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Geoinformatics 

 Geoinformatics is the science and the technology 

which develops and uses information science, 

infrastructure to address the problems of geography, 

geosciences and related branches of engineering. 

 Geoinformatics deals with the study of earth and its 

allied informatics.  

 Geoinformatics is the synergy of multiple 

disciplines, namely GIS, remote sensing, 

photogrammetry, GPS, Information Technology and 

geodesy.  
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Geospatial 
Technology  

Geographical 
Analysis 

Information 
Science 

S 

      

GEOINFORMATICS  

“The art, science or technology dealing with the  
acquisition, storage, processing, presentation and 
dissemination of information.”  
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Geoinformatics combines: 
 Geospatial analysis 
 Modeling 
 Geospatial databases 
Human-computer interaction 
Both wired and wireless networking 
technologies 
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Geo-informatics has been described as “the science 

and technology dealing with the structure and 

character of spatial information, its capture, its 

classification and qualification, its storage, 

processing, description and dissemination, 

including the infrastructure necessary to secure 

optimal use of this information”.  
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 Geo-information can combine different types of 

dataset, from GIS, remote sensing and non-remote 

sensing, and socio-economic to generated results inform 

of maps or other forms of reports which allow 

better interpretation, management and decision 

making about human activities upon earth’s surface. 

 Geo-informatics refers to two words; ”Geo” which is 

refer to “Geospatial” and “informatics” which is refer 

to “Information Science” multidisciplinary science 

(e.g., computer science, software engineering, computer 

vision, mobile and game technology, intelligent system, 

internet of things) 
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 Geo-Informatics word is a combination of 

two words: Geo + Informatics. The meaning of 

Geo is earth while meaning of informatics is 

drawing or generating information by means 

of science and technology. The information is 

generated by utilizing data.  

 Geoinformatics otherwise called as 

geomatics encompasses a broad range of 

disciplines including surveying and mapping, 

Remote sensing, geographic information 

systems (GIS), and the Global Positioning 

System (Geomatics Canada Web Site, 2000).  
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 Geomatics deals with spatial and non-spatial data, 

their methods of acquisition, management, analysis, 

display and dissemination.  

 Application of geomatics is mainly oriented to real 

world management problems pertaining to natural 

and man-made environments.  

 Geoinformatics is an increasingly pervasive 

information processing system and its ubiquitous 

nature poses new research challenges and provides 

new opportunities for novel and interesting 

applications. 
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Geographical Information Systems and its 

related technology helps analyze large 

datasets, allowing a better understanding of 

terrestrial processes and human activities to 

improve economic viability and enhanced 

environmental quality. 

Geo-informatics collects and organise the 

data and then analyse it through computation 

and geo-visualization. Enormous relevance 

of geospatial technologies to natural 

resource planning and decision making. 
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Geo-informatics is the science and art of 

 Measuring 

 Storing 

 Organizing 

 Analyzing 

 Visualizing data related to phenomena occurring 

on or near the earth’s surface. For analyzing 

information related to earth 
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Scope of the Geo-informatics 

The term 'Geo-informatics' is a combination of 

two words- Geology or Geography and Informatics. 

The scope of Geo-informatics is very broad because 

it comprises of subjects like Remote sensing, GPS, 

GIS, cartography, hydrology, climatology, Aerial 

photography, photogrammetry etc. 
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Braches of Geo-informatics: 

1. Cartography 
Art, Science or technology that deals with making maps.  

It is a combination of two word ‘carta’ which means map 

and ‘graphy’ that is something written or represented in the 

specified manner, or about a specified subject.  

In other words, it is an art, technique, or practice of 

compiling or drawing maps or charts.  

It is the systematic representation of the Earth or a part of 

the Earth with its meridians and parallels upon a flat surface.  

The technology has transform the cartography because 

before that drawing maps are the only concern and now 

cartographic process is concerned with data manipulation, 

data capture, image processing and visual display. 
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2. Geodesy: It is that branch of geology which studies the shape of the 

earth and the determination of the exact position of geographical 

points. 

3. Photogrammetry: It is art and science of making accurate 

measurements and obtaining reliable information by means of aerial 

photography. 

 It refers to the method of surveying or map making by 

photography and also used in determining the height and motions of 

clouds, sea waves. It is used in architecture, engineering, and quality 

control. It describes from three words- 'photo-light'; 'gram-drawing'; 

'metry-measurement'. 

4. Remote Sensing: It is the acquisition of information about an object 

or phenomenon without making physical contact with the object. 

 It is the science of obtaining information about objects or areas 

from a distance, typically from aircraft or satellites. It collects data by 

detecting the reflected energy from the Earth.  
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5. Spatial Analysis: It is a technique to study the patterns of 

human behaviour and its spatial expression in terms of 

topological, geometric and geographic properties. 

6. Web Mapping: It is the process of using the maps delivered 

by geographic information systems (GIS) in World Wide Web. 

7. Global Navigation Satellite Systems: The Global 

Positioning System (GPS) is a space based satellite 

navigation system that provides location and time information 

in all weather conditions, anywhere on or near the Earth where 

there is an unobstructed line of sight to four or more GPS 

satellites.  

 It is that branch of geo-informatics that provide precise 

positioning of anything on the surface of the planet. It is used 

in satellites, military defense and telecommunication. 
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8. Geographic information system (GIS): GIS is a 

computer based information system used to digitally 

represent and analyse geospatial data. It is a system of 

hardware, software and procedures which enable 

management, manipulation, analysis, modeling, 

representation and display of geo-referenced data to solve 

complex problems regarding planning and management of 

resources. 

 

9. Data Base Management System (DBMS): DBMS is 

software designed to assist in maintaining and utilizing large 

collection of data. Example- Oracle, SQL 
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1. It is used for urban planning and land use 

management. 

2. It is used for car navigation. 

3. It is used for creating virtual globes. 

4. It is used for environmental modelling and 

analysis. 

5. It is used in agriculture, meteorology and to 

study the climate change. 

Application of Geo-informatics 
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6. It is used for oceanography and atmosphere 

modelling. 

7. It is used in telecommunications, criminology and 

crime simulation. 

8. It is used in aviation, biodiversity conservation 

and maritime transport. 

