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ABSTRACT

We predict the surface temperature of Java Island in Indonesia based on a dataset of wind speed, surface tempera-
ture, and surface pressure from 2002 to 2021. Long short-term memory model is employed to predict the surface
temperature in 2022. The predicted surface temperature corresponds to the seasons of Indonesia. The result shows
a pattern between dry and monsoon seasons of Indonesia. The performance of the model is evaluated using root
mean square error. The root mean square error in the land area is larger than the water area.
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INTRODUCTION

The atmospheric condition of Java Island
mainly influenced by the dynamic of Java Sea and
Indian Ocean. The study of atmospheric condi-
tions in Java Island is an important aspect to ac-
celerate the productivity of the socio-economic
aspects of Indonesia. Java Island is one of the larg-
est Island in Indonesia archipelago, and it is most
populated Island. The geomorphology of Java
Island is diverse, from high to low altitude. The
north of Java Island is dominated by low altitude
land. The south region is dominated by mountains
[Saputra et al., 2003; Livneh et al., 2017].

Indonesia has two major seasons which are
dry and monsoon seasons [Koesuma et al.; 2021,
Lestari et al., 2019]. Dry season in Indonesia is
characterized by low precipitation and tempera-
ture levels. On the contrary, the monsoon season
is characterized by high precipitation and temper-
ature levels. The dry season occurs between April
and September, and the monsoon season occurs
between October to March [Chang et al., 2005;
Hendon, 2003]. The season shifting from dry to
monsoon and vice versa in Indonesia is influ-
enced by the rainfall changes and the temperature
level [Irsyad and Oue, 2021; Avia, 2019].

Long short-term memory or in short LSTM is
recurrent neural network algorithm which employs
feedback connection. The study of LSTM involves
not only theoretical but also practical used. LSTM
is widely used for prediction of sequence data es-
pecially in speech recognition, image processing,
autonomous system, financial market and manu-
facturing industries [Fischer and Krauss, 2018;
Shewalkar et al., 2019; Cao et al., 2019]. Moreover,
the LSTM algorithm is suitable to predict time de-
pendent data, for instance weather data [van Houdt
et al., 2020; Hua et al., 2019; Zhang et al., 2017].

In this paper, we apply the LSTM model to
predict the surface temperature of Java Island and
its surrounding in Indonesia. The prediction result
is based on the training data that contains surface
temperature, surface pressure, and wind speed.
The model performance is measured based on its
root mean square €rror.

METHOD AND MATERIALS

The data are collected from the European
Center for Medium-range Weather Forecasts (EC-
MWEF). The data consist of daily reanalysis data
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of wind u and v vector components, 2 meters sur-
face temperature, and surface pressure from 2002
to 2022. The dataset is located at 104°E — 117°E
and 4°S — 11°S with resolution 0.25°. Figure 1
illustrates the dataset location located in Java Is-
land, one of biggest Islands in Indonesia, and its
surroundings including Java Sea at the north and
Indian Ocean at the south.

Data preparation consists of several steps. The
first step fills the empty or zero value in the dataset
with its mean. This step is applied to each variable
which is wind, temperature, and pressure. The
second step is to convert the unit of temperature
data and the value of pressure data. The tempera-
ture data units are converted from Kelvin to Cel-
sius. Meanwhile, the pressure data values are sub-
tracted by 10°. The fourth step is to resample the
dataset to monthly mean data. For wind data, we
calculate the wind speed using equation as follow:

W =+/u? + v? (1

where: W — the scalar field of wind speed;
u and v — the vector component of wind
speed with respect to x and y coordinates,
respectively.

The fifth step is to compute the data month-
ly climatology for wind speed calculated from
Equation 1, temperature, and pressure. The final
step is to plot the monthly climatology data into a
Hovmoller diagram.

Data preprocessing, processing, and postpro-
cessing use python libraries including NumPy,

xarray, pandas, Matplotlib, Cartopy, and Keras.
NumPy, pandas, and xarray are used for array
manipulation and operation [Harris et al., 2020;
Hoyer and Hamman, 2017; McKinney, 2010].
The plotting of graphs and figures is handled by
Matplotlib and Cartopy [Hunter, 2007; Met Of-
fice, 2017]. The LSTM model used in this paper
is from Keras module [Chollet, 2018].

The predicted surface temperature is calculat-
ed using the LSTM model. The dataset is divided
into training and testing data. For the training data,
the surface temperature data from 2002 and 2021
are used. The testing data use the 2022 surface
temperature data. The performance of the LSTM
model is measured using root mean square error
(RMSE) between predicted surface temperature
and testing data. RMSE is calculated as follow:

Zﬁv=1(5i —§;)?
N

RMSE = 2

where: N — the number of data points;
sj— the actual or observation data;
$j — the predicted data.

