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1 GEOGRAPHIC INFORMATION SYSTEM (GIS) 

GIS: A set of computerized data management tools for collecting, storing, 

manipulating, retrieving, transforming, analysing, mapping and display of 

spatial data from the real world. The GIS integrates hardware, software, and 

data for capturing, managing, analysing and displaying all forms of 

geographically referenced information that exist and events that happen on 

earth. GIS is a technological field that incorporates geographical features with 

tabular data in order to visualize in the form of spatial maps, analyse and assess 

real world problems. It makes possible to map, model, query and analyse large 

set of spatial dataset including high volume of distribution.  

In agriculture, GIS helps soil survey data seekers identify the best way to 

protect soil and water quality, as well as identify how land parcels are suited for 

specified land uses. GIS is an integral part of automated field operations, also 

referred to as precision agriculture or satellite farming. 

1.1 Integral parts in GIS 

1. GEOGRAPHIC - Implies that locations of the data items are known, or 

can be calculated in terms of Geographic coordinates (Latitude, 

Longitude). 

2. INFORMATION - Implies that the data in a GIS are organized to yield 

useful knowledge and visualization as colour maps and images, statistical 

graphics, tables, and various on screen responses to interactive queries. 

3. SYSTEM- Implies that a GIS is made up from several inter-related and 

linked components with different functions which gives  functional 

capabilities for data capture, input, manipulation, transformation 

visualization, combinations, query, analysis, modelling and output. 

1.2 Components of GIS 

1. Hardware – It is the computer system on which a GIS software operates. 

The function of these components is typically divided into three main 

categories: Input, Storage and Output. The general hardware components 

of a GIS system are the Central Processing Unit (CPU). It is linked to a 

disk drive storage unit, which provide space for storing data and 

programs. A digitizer, scanner and other device are used to import input 

data from maps and documents into digital form. A plotter or other 

display device is used to present the output in computer-aided design or 

vector graphics. 

2. Software - Software are computer programs and other operating 

information that gives instructions to the hardware to do the assigned 

work. GIS software is application software that provides the functions 
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and tools needed to store, analyse, and display geographic information. 

Some popular GIS software is: Arc Info, Arc View, ArcGIS, QGIS, 

GRASS, GIS, and ER Mapper. 

3. Data - The most important component of a GIS is the data on which it 

works. Geographic and attribute data can be collected in house, compiled 

to custom specifications and requirements, or occasionally purchased 

from a commercial data provider. A GIS can integrate spatial data with 

other existing data resources, often stored in Database Management 

System (DBMS). The integration of spatial data and tabular data stored in 

a DBMS is a key functionality afforded by GIS. 

4. User - They are the expert and engaged to run GIS software. GIS 

technology is of limited value without the user who manages the system 

and develops plans for applying it to real world problems. GIS users 

range from technical specialists who design and maintain the system to 

those who use it to create maps and apps, edit features, add items, share 

content, and create groups. The User role is compatible with the Creator, 

GIS Professional, Storyteller, and Insights Analyst user types. 

1.3 Types of GIS Data 

1. Spatial data - most commonly used are the following 5 types 
 a. Vector data- They are of three types namely  

  i. Point Data - layers containing by points (or ―events‖) 
described by x, y (lat, long; easting, northing). They represent 
nonadjacent features and to discrete data points (examples like 
city locations or place names, bore well locations) 

  ii. Line/Poly-line Data - layers that are described by x, y points 
(nodes, events) and lines (arcs) joining  points (line segments 
and polylines) like river, streams, roads, streets, railway tracks 
etc. 

  iii. Polygon Data - layers of fully enclosed areas bound by straight 

line segments, circular arcs, elliptical arcs that are described by 
attributes like lakes, vegetation boundaries, and building 
footprints etc. 

 b. Raster or grid data- - a raster consists of a matrix of cells (or pixels) 
organized into rows and columns (or a grid) where each cell contains 
a value representing information, such as temperature. Examples are 
digital aerial photographs, imagery from satellites, digital pictures, or 
even scanned maps.  

 c. Images or pictures such as remote sensing data of aerial photos, 
satellite images, thermal images, digital elevation models (DEMs), 
scanned maps, land classification maps or other photos.  This is 
special ―grid‖ where the number in each cell (pixel) describes what 
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colour to paint or the spectral character of the image in that cell. (To 
be used, the ―picture‖ must be placed on a coordinate system, or ―geo-
rectified or geo-referenced‖). 