9. It is used in disaster risk management. 
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Data vs. Information 

Data, by itself, generally differs from information. 

Data is of little use unless it is transformed into  

    information. 

Information is an answer to a question based on raw  

   data. 

We transform data into information through the use  

   of an Information System. 
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Information systems can be very simple, 
such as a telephone directory. 
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Geographic Information System (GIS) 

    Tool for handling geographic (spatial and descriptive) data. It is an 
organized collection of computer hardware, software, geographic 
data and the personnel designed to efficiently capture, store, 
retrieve, update, manipulate, analyze and display all forms of 
geographically referenced information according to the user defined 

specifications. 
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Key Components of GIS 

Tabular & 
Geospatial 

data 

Hardware 
and 

Software 

Application/ 
Method 

People/ 
Users 

54 



55 

 

  Sources of geospatial data  

 

  Satellite images             Statistical tables 

    Digitized maps Aerial photographs 
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Entity representation in GIS 

GIS illustrate the different features or entities of real 

world in forms of map or model by means of point, 

lines and polygon. 
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GIS is used for Mapping of: 

1. Road networks 

2. Settlements 

3. Water bodies 

4. Hospitals 

5. Railway 

6. Airport 

7. Soil type 
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 Precision Farming  

 Nutrient management  

 Water management  

 Suitability Analysis  

 Forming homogenous zones (Agro-ecological / 

agro-climatic, agro-edaphic etc.)  

 Pests and diseases monitoring and management  

 Establishment of Agro-industries.  

 Nearest site for Agro product storage like cold 

storage.  

 Selection of shortest route for agricultural 

produce transportation.  

GIS Applications in Agriculture  



Global Positioning System (GPS) 
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 The GPS is a satellite based navigation system made up of a 

network of 24 satellites placed into orbit by U.S. Department of 

Defense. GPS works in any weather conditions, any where in 

the world, 24 hours a day.  

 GPS is composed of a constellation of orbiting satellites 

which is in conjunction with ground equipment enable users to 

determine their exact position anywhere on the surface of the 

earth at any time 

NAVIC own GPS of India 

 India’s own navigational system will be called NAVIC 

(Navigation with Indian Constellation) was launched on board the 

Polar Satellite Launch Vehicle (PSLV). 

 It is launched at Satish Dhawan Space Centre, Sriharikota, 

Andhra Pradesh on April 28, 2016 at 12:50 p.m. 



Why GPS ? 
 

Trying to figure out 
where you are and where 
you're going. 

 Global Positioning 
System is an  instrument, 
which  provide geographic  
information of the object 
i.e. latitude, longitude and  
altitude 
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              GPS  

 GPS is composed of a constellation of   
orbiting satellites which in conjunction 
with ground equipment enable users to 
determine their exact position anywhere 
on the surface of the earth at any time.  
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Global Positioning System 



GPS Constellation 

   24 Satellites in 6 orbital planes 

 

   4 satellite in each plane 

 

   Orbital period- 11 hr 58 min 

 

   Altitude- 20,200 km  

  Orbital radious - 26,600 km 

   Separation- 60° 

   Inclination - 55 ° 
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                          NAVSTAR 

 NAVigation Satellite Timing And Ranging 
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Components of GPS 



The GPS system consists of three segments 

1. The Space Segments 

Comprising the satellites and transmitted signals 

2. The Control Segments 

The ground facilities carrying out the task of satellite 

tracking, orbit computations and supervision necessary 

for the daily control of the space segment. 

3. The User Segment 

The entire spectrum of applications equipment and 

computational techniques that are available to the users. 

40 

Segments of GPS 
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GPS Navigation 
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HOW GPS WORKS??? 

Correction for any delays the signal experiences 
as it travels through the atmosphere.  

Know exactly where the satellites are in space. 
High orbits and careful monitoring are the secret.  

GPS receiver measures distance using the travel 
time of radio signals.  

Basis of GPS is "TRIANGULATION" from satellites.  

43 
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Uses of GPS 

1) To know geo-coordiantes 
2) To know altitude 
3) To survey  
4) For acreage estimation 
5) Navigation 
6) Transportation 
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Application of GPS 

1. Location:- Determining a basic position 

2. Navigation:- Getting from one location to 

another 

3. Tracking:- Monitoring the movement of 

people and things 

4. Mapping:- Creating maps of the world 

5. Timing:- Bringing precise timing to the 

world 
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Crop Discrimination 

 Remote sensing can significantly contribute to 

providing a timely and accurate picture of the 

agricultural sector, as it is very suitable for 

gathering information over large areas with high 

revisit frequency. 

 

 Remote sensing data can greatly contribute to 

the monitoring task by providing timely, synoptic, 

cost efficient and repetitive information about the 

status of the Earth’s surface. 



104 

 The intrinsic ability of spectral reflectance 

data to identify and distinguish crops is very 

helpful in deriving crop acreages, production 

estimates, to monitor and assess the crop 

condition.  

 Remote sensing based crop identification and 

discrimination is centered around the concept 

that each crop has a unique spectral signature 

due to its own architecture, growing period etc., 

when two crops with similar spectral signatures 

occur in a given date, multi date data is required 

to identify them. 
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 Agricultural monitoring systems should be able 

to provide timely information on crop production, 

status and yield in a standardized and regular 

manner at the (sub) regional to the national level. 

 

 Green vegetation can be monitored through its 

spectral reflectance properties. Today, a large range 

of satellite sensors provide us regularly with data 

covering a wide spectral range (from optical 

through microwave). 
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 The application of remote sensing for target 

discrimination depends on the distinctive spectral properties 

of the objects. 

 Clear and deep water bodies almost absorb all 

wavelengths longer than the visible range, and thus show 

very low reactivity in NIR region.  

 The reflectance of dry soil is found to rise gradually from 

Visible and NIR wavelength ranges and is high in Middle 

Infrared (MIR) wavelength characterized by minor dips in 

the MIR range due to absorption by clay minerals. 

 The reflectance pattern of green vegetation in the visible 

wavelengths is due to selective absorption by chlorophyll, 

the primary photosynthetic pigment in green plants. 

