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Abstract: Climate change and its variability are some of the most critical threats to sustainable
agriculture, with potentially severe consequences on Indonesia’s agriculture, such as changes in
rainfall patterns, especially the onset of the wet season and the temporal distribution of rainfall. Most
Indonesian farmers receive support from agricultural extension services, and therefore, design their
agricultural calendar based on personal experience without considering global climate phenomena,
such as La Niña and El Niño, which difficult to interpret on a local scale. This paper describes the
Integrated Cropping Calendar Information System (ICCIS) as a mechanism for adapting to climate
variability. The ICCIS contains recommendations on planting time, cropping pattern, planting area,
varieties, fertilizers, agricultural machinery, potential livestock feed, and crop damage due to climate
extremes for rice, maize, and soybean. To accelerate the dissemination of information, the ICCIS is
presented in an integrated web-based information system. The ICCIS is disseminated to extension
workers and farmers by Task Force of the Assessment Institute for Agricultural Technology (AIAT)
located in each province. Based on the survey results, it is known that the ICCIS adoption rate
is moderate to high. The AIAT must actively encourage and support the ICCIS Task Force team
in each province. Concerning the technological recommendations, it is necessary to update the
recommendations for varieties, fertilizer, and feed to be more compatible with local conditions. More
accurate information and more intensive dissemination can enrich farmers’ knowledge, allowing for
a better understanding of climate Hazards and maintaining agricultural production.

Keywords: climate variability; adaptation; food security; information system; cropping calendar

1. Introduction

Climate change and variability may severely impact crop production in Indonesia.
Rice, the staple food of over 250 million Indonesians, is highly susceptible to climate
change [1–3], and climate variability [4,5]. There are typically three rice-growing periods
in Indonesia; the first planting, also known as the Wet Season Planting (WSP), usually
occurs from October to December, followed by two Dry Season Planting (DSP). WSP is
the primary planting season, and accounts for about 45 % of total production. The onset
of the wet season is the most decisive factor in adjusting the planting time of the WSP.
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Advances or delays at the beginning of the wet season will determine the planting time of
WSP and Have ripple effects through the next two DSP.

The rainfall characteristics, namely, onset and withdrawal dates, duration, and accu-
mulated precipitation, Have important implications for crop production. As defined by
Odekunle et al. [6], the wet season onset is the period at the beginning of the wet season,
when rainfall distribution Has become adequate for crop development, while the with-
drawal refers to the period towards the end of the wet season, when rainfall distribution
may no longer sustain crop growth. Moreover, variations in the rainfall accumulated
during the wet and dry seasons directly impact water availability during growing periods.
The onset and withdrawal of the wet season over Indonesia differ amongst region, and
rainfall pattern varies with the season due to the Inter-Tropical Convergence Zone (ITCZ)
and Monsoon [7]. The wet season starts from the Indian Ocean side of Sumatera in the
middle of September and propagates northward (in Java) and eastward (to Nusa Tenggara
in the middle of December). The withdrawal of the wet season starts from western Nusa
Tenggara in March and goes eastward (to eastern Nusa Tenggara) and westward (to Java)
until late May [8].

Interannual variability, such as the El Niño-Southern Oscillation (ENSO) and the In-
dian Ocean Dipole (IOD), are coherently correlated with rainfall extreme in Indonesia [9–12].
According to As-syakur et al. [13], both ENSO and IOD Have similar spatiotemporal pat-
terns to influence rainfall during Indonesia’s dry season. Moreover, Hidayat et al. [14]
concluded that IOD Has a significant correlation to rains in the western Indonesian region,
including northwestern Java, while ENSO found a substantial correlation to rainfall over
Indonesia’s central/eastern part. Furthermore, Satyawardhana et al. [15] found that during
El Niño, the onset of the wet season delayed from 30 to 40 days and became shorter, while
during La Niña, the wet season occurred 20 to 30 days earlier and became longer.

These changes will affect the onset and withdrawal of the wet season, which Has
become irregular over the years [16], making it difficult for farmers to optimize the planting
period and adjust to the length of the growing season [17,18]. The immediate consequences
are increased yield loss due to climate-related Hazards and a decrease in agricultural
production. Therefore, determining the onset and withdrawal of the wet season will
significantly assist the on-time preparation of farmlands, mobilize seeds/crops, human
resources, and equipment and adjust the appropriate planting time.

Indonesia Has long established the traditional rice-growing calendar for farmers using
different terms in each region. The time is used as a starting point for indigenous awareness
of agriculture planning. Nevertheless, additional local wisdom cannot be fully referenced
early in the season due to climate change and difficulty finding an indicator of a seasonal
marker [19].

The Indonesian Agency for Agricultural Research and Development, The Indonesian
Ministry of Agriculture, Has developed an Integrated Cropping Calendar Information
System (ICCIS) as a coping mechanism against climate variability. The ICCIS describes the
potential planting time patterns for food crops, especially rice, maize, and soybeans, based
on climate and water resources [20]. Utilization of planting time information combined
with other information, such as areas prone to flooding, drought, pest attacks, varieties, and
fertilizer recommendations, the availability of agricultural machinery, and the adequacy
adequate of livestock feed can be used as a reference for policymakers in preparing a food
crop management [21].

Given that Indonesia is an archipelago, the ICCIS using conventional methods, such
as mail, telephone, or fax, is costly and slow. An internet-based distribution system allows
users to distribute the information faster and more content can be delivered, such as
maps and graphs. In addition, the rapid development of the internet in Indonesia can be
integrated into smartphones to allow users to receive information faster.

This paper aims to describe the cropping calendar information packaging in the
form of a Web-Based Information Technology System. This strategy to informing the
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recommendation of the upcoming planting season for small farmers should become a
guideline for the upcoming planting season to support Indonesia’s food security programs.

