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Analysis of the MODIS—Based Vegetation Phenology
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ABSTRACT

Vegetation phenology is the most important indicator of ecosystem response to
climate change. Therefore it is necessary to continuously monitor forest phenology.
This paper analyzes the phenological characteristics of forests in South Korea using
the MODIS vegetation index with error from clouds or other sources removed using
the HANTS algorithm. After using the HANTS algorithm to reduce the noise of the
satellite—based vegetation index data, we were able to confirm that phenological

20149 54 29 A4 Received on May 2, 2014 / 20149 6 259 44 Revised on June 25, 2014 / 201449 74 24
AAREE Accepted on July 2, 2014

* i =R 201289 ARdsta gEedTale oste] dAFEglen, 20149 A YA R FAgE
GEelA LED YEE £ - mgE A9,

1 A&EYs . =733} Dept. of Landscape Architecture, Kyungpook National University

% Corresponding Author E—mail : sgjung@knu.ac.kr



HANTS 2|5 ¢|48F MODIS %§4iite] Aema £ / a8y y4a 21

transition dates varied strongly with altitudinal gradients. The dates of the start of the
growing season, end of the growing season and the length of the growing season were
estimated to vary by +0.71day/100m, -1.33day/100m and —2.04day/100m in
needleleaf forests, +1.50day/100m, —1.54day/100m and —3.04day/100m in broadleaf
forests, +1.39day/100m, —2.04day/100m and —3.43day/100m in mixed forests. We
found a linear pattern of variation in response to altitudinal gradients that was related
to air temperature. We also found that broadleaf forests are more sensitive to
temperature changes compared to needleleaf forests.

KEYWORDS : Vegetation Phenology, Vegetation Index, Smoothing, Fourier Function,
Satellite Imagery
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b) Curve produced from addition of curves

FIGURE 1. Analysis of the complex wavelength using Fourier transform

TABLE 1. Parameter settings for HANTS processing(Roerink et a/., 2000)

Parameter

Description

NOF By this control parameter the user defines how many frequencies are used and

(number of frequencies)

how large their corresponding period in time sample units is.

SF This flag indicates whether high or low values(outliers) should be rejected during

(Hi/Lo suppression flag) curve fitting.

During curve fitting the absolute difference in the Hi/Lo direction of the

(fit erro::gleranoe) remaining(that is, not rejected) data points with respect to the current curve is
determined after each iteration.
DOD The number of valid observations must always be greater than or equal to the

(Degree of overdeterminedness) number of parameters that describe the curve(2XNOF—1).
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TABLE 2. Techniques to derive phenological metrics from remote sensing

Method Algorithm Reference
NDVI exceeds 0.099 Lloyd, 1990
Global threshold  NDVI exceeds 0.17 Fisher, 1994

NDVI exceeds 0.09

Markon et al., 1995

NDVI exceeds locally tuned threshold(annual minimum and
maximum NDVI are selected and the midpoint between them is

Local threshold
computed)

White et a/., 1997
Schwartz et al., 2002

Maximum increase on Fourier approximation of NDVI

White et al., 2009

Local minima and maxima on rate of change in the curvature

Zhang et al., 2003

Conceptual —

Quadratic method: First composite period of growing degree
accumulation best fitting the observed NDVI time series

de Beurs and Henebry, 2008

mathematical

Timesat method: High amplitude divergence from a

multiple—model NDVI fit

Jénsson and Eklundh, 2004

Smoothed NDVI time—series crossed moving average curves

Reed et al., 1994
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FIGURE 2. A schematic showing how phenological transition
dates are calculated using HANTS curve and local threshold
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TABLE 3. Annual mean and standard deviation of the EVI and HANTS for each land cover type

Land cover type EVI — HANTS —
Annual mean Standard deviation Annual mean Standard deviation

Urban and built—up 0.23 0.07 0.25 0.08
Croplands 0.30 0.05 0.31 0.05
Grasslands 0.31 0.06 0.33 0.07
Wetlands 0.20 0.10 0.21 0.10
Barren 0.25 0.08 0.26 0.08
Water 0.21 0.10 0.22 0.10
Broadleaf forests 0.35 0.04 0.38 0.04
Needleleaf forests 0.35 0.04 0.36 0.04
Mixed forests 0.35 0.04 0.37 0.04
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FIGURE 3. Comparison of the EVI and HANTS curve for each biomes(NF: needleleaf
forests, BF: broadleaf forests, MF: mixed forests)
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FIGURE 4. Spatial map showing phenological transition dates(DOY: day of the year)
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