Spectral reflectance 
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 Radiant energy in infrared part (700-900 nm) of the 

spectrum is reflected by the healthy plant, is much 

higher than most other objects. The high reflectance 

from 900 nm to about 1300 nm in IR is caused by 

internal structure of the leaf.  

 

 The water content of the leaves profoundly 

influences the spectral region from 1300-2300 nm (near 

/ mid infrared) and the main water absorption zones are 

at 1450 nm, 1950 nm and 2600 nm. 
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 The healthier plant will be greener due to higher 

content of chlorophyll in leaves resulting in high 

absorption particularly, in blue and red regions of the 

electromagnetic spectrum.  

 Decrease in infrared reflectance is one of the earliest 

symptoms of the reduction in vigor in many plants. 

During the drought, the spongy and palisade mesophyll 

cells become flaccid resulting in reduced infrared 

reflectance.  

 Cell structure of the leaves affected by adverse 

conditions such as disease or pest also leads to reduction 

in infra-red reflection. The process of maturity/ 

senescence will also cause changes. 
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Spectral reflectance of water, soil and vegetation in optical 

region of the electromagnetic spectrum. 

Source: http://remote-sensing.net/concepts.html 
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Spectral response of the Lahi in three bands 
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Spectral response of the Wheat in three bands 
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Spectral response of the Sugarcane in three bands 
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Spectral indices 

 Spectral indices are combinations of surface reflectance 

at two or more wavelengths specifically designed to 

determine the target/feature of interest by indicating 

relative abundance of target/features of interest. 

 

 In terrestrial classification the feature of interest may be 

vegetation, urban/man-made feature, water, geological 

features, burned area etc. 
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 The index is typically a sum, difference, ratio, or other 

linear combination of reflectance factor or radiance 

observations from two or more wavelength intervals 

(Wiegand et al., 1991).  

 Vegetation Indices (VI) are combinations of surface 

reflectance at two or more wavelengths designed to 

highlight a particular property of vegetation and find 

application in many agriculture, forest and cropland related 

studies (Rouse et al., 1973) 

 The high absorption of incident EMR in visible region 

and strong reflectance in NIR region by chlorophyll 

pigment in plants is distinct from that of soil and water; 

which makes these classes differentiable from each other. 
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 Arithmetic combinations of vegetation 

reflectance's in the red and near infrared (so 

called “vegetation indices”) are particularly useful 

for vegetation characterization. 

 For example, the well known NDVI 

(Normalized Difference Vegetation Index) 

became, subsequently, the most popular indicator 

for studying vegetation health and crop 

production. 
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Where, NIR and RED are the reflectance or radiances in the 

near-infrared and red spectral channels, respectively. 

NDVI (Normalized Difference Vegetation Index), which is 

measurement of vigour of crop plant, was calculated using 

following equation. 

The NDVI is a dimensionless index that describes the difference 

between visible and near-infrared reflectance of vegetation cover and 

can be used to estimate the density of green on an area of land (Weier 

and Herring, 2000).  
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Temporal behaviour of mean NDVIs (growth) of 

the Lahi crop 
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Temporal behaviour of mean NDVIs (growth) of 

the wheat crop 
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Temporal behaviour of mean NDVIs (growth) of 

the Sugarcane crop 
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Vegetation Phenology Metrics 
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 Image classification is an important process for 

extraction of information from the remote sensing 

data. 

 

 It is defined as the process of categorizing all 

pixels in a raw remotely sensed image to obtain a 

given set of labels/classes or land cover themes 

(Lillesand and Kiefer, 1994). 

Image classification  
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LANDSAT satellite imageries with overlaid field boundaries 
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Classified image of  Lahi 
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Classified image of  Wheat 



125 

Classified image of  Sugarcane 
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Yield monitoring/estimation 

 Crop yield is influenced by many factors such as 

genotype, soil characteristics, cultural practices adopted, 

meteorological conditions and influence of pests and 

diseases.  

 

 Spectral data of a crop is the integrated manifestation 

of the effect of all theses factors. Development of reliable 

crop yield models with minimal data is a major thrust 

area. 
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 Yield estimates should be provided as early as 

possible during the growing season(s) and updated 

periodically through the season until harvest.  

 

 Based on the information provided, stakeholders are 

enabled to take early decisions and identify 

geographically the areas with large variation in 

production and productivity.  

 

 Satellite remote sensing combined with sophisticated 

modeling tools can provide such information in a timely 

manner, over large areas, in sufficient spatial detail and 

with reasonable costs. 

Cont… 
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 Statistical, meteorological and / or spectral models 

are used for crop yield estimation. Remote sensing 

based models adopt two approaches viz., single date 

spectral index and multi-date spectral index-growth 

profile.  

 

 The single date data spectral index approach relies 

solely upon the data acquisition within a narrow 

critical period of maximum vegetation growth phase 

while multi-date approach depends spectral data at 

different stages of crop growth within the season. 
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 The multi-date approach has the constraint of 

obtaining the cloud-free multi-temporal satellite data 

within the crop growth cycle.  

 

 To overcome this problem, studies are in progress to 

explore the potential of the microwave data, which has 

the all weather and cloud penetrating capability. 

Remotely sensed data directly or its derived parameters 

are related to the yield or to the biometric parameters. 



Image Acquisition 

Image 
Processing 

Atmospheric 
Correction 

Subsetting & 
creation of RoIs  

LULC 
mapping 

Discrimination of 
crop 

Acreage estimation 

METHODOLOGY  

for yield prediction 
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Model 

No. 
Spectral meteorological  yield model of Lahi crop R2 

1 Y = 16.82+0.11*(x1) 0.501 

2 Y = -3.631+0.141*(x1)+1.249*(x2) 0.650 

3 Y = (-14.795)+0.141*(x1)+1.302*(x2)+0.673*(x3) 0.729 

4 

Y = (-13.122)+0.168*(x1)+1.258*(x2)+0.946*(x3)+ 

(-0.752)*(x4) 
0.803 

5 

Y = (-24.705)+0.218*(x1)+1.043*(x2)+1.669*(x3)+ 

(2.183)*(x4) +7.565*(x5) 
0.895 

6 

Y  =(-5.436)+0.223*(x1)+1.161*(x2)+2.134*(x3)+(-

2.74)*(x4)+ 6.523*(x5 )+ (-0.341)*(x6) 
0.916 

Where, Y = Yield (q ha-1), X1 = deviation in NDVI from normal growth curve, X2 = Average 

temperature of 2nd week, X3 = Average temperature of 3rd week and X4 = Average Bright 

Sunshine Hours (BSS) of 2nd week, X5 =Average evaporation of 2nd week, X6 = Average RH 

of 2nd week 
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Comparison between observed and predicted yield (Model-1) 
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Image processing software 

 The process of image processing requires a system of 

specialized computer programs which can manipulate 

the data recorded in the pixels of an image to obtain 

specific information stored in it.  

