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ABSTRACT- Maharashtra is a leading State in
agriculture. Agriculture is the one that plays important role
in the economy of India. India is an agricultural country and
its economy largely based upon crop production. Hence one
must say that agriculture is often the backbone of all
businesses in the a-part-of-us country. Basically paper
focuses on predicting the yield of the crop by using a
different machine learning algorithm. The application
(Smart Farm) developed in this research helps users to
predict the crop yield using different climatic parameters.
Different methods of predicting crop yield are developed
within several years with different outcomes of success, but
many of them do not take into consideration the climate.
Machine Learning is the best technique which gives a better
practical solution to crop yield problem. So the Random
Forest algorithm which we decided to used to train our
model to give high accuracy and best prediction., we chose
5 climatic parameters to train the model. Agriculture
inputs such as pesticides, fertilizers, chemicals, soil quality,
etc. were not used as it depends upon the type of field. The
model is trained and designed using 20 decision trees build
the random forest algorithm which gives better accuracy of
the model. 10-fold cross-validation technique used to
improve the accuracy of the model. The predicted accuracy
of the model is analyzed 87%.

KEYWORDS- Climate, crop yield, Indian Agriculture,
Machine Learning Techniques, Random Forest Algorithm

I. INTRODUCTION

Agriculture is a pivotal sector for ensuring food, sustainable
development, nutritional security and elimination of
poverty, but recently agriculture in India is fading, all of the
problems originating in governmental, constitution
structures, and economics. The government supports mostly
rice and wheat, with some others throw-in, through factors
like “minimum support price”. Funding crops is not a
strong and healthy system. Agriculture is the broadest
economic sector and plays a significant role in the overall
socio-economic fabric of India. It contributes to an increase
in total GDP and employs over half of the population. Many
researchers are aimed at improving agricultural planning
and crop productivity with good quality of crops. So our
main goal is to get the maximum yield of crops. There are
many Machine learning classification techniques are

available to get a good quality of yield of crops. So after
analysis and comparison of all classification methods, we
are choosing the Random Forest classification technique
which can be used to improve the yield rate of crops and
crop production with crop selection methods. The detailed
working of the work is organized as section 2 gives related
work with the current work, section 3 concentrates on the
Methodology applied, section 4 discusses results and
analysis, section 5 concludes the work.

Il. RELATED WORK

Many researches are tried out to improve good accuracy in
agricultural planning. The goal of project is get as possible
as better accuracy. There are so many classification
methods are also used to give good proportion of crop yield.
Machine learning techniques are used to improve the
accuracy of crop yield data. There are so many method of
crop selection is applied to improve crop production
accuracy in past years. This section discusses the previous
similar work done attempted by other researchers. Rakesh
Kumar et al. [2] concluded this works helps in improving
the success of yield rate of crops by applying different
classification methods by comparing the different
parameters. Various machine learning algorithms compared
to predict crop vyield. The algorithms included for
comparative analysis are Artificial neural network, support
vector machine, K-Nearest Neighbors, Decision Tree,
Random forest, Gradient boosted decision tree, regularized
greedy Forest and proposed CSM technique (Crop Selection
Method) which helps in predicting the sequence of crops
can be considered for planning in the coming seasons.
Author concluded that the prediction is based on many
parameters so accuracy and performance of the system
varies as per parameters. Jig Han et al. [3] applied random
forest algorithm for global and regional crop yield such as
potato, maize, wheat and environmental variables such as
soil, climate, photoperiod, fertilization data, water. The
results compared with multiple linear regressions and
evaluated using root mean square, Nash-Sutcliffe model
efficiency, index of agreement, observed vs. Predicted
plots. The data is considered form different sources in the
United states. Results showed Random forest is an effective
and dynamic method for crop yield prediction with high
accuracy, precision, easy to use and for data analysis.
Narayanan Balakrishnanl et al. [4] proposed ensemble
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model to produce crops over a specific time period using
different classification methods studied such as Naive
Bayes, support vector machine and proposed new ensemble
methods such as AdaSVM, AdaNaive. The proposed model
evaluated using accuracy, classification error and concluded
with AdaNaive gives best results with accuracy 96.52 for
rice crop. Sami Khanal et al. [5] proposed method based on
remotely sensed data and machine learning algorithms such
as Random forest, Neural Network, Support vector
Machine, Gradient boosting model, Cubist to map soil
properties and corn yield at a local scale. The data is