2. Data and Method
2.1. Study Area

The study covers all regions of Indonesia within the 6◦–11◦ S and to 95◦–141◦ E range.
Stretching on both sides of the equator, Indonesia Has a tropical climate, with two distinct
seasons: wet and dry season. The wet season is usually from November to April, with some
regional variations. The wet season coincides with the southern hemisphere’s summer
monsoon and the presence of the ITCZ. The dry season occurs when the dry south-easterly
wind blows in from Australia. Due to the fact that maritime Indonesia is a vast and
complicated region comprised of about 17,000 islands with mountains, several important
atmospheric and oceanic processes imposed by Sea Surface Temperature variability may
influence various parts of the region [22,23]. Based on the annual rainfall and the wet
and dry periods, Susanti et al. [24] defined 18 agroclimatic zones in Indonesia. The case
study areas focused on two regencies with different agroclimatic zones: Klaten and North
Toraja Regencies (located respectively in the provinces of Central Java and South Sulawesi).
Klaten Regency represents an area with a moderate climate zone, referring to the rainfall of
1500–2500 mm with a dry period of 5–7 months and a wet period of 3–4 consecutive months.
North Toraja Regency represents an area dominated by a wet climate zone, referring to
annual rainfall greater than 2500 mm with a dry period of fewer than three months and a
wet period of 5–9 months (Figure 1).

Figure 1. Two examples of rice-growing areas on Klaten and North Toraja Regency.

2.2. Data

The required data to develop and update the ICCIS is very complex and involved
various institutions within the Ministry of Agriculture, as well as outside the ministry. The
prediction of operational seasonal rainfall, namely, rainfall characteristics, and the onset of
the rainy or dry season, were obtained from the Meteorological, Climatological, and Geo-
physical Agency (BMKG). The monthly gridded dataset on the potential evapotranspiration
(PET) dataset developed by the Climate Research Unit (CRU TS version 4.02) for the period
1990–2015 was retrieved in March 2019 from https://crudata.uea.ac.uk/cru/data/hrg/
(accessed on 1 March 2019). Water availability data were collected at Soilgrid (accessed on
2 March 2019). The digital map of the official rice area was provided by the Ministry of
Agrarian Affairs and Spatial Planning/National Land Agency [25]. Monthly historical data
on rice planting area by sub-district were collected from The Statistic Indonesia. These data
formed the main data for assessing the onset of the planting period.

https://crudata.uea.ac.uk/cru/data/hrg/
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Supporting data include fertilizer and variety recommendations, agricultural machin-
ery (AM), livestock feed, and agricultural Hazard. The distribution map of N, P, K, ZA,
and SP36 required for the fertilizer recommendation was obtained from the Indonesian
Soil Research Institute (ISRI). The AM, collected in the form of number and distribution
by Regency, were documented from the Indonesia Center for Agricultural Engineering
Research and Development (ICAERD). The livestock population used to calculate the feed
requirement was obtained from Statistic Indonesia. Monthly data of rice, maize, soybean
affected, and “puso” (harvest failure) area due to drought, flood, and pest attack for various
regencies in Indonesia were provided by the Directorate of Food Crop. The recommended
list of varieties of rice, maize, and soybeans tolerant to drought, floods, pests, and dis-
eases, was obtained from the Indonesian Center for Food Crop Research and Development
(ICFORD). The results of the ICCIS compilation, update, and recommendations formu-
lation in the form of websites and Android applications, were disseminated by the Task
Force teams in 33 provinces in-person, print, electronic, and social media to the extension
workers and farmers/farmer groups. The process of the ICCIS compilation, updating, and
dissemination is described in Figure 2.

Figure 2. The process of ICCIS compilation, updating, recommendation formulating, and dissemination.

2.3. Determination of Planting Time and Planting Area

The ICCIS is released twice a year for Wet Season Planting (WSP) and Dry Season
Planting (DSP). The planting time for rice, maize, and soybean was determined using the
soil water balance (SWB) method. The SWB is developed to estimate soil water availability
at a ten-day time step using modified versions of Thornthwaite and Mather [26]. A discrete
form of the water balance equation can be written as follows:

R + I = PET + ∆SWC + W

where R = rainfall, I = irrigation, PET = potential evapotranspiration, ∆SWC = change in soil
water content, and W = water surplus or deficit. Seasonal rainfall prediction is provided by
BMKG. Irrigation uses the recommended wet rice-field water requirement (1 lt/sec/ha),
assuming it is available all year round (1 lt/sec/ha), available 2/3 years, and available 1/2
year. The recommendation for crop selection is determined based on the water availability
generated by the SWB method. Rice is recommended if water availabilities greater than
80%, 60–80% for maize, 35–60% for soybean, and less than 35% for fallow.

Planting time periods are classified into 18 classes with 20-day intervals. Planting
time period for DSP, including March III–April I, April II–III, May I–II, May III–June I,
June II–III, July I–II, July III–August I, August II–III, and September I–II. WSP commences
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from September III–October I, October II–III, November I–II, November III–December I,
December II–III, January I–II, January III–February I, February II–III, and March I–II.

The potential planting area in WSP and DSP is calculated by multiplying the Rice
Planting Index (RPI) and official rice field area. The RPI is calculated by dividing the
average rice planting area by the standard official rice field. RPI is categorized into three
classes based on ENSO years, namely, wet years (La Niña), normal years (Neutral), and
dry years (El Niño). If the rainfall is predicted to be above normal, the potential planting
area is calculated using the wet year of the RPI. Meanwhile, if the prediction of rainfall
is normal or below normal, the RPI for normal and dry years is used, respectively. The
analysis process was performed per sub-district.

2.4. System of Formulating Recommendation

The ICCIS is also equipped with information to support the farming system and
minimize climate-related risks. The information includes (a) fertilizer recommenda-
tions, (b) information about agricultural machinery availability, (c) potential livestock
feed, and (d) potential crops damaged, due to flooding, drought, pests and diseases,
(e) varieties recommendation.

(a) Fertilizer Recommendations

The presented information on the types of fertilizer are Urea, NPK, and ZA for rice and
maize, and for soybeans are NPK and SP 36. Fertilizer recommendations were compiled
from the map of fertilizer type, fertilizer dosage, P and K distribution documented by the
Indonesian Soil Research Institute (ISRI). Fertilizer dosage refers to the concept of balanced
fertilization, which refers to the Ministry of Agriculture Regulation No. 47/2007 [27].
Balanced fertilizer provides an adequate amount of fertilizer in the soil to ensure an
adequate level of essential nutrients [28]. The recommended option for each crop available
in the form of a composite fertilizer with or without organic materials for each sub-district.

