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About Me
⚫ PhD in Land Use Land Cover Modelling (IIS/Seiken, 東京大学 U of Tokyo)

− Integrating Biophysical (including Crop Modelling) and Socioeconomic to 
understand key Environmental Processes

⚫ Started Research as an Environmental Process Modelling researcher

⚫ Modelling → Analysis → Data Generation

⚫ Data → Information → Knowledge 

⚫ Research Interests
− From using “What is Available” → “What can we Extract from the Data” →

“Improve our Understanding of Earth Systems”
− Agricultural Cropping Practices; 

− Terrain Modelling; 

− Water Quality

− Urban Landscapes and Urbanisation



Lab for Spatial Informatics - Research Overview

GeoSpatial Science 
and Technology

Spatial Modelling 
& Simulations

Remote Sensing
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Environmental / 
Policy

FOSS4G

❖Spatial Data Science/ Geo-AI
❖Spatio-temporal Analytics / Data Mining / Databases
❖Health, Crop Yield analysis, Climate, Crime
❖Platforms developed

❖Geo-Visualization
❖4D Flood Visualization
❖Deep Learning on Terrain Super Resolution
❖ 3D realistic terrains/topography

❖Geo-Governance - Web/Mobile GIS
❖Air Pollution and Human Health
❖Water Quality and Quantity

✓ Spatial Modelling
✓ Strategic Environmental Assessments
✓ River Basin Hydrology
✓ Climate Extremes and Impacts

❑ Optical Imagery
❑ Feature Extraction – Roads, 

Buildings
❑ Time-series Analysis – Crop 

phenology & Season Calendar
❑ OBIA

❑ HyperSpectral Sensing
❑ Key Parameter 

Characterisation – Vegetation
❑ RS – Parameter Estimation

❑ Water Quality in Inland 
waterbodies

Faculty at LSI: 

Prof. R Nagaraja



Related Ongoing works 
• Spatial Data Science

• Spatio-Temporal Mining of Crop Yields - MiSTIC algorithm to identify 
regions of Good/Bad Performance 
• How Analytics and Visualizations helps

• Spatial Data Generation and Knowledge Discovery 
• Data Analysis / Pattern Extraction with a Purpose
• Crop Growth pattern and Crop Mapping – What does it tell us about 

Extreme Events? 

• AMRT Dashboard
• Integrating the data and services over a Geo-platform



Spatio-Temporal Data 
Analytics and Visualization of 
Crop Yields 

- Are all FOOD PRODUCING Regions/Districts in India 
Sustainable?
- How can we Assess Food Production / Crop Yields ?
- Are current methods/tools useful/sufficient to do this?

- Are they consistent Performers over Space and time?



FACTORS AFFECTING YIELD

• Ecological factors

• Availability of water resources (Rainfall, Irrigation 

mechanisms)

• Type and quality of Soil

• Temperature

• Fertilizers, etc.

• Non-ecological factors – Management Practices

• Cropping practices

• Allocation of funds and resources

• Training and education by government

• Other socio-economic factors

Source: https://seepnetwork.org/Thematic-Areas-Agriculture-Food-Security



EXISTING METHODS

• Input based studies

• Sensitivity analysis; Cause-Effect Models

• feature -v- feature based 

• Ex.: changes in yield with rainfall/soil etc.

Source: 

1) Relationship between Climate Variability and Crop Yield, Shobha P., R. Shaw

2) Impact of monsoon rainfall on the total foodgrain yield over India, Prasanna V.



FINAL DATA FOR ANALYSIS

• Inputs: Crop yield for rice in kg/Ha (499 districts; 2000 – 2010)



Comparison of Crop Yields with different 
zonation approaches 

AEZ mapsMiSTIC maps



Which of these better explains the 
performance pattern ?



But,What we need ?