 The image processing software allows reading the 

data (that is stored in BIL/BIP format), reformatting it 

into the BSQ format for further analysis.  

 They contain programs to analyze, classify and 

manipulate the data for better interpretation and to 

produce desired output images and statistics and allow 

the data analyst to perform necessary preprocessing and 

processing operations like subset of image, merge, 

mosaic, superimpose (Campbell and Wynne, 2011). 
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various image processing software are used for 

carrying out necessary data operations and image 

analysis which are: 

 ERDAS Imagine (www.hexagongeospatial.com) 

 PCI geomatica (www.pcigeomatics.com) 

 ENVI (www.harrisgeospatial.com) 

 ARC GIS (ESRI, www.arcgis.com) 

http://www.pcigeomatics.com/
http://www.harrisgeospatial.com/
http://www.arcgis.com/
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Introduction to crop simulation 

models and their uses for optimization 

of Agri inputs 



Model 
 A model is a simplified representation of a real world 

system. 

 A model is a set of rules, formulas, or equations that 

can be used to predict an outcome based on a set of 

input fields or variables. 

 It is a simplified mathematical description of a system 

to assist calculations and predictions.  

 It is  a set  of mathematical  equations  describing the 

behavior of  a  system. 

 Model is an equation or set of equations,which 

represents the behaviour of a system (France and 

Thornley). 

2 
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 It is the process of building models and analyzing the system.  

 The art of building mathematical models and study their 

properties in reference to those of the systems . 

SIMULATION: 



Crop models 
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 Crop production is influenced by many environmental factors, 

including soil moisture supply and atmospheric conditions. 

  Two sources of information may be used for crop management. One 

is a field experiment and the other is simulation results. 

  Field measurements provide the basic information about crop 

response to environmental factors and management methods. 

However, it is very difficult to run a comprehensive field experiment 

because of the environmental factors and the limitation of 

instrumentation. 

  Simulation based on the field measurements, can be used to 

investigate the whole crop system behavior and the interaction 

between system components. 

 Furthermore, a reliable and well validated model can be used for 

forecasting and to provide information for crop management.  

 



  Practical utilization of a model requires validation. 

Field experiments provide basic information about the 

mechanism of each process and models integrate the 

known mechanism or theory about each process & 

simulate the behaviour of the system. 

  However, model outputs need to be validated against 

field measurement. Therefore, field measurements and 

simulation are each important in the sense of 

understanding nature. 



  Depending on soil characteristics, weather conditions and 

crop species, crop models calculate the daily growth of 

biomass in the individual plant organs (stems, leaves, roots, 

grains/tubers etc.) as well as progress of plant development 

from sowing to maturity. 

  In addition crop models account for important processes in 

the soil (water & nutrient availability) in order to simulate 

crop growth during whole growing season. 



Crop Weather Models explained by Baier (1979) 

8 Dr Wolfgang Baier 

Crop-weather models may be 
defined as a simplified 

representation of the complex 
relationships between weather or 
climate on the one hand and crop 

performance (such as growth, yield 
or yield components), on the other 

hand by using established 
mathematical and/or statistical 

techniques. 



1. Empirical-statistical models or Simple statistical model  

 

2. Crop-weather analysis models or Parameterization models 

 

3. Crop growth simulation models or Analog-physical model  
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Empirical statistical models are developed on the 

basis of long term relationship between crop yield 

and several variables (representing weather, soil 

characteristic, technology trend, etc.,).  

 

There are two types of Statistical models:  

a) Trends model, and  

b) Agrometeorological Model  

1. Empirical-statistical models or Simple statistical model 

10 



The crop-weather analysis models are defined as the product 

of two or more factors, each representing the simplified 

functional relationship between a particular plant response 

(e.g., yield) and the variations in selected variables at 

different plant development phases (Baier, 1977).  

 

Y =ΣV1*V2* V3  
Where,  

V1 = Solar radiation 

V2 = Temperature  

V3 = Soil moisture or evapotranspiration  

2. Crop Weather Analysis Models  
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 CGSM or computer models are very advanced in nature and 

are developed by taking all physiological process in account. It 

is assembly of number of mechanistic models, which deal with 

various plant processes such as photosynthesis, respiration, 

transpiration and partioning. 

 They are dynamic models, which provide prediction as well 

as explanation of the integrated behaviour from more detailed 

knowledge of the underlying physiological processes.  

 A crop growth simulation model can be defined as simplified 

mathematical representation of the complex physical, chemical 

and physiological mechanism underlying plant growth and its 

response to environment. 

 

3. Crop Growth Simulation Models  (CGSM) 
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What is a 

Computer or crop 

growth model? 
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Recent developments in crop growth models are: 

DSSAT, EPIC, GLAM, CROPSYST, CROPWAT, WOFOST, APSIM etc 



 Crop  simulation models basically applied in three sections 

(1) tools for research, (2) tools for decision-making, and (3) 

tools for education, training and technology-transfer. 
  In these models the crop is described by a set of state 

variables (e.g., weight of various organs) that are updated at 

each iteration of the variable by rate variables (e.g., flow of 

carbon in photosynthesis and respiration) defining changes in 

the state variables. The rate variables are assumed to be 

constant during the iteration interval, which is generally one 

hour and sometimes even less.  

 

Cont… 



In dynamic crop simulation models, three categories of 

variables recognized are, state, rate and driving variables.  
 

 The state variables are quantities like biomass, amount of 

nitrogen in soil, plant, soil water content, which can be measured 

at specific times.  

