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Detection of short-term changes using MODIS daily
dynamic cloud-free composite algorithm
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Abstract : Short-term land cover changes, such as forest fire scar and crop harvesting, can be detected
by high temporal resolution satellite imagery like MODIS and AVHRR. Because these optical satellite
images are often obscured by clouds, the static cloud-free composite methods {maximum NDVI, minblue,
minVZA, etc.) has been used based on non-overlapping composite period (8-day, 16-day, or a month}. Due
to relatively long time lag between successive images, these methods are not suitable for observing short-
term land cover changes in near-real time. In this study, we suggested a new dynamic cloud-free composite
algorithm that uses cut-and-patch method of cloud-masked daily MODIS data using MOD35 products.
Because this dynamic composite algorithm generates daily cloud-free MODIS images with the most recent
information, it can be used to monitor short-term land cover changes in near-real time. The dynamic
compeosite algorithm also provides information on the date of each pixel used in compositing, thereby

makes accurately identify the date of short-term event.
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1. Introduction

Since the 1970s, Advanced Very High Resolution
Radiometer(NOAA-AVHRR) and Moderate
Resolution Imaging Spectroradiometer(MODIS) of
the National Oceanic and Atmospheric Administration
have been used to detect a short-term geophysical
events of the earth surface, covering the entire Earth
every 1 to 2 days. These high temporal resolution
satellite images were used to detect short-term
changes in land surface reflectance(Gao et al., 2006;
Hansen er al., 2008; Potapov et ai., 2008; Hilker et

al., 2009). For example, MODIS thermal anomaly
(MOD14) provides images of wild fires occurring
over the world on a daily basis(Kaufman and Justice,
1998). However, cloud covered areas obscure the
observations, thereby, seriously inhibit the abilities of
AVHRR or MODIS to monitor short-term changes
occurring at the land surface(Cihlar ef al., 2004;
Julien and Sobribno, 2010). A static cloud-free
composite method developed to alleviate the cloud
cover entails selecting pixels with the highest quality
from multiple scenes within a predefined time

interval and merging them into a composite image..
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The method consists of periods spanning 8 days, 16
days or one month. The cloud-free composite method
also reduces atmospheric constituents(Breaker er al.,
2010; Cihlar, 1996; Eidenshink and Faundeen, 1994;
Fontana et al., 2009; Holben, 1986; Robertson et al.,
1992; Saleous et al., 2000). Image composition
entails selecting pixels with the highest quality from
multiple scenes within a predefined time interval and
merging them into a composite image(Fontana ef al.,
2009). A static cloud-free composite method has been
widely used to monitor vegetation(Botta et al., 2000;
Dickinson et al., 1986; Potter et al., 2003; Tian ez al.,
2004; Yang et al., 2006}, land surface phenology(de
Beurs and Henebry, 2004; White and Nemani, 2006),
burned land area(Chuvieco et al., 2008; Fernandez et
al., 1997; Stroppiana et al., 2002), and land cover
mapping and land cover changes around the
world(Bonan ef al., 2003; de Beurs and Henebry,
2004; Latifivic et al., 2004).

Several AVHRR cloud-free composite products
are currently available: seven-day and monthly
composite global vegetation index(GVI) and Global
Inventory and Monitoring and Modelling
Study(GIMMS) AVHRR 8km resolution of
normalized difference vegetation index(NDVI) 15-
day composite data set(Fontana et al., 2009; Pinzon et
al., 2005; Tucker et ai., 2005). Using MODIS
observation, several composite products including
1km NDVI 16-day compositea(MMOD13A2, collection
5), 8-day composite snow cover(MOD10A2), 8-day
composite leaf area index(MOD15A2), and 16-day
composite albedo are availableMOD43)(Fensholt er
al., 2009; Hall et al., 2002; Myneni et al., 2002;
Stroeve et al., 2005; Yang et al., 2006). The MODIS
NDVI compeosite algorithm uses a maximum NDVI
value with a constrained-view angle per composite
interval(Gallo et al., 2005). A 10-day SPOT/
VEGETATION(VGT)-S product is a full resolution
(1km resolution) providing a 10-day maximum value

