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Abstract— Rice production in East Java has decreased, which is related to climate change. Uncertain
climate results in a shift in planting time. Climate projection scenarios are a solution to see future climatic
conditions. One of the analyses used is the water balance. This study aims to study the water balance to
determine the rice (Oryza sativa L.) planting time shift based on climate projection scenarios. The research
was conducted from March to July 2022 in four districts of East Java. The materials used are average rainfall
data and average temperature data for 2000-2020, climate projection data from the CNRM-CM5 and
HadGEMZ2-ES models for 2025-2050, field capacity data, and permanent wilting point data. This study uses
a selected sampling technique and the location is chosen as one of the rice production centers in East Java.
This research uses exploratory descriptive analysis, statistical descriptive analysis, and the Thornthwaite
and Mather method of water balance analysis. The research results show a shift in the planting time of rice
plants in four districts in East Java for the years 2025-2050. Malang District experienced a change in the
planting time of rice plants of 2 basics, Gresik District experienced a shift in the planting time of rice plants
of 2-6 basics, Banyuwangi District experienced a change in planting time of 3-5 basics of rice and Pasuruan

District experienced a shift in planting time of rice plants of 1-4 basics.

Keywords— Water Balance, shifting planting time, rice plants, climate projection scenario.

. INTRODUCTION

There are several parameters or climate factors that
influence such as rainfall, air temperature, humidity,
sunlight intensity, air pressure, and wind direction (Aditya
et al., 2021). One important factor to support plant growth
is water. Plants themselves have different water needs,
including rice plants. Rice plants are plants that require a lot
of water and are very sensitive to drought.

East Java is one of the provinces or regions in Indonesia
which contributes to agricultural production with good
results, one of which is rice. East Java is also one of the rice
production centers. Based on BPS data for 2021, East Java
is the largest producer by contributing 17.99% of rice
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production to total national production. However, over
time, rice production has decreased due to several factors
such as climate change. The impact of climate change that
is clearly visible is the availability of water which is not
enough to determine the right planting time. According to
Apriyana et al., (2016) the impact of climate change
resulted in a shift in planting time for rice plants ranging
from 10-20 days from the normal planting time.

One of the efforts that can be made to reduce the impact of
the shift in planting time is to develop a plan to see future
climate conditions, namely with a climate projection
scenario. Climate projections are the result of data
processing from several modelling activities to determine
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future climate conditions based on the climate scenarios that sample locations were Malang, Gresik, Banyuwangi and
will be used. The scenario used is an emission scenario with Pasuruan districts.

several levels such as low, medium to high (Surmaini and
Fagih, 2016). The water balance is one of the analyzes that

can be used for this climate projection scenario. The water also uses water balance analysis, where the calculation of

balance is able to see the availability of water needed by the water balance in this study uses the method developed

plants and water balance such as shifts in planting time. This by Thornthwaite and Mather (1957) with time per basis (10
research is to study the water balance to determine shifts in days) with additional water surplus and deficit (10ss).

the planting time of rice (Oryza sativa L.) based on climate
projection scenarios.

This study uses Explorative Descriptive Analysis and
Statistical Descriptive Analysis. In addition, this research

1. RESULTS AND DISCUSSION

Rainfall and Temperature BMKG Data and Climate
Projection Scenario Data

1. MATERIALS AND METHODS

The research was conducted from March to July 2022 at the
locations of Malang Regency, Pasuruan Regency, Gresik
Regency and Banyuwangi Regency, East Java Province.
The research was conducted in an exploratory descriptive
manner. This research was conducted by identifying data,
classifying secondary data based on research objectives,
analyzing data and interpreting it. In this study the type of
data used is secondary data which includes (1) BMKG
rainfall and temperature data for 21 years, (2) climate
projection scenario data from the CNRM-CM5 RCP 45 and
RCP 85 models and the HadGEM2-ES RCP 45 and RCP
models 85 for 26 years and (3) field capacity and permanent
wilting point data.

BMKG data results (observation) the highest rainfall in
Malang Regency on the 3rd or January Ill, the CNRM RCP
45 model data results from the highest rainfall on the 36th
or December I, the CNRM RCP 85 model data results
from the highest rainfall on the 36th or December Ill, the
results of the HaAdGEM RCP 45 model data have the highest
rainfall on March 9 or Ill, the highest HadGEM RCP 85
model data results on March 9 or Ill. While the average
temperature in Malang Regency from BMKG data
(observations) is 23.6°C, the average temperature for
CNRM RCP 45 data is 21.5°C, the average temperature for
CNRM RCP 85 data is 21.7°C, the average temperature of
the HadGEM RCP 45 data is 24.1°C and the average