 Driving variables, or forcing functions, characterize the effect of 

the environment on the system at its boundaries, and their values 

must be monitored continuously.  The driving variables of crop 

simulation models are weather inputs comprising daily 

observations of weather parameters.  

 Each state variable is associated with rate variables that 

characterize their rate of change at a certain instant as a result of 

specific processes. These variables represent flow of material or 

biomass between state variables. Their value depends on the state 

and driving variables according to rules that are based on 

knowledge of the physical, chemical and biological processes that 

take place during crop growth. 
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Soil data 

 

Weather 

data 

 

Crop  data 

 

Management 

data 
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Crop Simulation Models 







Once the integration, calibration and 

validation is successful, crop simulation 

models can help us in analyzing the effect 

of various climatic factors on crop growth 

and yield considering the interaction with 

edaphic, biotic and agronomic factors. 



DSSAT 

 The Decision Support System for Agrotechnology Transfer 

(DSSAT) developed by the International Benchmark Systems 

Network for Agrotechnology Transfer (IBSNAT) 

 DSSAT contains multiple crop models including CERES-Rice 

and CERES-Wheat, and provides a facility for simulating crop 

sequences.  

 The CERES (Crop Environment Resource Synthesis) models 

simulate crop growth, development, and yield taking into 

account the effects of weather, management, genetics, and soil 

water, C and N. These models are continuously being refined 

and modified. 



DSSAT 

A software program that includes: 

  Crop simulation models 

  Utilities and tools for data handing 

   Experimental, soil, weather, economics  

(Application programs) 

   Seasonal, crop rotational, and spatial analysis 





DSSAT v4.7 

 CERES-Wheat (Crop Estimation through Resource and Environment 

Synthesis-Wheat) . 

 

Developed by Jones et al., 2003. 

 

Windows-based DSSAT v4.7 is latest. 

 

The computer program is written in the familiar scientific language, 

FORTRAN. 

 

Dynamic process-based crop model, widely validated.  
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Main window in DSSAT v4.7 
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Minimum Inputs and output 
 

– Daily weather (max. & min. temperature, total precipitation, 

solar radiation) 

– Soil (Albedo, water coefficients, N & P contents, evaporation, 

drainage and runoff, root growth factor . . .) 

– Crop genetic inputs (coefficients related to photoperiod 

sensitivity, duration of grain filling rates.) 

– Management options (planting date and seed density) 
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Advantages CERES-Wheat model  
 simulate the effects of cultivar, planting density, weather, soil water, and 

nitrogen on crop growth, development and yield. 

 

 Helps to determining optimum sowing date of wheat. 

 

  Seasonal Analysis: multiple-year simulations to evaluate uncertainty in 
biophysical and economic responses . 

 

  On a regional basis it is intended to be useful for yield forecasting and the 
analysis of various policy questions related to crop production and resource 
conservation.  

 

 Extension growth of leaves, stems, roots ,Biomass accumulation and 
partitioning, Soil water balance and Soil nitrogen transformations, uptake 
by the crop, and partitioning among plant parts.  
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The model is not principally intended to be an explanatory 
model for improving understanding of how the crop system 
works. 

 

This model excluded effect of  essential plant nutrients and 
micronutrients  on crop growth. 

 

This model excludes those things as well as soil salinity and 
soil aeration problems. 

 

Model not include linkages with toxicities of various kinds. 

Disadvantages CERES-Wheat model  
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WOFOST 
WOFOST = model developed by the Centre for World Food 

Studies in Wageningen (Netherlands) developed by Supit et 
al.,1994. 

 

WOFOST simulates the crop life cycle from sowing to 
maturity.  

 

WOFOST is a dynamic, mechanistic model that simulates 
crop growth on the basis of the underlying processes, such 
as photosynthesis, respiration etc.  
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APSIM-Wheat 
 
The Agricultural Production Systems Simulator (APSIM) is 

developed by the Agricultural Production Systems Research 
Unit in Australia. 

 

This model include a diverse range of crops, pastures and 
trees, soil processes including water balance, N and P 
transformations, soil pH, erosion and their management 
controls. 
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InfoCrop: A User-friendly Crop modelling System 

 Developed by IARI, New Delhi.  

 validated for rice,  wheat, maize, sorghum, cotton, potato, 
groundnut, soybean, mustard in different agro-climatic regions 
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Examples of crop simulation models 

1. CERES 

2. WOFOST 

3. APSIM 

4.  INFOCROP 

5. EPIC 

6. WTGROWS 

7. INFOCROP 

8. ORYZA 

9.  CropSyst 

10. BRASSICA 

 Under the International Benchmark Sites Network for 

Agrotechnology Transfer (IBSNAT) project a computer software 

package called the Decision Support System for Agrotechnology 

Transfer (DSSAT) was developed which integrates 11 crop 

simulation models (CERES cereal, CROPGRO legume and other 

models) with a standardized input and output (Jones, 1993). 
34 



Globally used models in wheat 

AFRC-wheat 

APES  (Donatelli et al., 2010) 

AQUACROP (FAO)      

CROPSYST  (Stöckle et al., 2003) 

DAISY (Hansen, 2000) 

FASSET (Berntsen et al., 2003) 

HERMES (Kersebaum, 1995) 

STICS (Brisson et al., 2003) 

WheatGrow 

WOFOST (Boogaard et al., 1998) 
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Crop growth simulation models for different crop/processes 

36 



Cont… 
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Application of crop simulation model  

 Yield Gap Analysis  

 Site Specific or Precision Farming Policy 

management  

 Best Management Decisions to reduce Fertilizer 

and Pesticide Leaching 

 Biomass estimation 

 Calculate LAI  

  Introduction of new crop / cultivar/cropping 

system 
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Farm decision making 

  Assessment of the value of seasonal climate 

forecasting 

Optimizing management- Dates of planting, 

variety, irrigation and nitrogen fertilizer 

Option for reducing soil erosion 

Yield forecasting  

Climate change analysis 

Crop water requirement  

 

Cont… 
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Precision Agriculture: 

 Precision agriculture (PA) or satellite farming 

or site specific crop management (SSCM) is a 

farming management concept based on 

observing, measuring and responding to inter 

and intra-field variability in crops. 