RESULT AND DISCUSSION

The results of the plotting dataset into the
Hovmoller diagram are shown in Figure 2. The
Hovmoller diagrams are plotted with respect
to the average of the latitude. Figure 2a illus-
trates the result of surface temperature monthly
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Figure 1. Dataset location as a study case in Java Island, Indonesia.
The black block shape is land and otherwise is water

74



Ecological Engineering & Environmental Technology 2023, 24(4), 7378

climatology. The surface pressure of Java Island
and its around ranged from about 25 °C to 28
°C. The highest surface temperature occurs from
February to May at 114°E to 117°E. Contrary,
the lowest surface temperature occurs from July
to October at 104°E to 108°E. The lowest point
comes about 108 °C in August. The highest
point arises about 116 °C in April. We assume
that the blue region in Figure 2a is the cold sur-
face temperature and the red region is the hot
surface temperature. Overall, the cold surface
temperature happens starting from July to Oc-
tober and the hot surface temperature happens
starting from December to May. The surface
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temperature of the other months including June
and November is in transition between cold and
hot temperature.

The Hovmoller diagram of surface pressure is
depicted in Figure 2b. The figure shows a distinct
pattern between low, transition, and high surface
pressure monthly climatology. The lowest surface
pressure is about 850 Pa and the highest surface
pressure is about 1180 Pa. The low surface pres-
sure happens in December to February across the
longitude. On the other hand, the high surface
pressure occurs in July to October across the lon-
gitude. There are two regions of transition surface
pressure which are about May and November.
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Figure 2. Hovmoller diagram of (a) surface temperature, (b) surface pressure, and (c) wind speed
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Figure 2c¢ shows the Hovmoller diagram of
wind speed. The lowest wind speed is around 1.8
m/s and the highest wind speed is around 6 m/s.
Overall, high wind speeds indicated by the red
region happen between June and October. The
transition, moderate wind speed, occurs in May
and November. Moreover, the low wind speeds
indicated by the blue region happen between De-
cember to April. The pattern of the Hovmdller
diagram of wind speed is similar to the pattern of
the Hovmoller diagram of surface pressure. To be
specific, the higher the surface pressure, the faster
the wind speeds blow.

The Hovmoller diagram in Figure 2 shows a
corresponding pattern between surface temper-
ature, surface pressure, and wind speed. Over-
all, the higher the wind speed, the lower the
surface temperature is. The faster wind speed
will decrease the surface temperature. The low-
est the surface temperature will increase the
surface pressure.

From the data, we see that the dry season of
Java Island and its around occurs from October

Jan
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to May. This season is indicated by high surface
temperature and low surface pressure. On the
other side, the monsoon season rises from June
to September. The lowest surface temperature
and highest surface pressure is between these
months. The wind data also shows correlation
with the surface temperature and pressure data.
Fast wind speed influences the surface temper-
ature to decrease and slow wind speed exhibit
inversely, negative correlation. Between wind
speed and surface pressure, a positive correla-
tion is happened.

The predicted surface temperature in 2022
is shown in the Hovmoller diagram (Figure 3).
The high temperature occurs from January to the
beginning of April. The low temperature occurs
from the middle of June to the middle of August.
There are two transitions of surface temperature
from high to low temperature and vice versa in
Figure 3. The first transition happens around May
and the second happens from September to De-
cember. The lowest point of surface temperature
is about 26 °C and the highest is about 28 °C.
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Figure 3. Hovmdller diagram of predicted surface temperature
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Figure 4. RMSE of predicted surface temperature with respect to the dataset

The predicted surface temperature depicts the
mean temperature across latitude. What we can
see from Figure 3 is the pattern of surface temper-
ature in a year across Java Island and its around.
The dry season in 2022 occurs from October to
April and the monsoon season occurs from May
to September. The dry and monsoon seasons
based on the predicted surface temperature cor-
respond to wind speed and surface pressure data
illustrated in Figure 2b and 2c.

The model performance calculated using
Equation 2 is illustrated in Figure 4. The RMSE
of each coordinate in the dataset shows that the
maximum RMSE is 2.4 °C and the minimum is
0.4 °C. From the RMSE plot in Figure 4, pat-
terns appear that the land has higher RMSE than
the waters.

The RMSE values inform the deviation be-
tween predicted surface temperature value and
surface temperature data at the same point. The
deviation becomes larger in the land area than in
the waters. This means that surface pressure is in-
fluenced by the land topography. The smoother or
the more invariant the topography is, the smaller
the deviation of predicted surface pressure.

