Coffee is an annual crop sensitive to climatic (Bacon
et al., 2017; Craparo et al., 2015; Tavares; Giarolla; Chou,
2017). The influence of climate is increasingly felt in the
Indonesian coffee production system because most Indonesian
coffee is cultivated on marginal land, arid land, which is
vulnerable to changes in abiotic environments such as climate
(Gunathilaka; Smart; Fleming, 2018). The effect of climate
variability on coffee production has been reported in various
studies, including (Dula, 2018; Jayakumar; Rajavel; Surendran
2017; Pham; Reardon-Smith; Cockfield, 2019; Tucker; Eakin;
Castellanos, 2010). Climate variability was also reported to
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have contributed to annual coffee crop production (Camargo,
2010; Chengappa; Devika, 2017; Pham; Reardon-Smith;
Cockfield, 2019; Zullo et al., 2011).

Couto Junior et al. (2013) reported that climate
determined coffee phenology, therefore, to identify climate
variability impact on yield, coffee phenology need to be
identified. De Camargo and De Camargo (2001) state that
there are six phases in the coffee production cycle. The first
two phases are the vegetative phase. The first phase is bud
formation, and the second phase is maturation and dormancy
(resting). Furthermore, the third phase is marked by flowering,
the fourth phase of fruit formation, the fifth phase of fruit
ripening, and the sixth phase is the resting phase. Each of these
phases requires different microclimate conditions and different
water requirements. From the phases mentioned above, there
is a critical phase that really determines coffee production.
For example, the critical point for fruit formation is the end
of the second phase where a dry period is required for flower
formation and after that it must be followed by a wet period at
the beginning of the third period.

Indonesia’s climate variability is mainly influenced
by two monsoon systems, namely the Asian and Australian
monsoons (Aldrian; Susanto, 2003). In addition to the two
periodic monsoon systems, Indonesia’s climate variability
is also influenced by inter-annual factors of global climate
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oscillations, including El Nifio-Southern Oscillation (ENSO)
(Aldrian; Susanto, 2003; Arrigo; Wilson, 2008; Hendrawan
et al.,, 2019; Hidayat; Ando, 2018) and the Indian Ocean
Dipole (IOD) (Mulyana, 2002). Monsoon is the air masses’
movement from Asia and Australia, causing different seasons
and peak coffee harvests between regions in Indonesia.
ENSO is the sea surface temperature oscillation in the Pacific
Ocean indicated by two extreme phases, namely EI-Nino and
La-Nina. These two intense phases have broadly influenced
agricultural production dynamics in most countries,
including Indonesia (Arrigo; Wilson, 2008; Boer; Surmaini,
2019; Heino et al., 2019; Sarvina; Sari, 2018). El-Nino
causes a very significant decrease in rainfall in most parts of
Indonesia, whereas La-Nina causes an increase in rainfall.
10D is the oscillation of sea surface temperature in the Indian
Ocean (Saji et al., 1999; Saji; Yamagata, 2003). The extreme
phase of 10D is known as the positive IOD phase and the
negative IOD. This IOD is also reported to affect agriculture
in Indonesia (Aldrian, 2016).

ENSO and IOD’s effects on Indonesian agricultural
systems are in line with the research results by (Heino et al.,
2019), reporting that global climate oscillations affect crop
productivity in nearly 2/3 of the world’s agricultural areas. All
activities and global oscillation systems take place throughout
the year, but the magnitude of each system’s influence is not
the same in every place and can change from year to year.
Therefore, studies on this global oscillation’s effects must be
carried out between regions, periods, and commodities.

Analysis of the impact of climate variability on coffee
production is crucial in planning cultivation activities. This
analysis will be possible to determine what climate indicators
affect production and how to model them. This information
is vital for preparing adaptive measures utilizing climate
predictions (Sarvina et al., 2020). There are not many studies
on the impact of climate variability on coffee production in
Indonesia. Since coffee is an annual crop, it is essential to
analyze inter-year climate variability such as ENSO and IOD
on coffee production. It is assumed that the global climate
phenomenon directly affects coffee production, as in the
study by (Silva et al., 2020). Consequently, this study aims
to identify ENSO and IOD’s effects on coffee production in
Indonesia’s coffee production centers.

