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Abstract: 

Integration of various spatial tools provide enormous 
application in agriculture, particularly the crop area 
estimation at macro level.  In this study, made an 
attempt to estimate district-wise rabi crop area viz., 
wheat, sugarcane, potato and mustard crops grown in 
Uttar Pradesh.  The 10-day composite (1-10th March) 
of SPOT-VEGETATION (VGT) Sensor NDVI (Normalized 
Difference Vegetation Index) for the period 1999-
2011,  was used in this study, as the maximum 
vegetative growth of all the predominant rabi crops 
grown in this part of the region falls in this period.The 
NDVI values were then classified by density slicing 
into six classes whose nature was determined by 
comparison with the major rabi crops of Uttar 
Pradesh. All the images were geo-referenced in WGS-
84 projection using ERDAS IMAGINE-11.0. The 
temporal images were prepared and geo 
referencing/rectified and masking the area (India) 
with the help of India’s single polygon shp file in ARC 
GIS-10.0 software. The statistical analysis viz., mean 
absolute error (MAE) and index of agreement (d-
value), which is a measure of absolute error goodness 
of fit indicators,were done. The maximum index of 
agreement observed for potato (0.02) and minimum 
observed for sugarcane (0.11).  Maximum d-index 
observed for potato (0.971) followed by mustard 
(0.90). Thus, temporal SPOT- VGT data is useful for 
large area study to observed classification of the area 
estimation of the major crops. 
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Introduction 
Satellite imagery is known to provide valuable information about the Earth’s surface and has become 

important for cropping pattern analysis, monitoring crop acreage and production at different spatial scales 
viz., local, regional or global. The geospatial techniques comprising remote sensing, satellite image, 
geographical information systems (GIS) and geographical positioning system (GPS) can be put to effective use 
in cropping system mapping and monitoring of changes at spatially as well as temporally. Satellite remote 
sensing has enabled the acquisition of land use/ land cover and vegetation information at different spatial, 
temporal scales and different types of cropping pattern Aggarwal et al.(2004). According to Shefali et al. 
(2003) remotely sensed data has a unique potential monitoring due to synoptic and repetitive coverage. Using 
Remote Sensing data at the peak vegetative stage of the crop, it is possible to give timely pre-harvest 
estimates of crop acreage at different spatial scales.  It is possible to derive information about crop type, crop 
density and crop area with the availability of different satellite imagery and interpretation systems. Spatial 
database of parameters like crop area, cropping pattern, crop rotation, crop calendar, crop vigor etc. can be 
created using multi-temporal, multi-spectral data (Panigrahy et al., 2002; Ray et al., 2005). Manjunath & 
Panigrahy  (2009) highlights  rice-growing pattern in India derived using satellite remote sensing and 
Geographic Information System. Multidate SPOT VGT 10-day composite normalised difference vegetation 
index data is used along with RADARSAT SAR and IRS WiFS data to map the rice area and generate seasonal 
rice cropping pattern and crop calendar.  
 

Multi temporal remote sensing data are widely acknowledged as having significant advantages over single 
date imagery for studying dynamic phenomena (Townshend et al. 1985). Mapping of cropping patterns can be 
improved by using variations in phenological patterns of crops as shown in the multi-temporal datasets. 
Panigrahy et al. (2009) used multi-date optical data such as IRS AWiFS/WiFS for deriving the rabi and summer 
cropping pattern.  Time series of optical satellite images acquired at high spatial resolution is a potentially 
useful source of information for monitoring agricultural practices (Hajj et.al .,2009). The Normalized Difference 
Vegetation Index (NDVI) is the most commonly used vegetation indices (Jensen, 1996). NDVI uses only two 
bands and is not very sensitive to influences of soil background reflectance at the low vegetation cover.  The 
normalized difference vegetation index (NDVI) (Tucker, 1979) is a well known satellite derived parameter 
which is directly related to the percentage ground cover, the herbaceous or total green biomass, the leaf area 
index, and the photosynthetic activity of the vegetation. The NDVI is based on the characters for reflective 
properties of vegetation on the ground. Through NDVI, distinct colors (wavelengths) of visible and near-
infrared sunlight reflected by the plants are observed to determine the density of greenery 
(http://earthobservatory.nasa. gov/Library/MeasuringVegetation/). In the present study, we have analyzed 
the SPOT VGT satellite imageries during the period 1999-2010 over Utter Pradesh, which is part of the upper 
Indo-Gangetic Plains and also made a statistical comparison of the area estimated through satellite with actual 
crop area reported. 
 
