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Abstract 

 

Monitoring of crop is important for food security and to improve agricultural productivity. Crop monitoring 

is also important to understand that how changing climate is affecting the cropping pattern.  The ability of 

remote sensing to provide increased spatial granularity across the globe extensively helped in mapping crop 

types and for the estimation of biophysical parameters. The launch of Sentinel satellite (Copernicus programme) 

gives a unique opportunity to monitor crops systematically every 5 to 10 days. The development of operational 

crop monitoring methods involves an understanding of the temporal variations in spectral properties of each 

crop type. This study aims to analyze the temporal trajectory of vegetation indices for the identification of a 

variety of crops including winter and summer crops (wheat, mustard, carrot and alfalfa) and their health during 

the season in Bannu District. Sentinel-2 satellite images have been acquired from October 2017 to April 2018. 

Phenological profiles of each crop were derived based on the vegetation health index including NDVI and crop 

calendar. These phenological profiles along with environmental conditions were interpreted physically and 

mapped at 10-meter resolution. The results of the crop area and its health obtained are much promising and 

highlight the efficiency of the adopted techniques in delivering quick, cost-effective, traceable and reliable data 

compared to the conventional crop data collection methods. 

Index Terms— Crop Type Mapping, crop monitoring phenology, Sentinel-2 

 

Introduction 

 

The continuous monitoring of crop health and timely information on crop yield is critical to many socio-

economic applications. The information about crop yield and health could be an input for the decision-making 

authorities to make a decision on the issues of food security and extreme weather conditions such as famine or 

drought. In the developing countries like Pakistan, the crop estimation techniques are usually based on 

conventional survey methods which question the reliability of crop data being manual in character. Thanks to 

satellite remote sensing for its coverage and temporal resolution, it is providing uninterrupted land surface 
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information. Medium and coarse spatial resolution satellite data (Landsat and Moderate Resolution Imaging 

Spectroradiometer - MODIS) is a continual source of valuable information. These data have helped in 

developing models for crop yield forecasting, health and damage assessment from Global to local scales. This 

remote sensing data assist in crop growth monitoring, through accurate and timely phenological status 

information and vegetation development. This information can also provide valuable information on different 

issues, specifically, if they combined with agro-hydrological models for crop yield (Ferrant et al., 2014)(Fieuzal 

and Baup, 2015) carbon (Veloso et al., 2017)(Revill, Sus, Barrett, and Williams, 2013)and water budget (Le 

Page et al., 2014). Most of the vegetation indices have a direct relationship with crop performance.  

In view of many scholars, the cropland mapping of large study areas is a challenging task  (Lobell & Asner, 

2004)(Wardlow & Egbert, 2008). Optical data provide the opportunity to analyze the photosynthetic and optical 

properties of the plant leaves using a number of vegetation indices. Normalized Difference Vegetation Index 

(NDVI) is one of the commonly used indices for vegetation health mapping. Optical data also enables us to 

derive a range of crop added-value products, such as crop area estimates, crop type maps (Wardlow and Egbert, 

2008) and estimation of biophysical parameters at various phenological stages (Qureshi and Lu, 2007)(Quramby 

et al. 1993)(Bontemps et al., 2015).  Vegetation indices such as Normalized Difference Vegetation Index 

(NDVI), Enhanced Vegetation Index (EVI), Vegetation Health Index (VHI) and/or biophysical parameters such 

as Leaf Area Index (LAI), Fraction of Photosynthetically Active Radiation (FPAR) and gross primary products 

could be used to assess crop yields at district level.  

In past monitoring of crop, dynamics was very much hindered by the unavailability of higher 

spatiotemporal satellite time series data.  The launch of Sentinel -2 satellite by the European Space Agency is 

the start of a new era of optical remote sensing, providing the nonpareil amount of free data for the continuous 

spatial monitoring needs. Sentinel-2A launched in June 2015 and Sentinel-2B launched in March 2017 are now 

providing data at a time interval of 05 days. This temporal resolution varies according to the data type and the 

region of the world. This reduced temporal resolution can help in weekly crop monitoring. 