• Have been helpful in showing correlations:

But,

• Not a complete representation of yield values

• Limited to that factor (single/multi variable); Cannot generalize

• Other features may feed into actual output yield numbers

• Spatial and Temporal characteristics not well captured

• Spatial: Neighborhood effects

• Temporal: Periodic cycles

• Inferences bases on direct correlation may or may not be effective

• Complex to formulate an approach with each additional feature

• Unable to fully account for the factors

• Modelling challenges :

• Scale

• Correctness



STUDY AREA

• District level Crop Yield data of India

• Crop: Paddy

• Season: Kharif (Rainy Season)

• Spatial Coverage : 499 districts 

• Newly created districts merged into old ones

• taking districts from the year 2000 as reference

• Temporal Coverage : 11 years [2000 – 2010]

• Based on availability

• Total data points: 499 * 11 = 5489

• Source of Data: https://data.gov.in/catalog/district-wise-season-wise-crop-production-statistics

https://data.gov.in/catalog/district-wise-season-wise-crop-production-statistics


METHODOLOGY

STEP I. SPATIO-TEMPORAL (ST) PARTITIONING

• Segregate the area into contiguous zones

• Zones comprising of a set of districts

• Each zone captures intrinsic ST interactions

• How ?

• Using a ST data mining algorithm: MiSTIC

• Mining Spatio-Temporally Invariant Cores



MiSTIC Zones

STEP I. SPATIO-TEMPORAL 

PARTITIONING

Figure: 18 zone boundaries obtained from 

MiSTIC



MiSTIC Zones – based on Crop Yield distribution

STEP I. SPATIO-TEMPORAL 

PARTITIONING

Figure: Close-up of zone boundaries



PERFORMANCE CLASSES WITHIN ZONES



PERFORMANCE CLASSES WITHIN ZONES 

(zoomed view)
R2. Classification for a zone



Re-Analysis of TEMPORAL TRENDS

• For a specific zone,

• We have performance classes

• i.e., groups of homogeneous districts

• Performance may 

• remain consistent

• Increase/decrease

• Observe effects on performance of each class

• Drought/Flood years

• Within a zone

• For the districts of a performance class

• Plot their annual average with time



TEMPORAL TRENDS 

(1/2)



TEMPORAL TRENDS 

(2/2)



CONCLUSION

• Good and poor performing districts

• Preserve High Performers

• High performers close to the center of the zones

• Respond appropriately to low performing regions for a crop

• Might become unsustainable over time

• Generic method of analysis

• Can be done for any crop

• Different hotspots and different zones

• Scale Independent

• Better results if done on spatially contiguous sub-district level 

data



Related Ongoing works 
• Spatial Data Science

• Spatio-Temporal Mining of Crop Yields - MiSTIC algorithm to identify 
regions of Good/Bad Performance 
• How Analytics and Visualizations helps

• Spatial Data Generation and Knowledge Discovery 
• Data Analysis / Pattern Extraction with a Purpose
• Crop Growth pattern and Crop Mapping – What does it tell us about 

Extreme Events? 

• AMRT Dashboard
• Integrating the data and services over a Geo-platform



What is needed for a Good Monitoring System ?
• A good baseline data

• Coverage, periodic updates, record of causes of changes, if 
any

• Is Crop-calendar a good baseline?
• esp. if it is one calendar for the whole district

• What about uncertainties in the crop calendar?

• Can Phenology provide the right clues?

How Events like droughts affect Cropping patterns in a region?
➢ All are areas affected similarly ?
➢ Can such analysis help us identify the Causative and 

underlying factors?



Generation of Location specific Crop Phenology –
Pixel wise Crop Calendar



Season calendar results for Chamrajnagar
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1 12-Jul 15-Oct 14-Sep

2 1-Nov 4-Mar 1-Jan

3 15-Oct 18-Feb 19-Dec

4 15-Oct 17-Jan 3-Dec

5 30-Sep 1-Jan 17-Nov

Derived season calendar for Chamrajnagar District



Crop Season Map : 
SVM and DTW/CDTW based Time Series Classification

Kharif + Rabi + Zaid

Kharif + Rabi 

Kharif + Zaid

Kharif only

Rabi + Zaid

Rabi only

Zaid only
Statistics Our results

hectares hectares

Kharif 393481 367010

Rabi 66244 40756

Hassan District in Karnataka

S Gupta and K.S.Rajan. 2011. Extraction of Training Samples from Time-Series MODIS imagery and its utility for Land 
Cover Classification. International Journal of Remote Sensing - 32 (24) 9397-9413. 
Gupta, S., and K. S. Rajan. 2010. “Temporal Signature Matching for Land Cover Classification.” International Society for 
Photogrammetry and Remote Sensing – Technical Commission VIII Symposium, August 9–12



