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ABSTRACT— This paper aims at collecting and analysing
temperature, rainfall, soil, seed, crop production, humidity and
wind speed data (in a few regions), which will help the farmers
improve the produce of their crops. Firstly, we pre-process the
data in a Python environment and then apply the MapReduce
framework, which further analyses and processes the large volume
of data. Secondly, k-means clustering is employed on results
gained from MapReduce and provides a mean result on the data in
terms of accuracy. After that, we use bar graphs and scatter plots
to study the relationship between the crop, rainfall, temperature,
soil and seed type of two regions (Ahmednagar, Maharashtra and,
Andaman and Nicobar Islands). Further, a self-designed
recommender system has been used to predict the crops and
display them on a Graphic User Interface designed in a Flask
environment. The system design is scalable and can be used to nd
the recommended crops of other states in a similar manner in the
future.

KEYWORDS—AGgriculture, machine learning, graphical
visualization, k-means clustering, map reduce, recommendation
system.

1.1ntroduction:

Due to sudden changes in weather conditions, farmers and
agriculture throughout the country suffer as they fail to produce
enough crops. This leads them to take serious steps as they are
unable to provide for their family and make ends meet. This also
leads to a scarcity of availability of food resources in the country.
The conditions of farmers in our country need to be changed.
India’s economy is greatly infulunced by agriculture as it serves as
the backbone of the country. More than 50% of the country is
dependent directly or indirectly on the agriculture sector and it is
responsible for the employment of the major labour force of the
country, which accounts for over 40%. Agriculture produces big
volumes of data every year, and hence there is a need to get rid of
the obsolete traditional predicting methods by charts and use the
availability of the big data collected to create a more prioritized
and accurate predicting system. Big data will help confront the
challenges and enhance the understanding of the whole sector. Big
data analytics [34] is the process of examining large data sets
containing a variety of data types. The inuence of weather can be

deemed as a major priority in the prediction of crop yield. A lot of
research work has been conducted in identifying how weather as a
factor affects agriculture, but most of these studies require large
complex information which is not directly available. This leads to
the collection of data by estimation which can have either a
negative or a positive effect. Hence improvement is needed in the
methodology to compensate for the availability of data. This work
focuses on crop prediction using agricultural and meteorological
data in India, which is mainly collected from open dataset sources
that contain information of crops from all states, but
meteorological data revolves around three states and two union
territories. The rainfall data has been collected since 1901, and the
temperature data has been found from 1995. The crop data has
been amassed from 2000, which comprises the production of 123
crops from various regions of India. As a result, the combination of
all the data provides an elaborated view of the system and hence
serves as the source of the big data. In this project, a MapReduce
framework for data processing and a K-means clustering algorithm
along with a recommendation function is carried out in the hope to
propose crops to sow and elucidate big data applications in
agricultural production.

2. Scope of the project - The proposed work

introduces a crop recommendation system and uses MapReduce
and K-means clustering, which gives efficient results in terms of
computations. The model focuses on a wide range of crops and
their produce per area along with the soil type and seed types
depending on the varieties used in a particular region. From the
visualisation graphs of K-Means clustering, we can the mean
produce for a group of crops. The algorithms that have been used
for the recommender function and K-Means Clustering can be
accessed on https://github.com/oorjagarg/WB-CPI.  Also, the
relation between parameters (like optimal temperature, sea sonal
rainfall, wind speed, humidity, soil availability, required seed
types), crop and region has been studied and displayed using 2D
and 3Dgraphs. The system is scalable and it can be used to the
recommended crops of other states in a similar as described in the
methodology. This work can be further impliminate the problem of
disproportion in the production and requirement ratio if an aspect
of humidity, wind speed can be added for all the regions and will
give a more accurate recommendation. Factors like soil moisture,
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irrigation, cloud cover etc. may be included in the system to re ne
its output. Also, the recommender can be modified to warm about
the diseases that can occur in a crop in a particular season and
suggest the types of fertilizers or nutrients needed in the soil for the
crop to grow and give its best yield.