For Sentinel-2 (12 days temporal resolution for Pakistan) and Landsat 8 (16 days temporal resolution) 

remote sensing satellites, the combined temporal resolution has been reduced up to 06 days, and therefore it is 

very helpful to study the biophysical parameters of the agriculture.  This study aims to investigate the Sentinel-2 

remote sensing satellites data for crop mapping and health monitoring. The study involved mapping different 

types of crops, identifying the shifts in crop periods with respect to the previous crop calendar and to analyze the 

NDVI profiles for crop water stress conditions. For this study, the previously used approach of using time series 

NDVI for the cropping season based on the crop calendar was used. This technique allows the mapping of crops 

based on their phenology (Zafar and Waqar, 2014).  Sentinel 2 with the higher temporal resolution availability 

of data made it easier to analyze the crop phenology on each 6th day and the crop was mapped at the scale of 

10-meter resolution. 

 

Study area 

The study was conducted in an agriculturally rich area with multi-cropping. Bannu District of Khyber-

Pakhtunkhwa was selected for mapping its crop and their health. The study area district Bannu is located in the 

south of Khyber Pakhtoonkhwa, bordered by Karak, Lakki Marwat and North Waziristan (F.A.T.A.) (Figure 1).  

Agriculture is the main source of livelihood in Bannu district. Around 92 percent of the total population is 

involved in agricultural activities, while the rest of the population is based in urban areas of the district. The 

total cropped area reported in the study area is 32,796 hectors (GoP, 2017). The major crops grown in the study 

area are wheat, rice, maize, mustard, onion, ginger etc. whereas some of the fruits are grown as cash crops, like 

guava, sugar cane, banana and palm date. Bannu has warm to hot summer with mean maximum temperature of 

about 37.4°C (GoP , 2012). Dust storms are very common in early summers especially in the month of May and 

June. Winters are cool with the mean minimum temperature of around 10.3°C. The mean annual range of 

temperature is quite high that is 21.8°C. Rainfall is widely distributed throughout the year, roughly 50percent 

falls in summer (July to September) usually in the form of a thundershower. The winter rain (December to 

February) contributes around 20 percent of the total rain that impacts positively on kharif crops especially in 

barani areas of the district. 

 

Materials and Methods 

 

Sentinel-2A/2B Satellite Images 

For this study, 21 images of Sentinel 2-A and 2-B were acquired from Copernicus Open Access Hub, 

respectively. The images were acquired from October 2017 to April 2018 to cover winter crops of Bannu 

district. 
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Fig.1. Study Area 

 

Image Preprocessing and Atmospheric Correction 

Sentinel 2 Level 1 products were downloaded and atmospherically corrected to convert into level 2 

products which were further processed as shown in (Figure2) up to accuracy level. This processing involved the 

calculation of time series NDVI, applying the ISODATA unsupervised classification to create 100 classes for 

crops to delineate the crops from there phonological profiles. The map prepared on pehnological base was 

testified using the ground data (GPS coordinates) collected during the study period.   

 

 
Fig.2. Methodology 

 

Crop Type Mapping and health monitoring 

To map the crop type Normalized Vegetation Index (NDVI) was computed for Sentinel-2A scenes using 

band 8A (NIR) and band 4 (red) (Figure 3). Following formula was used to compute the NDVI; 

NDVI = (NIR-Red) / (NIR + Red) 

After computing NDVI, all the images were stacked from the starting period of the winter crop (October 2017) 

to the last scene of the winter crops in April 2018. This period covers the all major growing winter crops of the 

Bannu District. To map crop type using time series NDVI data, separability of classes were measured using 

divergence. Divergence measures the separability of a pair of probability distributions based on the degree of 

overlap of two spectral classes which is defined as the likelihood ratio. In our study, the separability of crops 

classes was checked by plotting the divergence against a number of crop classes.  The unsupervised 

classification of time series VIs was done using ISODATA clustering, ISODATA clustering was done using a 

Sentinel-2 Images (Level 2) 
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class interval of 05 to 100 classes.  Identification of crops based on the phenological profiles extracted through 

ISODATA clustering of VIs time series. 

 

Accuracy Assessment 

To validate the resultant classified map, accuracy assessment has been done with collected GPS points of 

crops. Overall all accuracy and Kappa coefficient have also been calculated.  

 

Results and Discussion 

 

The study outcomes are divided into four parts; 1) development of separability curves to identify the best 

number of classes for the data; 2) analysis and identification of phenological profiles of specific crops; 3) crop 

mapping; 4) accuracy assessment. 

 

1. Separability Curve  

Divergence varies with a different number of classes due to the variability in the dataset. In general, the 

divergence increases with the number of classes but after certain classes, the divergence started to decrease 

which means that the class with the highest divergence have maximum variability in the data. The classification 

results of 100 classes with the highest divergence used to identify the crop type in this study. 

