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Abstract 

Farmer suicidal hotspot detection proposed in this paper aims to reduce the death of the 

farmers. Using geographical information system is vital in predicting potential hotspots for 

farmer suicide. This study has collected and analyzed data on farmer suicide in India, using 

state-wise information from the National Crime Records Bureau and has determined the 

recent higher rate of farmer suicide. Spatial statistics analysis tools that address average 

nearest neighbor analysis has been used. Global analysis through Moran's Index, analyzed 

that the farmer suicides have a clustered pattern and plotted a farmer suicidal hotspot map 

using Getis-Ord (Gi*) analysis. The results show the highest farmer suicide index is in 

Maharashtra and hence, farmer suicidal hotspot has been found district wise. There are four 

farmer suicidal factors such as, number of farmer suicide, the population density of farmers, 

climate, and income. This hotspot geographical region helps to identify future suicidal risk by 

studying the hotspot map. Moreover, government policy may suggest a hotspot zone to help 

the overall development of the country’s growth. 
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 Introduction 1.

Farmer suicide is a grim issue for our society and has also found an increasing growth 

rate over the last two decades. It is susceptible that the farmer suicidal death increases. In 

2019-2020, the farmer suicidal rate increased by 10%. This paper aims to detect the hotspot 

region, which helps to take new progressive initiatives and policies to reduce the risk of 

suicide.  

India is an agriculture-based country that has very diversified geomorphological 

areas. In India, 70% [12] of the population has their livelihood on farming, and agriculture 
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also contributes to approximately 15% of GDP (Gross Domestic Product) to our country's 

growth. Agriculture also participates in the employment of 54% of our country's labor. Indian 

agriculture contains three sections for working; first is named as farming, where farmers 

work on their land, the second one is labor, and the last is farming sector employees. The risk 

of farmer suicide is very high in small and marginal farmers.  

A hotspot is a region where the occurrence of a particular event is very high. The 

National Crime Records Bureau (NCRB) [2] data has been used to build a model to analyze 

farmer suicidal hotspots. A spatial hotspot is one of the methods that analyze farmers’ 

suicide. Some particular places are witnessing more farmer suicide than others. For 

computing farmer suicidal hotspot, four factors are considered state-wise to determine the 

hotspot: the number of farmer suicide, population density, environmental factor, and 

economic stress such as the income of farmers, loans, and expenditure.  

In this paper, Getis-Ord (Gi*) [20] is used for hotspot analysis and further spatial 

autocorrelation Moran’s Index [19] is applied to map farmer suicidal hotspot zones. After 

applying the Hotspot analysis technique, it is found that Maharashtra, Karnataka, and Andhra 

Pradesh have the highest number of farmer suicide cases. The district-wise data from the 

criminal investigation department (CID) or State Crime Records Bureau (SCRB) [13] has 

been used. In Maharashtra, farmer suicide has followed an increasing trend in the last 

decades. NCRB Report has published that, 21474 farmers have committed suicide from 2013 

to 2020 [2]. Using division-wise statistical techniques in Maharashtra hotspot detection, it is 

found that Amaravati and Aurangabad have the highest number of farmer suicides. There are 

many applications of hotspot detection in medical field [3, 4, 6, 7].  

The rest of the paper is arranged as follows. Section 2 contains the study area and 

methodology. Section 3 summarizes the experiments and results, and Section 4 concludes this 

paper. 

 Study Area and Methodology 2.

2.1  Study Area 

India with a population of 1,369 million people stands at the world's second rank. In 

the Asian continent, the geographical location of India lies in between 08◦04′N to 37◦06′N 

and 68◦07′E to 97◦25′E, with 28 states and 8 union territories. It is the seventh-largest country 

globally, with a territorial area of 3.288 million square kilometers with 60.43% land used for 
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agriculture purposes according to the year 2018. About 58% of India's population primarily 

depends on agriculture and allied activities for their livelihood. 

2.2  Methodology for farmer suicide 

The following method has been implemented to find the farmer suicide hotspot. The 

number of farmer suicide, population density, environmental factor, and economic factors [1] 

are used to find hotspot detection using the following methods. 

 

Figure 1. The methodology used for farmer suicide hotspots detection. 

2.3  Nearest Neighbour Analysis 

Nearest Neighbour Analysis (NNA) [10] is the statistical technique used for mapped 

point pattern analysis. It measures the distance between the sample data point and its nearest 

neighbor. There are two methods to measure the distance to the nearest neighbor, such as 

'sample located to nearest point' and 'point to nearest point'.   The 'sample located to nearest 

point' randomly selects a location in the study area and measures the distance to the nearest 

point. The 'point to nearest point' approach randomly selects one point from all the points and 

measures the distance to the nearest neighbor. NNA uses observed mean distance and 

expected mean distance. The observed mean distance calculates as the mean of the nearest 

neighbor's distance. The expected mean distance derived from the Poisson probability 

distribution assumes that the sample area is a circle with a radius r. The mean of r is the 

expected mean distance to measure the nearest neighbor E(r) in a pattern generated by the 

Poisson probability distribution process, as defined in the equation (1).  

