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ABSTRACT
Database on crop production in EU Balkan countries stores time series on geographical, economical and biological dimensions. Hierarchy principle is used in building the database. The algorithm of this database is created by classification rules including two types of components: statistical and logical. Statistical computing concerns description statistics, trend and sustainability. Logical rules classify crops using the results of statistical computing. The software is applied on time series concerning crop production quantity, harvested area and average yields in Bulgaria on national and regional hierarchical level. As a result, lists of perspective crops for cultivating based on objective criteria are extracted. Finally, the intersection of derived lists of crops on national level and geographical regions is realized. The obtained knowledge is useful for taking decisions on scientific research activities and investment strategy related to crops cultivation. 

The classification algorithm and software can be adapted and applied for knowledge extraction from multidimensional time series databases when analyzing natural resources exploitation and economic activities on different management levels. 
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INTRODUCTION
The rising demands for crop production are caused by increase in human population, shift in dietary preferences and growth in biofuel consumption [1], [2], [3]. Analysis of time series on crop production quantity, areas harvested and yield is supported by statistical methods for studying trend [2], [4] and sustainability [3], [5]. The definition of principles, criteria and indicators has high priority in scientific research in order to assess the progress towards sustainability [6]. Algorithmic and software issues of sustainability analysis in agriculture are discussed in [7], [8]. Remote sensing time series analysis is used for crop monitoring [9], [10].   
The above mentioned approaches, methods and techniques are proper for spatial and temporal analysis of the crop production. When necessary, Data Mining (DM) rules [10], [11], [12], [13] and algorithms [14] can be used to extract specific features of the production processes from big amount time series datasets and to estimate crops based on strong criteria. DM approach is effective when trying to extract knowledge on dynamical processes in the agriculture [13], [15].      

This paper aims to present classification data mining algorithm and software based on statistical estimations and logical rules for knowledge extraction from multidimensional time series database on crop production. Final goal of the algorithm is to estimate the classes of the most perspective crops by using objective criteria. The paper also discusses the results of the software application on time series concerning crop production in Bulgaria on national and regional hierarchical level. 
MATERIALS AND METHODS 
The recent classification algorithm is designed to process statistical time series regarding basic crop production units: production quantity, area harvested and yield. This data usually refer to national and regional level of the countries. The datasets are stored in multidimensional databases governed by statistical institutions in the countries and FAOSTAT. The developed algorithm studies statistical time series stored in multidimensional database “Crop Production in EU Balkan countries” [14], however it is possible to be applied on relevant crop production time series datasets regarding other countries or political units. 
Multidimensional database “Crop Production in EU Balkan countries” stores time series on four dimensions: geographical, statistical (economical), biological, and time.  Hierarchy principle is used in building the database.
Geographical: 
Greece, 

(3 countries)
         Romania,
         Bulgaria (including 6 regions – North Central, North West, North East, South Central, South West and South East).

Statistical: 
Area harvested and Production quantity. 
(2 units)
Time series on yield (statistical unit) are estimated by simple computations. The same approach is used in FAOSTAT database.

(http://faostat3.fao.org/download/Q/QC/E)
Biological: 
Almonds, Anise, Apples, … , Wheat.

(82 crops)

Time:      
1961, 1962, … , 2013.

(53 years)

The basic idea of the algorithm lies on the extraction of the most perspective crops cultivated in given country or political unit based on time series concerning production quantity, areas harvested and yield for at least last 10 years by objective criteria: 
a) Increasing production quantity and yield average more than given value;
b) Positive trend for the chosen period of time;

c) Stable values (sustainability) if there is not trend (b).  

The following steps describe the algorithm: 
Step 1: Time series on production quantity and area harvested are extracted from the database. The time series for yield are estimated. Let’s denote studied crop: {“crop”} and time series:

[image: image1.wmf]1

1

2

Q

Q

Q

-

[image: image8.wmf]{

{“quantity”}:
q1,  q2,…,  qm,   qm+1, qm+2,…, q2m,  
[image: image9.wmf]{


    
        


    
   Q1
          

Q2




[image: image10.wmf]{

[image: image11.wmf]{

{“yield”}:
y1,  y2,…,  ym,   ym+1, ym+2,…, y2m,  
    
        


     
   Y1
          

Y2



The studied time period includes data for at least last 10 years is divided into 2 sub-periods. They follow each other and have the same length m as it is shown in (1).   