 Precision Agriculture is the application of 

technologies and principles to manage spatial 

and temporal variability associated with all 

aspects of agricultural production for improving 

production and environmental quality. 
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 Precision Agriculture is an application of right input; at 

the right amount; at the right place at the right time, used 

for crop cultivation with the efficient agricultural farm 

management. 

 Precision farming is also referred as site specific 

farming, smart farming and GPS (Global Positioning 

System) based farming. 

 It is an integrated information- and production-based 

farming system that is designed to increase long term, site-

specific and whole farm production efficiency, 

productivity and profitability while minimizing unintended 

impacts on wildlife and the environment. 
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1.To enhance productivity in agriculture. 

2.Prevents soil degradation in cultivable land. 

3.Reduction of chemical use in crop 

production 

4.Efficient use of water resources 

5.Improve quality, quantity & reduced cost of 

production in agricultural crops through 

modern farm practices 
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Need of Precision Agriculture 

To convert green revolution into an 

evergreen revolution-farming system 

approach that can help to produce more 

from the available resources. 
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Scope of Precision Farming in India 

 The crop productivity in India is very low as compared to western 

countries, which needs to be scaled up by using precision farming 

techniques. It has been demonstrated with the help of experimentation that 

field productivity could be enhanced from 5-20 % by adopting precision 

farming. 

 The soil variability and crop variability are very high therefore inputs 

should be applied according to field requirement for higher economic return. 

 The nutrient use efficiency is very low, which need to be enhanced for 

saving the input cost and enhancing crop productivity 

 The water use efficiency is quite low, which need to be enhanced for 

saving the water which could be used at time, when water is not available for 

irrigation or could be diverted in water scarce regions to increase irrigated 

land. 

 The fertilizers are used indiscriminately which not only adversely affect 

crop health(luxurious growth or nutrient toxicity), but also human health. 
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 The chemicals (pesticides) are not being used judiciously, thereby 

the quality of agricultural produce is getting affected. 

 A good amount of agricultural produce is lost in the field at the time 

of harvesting or post harvesting due to lack of understanding as to 

what would be the appropriate stage of harvesting and how the 

agriculture produce could be stored.  

 The quality of Ag produce is linked with harvesting. The crop 

should be harvested at appropriate time depending upon uses of 

produce for ex. corn for raw consumption or roasting is preferred 

when there is good amount of sweetness and milk in the grain, 

however for floor, the corn should be harvested when it has 

completely dried. 
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Concepts of Precision Agriculture 

 The concept of precision agriculture first emerged 

in the United States in the early 1980s.  

 Precision Farming concepts are applicable to all 

agricultural sectors like animal farming, fisheries 

and forestry. 

 Precision farming system is based on the spatial 

and temporal variability in crop production.  

 Variability is accounted for in farm management 

with the aim of increasing productivity and reducing 

environmental risks.  
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 It is mostly applicable for large farms and 

comprises several fields.  

 The spatial variability in large farms, therefore, 

has two components: within-field variability and 

between-field variability.  

 The precision farming system within a field is also 

referred to as site-specific crop management 

(SSCM). SSCM refers to a developing agricultural 

management system that promotes variable 

management practices within a field according to site 

or soil conditions. 
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Techniques of Precision Agriculture 
1. Determine management zones to be applied with PFS. 

2. Establish yield goals. 

3. Carry out soil sampling and data interpretation. 

4. Make decisions regarding management of land 

preparation, varieties, fertilizers and other nutrients to 

achieve yield goals. 

5. Establish maps to discover the pest population: insects, 

diseases and weeds, using an integrated pest management 

(IPM) approach. 

6. Apply precision irrigation. 

7. Apply logging and automated record keeping. 

8. Monitor and establish yield maps, evaluate PFS 

response and identify strengths and weaknesses for future 

improvement. 
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Components/Tools/Elements of geospatial 

technology for precision farming 

1. GPS: GPS is a navigation system based on a 

network of satellites that helps users to record 

positional information (latitude, longitude and 

elevation). GPS allows farmers to locate the exact 

position of field features, such as soil type, pest 

occurrence, weed invasion, boundaries and 

obstructions. 

2. Differential Global Positioning system (DGPS): 

The objective of DGPS is to improve accuracy of 

GPS. An automatic controlling system, with light or 

sound guiding panel antenna and receiver 
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3. Real-Time Kinematic System (RTK) GPS: The high-

accuracy RTK guidance systems helps to avoid costly 

skips and overlaps, saving  input cost for seed, fertilizer 

and pesticides. 

4. GNSS:  Global Navigation Satellite System  

5. GIS: GIS links information in one place so that it can be 

extrapolated when needed. Computerized GIS maps are 

different from conventional maps and contain various 

layers of information (e.g. yield, soil survey maps, 

rainfall, crops, soil nutrient levels and pests). GIS helps 

to convert digital information to a form that can be 

recognized and used. A farming GIS database can 

provide information on: filed topography, soil types, 

surface drainage, subsurface drainage, soil testing, 

irrigation, chemical application rates and crop yield. 
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6. Georeferencing audio recorder: with speech recognition 

capability to generate field maps during field investigation. 

7. Sensors and remote sensing: collect data from a distance 

to evaluating soil and crop health (moisture, nutrients, 

compaction, and crop diseases). Data sensors can be mounted 

on moving machines. 

8. Unmanned aerial vehicles. 

a. Drones and satellite imagery- drones take high quality 

images, while satellites capture the bigger picture. Their 

Aggregated images can create contour maps. 

b. DJI Phantom - hyperspectral or RGB cameras to capture 

many images of a field that can be processed using 

photogrammetric methods to create orthophotos and NDVI 

maps. 
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9. Robots (AgBots): Agricultural robots, also known as 

AgBots, already exist, but advanced harvesting robots are 

being developed to identify ripe fruits, adjust to their shape 

and size, and carefully pluck them from branches. 

a. Driverless machinery programmed by GPS to spread 

fertilizer or plow land 

b. Solar powered machine that identifies weeds and precisely 

kills them with a dose of herbicide or lasers. 

10. Variable Rate Application (VRT) 

VRT consists of machines and systems for applying desired 

rate of crop production materials at a specific location. 

