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Abstract. Meteorology is a branch of science which can be leveraged to
gain useful insight into many phenomenon that have significant impacts
on our daily lives such as weather precipitation, cyclones, thunderstorms,
climate change. It is a highly data-driven field that involves large datasets
of images captured from both radar and satellite, thus requiring efficient
technologies for storing, processing and data mining to find hidden pat-
terns in these datasets. Different big data tools and ecosystems, most
of them integrating Hadoop and Spark, have been designed to address
big data issues. However, despite its importance, only few works have
been done on the application of these tools and ecosystems for solving
meteorology issues. This paper proposes and evaluate the performance
of a precipitation data processing system that builds upon the Cloudera
ecosystem to analyse large datasets of images as a classification problem.
The system can be used as a replacement to machine learning techniques
when the classification problem consists of finding zones of high, moder-
ate and low precipitations in satellite images.
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1 Introduction

Meteorology is a branch of science which studies the earth’s atmosphere with its
physical occurrences [1]. It helps to gain a better understanding of the meteoro-
logical related phenomena, such as weather precipitation forecasting, cyclones,
thunderstorms and climate changes. Each of these can have significant impacts
on our daily lives [2]. For instance, precipitation is considered to be the primary
source of fresh water. It plays an important role in industry and agriculture, but
when in excess might lead to flooding or related natural disasters. One recent
disaster occurred in Mozambique and its neighbouring countries in April 2019,
where almost 750 lives were lost to a cyclone in Southern Africa. Figure 1 shows
the outcomes of that disasters [3]. Such consequences explain the importance of

c© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2020

Published by Springer Nature Switzerland AG 2020. All Rights Reserved

R. Zitouni et al. (Eds.): AFRICOMM 2019, LNICST 311, pp. 180–185, 2020.

https://doi.org/10.1007/978-3-030-41593-8_13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-41593-8_13&domain=pdf
https://doi.org/10.1007/978-3-030-41593-8_13


Big Data Processing Using Hadoop and Spark 181

Fig. 1. An image of the disaster that occurred in Mozambique [3].

Fig. 2. An image from the National Centers for Environmental Prediction data set

developing an accurate forecasting system to provide early alarms for govern-
ments to manage potential disaster(s) [4].

Meteorology is one of the fields that has always been highly data-driven
[8], big data analytics can thus find good application in Meteorology [5]. One
of the largest databases in the world is data related to climate known as The
World Data Center for Climate (WDCC), and includes 340 terabytes of earth
observations data [6]. A number of research work have utilized different platforms
to maintain and analyze these huge data [7]. However, due to its volume and
variety, we consider big data platforms to be well suited to taking advantage of
the potential value these datasets hold. Hadoop and Spark, are two open source
platforms that have been widely used for analyzing big sets of data effectively
[7]. This paper also adopts these platforms and proposes a precipitation data
processing system built on Cloudera. We consider the issue of finding zones
of high, moderate and low precipitations in radar images such as that shown
in Fig. 2 as a classification problem. We then employed Hadoop and Spark to
analyze the large datasets of images. The system can be used as a replacement
or complement to machine learning techniques for classification problems. The
rest of this paper is organized as follows: Sect. 2 presents work related to the use
of big data platforms in meteorology. Section 3 presents the data analytics of our
system while Sect. 4 contains the conclusions and recommendations for future
works.
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2 Related Work