Step 2: Statistical computing includes descriptive statistics, trend line modeling through applying linear, second degree and exponential models, sustainability analysis based on the coefficient of variation [7], representing the dynamics of studied statistical units for the whole time period. Missing data for some years are estimated using the average of the latest five years of reported data as it was made in [2]. The average values of quantity and yields for the sub-periods are denoted Q1, Q2 and Y1, Y2 respectively (1).  

Step 3: Logical part of the algorithm consists of the following classification rules:
Rule 1: The rule aims at comparing the change of average values of studied statistical units for the sub-periods. The constraint values Inc1, Inc2 are defined by the user. These values can be chosen in accordance with the study in [2], where increasing 2,4 % per year is considered to double the production quantity till year 2050.
If ((QR1 < Inc1) OR (YR1 < Inc2)) THEN Go to Step 4
where QR1 = 
[image: image13.wmf]{

.100 (%),
YR1 = 
[image: image2.wmf]1

1

2

Y

Y

Y

-

.100 (%),
Rules 2: The rules in this part are applied on the crops with increasing averages of quantity and yield (Rule 1). Three classes with perspective crops are considered. Class A includes crops with positive trend of quantity and yield. Therefore, this is the class of the most perspective crops. Class B1 includes crops: with sustainable yield and without positive trend of quantity. Class B2 comprises of crops: with sustainable quantity and without positive trend of yield. The rules can be presented as follows:

If ((Positive trend of {“quantity”} = True) AND (Positive trend of {“yield”} = True))

THEN Class A = Class A 
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{“crop”}; Go to Step 4
If (({“yield”} is sustainable) AND (Positive trend of {“quantity”} = False) 
THEN Class B1 = Class B1 
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{“crop”}

If (({“quantity”} is sustainable) AND (Positive trend of {“yield”} = False))

THEN Class B2 = Class B2 
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Step 4: Return to Step 1 for estimating all crops time series on national level
Step 5: Do Steps 1-4 for time series on crops production of all regions 
Step 6: Set operations. Intersection and Difference of the obtained classes (sets) on national and regional level is performed. Let’ denote Class A – derived crops on national level; Class AR – derived crops for one region.  
Intersection: Class A 
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Class AR gives perspective crops belonging to class A on national level and for the region.  

Difference: Class AR – Class A presents perspective crops only for the region.  
The same operations are done for Classes B1 and B2 regarding all or selected regions. 
Integrated development environment of Visual Basic (VB) and component oriented programming approach are applied for building the software. Table 1 represents the software packages and modules of the project. The software facilitates the use of statistical procedures and logical functions as well as reuse of the algorithm. The interpreter VB supports researchers in studying time series datasets; it gives the opportunity to modify constraints and to examine at runtime different objects: country, region, time period and crop. Thus, the software gives opportunity: a) to extract analytical information for selected important crops, for instance Wheat, Maize etc; b) to find out the correlation between these selected crops and derived crops classes.
Table 1 Software packages and modules

	Software package
	Module name
	Brief description

	I/O
	Input

Update 
Time series
Output

Interface 
	Manage input data, control and update database by appending data to time series
Extraction of time series from the database
Presents results of data processing in Excel sheets 

Process user’s operations, graphical presentations etc. 

	Statistics
	Descriptive 

StatProc 

Tests
	Compute descriptive statistics

Statistical processing: trend modeling, sustainability
Automatic application of F-test and Student-test 

	Data mining
	Classification logical rules
	Classifications under logical rules and constraints

	Set operations
	Union

Intersection
Difference
	Perform operations on datasets 


RESULTS AND DISCUSSION  

The case study presents application of the developed software on time series regarding crop production in Bulgaria. This time series concern data on national and regional level for 10 years time period 2004-2013 and are extracted from multidimensional database “Crop Production in EU Balkan countries”. The constraint values concerning the change of average values (see Rule 1) are Inc1=Inc2=10 %. 
Table 2 presents the results of classification of crops. Seven crops are discovered for class A on national level while only one (Sour cherries) appears in this class for South West region. Five crops of class A on national level are fruits. This fact can be explained with economic and targeted agrarian measures (investments, new harvested areas) for time period 2004-2008 in order to achieve positive results in the next time period 2009-2013. 
Class B1 on national level and for South West region contains four important crops for Bulgarian economics: Wheat, Sunflower seed, Rice and Rape seed. They have positive rate of the quantity and yield average as well as sustainable yield. Most probably the lack of trend is caused by negative climate conditions during some years of studied time period. The obtained results prove that grain-production in Bulgaria is developing well. Class B2 on national level comprises of crops Apples, Apricots and Spices, nes. They have increasing average of yield and sustainable production quantity. 
Table 2 Classification of crops in Bulgaria on national level and for South West region for the time period 2004-2013
	Crop name, National level
	 