𝐸(𝑟) =
1

2(√𝜆)
                                                                           (1) 
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where, 𝜆 is the point per unit area, the standard error of E(r) is given as in equation 

(2), and N is the number of distance measurements made. To test the significance of 

departure from the Poisson model, equation (3) is used.   

𝜎𝑟 =
0.2613

√𝑁𝜆
                                                                              (2) 

𝑍 =
𝑟̅ − 𝐸(𝑟)

𝜎𝑟
                                                                              (3) 

where, Z is the standard variable of the normal curve, and the observed mean distance 

to the nearest neighbor is 𝑟̅. The p-value validates the hypothesis against the observed value. 

The relation between the p-value and z score is shown in Fig. 2. 

 

Figure 2. Z score and p-value 

For NNA, the Nearest Neighbor Ratio (NNR), which is the ratio of expected mean 

distance and observed mean distance has been computed as in equation 4. 

                                                                                               

𝑁𝑁𝑅 =  
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑀𝑒𝑎𝑛 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑀𝑒𝑎𝑛 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
                               (4)  

NNR scale has defined the property of data points association as the cluster, random, 

and uniform distribution.  

2.4  Spatial Autocorrelation  

Spatial autocorrelation [11] is defined as the relationship between spatial objects and 

their neighbors. It depends on the relative distribution of spatial objects of interest and their 

nearest neighbor. The advantage of multi-dimension spatial autocorrelation is that it performs 

in multi-dimensional space. These types of spatial autocorrelation [16] are associated with 
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positive, random, and negative. The positive autocorrelation occurs when the object has a 

high association in a cluster. When a spatial object with a particular property shows no 

pattern of association, it is known as random autocorrelation. The negative autocorrelation 

occurs when spatial objects with a particular property are distributed evenly over a large 

geographical space. For calculating spatial autocorrelation, Moran's Index method is used.  

2.4.1 Moran's Index 

Moran's Index (Moran's I) [19] is a multi-dimensional spatial autocorrelation 

statistical technique proposed by P. Moran. This method follows a global measure of spatial 

autocorrelation based on the location and attribute value. Moran's I use network 

autocorrelation analysis techniques to determine the index value for each point and check 

whether the pattern is clustered, dispersed, or random. 

A mathematical explanation of Moran's I statistical is in equation 5. 

𝑀𝑜𝑟𝑎𝑛′𝑠 𝐼 =  
𝑛

𝐷𝛽

∑ ∑ 𝐻𝑖𝑗(𝑦𝑖 − 𝑥̅)(𝑦𝑗 − 𝑥̅)𝑛
𝑗=1

𝑛
𝑖=1

∑ (𝑦𝑖 − 𝑥̅)𝑖
                            (5) 

 

   𝐷𝛽 = ∑ ∑ 𝐻𝑖𝑗        𝑗                                                                     (6)𝑖  

where,  𝑥̅ = mean of a variable. 

 n = number of the segment. 

   𝑦𝑖 = value of variable a on segment i. 

 𝐻𝑖𝑗 = spatial weight matrix of i and j. 

 𝐷𝛽 = collection of spatial weights. 

𝑖 =  1, 2, 3, ...., n and 𝑗 =  1, 2, 3, ….., n. 

Based on the Moron's I, the statistical significance test is based on normal frequency 

distribution by using equation (7) 

𝑍 =
𝐼 − 𝐸(𝐼)

𝑆 𝑒𝑟𝑟𝑜𝑟 (𝐼)
                                                                          (7) 

𝐸(𝐼) =  
−1

𝑛 − 1
                                                                          (8)  
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where, i is the sample calculated value of Moron's I, and E(I) is the expected value. 

The value of I lies between -1 to +1. The low and high value of Z shows negative and 

positive autocorrelation, respectively. The autocorrelation can be the same throughout the 

space, thus, making it less realistic. To overcome this problem, a local measure of spatial 

autocorrelation has been used.  

2.5  Getis – Ord (Gi*) 

Getis – Ord (Gi*) [21] is a statistical technique based on a local measure of spatial 

autocorrelation. Getis and Ord have developed this concept. For calculating Gi*, equation 9 is 

used. 

Gi* = 
∑ 𝑦𝑖𝑗𝑥𝑗− 𝑋̅ ∑ 𝑦𝑖𝑗

𝑛
𝑗=1

𝑛
𝑗=1

√[𝑛 ∑ 𝑦𝑖𝑗
2 −(∑ 𝑦𝑖𝑗)𝑛

𝑗=1
2𝑛

𝑗=1 ]

𝑛−1

𝑠
                                               (9) 

                       where, 𝑥𝑗 is the feature value, 𝑦𝑖,𝑗  is used as the spatial weight 

between 

                      feature 𝑖 and 𝑗, and the total number of features is written as 𝑛.                               