3. Literature Review —

A. D.BOSE, BIG DATA ANALYTICS IN AGRICULTURE [1]

the implementation of analytic techniques in agriculture had
been discussed. The rst method is an Intelligent crop
recommendation system that considers all the factors such as soil
conditions, temperature, rainfall and location. This system is further
split into two different systems: the crop predictor, whose main task
is to help agriculturists by recommending crops and the rainfall
prediction system that predicts the occurrence of rainfall for each
month across the year. The next method discussed was Precision
Agriculture using Map-Reduce used to allow variable rates and
inputs which help in the understanding of time and space variability
in criterion. Here the data is obtained and pre-processed. Then map-
reduce is performed, and 3D visualization is done to visualize the
output. Further crop prediction using various machine learning
approaches were discussed. A few of them were 1) Grey wolf
optimisation (GWO) technique 2) K-means clustering 3) Apriori
algorithm 4) Naive Baye. Next Smart Farming was discussed where
a few of the services like Internet of Things, Cloud Computing,
Mobile Computing were detailed about.

B. R. PRIYA, D. RAMESH, E. KHOSLA, CROP PREDICTION
ONTHE REGION BELTS OF INDIA: A NAIVE BAYES MapReduce
PRECISION AGRICULTURAL MODEL [2]

The data is collected from Cridas and farms of Hyderabad and
Hayathnagar. A recommendation system recommends which crop
to cultivate in the related seasons using Naive Bayes classier. Rice,
Cotton, Maise and Chillies are the crops taken into consideration.
Section 1 talks about the previous work done in the eld of precision
agriculture. The author tells the advantages and the grey areas of
methods and models used in previous work like linear regression
with neural networks, MapReduce, KNN algorithm, a crop growth
prediction model, sequential data assimilation. In Section Ill, the
author describes the proposed methodology which is used to predict
which of the four crops are suitable in Telangana. He talks about the
modality and methodological conditions of 3 zones, i.e. (i) Northern
Telangana, (ii) Central Telangana and (iii) in Southern Telan gana,
with seven major types of soil in which farmers mainly cultivate.

C. WUFAN, CHEN CHONG, GUO XIAOLING, YU HUA,
WANGJUYUN, PREDICTION OF CROP YIELD USING BIG DATA

3]

This paper discusses crop yield prediction, food security, Map
Reduce and nearest neighbour modelling in terms of big data using
agricultural data in China. In Section |, the paper talks about food
security and its aspects like producing enough food and maintaining
a stable supply of food in the market and how bigdata can help sort
this out and points out that the earliest time in advance and accuracy
are the priorities of predicting the crop yield.

D. M. G. RAMYA, C. BALAJI, L. GIRISH, (2015).
ENVIRONMENT CHANGE PREDICTION TO ADAPT CLIMATE-
SMART AGRICULTURE USING BIG DATA ANALYTICS [4]

The main aim of the paper is to predict changes in weather and
help farmers in making agriculture-related decisions based on
those changes. The paper has proposed a model to nd solutions
to modern world problems, such as worldwide food insecurity
induced by frequent climate change, to predicting the impact of
extreme weather events and mitigating its effect on global
nance. They have made use of Big Data Analytics techniques to
make an automatic prediction system. This paper builds the
model based on the Hadoop framework.
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they discuss the different methods adopted by researchers
for weather prediction:

1) MapReduce

This model was used by a researcher for studying
problems related to agricultural lands. They made a
soil analysis system using various datasets like
historical crop data, soil nutrient levels, fertilizers
and manure used.

2) LINEAR REGRESSION AND MapReduce

They collected data such as rainfall, temperature and
humidity from weather stations and predicted
weather, helping farmers in planting crops with good
yield and cutting their costs.

; l N 2
flg) = R: Zi:l si
1)

& denotes the difference between actual and
predicted values and N is the number of numerical
values in vector x in (1).

3) TIME DELAY RECURRENT NEURAL
NETWORK AND FEED FORWARD NEURAL
NETWORK

They made use of evaporation ,soil temperature and
humidity, among other factors to predict rainfall.
This provided daily, monthly as well as annual
rainfall forecasting.

