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Abstract

Fourier series and related harmonic methods have been demonstrably effective for

identifying and characterizing the seasonal behaviour, or phenology, of a variety of

terrestrial vegetation communities using Normalized Difference Vegetation Index (NDVI)

time series from Earth‐orbiting satellites. The ultimate temporal resolution of such

applications has been limited, however, by the common practice of truncating, or low

pass filtering, harmonic series to relatively low order terms, in order to suppress

spurious oscillations in the model results. The temporal resolution of these techniques

can be significantly improved if, along with a weighted minimization of the sum of the

squared data residuals tracking the upper envelope of observed data, we also enforce

an expectation of minimum model roughness to dampen spurious oscillations in

predicted values. The resulting annual models have resolutions consistent with the



 

We Care About Your Privacy

We and our 907 partners store and access personal data,

like browsing data or unique identifiers, on your device.

Selecting "I Accept" enables tracking technologies to

support the purposes shown under "we and our partners

process data to provide," whereas selecting "Reject All" or

withdrawing your consent will disable them. If trackers are

disabled, some content and ads you see may not be as

relevant to you. You can resurface this menu to change your

choices or withdraw consent at any time by clicking the

["privacy preferences"] link on the bottom of the webpage

[or the floating icon on the bottom-left of the webpage, if

applicable]. Your choices will have effect within our Website.

For more details, refer to our Privacy Policy. Here

We and our partners process data to provide:

U i l ti d t A ti l d i

I Accept

Reject All

Show Purpose

https://www.tandfonline.com/
https://www.tandfonline.com/action/showPublications?pubType=journal
https://www.tandfonline.com/subjects/geography
https://www.tandfonline.com/tres20
https://www.tandfonline.com/loi/tres20
https://www.tandfonline.com/toc/tres20/28/12
https://www.tandfonline.com/toc/tres20/28/12
https://www.tandfonline.com/journals/tres20
https://www.tandfonline.com/author/Hermance%2C+J+F
https://doi.org/10.1080/01431160600967128
https://www.tandfonline.com/action/clickThrough?id=5937&url=%2Fr%2Fsubjectsample-geography&loc=%2Fdoi%2Fabs%2F10.1080%2F01431160600967128&pubId=41245766&placeholderId=1074&productId=1811
https://www.tandfonline.com/doi/full/10.1080/01431160600967128?scroll=top&needAccess=true
https://www.tandfonline.com/doi/figure/10.1080/01431160600967128?scroll=top&needAccess=true
https://www.tandfonline.com/doi/ref/10.1080/01431160600967128?scroll=top
https://www.tandfonline.com/doi/citedby/10.1080/01431160600967128?scroll=top&needAccess=true
https://www.tandfonline.com/doi/metrics/10.1080/01431160600967128?scroll=top
https://www.tandfonline.com/doi/permissions/10.1080/01431160600967128?scroll=top
https://www.tandfonline.com/doi/abs/10.1080/01431160600967128
https://www.addtoany.com/share#url=https%3A%2F%2Fwww.tandfonline.com%2Fdoi%2Fabs%2F10.1080%2F01431160600967128&title=Stabilizing%20high%E2%80%90order%2C%20non%E2%80%90classical%20harmonic%20analysis%20of%20NDVI%20data%20for%20average%20annual%20models%20by%20damping%20model%20roughness%3A%20International%20Journal%20of%20Remote%20Sensing%3A%20Vol%2028%2C%20No%2012
https://www.tandfonline.com/
https://www.tandfonline.com/action/showCart?FlowID=1
https://www.informa.com/privacy-policy/


Related Research Data

Mapping agroecological zones and time lag in vegetation growth by means of fourier

analysis of time series of NDVI images

Source: Advances in Space Research

Savitzky-Golay Smoothing Filters

Source: Computers in Physics

Improved monitoring of vegetation dynamics at very high latitudes: A new method

using MODIS NDVI

Source: Remote Sensing of Environment

The 1 km AVHRR global land data set: first stages in implementation

Source: International Journal of Remote Sensing

A curve fitting procedure to derive inter-annual phenologies from time series of noisy

satellite NDVI data

Source: Remote Sensing of Environment

Extracting Phenological Signals From Multiyear AVHRR NDVI Time Series: Framework

for Applying High-Order Annual Splines With Roughness Damping

Source: IEEE Transactions on Geoscience and Remote Sensing

An evaluation of the global 1-km AVHRR land dataset

Source: International Journal of Remote Sensing

The Best Index Slope Extraction ( BISE): A method for reducing noise in NDVI time-

series

application of special transcendental forms, such as asymmetric Gaussian and logistic

(sigmoidal) functions, recently reported in the literature.