(b) Agricultural Machinery Sufficiency

Another significant input contributing to increase agricultural production is the suf-
ficiency of agricultural machinery. Agricultural machinery (AM) Has been used widely
and Has considerably improved the yield and quality of agricultural products in Indonesia.
Information on the sufficiency of the AM included in the ICCIS consists of a two-wheeled
tractor, a four-wheeled tractor, a thresher, a dryer, a transplanter, a combine Harvester,
and a rice milling unit. The AM sufficiency data are provided by the Indonesian Center of
Agricultural Engineering Research and Development. The sufficiency level of the AM was
grouped into five classes, namely, very poor (≤40%), less (40–60%), moderate (60–80%), suf-
ficient (80–100%), and saturated (>100%) [29]. Information on AM sufficiency is available
at the regency level and is periodically updated as changes in its distribution are reported.

(c) Potential Livestock Feed

The availability of livestock feed was estimated from the total rice by-product, namely,
straw and bran production. Straw and bran production was estimated by multiplying
the grain yield by the conversion factor (0.35 for straw and 0.1 for bran). Livestock feed
requirements are calculated based on requirements for dry matter (DM), crude protein
(CR), and Total Digestible Nutrient (TDN). Each metric is calculated according to the
total ruminant population (dairy cattle, beef cattle, buffaloes) and the DM/CR/TDN
requirement per head × 365. DM requirement 8 kg/head/day, CR req = 730 g/head/day,
and TDN req = 3.92 kg/head/day. Feed adequacy is estimated by dividing feed availability
and feed requirements. Feed adequacy status is presented in three categories, namely,
deficit (<90%), moderate (90–110%), and surplus (>110%) for all regencies in Indonesia.
Livestock potential data are calculated and updated on a seasonal basis based on the
forecast of potential planting area.

(d) Crop Damage due to Flood, Drought, Pests, and Diseases Attacks
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A dataset of drought, floods, pests, and diseases was extracted to reveal patterns of
damage areas for each administrative. The damage, due to pests and diseases, was exam-
ined for several types. The damage areas were calculated using the following equation:

Damage area = 0.5 × (affected area − puso area) + puso area

The natural breaks method was applied to divide the damaged area into five classes,
namely, very low, low, moderate, high, and very high. This method is generally designed
to minimize class variation and maximize between-class variance in the iterative series
of calculations [30]. The current GIS mapping tool uses Jenks for its calculation method
labeled natural breaks.

The potential damage areas for WSP and DSP were examined according to the seasonal
rainfall prediction released by BMKG. The impact of climate variability on planting time
and its recommendations can be divided into three categories: El Niño, Neutral, and
La Niña. Furthermore, the seasonal rainfall prediction was used to define the potential
damages for the following season.

(e) Varieties Recommendation

Variety recommendations were developed based on agriculture Hazards, including
flooding, drought, pests, and diseases. The list of rice, maize, and soybean varieties
recommended for these Hazards was established based on expert judgment. The expert
judgment determines the types of rice, maize, and soybean varieties for each district in
Indonesia. The communication and discussion were led with the judgment of experts from
the Center for Rice Research Institute, the Indonesian Legumes, the Tuber Crops Research
Institute, and the Indonesian Cereals Research Institute.

2.5. Case Study

In this case study, we linked ENSO phases with an output of ICCIS, including planting
time, dosage of fertilizer, adequacy of livestock feed, and tolerance variety recommen-
dations, based on the potency of flood, drought, pests, and disease. Two regencies with
a different agroclimatic zone were selected as a case study. The agroclimatic zone maps
illustrate the relative length of wet and dry periods, and the annual rainfall developed
by [24]. Klaten Regency in Central Java represents an area of a moderate climate with
a rainfall amount of 1500–2500 mm coupled with a dry period of 5–7 months and a wet
period of 3–4 consecutive months. North Toraja Regency represents an area dominated by
a wet climate, with annual rainfall greater than 2500 mm, a dry period of fewer than three
months, and a wet period of 5–9 months.

We used the NOAA operative definitions for El Niño or La Niña. El Niño is defined
by a positive ONI greater than or equal to +0.5 ◦C, and La Niña is characterized by a negative
ONI less than or equal to−0.5 ◦C. The ONI is defined as three-month running-mean values
of SST departures from average in the Niño-3.4 region (5◦ N–5◦ S, 120◦–170◦ W) [31,32].
The ONI graph from 2018 to 2021 is depicted in Figure 3.

Figure 3. Determination of ENSO years using the Ocean Nino Index.
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The seasonal rainfall prediction was used to identify potential damages for the sub-
sequent season. Next, recommendation of tolerant varieties based on types and levels of
damage are arranged using a list of recommended varieties based on their tolerances.

2.6. The Integrated Cropping Calendar Information System

The Ministry of Agriculture Has developed a calendar for food crop planting season
in Indonesia [33]. The initial estimate of planting time is based on yearly rainfall conditions,
i.e., in wet, neutral, and dry conditions [34]. The latest version of the ICCIS is available on
the website https://katam.litbang.pertanian.go.id (accessed on 31 March 2021) with an
interface as illustrated in Figure 4.

Figure 4. The interface of ICCIS on the website.

There are four key elements for creating information from input data in the information
system: First, the ICCIS Desktop application calculates raw data using formulas or rules to
automatically generate meaningful information stored in the database. The other function
is to Have an official report for the agricultural office at the provincial, regency, and sub-
district levels. The second key element is storing data and information available on the
ICCIS desktop and on the interactive web. The third element is an interactive web that
serves users access to information through the internet. The map server also uses the
interactive web to provide spatial information. Android is also used to interact with the
interactive web to access the database.

The final element is a near-real-time of the monitoring standing crop using Near-
Real-Time Satellite data. The purpose of the standing crop is to correct the recommended
planting time and area for the ICCIS. This element can do series of instructions to pro-
duce a map of rice-growing stages in the near-real-time rice is a using machine learning
with 10 m × 10 m resolution (Figure 5). This subsystem will automatically download
the Sentinel-2 images from Copernicus Hub. Sentinel-2 Has a multi-spectral sensor that
provides 12 bands that can be used as predictors in the classification process, with rice
growth stages using a machine learning model. The model was created from a ground
truth campaign on July–August 2018 in six regencies in Java [35]. The model represented
three main classes of rice cultivation: Vegetative (0–60 days), reproductive (61–90 days),
and ripening (91–120 days), and one class to represent the fallow condition (bare land).