Information extrapolated from the GIS can control processes, 

such as seeding, fertilizer and pesticide application, and 

herbicide selection and application, at a variable rate in the 

right place at the right time. 
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Advantages of Precision Agriculture 

1. Reduced production cost: The application of exact 

quantities at the appropriate time reduces the cost of 

agrochemical inputs in crop production. In addition, the 

overall high yield reduces the cost per unit of output. 

2. Improve decision making in agricultural management: 

Agricultural machinery, equipment and tools help 

farmers acquire accurate information, which is processed 

and analysed for appropriate decision making in land 

preparation, seeding, fertilizer, pesticide and herbicide 

application, irrigation and drainage, and post-production 

activities. 

3. Build up a record of farm 

4. Accumulation knowledge for better management 
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5. Enhance marketing of farm products 

6. Enhance the inherent quality of farm 

7. Overall yield increase: The precise selection of crop 

varieties, the application of exact types and doses of 

fertilizers, pesticides and herbicides, and appropriate 

irrigation meet the demands of crops for optimum growth 

and development. This leads to yield increase, especially in 

areas or fields where uniform crop management practices 

were traditionally practiced. 

8. Efficiency improvement- Advanced technologies, 

including machinery, tools and information, help farmers to 

increase the efficiency of labour, land and time in farming. 

9. Reduction in cost of cultivation use to site specific crop 

management practices 
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10. Increase in production efficiency of inputs due 

to site specific management of inputs. 

11. Reduction in environmental pollution: The 

timely application of agrochemicals at an accurate 

rate avoids excessive residue in soils and water 

and thus reduces environmental pollution. 

12. Reduction in application of nutrients. 

13. Reduction in chemical doses through variable 

rate application technology. 

14. Reduction in application of irrigation water. 
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Limitations of Precision Agriculture 

1. Culture and perceptions of the users 

2. Small farm size 

3. Lack of success stories 

4. Heterogeneity of cropping systems and market 

imperfections  

5. Land ownership, infrastructure and institutional 

constraints 

6. Lack of local technical expertise  

7. Availability, quality and cost of data 

There are many limitations to adoption of Precision 

Farming in India. Following are specific limitations to 

Indian conditions: 
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Use of Geoinformatics in Precision Farming 

 The precision farming is all about precisely 

managing resources by taking right decision at right 

time so that cost of cultivation decreases, and 

efficiency of input and the profitability of agriculture 

increases.  

 The physical basis of precision farming is the field 

(including crop) variability.  

 Geoinformatics, which includes remote sensing, 

GIS, GPS and Information science is a mean of 

generating accurate data on field variability in very 

short time and least human resources. Geoinformatics 

in precision  
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i. Information on spatial distribution of natural resources 

in generated, which is important for its judicious and 

sustainable use.  

ii. Information of field variability like Nitrogen, 

Phosphorous, Potash, OM, pH etc can be generated and 

used for applying fertilizer as per spatial and temporal 

requirement. 

iii. Soil moisture information can be generated and 

irrigation can be applied for enhancing water use 

efficiency /productivity. 

Geoinformatics in precision farming is useful as 

mentioned below:  
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Issues and concerns for Indian Agriculture 

 In India 96 million farms out of a total 105.3 

million farms have less than 4 hectares (ha) area. 

 Though only fragmented lands are cultivated, the 

present food grain production in India is nearly 280 

Million Tonnes, which has made India self 

sufficient in food production.  

 To compete with the world production, the crop 

yield per hectare must be economic and without 

environment degradation.  



101 

 In India, overall fertilizer consumption rate is 

84.3 Kg/ha, which must be reduced by systematic 

soil testing and creating nutrient maps along with 

fertilizer recommendations.  

 Along with nutrient zones pest control, disease 

and weed management also plays an important role 

in high yield of crop.  

 Using advance technology, it is possible to 

monitor and control the pest and disease at lower 

costs.  
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 Stress management is another area where 

Precision Framing can help Indian farmers in 

scheduling irrigation more profitably by varying 

the timing, quantity and placement of water. 

 Mechanization of farming helps the farmers to 

reduce the labor cost and to improve the accuracy 

of farming including quality seed selection, weed 

removing, pesticide and fertilizer application, 

harvesting and sorting of the crop as per the 

quality. 
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Remote sensing is a method of obtaining information about 

the properties of an object without coming into physical 

contact with it. 

 Remote sensing is a method for getting information about 

of different objects on the planet, without any physical 

contacts with it. 

The art, science and technology of obtaining reliable 

information about physical objects and the environment, 

through the process of recording, measuring and interpreting 

imagery and digital representations of energy patterns 

derived from noncontact sensor systems. 

Remote Sensing 





The art, science and technology of obtaining reliable 
information about physical objects and the environment, 
through the process of recording, measuring and interpreting 
imagery and digital representations of energy patterns 

derived from noncontact sensor systems. 
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• “Remote sensing is the noncontact recording of 
information from the ultraviolet, visible, infrared, 
and microwave regions of the electromagnetic 
spectrum by means of instruments such as cameras, 
scanners, lasers, linear arrays, and/or area arrays 
located on platforms such as aircraft or spacecraft, 
and the analysis of acquired information by means of 
visual and digital image processing.” 
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Three essential Components of Remote Sensing: 

1. The Signal (from an object or phenomena) 
2.  The Sensor (From a platform), and 
3.  The sensing (Acquiring knowledge about the object or the phenomenon after 

analysis of the signals, received by the sensor at the users library ) 



Remote Sensing Process/Concept/ Components 

Emission of EMR (Sun/Self emission) (A)  
 
Transmission of energy from the source to 
the surface of the earth (absorption  and 
scattering) (B) 
 
Interaction of EMR with the Earths surface 
(reflection & emission) (C) 
 
Transmission of Energy from the surface to 
the remote sensor (D)  
 
Sensor data output (E) 
 
Data transmission, processing and Analysis (F)  
 
Application (G)  
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Satellite Remote Sensing of Earth 



Electromagnetic Energy 

It is the emission of energy from any object having temperature of 
absolute zero (00K or -273.150C). Electromagnetic wave corresponds 
to oscillations of the electric and magnetic field vectors 
perpendicular to each other and perpendicular to the direction of 
wave propagation. 