Arc GIS Utility of agriculture research work: 

  
Satellite remote sensing and GIS technology are now widely used for environmental monitoring and 

mapping the distributions of land surface biophysical parameters that have an important effect on climate.  
The dataset were geometrically corrected with the help of the ground Control Points (GCPs) and WGS84 
Geographic lat/ long projection system in ARCGIS 10.0.  The District wise distribution of major crops, 
productivity Change Percentage and NARP Zones based Uttar Pradesh maps are created in ARC GIS software. 
The integrate high-resolution imagery, field observations, and real-time data used for limited resources at any 
time. Geographic Information Systems are incredibly helpful in being able to map and project current and 
future fluctuations in precipitation, temperature, crop output, and more. By mapping geographic and geologic 

http://earthobservatory/
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features of current (and potential) farmland scientists and farmers can work together to create more effective 
and efficient farming techniques. 

 

Materials and methods 

Uttar Pradesh (UP)  is one of the largest states in India, located between 23º.50 - 31º.28 N latitudes 
and 77º.4- 84º.38 E longitude (Figure1) consists of 20 agro-climatic zones spread over 64 administrative 
districts. The climate of UP is generally defined to be a tropical monsoon type.  However based on the Köppen 
climate classification, it can be classified mostly as humid subtropical with a dry winter type with parts of 
eastern UP as semi-arid.  Based on IMD classification, UP has three predominant seasons viz., Winter Season - 
November to February, Summer season - March, April and May, South-west Monsoon - June, July, August, 
September and October.  Retreating monsoon season, although existent, has a very negligible effect in UP and 
only occasional mild showers are experienced in winter. Some of these showers are not even due to the 
monsoon but due to western disturbances. The primary temperature, rainfall and wind features of the three 
distinct seasons of UP  can be summarized as below: 
 

 Summer (March–June): Hot & dry (temperatures rise to 45 °C, sometimes 47-48 °C); low relative 
humidity (20%); dust laden winds. 

 Monsoon (June–September): 85% of average annual rainfall of 990 mm. Fall in temperature 40-45° on 
rainy days. 

 Winter (October–February): Cold (temperatures drop to 3-4 °C, sometimes below -1 °C); clear skies; 
foggy conditions in some tracts. 

 
Given significant climatic differences, UP has been divided into two meteorological sub-divisions - UP east and 
UP west.  Given such a wide range of temperature fluctuations in most parts of the state, it can lead to either 
cold waves or heat waves both resulting in substantial loss of life and economy. 
The digital map of India with UP state with administrative district boundary information were taken from 
planning commission report. The data were collected from the published records of the Directorate of 
Economics & Statistics, Government of Uttar Pradesh and State Planning Institute, U.P., Lucknow. The remote 
sensing data used for this study included a ten-day composite of SPOT- VEGETATION (VGT) sensor for the 
period. Since March (1st -10th) is considered as the maximum vegetative growth of all the predominant rabi 
crops grown in this part of the region and hence choosen the master scene for rabi season.. The data were 
downloaded from the VGT free data product Internet site (http://free.vgt.vito.be).  The data set comprising 
Rabi season starting from March 11, 1999-2011 were downloaded.  
The stratified multistage sampling design was used for selecting the sample units. Different regions were taken 
as strata, districts within strata were considered as a first stage unit. Blocks within the district as a second unit, 
villages within the block as third unit, farmers within villages were considered as a fourth stage unit. Out of 75 
districts,  25 districts wee selected and from this 35 villages were selected randomly by simple random 
sampling from each stratum. Minimum 10 farmers (small, medium and large holding size) were selected from 
each village with a simple random selection. Thus total 250 farmers were selected in the sample. During 
ground based survey region during rabi season around 82 GPS points were collected in the area. A ground 
survey performa generated of every village during survey and all information overlaid on the GIS map as well 
as on SPOT VGT data and verified by pixel information. The data base was developed for analysis of major 
crops in Microsoft ACCESS. ARC GIS software was used to develop thematic maps using existing dataset. The 
cropping system maps were prepared in ARC GIS 10.0 software and the image analysis of temporal SPOT VGT 
in ERDAS IMAGINE-11.0. 
 

