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Introduction

Crop spectral curves, which include vegetation indices such as the NDVI (Normalized Difference 
Vegetation Index), are crucial tools in crop condition analysis, damage assessment and yield 
forecasting. The implementation of region-specific spectral reference curves being created from 
statistical data of multiple crops of the same species within a specific area enables more accurate 
comparative analyses. High-quality curves are especially important during the growing season, 
when complete data is not yet available.

Challenges & Objective

❑ Processing large crop datasets is time-consuming and resource-intensive.

❑ Too few polygons: unreliable results. Too many: increased cost/time.

❑ Key challenge: balance between curve quality and processing efficiency.

❑ Objective: define minimum and optimal polygon numbers in various spatial units (Fig. 2) for 

high-quality, real-time reference curves.

Fig. 1. NDVI reference curve for Winter Rapeseed species with an example of crop in main phenological stages.

Fig. 2. Spatial units (regions): hexagonal grid and voivodeship borders in Poland. 
Hexagon AOI of the study was marked in yellow, Wielkopolskie Voivodeship AOI 
contained a yellow hexagon.

Methods

Spectral curves generating with progressively reduced input polygon count:

• Input data: 
o Sentinel-2 Level L1C: NDVI index and cloud mask
o vector data from the 2019/2020 season on winter rapeseed crops, obtained from the Agency 

for Restructuring and Modernisation of Agriculture (ARiMR) for hexagon and voivodeship AOI 
(Fig. 2) - 14,335 polygons in the Wielkopolskie Voivodeship

• Assumptions: 
o Input polygons’ count was progressively reduced to assess the impact on curve quality.
o Initial counts: 
✓ Voivodeship: 442 polygons, 
✓ Hexagon: 161 polygons

o Reduction steps – Voivodeship: 350, 300, 250, 200, 150, 100, 90, 80, 70, 60, 50, 40, 30, 20, 10
o Reduction steps – Hexagon: 150, 100, 90, 80, 70, 60, 50, 40, 30, 20, 10

• Processing: 
o Calculating statistics for cloud-free NDVI data at the polygon level for each crop
o Noise filtering (Fig. 3)
o Processing statistics from all crops in the region into a spectral curve with a daily temporal 

resolution, using linear interpolation and the Savitzky-Golay filter
o Outlier removal (Fig. 4) based on:
1) similarity coefficient1 (Formula 1), 
2) inhomogeneity_score - the custom-designed homogeneity measure for individual crops 

(Formula 2)

o Polygons selection criteria (Fig. 5, 6):

✓ Min area: 0.1 ha (after 10m buffer)

✓ Min width: 30 m

✓ Max area: 2 ha

✓ Shape, area and spatial distribution considered

• Similarity analysis:

o Similarity between generated curves was assessed using multiple indicators:

✓ Similarity coefficient (Formula 1)

✓ Pearson correlation coefficient

✓ Mean Absolute Error (MAE) in NDVI units

• Tools: FME, Python, SentinelHub API

Fig. 3. Noise filtering based on NDVI single crop curve

Fig. 5. Analysed methods of selecting polygons to 
obtain a representative sample of crops regarding 
phenological development

Fig. 6.Crop borders with 
higher shape index (blue 
polygons) and lower (red 
polygons).

Results

Results confirm that well-selected, smaller datasets can maintain high curve 
quality while reducing processing time.

Conclusions

The results confirmed that substantial reductions in data volume are possible without 
compromising curve quality, enabling more efficient real-time processing workflows.

• The study demonstrates that high-quality spectral reference curves can be generated using 
a reduced number of well-selected crop polygons, provided that their spatial distribution 
and geometric characteristics are carefully considered, even with small input datasets.

• Due to potential presence of residual outliers even in cleaned datasets, we recommend 
increasing the identified minimum and optimal polygon counts by approximately 20%.

• The method could be expanded by dividing the research areas where differences in the 
phenological development of a given plant were observed or applied to the analysis of other 
types of crops. Generating reference curves for a crop in given season would also allow for 
the identification of so-called time-space twins, which, in a different season within a given 
area, exhibited similar or identical growth characteristics to the analyzed crop

• This type of analysis would enable the forecasting of potential trends in plant development 
based on comparisons with other archive seasons, for which suitable twins were identified. 

Fig. 4. Outliers (related to incorrect species or crop area 
declarations in the input data from ARiMR or crop heterogeneity) 
removal - 3 iteratios for the voivodship, 2 for the hexagon 

Minimum number of polygons 
MAE < 0.02; similarity < 0.2*

Optimal number of 
polygons

MAE < 0.01
Voivodeship 100 150
Hexagon 30 50

Original 
polygon 

count

Polygon 
count after 
processing

Similarity 
to initial 

curve

PCC to 
initial 
curve

MAE to 
initial 
curve

10 8 0.895 0.978 0.033
20 16 1.211 0.974 0.035
30 24 0.202 0.995 0.015
40 29 0.460 0.989 0.022
50 43 0.308 0.989 0.017
60 55 0.179 0.993 0.014
70 54 0.273 0.994 0.015
80 61 0.244 0.995 0.016
90 75 0.399 0.992 0.019

100 79 0.138 0.997 0.011
150 125 0.074 0.998 0.008
200 170 0.114 0.997 0.010
250 214 0.084 0.999 0.009
300 245 0.050 0.999 0.007
350 281 0.019 1.000 0.005
442 363 0.000 1.000 0.000

Original 
polygon 

count

Polygon 
count after 
processing

Similarity 
to initial 

curve

PCC to 
initial 
curve

MAE to
initial 
curve

10 9 1.750 0.968 0.049
20 20 0.368 0.992 0.021
30 29 0.113 0.998 0.010
40 35 0.140 0.997 0.011
50 42 0.111 0.998 0.008
60 50 0.114 0.999 0.008
70 54 0.102 0.999 0.008
80 63 0.085 0.999 0.009
90 75 0.061 0.999 0.006

100 84 0.046 0.999 0.005
150 123 0.001 1.000 0.001
161 130 0.000 1.000 0.000
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1 formula based on: Sinergise, 2020, Area monitoring: Similarity score. Medium. 
https://medium.com/sentinel-hub/area-monitoring-similarity-score-72e5cbfb33b6

* A minor typographical error (one decimal place) occurred in the submitted abstract.

Table 1: Results of statistics for voivodeship AOI

Table 2: Results of statistics for hexagon AOI
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