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DECISION SUPPORT SYSTEM FOR CROP CULTIVATION

Abstract

In many situations, farmers face lots of difficulties due to not gaining enough income for
their harvest as a result of it, considerable amount of harvest is wasted because of not
having enough return on investment. Although government introduced many approaches,
they seem to have been unable to address the issues of crop prediction and sustainable
agriculture as farmers complain that the policies created by the authorities never match
with the expectations of farmers’ community. Considerable amount of population still
engage in agricultural sector. Therefore, their contribution to the GDP has been
representing an important portion through last few decades. Therefore this research has
been conducted to support farmers to make optimum decisions based on various factors
such as weather, price, and potential production to make cultivations. The research is
based on two basic data mining models (Price and Expected Production) to predict the
price and Production for a selected crop based on a particular district. The prediction
outcome is presented using a mobile application with user friendly interfaces. Price
model is based on the production (MT), per capita consumption, imports and inflation
with the accuracy of 77.93% and the Production model is based on the climatic
conditions such as humidity, wind speed, sun hours, rainfalls and temperature with the
accuracy of 65.08%. The production model is to be further developed by adding the
feature of soil moisture as it is an important factor to decide which crop is to be
cultivated. Furthermore, an additional model is to be added to predict the amount of
fertilizer to be added based to get the optimum yield.

Keywords:-crop, price, production, model, prediction, yield, fertilizer, moisture, accuracy
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Chapter 1

Introduction

In many situations, farmers face lots of difficulties due to not gaining enough income for
their harvest even to cover their cost. Even though past few governments have introduced
some solutions, rather than the farmers, few intermediates and companies took undue
advantage and even farmers didn’t have enough knowledge or information and a specific
plan on crop cultivation based on the market price and the other natural conditions. In
addition, farmers have had to deal with severe agricultural damage and destruction of
food crops caused by natural disasters over the past few years.

Although government introduced many approaches, they seem to have been unable to
address the issues of crop prediction and sustainable agriculture. Most of the occasions,
farmers complain that the government policies do not prioritize nor have a dedicated
strategy to support them. And also there seems to be lack of sources for farmers to make
a decision on crop cultivation since they don’t have enough reliable resources to get the
information for crop prediction.

Climatic changes and price fluctuation are among major challenge faced by the Sri
Lankan Farmers. According to the 2019 Central Bank’s Annual Report, Agriculture
contributes 7% for of Gross Domestic Product (GDP) and 31.2% of population still
engage in Agricultural Sector [1, pp. 9,27]. Agriculture’s contribution is also very
significant in Sri Lanka’s Exports sector. According to Central Bank’s Annual Report in
2019, Rs. Bn. 418.9 of Exports represents Agriculture [1, p. 10]. Even though
Agriculture holds such important portion of the economy, the main link of agriculture,
the farmers face difficulties in crop production. As mentioned above the price fluctuation
and lack of proper ways to get information of price fluctuation cause heavily on crop
prediction and crop planning. Below Table describes the daily wholesale Price levels of
few selected vegetables for selected dates throughout first 4 months of 2020 [2].

Table 1 Daily Price Report-CBSL-2019

Vegetable Prices for Selected Dates

Jan 31 Feb 28 March 31 April 30

Pettah | Dambulla | Pettah | Dambulla | Pettah | Dambulla | Pettah | Dambulla
Beans 103.00 | 95.00 90.00 | 95.0 103.00 | 75.00 240.00 | 243.00
Carrot 90.00 | 125.00 85.00 | 83.00 90.00 | 105.00 80.00 | 78.00
Cabbage 47.00 | 43.00 35.00 | 15.00 47.00 | 23.00 45.00 | 33.00




Therefore, after considering the above facts this research has been aimed towards a
decision support system which helps farmers to plan their cultivations based on the
market price and the potential production based on environment factors.



Chapter 2

Background and Motivation

By 2018, the Department of Agriculture has embarked on a vision to establish a vibrant
and vibrant agricultural sector for food security and national prosperity to boost national
food production in line with the 2030 Agenda for Sustainable Development. [3, p. 7].
Smooth food supply for a reasonable market price plays a major role to achieve that
mission. Increasing the productivity of crop production, cost minimization and crop
diversification using modern technology are very important to achieve above milestone.

In order to achieve the above goal, ministry has implemented various Food Production
and Drive Programs from 2018-2020. These programs include

e Off Season Product Cultivation Promotion Programs.

e Productivity Improvement Programs

e Supply Chain Management Programs for Agricultural Products.
Etc [3, p. 32].
In addition, the department has implemented research and development programs to
introduce new crop varieties such as Cluster onions, one Mung bean, two varieties of
Woodapple and two varieties of Pummelo etc. [3, p. 68]. Apart from that the department
seems to have taken some steps to encourage farmers to establish 15 fruit orchards and to
distribute and distribute agricultural equipment to maintain existing fruit villages. [3, p.
68].
But the agricultural sector, including thousands of farmers, faces many challenges.
Although many applications and research programs have been taken up by the relevant
authorities, it seems that most research programs are kept in laboratories and do not have
sufficient access to farmland. [4]. In addition, some projects or programs do not have the
resources and resources to change the needs of the farming community in order to find
answers to important questions such as how much will be produced and how much they
will cost. Price instability is one of major issues faced by the farming community.
Continuously changing climatic conditions increases this issue. Nearly 72% of Sri
Lankan population lives in rural areas and 30% of labor force lie in paddy and the other
agricultural cultivations, agricultural production including paddy and the other vegetables
is the main occupation. Recent researches suggest that the price instability not only
affects famers’ income, but also makes an impact on country’s exports [5].

Below table indicates the crop production of Sri Lanka from 2008 to 2017 [6]



Crop Production, ‘000 metric tons (MT)
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

Paddy 3.875 | 3,652 | 4,301 | 3,894 | 3,846 | 4621 | 3,381 | 4,819 | 4420 | 2,383
Other Field Crops

Manioc 240 278 283 | 293 | 291 303 310 324 324 306

Maize 112 130 167 138 [ 202 | 209 241 261 244 196

Potatoes 75 62 52 59 72 79 B3 97 96 73

Big Onions 57 82 59 46 84 70 111 89 65 53

Red Onions 50 46 62 72 74 56 63 61 64 58

Groundnuts 10 13 14 17 22 27 25 29 24 22
Minor Export Crops

Cinnamon 15 16 16 18 17 18 18 18 20 22

Pepper 13 16 17 11 19 28 19 28 18 30

Cloves 8 3 10 (5] 4 6 3 5 2 6
Plantation Crops

Tea 319 281 331 328 | 328 | 340 338 329 | 293 | 308

Rubber 129 137 153 158 [ 152 [ 130 899 87 79 B3

Coconut 380 367 251 386 | 351 379 716 552 765 | 466
Source: Central Bank of Sri Lanka. Economic and Social Statistics 2018.