Information on standing crops was made available in two ways. Firstly, the spatial
information was created using generated classifying tiles. Next, the generated tiles are
saved on a web server for the web and the Android application to access the information.
The second information is the process of tabulation of spatial data using the intersection
with the administration map. This process provides the user with information on each
class in hectares for every village in Indonesia. The recapitulation is also available from the
village, to the sub-district, regency, province, and national level. Over one year (2020), the
total data output is 12,280 maps at the regency level and 81,874 maps at the sub-district level.
Figure 4 shows an example of the output of the standing crop. These features are unique

https://katam.litbang.pertanian.go.id
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compared to other national monitoring systems, such as https://sipandora.lapan.go.id/
(accessed on 29 April 2021), with 250 m spatial resolution and http://sig.pertanian.go.id/
(accessed on 29 April 2021) with 30 m × 30 m resolution.

Figure 5. The current back-end and front end of ICCIS in 2019.

It is worth mentioning that the ICCIS is a product of evolution from 2011 to 2021,
where some features were created at one time and some time. The feature was stopped
due to several reasons, such as technically and low acceptance rate. For example, the CD
and SMS feature was created in 2012 to disseminate by sending a CD to certain agriculture
offices Had low effectively where many provinces or regencies did not Have a CD player.
Moreover, the SMS, which was intended to send information in a text message to avoid
blank internet spot, also failed, and stopped in 2017 because the SMS gateway server was
crashing multiple times. The standing crop feature was upgraded in 2015, the MODIS
standing crop Has been released, and in 2019, it was discontinued and replaced by the
Sentinel-2 standing crop in 2018. The new sensor provides a higher precision classification
with a spatial resolution of 10 m, where MODIS is just 250 m (Figure 6).

Figure 6. Timeline of features in the ICCIS.

2.7. Dissemination and Feedback

A mixed method of self-report survey and literature study is used to extract informa-
tion about ICCIS dissemination, and feedback. Self-report survey-based data collection
is carried out using the internet, to gather research participants include drawing larger,
more diverse samples, accessing difficult-to-reach populations, limiting the costs of survey
administration, and eliminating the need for a data entry [36]. A survey was conducted
using purposive sampling of respondents from the teams of the 33 Assessment Institute for
Agricultural Technology (AIAT) Task Force in all Indonesian provinces. A Task Force team
in each province, with three to five members, is responsible for disseminating the ICCIS to
various stakeholders at the provincial, regency, sub-district, and village levels. Dissemina-

https://sipandora.lapan.go.id/
http://sig.pertanian.go.id/
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tion occurs through print, electronic, and social media to provide stakeholders, extension
workers, farmers, and other communities with the information available in the ICCIS. In
addition, the dissemination was conducted by the Task Force team in collaboration with
other agencies, such as the agricultural office, the Provincial BMKG, and the Agricultural
Extension Center (BPP).

In order to collect information and feedback on the use of the ICCIS information,
an interview was conducted using an online structured questionnaire. The questions
to determine the success of the dissemination are Socialization implementer, frequency
of dissemination implementation, and the number of participants in the socialization.
Information collected to determine user feedback includes the level of accessibility and
adoption of the ICCIS by farmers, the extent to which the ICCIS recommendations are
accurate and relevant in the field. The ICCIS accessibility and adoption survey is divided
into three levels: High (50–75%), moderate (26–50%), and low (0–25%). The data and
information collected are then analyzed using a descriptive statistical method.

3. Results and Discussion
3.1. Cropping Calendar Information for Dry Season and Wet Season Planting

The concept of the planting calendar Has been developed in various countries to study
rice productivity and water requirements, especially in areas with unstable environmental
conditions, such as in Vietnam [37], and to provide climate-related information to farmers
to ensure rational and time-efficient planting times [38]. In Indonesia, since 2011, the ICCIS
regularly updates information for the WSP and DSP annually. For example, information
on the latest year, a summary of the analyzes of the rice cropping calendar in DSP 2020 and
WSP 2020/2021 are shown in Figure 7. DSP period is between March III and September
II, and WSP period between September III and March II. The information indicates that
the highest planting area for DS 2020 was recommended in Apr II-III 2020. Based on the
overlay between rainfall prediction for DSP 2020 and rice field area, the total planting area
for rice, maize, and soybean is estimated to be more than 1.9 million Ha. Recommendations
for maize and soybeans are based on water balance analysis which shows insufficient
availability of water for growing rice. In WSP 2020/2021, the ICCIS recommended that the
highest planting area occurred from Nov III to Dec I, covering more than 2.2 million Ha
solely for rice planting. At WSP 2020/2021, rainfall is predicted to be sufficient for planting
rice, hence all wet rice fields are recommended for planting rice.

Figure 7. ICCIS recommendation of the crop planting area in DSP 2020 and WSP 2020/2021.
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Information on rainfall prediction is then analyzed into recommendations for rice,
maize, or soybeans planting calendars, and information on potential planting areas for
both WSP and DSP. The ICCIS recommendation is one of the climate variability adaptation
mechanisms for sustainable agricultural planning in Indonesia. Based on information from
the ICCIS, the government may formulate a strategy for the preparation of agricultural
facilities and infrastructure, in particular for rice-growing in the WSP. In the meantime, the
DSP prepared the facilities and infrastructure for rice, maize, and soybeans, based on the
timing and planting area that Had been communicated to the ICCIS.

3.2. Case Study

(a) Comparison of Cropping Calendar Information in WSP under ENSO Scenarios in the
Recent Years

The WSP is the most important rice growing season of the year, supporting both
irrigated, and rain-fed rice fields. Approximately 45% of the total production usually comes
from the wet season crop, grown from October to December. Previous studies indicated
that the ENSO phenomenon caused El Niño and La Niña events to occur and Have affected
both the timing of rice plantings and the cumulative area of rice planted over the entire
cropping year [39,40]. For that reason, the discussion in WSP focused on the rice farming
system.