 d. TINs (Triangular Irregular Networks)- are digital means to represent 
surface morphology. TINs are a form of vector-based digital 
geographic data and are constructed by triangulating a set of vertices 

(points). A TIN surface can be created from features, such as points, 
line, and polygons, which contain elevation or height information. 

 e. Terrain data- These are usually expressed as a series or collection of 
points with x-, y-, and associated z-values. They include a series of 
points representing the high and low extremes in the terrain that define 
topographic features such as streams, levees, ridges, and other 
phenomena. 

2. Attribute data- they are non-spatial characteristics that are connected by 

tables to spatial features (points, lines, ―events‖ on lines, polygons and in 
some cases GRID cells). They provide characteristics (what, where, and 
why) about spatial data. Examples of attribute data are soil properties like 
soil depth, texture, pH, nutrients, salinity and alkalinity conditions, 
drainage, run off, erosion etc. They are linked with spatial aspect of the 
soils to form the soil model. Spatial data are used to provide the visual 
representation of a geographic space and is stored as raster and vector 
types. Attribute data are descriptions, measurements, and/or 

classifications of geographic features in a map. 

2 INTERPOLATION 

It is the process of estimating unknown values that fall between known 

values. Spatial interpolation calculates an unknown value from a set of sample 

points with known values (measured) that are distributed across an area. The 

distance from the cell with unknown value to the sample cells contributes to its 

final value estimation. . It can be used to predict unknown values for any 

geographic point data, such as elevation, rainfall, height, soil properties etc. 

Measured sampling points can be either randomly or regularly spaced or based 

on a sampling scheme but should be well-distributed throughout the study area. 

 Surface interpolation functions create a continuous (or prediction) 

surface from sampled point values. The continuous surface representation of a 

raster dataset represents height, concentration, or magnitude—for example 

elevation, rainfall, height, soil properties etc.  Surface interpolation functions 

make predictions from sample measurements for all locations in a raster dataset 

whether or not a measurement has been taken at the location. Below is the 

simplified example – how interpolation works. It shows the distribution and 

values of measured sample points (left side) and a raster interpolated from these 
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measured points (right side). Unknown values are predicted with a 

mathematical formula that uses the values of nearby known points. 

  

Before interpolation After interpolation 

 

2.1 Why interpolation is needed? 

Surveying every location (high density sampling) to acquire information 

(measuring spatial and attribute in nature) in a study area, particularly landscape 

like Northeastern Himalayan Region of India predominant with inaccessible 

hilly terrains and undulating topography with poor transportation connectivity is 

extremely difficult, laborious, time consuming and too expensive. Under such 

circumstances, if we acquire measured information of a particular attribute from 

strategically representative sampling locations across the study area, then we 

can predict the values (with variable accuracy) and assigned to the non-covered 

sampling locations across the study area by interpolation.    

2.2 Different methods of interpolation 

There are different types of interpolation methods used to predict 

unknown values, based on sampling density, nature of attribute data, and the 

objectives of the study. Each method is referred to as a model and each of them 

produces predictions using different assumptions made of the data, calculations 

and applicable for specific local variation. Some of the mostly commonly used 

are as follows- 

There are two broad types of interpolations - Deterministic interpolation, 

and Geo-statistical interpolation. 

2.2.1 Deterministic interpolation methods 

They create surfaces from the measured points, based on either the extent 

of similarity (inverse distance weighted) or the degree of smoothing (radial 

basis functions). They are directly based on the surrounding measured values or 

on specified mathematical formulas that determine the smoothness of the 

resulting surface. Most commonly used some of them are as follows: Inverse 
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distance weighted (IDW), Radial basis functions (RBF), Spline, Local 

polynomial interpolation (LPI) etc. 

i. Inverse distance weighted (IDW): The IDW is one of the mostly 

applied and deterministic interpolation techniques in the field of soil 

science. IDW interpolation explicitly implements the assumption that 

things that are close to one another are more alike than those that are 

farther apart. To predict a value for any unmeasured location, IDW will 

use the measured values surrounding the prediction location. Those 

measured values closest to the prediction location will have more 

influence on the predicted value than those farther away. Thus, IDW 

assumes that each measured point has a local influence that diminishes 

with increase in distance. It weights the points closer to the prediction 

location greater than those farther away, hence the name inverse distance 

weighted. The weights assigned to the interpolating points are the inverse 

of its distance from the interpolation point. 