 

http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
http://free.vgt.vito.be/
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Statistical goodness of fit 
 
Index of agreement  
 

The index of agreement, d, which was developed by Willmott (1981), is widely used dimensionless 
indicator of H/WQ model goodness-of-fit. The index of agreement was not designed to be a measure of 
correlation but of the degree to which a model’s predictions are error free. According to Legates and McCabe 
(1999), d is also better suited for model evaluation than R2, but it too is overly sensitive to extreme values. In a 
manner similar to that of E, this sensitivity is alleviated in a modified version that uses the absolute value of 
the deviations instead of the squared deviations.  The index of agreement, d can be expressed as follows: 

 
Where d index ranges between 0 and 1.0 and higher index values represent superior performance. 
 

Mean Absolute Error 

The mean absolute error (MAE), is well-accepted absolute error goodness-of-fit indicators that 
describe differences in observed and predicted values in the appropriate units (Legates and McCabe, 1999). 
They are calculated as,  

 
 
Results and Discussion 

Figure 2 shows the SPOT VGT NDVI data of Uttar Pradesh for March months of the period 1999-2011. 
Each image represents the first 10-day composite of a month. This figure shows the major crops phenology of 
different regions of U.P. in rabi season, the 
crop growth (seedling-vegetative- mature stage) starts in U.P. by End November  to end April. March is peak 
season of rabi crops its cover most of the crop areas. The vegetative growth goes to harvest stage of rabi 
crops. Crops showed good as in normal condition. These maps give an idea about the utility of Multi year data 
for not only mapping the cropping pattern, but also studying the variation in crop phenology. Agriculture land 
use classification was carried out to discriminate between agricultural area and nonagricultural area such as 
forests, rivers, habitation (village or urban) and wasteland etc. The analysis showed that most of the UP area is 
under agriculture area. 
During the surveyed of the area of Uttar Pradesh identified major cropping systems in rabi crops viz. Rice-
wheat, Maize-wheat, Sugarcane/ratoon-wheat, Rice-potato, Bajra- wheat, Rice-gram etc (Figure 3).  And the 
observed rabi major crops are wheat, sugarcane, mustard, potato and other crops are pea, gram, oat, barley, 
urd and soybean etc. The satellite data SPOT VGT successes for area estimation of large area of different types 
of crops. 
Densities slicing based classification of temporal SPOT VGT images were in single band. The images were 
classified in six classes based on pixel. Year 2004 was master sheet to all other images were classified. The 
major classes’ wheat, sugarcane, potato, mustard, other crops and non agricultural crops assign green, red, 
magenta, blue, yellow and white colour. The classes were based on a group of pixel counted. The details of 
different classes are below: 
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Crop acreage estimation (%) and crop productivity change (%) 

The analysis of secondary (estimated) and SPOT VGT  ( observed) data analysis of year 1999-2011 
major crops are observed in rabi season  viz. wheat, sugarcane, potato and mustard (Table 1). Other crops and 
non agricultural crops area also observed. The triennium ending data (1996-97-1998 & 2008-09-2010) of 
productivity of different major crops change percentage (%) were  observed of districts wise of Uttar Pradesh 
(Figure 4). 
Wheat 

Overall analysis of SPOT VGT data year 1999-2011 wheat in coverage area of Uttar Pradesh observed 
lowest in year 2003 have 43.65% but highest coverage area is 58.01%. Remote Sensing Techniques as 
compared to estimates (1999-2011) data, lowest wheat area 51.75% and highest area 55.26 in estimated data. 
The Remote Sensing observed showed an increase in area of wheat in the UP State by 2.75 per cent as 
compared to estimates. After change percentage analysis of triennium ending data (1996-97-1998 & 2008-09-
2010)  of wheat productivity observed maximum  percentage in Balrampur, and Sonbhadra districts have more 
than 40% change crop productivity.The Shravasti district has 30 to 40% crop change productivity. 
Sugarcane  