Figure 1 Crop Production in Sri Lanka

Since this research is based on crop production planning based on the market price, the
producers (Farmers) need to understand the upcoming weather conditions, price
fluctuations. But it reported that Yield stagnation in almost all other food crops
productivity limit food supplies .The Below Chart indicates the price fluctuations of the
selected crops taken from the Central Bank’s Daily Price Report.
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Figure 2 Daily Price Fluctuation of Selected Crops (CBSL-Daily Price Report-2021)




Above chart suggests that the price is highly unstable and which is fluctuated daily. But
this kind of information is barely accessed by the farmers therefore they just plan their
crops based on their budget, previous experiences and with limited experiences. But the
key factors like market price and the environmental conditions are changed daily for
which the farmers don’t have enough access. Researchers suggest that poor crop
prediction and harvesting practices have resulted in 20-40% loss of perishable foods such
as fruits, vegetables, milk etc. [6]. A recent report in the local newspaper “Aruna” on July
9, 2021 indicates that the loss of vegetables and fruits after harvest is about 40%.
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Figure 3 Crop Wastage Amount on Media

Agricultural officers point out that there is no proper mechanism to convey message of
market demand, crop price information to the farmers, crop suggestions based on climatic
conditions. Department of agriculture website points out that there are lots of options to
go for farmers as cultivations as they have decent market prices but most of the small
scale farmers don’t have proper access to this information [7].



T Iy

msné'u (@ams.) extent that can be cultivated

These 2 week within these two weeks
Cul Ext. (ha.)

257.00 93.00
41.00 59.00
56.00 79.00
126.00 324.00

L

L

®

eflemen T ey S me)
Price Prediction for
farmers who cultivate
within these 2 weeks

Good Price
eeme 9 Eehd
Be06y eflemey
RLEGLD

Good Price
eme 9 Cehd
UV allemsy
FOLEGID

Good Price
een0¢ I3 Eed
V6D eflney
FRLEGLID

Best Price
9EN@} Game
I cehd
2 &5 aflemay
R SHGID

Figure 4 Price and Suggested Amount of Hectare 1

EUITIT MBS (615 & & 0T
Recomended
biweekly Ext.(ha.)

Beans : | 350.00

Beet Roots 100.00

Bitter gourd 135.00

Brinjal J 450.00
=

Cabbage 175.00

Capsicum 140.00

Carrot > 125.00
o

Cucumber 125.00

L

98.00 77.00
64.00 76.00
108.00 17.00
43.00 82.00

Good Price
¢ K cedd
H6VEV aflemey
SOLEGWD

Good Price
exne I c1edd
H6VEV aflemey
fMLEGLD

General Price
237858 I3z
cedd
Mg Ty leney
FOLEGD

Best Price
950OB3 eene
e cedd
2 &5 aflemey
SOLEGD

Figure 5 Price and Suggested Amount of Hectare 2

INSLUIIGHUGUIE | WIS LI Ll 101Uy

Betler
Selection
Dt @ene
Craelcln)
FNHS
Gaiyey
Better
Selection
D8 Gene
feroelol)
Enis
Csey
Better
Selection
DEN sene
fratelco)
%
Gaiiey
Best
Selection
950dBI@
[clcable
leralelClA)
26
fmns
Gaiiey

Better
Selection
D8 @
[crate10r )
SHs
Gzey
Better
Selection
D G
6588258
SHs
a6y
Good
Selection
G&N¢
[Cratelero)
BV
Gzijey
Best
Selection
95)O55®
@e
655898
28
SnHS
Gzey



Leeks 80.00

58.00 22.00

Good Price

Better

,rr' e S ceB Selection
# ﬁ o 0 HeUay aflemey D) @eng
EenL&ELh [cratelSro]
fnHs
Gy
Long Bean Py 325.00 86.00 239.00  g— Best Price Best
B %ﬁ 4 95N} sane Selection
o m ez @edd braeca:
9 &g aflemev Ikl
FemL&GLD [cratelcln]
28
fnhs
Coiiey
Luffa 125.00 33.00 92.00  — Best Price Best
9ENOS} sane Select|or_1
2 ez @ehd ENBID
,:y 2 F& ailemey @ENE
B &G0 53888
25
FHE
Caiiey

Figure 6 Price and Suggested Amount of Hectare 2

According to the above images, few vegetable items can be identified as they have a good
demand and higher price levels but farmers are not aware of them [7]
Table 2 Expected Price Levels and % Hectares

Crop % of Hectares cultivated Price Levels
Beet Root 41 Good Price
Bitter Guard 41 Good Price
Brinjol 28 Very Good Price
Cucumber 34 Very Good Price
Long Bean 21 Very Good Price
Luffa 26 Very Good Price

Above images also indicate that the most of upcountry farmers tend to grow carrot as
around 86% of suggested hectares have been cultivated even though the price level and
the demand is very low [7].

Weather is also another key factor to decide crop. From the past, farmers have been using
their previous experiences on weather conditions to plan crops in future. But the climatic
conditions are changed frequently. These climatic changes make a huge impact on the
environmental factors to grow crops. In such farmers’ previous experiences on weather
conditions might not be enough. As a result of it, they need a proper mechanism to
predict future weather conditions to decide whether a particular crop is ideal to be
cultivated. Below are pictures of the daily and hourly weather of Nuwara Eliya with
Badulla taken from the Official Website of the Department of Meteorology in Sri Lanka.
Such weather information is very important for farmers because those climates play an
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Figure 7 Hourly Weather Forecast
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Hourly weather forecast Nuwara Eliya, Sri Lanka
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Figure 8 Hourly Weather Forecast- Nuwara Eliya District

This study therefore aims to bring the price of sensitive information and future weather
conditions to the farmer so that he can make good crop decisions by taking into account
the insufficient attention in agricultural divisions to harvest crops that have a better
chance of earning money.
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Chapter 3

Aim and Objectives

Aim

To present successful crop prediction model in user friendly manner based on the market
price and weather conditions

Objectives

1.
2.
3.