Table 1 details the onset of the rice planting period and potential planting area in WSP
2018/2019, 2019/2020, and 2020/2021, corresponding to El Niño, Neutral, and La-Nina,
respectively. It can be seen the abnormal climatic conditions in El Niño and La Niña, Have
affected both the planting time and the potential planting area. In the Klaten district,
under neutral conditions, the onset of the planting period starts in October II-III with a
potential planting area of approximately 55 thousand hectares. Due to low rainfall and
drought in El Niño, the planting period should be postponed to November III-December
I, with a decrease in the planting area of 28 thousand hectares. The planting time and
planting area are not significantly different between La Niña and the Neutral year. In
La-Nina year, planting time starts in November I-II with a potential planting area of more
than 46 thousand hectares. The recommendation for the district of North Toraja shows
significant differences in these scenarios. In El Niño, the 20-day delay of the planting
period is compared to a decline in the planting area. In contrast, during the La Niña year,
the planting period starts 20 days in advance, and the planting area increases relative to
the Neutral year (Table 1). According to Naylor, Falcon, Wada, and Rochberg [39], during
the El Niño years, the area planted is well below normal with a delay in planting in the
wet season. Conversely, the La Niña years show the opposite trend, with planting above
normal early in the wet season.

Table 1. Recommendations of the ICCIS on the onset of WSP and rice planting area for El-Nino year
2018/2019, Neutral year 2019/2020, and La-Nina year 2020/2021 in Klaten and North Toraja Regen-
cies.

ENSO The Onset of Planting Time Potential Planting Areas (Ha)

Klaten Regency
El Niño year 2018/2019 Nov III–Dec I 30,052
Neutral year 2019/2020 Oct II–III 55,046
La Niña year 2020/2021 Nov I–II 46,179

North Toraja Regency
El Niño year 2018/2019 Nov I–II 8553
Neutral year 2019/2020 Oct II–III 14,135
La Niña year 2020/2021 Sep III–Oct I 19,039

The results of the analysis of the standing crops of Klaten Regency on October 20,
2021, show that the area of the fallow phase in the rice fields is 7856 Ha, the water phase
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is 305 Ha, the vegetative phase is 5843 Ha, the generative phase is 6082 Ha, and the
maturation phase is 11,607 Ha, with a total area of rice fields monitored, covering an area
of 31,698 Ha. The area that can be planted from November to December 2020 is estimated
to be 25,545 hectares from the fallow phase, the mature stage, and the generative phase.
Meanwhile, the results of the analysis of the rice planting calendar on MH 2020/2021 in
the Klaten Regency were 46,179 hectares, consisting of 25,868 hectares in November I-II,
2661 hectares in November III-December I, and 17,651 hectares in March I-II. The planting
forecast for November-December 2020 alone was 28,528 hectares. There is an estimated
value that is not significantly different between Katam’s predictions and the results of
standing crop monitoring using Sentinel-2 satellite imagery. Figure 8a on the map of the
Klaten Regency standing crop shows the spatial distribution of rice monitoring in the rice
fields in October 2020, while Figure 8b shows a tabular form of rice monitoring in the rice
fields in the Klaten Regency down to the sub-district level.

Figure 8. An example of standing crop information (a) a webpage and (b) a tabulation page.

Figure 9 shows the wet planting period in Neutral, El Niño, and La Niña for Klaten
and North Toraja Regencies because of ENSO in each Regency. The figure does not show
all areas within a district that Have the same planting date. However, it is predominantly
in accordance with those described in Table 1. The recommended planting period can
provide the basis for adaptation to climatic diversity. The planting recommendations that
can be made earlier in La Niña by regional decision-makers to accelerate the distribution
of agricultural facilities and infrastructure in accordance with their potential planting
area. Extension workers can disseminate farmers to prepare land and commodities for
early planting, so that rainfall can be used to its full potential. Conversely, under El Niño
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conditions, planting must be postponed, waiting for rainfall and an adequate amount of
water for tillage. In addition, the provision of agricultural facilities and infrastructure must
be adapted to the potential of the rice fields that can be planted. Alternatively, planting can
occur under normal conditions, but facilities need to be prepared if there is an additional
source of irrigation water.

Figure 9. Map of planting time of the wet season in Neutral, El Niño, and La Niña in the Klaten
Regency (above) and North Toraja Regency (below).

(b) Fertilizer Recommendations

The recommendations for rice fertilizers are given in the Ministry of Agriculture
Regulation No.40/2007 based on single fertilizers (Urea, SP-36, KCl) and organic fertilizers
based on straw and manure. Application of organic fertilizer could improve soil properties
and increase rice yield [41,42]. Based on the data on fertilizer recommendation and the
recommended number of sub-districts in 2020, the dose of rice fertilization is quite spread
from 50 kg to 350 kg. The most widely used fertilizer doses are 100, 175, and 200 kg per
hectare. NPK and Urea are mostly used, either without organic matter or with organic
matter. With regards to the distribution of P and K, which are also used in determining
the dosage of fertilization in the ICCIS, according to Hatta [43], the low, medium, and
high P and K conditions in the rice fields are very useful for determining location-specific
fertilizer recommendations.

The fertilizer recommendation in El Niño at a given location is the same, namely, Urea,
NPK, SP 36, KCL, and ZA, both without organic matter and with organic matter. Fertilizer
doses can be the same, or there are differences, although they are not significant from place
to place. For instance, in Klaten and North Toraja Regencies under El Niño (2018), fertilizer
types and doses are relatively similar. For the normal year (2019), the fertilizer dosage
at Klaten Regency is higher than at North Toraja Regency. Meanwhile, not much data is
available in the year of La Niña (2020).

(c) Agricultural Machinery

The use of AM is very important in supporting a particular farming system, especially
the food crop farming system. This is also reflected in the research results [44,45]. Conven-
tional agriculture must be supported by machinery technology that is faster and higher
accuracy. Machine vision technology provides an alternative to automated, non-destructive,
cost-effective, fast, and accurate processes [46]. Based on AM identification for rice in In-
donesia, the types of AM used, among others: Tractors, Tresher, Dryer, Transplanter,
Combine Harvester, Paddy Mower, and Rice Mill.