NDVI composite(Duchemin et al., 2002; Holben,
1986; Latifovic ef al., 2004; Stroppiana et al., 2002).
Although these cloud-free NDVI composites from
AVHRR, MODIS, and SPOT VEGETATION have
been useful in time-series analysis, these products still
include noise originated from residual clouds and
calculating composite data(Asner et al., 1998; Chen er
al., 2004; Cihlar and Howarth, 1994; Cilhar et al.,
1994; Duchemin et al., 1999; Gutman, 1991; Gutman
and Ignatov, 1995; Hall et al., 1995; Holben, 1986; Li
et al., 1996). The radiometric calibration or viewing
angle correction must be further made(Cihlar et al.,
1997; 2004; Duchemin et al., 2002; Latifovic et al.,
2004).

The static composition algorithm comprises 8-day,
16-day, and a month periods. However, its low
temporal resolution inhibits to detect events in land
cover shorter than a week(Ahl er al., 2006; Chuine ez
al., 2000; Yang ef al., 2006). Because the static
composite algorithm selects unburned pixels showing
a higher NDVI value instead of burned pixels if the
forest fire occur during the composite period(Chuvieco
et al., 2005). The static cloud-free composite
algorithm may not appropriately in case of forest fire.
In case of forest disturbance, 16-day composited
NDVI less sensitive to forest disturbances than a
single day MODIS NDVI because the highest NDVI
value is selected over 16-day period(Jin and Sader,
2005). Therefore, a new composite algorithm is
necessary for providing the most recent and more
accurate information. The purpose of the study is to
develop a new composite algorithm of MODIS data,
which provides the most up to date information. The
daily cloud-free composite would be very valuable to
monitor short-term changes such as forest fires, forest

disturbances, and crop harvesting.
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2. Daily dynamic cloud-free composite
algorithm

1) Dataset used

The Terra MODIS radiance data set consisting of
250 m and 500 m MODIS datasetstMODO2QKM,
MODO2HKM) was used for fusion and the composite
(Table 1). MODIS geolocation datasetMODO03) was
also used for re-projecting the MODO2 dataser along
with MOD3S product to retrieve cloud shadow and
mask data. MODIS datasets exhibiting rainy, non-
rainy and dry season conditions were retrieved in
order to test and validate the daily dynamic composite
algorithm. Cloud covered over 75% and under 40%
during rainy and non-rainy seasons, respectively.
Forest fires have occurred frequently in May with is
most non-rainy month of a year in the Korean
Peninsula. This compesite algorithm was validated
with the October 2009 and May 2010 dataset

including forest fires and harvesting agricultural

Crops.

2) Pre-processing of MODIS dataset

MODIS radiance product(MOD02) data is the
swath width product so that the geometric distortion
of this dataset is less lower than sinusoidal projection
tile product as MODO09 product(Luo et al., 2008).
The swath product was re-projected to the UTM
coordinate system using the MRT-SWATH
tool(https://lpdaac.usgs.gov/lpdaac/tools/modis_repro
jection_tool_swath) and MODIS geolocation
data(MODO03). The geometric accuracy of the re-
projected MODO2 product was less than one pixel
(http://www.ga.gov.au). After the preprocessing,

3) Generating of 250 m fusion images

The MODIS has a total of 36 spectral bands
composed of two 250 m spatial resolution bands, five

500 m bands, and twenty nine 1km bands(Kim,

Table 1. Description of data set used for cloud-free composition

Ttems Specifics

Notes

Product

MOD02QKM

MODO02HKM

MODO03

MOD35

250 m MODIS radiance data(2 bands)

- Band 1: 620 ~ 670am

- Band 2: 841 ~ 876nm

500 m MODIS radiance data(5 bands)