Data collection of crop prices from reliable data sources.

Analysis of crop prices to suggest crop plan based on the current inflation rate
Conveying crop plans via a mobile application for farmers for crop prediction
with upcoming weather forecast.

Successful prediction of market price movement for a particular crop with
potential production amount and the potential income

13



Chapter 4

Methodology
The application provides some useful insights on a particular crop based on two data
model

e Price Prediction Model
e Potential Production prediction model

Building Price Model

Data Integration

The price forecast model has been developed and tested based on factors such as Average
Production, Average Imports, inflation and consumption. Data collection has been a
challenging part of modeling but with the resources of the Department of Statistics and
Statistics, the World Bank [8], Helgi Library [9], Annual Statistics of Department of
Agriculture [10, p. 38], the model has been built successfully to predict the price.

Table 037 Movementis aof the NCPTTBase: 20713 =T00}
Adl ltem
- _ . g Inflation 9
- = E s =
= £ =
= -
2020 January 137.0 1.5 7.E 4.1
February 137.0 0.0 8.1 4.5
hAarch 135.2 1.3 7.0 4.9
April 134_8 0.3 5.9 5.1
Ay 135.4 0.4 5.2 52
June 137.3 1.4 6.3 5.6
July 137.3 (RN} (=7 | 549
August 137.8 0.4 5.2 6.1
Saepltermibser 138.9 0.8 &4 .2
Doiober 1321 0.1 5.5 6.2
Mlovemiber 139.8 0.5 52 =
Decemiber 141.2 1.0 4.5 =
2021 January 1421 0.é& 3.7 5.8

Figure 9 Monthly Inflation

Above table indicates the monthly calculated inflation based on NCPI (National
Consumer Price Index) [11, p. 4]. But since the inflation had be calculated daily to match
the daily price levels, average inflation has been calculated from the inflations which
have been recorded from the beginning and the end of a particular month and using the
standard deviation which has been calculated using the average inflation random realistic
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values have been generated to as daily inflation for each month using a web application
[12]

‘ generatedata.com Login |
Generate About News Donate
SAVE ‘,":‘;

COUNTRY-SPECIFIC DATA @

DATA SET @

Order Column Title Data Type Examples Options Help
1 |Dec."]an | Mormal Distribution hd | Mo examples available. Mean Standard Dev. Precision ? O
2 |Jan,"Feb | Normal Distribution Vl No examples available. Mean Standard Dev. Precision ? O
3 |Feb,-‘r~1ar [Mormal Distribution ~ | No examples available. Mean Standard Dev. Precision ? O
4 |Mar.a’Apr | Mormal Distribution V| Mo examples available. Mean E Standard Dev. Precision ? O

Order Column Title Data Type Examples Options Help

B

Figure 10 Random Realistic Number Generation

After gathering the information, the dataset has been created based on which the model
was created to predict the price.
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- 1'“.'! HOME CHARTS REPORTS DATA COMPANIES BLOG ABOUT US
Helggil ibrary

Potato Consumption Per Capita in Sri Lanka

i, Helgil ibrar

Figure 11 Helgi Library Website is a reliable source to get consumption details

@ THE WORLD BANK |

= 74 -

Inflation, consumer prices (annual %) - Sri Lanka

License : CC BY-4.0

AT W PR

Figure 12 Inflation Statistics from World Bank Data
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4.2 IMPORTS OF OTHER FIELD CROPS

| 2016 2017*
‘ Crop Quantity Value CIF Value Quantity Value CIF Value
(t) (Rs."000) (Rs/kg) t) {Rs."000) (Rs/kg)
Dry chiili 51,018 13,477,137 264.16 51,692 7,881,723 152.48
Big anion 215,593 6,796,127 31.52 232,318 12,117,950 52.16
Red onion 19,842 1,306,678 65.85 10,911 1,284,955 117.76
Potato (seed) 1,841 241,043 130.96 1,611 236,074 146.50
Potato (other) 148,081 4,596,036 31.04 151,438 5,440,129 359z
Maize (seed) 1,112 603,130 54248 1,432 918,204 641.00
Maize [other) 41,846 1,571,524 37.47 179,589 6,627,900 36.31
Kurakkan 2,178 123,328 56.61 2,918 242,782 83.20
Gingelly 129 18,930 146.69 223 27,221 12232
Saya bean 7.126 433,880 50.89 3,176 214,014 57.38
Green gram 13,862 2,265,997 163.47 15,541 2,269,422 146.03
Cowpea 6,055 649,695 107.29 7,345 993,971 13553
Ground nut 3,005 552,955 178.67 3.876 689,463 17789
Red lentil (whoie) 130,555 16,672,774 127.71 136,432 13,627,742 99.89
Red lentil {split) 21,537 3,311,814 153.78 26,744 3,342,699 124.99
Yellow lentil {whaole) 1,738 237,494 136.65 417 48,916 117.36
Yellow lentil (split) 511 75,048 146.90 2,286 385,125 168.47
Black gram 11,991 3,265,393 272.32 12,767 1,993,448 156.14
@ Chickpea (whole) 20,879 3,687,625 176.62 19,985 4,222,886 211.30 ®
Chickpea (split} 5,078 696,209 114.64 6,552 755,806 11536
Source: 5 Lanka Customs ; (Statistics Division] * Provisional

Figure 13 Imports Statistics

With above mentioned data resources, the model has been successfully created to predict
the price as follows.