If the wave is traveling in the "x" direction (the thumb), 
The electric field is oscillating in the "y" direction (index finger), and 
The magnetic field is oscillating in the "z" direction (the middle finger). 



It is the total range of radiation from short wave to long wave. In 

other words, it is the continuous sequence of electromagnetic 

energy arranged according to wavelength and frequency. 







15 

Platform is a stage to mount the camera or sensor to acquire the 

information about a target under investigation. Based on its 

altitude above earth surface. Platforms are airplanes, satellites, 

balloons, kites, towers, helicopters etc. Platforms may be 

classified as: 

1. Ground borne platform: Sensors are mounted on ground 

based platforms. eq. ground vehicles and towers. 

2. Air borne platform: Sensors are mounted on air based 

platforms. Aircrafts are generally used to acquire aerial 

photographs for photo-interpretation and photogrammetric 

purposes. Example: airplanes, helicopters, high altitude aircrafts, 

balloons.  

3. Space borne platform: Sensors are mounted mainly on 

satellites. Example: rockets, satellites, shuttle at a height of 100 

km to 36,000 km. 

Remote Sensing Platforms: 
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1. Passive RS or Passive sensor 

Passive remote sensing use reflected or emitted 

electromagnetic energy from the natural sources 

like sun. The passive remote sensing system mainly 

depends on the solar radiations. 

 
Passive sensors are like cameras 
 Record reflected radiation 
 Visible, infrared, ultraviolet, thermal 
 Most common: Air photos and most satellites 

 

Types of Remote Sensing/Sensor 



2. Active RS or Active sensor 

Emit radiation and record the reflectance 

Active remote sensing are the sensors which 

emit their own source of energy. An active 

remote sensing system generates and uses its 

own source of energy. 

Examples: 

Microwave, Sonar 

Lidar (Light Detection And Ranging) 

Radar (Radio Detection And Ranging) 

Cont.. 
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Cont.. 
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Geostationary Orbit 
      GOES satellites orbit the earth above the equator at the same speed as the earth 

rotates so that they can transmit continuous pictures of the region below : 

21 



Polar Orbit 

Polar satellites are sun-synchronous, which means they are able to 
observe any place on the Earth and will view every location twice each 
day at different illuminations. Polar orbiting take about 100 minutes to 
travel from pole to pole and produce high resolution "snapshots” due 
to their closeness to the Earth. 22 

polar-orbiting-satellite.mov


Orbit Type Characteristics Considerations 

Geostationary •Orbits the earth above the 

equator at the same speed the 

earth rotates 

•Orbit is high - ~ 36,000 km 

•Can produce animations of the 

earth's weather patterns 

 Good for tracking weather 

storms 

 Can observe changes in time 

 Can not see the poles very well 

 Can view only one hemisphere 

Image resolution is not very good 

because of distance from earth 

Polar • Orbit around North and South 

Poles 

•Orbits are lower altitude (~700-

800 km) 

•Takes about 100 minutes to travel 

from pole to pole 

•Produces high resolution “snaps 

shots” of the earth 

 Image resolution is good 

because it’s closer to earth 

 Sees the poles a lot (~14 times 

a day) 

 Sees the given tropical and 

middle latitude regions of the globe 

twice a day at different illumination. 

 Used for a variety of 

applications, including air quality, 

land cover, water quality, and 

vegetation studies 

Basics of Observation from Satellites 
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Geostationary Satellites 

 Geostationary Satellites orbit the earth above the equator at the same speed as 

the earth rotates, so that they can transmit continuous pictures of the region. 

 The satellite orbits at an elevation of approximately 36,000 km because that 

produces an orbital period (time for one orbit) equal to the period of rotation of the 

Earth (23 hrs, 56 mins, 4.09 secs). 

 Example- GOES, METEOSAT, INTELSAT and INSAT satellites. 

 Polar satellites are sun-synchronous, which means they are able to observe any 

place on the Earth and will view every location twice each day at different 

illuminations.  

 Polar orbiting take about 100 minutes to travel from pole to pole and produce 

high resolution "snapshots” due to their closeness to the Earth.  

 Orbiting at an altitude of 700 to 800 km. 

 Example-Landsat series SPOT series, IRS series, NOAA, SEASAT, TIROS 

etc. 

Polar Satellites 

Depending on altitudes and orbit space borne platforms may be 

divided in two categories: 



Spectral Signature 

 The term spectral signature refers to the relationship 

between the wavelength (or frequency) of 

electromagnetic radiation and the reflectance of the 

surface.  

 A spectral signature is some measurable quantity (e.g., 

reflectivity, emissivity), which varies as a function of 

wavelength and can be used to identify a material.  

The signature is affected by several things including 

the material composition and structure. Some parts of 

the EMR spectrum, such as the microwave region, are 

more sensitive to surface structure than other regions.  

 





Spectral Reflectance Curves 

 The % of incident energy 
that is reflected from an 
object usually varies as a 
function of wavelength. 

 

 

 This variation can be 
displayed in the form of a 
spectral reflectance 
curve.  

Visible portion of EM 

spectrum 





Advantages of Remote Sensing 

 Provides a view for the large region 

 Offers Geo-referenced information and digital 

information 

 Most of the remote sensors operate in every 

season, every day, every time and even in real 

tough weather 

 Permanent and reliable record 

 Cost effective and reliable 

 Able to see number of terrain feature in one 

scene 



 Crop inventory 

 Crop Growth monitoring, 

 To estimate the crop biomass, LAI etc. 

 Crop acreage estimation 

 Crop condition assessment 

 Stress determination in crop 

 Crop Yield Forecast 

 

Applications of remote sensing in Agriculture 



 Natural Resources mapping such as river, 
drainage system, water province etc. 
 To draw information on phenology of the 

crop 
 Nutrient management 
 Moisture stress mapping 
 Pest and Disease detection and extent 

mapping 
 Soil mapping 
 Organic matter and nutrient status detection 
 Precision Farming 
 Cropping System Analysis 

Cont…. 



• A digital image comprises of a two 
dimensional array of individual picture 
elements called pixels arranged in columns 
and rows. Each pixel represents an area on 
the Earth's surface. Each pixel has an 
intensity value (represented by a digital 
number) and a location address in the two 
dimensional image. 
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