the district level. Three things are very much needed i.e.
Data about the crop, climate of a particular district, and
region needed to perform the system. The description of the
attributes mentioned in tablell, table 2, and table 3. The
data about our project is taken from various districts and
regions of Maharashtra and taken from Government
Website: www.data.gov.in and for the climate; various
districts and regions of Maharashtra is taken from
www.imd.gov.in.

Table 1: Attributes from districtwide crop production

remotely sensed and model evaluated using root mean dataset
square and accuracy. Louis Kouadioa et al. [6] proposed Sr. | Attribut Description
ELM model based on artificial intelligence for coffee yield No e
prediction for small farms instead of using MLR (multiple )
linear regression) and RF (Random Forest) models. The | 1. | District | Total 27 districts like Ahmednagar, Akola,
ELM models compared with various machine learning Name | Amravati, Aurangabad, Beed, Bhandara,
models. Author claimed that ELM models are more Chandrapur, Dhule, Gadchiroli, Gondia,
efficient than RF and MLR models in extracting features. Hingoli, Jalgaon, Jalna, Kolhapur, Latur,
There are many supervised machine learning algorithms Nanded, Nandurbar, Nashik, Osmanabad,
known as linear regression , Polynomial regression , ecision Parbhani,Pune,Sangli,Satara,Solapur,Ward
Tree , Random Forest and Support Vector Machine can be ha,Washim,Yavatmal data considered
applied to predict the crop yield.

2. | Season | Kharif, Summer, Rabi, Whole Year

I, METHODOLOGY

3. Crop All type of crops like sunflower,
A. Dataset groundnut, wheat, bajra, jowar, maize etc
Data plays an important role in Machine Learning. To 4, Area- | Area of the farm considered for production
design and perform crop yield prediction system data is in_hect | of crop
taken from various cities of Maharastra state . As latitude or

changes from location to location, the data is considered at

Table 2: Sample of District wise crop production data for different cities yearly

A B G D E F G H I J K L M N 0 P Q R 0 T U

1 |District Name !Season Crop PSUM(Integer/mn TSUM (Int¢ CSUM(Int¢ VSUM (Int WSUM(In{ Psummer Tsummer Csummer Vsummer Wsummer Pkharif — Tkharif ~ Ckharif  Vkharif  Wkharif Prabi  Trabi  Crabi v
7 AHMEDNAGAR  Kharif Arhar/Tur 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
3 AHMEDNAGAR  Kharif Bajra 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
4 AHMEDNAGAR  Kharif Gram 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
5 AHMEDNAGAR  Kharif Jowar 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
6 AHMEDNAGAR  Kharif Maize 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
7 AHMEDNAGAR  Kharif Moong(Green Gr 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
8 AHMEDNAGAR  Kharif Pulses total 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
9 AHMEDNAGAR  Kharif Ragi 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
10 AHMEDNAGAR  Kharif Rice 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553
11 AHMEDNAGAR  Kharif Sugarcane 053.641 304.15 422135 231.092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142.297 143.333 116.553

12 AHMEDNAGAR  Kharif Total foodgrain 953.641 30415 422135 231092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142297 143.333 116.553