4) WAVELET ANN

This method was used to predict daily average
temperature and rainfall using various weather-
related datasets.

plcosicosi~ 10AEFT D —={ X (sin Ry RE PRI p45.7292) (2)

IJNRD2404654

International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 4 April 2024| ISSN: 2456-4184 | ]NRD.ORG

where
X EP.(,lugml-l.Slil’«().49-“ |/ (T, + RH)

In (2), RH means relative humidity, RF1 is 1-day
previous rainfall and EP is evaporation.
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FIGURE 1. Proposed reduce

programming model.

4. Proposed System:

After studying the previous work done, the main aim
would be to process the data using MapReduce and frame a
recommender algorithm in Python to extract output
according to the seasonal conditions and region followed by
executing k-means clustering and nding the mean produce
per area a group of crops will give in a particular region.

approach and map

Keeping in mind the previous work done in other papers,
we have taken temperature, rainfall, wind speed, humidity,
soil type and seed type as the deciding parameters of our sys
tem. Firstly, the raw data will be collected and pre-processed
in a Python environment. Then this pre-processed data is
used as an input for the MapReduce framework of Hadoop to
process the data. MapReduce is a programming model for
processing large amounts of data with a parallel, distributed
algorithm [29]. This model is implemented on the collected
datasets for faster processing. In this work, each dataset will
be processed differently. In the MapReduce model, the
dataset will be divided into key and column pairs as shown in
Fig. 1 where the different parameters will be individually
taken to perform a MapReduce. The year and region will be
stored in the key, and the respective parameter for all the
months will be taken as the value for the Map Function. In
the Reduce function, these parameters will be calculated and
assigned to crop seasons .For the Map function of the crop
dataset, the region, year, season and crop will be assigned as
the key and the produce and area will be taken as the value.
Then the Reduce function will calculate the produce per area
for each row of data where the region, year, season and crop
will form the key and produce per area will become the
value.

Next, we propose to combine all the map reduced
datasets of the different parameters to form one nal/super
dataset and make a recommendation algorithm. Three
parameters can be taken as user input: the month, region and
state. Next, we will initialise the different agricultural
seasons. Then depending upon the user input of the month,
we assign it the respective season/s. For example, if the user

input is November, then we could assign it Rabi/ Winter
crops. Next, we parse through the data and select the three
crops that give the best yield in that particular season and
also the crops that give the best yield throughout the whole
year in that particular state and region. These would be in
two different data frames, one for the particular season and
one for the whole year. Along with this, we output the
temperature, rainfall, wind speed and humidity in which the
crop had previously given the same output. We also mention
the seed type to be used for each kind of soil for the crops in
different regions as the availability of seed and soil type
varies from region to region.
Theoutputofthisrecommendationfunctionwillbedisplayed on
a Graphical user interface (website) designed on Flask using
Python, where the user could input the required data and get
the output from the system.

Next, we will use a K-means clustering model. Firstly,
we will make an elbow graph to calculate the number of
clusters/optimal value of K that is required. We will be util
ising the Scikit-learn library for this purpose. Then we will
be using the t predict method to get the values of clusters.
This will be done in the form of an array where numbers
starting from 0 will represent the values of one cluster. Then
the clusters will be plotted using the scatter method of the
Matplotlib library. Each cluster centroid will be shown which
would represent the average value of a cluster about which
each crop would be plotted, and every cluster would be
represented by a different colour.

To study the relationship between the produce per area,
crops and the respective parameters, we would create several
3D graphs and scatter plots. The produce per area could be
taken as the Y-axis and crops as the X-axis and we could
change the Z-axis according to the parameters taken (here
temperature, rainfall, humidity and wind speed). We will also
study the relationship between soil and seed type using 2D
bar graphs and scatter plots using the Matplotlib, seaborn and
mpl_tool Kits in Python by taking soil as the X-axis and the
number of crops it supports growth for in Y-axis. Also, a
graph could be made by taking Crops as the X-axis and
Produce per area on the Y-axis to study which crop gives the
maximum produce per area in the particular region.

