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Abstract

Bangladesh, being an Agro-Economy based country, is lacking the technological im-
provements regarding Supply-Demand ratio of Food Supply to the citizens. Since the
recent price hike of onions in 2019, it is evident that such technological disadvantages
bring severe losses to the projection of demand of food items and can bring signifi-
cant hindrance to the economy of the country, adversely affecting the daily lives of
the people. Therefore, we propose this paper to bridge the gap between Production,
Consumption, Import-Export and Supply-Demand ratio using Linear Regression,
Polynomial Regression, and Random Forest Techniques on datasets including and
not limited to Average Min-Max Monthly Temperature, Average Monthly Rain-
fall and Humidity, Land Area-Production-Yield ratios, and Daily Consumption etc.
This static dataset contains previous years’ data taken from the Yearbook of Agri-
cultural Statistics and Bangladesh Agricultural Research Council of those crops ac-
cording to the area. The six year production period of 2013 to 2018 and the weather
data set of 2008-2018 of Bangladesh have been taken into account in the formation
of this dataset to corroborate learning and training of the algorithms and elevating
the accuracy rate of the projection. The Cultivation Area estimates acquired are to
be cross-verified with Satellite Images.

Keywords: Machine Learning; Weather Prediction; Land Area vs; Crop Produc-
tion Prediction
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Chapter 1

Introduction

1.1 Motivation

Bangladesh has a diverse rural population that produces a wide range of agricul-
tural products. Bangladesh is primarily an agricultural country. Because of its very
fertile land and favorable weather Crop varieties flourish in this country. In 2019,
Agriculture accounts for approximately 12.68% of the country’s GDP and employs
more than 45% of the total labor force. However, productivity has not been as
high as in developed countries. This is due to Bangladesh’s lack of technological
advancement required to feed such a large population, but still for export purposes.
Then one thing comes to our mind: if all the farmers could have access to mod-
ern technological facilities, our country would be far ahead because they are the
one who are pushing our economic growth rate and working hard for our country’s
better future. Our motivation arises to apply artificial intelligence in the farming
sector. We thought to introduce machine learning into farming, where the machine
will predict what and how much crops should and shouldn’t be cultivated based on
previous data. We gathered nearly 20 thousand databases of crop production and
area based on 2013 to 2017 year ends and set them to our machine-learning model
to predict how much crop should be cultivated in a specific area where agricultural
production will increase with minimal effort for our farmers and also farmers will
not have to face losses.

Another reason behind our motivation to work on this topic was businessmen in
Bangladesh have a propensity to raise the price of essential goods by creating a
drastic shortage of supply in the market through an unethical practice known as
”artificial market.” This problem has become a very critical issue during this pan-
demic and also in Ramadan month artificial marketing is very common. The Indian
government unexpectedly imposed a ban on onion export to Bangladesh in 2019, re-
sulting in a price spike. According to government statistics, the demand for onions
of the whole country is 24 lakh tons per year, with local producers meeting the
majority of our 16 lakh-tons requirement. The only way to meet the 8 lakh-tons
shortage is to import onions from other countries, especially India. But still the
price of onions went up to 50-70tk per Kg.To break the business syndicates we came
up with this idea to help our farmers to predict how much crops they need to culti-
vate to fulfill our needs.
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Another motivation was we wanted to work with a particular crop which has a
major effect on our agricultural sector for example rice, pulse, wheat. After re-
searching we found out a vast amount of work on our major crop Rice but we did
not find any past work on pulse. So, we got our motivation to work on the second
major crop of Bangladesh which is “Pulse”. But we came up with such an algorithm
where the machine will predict what and how much crops should and shouldn’t be
cultivated based on previous data for any crop.

1.2 Problem Statement

Agriculture is considered to be the lifeline of the Bangladesh Economy. Cereal crops
are the mainstay of Bangladesh Agriculture. It is said that Bangladesh is blessed by
nature through its favorable weather and fertile land. But through the passage of
time, fertility has reduced to a certain extent. In recent years, Bangladesh’s agricul-
ture sector has improved; the growth rate in crop yields has gone up. Even though
Bangladesh has achieved significant progress in agriculture, with an expanding pop-
ulation, planning for future cereal production and demand is crucial to meeting
the food security challenges in Bangladesh. Reducing the food insecurity problem
at national level requires that the production, cultivation and marketing system
to be efficient. In a subsistence agrarian economy of Bangladesh, domestic food
production has an important role to play in the quest for food security. To facili-
tate this planning, projections of future supply and demand for cereals are critical.
Moreover, there is a lack of knowledge and training among the farmers too. We
live in the 21st century but our farmers still depend on their conventional methods
and experience. Agriculture work in Bangladesh mostly has been done using back-
dated methods which prolongs the production of crops and fails to meet profitable
standards, further affecting our economy unfavorably. Our farmers face numerous
challenges, including lack of knowledge about soil, temperature, humidity which in
turn leads to decreased earnings, higher production cost, and problems in achieving
product quality. Moreover, in the current state of the world, the probabilities of
global warming and environmental pollution induced natural calamities cannot be
neglected. Along with that, threats of many emergencies, such as pandemics, polit-
ical issues, are constantly looming over us. To keep ourselves prepared to face such
difficulties, it is important to ensure the production of crops that not only fulfills
our demands, but also aids in survival of the victims of such incidents. However,
the core limitation of this thesis was data collection. We had to store these data
into numerous formats to perform the training and test on them with the machine
learning algorithm. The year wise data collection was strenuous. There was an
absence of a digital approach to preserve the agricultural data in various govern-
ment organizations as well. We had to overcome those difficulties. Simultaneously,
another hindrance was working with bulk amounts of data where we faced several
obstructions as well. The food insecurity of Bangladesh is not simply an economic
problem. To be able to reduce the food insecurity problem at national level requires
the food production and marketing system to be efficient. Therefore, it is really
important to predict, with accuracy and precision, the amount of crop that can be
produced in our country in any economic year to meet market demand.
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Chapter 2