	Crop name, South West region

	
	
	

	Class A: Almonds, with shell; Cherries; Chestnuts; Chilies and peppers, dry; Peaches and nectarines; Sour cherries; Walnuts, with shell
	
	Class A: Sour cherries

	Class B1: Linseed (13,2); Rape seed (14,8); Rice, paddy (19,3); Rye (8,9); Sorghum (20,5), Sunflower seed (20,8); Wheat (16,8).                                                                 Note. Coefficient of variation of Yield (in brackets)
	
	Class B1: Rape seed (35,4); Rye (13,9); Sunflower seed (25,9), Wheat (15,5); Apples (21,2); Raspberries (47,9).                                                            Note. Coefficient of variation of Yield (in brackets)

	 Class B2: Apples (28,6); Apricots (29,5); Spices, nes (16,1).                                                                            Note. Coefficient of variation of Quantity (in brackets)
	 
	Class B2: Barley (37,9).                                                                  Note. Coefficient of variation of Quantity (in brackets)


The intersection of classes B1 on national and regional level shows four crops that are important for the country: Rape seed; Rye; Sunflower seed; Wheat (table 3). The difference between classes on regional and national level shows the perspective crops only for South West region: Raspberries and Barley. The Apples pass from class B1 (South West region) to class B2 (national level).

Table 3 Results of set operations application on classes of perspective crops in Bulgaria (national level) and South West region for the time period 2004-2013
	Operation
	Class A
	Class B1
	Class B2

	Intersection
	Sour cherries
	Rape seed; Rye; Sunflower seed; Wheat
	–
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	Difference
	–
	Apples; Raspberries
	Barley


Tables 4 and 5 present the extracted information on national level regarding production quantity and yield of four crops: Maize, Rice, Soybeans and Wheat, considered as key global crops [2]. Two of them (Wheat and Rice) belong to class B1. The increasing of quantity and yield averages for Wheat, 26,6 % and 11,5 % respectively, is very important result for the country. The results of Soybeans show big rise of the production quantity because of the increasing harvested areas, but small decreasing of yield average. The increasing quantity of Rice is due to bigger areas harvested but not to considerably better yields. The results for Maize are well as it concerns positive changes in quantity and yield averages. However, the trend is not stable because of random factors (insufficient water during some years, market specific effects, etc). Generally, the key global crops cultivated in Bulgaria have relatively sustainable yields.    
Table 4 Statistical estimations of quantity (tonnes) of key global crops cultivated in Bulgaria for the time period 2004-2013
	Crop name
	Q1 
	 Q2 
	QR1  %
	Trend 
	Sustainability 

	Maize
	1395546,0
	2000777,2
	43,4
	 -
	 -

	Rice, paddy
	27501,6
	54015,4
	96,4
	√
	√

	Soybeans
	325,6
	705,4
	116,6
	 -
	 -

	Wheat
	3552790,0
	4497997,4
	26,6
	√
	√


Table 5 Statistical estimations of yield (Hg/Ha) of key global crops cultivated in Bulgaria for the time period 2004-2013
	Crop name
	Y1
	Y2
	YR1 %
	Trend 
	Sustainability

	Maize
	41991,0
	48815,0
	16,3
	 -
	√

	Rice, paddy
	52498,9
	55118,2
	5,0
	 -
	√

	Soybeans
	15183,7
	13964,6
	-8,0
	 -
	 -

	Wheat
	33468,0
	37307,3
	11,5
	 -
	√


CONCLUSION
The developed algorithm processes time series on crop production quantity, harvested area and yields regarding country, regions or other political units. It applies statistical computing, classification rules and set operations. The crops are classified based on positive changes of average values on quantity and yield as well as trend and sustainability for given time period. The software provides a possibility to extract analytical information for selected crops. Besides, it finds out the correlation between selected crops and derived crops classes. 

The case study presents application of the software on time series concerning crop production in Bulgaria on national and regional hierarchical level. The extracted information and knowledge on classes and key global crops cultivated in Bulgaria shows the development of crop production in the last 10 years. This important information is useful for taking decisions on scientific research activities and investment strategy related to crops cultivation. 

The classification algorithm and software can be adapted and applied for knowledge extraction from multidimensional time series databases when analyzing natural resources exploitation and economic activities as well as decision making and sustainable development in the food and health industries.  
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