In general, AM availability during El Niño (2018) in the Klaten Regency is saturated,
while in the North Toraja Regency were moderate and very poor. However, the availability
of Thresher and Dryer in these two regencies is very low. In the Neutral year of 2019,
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the availability of tractors in the Klaten Regency is saturated, while in the North Toraja
Regency are moderate and very low. In the La Niña year (2020), the availability of AM
in the North Toraja Regency is low to very low, while the transplanter is sufficient. In
the Klaten Regency, the availability of the AM is limited, except for Paddy Mower, and
Rice Mill.

The difference in the availability is due to the distribution of assistance received,
because most AM is from the government. Other factors include the management at
the farmer group level and the intensity of its use. Furthermore, information on the
availability of AM can be used as a basis for the distribution of AM assistance by the
Ministry of Agriculture.

The use of AM is an adaptation to climate change in the agricultural sector. During
the dry season, agricultural machines, such as pumps, are used to supply water to plants
to reduce the risk of crop drought. At the beginning of the growing season, the use of
tractors and transplants is intended to speed up tilling and planting. Using a tractor and
a motor-driven combine can reduce yield losses at Harvest time. During the wet season,
the use of a dryer is very useful to accelerate the drying of the grain. The process from the
beginning of tillage, planting, Harvesting to post-harvest, which is supported by the use of
AM, can accelerate planting time, decrease yield loss, increase productivity, and improve
crop quality.

(d) Livestock Feed Potential

Information on livestock is provided in the ICCIS version 3.1 in the form of maps and
graphs on the adequacy of DM, CN, and TDN. The tabular information presented is for
beef cattle, dairy cows, buffalo, sheep, and goats in sub-districts. According to the basic
data, more than 2500 sub-districts still experience Have deficits in the adequacy of DM, CP,
and TDN.

The adequacy of animal feed (dry matter (DM), crude protein (CP), and total digestible
nutrients (TDN)) in most regencies of Indonesia is dominated by a deficit condition,
although in some regencies, there are surpluses. Base on the performance of each regency,
the conditions indicate slightly different under various climatic conditions. As an example,
under the El-Nino (2018) condition, the adequacy of DM and TDN in the Klaten Regency
are surplus, while CP is a deficit. Meanwhile, in the Neutral year 2019, the adequacy
of CP and TDN show deficits, while DM is in surplus. For North Toraja Regency, the
adequacy of all animal feed is surplus during El Niño (2018), Neutral year (2019), and
La Niña (2020). Adequacy of feed is primarily determined by the number of livestock,
body weight, and correction factors according to the need for each type of feed per animal
per day. This means that in North Toraja Regency, the availability of feed is higher than
required. Leinonen [47] argues that the relationship between animal feeding and climate
change is not just a one-way process. Future feed formulations may also be affected by
changes in the availability and quality of certain feed ingredients. Such changes could be
triggered by global warming and increased atmospheric CO2 concentrations. Research
conducted by Saxe et al. [48] shows that an increase in CO2 will reduce the demand for
land use for feed production, but at the same time would increase the need for protein
from plants (soybeans), due to the reduction in the concentration of feed plant protein. This
will Have considerable economic and environmental consequences. Based on the results of
the case study, the adequacy of animal feed is more influenced by the number of livestock
and the area of rice fields as a provider of feed ingredients. Furthermore, in the context of
sustainable livestock production, the three pillars of sustainability, namely, environmental,
social, and economic challenges, must be integrated into the information system.

(e) Agricultural Hazard and Related Varieties Recommendation

In addition to planting time, information on potential damage due to drought, floods,
and pests’ attacks on rice, maize, and soybean, is available at the district office to support
the ICCIS. This information is intended to provide early warning to farmers, so that farmers
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are aware of potential crop damage because of disasters in their area. This would allow
them to adjust based on the potential level of damage to their crops.

The classification of crop damaged areas is determined using data from the damage
area series of each metric. The frequency distribution method was used to classify the area
damaged, due to drought, flooding, pests, and disease attacks by the district, as shown
in Table 2.

Table 2. Classification of crops damaged area due to various Hazards.

Crop Category
Damaged Area (ha)

Flood Drought BPH RFR RSB RTD BLB RBD

Rice

Very low 0–10 0–10 0–1 0–5 0–3 0–1 0–1 0–2
low 10–30 10–30 1–5 5–10 3–10 1–2 1–3 2–5

moderate 30–80 30–80 5–10 10–20 10–20 2–10 3–5 5–15
high 80–280 80–260 10–30 20–65 20–55 10–20 5–15 15–40

Very high >280 >260 >30 >65 >55 >20 >15 >40

Note: BPH (Brown Planthopper), RFR (Rice field Rat), RSB (Rice Stem Borer), RTD (Rice Tungro Disease), BLB (Bacterial Leaf Blight), RBD
(Rice Blast Disease).

Recommendations for drought, flooding, and pest attack were assessed using the
prediction of rainfall characteristics in the form of normal, below normal, and above
normal rainfall published by BMKG. Rainfall predictions for WSP 2018/2019, 2019/2020,
and 2020/2021 are normal. Based on a database of varieties that are tolerant to flooding,
drought, and several rice pests and diseases at various levels of the rice damage area,
due to the ICCIS recommendations for Klaten and North Toraja Regencies, are described
in Table 3.

Table 3. Recommendation varieties based on several agricultural Hazards in Klaten District and North Toraja.

Agricultural Hazard
Klaten District North Toraja District

Category Varieties Recommendation Category Varieties Recommendation

Flood Moderate Inpari 17, 21–24, 29, 30,
Inpara 1–7 Safe Inpari 11–13, 17, 21–24, 29, 30,

Inpara 1–7

Drought Moderate

Inpari 10, 13, 18–20, 38–41,
Situ Patenggang, Limboto,

Situ Bagendit, Batutegi,
Inpago 7, 8, 10

Safe

Inpari 1, 10, 13–16, 18–20,
38–41, Situ Patenggang,
Limboto, Situ Bagendit,
Batutegi, Silugonggo,

Inpago 6–8, 10

Brown Planthopper Very high Inpari 13,31,33, Mekongga Safe
Inpari 1–3,5,6,10,13,18,19,31–33,