1.Naive Bayes:

Naive Bayes is a probabilistic classification algorithm
based on Bayes' theorem with an assumption of
independence between predictors.

In our project, Naive Bayes could be used to classify crops or
fertilizer recommendations based on the input parameters
such as temperature, rainfall, humidity, etc.

It works well with categorical data and can handle a large
number of features efficiently.

2.K-Nearest Neighbors (KNN):

KNN is a simple, instance-based learning algorithm used
for classification and regression tasks.

In our project, KNN could be employed to recommend crops
or fertilizers based on the similarity of environmental
conditions (e.g., temperature, rainfall) and historical data.

It works by finding the k-nearest data points in the training
set to the input data point and making predictions based on
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the majority class or average value of the k-nearest
neighbors.

3. Decision Tree Algorithm:

Decision trees are a popular supervised learning method
used for classification and regression tasks.

In our project, decision trees could be used to predict crop
yields or recommend suitable crops based on the input
parameters such as temperature, rainfall, soil type, etc.

Decision trees partition the feature space into regions and
make predictions by traversing the tree based on feature
values.

4.Random Forest:

Random Forest is an ensemble learning method that
constructs multiple decision trees during training and outputs
the mode of the classes (classification) or average prediction
(regression) of the individual trees.

In our project, Random Forest could be used to improve the
robustness and accuracy of crop and fertilizer
recommendations by combining predictions from multiple
decision trees.

It reduces overfitting and handles high-dimensional data
well, making it suitable for your project with multiple input
parameters.

5. IMPLEMENTATION:
A. DATACOLLECTION

Various data sets were collected during this step. Facing
a little difficulty, we found seven datasets related to our work
ow and need from Kaggle and a university website .
Name of datasets:

1. crop_production.csv
2. INBOMBAY .csv
3. INCHENAI.csv
4. INCALCUT.csv
5. INDELHI.csv
6. portblair.csv

7. rainfall in India 1901-2015.csv

The crop_production.csv contained all the states and their
districts. It contains data of 125 crops along with their
production of each crop and area it was sown in from the
year 2000 to 2014 for six seasons: Kharif, Rabi, Sum mer,
Winter, Autumn and the whole year. INBOMBAY.csv,
INCHENAI.csv, INCALCUT.csv, INDELHI.csv, port
blair.csv contain the daily average temperature of the cities
from the year 1995 to 2020. Rainfall in India 1901-2015.csv
has the average monthly rainfall of different subdivisions
across the country from the year 1901 to 2015. The soil,
seed, humidity and wind speed data were manually collected
from various websites like agricoop, Department of
agriculture government of Maharashtra ,weatheronline ,and
climate-org.

T
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FIGURE 2. Graph before applying InterQuartile range.
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FIGURE 3. Applying InterQuartile range.

B. PRE-PROCESSING DATA

Here, the collected datasets were combined and cleaned. We
uploaded our datasets on the Colab notebook and used
pandas data frame to drop the useless columns and retain the
ones important to us. We used NumPy, SciPy libraries for
our calculations. A few index columns were added for future
calculations. Interpolation, as represented in (3), was used to
nd the estimated value for the missing value in the dataset
statistically [45], [46], [32]. In our datasets, we have
established the value of certain numerical columns which
had NA values, such as the month columns for the rainfall
dataset.

dataframe nameinterpolate(method="linear’,direction
="forward’ inplace =True)

where data frame_name is the name of the dataset in use and
the interpolation is done in the forward direction lin early. In
the next step, the redundant and dirty data was eliminated
using the IQR and z-score method for detecting and deleting
the outliers and interpolated the data in a few datasets where
it was deemed t. The Interquartile Range Method as in (4.1-
4.4) was used to remove the outliers in the temperature
datasets. The 25th and 75th percentile are found, and then 1.5
is taken as the factor because considering only three
deviations is appropriate, i.e., 1.5 multiplied by 2, as
anything greater than or less than these deviations on the
sides above 75th and below 25th percentile will give
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inaccurate results [30].