ii. Radial basis function (RBF): RBF is one of the primary tools for 

interpolating multidimensional scattered data. The method’s ability to 

handle arbitrarily scattered data, to easily generalize to several space 

dimensions has made it popular in the applications of natural resource 

management. They are exact interpolators that create smooth surfaces and 

produces good results for gently varying attributes. Since the predictions 

are exact, RBFs can be locally sensitive to outliers (that is the surfaces 

will contain locally high or low values in order to pass through an 

extreme measured values). 

iii. Spline: It fits a mathematical function to a specified number of nearest 

input points while passing through the sample points. It performs a two-

dimensional minimum curvature interpolation on a point dataset using a 

mathematical function that minimizes overall surface curvature, resulting 

in a smooth surface that passes exactly through the input points. 

Conceptually, it is analogous to bending a sheet of rubber to pass through 

known points while minimizing the total curvature of the surface. Spline 

had the tendency to generate extreme data values along edges of the study 

area. However, the advantage of splining function is that they can 

generate sufficiently accurate surfaces from only a few sampled points 

and they retain small features. A disadvantage is that they may have 

different minimum and maximum values than the data set and the 

functions are sensitive to outliers due to the inclusion of the original data 

values at the sample points.  

iv. Thiessen Polygon: It is a 2-dimensional shape whose boundaries contain 

all space which is closer to a point within the area than any other point 
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without the area. Thiessen polygons are a more specific application of 

Voronoi diagram to meteorology and geophysics. Use: The Thiessen 

polygon is a commonly used methodology for computing the mean areal 

precipitation for a catchment from rain-gauge observations. The area of 

each polygon is used to weight the rainfall amount of the station in the 

centre of the polygon. 

2.2.2 Geo-statistical interpolation 

They are based on statistical models that include autocorrelation i.e. 

statistical relationships among the measured points. They quantify the spatial 

autocorrelation among the sampling points and accounts for the spatial 

configuration of the sampling points around the prediction location. This gives 

them an edge over deterministic models to have the capability of producing a 

prediction surface along with some measure of the certainty or accuracy of the 

prediction. The most commonly used geo-statistical interpolation is kriging.   

Kriging is a statistical method that makes use of a variogram to calculate 

the spatial autocorrelation between points at graduated distances. It uses this 

calculation of spatial autocorrelation to determine the weights that should be 

applied at various distances. Spatial autocorrelation is determined by taking 

squared differences between points. Kriging is a multistep process; it includes 

exploratory statistical analysis of the data, variogram modeling, creating the 

surface, and (optionally) exploring a variance surface. A semi-variogram is used 

to display the variability between data points (direction separating two locations 

to quantify the spatial dependence in the data) as a function of distance. They 

characterize the spatial continuity or roughness of a data set. Kriging are of 

various types and the most commonly used are such as Ordinary kriging (OK), 

Universal kriging (UK) and Empirical Bayes kriging (EBK) etc. 

i. Ordinary Kriging (OK): Ordinary Kriging is a spatial estimation 

method where the error variance is minimized. This error variance is 

called the kriging variance. It is based on the configuration of the data 

and on the variogram, hence is is homoescedastic. It is not dependent on 

the data used to make the estimate as opposed to other types of Kriging, 

assumes spatial autocorrelation but does not assume any overriding trends 

or directional drift.  

ii. Universal Kriging (UK): The universal kriging model splits the random 

function into a linear combination of deterministic functions, known at 

any point of the region, and a random component, the residual random 

function. It is probably the most adequate in cases when the input data is 

marked by a common trend.  
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iii. Empirical Bayesian kriging (EBK): This method automates the most 

difficult aspects of building a valid kriging model. It differs from other 

kriging methods by accounting for the error introduced by estimating the 

underlying semivariogram. Other kriging methods calculate the 

semivariogram from known data locations and use this single 

semivariogram to make predictions at unknown locations; this process 

implicitly assumes that the estimated semivariogram is the true 

semivariogram for the interpolation region. By not taking the uncertainty 

of semivariogram estimation into account, other kriging methods 

underestimate the standard errors of prediction than EBK. It also requires 

minimal interactive modeling and standard errors of prediction are more 

accurate than other kriging methods. Similarly, it allows accurate 

predictions of moderately non-stationary data and more accurate than 

other kriging methods for small datasets. However, pprocessing time 

rapidly increases as the number of input points, the subset size, or the 

overlap factor increase. It also does not have option to do co-kriging and 

anisotropic corrections. Similarly, the log empirical transformation is 

particularly sensitive to outliers and gives predictions that are orders of 

magnitude larger or smaller than the values of the input points. 