Background Study

2.1 Literature Review

Machine learning is the branch of computer science that is utilized to construct
algorithms that exhibit self-learning properties i.e. learning which is done by the
machine itself subsequently the term “Machine Learning”. It is seen as one of
the noteworthy zones beneath Artificial Intelligence. To appear, the machine must
translate and analyze the input. After analyzing it the result information separated
from basically taking after the instructions on that information. Generally, that
is the thing that machine learning algorithms do. It makes a difference to create
superior choices within the future based on the cases that we provide. The basic
point is to allow the computer to learn automatically without human intercession
or offer assistance and control activities thus. It may be a major field in computer
science that is being utilized in different shapes of dynamic technological develop-
ment programs all around the world. These studies have also been expanded to the
realm of agriculture in order to predict future outcomes. Researchers have already
attempted to estimate future crop yields using data science and machine learning
approaches. Machine learning algorithms are already being used by researchers to
generate predictions. [8] Author K. Kaur uses machine learning in several appli-
cations in Indian agriculture in another study [1]. The numerous uses of machine
learning techniques in agriculture, such as crop selection and crop prediction, are
listed in this study. Crop Disease Prediction, Yield Prediction, Weather Forecasting,
Smart Irrigation System, Crop Disease Prediction, Deciding the Minimum Support
Price. These approaches will increase field productivity while reducing farmers’ in-
put efforts. Along with advancements in farming tools and technology, relevant and
accurate knowledge of several topics also plays an important role. [2] Satellite data
was also used by researchers to predict the temperature in crop-growing areas [7].
However, because this strategy requires access to real-time satellite data, it will be
inaccessible to the majority of people. Furthermore, this method’s accuracy was
found to be insufficient. The weather has a significant impact on agricultural pro-
duction. It has a significant impact on a crop’s growth, development, and yields,
as well as the occurrence of pests and diseases, water requirements, and fertilizer
requirements. In another paper they mainly focused on the K-means clustering and
Regression model to predict rainfall throughout our country so that people could
predict the possibilities of flooding earlier and could take proper risk management
systems [10]. As Bangladesh has floods almost every year so it is very important
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to take precautions before it hits. They have used ENSO (El Nino Southern Os-
cillation) index over others (AO, AAO, NAO) as it has a correlation coefficient of
zero when conducting stimulation. ENSO helps to measure sea surface temperature
and atmospheric pressure. They have contacted BMD (Bangladesh Meteorological
Division) to select their regions based on previous records from the year 1980-2016
which are Dhaka, Khulna, Bogra, Barisal, Bhola and Cox’s bazaar. They have
shown rainfall comparisons between the months of June, July, August, September
and October. They got closer values to the actual ones eliminating the points that
didn’t form clusters. They have mainly focused on 35 stations across Bangladesh.
Although they mentioned degree tree but did not show any graph for the technique.

However, this paper models the agricultural yield and profit margin prediction [3]
of Pulses for upcoming years in Bangladesh perspectives. The paper uses Decision
Tree Algorithm, Linear Regression Analysis Technique, Support Vector Machine,
and Random Forest to achieve the results with Decision Tree providing the highest
accuracy factor. This paper achieves Crop Selection and Yield prediction method-
ologies with maximizing Yield with minimum Effort. The weather data collected
consists of Monthly Average Humidity, Maximum-Minimum Temperature, and Hu-
midity over 35 weather stations of Bangladesh from the year 2008-18. The pro-
duction data consists of District/Division wise Area-vs-Production data of 8 breeds
of pulses ranging from the year 2013-18. Using datasets of max-min Temperature,
average Rainfall, Land Types, Chemical Fertilizer Usage, Soil Types, Soil Moisture,
Soil Texture, Soil Consistency and Soil Consistency of Agricultural Zone [6]- 46 col-
lected from Soil Resources Development Institute (SRDI), Bangladesh Agricultural
Research Council (BARC) fed into algorithms of Deep Neural Network, Artificial
Neural Network, Support Vector Machine, Logistic Regression and Random For-
est on 3 major variants of Rice, Wheat, Jute and Potato. The paper proposes
ANN to provide the highest average accuracy of 95% over other algorithms. The
datasets used ranges from Temperature, Humidity, Sunshine, Price Diversity and
Area allocated for production collected from Bangladesh Agricultural Development
Corporation (BADC) Bangladesh Rice Research Institute (BRRI), and Ministry of
Agriculture respectively for the areas Gazipur and Pabna to calculate profits per year
and compare accuracy [5]. This paper projects the Food Production, Requirement
and Surplus/Deficit situation using a rough and crude estimation method called
Ohkawa’s Equation commonly used in Business/Economic Modeling. The paper
takes into consideration the Annual Growth Rates of Land Area-Production-Yield
Rates, Imports, Food Aids, Safety Nets, Domestic Procurement and Public Distri-
bution, Post-Harvest Losses, and Food Requirements to build a relationship between
Production Growth, Consumption Growth and Supply-Demand Gap. The dataset
contains details on crops’ yield per hectare (Metric. Ton), average of minimum and
maximum temperature, rainfall, year range, and region. Analyzing this data, the
algorithm gives the result which predicts the most profitable crop in a particular
region at a point in time. For the accuracy of the prediction, data of the past twelve
years is being used by the algorithms for the purpose of learning and result analy-
sis. The app also provides basic instructions on the cultivation process, irrigation,
fertilization and harvesting for each crop cited by the Department of Agricultural
Extension, Bangladesh which will facilitate the farmers in using scientific farming
methodologies and reaching the preferred output mark. The datasets had been
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collected from Bangladesh Agricultural Research Institute (BARI) [9], Bangladesh
Bureau of Statistics (BBS), Ministry of Agriculture, and Bangladesh Bank Reports
for income elasticity and FAOSTAT for food requirements. Analyzing this data,
the algorithm gives the result which predicts the most profitable crop in a particu-
lar region at a point in time. For the accuracy of the prediction, data of the past
twelve years is being used by the algorithms for the purpose of learning and result
analysis. The paper aims to maximize the economic growth in terms of production
and profit for both the country and farmers alike. This paper directly correlates
the Production, and Supply-Demand situations of food cereals of Bangladesh [4].
Taking into consideration the Area-Production-Yield Ratios, Seasonal Acreage and
Yield, Total Fertilizer Sales and Price, Wholesale Rice Price, and Monsoon Rainfall,
and Population Expansion; the paper uses QUAIDS Model to project the rise in
Demand and essential Supply of food grains 3 variants of Rice (Local and HYV)
and Wheat with an average error of 10% [4]. The datasets have been collected from
the Bureau of Statistics [6] , Bangladesh Meteorological Department, Ministry of
Finances and Planning, and UN Department of Economic and Social Affairs (UN
DESA) for population expansion. We want to provide something to the farmers
that will help them to continue their production without any hassle as well as the
consumers will get an unstoppable supply of products so that none will be affected
by the natural disasters that occur every year in Bangladesh. We want to ensure
that the supply and the demand of the products are cohesive with one another.