13 AHMEDNAGAR  Kharif Urad 953.641 30415 422135 231092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142297 143.333 116.553
14 AHMEDNAGAR  Rabi Jowar 953.641 30415 422135 231092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142297 143.333 116.553
15 AHMEDNAGAR  Rabi Maize 953.641 30415 422135 231092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142297 143.333 116.553
16 AHMEDNAGAR  Rabi Other Rabi pulse: 953.641 30415 422135 231092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142297 143.333 116.553

17 AHMEDNAGAR  Rabi Wheat 953.641 30415 422135 231092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142297 143.333 116.553
18 AHMEDNAGAR  Summer Maize 953.641 30415 422135 231092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142297 143.333 116.553
19 AHMEDNAGAR  Whole Year Cotton(lint) 953.641 30415 422135 231092 56.5886 296.517 110.887 123.767 82.694 14.4179 545207  102.6 223.535 93.745 36.8803 142297 143.333 116.553

20 AHMEDNAGAR  Kharif Arhar/Tur
21 AHMEDNAGAR  Kharif Bajra

940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912

22 AHMEDNAGAR  Kharif Castor seed 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
23 |AHMEDNAGAR  Kharif Cotton(lint) 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
24 AHMEDNAGAR  Kharif Groundnut 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
25 AHMEDNAGAR  Kharif Jowar 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
26 AHMEDNAGAR  Kharif Maize 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912

27 |AHMEDNAGAR  Kharif Moong(Green Gr 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912

28 AHMEDNAGAR  Kharif Niger seed 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
29 AHMEDNAGAR  Kharif Other Cereals & 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
30 AHMEDNAGAR  Kharif Other Kharif puls 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
31 AHMEDNAGAR  Kharif Ragi 940.414 311.837 460.078 237.504 57.8341 111472 117.991 125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135432 141.954 117.912
22 [AUMENNAGAR  Wharif Rira 0N 414 211927 ARNNTY. 227ENA. 57Q3A1 111471 117001 1751724 92152 02211 771970 ANAATS RQIRT 05 ARA AARRN2 125421 141054 117011
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Table 3: Sample of Climate dataset

K L M N o P Q R S T U \ W X ]
Csummer Vsummer Wsummer Pkharif Tkharif Ckharif  Vkharif Whkharif Prabi Trabi Crabi Vrabi Wrabi Production{Ton
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.35795
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.55746
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.45588
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 1.22222
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 1.06818
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.08824
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.28825
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.80769
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 1.22034
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.84837
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.54255
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.5
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.36263
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 1.46774
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 0.05
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 1.09285
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 1.72727
123.767 82.694 14.4179 545.207 102.6 223.535 93.745 36.8803 142.297 143.333 116.553 86.978 8.8773 182.653
125.124  88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.51596
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.80655
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.25
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 1.64463
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.87324
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 1.66667
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 2.15517
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.58333
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.42857
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.58537
125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.41667

125.124 88.152 9.2211 772.879 104.475 269.267 95.666 44.6603 135.432 141.954 117.912 86.255 9.8049 0.7
195 194 Q@ 159 09911 772 970 10A AFS I&0 IRT 0K ERA. AA BEN2 135 427 141 Q54 117 019 Q& 755 o enio 1 29142

B.  Proposed S;_/stem ) ) ) ) data samples and then predict the data from each subset and
Random forest is a basically supervised learning algorithm then by voting gives better the solution for the system.
that is used for both classifications as well as regression. Random Forest used the bagging method to trained the data.
Random forest algorithm creates decision trees on different Basically, the bagging method is a mixture of studying

different models and increase the final result of the system.