𝑋̅  =  
∑ 𝑥𝑖

𝑛
𝑗=1

𝑛
                                                                    (10) 

𝑠 = √
∑ 𝑥𝑗

2𝑛
𝑗=1

𝑛
− (𝑋̅)2                                                     (11) 

The large value of Gi*[5] indicates a high-value cluster together. If Gi* is low, it 

shows a low-value cluster together. It is a potential coldspot when the Gi* value is less than 

the expected value. The Gi* [9] greater than expected value indicates the potential hotspot.   

 Results and Discussion 3.

The farmer suicide data has been used for hotspot detection, which shows the states 

with individual cases of farmer suicides.  

3.1  Dataset  

Farmer suicidal data from 2005 to 2020 [2] are collected from the National Crime 

Records Bureau (NCRB). The farmer population density in a state is the ratio of the total 
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number of farmer population [12] [17] to the corresponding total area of the state. The farmer 

population and total population data are collected from the official database of the Registrar 

General and Census Commissioner [14, 15]. Environmental factors like rainfall, drought, and 

flood data are collected from the Indian Meteorological Department [8]. Agricultural 

economic sources are farmer income, loans, and farming expenditure [8]. For Maharastra, 

district-wise data are collected on farmer suicide reported per the government portal. Suicidal 

data are collected from the State Crime Records Bureau (SCRB) of the Criminal 

Investigation Department (CID) [13]. The geographic information system database and the 

spatial distribution for the Maharashtra are used. Shapefile are created and mapped for 

Maharashtra district-wise farmer suicide. 

3.2  Average Nearest Neighbour for farmer suicide 

The average nearest neighbor value, which shows the computed distance of the 

observed mean 33.6m is used, and 47.7m is the distance of the expected mean. The average 

NNR is 1.42, which is greater than 1.0, indicates a cluster as a polygon of farmer suicide. The 

z-score is 4.50, which is greater than -2.58. The average nearest neighbor computed value 

represents the results of farmer suicide, as shown in Fig. 3.  

 
Figure 3. Nearest neighbor ratio  

3.3  Moran’s Index using Spatial autocorrelation for farmer suicide 

Spatial autocorrection is a method that finds a similar feature in the nearest distance. 

Moran's I statistic [19] uses four factors to determine the clustered hotspot analysis for farmer 

suicide. 
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In statistical analysis, the average Moran I [18] is 0.1092, as given in the table below. 

This value shows that the probability of random chance is less than 1%. Therefore, this 

reveals that each pattern has similar values that follow a similar distribution. It can be low as 

well as high. Farmer suicide value shows the Moran's I [19], expected Index,  z value, and p-

value for 2019-2020 data.  

Table 1. Spatial analysis for farmer suicide in year 2019-2020 

 

3.4  Getis-Ord (Gi*) based Hotspot Detection for farmer suicide 

Getis-Ord (Gi*) [21] is used as a spatial network structure, and the weight matrix is 

used to calculate the (Gi*) value by using the above equation (9). Computed values measure 

the region's high and low concentrations for hotspot detection. Gi* statistics uses the 

threshold distance value of 550008, which is used for Euclidean distance value. Its value 

always lies between +2.56 to -2.56. The map scaling uses 1:25,000,000 in Arc GIS. It uses 

the z value to identify the hotspot. The p-value and z score values are positive values with 

high values that are more spatially clustered, defined as a hotspot (figure 4).  

3.5  Hotspot area 

In figure 4, the result shows that Maharashtra, Karnataka, and Andhra Pradesh are the 

hotspot of farmer suicide, with Degree of Confidence of 99%, 95%, and 90%, respectively. 

 

Figure 4. Farmer suicide hotspot 
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 In the district-wise analysis of Maharashtra, there are six divisions and 35 districts in 

Maharashtra [3]. After statistical hotspot mapping, the Amravati has the highest number of 

farmer suicide, followed by the Aurangabad division in Maharashtra. Figure 5 shows 

Maharashtra district-wise hotspot detection. The red color indicates the highest number of 

farmer suicide in this region, the orange color shows a smaller number of farmer suicide 

compared to red, and the least is in the blue region on the Maharashtra map. 

             

Figure 5. Maharashtra Farmer Suicide hotspot. 

 Conclusion 4.

This study has collected and analyzed state wise data on farmer suicide in India. In 

this paper, spatial analysis techniques that help address the Average Nearest Neighbor are 

used, and Moran's I is used to analyze global patterns. The computed value on farmer suicidal 

data has mentioned clustered pattern for graphical map representation of farmer suicidal 

hotspot using Getis-Ord techniques. The results represent the highest number of farmer 

suicide indexes in Maharashtra. Small and marginal farmers are more at risk of suicide due to 

the loss of farming sunk costs. Farmer suicidal hotspot detection helps to reduce the risk of 

the same by using new initiatives in agriculture techniques. 
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