2.2 Algorithms

2.2.1 Decision Tree

The Decision Tree algorithm belongs to the family of supervised learning algorithms.
Unlike other supervised learning algorithms, the decision tree algorithm is used to
solve regression and classification problems. Decision Tree Analysis is a general,
predictive modeling tool that has applications spanning several different areas. A
decision tree (also referred to as a classification tree or a reduction tree) is a pre-
dictive model that maps from observations about an item to conclusions about its
target value.[1] The general motive of using the Decision Tree is to create a training
model to predict class or value of target variables by learning decision rules inferred
from preliminary data(training data). It is a tree-structured classifier, where inter-
nal nodes represent the features of a dataset, branches represent the decision rules
and each leaf node represents the outcome. Decision nodes are used to make any
decision and have multiple branches, whereas Leaf nodes are the output of those
decisions and do not contain any further branches.

Attributes of Decision Tree:

Root Node: The root node is from where the decision tree starts. It represents
the entire dataset, which further gets divided into two or more homogeneous sets.

Leaf Node: Final output node of a decision tree is called the leaf node. The tree
cannot be segregated further after getting a leaf node.
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Splitting: Splitting is the process of dividing the decision node/root node into sub-
nodes according to the given conditions. Branch/Subtree: A tree formed by splitting
the tree.

Pruning: Pruning is the process of removing unwanted branches from the tree.

Parent/Child node: The tree’s root node is called the parent node, and other nodes
are called the child nodes.

Figure 2.1: Decision Tree

Decision Tree Algorithm Pseudocode

1. The Decision tree begins with the root node, which contains the complete dataset.

2. Feature values are preferred to be categorical. If the values are continuous,
then they are discretized before building the model. [3]

3. Recursively makes new decision trees using the subsets of the dataset. Con-
tinue this until a stage where it cannot be further classified and call it the final node
as a leaf node.

4. Some statistical approaches are used in order to place the attributes as root
or the internal node.

Except having over-fitting issues, Decision tree is the most easily understandable
and most widely used algorithm. The understanding level of the Decision Trees
algorithm is easy compared with other classification algorithms. Decision Tree can
represent any Boolean function on discrete attributes. It is best for non-linear
decision-making with a simple linear decision surface

6



2.2.2 Random Forest

Random Decision Forest or Random Forest is a supervised learning algorithm and
one of the well-known methods that are utilized by researchers to generate predictive
models. This method can be utilized for both regression problems and classifica-
tion. It is mostly used for its simplicity and diversity. Random forest ensembles
Decision Tree. It builds numerous decision trees and blends them to induce a more
precise and steady prediction. While growing the trees, rather than searching for
the foremost important feature while splitting a node, it searches for the best feature
among a random subset of features. The greater number of trees in the forest leads
to higher accuracy and prevents the problem of over fitting [1].

Figure 2.2: Random Forest

Random Forest works in two-phase first is to create the random forest by com-
bining N decision tree, and the second is to make predictions for each tree created
in the first phase. The Working prepare can be clarified like below:

Step-1: Select arbitrary K data points from the training set.

Step-2: Build the decision trees associated with the selected data points (Subsets).

Step-3: Choose the number N for decision trees that you want to build.

Step-4: Repeat Step 1 2.

Step-5: For new data points, find the predictions of each decision tree, and as-
sign the new data points to the category that wins the majority votes.

Since Random forest combines numerous trees to anticipate the class of the dataset,
it is conceivable that a few choice trees may foresee the correct output, whereas
others may not. But together, all the trees foresee the correct output. The main
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limitation of random forest is that an expansive number of trees can make the algo-
rithm too slow and ineffectual for real-time predictions

2.2.3 Linear Regression

Developed by the field of statistics but proven to be very effective in the field of
machine learning, Linear Regression is one of the most well-known models which
predicts the output for the set of values (y) given that the input value is (x) and
the output value is (y). As such both the input and output variables are numeric.

If the method consists of a single variable (x) then it is referred to as the sim-
pler regression. Whereas, with multiple variables, the method is basically known as
multiple linear regression.

A factor is assigned to each input value which is known as the coefficient of the
linear equation. When there are multiple outputs in higher dimensions, the line is
called hyper-plane. The representation therefore is the form of the equation and the
specific values used for the coefficients.

