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Introduction:

• Of all the major plant nutrients, nitrogen is often the most 
important determinant of plant growth and crop production 
(Henry, Sullivan et al1999)

• The mismanagement of N and its excessive application, 
causes many negative effects which has dramatically altered 
the global nitrogen cycle (Keeney and Hatfield 2008)

• Precision agriculture  aims to maximize the productivity 
applying specific inputs, such as fertilizers, for specific 
conditions at a specific location and a specific time (Moran, 
Inoue et al. 1997)

• How to measure N on regular basis?

• How to cover large areas over agricultural croplands and 
pastures?

• Which technology is feasible?



Problem definition:

• Destructive plant sampling

• SPAD measurements

• Strong relationship between chlorophyll and nitrogen

• Crop specific relations

• Variation over the growing season

• Sensitivity of different vegetation indices 

• The ‘saturation’ effect of indices using red band



Problem definition:

• Broadband vs. hyperspectral remote sensing.



Research objectives :

A. To test the ability of hyperspectral vegetation indices (VIs) 
vs. broadband VIs to predict nitrogen and chlorophyll content 
of crops like potato, maize and grassland

B. To calibrate and validate an empirical model, relating  VIs 
and in situ measurements



Materials and methods: 
Study area

Study area



APEX dataset



Vegetation indices:



Regression analysis:

• Calibration

 Simple regression, using linear and exponential models

Model diagnostics : R- squred, RMSE, F statistics

• Validation

 Leave one out cross validation, RMSECV

 Independent validation, RMSEP 



Results grassland:

Grass

Index name R2 linear model
R2 exponential 

model
R2 linear model

R2 exponential 

model
R2 linear model

R2 exponential 

model

REP 0,612*** 0,713*** 0,606*** 0,717***

MTCI 0,599*** 0,711*** 0,525** 0,642***

MCARI/OSAVI ns ns ns ns

MCARI/OSAVI RE 0,607*** 0,736*** 0,597*** 0,726***

TCARI/OSAVI ns 0,339* ns ns

TCARI/OSAVI RE 0,416** 0,546** 0,331* 0,451**

CI red edge 0,501** 0,627*** 0,487** 0,612***

CI green 0,348* 0,472** 0,355* 0,478** 0,29* 0,407*

NDNI ns ns

SIPI ns 0,348* ns 0,291* 0,276* 0,386*

DCNI ns ns ns ns

NDRE 0,523** 0,646*** 0,65*** 0,755***

NDRE1 0,363* 0,493** 0,377* 0,564**

NDRE2 0,422** 0,551** 0,439** 0.5636*** 

NDVI ns 0,316* ns 0,316* ns 0,313*

CCCI 0,604*** 0,717*** 0,712*** 0,801***

WDRVI ns 0,318* ns 0,319* ns 0,315*

Notes: *p < 0.05; **p < 0.01; ***p < 0.001

Sentinel-2APEX Landsat TM



Results potato:

Potato

Index name R2 linear model
R2 exponential 

model
R2 linear model

R2 exponential 

model
R2 linear model

R2 exponential 

model

REP 0,619*** 0,724*** 0,621*** 0,729***

MTCI 0,655*** 0,746*** 0,654*** 0,748***

MCARI/OSAVI 0,276** 0,31** ns ns

MCARI/OSAVI RE 0,553*** 0,627*** 0,505*** 0,578***

TCARI/OSAVI 0,549*** 0,666*** 0,437*** 0,547***

TCARI/OSAVI RE 0,653*** 0,733*** 0,651*** 0,734***

CI red edge 0,653*** 0,735*** 0,647*** 0,729***

CI green 0,638*** 0,726*** 0,632*** 0,719*** 0,609*** 0,693***

NDNI ns 0,155*

SIPI ns ns ns ns 0,199* 0,203*

DCNI 0,312** 0,364** 0,238* 0,276**

NDRE 0,626*** 0,731*** 0,645*** 0,671***

NDRE1 0,559*** 0,657*** 0,574*** 0,69***

NDRE2 0,577*** 0,678*** 0,59*** 0,738***

NDVI 0,261** 0,307** 0,277** 0,33** 0,326** 0,388***

CCCI 0,619*** 0,728*** 0,633*** 0,727***

WDRVI 0,273** 0,318** 0,291** 0,342** 0,344** 0,404***

Notes: *p < 0.05; **p < 0.01; ***p < 0.001

APEX Sentinel_2 Landsat TM



Results potato chlorophyll:
Potato Chlorophyll

Index name R2 linear model
R2 exponential 

model
R2 linear model

R2 exponential 

model
R2 linear model

R2 exponential 

model

REP 0,872*** 0,906*** 0,872*** 0,907***

MTCI 0,905*** 0,927*** 0,909*** 0,934***

MCARI/OSAVI 0,64*** 0,596*** 0,248* 0,199*

MCARI/OSAVI RE 0,79*** 0,839*** 0,742*** 0,797***

TCARI/OSAVI 0,9*** 0,929*** 0,76*** 0,814***

TCARI/OSAVI RE 0,893*** 0,923*** 0,892*** 0,921***

CI red edge 0,881*** 0,913*** 0,885*** 0,917***

CI green 0,892*** 0,92*** 0,888*** 0,916*** 0,874*** 0,905***

NDNI 0,261* 0,323**

SIPI 0,362** 0,413** 0,388** 0,439** 0,46*** 0,525***

DCNI 0,881*** 0,853*** 0,766*** 0,723***

NDRE 0,864*** 0,902*** 0,874*** 0,899***

NDRE1 0,817*** 0,868*** 0,824*** 0,873***

NDRE2 0,826*** 0,875*** 0,833*** 0,879***

NDVI 0,602*** 0,668*** 0,614*** 0,68*** 0,65*** 0,714***

CCCI 0,883*** 0,914*** 0,878*** 0,896***

WDRVI 0,623*** 0,688*** 0,638*** 0,703*** 0,674*** 0,737***

Notes: *p < 0.05; **p < 0.01; ***p < 0.001

APEX Sentinel_2 Landsat TM



Nitrogen maps MTCI:



Nitrogen maps NDVI:



Conclusions:

• Hyperspectral VIs are promising tool for N and chlorophyll estimation

• Best performing indices for grass are REP and MCARI/OSAVI RE

• Best performing indices for potato are MTCI, CI red edge

• Red-edge bands are very important for estimation od chlorophyll and N

• Sentinel-2 sensor can achieve comparable results as hyperspectral sensors



Main areas of research    

Agriculture
• Testing PROBA-V and VEGETATION Data for Agricultural Applications in Bulgaria and Romania (The 

PROAGROBURO Project)
• Assessment of Agricultural Crop Development Using Satellite Vegetation Products (AVHRR, MODIS, MERIS)
• Crop Identification Using SPOT-Vegetation NDVI S10 Time Series
Land cover, Land Use and Planning
• Land Cover Mapping and Change Detection
• Landscape-Ecological Planning Using Geoinformation Technologies
• Monitoring Green Areas Dynamics in the City of Plovdiv Using Aerospace Data
Vegetation assessment
• Assessment of Abiotic Stress in Coniferous Forests using Narrow-band Spectral VIs
• Mapping Coniferous Forest Structure and Biomass with Optical RS Data
• Mapping Wildfire’s Effect on Vegetation 
Archaeology
• Development of Archeological Geodatabase for the Medieval Bulgarian Capital Pliska Using Satellite and 

Ground-based Data
Natural Hazards
• Modeling High Waves Risk on the Bulgarian Black See Coast (The SСHEMA Project)
• Studies of Geological Hazardous Processes Using RS and Ground-based Methods 
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AEROSPACE TEST SITES ON THE TERRITORY OF BULGARIA

Project: “Information Complex for Aerospace Monitoring of the 
Environment“ (ICASME)
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