. - | |
Average Local Production (WMT)  Imports Inflation Consumption Price Fluctuation

1709.26 146.7 5.2 8.2 130
1882.58 146.6 5.4 8.6 130
2030.51 146.8 5.1 8.2 150
15643.94 146.6 5.5 8.7 150
2115.97 146.3 5.5 3.4 150
T91.87 146.5 5.5 8.6 150
2064.21 147.2 4.9 3.4 150
1978.6 146.2 5.3 8.6 157.82
] 2462.62 147.1 5| 8.4! 158.27
2036.84 146.9 5.1 2.5 155.86
1964.2 146.2 5.4 2.4 157.09
1749.66 146.6 4.8 2.8 157.85
1321.79 146.3 5.2 2.5 156.65
3002.44 146.5 5.1 2.6 150.95
2056.328 146.8 5.2 2.5 149.92
17.44 149.6 5.7 2.4 150.96
32.77 150.2 5.2 2.3 150.41
32.84 149.8 5.2 2.6 150.76
13.49 150.1 5.3 2.5 151.26
22,92 149.9 5.7 8.6 150.82
E 149.8 4.8 8.9 140.45
25.38 145.9 5.3 3.4 140.07
31.95 149.8 5.6 8.3 145.44
29.21 149.6 5.4 3.4 135.61

Figure 14 Created Data Model
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Prediction Based on the Model

According the price model price is the dependent variable is predicted based on Annual
Production, Imports, Consumption and the inflation. With the nature of the prediction, it
IS obvious that the multiple linear regression model is the ideal platform predict the price
[13]. Since python is very popular for data analysis with Pandas [14]. The price
prediction has been conducted using Python Pandas.

Figure 16 Python Code to build and predict the model

Figure 15 Independent Variables of the model
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Price Model Prediction Results

Price Fluctu:

Figure 17 Displaying the contents of the CSV file

1

il
1
1
1
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Figure 18 Price Information is the dependent variable which predicted based on the
inputs shown in above figure

Fluctuwation,

Figure 19 Accuracy of the model

Data supplied to the model to predict the value and accuracy of the model has been
tested. The accuracy of the model has been approximately 78% reasonable as the result of
the model is almost 78% accurate.
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Production Prediction Model

Data Integration

Predicting the potential production is the other key component of the application.
Production model is based on weather factors such as Temperature, Windspeed,
Rainfalls, Sunhours, Humidity, Sunhours, Cloud. The weather information is available on
www.worldweatheronline.com webite [15]. Country based customized weather
information can be extracted for each month under district or regional base from the
website [15].Below images indicate the information taken district wise to build the
production model.

) World Weather Forecasts | Worle X == (-} = e

C @& worldweatheronline.com/country.asp> Q o :
\)‘,\ ER APl HWD World Sports Videos oliday Blog Maps {§} - -

HOME World Weathel
World Weather

Click on map below to get weather for any location around the world

+

°

Leaflet | Map data © OpenStreetMap contributors

Figure 20 Home Page of the website from which the weather information has been
extracted.
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http://www.worldweatheronline.com/

QS Lanka Weather | WorldWeath X + (-]

<« C @ worldweatheronline.com/sri-lanka-weather.aspx a w @

= .
/@) WEATHER APl HWD World Sports Videos Holiday Blog Maps - - -

Search for a city/town in Sri Lanka
We provide weather for 17,720 cities and towns in Sri Lanka

Top Cities/Town in Sri Lanka Regions/States in Sri Lanka
e Anuradhapura * Central
s Kalmunai s Eastern Province
e Panadura = North Central
* Badulla * North Western
e Kalutara * Northern Province
* Peliyagoda * Sabaragamuwa
e Battaramulla South * Southern
e Kandana * Sri Lanka (General...

Figure 21 District, City and Regional wise weather information has been extracted from
this Interface.

Below Images indicate the weather information which has been extracted from Nuwara
Eliya District

Rainfall and Rain Days

Nuwara Eliya

Average Rainfall Amount (mm) and Rainy Days

Zoom 6m YTD 1y Al
+ 1000mm
+ 500mm
2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 22 Average Rain falls
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Averages

Max, Min and Average Temperature

Nuwara Eliya

Max, Min and Average Temperature (°c)

Zoom 6m YTD 1y Al

+ 30

+ 10°c

Figure 23 Average Rail Falls

Max and Average Wind Speed and Wind Gust

Nuwara Eliya
Average and Max Wind Speed and Gust (kmph)

Zoom em YTD 1y Al

+ 5kmph

Okmph
2009 2010 2011 2012 2013 2014 2015 2016 207 2018 2019 2020 2021

Figure 24 Average Wind Speed
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‘ Weather Averages

Nuwara Eliya

Zoom 6m YTD 1y Al

il

Sun Hours and Sun Days

Average Cloud and Humidity (%)
+100%

b

Figure 26 Average Humidity

Averages

Nuwara Eliya

Average Sun Hours and Sun Days

Zoom 6m YTD 1y Al
+ 308hy
+ 200hr
+ 100hr
[h .M S | B - B T | A - L P - e wwn_Ohp
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 25 Average Sun Hours
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Monthly data for a particular year has been extracted and using the mean value and
standard deviation, random daily values have been generated to get daily weather
conditions to build the model [12].

‘ generatedata.com Login |
Generate About News Donate
SAVE ‘f:"_..

COUNTRY-SPECIFIC DATA &

DATA SET &

Order Colurmn Title Data Type Examples Options Help
1 [Dec/dan [ Mormal Distribution ~] Mo examples available. Mean [5.5 | Standard Dev. Precision 2 O
2 [1an/Feb [ ormal Distribution | No examples available. Mean Standard Dev. Precision ? O
3 [Feb/Mar [ Mormal Distribution | No examples available. Mean Standard Dev. Precision ? O
4 |Mar.:"Apr Normal Distribution ~ | Mo examples available. Mean Standard Dewv. Precision E [

Order Column Title Data Type Examples Options Help

Figure 27 Random Realisric Number Generation

Weather data compiled from www.worldweatheronline.com as input. Historical details
are taken from the official website of the Department of Statistics and Statistics [16].

District wise monthly Production information for each year for a particular crop is
available in that website.