The process to find the best optimized model among various options can be achieved
by the R-squared method. The R-squared model is a statistical method that mea-
sures the strength of the relationship between the independent and dependent vari-
ables where the high value of R-square determines the less difference between the
predicted values and actual values and hence represents a good model. It is also
called the coefficient of determination. The formula is given below:

Figure 2.3: Linear regression R-squared Function

Linear regression plots a straight linear line in a diagram of scattered recorded
points. The equation for the straight line or the best fit line is where one or more
independent variables can be used to calculate the value of a dependent variable.
The best fit line is found out by decreasing the average distance of original value
to the points on the linear equation. This distance is called the cost function. The
formula is given below:
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Figure 2.4: Linear regression cost function

To prevent the increase of R- squared value in a regression analysis, the unimportant
variables are removed from the analysis with the development of the regression
model. Therefore, the removal process is important in order to provide optimal and
accurate results of the analysis.

2.2.4 Polynomial Regression

Polynomial regression is a type of regression analysis where it shows the relationship
between the independent and dependent variables are represented by an nth degree
polynomial.The Polynomial Regression equation is given below:

y= b0+b1x1+ b2x12+ b2x13+...... bnx1n

Polynomial provides the best approximation of the relationship between the de-
pendent and independent variable.Polynomial can accommodate a broad range of
curvature and it fits with the method of least squares. In machine learning, it’s
also known as the special case of Multiple Linear Regression since we transform
the Multiple Linear regression equation into Polynomial Regression by adding some
polynomial terms. It’s a linear model that’s been modified a little to improve accu-
racy. The training dataset for polynomial regression is nonlinear in nature. To fit
into the complicated and nonlinear functions and datasets, linear regression model
is used. When we apply a linear model to a linear dataset, we get a decent result, as
we have seen in Simple Linear Regression, but when we apply the same model to a
non-linear dataset without any modifications, we get a drastic result. As a result of
the increased loss function, the error rate will be high, and accuracy will be reduced.
Therefore we need the Polynomial Regression model when data points are organized
in non-linear form.

Steps for Polynomial Regression:

The main steps involved in Polynomial Regression are given below:

• Data Pre-processing

• Build a Linear Regression model and fit it to the dataset

• Build a Polynomial Regression model and fit it to the dataset

• Visualize the result for Linear Regression and Polynomial Regression models.

• Predicting the output.
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Chapter 3

Methodology

3.1 Data Collection

The primary data is collected from the Yearbooks of Agricultural Statistics 2013/14
to 2018/19 as published by Bangladesh Bureau of Statistics (BBS). We have been
presented with Area vs. Production Yield of 136 crops ranging from years 2013 to
2018, Average Monthly Rainfall, Humidity, and Max-Min Temperatures of 35 sta-
tions across the years 2008 to 2018. All the data have been presented in tabulated
forms in .pdf files, which were then processed to .xl file format.

Figure 3.1: View of unprocessed dataset

The dataframes were then converted to .csv files with Microsoft Excel.

Thereafter, we had formulated 5 .csv files-
1. Area vs. production (2013-2018)
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2. Average monthly Humidity (2008-2018)
3. Average monthly Rainfall (2008-2018)
4. Average monthly Maximum Temperature (2008-2018)
5. Average monthly Minimum Temperature (2008-2018)

Following the conversion of the .pdf files, the new .xl files were in need of heavy
clean-up. This encompasses removal of null values, appropriately dispatching miss-
ing values, and detethering and removal of joint rows and columns.

Figure 3.2: Extracted and cleaned dataset
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Figure 3.3: Extracted and cleaned dataset(contd.)

Furthermore, we have intended the use of the Predictive Algorithms-

1. Supported Linear Regression
2. Polynomial Regression
3. Decision Tree Regression
4. Random Forest Regression

Finally, the results of the regression models are to be compared for maximum accu-
racy, and the algorithms with highest accuracies are to be processed for calculating
the Consumption to Market Requirements.

12



3.2 Work Plan

Our prime objective is to forecast the production of the crops in the upcoming
years. Therefore, we must obtain the most accurate prediction algorithm. The
dataframes are in need of further processing, i.e, the prediction algorithms cannot
process ‘String’ type variables. So, the districts must be converted to ‘Integer’ types.
This infers to assigning numbers corresponding to the districts, stations, and crop
types.

Next, a crop type is to be selected for processing into the predictive algorithms.
Case in point, Pulse type Gram labelled as Crop101. But, the Area and Production
data values range from 0 to over 10,000 depending upon crop types and region.
Therefore, after a crop type has been selected, it has to be split into further Major,
Media, and Minor subsets. These subsets are to be individually fed into the algo-
rithms to obtain most precise results.

These results are compared against the others to select the most effective algo-
rithm, and used to calculate the Production of said crop corresponding to the Year.
Then the production data is to be used to calculate the consumption to demand
gap.

The flowchart as shown summarizes the workflow procedures.
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Figure 3.4: Workflow Diagram
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Chapter 4

Implementation & Analysis

4.1 Data Processing

Firstly, the dataframes were converted from .pdf to .xl format. Following the con-
version, the dataframes required cleanup. The .xl files showed merged rows and
columns, multiple inputs in a single cell etc that had to be sorted manually via
inspection. Null values were eliminated, missing values were appropriately assigned.
For example, in the Area vs. Production datasets, districts with no production of
certain crops were marked with the character ‘-’. These conditions were replaced
with integer ‘0’.

Other cases in the Weather datasets, Stations with missing records of meteoro-
logical data had marked the cells with ‘-’. For such cases, the average of the data for
the Station for all of the designated months has been used to replace the ‘-’ assigned
to the month’s data in scope.