2 MATERIAL AND METHODS

2.1 Material

This study uses coffee production data in Indonesia’s
central coffee-producing provinces, namely Aceh, North
Sumatra, Bengkulu, South Sumatra, and Lampung. Aceh and
North Sumatera are two provinces in the north part Sumatera
Island while Bengkulu, South Sumatera and Lampang are
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in the south part Sumatera Island. Climate variability of
Sumatera Island is also influenced by (ENSO) (Aldrian;
Susanto, 2003; Arrigo; Wilson, 2008; Hendrawan et al.,
2019; Hidayat; Ando, 2018) and the Indian Ocean Dipole
(IOD) (Mulyana, 2002)

Production data are annual production per district for at
least 20 years, depending on data availability. Production data
are obtained from provincial reports in numbers, the Central
Bureau of Statistics (BPS), and the Ministry of Agriculture.
The length of production data and the number of districts
analyzed in each province are presented in Table 1 while the
map is presented in Figure 1.

Table 1: Study area and data period.

No Provinces Ngglr)iecrts()f Data Period asrzarlf?lfs)
1 Aceh 20 Districts 1993-2017 121060
2 North Sumatera 20 Districts 2000-2018 82459
3 South Sumatera 11 Districts 2001-2019 249710
4 Bengkulu 10 Districts 2005-2018 90885
5 Lampung 9 Districts 1998-2001 161416

The climate variability indicators used in this study
involved ENSO and IOD. Various research results indicated
that the Sumatran region is influenced by these two climate
variabilities. This study’s ENSO indicator is the Oceanic Nino
Index (ONI) in the Nino 3.4 region for a period adjusted to
coffee production data in each province. This data is obtained
from the National Oceanic and Atmospheric Administration
(NOAA, 2019b). ONI is a 3-month average running sea
surface temperature (SST) anomaly in the Nino 3.4 region
(50oNorth Latitude-50 South Latitude, 1200-1700 Longitude
West). Meanwhile, the IOD indicator used is the Dipole Mode
Index (DMI) from (NOAA, 2019a).

2.2 Methods

The La-Nifia and El-Nifio phases are determined at
the threshold of +/- 0.50C. Years in which ONI equal to or
greater than 0.5 for five consecutive months are defined as El-
Nifio years. The intensity is divided into four classes, namely
weak (SST 0.5 -0.9), moderate (SST 1-1.4), strong (1.5-
1.9), and very strong (SST greater than 2). IOD has neutral,
positive, and negative phases. Anomalous SST between
the western equatorial Indian Ocean dan the southeastern
equatorial Indian ocean will determine the intensity of IOD.
This gradient is called as DMI. A positive 10D (pIDO)
occurs when the DMI value is more significant than 0.5,
and a negative IOD (nIOD) occurs when the DMI value is
smaller than -0.5. The years of the ENSO and IOD events are
presented in Table 2.
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Figure 1: Study area.

Table 2: ENSO and IOD event in years.

Events Years
Weak: 1994. 2004. 2006.2014. 2018
Elnino Moderate: 1991. 2002. 2009
Strong: 1997.2015
Weak:1995. 2005.2008.2016. 2017
La-Nina Moderate: 2011
Strong:1998.1999. 2007. 2010
plOD 1994. 1997. 2006. 2007.2012.2013.2015. 2017
nlOD 1992.1993.1996.1998.2010. 2014. 2016

Analysis of the impact of climate variability on
coffee production generally uses historical production
data through two approaches. The first method, the
regression method, directly predicts the effects of climate
variability indicators on production using historical data
(Tack; Ubilava, 2013). The second approach compares
the difference (deviation) of output in normal years and
extreme climatic conditions (Cirino et al., 2015; Cobon et
al., 2016; Ramirez-Rodrigues et al., 2014). Productions in
normal and extreme years are presented in boxplot form.
In this study we use the anomaly approach.

3 RESULTS

Historical data on coffee production in the study
area is presented in Figure 2. In general, the average
coffee production in Indonesia is around 0.5 tons/ha. This
productivity rate is low compared to the productivity of Coffee

in Vietnam (2.5 tons/ha), Brazil (1.5) (Food and Agriculture
Organization of the United- FAOSTAT, 2019) of the five
study areas, Lampung Province has the highest average
productivity while the province with the lowest average
productivity is Aceh. North Sumatra and South Sumatra have
the highest inter-regional production variability. Meanwhile,
Bengkulu is listed as the province with the lowest production
variability. This increased productivity variability indicates
that cultivation techniques and environmental conditions
vary between districts.

ENSO had different effects among coffee production
centers (Figure 3). In general, La-Nina causes a decrease in
productivity in all regions, except Bengkulu Province, with
different declining rates. An incredibly significant reduction
in productivity during the La-Nina year occurred in Aceh
Province, while the lowest productivity decline occurred in
Lampung Province. The decline in productivity in EI-Nino
years only occurs in the provinces of Aceh, North Sumatera
and Lampung. Meanwhile, in other regions, there was a slight
increase in average years.