Labelled Data
Training Data Validation Data
Training Subset Training Subset Training Subset
0 4t ® Noop 0 no Crop Yield
Distric Dataset, f—» predication
Climate Data,Crop <2mi > 2mi <10 10 <10 10
Dataset 0 9 .V_M: @i 1 @dcimue 1
> 5 5 3] 5 5
0 1 1 . Nrop 1 . Nrop
0 >N 20 0
1 0 1 0

Fig. 1: Proposed block diagram for crop yield prediction

For getting high accuracy we used the Random Forest accuracy for the model. It gives optimum results for the
algorithm which gives accuracy which predicate by model system.
and actual outcome of predication in the dataset. In the Pseudocode of the Proposed System:

random forest which crates the decision tree froma sample 1 | this basically we first randomly selected the k to
of data and trees gives the prediction from each family and feature out of the total m feature in the model.

selects the best solution by voting which gives better 2. Using the best split point choose the k feature and
calculate the node d.
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3. So we used the split method, split the nodes into the
daughter node.

4. Repeat 1 to three steps until | number of nodes has been
reached

5. Build forest by repeating steps 1 to 4 for n number
times to make n number of trees.

To perform prediction using the trained random forest

algorithm uses the below pseudocode:

1. In this, we took the test features and every random
decision tree to predicate the output and anticipated the
outcome which is stored

2. And then we calculated the vote which is given by
every decision tree for each predicated outcome.

3. Finally, we considered high voted predicated outcome
which gives the final prediction from the random forest
algorithm.

IV. RESULT AND ANALYSIS

The goal of our project is to build a user-friendly web
application which will help the farmers, user and more
policy planners to predict the crop yield based on the factor
of climate change. so a web application named ’Smart
Farm’ is developed.

Fig. 3: Predicted result after selecting different parameters
by the user like district, season, type of crop and Area in
Hectare

We decided that our system is designed using python and
flask framework was used to render the results into a web
page. As shown in figure 2, User and Farmers of the
application can see the home page and will able to enter the
details such as the district name, season, crop name and area
of respective user’s field (in hectare). Once mandatory
details are filled on the home page user press the predicate
button then the request will send toward the server and the
system gives a prediction using the model and trained under
the random forest algorithm. Figure 3 shows, the result of

the prediction of the crop yield which is sent to the
respective user and the unit of the crop yield is considered
in tones.

Other Crops
25

20

15

10

Predicted Yield (Tonnes)

(°<°'o¢‘\ e oe,“ef"“ab
& e?’\ e ‘9\1- 2 .@ q,:pQ e@‘- & \\,«‘D b° > @\\‘\a & .ov? o \\\Z

&
o N
& q\)e \gu & ‘;q ;s & c,o‘\ e‘@\
@ ol & ‘(ﬂ )
& « & &
+° e O

&

Fig. 4: Graphical representation of the Type of crop vs.
predicted yield

The result page of the Smart Farm application, also
displays a graph of Crops that farmers can plant in his
district vs. yield the respective crop will produce. As shown
in figure 4, the graph is suggesting which crops could be
planted in the Kolhapur district vs. their respective yield.
and you can see in the figure, In Kharif, season rice could
be planted in the Kolhapur district which gives more yield
than Maize. This will help the user to conclude which crop
he could plant to get a better yield.

[0,94521369 0,88393067 6,97174152 0,95483995 6. 51812085 0,57285624
0,65958133 8,89309963 0.93452087 0, 98442201
Accuracy: 0,87 (+/- 0.15)

Fig. 5: Performance evaluation of the system using metric
Accuracy

In this model we trained 20 decision trees to build a
random forest. In our project, we used a 10-fold cross-
validation technique which gives the accuracy of the
required model (as shown in figure 5), the accuracy of the
model achieved 87%.

V. CONCLUSION

In this model we used 10-fold cross-validation technique
which is indicates which is gives high accuracy and
correlation between the climate and the crop yield and
accuracy of the model is found 87%. In our Project, other
factors like quality of soil, pest, chemicals which is used,
etc. were not used as it depends upon the type of field. As
the climate has changed with the season it is very difficult
for farmers, so our web application will help farmers and
users to take a better decision according to climate of
particular season to decide which crop need to plant-based
on which climate. It will also help policy planners to
import-export, pricing, marketing, etc to take the best
decision even before the crop is harvested.
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