Q! = dataframe_name[column_name].quantile(().25)
(4.1)

Q3 = dataframe_name[column_name].quantile(0.75)
(4.2)
IQR = Q3 -Ql (4.3)

output = dataframe_name
X [~ ((dataframe_name[column_name]
= (Ql — 1.5"IQR))
|(dataframe_name[column_name]
> (Q3 + 1.5"IQR))) 4.4)

where, Q1 and Q3 are the rst 25th and last 75th range and
IQR is the interquartile range. dataframe_name is the name
of the dataset in use and column_name is the column we
want to apply it to. In Fig. 2 the outliers before cleaning the
dataset are plotted and in Fig. 3, the cleaned dataset with no
outliers is plotted using matplotlib. Z score as shown in (5) is
also used to remove the outliers here. Z score is also used to
remove the outliers here. We take 3 as a factor here because
anything above a positive 3 and below negative three will
bring us inaccurate results and hence are outliers.

Constrains

= dataframe_nameselect_dtypes(include [numpynumber])
apply(lambdax numpyabs(scipystatszscore(x)) < 3) all(axis
1)dataframe_namedrop(dataframe_name index[ constrains]
inplace True)

where, dataframe_name is the name of the dataset in use and
x is the data we are performing z-score on.

C. MAP REDUCE

The MapReduce model was implemented on the cleaned
data, where the dataset is divided into key and column pairs.
For the INBOMBAY .csv, INCHENAI.csv, INCALCUT.csv
and INDELHI.csv, in the Map Function rst, we took the
month, year and region as the key and the temperatures are
taken as the value. Then in the Reduce Function calculation
was performed to nd the average monthly temperature of the
regions and store the month, year and region as the key and
the average temperature as the value.

The year and region will be stored in the key and the
respective parameter will be taken as the value month wise
for the Map Function. In the Reduce function, these
parameters will be calculated and assigned to crop seasons
like Rabi, Kharif, Autumn ,Winter, Summer, Whole Year,
and the temporary December and November temperatures
for the next year Rabi and Winter calculations. For the
rainfall in India 1901-2015.csv in Fig. 4, MapReduce was
performed to calculate cumulative rainfall in the different
agricultural seasons according to the dataset. The output for
the same is displayed in Fig. 5. For the Map function of the
crop dataset, the region, year, season and crop will be
assigned as the key and the produce and area will be taken as
the value. Then the Reduce function will calculate the
produce per area for each row of data where the region, year,
season and crop will form the key and produce per area will
become the value. The produce per area of all the crops was
found from the crop_production.csv dataset, which will
suggest a particular crop according to the region.

D. PYTHON RECOMMENDATION FUNCTION

The cleaned and map reduced data sets of rainfall
,temperature and crop production were combined along with
the manually collected wind speed, humidity, soil type and
seed type data to form one nal dataset. We took the input to
get the state, region and month from the user themselves as
depicted in Fig. 6. Next, on the basis of the month input by
the user, FIGURE 8. Landing page. FIGURE 9. Solutions
page. we assigned the agricultural season/s. After this,
depending upon the season assigned, we have parsed
through our data to collect the best yield of three crops in
the selected input region and state.

Besides this, we have extracted the top three crops giving
the best yield throughout the year. Then depending upon the
crop, the seed type and soil type with two different varieties
are suggested as availability of the soil and the varieties of
suitable and available seed types vary from region to region.
Further, the temperature, rainfall, wind speed and humidity
of the region at which the crop had given such stellar
outputs is also displayed for reference. This function runs
the provided input through the above algorithm to give a
favourable recommender output as shown in Fig. 7. We
have taken months of Rabi, Kharif, Summer, Winter,
Autumn and Whole year into consideration.