Results in West Godavari District, India

● Vegetation Cover Map
○ The time-series curve of each pixel was 

labelled using the proposed approach.
○ Vegetation cover map generated for 

the 
agricultural-year 2010-11 over the 
West 
Godavari district.

○ Shows the extent and spatial 
distribution
of different vegetation covers.



Change Detection

● Performed classification for four agricultural-year periods between 2008 and 2012.

● To capture significant changes in agricultural practices and corresponding region of 
interests, we define seven major changes: 
○ (1) Decrease in vegetation - regions that lost their forest or plantation cover. 
○ (2) Decrease in cropland - agricultural regions that converted to fallow land.
○ (3) Increase in cropland - fallow regions that started agriculture.
○ (4) Single to Double (5) Double to Single
○ (6) Shift in single (monsoon to winter crop or vice versa) - denoting shifts in 

cropping practices, and
○ (7) No changes - regions that showed no significant change.





Analysis of Cropping Transition 
from agricultural-year 2008-09 to 2011-12 (4 crop years)

● Three Spatial clusters are
analysed here -
○ Regions that showed

significant changes in their
corresponding vegetation 
covers. 

○ 2009 was a Drought year –
22 to 42% rainfall 
deficiency

D Baheti, KS Rajan. 2017. A Shape-Based Approach to Spatio-Temporal Data Analysis Using Satellite 

Imagery. Proceedings of the 4th IEEE International Conference on Data Science and Advanced Analytics 

(DSAA), Tokyo, Japan. Oct 19-21, 2017.



Region A: Downstream location, water surplus



Region B: Away from River, Rainfed-Ground water irrigation



Region C: Upstream, Mostly Irrigation (canal/ground water) based



● Detected spatial clusters - regions under which similar trends and changes are exhibited.
○ Region A and Region B, where anomalies were detected in agri. year 2009-10. 
○ Negative Impact.

■ Region A: (double - single - double - double)
■ Region B: (monsoon - winter - monsoon - monsoon)

■ Abrupt changes (in region A and region B) were triggered due to lack of 
irrigation water in drought year.  Rainfall dependent regions

○ Region C showed different trend (anomaly detected in agri. year 2010-11) capturing 
two major changes :

○ Delayed Negative Impact
■ (double -  double - single - double) and
■ (winter -  winter - fallow -winter)

● May not be rainfall dependent and the source of irrigation could be ground water. 
Time lag in Impact as rainfall patterns can affect groundwater levels.

● Indian Meteorological department,  reported agricultural-year 2009-10 as a drought year.

Drought Event impact on Year-on-Year Growth Pattern



Related Ongoing works 
• Spatial Data Science

• Spatio-Temporal Mining of Crop Yields - MiSTIC algorithm to identify 
regions of Good/Bad Performance 
• How Analytics and Visualizations helps

• Spatial Data Generation and Knowledge Discovery 
• Data Analysis / Pattern Extraction with a Purpose
• Crop Growth pattern and Crop Mapping – What does it tell us about 

Extreme Events? 

• AMRT Dashboard
• Integrating the data and services over a Geo-platform



By

A Consortium of

Agri Monitored Re-engineering and Transformation
Methodology, Activities approved by RKVY/ICAR

An Example of an Ongoing Project which brings together the Analysis onto a Geo-platform for
effective Consumption of the data and services



AMRT Dashboard Implemented
Single view to monitoring crops landholding-wise

Historical analysis



Contact Info:

K S Rajan (rajan@iiit.ac.in)

धन्यावाद

Thank You!
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