The effect of IOD on coffee productivity is shown in
Figure 4. Similar to ENSO, the impact of IOD differs among
coffee production centers in Indonesia. At the time of plOD
where there was an increase in rainfall, in general, there was a
decrease in production except in Aceh. Meanwhile, in nIOD,
productivity increased in general, except in North Sumatra
and Lampung Province. These results indicate that nJOD and
plOD have different effects. Like ENSO, the different impact
of I0OD on coffee production might also be determined when
the IOD occurs.
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Figure 2: Time series data of coffee production in five central coffee production areas in Indonesia.
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Figure 3: Coffee productivity in La-Nina, EI-Nino and Neutral years.
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Figure 4: Coffee productivity in plIOD and nlOD years.
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The percentage change in production in ENSO and IOD
years in each province is shown in Figure 5. La-Nina has the
most significant impact on the decrease in coffee production.
In the La-Nina year, the decline in output ranged from 6 to
22% and in the EI-Nino year the decline output ranges from
2-20%. The 10D year that had the most significant impact on
the decrease in production was the negative year (nlOD), with
drops ranging from 1 to 15%.

Figure 5: The change coffee production (%) a) in plOD and
nlOD year and b) in EI-Nino and La-Nina Year.

4 DISCUSSION

The low productivity of coffee is the main problem of
the coffee production system in Indonesia (Sarvina et al., 2020).
Low productivity low due to environmental, social-economic
factors, institutional, and farm management challenge. Several
studies stated that Indonesia’s current coffee production has
only reached 60% of its production potential (Wahyudi; Jati,
2012). The Indonesian coffee production could be increased
through productivity. Therefore, all factors that influence
coffee productivity need to be identified such as environment
(climate and soil), technology, etc.

In general, La-Nina causes increased rainfall in
Indonesia and longer wet season. On the contrary, EI-Nino
causes the decreased rain to fall and longer dry season
(Nurutami; hidayat, 2016). The decline in productivity in the
La-Nifia year can be explained through several mechanism.
This increase in rainfall will have a significant impact if it

occurs when coffee plants need less water. Phase with a small
need for water in coffee plants is a critical point for fruit
formation, namely at the end of the second phase, where a dry
period is required for flower formation (Camargo; Camargo,
2001). Furthermore, (Coffee & climate, 2015) explained that
it takes three months dry period to create plant stress, which
is very important in flower formation. Dry months that are
longer or shorter than three months can disrupt the growth and
development of flowers, affecting production.

If this increase in rainfall occurs when the coffee is in
bloom, it can cause the fall of flowers resulting in a reduction
in coffee beans (Hameed; Hussain; Suleria, 2018). The decline
in production in the La-Nina year can also be caused by an
increase in pest and disease attacks because increased rainfall
can increase humidity, which is one of the causes of pest and
disease attacks (Avelino et al., 2015).

El Nino phase is related to decreasing rainfall and
drought. It can disrupt metabolic processes in plants and reduce
coffee production. Drought causes stress on plant usually
occur and develop slowly. Therefore, in El-Nino phase time
factor plays a important role in maintaining of productivity.
Farmer can apply technology or add more production input to
stabilize productivity.

The aforementioned discussion highlights the
importance identifyng the coffee phenological phases to
determine the effect of ENSO or IOD in more detail for each
region. However, phonological data on coffee in this study area
are not available. In general, information on coffee penology
in Indonesia has not been continuously observed. Brunsell,
Pontes, and Lamparelli (2009) and Couto Junior et al. (2013)
stated that coffee’s phenology is highly dependent on agro-
climatic conditions. Therefore, one approach that can be taken
to identify the impact of climate change and variability on
coffee production is determining plant phenology.

In the La-Nina year, the decline in coffee production
ranged from 6 to 22% and in the EI-Nino year the decline
production ranges from 2-20%. The 10D year that had the
most significant impact on the decrease in production was the
negative year (nlOD), with drops ranging from 1 to 15%. The
results of the analysis of the impact of ENSO on production
in this study were higher than those of Bastianin, Lanza and
Manera (2018) stating that the effects of ENSO on a regional
scale and a short period are around 2.2%. Meanwhile, on a
long-term scale, it is approximately 8.3%.

5 CONCLUSIONS

The extreme phase of ENSO has different impacts on
coffee production centers in Indonesia. In general, the most
significant effect of ENSO on production occurred in the La-
Nina year, where the decline in production occurred in almost
all central provinces with a decrease of output ranging from 6
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to 22%. Similar to ENSO, IOD also has different effects among
areas. The IOD year that had the most significant impact on the
decrease in production was the negative year (nIOD) with a
decrease of output range from 1-15%.
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