KJEE 47(3): 186-193 (2014)
http://dx.doi.org/10.11614/KSL.2014.47.3.186
ISSN: 2288-1115 (Print), 2288-1123 (Online)

Original article

MODIS A A2 A& (2001 ~2011) 2! Timesat &2 =0
7| x8k 3k A A EAAE B4

2

A
an

e

1,2 =1k =il = 1
2L Z2H . ol - M -

A

oy

A Phenology Modelling Using MODIS Time Series Data in South Korea. Kim, Nam-Shin'?, Yong-
Chan Cho'*, Seung-Hwan Oh', Hye-Jin Kwon' and Gyung-Soon Kim* (‘Plant Conservation Division,
Korea National Arboretum, Pocheon-si 487-829, Korea; *Ecological Assessment Team, National
Institute of Ecology, Seocheon-gun 325-813, Korea)

Abstract  This study aimed to analyze spatio-temporal trends of phenological characteristics in South Korea
by using MODIS EVI. For the phenology analysis, we had applied double logistic function to MODIS time-series
data. Our results showed that starting date of phenology seems to have a tendency along with latitudinal trends.
Starting date of phenology of Jeju Island and Mt. Sobeak went back for 0.38, 0.174 days per year, respectively
whereas, Mt. Jiri and Mt. Seolak went forward for 0.32 days, 0.239 days and 0.119 days, respectively. Our results
exhibited the fluctuation of plant phonological season rather than the change of phonological timing and season.
Starting date of plant phenology by spatial distribution revealed tendency that starting date of mountain area was
late, and basin and south foot of mountain was fast. In urban ares such as Seoul metropolitan, Masan, Chang-
won, Milyang, Daegu and Jeju, the phonological starting date went forward quickly. Pheonoligcal attributes
such as starting date and leaf fall in urban areas likely being affected from heat island effect and related warm-
ing. Our study expressed that local and regional monitoring on phonological events and changes in Korea would
be possible through MODIS data.
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Fig. 1. Phenology change model by MODIS EVI (Enhanced Vegetation Index).
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Fig. 2. Regression on the day of seasonal startup for 10 years in major forest areas in South Korea.
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Fig. 3. Geo-spatial distribution of plant phenology by Timesat Algorithms in South Korea.
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Fig. 4. Season startup by administrational districts in South Korea.
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Fig. 5. Observed variation of season startup in South Korea.

& Ais A G kel 2], 301 oAke] Bt A AldFH 3 Yl AEAA 5L BA st a3t
7199 A8E H9E 5ol 7|33} Fel we A Aok 489S o4 AEAEY 54 ¥4 |
EAA #4 wste) s Fadt d@8s & Hew A 3 28 BAS 9lg AukH AEAE AR
A7t 2 HEAe 293 ARE A = 5 sled, A%
w2 73 9 AEAA A5 e 92S B3l 3
o FFeM Ho e 2> AE ARIY ZUH

bl
0]

< 7Fssh 3’
2 JFE= MODIS YAeIAe o] 83te] Fgxdo= 2 o] 7]dte] ¥ MODIS EVI At Timesat



192 ZILIAl - RRXH. QA&

()

Algorithms®] double logistic function©.2 3 &}+3}A] 7
BABL, AT b A2 A 2 A Aehal
o 9wzl wel ABAY AL RolAle B3
& Ry 2Eg 1197 72 4 AdelA A2
A Azt shekeh Ao BeA et us
o B4 uylsh s g wAGloz WY
A3, AFEE AzF 0.38Y, AMAA| S92 0.174Y A
G Alzto] SelAlm, waleke 0329, A2l 0.239
2, Aebk Ade 01199 Aol ekl SlE 7
o2 epgteh

SEiver AA AEAAE AR A71Y] EAS 33t
o7 AR, F2 AR A9 RoA 1, FAIGY
Z20] AFHA el = el Aoz el 219 H
o2 AR, AF=] FAsgt 2 HEt APHEA|
9 =uglel 2| o] wE AL B}

FA P A EAA A= /‘]7]€ A8 A3}, 2001
el A&3 7471 =, Fsiek, 4, 4,
Q- AFEE FHOE “}*“—71] AlFE S ol ME
7371 =, vk, AL, "o AT 5o mAIRYE AR
o e F1esel sl Aow sAR o] 2
7AAgEE 2005, 20100 = 75‘% Aoz Ho|T 9le]
SAsE ABAE Hell Fw Jsre vAT e
Aoz N 4 9k

2 @7 A Frel 1049 ol AT 7 FuE
oﬂ@é*wwML@@A%ﬂﬁgézqﬂm%_ﬂ»1
23t AlE IJL4E435 7MW 309 o|Ake] mel 2
490 A2E HA& Fojol 7|33 el mhe A
AR A4 bsjel sle] F2T Re & How 4
7t

O

o

r%

R}

A AL

20114 4 2012y 34
FFISIPEER A

“27147) e

REFERENCES

Beebee, T.J.C. 1995. Amphibian breeding and climate. Nature
374: 219-220.

Brown, J.L., S.H. Li and N. Bahagabati. 1999. Long-term trend
toward earlier breeding in an American bird: a response
to global warming? Proceedings of the National Acade-
my of Science of the United States of America 96: 5565-

rot

" ;‘._43“7.‘_ " Do‘i‘

N
N
N

55609.

Cayan, D.R. 2001. Changes in the onset of spring in the western
United States. Bulletin of the American Meteorological
Society 82: 399.