The research location was determined using a purposive temperature of the HadGEM RCP 85 data is 24.3°C (Figure
sampling method, namely choosing a location based on 1). This is in accordance with research conducted by

specific conditions (based on production centers, rainfall Bagcaci et al., (2021) that the temperature results in the
diversity and temperature). From this category, the research HadGEM2-ES model have a better rating when compared

to the CNRM-CM5 model.
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Fig.1. Average Temperature of Malang Regency
BMKG data results (observation) the highest rainfall in 111, the CNRM RCP 85 model data results the highest
Gresik Regency on December 36 or 111, the CNRM RCP 45 rainfall on January 1 or I , the results of the HadGEM RCP
model data results the highest rainfall on December 36 or 45 model data have the highest rainfall on the 3rd or January
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Il and the HadGEM RCP 85 model data results have the
highest rainfall on the 4th or February 1st. Meanwhile, the
average temperature in Gresik Regency from BMKG data
(observation) is 28.1 °C, the average temperature of CNRM
RCP 45 data is 27.8°C, the average temperature of CNRM
RCP 85 data is 27.8°C, the average temperature of
HadGEM RCP 45 data is 29.1°C and the average
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temperature -The average HadGEM RCP 85 data is 29.3°C
(Figure 2). Thorndahl and Andersen (2021) stated that the
temperature and rainfall results for RCP 85 would be more
extreme when compared to RCP 45 due to an increase in
greenhouse gases and no mitigation for reducing
greenhouse gases.
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Fig.2. Average Temperature of Gresik Regency

BMKG data results (observation) the highest rainfall in
Banyuwangi Regency on the 3rd or January 11, the CNRM
RCP 45 model data results the highest rainfall on the 11th
or April 1l, the CNRM RCP 85 model data results the
highest rainfall on the 8th or March Il , the results of the
HadGEM RCP 45 model data have the highest rainfall on
the 12th or April Il and the HadGEM RCP 85 model data
results have the highest rainfall on the 14th or May I1. While
the average temperature in Banyuwangi Regency from
BMKG data (observations) is 27.4°C, the average
temperature for CNRM RCP 45 data is 24.0°C, the average
temperature for CNRM RCP 85 data is 24.1°C, the average
temperature of the HadGEM RCP 45 data is 27.3°C, the
average temperature of the HadGEM RCP 85 data is 27.5°C
(Figure 3). Based on research conducted by McSweeney et
al., (2015) stated that the HadGEM2-ES model has good
performance and is suitable for application in Southeast
Asia.
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BMKG data results (observation) the highest rainfall in
Pasuruan Regency on the 3rd or January Ill, the CNRM
RCP 45 model data results the highest rainfall on the 36th
and 7th month or December Il and March I, the CNRM
RCP 85 model data results the highest rainfall on December
36 or Ill, the highest rainfall data for the HadGEM RCP 45
model is on March 8 or Il and the highest rainfall for the
HadGEM RCP 85 model data is on March 9 or I1l. While
the average temperature in Pasuruan is BMKG data
(observation) which is 21.8°C, the average temperature for
CNRM RCP 45 data is 22.2°C, the average temperature for
CNRM RCP 85 data is 22.4°C, the average temperature of
the HadGEM RCP 45 data is 25.0°C and the average
temperature of the HadGEM RCP 85 data is 25.2°C (Figure
4). Meng et al., (2017) stated that extreme shifts in rainfall
and temperature can affect plant growth and yield.
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Fig.4. Average Temperature of Pasuruan Regency

BMKG Data Water Balance and Climate Projection
Scenario Data

The results of the water balance in Malang Regency BMKG
data (observation) experienced a surplus of 19 basis and a
deficit of 16 basis (Figure 5), the results of the water balance
of the CNRM RCP model data 45 experienced a surplus of
22 basis and a deficit of 13 basis (Figure 6), the result of the
water balance of the data model CNRM RCP 85
experienced a surplus of 22 basisan and a deficit of 13
basisan (Figure 7), the water balance results of the HadGEM
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RCP 45 model data experienced a surplus of 28 basisan and
a deficit of 7 basisan (Figure 8) and the results of the water
balance data of the HadGEM RCP 85 model experienced a
surplus of 30 basisan and 6 basis deficit (Figure 9).

The results of the water balance in Gresik Regency BMKG
data (observation) experienced a surplus of 20 basis and a
deficit of 14 basis (Figure 10), the results of the water
balance of the CNRM RCP model data 45 experienced a
surplus of 13 basis and a deficit of 20 basis (Figure 11), the
result of the water balance of model data CNRM RCP 85
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experienced a surplus of 13 basis and a deficit of 22 basis
(Figure 12), the water balance results of the HadGEM RCP
45 model data experienced a surplus of 12 basis and a deficit
of 24 basisan (Figure 13), the water balance result of the
HadGEM RCP 85 model data experienced a surplus of 10
basisan and deficit 25 basisan (Figure 14).