 

 
Fig.3. Separability Curve 

 

2. Phenological profile for each Crop 

With ISODATA clustering, signature profiles for each class were also generated. These signature profiles 

show the trend of NDVI from October 2017 to April 2018. For the vegetative cover, it shows the variation of the 

entire year. All the profiles were plotted and checked against the crop calendar of the study area to identify the 

crops and major health issues if any. Phenological profiles for all the Crops extracted and mapped the crop type 

at 10-meter resolution, Sentinel 2 gives us the opportunity to estimate the area more precisely.  

 

a.  Wheat 

Wheat crop is sown in between months of October to December and harvested in March and April. For the 

wheat crop, two type of phonological profile has been observed in the study area(Figure 4).The phenological 

profile (blue) shows that the NDVI value is at the minimum level that means the area is cropless or a fellow 

land. At the start of the phenological profile (Blue) is increasing slowly but there is a stage where the growth 

stage stops due the winter season till February. After that, the growth starts rapidly in spring till the peak of 

maturity to harvesting. 

 In the orange profile, the NDVI decline is shown before the wheat seeding process which means that the land 

was not fellow before the seeding process.  
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Fig.4. Phenological Profile of Wheat Crop 

 

Mostly farmers grow maize or any other crop before wheat. This makes the seeding process late as well as it 

decreases the fertility of soil which impact on the growth of the wheat crop. It also makes the difference in 

phenology of the same crop at a different situation which might affect on crop production also.   

Since the fellow lands are specially prepared for the forthcoming crop by using fertilizers as well as other 

necessary preparation for the crop, the land becomes more fertile. Therefore when crops are grown on these 

lands their growth is healthier than crops growing in regular rotation on normal fields. Moreover the yields of 

the crop growing on the fellow land is also higher than the crops growing in the rotation. 

  

b. Carrot 

In Bannu district, the root crop (carrot) sown in early October. According to the temporal NDVI  

(Figure5)values, there are two types of phonological profiles for a carrot. One which shows the seeding to 

harvesting period of the carrot crop and other profile with higher NDVI peak extended from November to end of 

January shows that the crop is preparing for inflorescence to get the new seeds for next year crops.   

 

 
Fig.5. Phenological Profile of Carrot Crop 

 

c. Mustard: 

In Bannu district, the Mustard crop is planted on small scale and which has been identified at few places in 

the study area. Sowing of Mustard mainly starts in the month of October and gets mature at the end of 

November (Figure 6). As time passes the crop NDVI values slowly start decreasing until crop reaches to 

develop new seeds. Generally, oil is extracted from these seeds which is used for cooking purpose. 
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Fig.6. Phenological Profile of Mustard Crop 

 

d. Alfalfa 

Alfalfa is also one of the winter crop grown as a fodder for livestock on a large area in the study area. 

According to alfalfa phonological profile (Figure7), it is sown in December and completed its cycle in May. 

There are three high spikes in mean NDVI of alfalfa which shows that the crop is reaping thrice in a season from 

sowing to harvesting period.  

 

Fig.7. Phenological Profile of Alfalfa Crop 

 

 
Fig.8. Phenological Based Classified Map of Crop Types 
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3. Crop Map 

With respect to the phenological profiles, all the major crops were mapped. Figure 8 shows the map of all 

crops identified based on the phenological profile. Wheat and Alfalfa are dominant crops in the area. Wheat is 

represented with dark green and Alfalfa with light green colors. Mustard and carrot are not cultivated on a large 

area and we have identified them in patches, showed as yellow and red colors respectively. 

 

4. Accuracy assessment  

To check the accuracy of crop identification, ground data (GPS coordinates) were used.  The overall 

accuracy for the crop mapping is 90% and Kappa is also 90%. 

 

 
 

Conclusion 

 

Crop mapping was performed on the basis of the temporal behavior of crops by using Sentinel 2 data along 

with the ground information. Identification of crops was done by deriving phenological profiles of the crops 

through ISODATA clustering of time series NDVI data. The results of some crops showing multiple 

phonological patterns throughout the season due to the presence of other crops. Ground sample point of each 

crop helped in identification of pure phenological profile of each crop. Multiple cropping is a common practice 

in Pakistan. Moreover, the study also underlined the spatial behaviors of crop phenology, impacts of sowing 

times/agronomic practices on crop behavior and the temporal shifts. It can be concluded that mapping crops 

through remote sensing data by exploring phenological patterns is an efficient, reliable and traceable technique 

compared to other methods.  
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