2.3 Similarities between IDW and Kriging 

There is no single preferred method for data interpolation. All the methods 

have their advantages and limitations based on data structure and specific 

purposes to be used. However, among all the methods, IDW, Kriging and Spline 

are the most commonly used and preferred interpolation methods. Both IDW 

and Kriging perform better than spline since spline had the tendency to generate 

extreme data values along edges of the study area. Similarly, spline may have 

different minimum and maximum values than the data set. However, all these 

three methods are sensitive to outliers due to the inclusion of the original data 

values at the sample points. Like IDW interpolation, kriging forms weights 

from surrounding measured values to predict unmeasured locations. As with 

IDW interpolation, the measured values closest to the unmeasured locations 

have the most influence.  

2.4 Differences between IDW and kriging 

IDW differs from Kriging in that no statistical models are used. There is 

no determination of spatial autocorrelation taken into consideration. In IDW 

only known z values and distance weights are used to determine unknown areas. 

It models spatial autocorrelation with a particular function, regardless of the 

particular properties of the surface being estimated. However, IDW has the 

advantage that it is simple, easy to define, efficient and therefore, easy to 

understand the results (intuitive). This interpolation works best with evenly 
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distributed points. It is often used in soil science even with thin and evenly 

distributed data points. Disadvantages are that it is sensitive to outliers and there 

is no indication of error.  

Kriging has the tendency to underestimate data values compared to actual 

data values. Kriging also suffers when there are outliers and direction of 

gradients in the data point is not known. It is very difficult to build a valid 

kriging model when some values are several times larger than all other values. 

The outliers exert so much influence on the estimated semivariogram that no 

combination of semivariogram parameters seems to fit the data. Kriging is the 

most appropriate only when you know there is a spatially correlated distance or 

directional bias in the data. It is often used in soil science and geology. 
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3 TUTORIAL 

3.1 How to Import GCPs arranged in Excel Data to Arc Map. 

Step I:  The GCPs (collected by GPS‖ Global positioning system) in Excel sheet 

should be arranged in a proper format and it should have the latitude and 

longitude data i.e., the X and Y coordinates of a specific point in decimal 

degree format. 

The formula to convert Degrees, Minutes, Seconds (DMS generally GPS 

system records) to Decimal Degrees is given below. 

Decimal degrees = Degrees + (Minutes / 60) + (Seconds / 3600) 

For example, to convert 92° 25' 21.36'' to decimal degrees 

Decimal degrees = 92° + (25' / 60) + (21.36'' / 3600) 

    = 92° + 0.416667° + 0.005933° 

    = 92.422600° 
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Step II:  After conversion to Degree decimal, these data points (X, Y) need to be 

added in Arc Map. Open Arc Map and add the X, Y Data from file tab, 

according to the figure given below. 

 

Step III:Add XY Data window will appear. To Choose an Excel Data file, go to 

Browser and select the Excel file from the folder where they are saved. 
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Step IV: After choosing the Excel Data File, Select Edit of the Coordinate System 
of Input Coordinates and the display window of Spatial Reference 
Properties will appear. On display Window of the Spatial Reference 
Properties, go to select… to select a predefined coordinate system 
according to the data location which is going as an input in Arc Map, 
select OK again and the data will be displayed in Arc Map data view 
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Step V: After adding the XY data in Arc Map. Go to Table of Content - Layer 

and select the data to export it to the shape file by Right Click on the data 

and go Data - Export Data as shown in the figure below 

 

Step VI: Display window of the Exported Data will appear on the screen and go 
to Output Feature Class and select Browse. A window Saving Data 
will come to select the specific folder of the export data and rename it. 
Select Shape file in the Save as type tab to save it in shape file, then 
select Save, then OK in the Export Data window and it will be saved in 
the selected folder. 
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Step VII: A window Arc Map will appear after exporting the data. Press OK if 

you want to add the exported data in the layer of the Arc Map. 