Recently, there has been a significant number of research work on the application
of different Big Data analytics in the meteorology. Ibrahim et al. [9], Suggested
the use of MapReduce on around 20 GB of whether historical data sets from
1929–2016 (NCDC, GSOD). The dataset files were stored in the Hadoop Dis-
tributed File System (HDFS), split and sent to different mappers. The mappers’
output where a set of (key, value) pairs, with the station name and date as key,
while the value consists of several parameters such as Wind, Precipitation, Tem-
perature etc. The average, max and min of each month, year, and season for
each parameter were calculated using the reducer script. In [10], Pandey et al.
proposed the use of the word count algorithm in Hadoop on a file of text formats
for weather forecasting. For data analytics, Riyaz et al. in [11], suggested the use
of Hadoop MapReduce on a temperature dataset. The mapper function had to
find the average temperature associated with place (key). Values such as aver-
age, max, min temperature were calculated using the reduce function. Jayanth et
al. [13], analyzed weather using Spark and ipython for data analytics. Data was
transformed into RDDs sequel to which the highest and average precipitation
and temperature values for the top ten weather stations were calculated and dis-
played. In a similar work, Dagade et al. [12], computed the average temperature
per year per station. An unstructed dataset was used, which required transform-
ing the data into an understandable format using java scripts before uploaded
into HDFS. Like these previous works, the objective of this study is to provide an
analysis of precipitation data within the Cloudera QuickStart VM environment.
Cloudera was chosen as it has Hadoop, HDFS, and Spark integrated.

3 Implementation

3.1 Data

24-Hour-Precipitation-Dataset. Data used for this study are 24-hour-radar
images of the United State, from Jan 2012 to Feb 2019 - a total of 2,604 images.
The data were sourced from the National Centers for Environmental Prediction,
with a resolution of 400×320. Each image contains 15 different rainfall intensity
level, a sample is shown in Fig. 2.

3.2 Weather Data Analysis: Hadoop MapReduce

Pre-processing was done on the images to structure them into key-value pairs.
These pairs serve as input data, (see left side of Fig. 3), to the word count algo-
rithm [10]. They keys are the year, while the value consists of corresponding rain
intensities (Light, Moderate and Heavy) in pixel count values. Value extraction
from pixels was done using “extcolors 0.1.2” python API.

The implementation is executed in two phases, which are - Map and Reduce.
The map function reads each line and extracts the three classified values asso-
ciating it with its relevant key. The output produced omits the description of
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Fig. 3. MapReduce logical flow

the classification values and only displays the data representation, i.e. the rain
intensity.

The reduce function reads the output from the map function, groups the keys
and values and performs addition of each applicable classification value for each
key. This produces an output for each key followed by the three classification
values which are summed up for each matching key. The output is used to
produce analytics describing the rainfall within the scope of the datasets used.

For our implementation of MapReduce, we made use of the Hadoop Stream-
ing API. This API allows writing of map and reduce functions in several lan-
guages and utilizes Unix standard streams as the interface between Hadoop and
written programs [14]. This enables us use Python (version 2.7) to read input
data and write the corresponding results as output. The results of our analysis
are displayed in Fig. 4

Fig. 4. MapReduce analytics (Daily data set)

3.3 Weather Data Analysis: Spark-Streaming

Analysis in Spark was performed using PySpark, streaming and applying a
reduce function to each stream. Each line of the input are added to an RDD
queue and streamed. Each queue entry is processed by applying a reducer func-
tion which adds all the values per line. To demonstrate the functionality, we used
Spark to determine five days with the heaviest rainfall in our dataset. The daily
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rainfall dataset was used for this analysis, where each input line represents the
rainfall for a day.

The execution flow for Spark is outlined in Fig. 5, while the results of our
functionality analysis are displayed in Fig. 6

Fig. 5. Spark logical flow

Fig. 6. 5 days with the heaviest rainfall according to Spark streaming

4 Conclusion and Future Work

In this work, the authors have demonstrated two approaches to the process-
ing and analysis of unstructured meteorological image data. The application of
Hadoop MapReduce and Spark was applied on a daily precipitation dataset.
Using the Hadoop streaming API allowed for the specification of two custom
functions, Map and Reduce, which can be written in any language with support
for standard read/write of input and output data. Spark allowed for the image
data to be analyzed in batches and in memory. We tested Hadoop MapReduce
and Spark and both were able to accurately determine the precipitation based
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on the image dataset supplied. This result shows that big data analytics tools
such as Hadoop MapReduce and Spark can be used as complementary or alter-
natives to Machine Learning tools. Future research might involve comparing the
performance of both approaches Hadoop MapReduce and Spark and possibly
benchmarking against known machine learning algorithms.
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