‘® Department of Census and Static X + o -

<« x A Notsecure | statistics.gov.lk/Agriculture/Staticallnformation/rubb2 @

HOME ABOUT US ¥ | SUBJECTS ¥ | MEDIA ¥ | STAFF ACCESS ¥ | CONTACT US ¥ | FAQ

TSP
CO3 - 3: Monthly Production of Potato
Unit: MT .
Year District |Nov/Dec| Dec/Jan|Jan/Feb|Feb/Mar|Mar/Apr|Apr/May| May/Jun|Jun/Jul |Jul/Aug|Aug/Sep Sep/Oct|Oct/Nov Total
National
2006/2007 Total 3.126 922 848| 10,001 15.845 8,886 844 816 2.348| 19,207 9,342 2,910/ 75.263
;'i';";'ara 1,738 757| 185 - 95| 7,504 844 816 453 346 425 2,283 15,446
Badulla 1.388 165 663| 10,001 15,750 1.382 - - 1.895( 18.861 8,917 627|59,649
Other
—_ 168
District
National
2007/2008 Total 5,003 2,134 426 7.216 8,314 5,268 2,487 595 6,819| 19,781 11,256 4,862 74,398
;'i';‘:ara 2,812 1917 426 887| 3.040| 2.321| 2487 595 630| 2,382 1,678 2,454 21,629
Badulla 2,191 217 - 6,329 5,274 2,947 - - 6,189 17,399 9,578 2,408 52,532
Of:her 237
Districts
National
2008/2009 Total 1,506 581 -| 14,036 10,537 2,462 1,387 - - 1,348| 15,479 13,001|60,848

Figure 28 District Wise Annual Crop Production Information
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Based on such information, the data model to predict the production has been built as

follows.
A B C D E F G H |
1 |Average TlAverage R Average V Average C Average B Average 5 Average Production (MT)
2 21 75.75 3.65 41.8 82.92  202.55 680.31
3 21 80.28 3.66 41.75 g2.02  203.18 772.1
4 21 72.17 3.65 41.8 82.39 200.05 1037.58
5 21 85.81 3.61 41.73 82.81  202.59 1055.7
6 21 73.51 3.67 41.67 83 199.2  1030.55
7 21 73.1 3.63 41.62 81.93 200.2 838.42
8 21 88.93 3.62 41.51 82.03 204.4 821.13
9 21 88.37 3.65 41.66 82.88  205.45 754.47
10 21 88.28 3.66 41.88 82.24  204.54 872.02
11 21 91.65 3.64 41.73 82.14  202.78 710.94
12 21 75.32 3.66 41.69 81.95 203.17 730.65
13 21 67.34 3.66 41.65 8246  201.24 964.4
14 21 71.15 3.66 41.79 82.06  198.91 780.52
15 21 70.22 3.67 41.78 83.21  197.11 867.04
16 21 69.72 3.67 41.75 83.05 202.69 610.35
17 20.83 54.45 3.75 37.55 8147  229.57 275.38
18 20.77 54.14 3.75 35.89 79.536  223.37 295.93
15 20.86 535.34 3.73 36.53 78.87  226.87 307.84
20 20.71 56.13 3.76 39.39 82.03 232.4 292.77
21 20.74 535.27 3.74 36.46 79.68  225.77 249.37
22 20.72 55.39 3.78 36.38 82.05 229.68 277.3
23 20.75 55.48 3.76 36.49 81.15 225.49 286.45
24 20.77 54.73 3.74 35.87 79.29 231 302.8
25 20.79 55.98 3.74 37.93 81.27 229.6 351.17

Figure 29 The Production Model

Prediction Based on Model
Depending on the production model the product variability is predicted based on weather
conditions such as rainfall, temperature, sun hours, humidity, wind speed and normal
cloud [13]. s python is very popular in data analysis with Pandas [14], a production
prediction has been made using Python Pandas.
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Figure 30 Training, Predicting and evaluating the model
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Production Model Prediction Results

Figure 32 Splitting the Model into Independent and Dependent variables
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Figure 34 Evaluation results of the production model

Data supplied to the model to predict the value and accuracy of the model has been
tested. The accuracy of the model has been approximately 63% reasonable as the result of
the model is almost 63% accurate.
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Evaluation of Simple and Multiple Linear Regression Models to do the predictions

Regression analysis is a mathematical method that allows us to determine the strength and
relationship of two dynamic objects. The reversal is not limited to two variables; we can
have 2 or more variants showing relationships. Results from regression assist in predicting
unknown value depending on the relationship and predictive variability [17]. As an
example the height and weight of person have a higher relationship. Taller person is
heavier. This relationship helps to predict the unknown weight or height based on the
height or weight given as independent variables. Regression can be formed in two ways.

The thing we want
to explain ie 77% of the variance in y is If you only had data on x, this line

explained by x. Below ¢.30% means provides your best estimate of y. If the
DEPENDENT they're hardly connected. Above 95% fit is strong and no major ourliers, x could

VARIABLE | and they're practically the same. be used as a surrogate or forecast of y.
\ _-"S<LINE OF BEST FIT
J R=0-77 ‘0

957 CONFIDENCE BAND

If a data point falls outside these
lines, you're 4s% sure there is

; something special about it causing it
to do better or worse than others -
// OUTLIER an ‘outlier’ worth understanding
-7 0

INDEPENDENT The Factor we think

_ — ——— might influence the

x &= VARIABLE dependent variable

Figure 35 Sample Image of a Linear Regression Model [17]

e Linear Regression Model-Determining the relationship between single
independent variations and single variables

e Multiple Linear Regression Model.-Finding relationships between multiple
independent variables and single variables.

Outcomes have been predicted by incorporating these variables to describe relationship-
dependent variability and independent variability.
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More on Simple Linear Regression Model
Simple linear regressionis used to measure the relationship between two variables
[18].Simple linear regression model is useful when s particular researcher wants to;

« Predict the strength of the relationship between dependent variables and
independent variables.
o Eg: -The relationship between rain and humidity
» The amount of variation depends on the specific value of the individual variant
(eg the amount of moisture at a certain rainfall level).

Simple regression model can be performed on qualitative variables by assigning on the
qualitative measures as follows.

Imagine that one researcher wants to measure the happiness in terms of income. Here the
income level can range between two acceptable prices such as $ 15k to $ 75k. Happiness
is a quality variation but can be measured by providing ratings ranging from 1-10.

e Below assumptions can be made on simple linear regression [18].

e The size of the error in our forecast does not change significantly in the
independent variance values.

e Database observations were collected using statistical measurement methods, and
there is no hidden relationship between the observations.

e The data follows the general distribution.

e The relationship between independent and dependent variables is straightforward:
a line of direct equation with data points is a straight line (rather than a curve or
some kind of collecting element).

Above all assumptions can be applied in parametric linear regression model and if
these assumptions are not met with the dataset, non-parametric linear regression
model can be applied.

Performing the Linear Regression
Yy = 3[} + 51X + £

Figure 36 Simple Linear Equation

Y = Predicted variable

Bo=Intercept, the y value when x is 0

X=Independent variable based on which the y value is changed
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E=Estimated error or the estimated variation of the regression coefficient

Line reversal finds the correct line of data in your data by searching the return coefficient
(B1) which reduces the total error (e) of the model [13].