In the next step of the data processing, all the names of the districts and sta-
tions were assigned predetermined numeric values as shown in the following image.
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Figure 4.1: Names and Numbers

A total of 72 district names (64 districts, 8 divisions), 8 variants of Pulses, and 35
stations were to be reassigned. This operation was made successful by iterating mul-
tiple replacement functions provided by Microsoft Exel application. The following
image shows numeric representation of the ‘String’ data types that are now assigned
‘Integer’ values to be processed by the algorithm.

16



Figure 4.2: Production dataset; ‘String’ replaced with ‘Int’

In the next step, the Area and Production of test Crop 101 over the years 2013 to
2018 are to be extracted into a .csv file. This new dataframe has to be parted into 3
ranges Major, Median, and Minor. For test Crop 101, the first operation is sorting
the dataframe in the ascending order of ‘Year’ and ‘Area’.

Next, we are to set ranges to Minor, Median, and Major classes. We have judged
the distribution of values of the Crop 101 dataframe, and deduced-

1. Minor range: 0-199 acres
2. Median range: 200-999 acres
3. Major range: 1000+ acres
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In conclusion of which, the datasets are ready to be processed into the algorithms.

Figure 4.3: Major Dataset

Figure 4.4: Median Dataset
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Figure 4.5: Minor Dataset

4.2 Algorithm

We start by loading the datasets in the algorithms. First we upload the Crop 101
Median dataset labelled C101 Median.

Figure 4.6: Loading Median Dataset

Which displays us with the contents of the ‘df’ dataframe that we shall be working
on.
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Figure 4.7: Median Dataframe

Addition of +1 to ‘df.index’ as shown in Figure 4.2.1 results in the Median Dataframe
index to start from 1 instead of 0 as displayed in Figure 4.2.2. The application of
indices is significant, since it is used for visual ease of interpretation by human users,
also to identify and/or concat/merge in various levels of subset dataframes are gen-
erated to operate the predictive algorithms. This shall be further displayed and
discussed in Section 4.3 Result Analysis.

Loading operations similar to the action in Figure 4.2.1 are to be taken for Crop 101
Major and Minor Dataframes labelled C101 Major, and C101 Minor, on separate
algorithms.

Figure 4.8: Loading Major Data frame
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Figure 4.9: Loading Minor Data frame

Which displays the Major and Minor dataframes with (54 rows;5 columns), and (293
rows;5 columns).

Figure 4.10: Major Data frame
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Figure 4.11: Minor Data frame

Our target is to isolate data of Year 2018 for Training and Testing. We shall first
set the ‘x’ parameter to consist of ‘District’, ‘Crop’, ‘Year’, and ‘Area’. And, the ‘y’
parameter is to contain ‘Production’. This step is common for all the 3 subset data
frames.

Figure 4.12: Setting ‘x/y’ Parameter

In the Major, Median, and Minor dataframes, indices 46, 69, and 243 mark the re-
spective starting index of Year 2018. Henceforth, we shall begin Train-Test Splitting
by calculating the percentage of data in the year 2018 as opposed to the past years
2013/17. This action corresponds to-

1. Major Dataframe- 16.6667% [Figure 4.2.8]

2. Median Dataframe- 13.92405% [Figure 4.2.9]

3. Minor Dataframe- 17.4061% [Figure 4.2.10]
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Figure 4.13: Major data frame train-test-split

Figure 4.14: Median data frame train-test-split

Figure 4.15: Minor data frame train-test-split

‘Shuffle’ command is set to ‘False’ for the purpose of maintaining the ascending order
of indices and ‘Area’ parameter to provide visually inspectable displayable output.

Table 4.16 displays the ‘y test’ dataframes that are the constituent subsets of Ma-
jor, Median, and Minor subset dataframes of the district wise Area vs. Production
record of Pulse variant Gram labelled Crop 101 over the years 2013 to 2018.

Figure 4.16: View of Major, Median and Minor Dataframes
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In the following sections we shall discuss our proposed algorithms-

1. Linear Regression
2. Polynomial Regression
3. Decision Tree Regression
4. Random Forest Regression

The blocks of codes that are to be discussed are reusable for all degrees of Major,
Median and Minor dataframes for all Crop Variations. The only change required is
to set the index at designated lines to the starting index of Major, Median or Minor
dataframe in scope.
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4.2.1 Linear Regression

Figure 4.17: Code for Linear Regression

In this section we see the implementation of Linear Regression for the C101 Major
dataset. The changes between Major, Median, and Minor datasets is the addition
of +46, +69, and +243 respectively to ‘pred1.index’ at line 6.

Linear Regression appeared to be the least complex code to implement. In the
first line we call in the module to initiate linear regression. We generate the object
‘model’ of class ‘LinearRegression()’ and use ‘model.fit()’ function to fit the xTrain
and yTrain variables into the linear regression algorithm for learning. Next we use
‘model.predict()’ function fed ‘xTest’ to predict the ‘Production’ of Crop 101 in
the year 2018, which is then stored into ‘prediction’. The result of prediction data
in ‘prediction’ are in list form and starting index from 0. We have converted the
results into a dataframe labelled ‘pred1’, and added +46 to ‘pred1.index’, and set
column name to ‘Pred. Production’. The index of ‘Pred. Production’ dataframe
starts from 46, which will be the merge location when we concat the dataframes
‘xTrain’,’yTrains’,’pred1’, and ‘diff1’ which is the root squared difference between
the predicted results and actual ‘Production’ data.
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4.2.2 Polynomial Regression

In this section we see the implementation of Polynomial Regression for the C101 Median
dataset. The changes between Major, Median, and Minor datasets is the addition
of +46, +69, and +243 respectively to ‘pred2.index’ at line 9.