Costanza, Z., J.A. Andresen and J.A. Flore. 2006. Phenological
models of flower bud stages and fruit growth of ‘Mont-
morency’ sour cherry based on growing degree-day accu-
mulation. Journal of the American Society for Horticul-
tural Science 131(5): 601-607.

Crick, H.Q.P. and T.H. Sparks. 1999. Climate related to egg-
laying trends. Nature 399: 423-424.

Fisher, J.I., A.D. Richardson and J.F. Mustard. 2007. Phenology
model from surface meteorology does not capture satellite-
based greenup estimations. Global Change Biology 13:
707-721.

Gibbs, J.P. and A.R. Breisch. 2001. Climate warming and
calling phenology of frogs near Ithaca, New York, 1900-
1999. Conservation Biology 15: 1175-1178.

Hird, J. and G.J. McDermid. 2009. Noise reduction of NDVI
time series: An empirical comparison of selected techni-
ques. Remote Sensing of Environment 113(1): 248-258.

Jonsson, A.M., L. Eklundh, M. Hellstrom, L. Barring and P.
Jonsson. 2010. Annual changes in MODIS vegetation
indices of Swedish coniferous forests in relation to snow
dynamics and tree phenology. Remote Sensing of En-
vironment 114: 2719-2730.

Jonsson, P. and L. Eklundh. 2002. Seasonality extraction by
function fitting to time-series of satellite sensor data. I[EEE
Transactions on Geoscience and Remote Sensing 40: 1824-
1832.

Jonsson, P. and L. Eklundh. 2003. Seasonality extraction from
time-series of satellite sensor data. In Frontiers of Remote
Sensing Information Processing, C.H. Chen (Ed.): 487-
500.

Jonsson, P. and L. Eklundh. 2004. TIMESAT - a program for
analysing time-series of satellite sensor data. Computers
and Geosciences 30: 833-845.

Kim, N.S., H.C. Lee and J.Y. Cha. 2013. A study on changes of
phenology and characteristics of spatial distribution using
MODIS images. The Korea society of Environmental Re-
storation Technology 16(5): 59-69.

Lee, K., H.J. Baek, C.H. Cho and W.T. Kwon. 2011. The recent
(2001-2011) changes on temperature and precipitation re-
lated to normals (1971-2000) in Korea. The Geographical
Journal of Korea 45: 237-248.

Lee, S.K. 2011. An Analysis on the effects and Vulnerability of
Vegetation Distribution caused by Temperature increase,
a Master’s degree, Kyunghee University.

Li, M., Z. Wu, L. Qin and X. Meng. 2011. Extracting vegetation
phenology metrics in Changbai Mountains using an im-
proved logistic model. Chinese Geographical Science 21(3):
304-311.

Parmesan, C. and G. Yohe. 2003. A globally coherent finger-



MODIS AAIE xtzof 7|x=5t AlEAHE

print of climate change impacts across natural systems.
Nature 421: 37-42.

Parmesan, C. 2006. Ecological and evolutionary responses to
recent climate change. Annual Review of Ecology, Evolu-
tion, and Systematics 37: 637-669.

Root, T.L., J.T. Price, K.R. Hall, S.H. Schneider, C. Rosenz-
weig and J.A. Pounds. 2003. Fingerprints of global warm-
ing on wild animals and plants. Nature 421: 57-60.

Sherry, R.A., X. Zhou, S. Gu, J.A. Arnone, D.S. Schimel, P.S.
Verburg, L.L. Wallace and Y. Luo. 2007. Divergence of
reproductive phenology under climate warming. Proceed-
ings of the National Academy of Sciences 104(1): 198-
202.

Sparks, T.H. and P.D. Carey. 1995. The responses of species to
climate over two centuries: An analysis of the Marsham
phenological record, 1736-1947. Journal of Ecology 83:
321-329.

Stenseth, N.C. and A. Mysterud. 2002. Climate, changing
phenology, and other life history traits: Nonlinearity and
match-mismatch to the environment. Proceedings of the
National Academy of Sciences of the United States of Ame-
rica 99: 13379-13381.

Tan, B., J. Morisette, R. Wolfe, F. Gao, G. Ederer, J. Nightin-
gale and J. Pedelty. 2011. An Enhanced TIMESAT Algo-

i

HI

A

A

4

193

rithm for Estimating Vegetation Phenology Metrics From
MODIS Data. IEEE Journal of Selected Topics in Appli-
ed Earth Observations and Remote Sensing 4(2): 361-
371.

Walther, G.R., E. Post, P. Convey, A. Menzel, C. Parmesan,
T.J.C. Beebee, J.M. Fromentin, O. Hoegh-Guldberg and
F. Bairlein. 2002. Ecological responses to recent climate
change. Nature 416: 389-395.

Wang, E.L. and T. Engel. 1998. Simulation of phenological
development of wheat crops. Agricultural Systems 58(1):
1-24.

Zhang, X., M.A. Friedl and C.B. Schaaf. 2006. Global vegeta-
tion phenology from Moderate Resolution Imaging Spec-
troradiometer (MODIS): Evaluation of global patterns and
comparison with in situ measurements. Journal of Geo-
physcial Research 111: 1-14.

Zhang, X., M.A. Friedl, C.B. Schaaf and A.H. Strahler. 2004.
Climate controls on vegetation phenological patterns in
northern mid- and high latitudes inferred from MODIS
data. Global Change Biology 10: 1133-1145.

Zhang, X., M.A. Friedl, C.B. Schaaf, A.H. Strahler, J.C.F. Ho-
dges, F. Gao, B.C. Reed and A. Huete. 2003. Monitoring
vegetation phenology using MODIS. Remote Sensing of
Environment 84: 471-475.