 

3.2 IDW interpolation In Arc Map (Point layer to raster layer). 

Step I:  Open Arc Map. Check the Coordinate System of the layer before 

adding the data. By right click on the Layer go to Properties… to select 
the coordinate system as shown in the figure below 
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Step II:  A Data Frame Properties window will appear. Go to Coordinate 

System tab from the selection of coordinate system of the layer by going 

to Favourites or it can be selected from the Predefined coordinate 

system. After selection of coordinate system, press OK. 

 

Step III:Add the data after selecting the coordinate system of the layer. All the 

data whether in the shape of line, polylines and polygon should have the 

same Coordinate System as the layer. To Add the data, go to Add Data 

and an Add Data window will appear on the screen, then select the data 

from a folder and press OK. 
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Step IV:For IDW, only point data and the boundary of the area of interested 

polygon shape file is needed to perform the interpolation. 

 

Step V: To show only the outline of the boundary layer, select the symbol selector 

as shown in the figure below. A symbol selector window will appear on 

the screen, on the search tab, type hollow and select the hollow. Go to 

outline width and give the thickness of the outline width and again go to 

outline colour here select No Colour then select OK. 
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Step VI:To perform the interpolation IDW, go to Arc Toolbox, select the Spatial 

Analyst Tools then Interpolation and select the IDW as shown in the 

figure below 
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Step VII: The IDW window will appear on the screen after selecting the IDW 

from the Arc Toolbox. Go to Input Point Features to select the point for 

interpolation and then select the Z Value Field i.e., depend on the data 

which is needed to interpolate as given in the figure below. 

 

The Attributes table of the Input Point Features appears as
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Step VIII:  Select the Environments… tab after input the Z Value Field. The 

window Environment Setting will appear, select Processing Extend 

and within the extend tab, select the layer of the AOI boundary. 

 

Step IX: After selecting the processing extent, scroll down and select the Raster 

Analysis, then in the Mask, select the AOI boundary and select OK, as 

shown in the figure below 
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Step X:  After selecting OK in the Environmental Setting, a window IDW will 

come again and select OK and the IDW of the AOI will appear in the 

Data View 

 

Step XI:The figure below is the IDW of the Data on soil pH selected from the 

attributes of the point shape file. 

 



 

20 
 

Burhan U. Choudhury, Zubestar Kharbuki and Md. Zafar 

Map soil using Arc GIS (v.2010.2) 

 

 

ICARNEH/KIRAN E-Pub/2021/Jan-01 

3.3 How to Reclassify Raster Layer in Arc Map. 

To Reclassify Raster Layer, first it is needed to classify the raster layer. Then 

reclassify the classified raster layer. Add the Raster Layer in the Arc Map. 

Right Click on the raster layer and select Properties to classify the Raster Data. 

 

Step I:  A window of Layer Properties will appear after selecting the properties. 

In the Layer Properties window, go to Symbology and select the 

classified tab. Within the classified tab, select the Classify… as shown in 

the figure below. 
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Step II:  A window screen of Classification will appear. On the Classes, select 
the number of class to be classified the layer and then go to Break Value 
and rewrite the Class range from one class to another if needed, then 
press OK as shown in the figure below 

 

Step III:After selecting OK, the Raster Layer will be classified into the desired 
number of classes (users’ choice) which has already input in the previous 
Classification window screen. 
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Step IV:To Re-class the Classified Raster Layer, go to Arc Toolbox, select on the 
Spatial Analyst Tools, then go to Re-class and double click on the 
Reclassify as shown in the figure below. 

 

Step V:  A Reclassify window will appear on the screen. Input the raster by 

selecting the classified raster layer (e.g. soil pH) and the select OK as 

shown below. 
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Step VI:After selecting OK, the reclassify raster layer will appear on the Data 
View of the Arc Map. 