Widas, Cisantana, Konawe,
Mekongga

Rice field Rat Very high - High -

Rice Stem Borer Very high - Low -

Rice Tungro Disease Moderate Inpari 5, 7, 21, Tukad Unda,
Tukad Petanu, Tukad Balian Safe

Inpari 4, 5, 7–9, 21, 31, 33,
Tukad Unda, Tukad Petanu,

Kalimas, Bondoyudo

Rice Blast Disease Very high
Batang Piaman, Situ

Patenggang, Limboto, Inpari
28, Inpari 32HDB

High

Inpari 11, 17, 28, Batang
Piaman, Situ Patenggang,
Limboto, Danau Gaung,
Batutegi, Inpari 32HDB

Bacterial Leaf Blight Very high Inpari 1, 6, 17, Conde, Angke,
Inpari 32 HDB, Hipa 18 Safe

Inpari 1, 3, 4, 6, 7 Lanrang, 8,
11, 15–20, Mekongga, Conde,

Angke, Inpari 32 HDB
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Given the above conditions, climate variability significantly affects the availability of
feed, especially from rice straw. The long dry season, due to El Niño, decreases the supply
of Hay. This will threaten the long-term availability of feed for agricultural and industrial
operations. One way to minimize the impact of climate variability is to turn straw into a
sustainable feed product like silage for storage and use in the next season.

3.3. Dissemination and Feedback of the ICCIS

The following session discusses the outcome of the socialization of the ICCIS over a
20-year. The Indonesian government, through the Ministry of Agriculture, Has enacted a
national policy to encourage farmers to implement the ICCIS [49]. Dissemination of the
ICCIS is incorporated into the research activities on AIAT, which was coordinated by In-
donesia Centre for Agricultural Technology Assessment and Development (ICATAD) [50].

During the period 2011–2020, the Task Force teams distributed the ICCIS to farmers
and extension workers by AIAT itself or in collaboration with other agencies in the regions,
such as BMKG, extension offices, and agricultural offices. Over the past ten years, only
one of the 33 AIAT Task Force teams disseminates independently and with the three
aforementioned organizations. The most widely distributed disseminations are through
AIAT with the Extension workers office and the agricultural office. There are 5 AIATs
that only deliver without engaging other stakeholders. (Table 4). The majority of the
AIAT Task Force team conducted the dissemination of the ICCIS at the AIAT, agricultural
office, and BPP, because the focus of the ICCIS was primarily on the extension workers.
All three agencies play a role by encouraging and accommodating extension workers to
support agricultural development. There are five Task Forces teams in the AIAT working
group who only socialize in one agency because of the large area, limiting accessibility and
mobility. There are 6 AIAT Task Forces that do not disseminate; the dissemination is only
by invitation from the three agencies. These Task Forces require the motivation of each
AIAT to enhance its active participation in the dissemination of the ICCIS.

Table 4. The number of annual meeting forums for ICCIS dissemination for the period 2011–2020.

AIAT BMKG BPP Agricultural Office Number of Forum Dissemination
√

8√ √
3√ √
1√
2√ √ √
1√
1√ √
1√ √
1√ √
3√ √ √
8√ √ √
3√ √ √ √
1

Dissemination was done at different regional levels: Villages, sub-districts, regencies,
and provinces (Table 5). The majority of AIATs carried out outreach activities in sub-
districts, regencies, and provinces. This is because AIAT partners in the implementation
of the Ministry of Agriculture’s program are at the regency and provincial levels, namely,
the Agricultural Office, and at the sub-district level, namely, the Agricultural Extension
Center. Four AIATs provide dissemination at all levels of administration. This can increase
the adoption rate of the ICCIS as the target audience for dissemination increases. At each
meeting, the average number of participants was under 25 (78.1%), 25–50 (15.6%), and
51–75 (6.3%). Most dissemination took place 1–3 times a year, according to the launch of
ICCIS. Yulianti et al. [51] state that dissemination is most prevalent in the first season (WSP).
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Table 5. Administration level of the ICCIS dissemination.

Level of Dissemination
No of AIAT

Village Sub District Regency Province
√

1√
2√
3√ √
1√ √
6√ √
6√ √ √

10√ √ √ √
4

Besides the face-to-face method, dissemination was also carried out through printed
media (44.9%), electronic media, namely, television and radio (18.1%), and social media,
including Facebook, Instagram, YouTube, and podcasts (28.8%). Social media is now more
dominant than electronic media because of its wide scope and accessibility. Social media
usage is on the rise, due to factors such as ease of access, up-to-date information, accuracy,
and environmental requirements. Social media may also serve as a means of learning from
farmers. In contrast to the research of Yulianti, Sirnawati, and Ulpah [51], which stated that
the synergy of dissemination with other institutions was a way of socialization that was
also dominant at that time.

According to AIAT Task Force teams, the survey’s results showed that the access and
adoption by farmers of the ICCIS are classified as moderate to high. The survey results
found that 48.4% of respondents reported high and moderate accessibility to the ICCIS,
and only 3.23% showed reported low accessibility. Meanwhile, the ICCIS adoption rates
indicated that 51.5% of respondents reported a high ICCIS adoption rate was high, and
48.4% reported a moderate adoption rate. Research in the city of Bengkulu province Has
also shown that the adoption of the ICCIS by farmers is still weak. About 68% of farmers
did not apply ICCIS in their farming activities, even though they are highly knowledgeable
of ICCIS [52].

Several reasons caused the low adoption of the ICCIS, including: Not Having enough
understanding of the information and technology (20%), the communication device (phone)
was not supported (20%), farmers do not understand the ICCIS (12%), difficulties in apply-
ing, due to lack of facilities and infrastructure (44%), and problems of climate, fertilizer,
and variety (4%). The low adoption recorded was due to poor communication signals,
inappropriate field conditions with the ICCIS, late socialization of planting season predic-
tions, and the Habits of farmers who Have not believed the ICCIS. However, there were
still farmers who Had difficulty accessing the ICCIS because of accessibility issues related
to devices and signals.