E. WEBSITE
Aminimalistic website is designed as a graphical user inter
face for the user. The front end of the website has been
made on Flask 2.0.0 in a virtual environment using Python
3, HTML 5.0, CSS3, Bootstrap 4 and Jinja2 templates. The
website has four pages: Home, About, Contact, Solutions.
The Home page, as shown in Fig., is a landing page to the
website. The About page gives some brief information on
what our website is and how to access different components
within the website. Next is the Contact page form, where the
users can send us messages or requests if required. And last
but most important is the Solutions page, which is shown in
Fig. It takes the desired input from the user and shows them
the predicted output, that is, the top three seasonal crops
with the best yield and the top three year-round crops with
the best yield along with the expected temperature, rainfall,
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wind speed and humidity for the input region which gave
that desired output. It also suggests two kinds of suitable
soil and the respective seeds where the crop can be grown as
shown in Fig.

YOUR RESULTS ARE HERE:

re Solloving crops tould be sown in the goven order sccording to your

1 Rice Arscanut

FIGURE 4: Shows the output of the
recommendation.

HORTH AND MIDDLE ANDAMAN

Produce per Ares

FIGURE 5: Bar graph of total production per area to crop.

¥

PRODUCE PER AREA

LLALL L LLLLEL L I
) /

CROPS

FIGURE 6 : Scatter plot of production per area to crop.

F. VISUALISATION

The super dataset is used to and the relation between
produce per area and a particular crop using a bar graph and
scatter plot for a particular region. It can be seen in the bar
graph rep resented in that sugarcane has the highest
production per area in North and Middle Andaman Region.
the scatter plot of the same region is made to plot the initial
produce per area and the crops before clustering to
differentiate before and after the k-means clustering
algorithm. The elbow graph has been plotted to nd the
number of clusters that should be made for a particular
regions crops according to its produce per area as shown in
a and b. The point where the graph bends give the number
of clusters the dataset should ideally have. The elbow of the
graph was found to be 2 for both Nicobars as well as
Ahmednagar, Maharashtra as can be seen in the gures. The
cluster ing algorithm is then applied and the clusters are
formed with the crops plotting their produce per area around
the cluster centroids. From the graph in a, we can deduce
that the mean produce per area of therstten crops in the
Nicobar is around 2.5 units and the mean produce per area
of the next ten crops in the graph is around 4 units. In
Ahmednagar, however, the clusters are formed in such a
way that most crops have a produce per area less than 1 unit
per area and hence have a cluster center of 0, as shown in
Fig b. While the other cluster is of crops giving very high
output per Area, giving an average of about 600 units. These
are usually oilseeds grown by farmers. Next, bar graphs
have been plotted to check the relationship between a soil
and the different types of seeds that can be sown in it. The
graphs in a and show 8 different types of soil found in the
Nicobar region and the number of varieties of seed that can
be sown in the same. Each soil type has been assigned a
number from 1 to 7, and the number of crops that can be
planted in a particular soil type is calculated and shown on
the y-axis. It can be concluded from the graph that Clay
Loam Soil holds the capacity to sow 17 crops with different
seed varieties. In Fig.15 b, Laterite (Red Clay), Clay Loam
and Sandy Loam show the highest capacity to sow crops.
Further, we have depicted 3D plots of the Andaman and
Nicobar Islands and the Ahmednagar region of Maharashtra.
The plots in Fig.16 a and b represent the relationship
between the crops, production per area and rainfall. a shows
the effect of rainfall on Andaman and Nicobar Islands
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whereas b shows the effect on Ahmednagar, Maharashtra. In
the case of Andaman and Nicobar Islands, a high pro duce
per area could be expected if the rainfall is around 500-
2000mm throughout the year. For Ahmednagar, it can be
seen that most of the crops give a high produce per area if
the rainfall is from 0 to 800mm every year.

area and wind speéd for Andaman and Nicobar Island

tage

“t percent.

Fig 7b:3D scatter plot showing the relationship between crop, production
per area and humidity for Andaman and Nicobar Islands.

This work can be further improved to eliminate the
problem of disproportion in the production and requirement
ratio if an aspect of humidity, wind speed can be added for all
the regions and will give a more accurate recommendation.
Factors like soil moisture, irrigation, cloud cover etc. may be
included in the system to re ne its output. Also, the
recommender can be modied to warn about the diseases that
can occur in a crop in a particular season and

suggest the types of fertilizers or nutrients needed in the soil
for the crop to grow and give its best yield.
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