The results of the water balance in Banyuwangi Regency
BMKG data (observation) experienced a surplus of 9 basis
and a deficit of 26 basis (Figure 15), the results of the water
balance of the CNRM RCP model data 45 experienced a
surplus of 12 basis and a deficit of 24 basis (Figure 16), the
result of the water balance of the data model CNRM RCP
85 experienced a surplus of 12 basisan and a deficit of 23
basisan (Figure 17), the water balance results of the
HadGEM RCP 45 model data experienced a surplus of 23
basisan and a deficit of 11 basisan (Figure 18) and the water
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balance result of the HadGEM RCP 85 model data
experienced a surplus of 23 basisan and deficit 11 basisan
(Figure 19).

The results of the water balance in Pasuruan Regency
BMKG data (observation) experienced a surplus of 27 basis
and a deficit of 7 basis (Figure 20), the results of the water
balance of the CNRM RCP model data 45 experienced a
surplus of 21 basis and a deficit of 14 basis (Figure 21), the
result of the water balance of model data CNRM RCP 85
experienced a surplus of 22 basisan and a deficit of 13
basisan (Figure 22), the water balance results of the
HadGEM RCP 45 model data experienced a surplus of 34
basisan and a deficit of 2 basisan (Figure 23) and the water
balance result of the HadGEM RCP 85 model data
experienced a surplus of 29 basisan and a deficit of 6
basisan (Figure 24).
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Fig. 6. Water balance data from the CNRM RCP 45 Model in Malang Regency
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Fig. 9. Water balance of the HadGEM RCP 85 Model data for Malang Regency
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Fig. 22. Water balance data from the CNRM RCP 85 Model, Pasuruan Regency
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Fig. 23. Water balance data from the HadGEM RCP 45 Model, Pasuruan Regency
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Shift in Rice Planting Time in Each Regency in East
Java

rice planting time in Malang Regency BMKG data
(observation) can be done in October 111 — February I, rice
planting time CNRM RCP 45 model data can be done in
October | — January Il (experiencing a shift of 2 bases), rice
planting time CNRM RCP model data 85 can be done
October | — January Il (experiencing a shift of 2 basis), rice
planting time of the HadGEM RCP 45 model data can be
done in October Il — February I (no shift) and rice planting
time of the HadGEM RCP 85 model data can be done
October | — January Il (experiencing a shift of 2 basis).
According to Rahman (2018), climate change that occurs
indirectly has an impact on water availability, when the total
amount of rainfall decreases by around 10% and extreme
temperature increases will result in more dry seasons.

Paddy planting time in Gresik Regency BMKG data
(observation) can be done on November | — February I, rice
planting time for CNRM RCP 45 model data can be done
on November Il — March | (experiencing a shift of 2 basis),
rice planting time for CNRM RCP model data 85 can be
done November Il — March | (experiencing a shift of 2
basis), rice planting time of the HadGEM RCP 45 model
data can be done January | — April 11 (experiencing a shift
of 6 basis) and rice planting time of the HadGEM RCP 85
model data can be done January | — April Il (experiencing a
6 basis shift). According to Mayasari and Anna (2020)
stated that a shift in planting time that occurs, even if only
for one basis (10 days), has the potential to reduce crop
yields by up to 40%.

Paddy planting time in Banyuwangi Regency BMKG data
(observation) can be done in December Il — March 111, rice
planting time for CNRM RCP 45 model data can be done in
November | — February Il (experiencing a shift of 4 basis),
rice planting time for CNRM RCP model data 85 can be
done in November Il — February Il (experiencing a 3-
difference shift), the HadGEM RCP 45 model rice planting
season can be done in October Il1-February | (experiencing
a 5-difference shift) and the HadGEM RCP 85 model paddy
planting season can be done October Ill- February |
(experiencing a shift of 5 basis). Rahman (2018) states that
rainfall decreases over a long period of time and
temperatures that increase by only 1% will result in a
decrease in rice crop yields by 80%.

Paddy planting time in Pasuruan Regency BMKG data
(observation) can be done on October | — January I, rice
planting time for CNRM RCP 45 model data can be done
on October 111 — February | (experiencing a shift of 2 basis),
rice planting time for CNRM RCP model data 85 can be
done in October 111 — February | (experiencing a shift of 2
basis), the rice planting time of the HadGEM RCP 45 model
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data can be done in August 11 — December | (experiencing
a shift of 4 basis) and the rice planting time of the HadGEM
RCP 85 model data can be done in October 11 — January 1l1
(experiencing a shift of 1 basis).

V. CONCLUSION

1. Two model scenarios from the climate projection
scenario that have been used and compared, namely the
HadGem2-ES model and the CNRM-CM5 model, produced
the right model and can be applied to Malang, Gresik and
Banyuwangi districts, namely the HadGem2-ES model,
while for the district The appropriate model for Pasuruan is
the CNRM-CM5 model which refers to the results of
rainfall, temperature and water balance.

2. There has been a shift in the timing of rice planting in
four districts in East Java for 2025-2050 based on BMKG
data (observation), CNRM-CM5 RCP 45 model data,
CNRM-CM5 RCP 85 model data, HadGEM2-ES RCP 45
model data and HadGEM2-ES RCP 85 model data.
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