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Introduction:

e 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
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Problem definition:

* Broadband vs. hyperspectral remote sensing.
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Research objectives :

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

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



Materials and methods:
Study area

Study area
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APEX dataset
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Vegetation indices:

Index Formulation Reference
BEP {(Rem+ Raml2 - Rl (R~ Rn)J*40 + Ry Guyot and Baret (1988)
HICK (R - Rl (Rxs — Rem) Dash and Curran (2004}
MCAEL/OSAYI {{Fxn - R} 0.2{Rimn Reon) PR Remd (1. 16*{Rey, — Rl {Ram + Rem H.16}) Caughtry (2000}
MCARLfOSAVI BE ({((Rs — R} 0.27{(Rg, Ren) PR R W{L. 16" (Ryp - RV (Roxp + R +0.16)) Wu et al. (2008)
TCART/ OSAVE (R - Red - 0.2 (Rig, - Rl (R Recnd 31 16 (Rong, — R (R, + R+ 1.16)) | Haboudane et al.(2002)
TCARL/ OSAVI RE (R — R - 0. 2R, - R (R R ) ¥ 3 (L 16%( R, - Ryeel (R + R + 1.16))  |Wu et al. (2008)
CI red edge (R - 1 Gitelzon et al. (2003, 2006)
CI green (R} - 1 Gitelson et al. (2003, 2006)
DN (og{1/ Riqg) - log{ 1Rl W log(1/ Ring) + log{1/Ran)) Sesranc (2002)
5P {Reax - Raxd{Rom - Rem) Penuelas et al. (1995)
Do (Ryzm — RV (R - RV (Rym — R + 0.03) Chen et al. (2010)
DR Rz - Ryml (R + Ryom) Tillng (007)
MNDEYF1 (R — Rael (R + Rinr) Gitedzon and Meszyak (1994)
MDEED (R — Ryl (R, + Rppd Bames et al. (2000)
v (Rexn — R (R, + Recd Rouse (1974)
LR e | {(Rrm - RymV (Rl + Rym) W{(Reag - R/ (R + Rl Bames et al. (2000}
WDEVI (0.2 Ry, - R (0.2 Ry, + Rec) Gitelson et al. (2004)




Regression analysis:

e (Calibration

- Simple regression, using linear and exponential models
- Model diagnostics : R- squred, RMSE, F statistics

e Validation

—> Leave one out cross validation, RMSECV
- Independent validation, RMSEP
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Results potato:
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Chlarophyll content (9/m2)

Results potato chlorophyll:

y=018+012-%, F" =0.9049
y =0.2789e"0. 2005x, F” = 0.9275

MTCI



Nitrogen maps MTCI:

Nitrogen content map based on linear prediction from MTCI.
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Nitrogen content map based on exponential prediction from MTCI.
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Nitrogen maps NDVI:

Nitrogen content map based on linear prediction from Nitrogen content map based on exponential prediction from
NDVI NDVI
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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, Cl red edge

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

Sentinel-2 sensor can achieve comparable results as hyperspectral sensors
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KU Main areas of research T

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 ldentification 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 SCHEMA Project)

* Studies of Geological Hazardous Processes Using RS and Ground-based Methods
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AEROSPACE TEST SITES ON THE TERRITORY OF BULGARIA BULGARIAN
of SCIENCES
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Thank you for your attention

BULGARIAN ACADEMY OF SCIENCES
SPACE RESEARCH AND TECHNOLOGY INSTITUTE
Department of REMOTE SENSING AND GIS

Address: Acad. G. Bonchev Str., bl. 1 1113 Sofia, BULGARIA

E-mail: roumenina@space.bas.bg