More on Multiple Linear Regression Model

Multiple line regression is used to measure the relationship between two or more
independent variables and one dependent variable. The Multiple Linear Regression
Model can be used there;

« How strong is the relationship between two or more independent varieties and one
variety (eg how rainfall, temperature, and additional amount of fertilizer affect
plant growth).

« The amount of variation depends on a certain number of independent variants (eg
expected crop yields at specific rainfall, temperature, and fertilizer addition) [13].

My main research project is exactly suited to be implemented using multiple regression
model since it has been developed based on two models (Price and Production) with
multiple dependent variables.

Below assumptions can be made on simple linear regression [13].

« The size of the error in our forecast does not change significantly in the
independent variance values.

« Database observations were collected using valid mathematical methods, and
there are no hidden relationships between variables.

» The data follows the general distribution.

« A line of direct equation with data points is a straight line, rather than a curve or
some kind of collecting element.

In multiple linear regression model, it is possible that some of the variables that are
represented are actually related to each other, so it is important to evaluate them before
developing a regression model. If two independent variables are closely related (r2> ~
0.6), only one of the regression models will be used [13].

32



Performing Multiple Linear Regression

Yy = 50 + lel + ...+ 6TLX?‘E + €

Figure 37 Multiple Linear Equation

Y = Predicted variable
Bo=Intercept, the y value when x is 0

B1X1= The regression coefficient (B1) of the first independent variable (X1) (a.k.a. the
effect that increasing the value of the independent variable has on the predicted y value)

BnXn=The regression coefficient (Bn) of the nth independent variable (Xn)
E=Estimated error or the estimated variation of the regression coefficient

To find the most accurate line for each individual variation, several duplicate lines
include three items:

« Regression coefficients lead to very small model errors.

» The total t number of the model.

» Corresponding p-value (how is it possible that the t-number occurred by accident
if the hypothesis was not at all of the non-relationship between independent and
reliable variables was true).

By researching the features of the simplest and most flexible retreat models, the Multiple
Regression Model has been used to predict the price and potential price of a given crop.
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Chapter 5

Technical Implementation

This chapter discusses about the representation of the results of Price Prediction model
and Production Prediction via a user interface. As discussed in earlier chapter, the data
analysis has been conducted using Pandas data analyzing flatform in Python. The
ultimate result is a mobile application which presents the results in user friendly manner
for farmers to decide a crop. Below technologies have been used to implement the mobile
application

o Kivy-
o Python open source library for rapid application development that use the
new user interface, like multi-touch apps [19].
e Pandas
o A fast, powerful, flexible and easy-to-use tool for open source data
analysis and deceptive tool, built on top of Python [20]
e Pandas Datareader
o Pandas datareader is a sub-package that allows one to create dataframe
from various online data sources, currently including: Yahoo! Finance.
o In this project, Pandas Datareader has been used to fetch the real-time
inflation of Sri Lanka from Worldbank Data official site.
e XAMPP local server with mysql database
o XAMPP is a software distribution that offers Apache web server, MySQL
database (actually MariaDB), Php and Perl (as a result of command line
and Apache modules) all in one package. Available for Windows, MAC
and Linux programs. No configuration required to integrate Php and
MySQL [21].

With the above mentioned technologies and flat forms, a user friendly presentation of the
data models have been presented for the farmers for decision making. Below figure
suggests the structure of the mobile application
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More on Technical Implications

@ Kivy

Figure 38 Kivy Logo

Kivy is an open python library for fast-paced development apps for developing new
specialized user connectors for mobile devices. Kivy Python Library has the features
below

e Cross Flatform
Kivy works on all flat formats like Windows, Linux, iOS, Rasberry Pi and even
Android. Kivy codes can be generated in all of the aforementioned platforms.
Kivy also receives input from WM_Pen, Mac OS X Trackpad and Magic Mouse,
Mtdev, Linux Kernel HID, TUIO. Multi-touch mouse simulator etc.

e Business Friendly
Kivy is a 100% free open source base. The tool kit is technically advanced,
supported and operated. You can use it in a commercial product. The framework
is stable and has a well-written API, as well as a planning guide to help you get
started [19].

e GPU Accelerated
In addition to OpenGL ES 2, the graphics engine is built using a modern and fast
pipeline. The tool kit contains more than 20 highly free widgets. Most parts are
written in C using python, and were tested with a retrospective test.

More on Pandas

|:;| pandas

Figure 39 Pandas Logo

Pandas is a software library used for python for data fraud purposes. Provides a variety of
data structure functions and management tools, data representation using mathematical
and graphical methods. It is a free package with software released under the BSD three-
clause license. The term ‘Pandas’ is derived from the term “panel data”, which is the
economic name of data sets that include the occasional recognition of the same people.
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It is also called "Python data analysis” as it works on the hidden python form of data
mining.

Pandas Library Features

Dataframe, a device used to manipulate data with integrated identification.

Tools are available to read and record data between memory data structures and
different file types.

Ability to rotate and rebuild data sets.

A hierarchical axis index to work with high-resolution data in a low-level data
structure.

Syncing data and handling missing data

Integrating and joining data sets.

Label-based cutting, advanced reference and reset of big data sets.

Management and formatting of data structures such as column insertion and
deletion.

More on Panadas Datareader

Figure 40 Pandas Datareader Logo

Pandas datareader is a sub-package that makes it easy to create a data name from various
online sources. Such online sources include:

Yahoo! Finance
Google Finance

St. Louis FED (FRED)
Kenneth French Library
World Bank

Google Analytics
Tiingo

IEX

Alpha Vantage

Econdb
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Pandas Datareader provides remote data access to date pandas and works with many
types of panda releasess for the purpose of data fraud.

pip install pandas-datareader

Figure 41 Installing Panadas Datareader in system environment

import pandas_datareader as pdr
pdr.get_data_fred('Gs18")

Figure 42 Importing Pandas Datareader to the python environment

In this particular research project, the pandas datareader has been used to fetch the
inflation information from the worldbank data sources.

Figure 43 Fetching inflation rate from worldbank datasource

Indicators are available to access to explore data from different internet resources.
Indicator is mostly available or embedded in the url of a particular data resources. Below
code segment of indicates how the inflation details of Sri Lanka for a particular fiscal
year has been fetched using pandas datareader.