The sugarcane acreage estimates for the year 1999-2011 through Remote Sensing are given in Table 1. 
The total wheat area in the state as observed using remote sensing data was 14.70 per cent of the total area 
of the state in year 2007. But suddenly very low only 4.42% March, 2008 it may be harvest of the sugarcane 
area. The sugarcane area estimates were based on secondary data analysis. Estimated sugarcane area in the 
state is highest 12.43% in year 2007 and lowest 11.01% estimated in year 2001. The sugarcane productivity 
change percentage  analysis of  triennium ending data (1996-97-1998 & 2008-09-2010) maximum observed in 
districts Chandauli, Baghpat, Chitrakut, Gautambuddha nagar, Sharvasti  and Kaushambi  have more than 40% 
crop change productuivity. 
Mustard 

The analysis of satellite data year 1999-2011 mustard in coverage area of Uttar Pradesh observed 
lowest in year 1999 have 1.81% but highest coverage area is 5.07% in year 2010. Remote Sensing Techniques 
as compared to estimates (1999-2011) data, lowest mustard area 3.16% and highest area 4.89% in estimated 
data. Those changes are observed in year 2001 and 2008 Table 1. The analysis of major oil seed crop 
mustardproductuivtiy of  triennium ending data (1996-97-1998 & 2008-09-2010)  have very less productivity 
percentage change  observed in  Mahoba, Agra, Rae Bareli, Barabanki, Bareilly, Gorakhpur, Maharajganj, 
Kushinagar and Deoria districts. 
Potato 

The potato acreage estimates for the year 1999-2011 through Remote Sensing are given in Table 1. 
The total potato area in the state as observed using remote sensing data was 2.91 per cent of the total area of 
the state in year 2000 and low 1.61% in year 2008. 
The potato area estimates were based on secondary data analysis. Estimated potato area in the state is 
highest 3.07% in year 2010 and lowest 2.21% estimated in year 2002.  
The non agricultural are observed maximum in year 2000, 28.89% but lowest in year 2010, 13.45%.  Other 
crops are also varies in year 2009 lowest 5.81% and maximum in year 2011, 13.32% in remote sensing data 
analysis. Those changes also seen very clear in temporal study of SPOT VGT data. 
The analysis of major food crop potato, analysis of triennium ending data (1996-97-1998 & 2008-09-2010) 
observed 30 to 40% change percentage of productivity covered  districts are Kaushambi,Unnao, Sant Ravidas 
Nagar, Mirzapur and Sonbhadra.  
The overall analysis of data for change analysis observed very less change in mustard crop only 0.10% 
maximum change observed in potato crops in UP. 
UP state divided according to NARP zones viz. Bhabar and Tarai Zone, Bundelkhand Zone , Central Plain Zone , 
Eastern Plain Zone, Mid Western Plain Zone , South Western Semi Arid Zone , Western Plain Zone,  Vindhyan 
Zone  and North Eastern Plain Zone (Figure 5).  
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The analysis of triennium ending data (Table 2) of productivity based on this zonation observed minimum 
changes of  wheat crop in South Western Semi Arid Zone 0.3% but maximum changes observed 20.8% in 
Vindhyan Zone. The maximum changes observed in sugarcane crops  25.2% in  Vindhyan Zone and minimum 
observed in Bhabar and Tarai Zone (-10.4%).  The maximum changes observed for potato crop was in North 
Eastern Plain Zone 75.2% but minimum in Eastern Plain Zone (7.9%). The mustard crop have minimum change 
was observed  19.8% in North Eastern Plain Zone and maximum in South Western Semi Arid Zone (54.5%). 
 The analysis of  district wise area,  overall data of UttarPradesh’s major rabi crops viz., wheat , sugarcane, 
potato and mustard observed change percentage 5.40%, 2.78%, 28.29% and -43.27%. The decreasing  change 
percentage observed in mustard crop (Table.3). 
The analysis of spatial distribution of district wise area of major crops are wheat, sugarcane, potato and 
mustard (Figure 6).The analysis of spatial distribution of wheat crop <50 mha area covered in Sant Ravidas 
nagar. Mainly central part of Uttar Pradesh covered districts wheat grown areas >150 mha. The spatial 
distribution of sugarcane   crop areas were observed >150 mha in Muzzafarnagar, Bijnore and Kheri districts. 
50 to 100 mha sugarcane district areas in Khushi nagar, Pilibhit, Bareilly, Moradabad, Jyotiba Phule nagar, 
Ghaziabad and Bagpat.100 to 150 mha observed in Sitapur, Meerut and Sharanpur districts of Uttarpradesh.  
<50 mha areas covered and rest area covered >10 mha of the sugarcane areas. The spatial distribution data 
analysis (1996 to 2010) of districts wise covering area of mustard crop observed >30 mha in Mathura and 
Kheri. Most of districts have less than 10 mha areas of mustard and 20 to 30 mha areas cover only in three 
districts Aligarh, Budaun and Kanpur Dehat (Ramabai Nagar). The analysis of  spatial distribution of  district 
wise potato areas were   observed >30 mha area only in Kannauj district and 20 to 30 mha areas covered in 
three districts viz. Farukhabad, Firozabad and Hathras (Mahamaya Nagar). Most of the districts of potato areas 
covered <10 mha. 
The overall data analysis of area percentage of   rabi crops viz., Wheat, Sugarcane, Sugarcane and Mustard in 
Uttarpradesh observed. The wheat crops covered 74.89%, sugarcane 16.28%, Potato 3.68% and Mustard 
covering areas 5.14% (Table.4). 
Statistical analysis  