The appropriate planting time, as well as the ICCIS data and information, are pre-
sented in Figure 10. The majority of respondents agreed that the accuracy of planting time
information was moderate, and some felt that the planting time information was very
accurate. Farmers who applied planting time information based on the ICCIS because it is
not appropriate for field conditions. Results of a survey by farmers by Azis et al. [53] in
South Kalimantan also showed that 80% of farmers benefited from the ICCIS. By applying
the ICCIS, the farmers would be able to know the beginning of the planting period, better
rice varieties or varieties suitable to be planted in local sites, the ideal amount of fertilizer
given to plants, and the type of pests that will attack. The survey in six provinces of
Indonesia (North Sumatra, South Kalimantan, West Nusa Tenggara, East Nusa Tenggara,
West Java, Yogyakarta) showed that the ICCIS was implemented by 123 respondents, while
15 respondents Had never applied ICCIS [49].
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Figure 10. Accuracy of ICCIS planting time (above) and technology recommendation (below).

The problems of the ICCIS encountered in the field were internet gadgets and signals
(25%), unsuitable field conditions (61.29%), farmer’s Habits (6.45%), and late socialization
(3.23%). Similar to research by Yulianti, Sirnawati, and Ulpah [51], which conclude that
the most reason for the problem was there is no availability of recommended varieties
(44%), the limited information on ICCIS, and unsuitable with usual existing farming culture.
Yuliarso, Windirah, and Widono [52] states the level of implementation of the full cropping
calendar at the farmer level is still low. However, the technological components, such
as the use of superior varieties, fertilizer, and the application of jajar legowo cropping
patterns, Have been implemented by farmers in the city of Bengkulu.

The ICCIS Has a varied menu in its performance. The frequently accessed menu
is presented in Figure 11. The majority of respondents frequently access the Cropping
Calendar menu and followed by fertilizer and variety information. The cropping calendar
menu contains information on the planting period and the cropping pattern of rice, maize,
and soybeans based on the potential and dynamics of climate and water resources. These
menus are often used by extension workers and farmers. At the beginning of 2015, the
information is updated two times a year before WSP and DSP [53,54] explained that the
information recommendations that farmers need planting time, followed by recommenda-
tions on varieties, fertilization, pests, diseases, and agricultural machinery. The survey also
shows that information on planting time was most frequently accessed by users, followed
by varieties and fertilizer recommendations.

To improve the ICCIS, some feedback from the survey related to the importance of
validating and updating recommendations on varieties, fertilizers, agricultural machinery,
and livestock in the field. Consequently, the information presented can be implemented at
their respective locations.
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Figure 11. Frequently accessed menu in ICCIS according to respondents.

3.4. Users Access to the ICCIS Website

Figure 12 shows the declining users of the ICCIS website over time. Some peaks occur
throughout the calendar because of updating the ICCIS calendar in April for dry season
information and October for the wet season. The declining process of the user can be
certain possibilities. The financial incentives for the agricultural extension are more limited
due to budgetary constraints, or the information from ICCIS is monotonous (updated twice
a year). This finding is similar to the study by Bouroncle et al. [55], which implies the user
is constrained by the climate information system. This can be overcome by integrating
third-party developers to use the ICCIS as a service, such as by a pesticide or fertilizer
producer or supplier.

Figure 12. The number of pages visited and new users per month to access the ICCIS website.

The Android application Has been downloaded 35,865 times, with months remain
installed devices is >4000. Figure 13 shows the accumulated Android application as in-
creased over time. However, the amount of user loss is relatively high as the number of
remains installed is fluctuating from 4000–4500 devices. The main challenge in developing
the ICCIS remains an external input, which can be updated only once a year. Moreover, the
information of the ICCIS is always at the macro level, which must be disseminated or ex-
plained by external resources, such as an agricultural extension. Some reports show that the
farmers would be engaging more in the application, if the applications provide post-harvest
activity in addition to information, such as water and pest management, storage, real-time
financial subsidies, sales management, or connecting with online marketplaces [56–58].
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Figure 13. Accumulative new devices acquisitions and install base for Android application.

4. Conclusions

One of the efforts to reduce the risk of yield loss, due to climate variability, is by
adjusting the planting times and applying cultivation technologies that are in accordance
with climatic conditions. To deal with this problem, the Ministry of Agriculture Has
developed the ICCIS. The ICCIS contains recommendations on planting time, cropping
pattern, planting area, varieties, fertilizers, agricultural machinery, potential livestock feed,
and crop damage, due to extreme conditions for rice, maize, and soybean, for the upcoming
planting season.

The ICCIS is accessible to users, and is updated twice a year, prior to WSP and DSP.
Information is available in tabular and spatial forms for as many as 7021 districts through-
out Indonesia. Since its establishment, the ICCIS Has undergone various improvements
and adapts to technological developments to make it more accessible to users.

The ICCIS can describe shifts in planting time and planted area under climate vari-
ability conditions, such as El Niño, La Niña, and Neutral year, based on water balance
calculations with input prediction of rainfall for the next six months. Increasing (decreasing)
rainfall will affect the recommended planting time to be earlier (backward) and the poten-
tial for an increase (decrease) in the area of planting. This information is very useful for
farmers to optimize planting in favorable climatic conditions, on the contrary reducing the
risk of crop failure/harvest in conditions of insufficient rainfall for planting. To verify the
accuracy of the planting time and planting area potential recommendations with respect to
the standing crop during the period closest to the planting time recommendations. Differ-
ences still exist between the recommended planting area and the existing conditions in the
field due to cloud cover issues. Furthermore, free high resolution, such as Sentinel-1 and
Sentinel-2, may be one solution to access cropping patterns in the parcel level that needs
further investigation. Further study is needed to incorporate artificial space intelligence at
the field level to avoid future disasters caused by climate change or soil erosion.

The ICCIS was disseminated through print, electronic, and social media by the AIAT
Task Force, involving extension workers so that information can be received and under-
stood by farmers. Based on respondent feedback, it is concluded that the adoption of
the ICCS was categorized as moderate to high. Some of these problems are caused by
poor communication signals, improper field conditions with ICCIS, late dissemination of
planting season forecasts, and the Habits of farmers who did not believe in the ICCIS. The
AIATs should encourage the Task Force to actively participate in the dissemination of the
ICCIS recommendations. In terms of the technology recommendations, we found that
there were still a number of problems with the recommendation of varieties that were not
adapted to the conditions on the ground. It is necessary to update the recommendations
for varieties, fertilizers, and feed to be more compatible with local conditions.
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