Figure 4.18: Code for Polynomial Regression

Firstly, we import ‘PolynomialFeatures’ functions from ‘sklearn.preprocessing’ class.
This is for our aid in setting the degree of polynomial curve, fitting, training, and
prediction. In the parameter ‘poly’, we had set the ‘degree=3’, which shall generate a
curve with 3 maximum-minimum points. The following lines are the actions required
to fit ‘xTrain’ in the polynomial learning methods by converting the dataframe to
a polynomial function. As we store the result of the regression in ‘poly prediction’,
we receive the results as a ‘List’ type. Therefore, we convert the result into the
dataframe ‘pred2’ and add +69 to its index, which is the starting index for the
C101 Median range for Year 2018. Finally, we change the column name and calcu-
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late the root squared difference.

4.2.3 Decision Tree Regression

In this section we see the implementation of Decision Tree Regression for the C101 Minor
dataset. The changes between Major, Median, and Minor datasets is the addition
of +46, +69, and +243 respectively to ‘pred3.index’ at line 7.

Figure 4.19: Code for Decision Tree Regression

Another simple implementation of a very effective algorithm. Firstly, we import
the ‘DecisionTreeRegressor’ as object ‘d regressor’, where we pass in the dataframes
‘xTrain’, and ‘yTrain’ to fit the prediction algorithm and train itself. Then, we feed
‘xTest’ into function ‘d regressor.predict()’, which returns the ‘List of lists’ type
result of the predictive algorithm is stored into the object ‘d prediction’, which is
further converted to the dataframe ‘pred3’. the dataframe column is set to read
‘Pred. Production’, and ‘pred3.index’ is added +243, that corresponds to the start-
ing index for the year 2018 of C101 Minor. Next, the root squared difference ‘diff3’
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is calculated and formed into a dataframe.

4.2.4 Random Forest Regression

In this section we see the implementation of Random Forest Regression for the
C101 Minor dataset. The changes between Major, Median, and Minor datasets is
the addition of +46, +69, and +243 respectively to ‘pred4.index’ at line 9.

Implementation of Random Forest Regression requires finesse and understanding
of how the algorithm operates to maximize the output efficiency.

Figure 4.20: Code for Random Forest Regression

In Random Forest Regression, we first establish the operational parameters ‘n estimators’
to 250, which shall generate 250 Decision Trees in the ensemble. Each Decision Tree
in the Forest of depth 242, as per the amount of rows present in the ‘xTrain’ dataset
of C10 Minor. These parameters are set for maximizing the accuracy of the pre-
diction. Lower estimates result in lower accuracy, and higher estimates provide no
further significance to the accuracy.

All the other operations are similar to Decision Tree discussed in section 4.2.2, as
in, fitting and training ‘rf regressor’ with ‘xTrain’, and ‘yTrain’, making prediction
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results with ‘xTest’ by ‘rf prediction’, forming dataframe ‘pred4’ and adding +243
to ‘pred4.index’. The root squared difference ‘diff4’ is then calculated.

4.3 Result Analysis

In this section, we shall discuss the results obtained from the algorithms of section
4.2.Among the 4 algorithms, Decision Tree and Random Forest Regressor appear to
display the most accurate results. The lesser amount of data points available has
greatly affected the training capacity of all the regression models; the contrast is
evident from the amount of data points present in each Major,Median, and Minor
subsets of Pulse type Gram labelled as Crop 101.

4.3.1 Linear Regression

Figure 4.21: Crop101 Major Linear Regression Result
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Figure 4.22: Crop101 Median Linear Regression Result

Figure 4.23: Crop101 Minor Linear Regression Result
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Linear Regression appears to be the second least accurate among the four algorithms.
This is primarily due to the straight line that is projected along the data points..
Even if there were numerous data points available, Linear Regression would still
provide the least accuracy since the data points are distributed over a wide range
of ‘x’ variables. A straight fitting line shall always overfit and/or underfit the data.
As seen on index 47 of Figure 4.3.1.1, the predicted production is 452.43 tonnes
where the actual production stands at 803 tonnes, which is 350.57 tonnes greater.
Even though District 2 has seen 5 repetitions from years 2013/17, the straight lines
generated by the linear regression algorithms have undermined the production of
District 2 greatly. C101 Minor has the largest dataframe, and projects the results
clearly. It shows evidence that, with lower values of ‘Area’, the line is overestimat-
ing the predicted results. And with increasing value of ‘Area’, the line begins to
underestimate the predicted results. By sheer chance, the addition of the excess
production predicted by the algorithms outweigh the underestimated production of
District 2, such feats shall never be relied upon when the requirements of a nation
are in scope.

4.3.2 Polynomial Regression

Figure 4.24: Crop101 Major Polynomial Regression Result
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Figure 4.25: Crop101 Median Polynomial Regression Result
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Figure 4.26: Crop101 Minor Polynomial Regression Result

The least accurate algorithm. However, the previous statement is partially cor-
rect, since Polynomial Regression appears to display far superior performance for
C101 Minor dataframe. The falter in C101 Major and C101 Median is that, the
range defined is of too broad spectrum, and the 3rd degree curve generated by poly-
nomial regression, for larger values of ‘Area’, intersects points few and far between
the actual points of ‘Production’. This is the reason why Polynomial Regression
shows large discrepancies for smaller datasets with broad ranges of ‘x’ values. How-
ever, the case for C101 Minor is quite satisfactory. This dataframe is of a tighter
range 0 to 199 acres of ‘Area’, and consists of 293 rows, which is almost 6 times
the data available compared to C101 Major, and C101 Minor dataframes. The
curve generated by the polynomial regression for this dataframe follows through
very closely to the actual data points.
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4.3.3 Decision Tree Regression