More on XAMPP Local Server

Code
Tehice Mot POV PR A

2] RAAEY Catont Panel 4120 | Compivd 2 " - 0 X
= JANED Sontrd Pankl v3.2.4
& wout
|
!

Figure 44 Xampp Environment
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XAMPP stands for cross-platform, Apache, MySQL, PHP and Perl, and allows a specific
developer to build and test a WordPress site or other php or mysql applications that are
not connected to online, on a web server on your computer. This simple and easy solution
works on Windows, Linux, and Mac - which is why this has a feature called "cross-
platform™. For this specific research project xampp helps to keep the details of farmers in
their area for testing purposes. But the database will be downloaded to the remote server
as the system is installed in the real world.

—[— * f name | _name nic district password contact_no

& Edit Fc Copy @ Delete Bimal Chandana &61171030v MNuwara Eliya Bimalc123  0717-95123
& Edit Fc Copy @ Delete Bimal Chandana 721171030v Nuwara Eliya cxbsfndfg 0717951235

& Edit 3¢ Copy @ Delete Amal Kurmara  771171030v Badulla Amalkumara 0711-25263
& Edit 3¢ Copy @ Delete dsgsdg  sdfsdf 381171030v Badulla qgq 0711-25263
& Edit Fe Copy @ Delete Amal Bimsara 891171030v Badulla amal@123 0711252632

Figure 45 Information of the registered farmers have been stored in local server

Weather API

Weather conditions are important to predict the product. The climate varies from region
to region. As a result, the need for reliability of the Program Installation Program was
always needed. OpenWeatherMap is a type of online service, run by OpenWeather Ltd.
This Weather API provides global weather data, including current weather data,
forecasts, nowcast and weather data for any location. The company provides timely
updated forecasts for any location. The convolutional learning model is a model used to
use weather broadcasting services and data from aircraft weather stations, ground radar
stations, weather satellites, remote satellites, METAR and automated weather stations.
Below statistics show some of the products provided by the API service

Road Risk API
)

+ Specify your route and get weather
data and national alerts for the point of
destination and along the route

= Current, forecasted and historical
weather data for your route

= Weather data are available for any
point on the globe

« To receive information on price and
access the data, please contact us

Historical weather data collection

Historical Weather API Historical Weather AP| NEW Historical Weather AP| NEW
Greraoe) 0D 40 years by timestamp 40 years full archive
e CIED o D

= Through our APl we provide historical

Figure 46 Services of openweathermap API
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Current & Forecast weather data collection

Current Weather Data

RN LIl Subscribe

* Access current weather data for any
location including over 200,000 cities

* We collect and process weather data
from different sources such as global
and local weather models, satellites,
radars and a vast network of weather
stations

« JSON, XML, and HTML formats

Included in both free and paid

subscriptions

Daily Forecast 16 days
E——

+ 16 days forecast is available for any

lommdimm e i

Daily Forecast 16 days

LNl Subscribe

» 16 days forecast is available for any
location or city

« 1-day step for 16 days

+ JSON and XML formats

» Included in all paid subscription plans

Solar Radiation APl NEW

» Get essential data for each point on the
globe to evaluate solar performance

« Current data and forecast for 16 days
a UL DR DU indisae far alaare clae and

Hourly Forecast 4 days

» Hourly forecast is available for 4 days

» Forecast weather data for 96
timestamps

* JSON and XML formats

» Included in the Developer, Professional
and Enterprise subscription plans

Climatic Forecast 30 days

+ Forecast weather data for 30 days

[Tt N A,

Climatic Forecast 30 days

» Forecast weather data for 30 days

+ JSON format

* Included in the Developer, Professional
and Enterprise subscription plans

Global Weather Alerts
Push notifications

+ Get all the warnings from national
weather agencies

One Call API
swoave

+ Make one API call and get current,
forecast and historical weather data

+ Minute forecast for 1 hour

* Hourly forecast for 48 hours

* Daily forecast for 7 days

» Historical data for 5 previous days

+ National weather alerts

s JSON format

Included in both free and paid

subscriptions

Bulk Downloading

APl doc ) eyl )

* You may request current weather and

[ PRRpFUR ST FPPE P S ) PR

Bulk Downloading
e

* You may request current weather and
forecasts in bulk with a variable data
granulation

* Current weather bulk is available for

209,000+ cities

Variety of hourly and daily forecast

bulks depends on the frequency of data

updating

Additionally, this product allows to get

archived current and forecasts weather

data for 7 previous days

* Included in the Professional and
Enterprise subscription plans

5 Day / 3 Hour Forecast
swscte

« 5 day forecast for any location or city
« b day forecast with a 3-hour step
s JSON and XML formats

o Inchadad in hath fran and Aaad

Figure 47 Services of openweathermap API
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Source Codes to fetch weather data from OPenweathermap API

1ltempll

1lhum][

Figure 49 Source Code to Manipulated Weather data fetched from the API
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Figure 51 Predicting the Production based on Weather data fetched from the API

Based on above approaches, the information is presented via a mobile application
interface for farmers to make decision on cultivating a selected crop based on the district
where he/she lives

0 crop @ crop — O e
=N
Contact N
ortact e _ ([ Username 2 )
tpsenadheera@gmail.com
5] Login ( Password o )
@®  Register I\-}j _C:C_IIHT:I |\(—' Ho meﬁ_‘:l
Figure 53 Home Interface Figure 52 Login Window 1



© cop - O x O aop - O X

Price Fluctuation for Last 2 Weeks Price Fluctuation for Last 2 Weeks

Potato

Crop Advisor

Potato

Badulla

Crop Advisor
Figure 54 Window for Price and Figure 55 Window to Show Price
Production Prediction fluctuation for last 2 weeks
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Chapter 6

Future Developments and Benefits of the Application

Introduction

Successful implementation of this project will be an effective communication medium
between for farmers on crop prediction and planning since the application provides
decision making support facility based on the upcoming weather conditions and price
prediction. Agricultural sector in Sri Lanka desperately needs a proper decision support
system as the factors which affect the agriculture changes dynamically.

As the name suggests, this is a decision-making system (DSS). Such systems support the
managers/ users of the system to make decisions by assessing large amount of
information from various sources. As the name suggests, this crop prediction decision
support system provides information on upcoming climatic condition, expected
production by district, and price for a particular crop. Based on that information a farmer
can decide which crop is ideal to cultivate in future.