The index of agreement of the major crops wheat, sugarcane, potato and mustard, observed 
maximum value for mustard crops is 0.26 and lowest value is observed -0.26. Non agricultural area index of 
agreement is 0.971. The total cropped area value is 0.917. 
The mean absolute error decrease value observed in Other crop/non-agricultural area and higher value 0.26 is 
observed for Total cropped area. The crops are wheat, sugarcane, potato and nustard  for d-index 0.83,0.38, 
0.97 & 0.90 respectively (Table 5). 

 

                              Fig:1 – Figure 1. Study area 
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                                                           Fig:2 – Temporal SPOT VGT (March) Rabi  Classified image of U.P. 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

                                                                               Fig: 3  Major cropping systems in Uttar Pradesh 
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                                                    Fig:4 – District wise Distribution of major crops Triennium (1996-97-98 to 2008-09-10)                                                       
                                                                Change Percentage of productivity 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
                                           Fig:5- NARP Zones of Uttar Pradesh 
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         Table 1 
        Observed and estimated area of different crops  

Crops  
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Estimated area (in mha) 

Wheat 57.98 45.56 49.31 47.14 43.65 54.46 51.01 48.72 50.48 59.96 53.43 57.08 58.01 

Sugarcane 8.59 10.78 11.51 12.31 12.76 11.17 11.74 10.24 14.70 4.42 9.26 10.66 4.76 

Potato 2.43 2.91 2.52 2.67 2.81 2.89 2.24 2.58 2.22 1.61 1.79 2.67 1.77 

Mustard 1.81 2.26 2.91 2.68 3.27 3.31 2.83 3.52 3.40 4.00 3.34 5.07 3.05 

Non agric cultural areas 18.29 28.89 25.19 27.07 27.72 16.65 24.73 27.18 22.37 21.35 26.36 13.45 19.10 

Other crops 10.90 9.59 8.57 8.14 9.79 11.50 7.46 7.76 6.83 8.66 5.81 11.07 13.32 

Non agric cultural areas 
& Other crops 

29.19 38.48 33.76 35.21 37.51 28.15 32.19 34.94 29.2 30.01 32.17 24.52 32.42 

  Observed area (in mha) 

Wheat 52.91 53.95 52.46 52.56 52.03 53.62 53.22 52.89 53.31 51.75 54.01 54.90 55.26 

Sugarcane 11.21 11.42 11.01 11.55 12.20 11.98 11.37 11.76 12.43 12.37 11.83 11.23 11.42 

Potato 2.44 2.51 2.24 2.21 2.50 2.51 2.47 2.55 2.71 2.99 2.99 3.07 2.94 

Mustard 3.83 3.72 3.16 4.81 3.18 3.04 3.51 3.58 3.26 4.89 3.73 3.48 3.50 

Non agric cultural areas 29.61 28.40 31.14 28.87 30.08 28.85 29.43 29.22 28.29 27.99 27.43 27.32 26.88 