Figure 4.27: Crop101 Major Decision Tree Regression Result

Figure 4.28: Crop101 Median Decision Tree Regression Result
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Figure 4.29: Crop101 Minor Decision Tree Regression Result

First of the 2 most accurate algorithms. Rarely displays large discrepancies for
smaller dataframes with broad range distribution of C101 Major and C101 Minor.
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Perfectly accurate predictions have been achieved for some data points of Crop101 Median,
which is due to the range being tighter than Crop101 Major; respectively, 200 to
999 acres as opposed to 1000+ which exceeds 5000 acres of cultivated ‘Area’. The
previous statement is further certified by figure 4.3.3.3, which displays the regres-
sion result for C101 Minor. This dataframe consists of a tight range 0 to 199 acres,
and 293 rows of data points. The algorithm has truly liberated its potential and
provides the most accurate and desirable predictions. The modal class stands at
less the 3 tonne difference with the most repeated numbers, in ascending order, are
0,1,3. Decision Tree is a prime candidate for future developments.

4.3.4 Random Forest Regression

Figure 4.30: Crop101 Major Random Forest Regression Result
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Figure 4.31: Crop101 Median Random Forest Regression Result
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Figure 4.32: Crop101 Minor Random Forest Regression Result
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The second most accurate predictive algorithm. Since this Random Forest generates
250 Decision Trees, the results are deemed to be more accurate as opposed to De-
cision Tree Regression. However, the claim deserves more consideration. Because,
both Decision Tree Regression and Random Forest Regression may seem to display
nearly the same results for C101 Major and C101 Median dataframes. In reality,
Decision Tree displays more precision and accuracy for broad range : low datapoint
datasets as the 2 aforementioned subset dataframes. Random Forest displays oth-
erwise, since its results are derived from 250 other decision trees, and is outmatched
by the precision of a single decision tree. But, in case of the tighter range : higher
datapoint dataset like C101 Minor, Random Forest and Decision Trees are both
extremely viable, desirable, and potent algorithms.
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Chapter 5

Conclusion

5.1 Overview

In this paper, we have established the essential methods to project the production
of crops in the upcoming years. The proposed methods are commercially applicable
to all variants of crops that are cultivated in Bangladesh and/or any other country.
Bangladesh Bureau of Statistics (BBS), Bangladesh Agriculture Research Centre
(BARC), Bangladesh Meteorological Department (BMD), and all other associated
and affiliated institutes already possess the necessary production and weather data
in .xls or .csv format. The transposition operation discussed in section 3.1 is not
necessary in commercial approaches. We shall summarize the critical processes as
follows-

1. Appropriately dispatch null and missing values. [Section 3.1]
2. Assign predetermined ‘Integer’ values to all ‘String’ type data points. [Section
4.1]
3. Sort dataframe in the ascending order of ‘Year’ and ‘Area’ or ‘Production’ [Sec-
tion 4.1]
4. Designate appropriate ranges to the data point indices and split the dataframe
to subset dataframes. [Section 4.1]
5. Sort the resultant subset dataframes in the ascending order of ‘Year’ and ‘Area’.
[Section 4.1] 6. Process the subsets into the algorithms individually. [Section 4.2]
7. Tabulate and analyze the result provided by the prediction algorithms. [Section
4.3]

In the next step, we process the consumption of Pulse variant Gram labelled Crop
101 for the year 2018.

According to United Nations’ World Population Prospects- in the year 2017, the
population of Bangladesh stood at 156.5 millions, with a population growth of 1.08%.
According to FAOSTAT 2018, a total of 5.4 kg per capita per year pulses are con-
sumed.
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Figure 5.1: Population Growth-Pulse Consumption-Production Deficit

In 2018. a total of 394,890 tonnes of pulses have been produced, and 914,200 tonnes
were consumed. The numbers stated are not absolute. Primarily because, the con-
sumption rate of pulses 5.4 kg per capita per year is a mean estimation. Secondly,
approximately 15% of total production is allocated to several safety net protocols
and food storage programmes. Bangladesh is being bombarded with tropical storms
and flash floods every year, therefore, the food storage programs are constantly in
effect. Apart from that, several trade procedures pertain to export/import of several
food/cash crops. The deficit in consumption is then to be considered to estimate
the amount of pulses that needs to be imported from international sources.

5.2 Research Challenges

Our research is a fruitful product of manual labor through several difficulties that
we had to validate with appropriate solutions. The list below portrays some of the
challenges-

1. There is nor .xls or .csv formatted production data available online, so we had to
collect datasets from Yearbooks of Agricultural Statistics 2013/19.
2. All the data were in .pdf format, so we had to formulate several methods and
approaches to extract the data with Microsoft Excel.
3. The data extracted from .pdf files into .xls were beyond unorganized. There
had been several rows between rows, columns between columns, merged rows and
columns, several data points inserted in a single cell, etc. The dataset demanded
manual scrutiny and cleanup.
4. Since the machine learning algorithms cannot process character type data, ‘Dis-
trict’ and ‘Crop’ data as ‘Strings’ are required to be converted to ‘Int’ types. This
designated label encoding function is extremely complex via the algorithm, and
built-in swift label encoding protocols randomly assign integers to strings. These
‘int’ values are randomized in every iteration, making identification and analysis
extremely difficult by humans. And so, 3702 rows of data had to be manually in-
spected and label assigned via multiple built-in replacement methods and iterations
via Microsoft Excel before processing into the algorithms.
5. The datapoints in ‘yTrain’ dataset fluctuate within a very broad spectrum, so,
one algorithm shall not suffice for all variants of a crop. Therefore, each crop variant
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must be individualized. 6. Even for single crop variants, the ‘Area’ and ‘Produc-
tion’ datasets are on a broad range, and operating the predictive algorithms on the
broad dataset displays ridiculously inaccurate results. Therefore, the dataset for a
single variant must be split into tight ranged subset (Major, Median, Minor), and
each subsets must be operated on individually. For commercial use, a single, more
sophisticated algorithm may be professionally developed.
7. Due to the non-availability of elaborated production data for the years prior to
2013, the smaller datasets of Median and Major ranges are greatly affected by inac-
curacies of predictive algorithms. The elaborate datasets in question are present in
the archives of affiliated authorities, but are not made accessible to the public/ for
research purposes.
8. The total number of Weather Stations provided measure half of the District
count, 35 stations as opposed to 75 individual ‘District’ data points. Moreover, not
all weather stations correspond to the district of production of Crop 101. The re-
sultant dataset generated for Weather to Production correspondents was miniature,
shall provide extremely inaccurate and skewed results, and not a feasible commer-
cial approach. The same procedure for the projection of crop production discussed
in Section 5.1 can be repurposed for accurate projection of future meteorological
effects. A part of which has been our preliminary research observation with crude
unoptimized algorithm, trained with the year 2008 and tested on the year 2009 on
Average, which still processed comparably desirable results.
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Figure 5.2: Results of prediction on Average Humidity