 

3.4 How to convert the reclassified raster layer to vector layer (polygon 
shape file). 

Step I:  Following the steps on how to reclassify the Raster layer. Go to the Arc 
Toolbox and select the Conversion Tools, again select From Raster, 
then double click on the Raster to Polygon as shown in the figure below 
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Step II: After clicking on the raster to polygon, a window screen of raster to 
polygon will appear on the screen and on the input raster, select the 
Reclassify Raster Layer (Reclass_Idw38), then press OK. 

 

Step III:After pressing OK, the Vector layer (RasterT_Reclass70) will appear 
on the Data View. To view the attribute table, right click on the Vector 
layer (RasterT_Reclass70) and select Open Attribute Table as shown 
in the figure below. 
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3.5 How to Calculate the Area of a Raster Layer of attribute soil pH 

To calculate the area of a raster layer (e.g. attribute soil pH), first of all, the 
raster layer should be converted into vector layer (as shown below). The next 
step is to calculate the area of the converted vector layer (as shown below) 

Step I:  Go to Vector layer (RasterT_Reclass70) and right click on it, then 
select on Open Attribute Table and the Table of the vector layer will 
appear on the screen as shown in the figure below. 
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Step II:  Go to the Table Option and click on Add Field… as shown in the figure 
below. 

 

Step III:The window screen of Add Field will appear on the screen. Give the 
name of the field (Area), then under the type, select as Long Integer and 
click OK. The field Area column will appear in the Attribute Table of the 
Vector Layer (polygon shape file i.e., RasterT_reclass70) as shown in 
the figure below 
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Step IV: After adding the field, go to the main window of Arc Map and select the 

Editor Option, then click on Start Editing as shown in the figure below. 
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Step V:  A window screen of Start Editing will appear on the screen and select 
the Vector Layer (polygon shape file i.e., RasterT_reclass70) and click 
OK. 

 

Step VI:After start editing, go to the attribute table of the Vector Layer (polygon 

shape file i.e., RasterT_reclass70), then on the area column, Right Click 

on the Area and click on Calculate Geometry… as shown in the figure 

below 
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Step VII:The window screen of Calculate Geometry will appear on the screen 
and on the Properties, select the Area, then on the Units, select the units 
of the area (as desired) to calculate/estimate the area under each 
class/range of soil pH values (here the unit we selected is in Hectares) 
and select OK. 

 

Step VIII: After selecting OK, the area of each and every polygon will appear on the 
attribute table in the Area Column of the Vector Layer (polygon shape 
file i.e., RasterT_reclass70) and the Grid Code in the attribute table is 
the class of the Classified Raster Layer. 
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3.6 How to Prepare a Composite Layer Map of Different Soil Properties. 
Composite map is a map on which several levels of layer (several thematic 

layers of attributes like available nutrients of N, P, K, S etc.) are shown on a 
single map. More than two layers of map are needed to prepare a composite 
map. In the tutorial, we are using the layer of soil fertility properties i.e. 
Nitrogen (N), Phosphorus (P), Potassium (K) and Sulphur (S) as an example to 

prepare the composite map of macro-nutrients - NPKS. 

Step I:  By following the above mentioned step on how to Convert the 
Reclassified Raster Layer to Vector Layer (polygon shape file) of all 
the reclassified raster layers of individual N, P, K and S layers. Open 
Arc Map, then select Add Data icon. A window screen of Add Data 
will appear and look into folder where the Vector Layer (polygon shape 
file) is saved. Then select the Vector Layer of N, P, K and S and click on 
Add as shown in the figure below. 
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Step II:  After adding the layer, go to Arc Toolbox icon, then select on Analysis 

Tools and again select on Overlay followed by Double Click on Union 

as shown in the figure below. 

 

Step III: A window screen of Union will appear on the screen. Go to Input 

features and select one by one of all the four (N, P, K, S) layers. Then 

Uncheck the Gaps Allowed (optional) then select OK. 
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Step IV: After selecting OK, the layer of S_Union1 will appear on the Data View 

of the Arc Map which is the Composite Layer of N, P, K and S. 
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Step V:  The output composite will appear like this (given below). Classes in each 

thematic map (of N, P, K, S) as well as composite map of N-P-K-S will 

depend on the user to define as he/she desires. Here, one example is given 

as: High (H), Medium (M), and low (L) to classify composite map of all 

the four nutrient elements (N-P-K-S). Each level/class such as High (H) 

will have certain user defined ranges for each nutrient element. Same 

with M and L as well for each layer. 
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