Characteristics of a Crop Prediction Decision Support System

e Supporting for farmers by providing price, production and climatic conditions
structured way.

« Intelligent and accurate prediction on price, production for selected crop, district
wise climatic conditions.

o Integrating different levels and types of critical information from various sources
to a common flat form such as weather, price and production..

e Support for interdependent or sequential decisions on crop prediction based on the
available information.

o Support for intelligence, design, choice, and implementation.

e Support for variety of crop prediction approaches with the availability of
information.

o Decision Support System is adaptive over time as it fetches data from reliable
APIs around the world to do the predictions.

Benefits of DSS in Crop Prediction

On the whole, the ultimate aim is to build useful models for crop cultivation. Especially
the upcountry farmers suffer a lot because of lack of return on investment, crop wastage
since lack of information and some of data which cause production change dynamically.
So this decision support mobile application presents enough data for decision making
using two specific models (Price and Production)
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Improves efficiency and speed of decision-making activities to select a crop based
on accurate models for price and production.

Increases the control, capability of futuristic decision-making of the crop
cultivation to gain optimum return on investment.

Facilitates communication between farmer and major data sources like weather
and price for smooth decision making.

Encourages learning or training on how does the price behaves and how do
climatic changes make an effect on crop cultivation.

It reveals new cultivation approaches which can be unusual but can earn more

profits after making decision.
Helps automate decision making processes system provides enough information district
wise on crops based on price climate and production.
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Chapter 7

Results and Discussion

At the moment, the application provides information of Expected Price, Expected
Production (MT) and the Price fluctuation of a particular selected crop for last two
weeks. The accuracies of the models of Price and Production are recorded as 77.93%
and 65.08% respectively. Below chart indicates the behavior of the price model with
randomly selected dates and a clear comparison can be done between the predicted price
and the actual price.

Price Commarision

130

127 4798739

125 / 125.9525034
120 \ \ 120.6388248

2
= e074 .
= is _ 115 5 = Actual Price
112 7905904 m— Predicted Price
110
105
11 1z 13 14 15

Dec 11-15 (2017)

Figure 56 Actual Price Vs the Predicted Price

The accuracies of the Price and the Production models are in the modest levels as they
have to be improved furthermore to provide precise information for farmers to do
decision making in crop cultivation. Below mentioned additional improvements are to be
suggested to improve the overall performance of this decision support mobile application

e Improving the accuracy and Performance of the Production model by adding soil
moisture feature which provides an additional dimension for farmers in deciding a
crop to cultivate
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Adding and Additional Model to predict amount of fertilizer to be fed for a
particular crop based on the yield so farmers are given additional information on
amount of fertilizer required for a particular crop.

Improving the accuracy of the Price Model can be further done by adding the
feature of the prices of imported crops which will be added in future versions of
the mobile application

Facilitating farmers by suggesting potential crops based on the climatic condition
of a particular district so the farmers can choose a particular crop with the
available resources, potential price and by considering the expected climatic
condition in future.
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Chapter 8

Future Development

This Mobile Support Decision application is developed under the Phased Software
Development Approach section because each category ends with a defined release.
Categories are executed in accordance with the order specified by the software
development process model. The main reason for using a phased approach to software
development process breaks down the problem of building software into successful
phases, each with different concerns about software development. [22]. Earlier stage of
this mobile application facilitates farmers to make decisions based on the information
given under selected crop for a selected district based on the price and expected
production. Below list indicates the expected future developments for this application.

e Increasing more components to the production model by including more
independent variables making this production model more accurate by predicting
the potential amount of potato can be grown by each farmer. In order to improve
the price prediction model in such a way below components are expected to be
added

o Soil Moisture

Soil Moisture is very important to predict the conditions for crop cultivation. All plants
vary in their water requirements depending on their size and growth and the length of
their ripeness and the season of high growth. Perhaps no other major crop differs in its
sensitivity to water pressure depending on the stage of growth than potatoes. Potato
requires cool temperature and high moisture. Therefore it needs a proper irrigation and
proper way to track soil moisture. According to the Food Research project under the
leadership of Dr. Steve Thomas, of Lincoln, that water is a factor in closing the potato
harvesting gap, that management practices change the capture and retention of
groundwater, and that soil parameters affect water use over time [23]. His research
targets on finding more ways on storing more in soil. The research team found that the
potato is high water stressed crop as its roots are relatively small. As a result, potatoes
need a high water content in the soil because potato strength is limited to extracting water
from deep layers of soil. The research has been conducted to find the optimum way to
extract and maintain the soil moisture for potato cultivation. Research looked at flatbed or
the traditional ridge and furrow to capture which method reduces water losses through
evaporation. The experiment was performed on a PFR test site using two types of beds
(ridge / furrow and flatbed) and irrigation regimens such as full irrigation, double
irrigation weekly to replace ground water shortages and low irrigation in the top 400mm.
wilting. This test was performed at the PFR test site using a variety of bed methods such
as ridge / furrow and flatbed and two irrigation regimens such as full irrigation, double
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irrigation to replace ground water shortages and low irrigation irrigation when the ground
water 400mm was near the area. wilting. This showed an increase in yield (seven tons /
ha) on flatbed plots compared to reed / ditch sites under full irrigation. Likewise there are
enough researches have been conducted to examine the importance of soil moisture to
grow a particular crop but in this particular sector the points are presented on the
importance of soil moisture to potato. So in future releases the production model will be
more improved by predicting the soil moisture to grow a selected crop.

e Improving the System by Introducing a new Model to decide amount fertilizer to
be added for a particular product. This will help farmers to decide the amount of
fertilizer required for a particular crop. This model will be built with the factors
such as yield, amount of materials in the soil and the amount of fertilizer fed in to
a particular crop. The dependent variable will be the amount of fertilizer to be fen
and the independent variables are yield, organic materials of the soils. The model
will suggest that which amount of fertilizer will be required for a particular crop
for an optimum yield.

e Suggesting more optional crops based on the environmental and other conditions
to grow.

o At the moment farmer has to choose the crop and based on the upcoming
climatic conditions and other factors, expected production and price will
be given so the farmers can decide whether he / she can go for that
particular crop. But the upcoming release will suggest the crop, amount of
fertilizer required based on the region/ district in Sri Lanka.
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