Of the four algorithms, algorithms, Linear and Polynomial regressions provide the
maximum accuracy and least variance. This is primarily due to the tight variance
in humidity data points across the ‘Stations’. If the humidity had been highly fluc-
tuating data points similar to ‘Area vs. Production’ datasets, then-

Firstly, the dataframe again required to be split into subset dataframes. Secondly,
due to the fluctuations, lines and curves generated by Linear and Polynomial Regres-
sion shall greatly underestimate/overestimate the resultant predicted data similar
to results in Section 4.3. Decision Tree and Random Forest regression shall again
prove worthy contenders.

9. From our ventures into Satellite Image Analysis, we have drawn that- not all
satellites in Earth orbit cover the Land area of Bangladesh. Whichever satellites do
cover an area, consecutive images are at a minimum of one year apart. Whatever
images are found, only the vegetated areas and farmlands can be identified. Closer
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zoom distorts the resolution of images to the extent that the crop types cannot be
identified. Better resolution of the areas are zoomed images from farther away, for
which, again, the crop types cannot be identified. The use of satellite image pro-
cessing is currently deemed unworthy contender for commercial developments, and
purely for research purposes. Even so, our recommendation is to apply UAV image
stitching methods proposed by the paper ‘Pilot Study on the Development of a Low
Cost Land Observation and Geo-information Retrieval System for Emergency Moni-
toring of Agricultural Crop and Disaster-Induced Damages’ supervised by Associate
Professor Dr. Md. Khalilur Rahman (ph.D) from the Department of Computer
Science and Engineering of BRAC University. The paper presents far more valu-
able insight and feasible methods of using images and real-time meteorological data
recording and utilization, commercial use, and for further research purposes.

Figure 5.3: Satellite Images

5.3 Contribution & Impact

Agriculture provides 12.9% of the Gross Domestic Production of Bangladesh econ-
omy as of the year 2019, and so, 16.5 million farming families and their lives are
directly affiliated with the harvest. Every year, tropical storms and flash floods
destroy thousands of tonnes of crops, and the effects are drastical on the hard la-
boring farmers, as well as the population of Bangladesh alike. With the repeated
strikes of the global pandemic COVID-19, the state of trades and markets have been
upturned and deemed in a chaotic neutral state. The lower income households and
farmers’ families are intensely affected by the conditions of the markets. Closure
of trade routes and transportations oftentimes strike the prices of daily products
and produce to unobtainable states. The research was initiated by the price hike of
onions in 2019, due to the lack of necessary tools and knowledge to estimate market
demands and public consumption. And now, the market prices of several essen-
tial commodities have hiked up, mostly due to the several conditions encompassing
Supply and Demand. Our market, and our people, are in desperate need of a tool
that can project the production, consumption, and the import/export states of food
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crops and essential commodities. Therefore, we have proposed this research for the
national administration to utilize and project the aforementioned quotas, plan on
the food security and availability status, and stabilize the Supply-Demand ratios
and prices. Since the proposed methodology is applicable for all variants of crops,
and on all measures of lands, the method can be integrated by all nations of the
world in their designated agriculture units. Utilizations of such modern tools can,
in fact, stabilize the global economy.

5.4 Future Work

Our proposed method and algorithms appear to have several rooms for further de-
velopments, especially for commercial purposes.

A far more sophisticated method can be applied while encoding labels of ‘Districts’
and ‘Stations’ through the algorithms instead of manually assigning integer values
in the dataframe before feeding into the algorithms. This one method can substan-
tially minimize the complexity of building and operating the predictive systems.

The splitting of dataframes to ranged subsets can be approached with further anal-
ysis to mitigate the effects of variance between data points, which greatly affect
the accuracy of the predictive algorithms. For the essential professionally designed
commercial use of the methods, we suggest collecting the restricted archives of the
elaborated production data prior to the year 2013.

In Section 2.1, we have addressed several papers that had considered various at-
tributes such as soil type, moisture and mineral contents, temperature, fertilizer
use etc. Also, papers that proposed use of android applications to estimate time
between cultivation and harvesting. We have discussed the various approaches to es-
timate the household and per capita consumptions accurately. All such methodology
can and must be incorporated to fortify the predictive capabilities of our proposed
methodology.

Similar methods are to be followed for meteorological data to project the changes
in weather, and Variable Analysis, and Codependency etc features to be analyzed
to build the relation between weather situations and its effects on crop production.

Finally, a more sophisticated and results yielding approach should be devised in
order to record, retrieve and analyze images of land areas being cultivated and har-
vested.
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