Acknowledgments

This work was developed over several years of interacting and constructive discussions

with Bethany Bradley and Rob Jacob, both recent recipients of PhD degrees from Brown

University. Professor Jack Mustard generously supplied the AVHRR‐NDVI data and the

hospitable venue in which this work was possible. Financial support was provided by

Brown University and private sector partners with its Environmental

Geophysics/Hydrology group.

https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252F0273-1177%252893%252990550-u&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1063%252F1.4822961&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fj.rse.2005.10.021&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F01431169408954339&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fj.rse.2006.08.002&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1109%252Ftgrs.2007.903044&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F01431160050021259&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F01431169208904212&type=Scholix


Source: International Journal of Remote Sensing

Reconstructing cloudfree NDVI composites using Fourier analysis of time series

Source: International Journal of Remote Sensing

Satellite remote sensing of primary production

Source: International Journal of Remote Sensing

African Land-Cover Classification Using Satellite Data

Source: Science

Monitoring vegetation phenology using MODIS

Source: Remote Sensing of Environment

Seasonality extraction by function fitting to time-series of satellite sensor data

Source: IEEE Transactions on Geoscience and Remote Sensing

Fourier Series for analysis of temporal sequences of satellite sensor imagery

Source: International Journal of Remote Sensing

Land-Surface Phenologies from AVHRR Using the Discrete Fourier Transform

Source: Remote Sensing of Environment

Interannual variations in satellite‐sensed vegetation index data from 1981 to 1991

Source: Journal of Geophysical Research Atmospheres

Measuring phenological variability from satellite imagery

Source: Journal of Vegetation Science

Identifying land cover variability distinct from land cover change: Cheatgrass in the

Great Basin

Source: Remote Sensing of Environment

A simple method for reconstructing a high-quality NDVI time-series data set based on

the Savitzky–Golay filter

Source: Remote Sensing of Environment

Crop identification using harmonic analysis of time-series AVHRR NDVI data

Source: Computers and Electronics in Agriculture

TIMESAT—a program for analyzing time-series of satellite sensor data

Source: Computers & Geosciences

Mapping vegetation-soil-climate complexes in southern Africa using temporal Fourier

analysis of NOAA-AVHRR NDVI data

Source: International Journal of Remote Sensing

Green leaf phenology at Landsat resolution: Scaling from the field to the satellite

Source: Remote Sensing of Environment

A global 1° by 1° NDVI data set for climate studies. Part 2: The generation of global

fields of terrestrial biophysical parameters from the NDVI

Source: International Journal of Remote Sensing

Classifying rangeland vegetation type and coverage from NDVI time series using

Fourier Filtered Cycle Similarity

Source: International Journal of Remote Sensing

https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F014311600209814&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F01431168608948944&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1126%252Fscience.227.4685.369&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fs0034-4257%252802%252900135-9&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1109%252Ftgrs.2002.802519&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F01431169408954355&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fs0034-4257%252800%252900175-9&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1029%252F97jd03603&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.2307%252F3235884&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fj.rse.2004.08.016&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fj.rse.2004.03.014&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fs0168-1699%252802%252900116-3&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fj.cageo.2004.05.006&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F014311600210380&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1016%252Fj.rse.2005.10.022&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F01431169408954343&type=Scholix
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F01431160500300297&type=Scholix


Fourier analysis of multi-temporal AVHRR data applied to a land cover classification

Source: International Journal of Remote Sensing

 

Linking provided by  

Related research 

Recommended articles Cited by 

50

Spatio-Temporal Reconstruction of MODIS NDVI by Regional Land Surface Phenology and Harmonic

Analysis of Time-Series

Suman Kumar Padhee et al.

GIScience & Remote Sensing

Published online: 6 Aug 2019





People also read

https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Fdx.doi.org%2F10.1080%252F01431169408954145&type=Scholix
https://scholexplorer.openaire.eu/
https://www.tandfonline.com/doi/full/10.1080/15481603.2019.1646977?src=recsys
https://www.tandfonline.com/author/Padhee%2C+Suman+Kumar


Information for

Authors

R&D professionals

Editors

Librarians

Societies

Open access

Overview

Open journals

Open Select

Dove Medical Press

F1000Research

Opportunities

Reprints and e-prints

Advertising solutions

Accelerated publication

Corporate access solutions

Help and information

Help and contact

Newsroom

All journals

Books

 Sign me up

 

 

Keep up to date

Register to receive personalised research and resources

by email

Copyright © 2025 Informa UK Limited Privacy policy Cookies Terms & conditions

Accessibility

Registered in England & Wales No. 01072954 

5 Howick Place | London | SW1P 1WG

https://authorservices.taylorandfrancis.com/
https://taylorandfrancis.com/who-we-serve/industry-government/business/
https://editorresources.taylorandfrancis.com/
https://www.tandfonline.com/page/librarians
https://www.tandfonline.com/societies
https://www.tandfonline.com/openaccess
https://www.tandfonline.com/openaccess/openjournals
https://www.tandfonline.com/openaccess/openselect
https://www.tandfonline.com/openaccess/dove
https://www.tandfonline.com/openaccess/f1000
https://taylorandfrancis.com/who-we-serve/industry-government/marketing/
https://taylorandfrancis.com/partnership/commercial/advertising-solutions/
https://taylorandfrancis.com/partnership/commercial/accelerated-publication/
https://taylorandfrancis.com/who-we-serve/industry-government/business/purchasing-options/
https://help.tandfonline.com/
https://newsroom.taylorandfrancisgroup.com/
https://www.tandfonline.com/journals?&pageSize=3000
https://www.routledge.com/
https://taylorandfrancis.formstack.com/forms/tfoguest_signup
http://facebook.com/TaylorandFrancisGroup
https://twitter.com/tandfonline
http://linkedin.com/company/taylor-&-francis-group
https://www.youtube.com/user/TaylorandFrancis
http://www.weibo.com/tandfchina
https://bsky.app/profile/tandfresearch.bsky.social
https://www.informa.com/
https://informa.com/privacy-policy/
https://www.tandfonline.com/cookies
https://www.tandfonline.com/terms-and-conditions
https://www.tandfonline.com/accessibility
http://taylorandfrancis.com/