Other crops* - - - - - - - - - - - - - 

Non agric cultural areas 
& Other crops 

29.61 28.40 31.14 28.87 30.08 28.85 29.43 29.22 28.29 27.99 27.43 27.32 26.88 

                                                                                                                                                                                                                       Observed value(-)* not available            
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Table 2  
Productivity change percentage of triennium ending data (1996-97-1998 & 2008-09-2010) of major crops 
 

Sl. No. NARP ZONE of UP Wheat Sugarcane Potato Mustard 

1. Bhabar and Tarai Zone 9.0 -10.4 22.6 28.0 

2. Bundelkhand Zone 12.6 -9.4 26.9 35.1 

3. Central Plain Zone 15.5 4.5 30.2 36.7 

4. Eastern Plain Zone 10.1 5.0 7.9 42.0 

5. Mid Western Plain Zone 11.3 -0.6 28.2 32.3 

6. South Western Semi Arid Zone 0.3 2.9 23.2 54.5 

7. Western Plain Zone 7.3 9.3 22.8 26.8 

8. Vindhyan Zone 20.8 25.2 31.0 40.5 

9. North Eastern Plain Zone 16.8 3.2 75.2 19.8 

 
Table 3 
 Goodness of fit of estimated and observed area of different crop during rabi season  

 
 
 
 
 
 
 
 
 
 
 

 
Table 4 
Over all Area change percentage of triennium ending data (1996-97-1998 & 2008-09-2010) of major rabi 
crops in Uttar Pradesh 

 
 
 
 
 

 
 
Table 5 
Overall distribution of major crops area in Uttar Pradesh 
 

Crops Area (mha) 

Wheat 74.89 

Sugarcane 16.28 

Potato 3.69 

Mustard 5.14 

 

Crops MAE d index 

Wheat 0.05 0.834 

Sugarcane 0.11 0.386 

Potato 0.02 0.971 

Mustard 0.04 0.900 

Other crop/Non agricultural area -0.26 0.505 

Total cropped area 0.26 0.917 

Crops Area Change (%) 

Wheat 5.40 

Sugarcane 2.78 

Potato 28.29 

Mustard -43.27 



 
 
 

 
17th Esri India User Conference 2017   

Page 11 of 12 

 

Conclusion 
The analysis of triennium ending data of productivity based on NARP zonation were 

observed. The  minimum changes of productivity in   wheat crop was 0.3% and maximum 
(54.5%). for  mustard crop in South Western Semi Arid Zone. In  Vindhyan Zone maximum 
changes observed 20.8% in wheat crop and in sugarcane crop  observed maximum change 
25.2%. The minimum change percentage for sugarcane was observed in Bhabar and Tarai Zone 
(-10.4%). The maximum changes observed for potato crop was in North Eastern Plain Zone 
75.2% but minimum in Eastern Plain Zone (7.9%). The mustard crop have minimum change was 
observed  19.8% in this zone. The overall data analysis of  Uttar Pradesh rabi crop potato was 
observed maximum change percentage 28.29% and The decreasing  change (-43.27%) 
percentage observed in mustard crop. 
Timely and accurate prediction of crop acreage is critical for agricultural planning and 
development. Quarterly of SPOT VGT data acquisition at 1meter pixel resolution offers a great 
potential for use of the data and products in operational area prediction. The large area and for 
this study taken rabi peak growth season. The crops growth are maximum and after that goes to 
harvest stage. In this study, a simple algorithm that uses SPOT VGT imagery and products was 
developed to predict crop acreage at county and state levels. The crop classification was 
developed using a decision tree algorithm with the need for ground-based data. In this paper 
describes some of the steps that achieved to enhance the quality of data. The computational 
scale appeared to make a difference in the tolerance on the imagery data quality. The temporal 
SPOT VGT data is useful for large area study to observed classification of the area estimation of 
major crops. The statistical analyses for data mean absolute error (MAE) and index of agreement 
(d-value) is given the significant result to data analysis. 
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