CONCLUSION

We have applied the LSTM model to predict
the surface temperature of Java Island in Indo-
nesia. The predicted surface temperature based

on Hovmdller diagram shows patterns that cor-
respond to wind speed and pressure data. The
highest RMSE is 2.4 °C and the lowest RMSE is
0.4 °C. The highest RMSE occurs in the land area
because of the land topography more diverse than
the waters.

Acknowledgments

We thank to Department of Oceanography,
Diponegoro University for providing the comput-
ing resources.

REFERENCES

1. Avia L.Q. 2019. Change in rainfall per-decades
over Java Island, Indonesia. IOP Conference Series:
Earth and Environmental Science, 374(1), 012037.

2. Caol.,LiZ., LiJ. 2019. Financial time series fore-
casting model based on CEEMDAN and LSTM.
Physica A: Statistical mechanics and its applica-
tions, 519, 127-139.

3. Chang C.P.,, Harr P.A., Chen H.J. 2005. Synoptic
disturbances over the equatorial South China Sea
and western Maritime Continent during boreal win-
ter. Monthly Weather Review, 133(3), 489-503.

4. Chollet F. 2018. Keras: The python deep learning
library. Astrophysics source code library, ascl-1806.

5. Fischer T., Krauss C. 2018. Deep learning with long
short-term memory networks for financial market

predictions. European journal of operational re-
search, 270(2), 654-6609.

77



Ecological Engineering & Environmental Technology 2023, 24(4), 73-78

10.

11.

12.

13.

78

Harris C. R., Millman K. J., van der Walt S.J., Gom-
mers R., Virtanen P., Cournapeau D., et.al. 2020. Array
programming with NumPy. Nature, 585, 357-362.

Hendon H.H. 2003. Indonesian rainfall variability:
Impacts of ENSO and local air—sea interaction.
Journal of Climate, 16(11), 1775-1790.

Hoyer S., Hamman J. 2017. Xarray: N-D labeled
Arrays and Datasets in Python. Journal of Open
Research Software, 5(1), 10.

Hua Y., Zhao Z., Li R., Chen X., Liu Z., Zhang H.
2019. Deep learning with long short-term memory
for time series prediction. IEEE Communications
Magazine, 57(6), 114-119.

Hunter J.D. 2007. Matplotlib: A 2D graphics en-
vironment. Computing in science & engineering,
9(3), 90-95.

Irsyad F., Oue H. 2021. Predicting future dry season
periods for irrigation management in West Sumatra,
Indonesia. Paddy and Water Environment, 19(4),
683-697.

Koesuma S., Andriani R.D., Legowo, B. 2021. Analyz-
ing of the Indian Ocean Dipole (IOD) phenomena in
relation to climate change in Indonesia: a review. Jour-
nal of Physics: Conference Series, 1918(2), 022030.

Lestari S., King A., Vincent C., Karoly D., Protat A.
2019. Seasonal dependence of rainfall extremes in

and around Jakarta, Indonesia. Weather and Climate
Extremes, 24, 100202.

14.

15.

17.

18.

20.

Livneh B., Rajagopalan B., Kasprzyk, J. 2017. Hy-
drological model application under data scarcity for
multiple watersheds, Java Island, Indonesia. Journal
of Hydrology: Regional Studies, 9, 127-139.

McKinney W. 2010. Data structures for statistical
computing in python. Proceedings of the 9th Python
in Science Conference, 445, 51-56.

.Met Office. 2017. Cartopy: a cartographic python

library with a Matplotlib interface. UK.

Saputra A., Gomez C., Delikostidis 1., Zawar-Reza
P., Hadmoko D.S., Sartohadi J., Setiawan, M.A.
2018. Determining earthquake susceptible areas
southeast of Yogyakarta, Indonesia - Outcrop anal-
ysis from structure from motion (SfM) and geo-
graphic information system (GIS). Geosciences,
8(4), 132.

Shewalkar A., Nyavanandi D., Ludwig S.A. 2019.
Performance evaluation of deep neural networks ap-
plied to speech recognition: RNN, LSTM and GRU.
Journal of Artificial Intelligence and Soft Comput-
ing Research, 9(4), 235-245.

.van Houdt G., Mosquera C., Napoles G. 2020. A

review on the long short-term memory model. Ar-
tificial Intelligence Review, 53, 5929-5955.

Zhang Q., Wang H., Dong J., Zhong G., Sun, X.
2017. Prediction of sea surface temperature using

long short-term memory. IEEE geoscience and re-
mote sensing letters, 14(10), 1745-1749.