- Band 1: 459 ~ 479nm

- Band 2: 545 ~ 565nm

- Band 3: 1,230 ~ 1,250nm

- Band4: 1 628 ~ 1,652nm

- Band5: 2,105 ~ 2,155nm

1 km MODIS Geolocation data

- Solar azimuth/zenith angle

- Sensor azimuth/zenith angle

- Usage for re-projection of MODO2 data
1 km MODIS Cloud mask data

- Usage for cloud and shadow detecting of MODO2 data

Date

July 1 ~31,2009
October 1 ~ 31,2009

May 1 ~16,2010

Usage for compositing dataset acquired during rainy season

Usage for compositing dataset acquired during clear-sky season and detecting the
harvested paddy

Usage for detecting the burned area
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Table 2. Correlation between bands of Terra MODIS data

Bands Bandl Band2 Band3 Band4 Band5 Band6 Band7
Band 1(Red) 1.000 - - - - - -
Band 2(NIR) 0.635 1.000 - - - - -
Band 3(Blue) 0577 -0.050 1.000 - - - -

Band 4(Green) 0502 0.238 0.876 1.000 - - -
Band 5(NIR) 0465 0927 -0.174 0.141 1.000 - -
Band 6(SWIR) 0.556 0910 0.088 0249 0973 1.000 -
Band 7(SWIR) 0.637 0875 0014 0361 0930 0981 1.000
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Fig. 1. Histograms of MODO2 visible and infrared wavelength.

2003). However, some limitations existed when using
500 m or the 1km spatial resolution MODIS data
within small areas including complex land cover
types(Jepsen et al., 2009; Kim and Lee, 2003). Thus,
seven 250 m spatial resolution MODIS bands were
newly generated by fusing two MODIS 250 bands
into five 500 m bands using local mean and variance
matching(LMVM) fusion method(Kim er al., 2010;
Eq.1). In order to achieve the best band combination,
we analyzed the statistics and histogram of the
MODIS bands, as shown in Table 2 and Fig. 1. Band
1(red) exhibited higher correlations with band 3(blue),
and band 4(green), and band 2(NIR) were correlated
to band 4(NIR), band 5(NIR), band 6(SWIR) and
band 7(SWIR). In Fig. 1, the histograms of bands 1, 3,
4 show uni-modal distributions and bands 2, 5, 6, 7
show the tri-modal distribution in its frequency versus
radiance(Fig. 1). Using the spectral similarity between

bands, the 250 m band 1(red) and 500 m band
3(blue), 4(green) were fused, and 250 m band 2(NIR)
and 500 m MODIS band 5(NIR), 6(SWIR), 7(SWIR)
were fused.

Among various fusion methods, the local mean
and variance matching(LMVM) fusion method
showed the best MODIS fusion results in regards to
spatial resolution and spectral fidelity(Kim et al.,
2010). The LMVM filter shown in Formula 1 was
applied to normalize the high resolution and low
resolution image using the local mean and variance
value of the two target images. Using local statistics
of high and low resolution image, the correlation
between the fused image and low resolution image
increased more than other fusion methods
(Karathanassi et al., 2007).

_ (HR; j—HR; jo, by X stds(LR); jo, ny)

M StAHR); jow, v

LR; jou, iy (1)
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F; ;- MODIS 250 m fused image at pixel coordinates i, j
H; ;- MODIS 250 m original image at pixel coordinates i, j
LR; jow, y: The local mean of MODIS 500 m original
image calculated inside the window of size
(w.h) at pixel coordinates i, j
HR;, jow, 1 - The local mean of MODIS 250 m original
image calculated inside the window of size
{w, h) at pixel coordinates i, ]
std(LR); jo,, y : The local standard deviation of MODIS 500
m original image calculated inside the
window of size(w, h) at pixel coordinates i, j
std(HR); j, » - The local standard deviation of MODIS 250
m original image calculated inside the
window of size(w, h) at pixel coordinates i, j

4) Cloud and shadow detection method

The proposed daily dynamic composite algorithm
used the cut and patch method on the cloud area of
each MODIS image. Thus, the accuracy of cloud and
shadow detection is of paramount importance.
Visible or thermal wavelength bands were used
carlier for detecting the cloud(Ackerman et al., 2006;
Luo et al., 2008). Thermal bands were found to be
more accurate than visible bands for detecting
cloud(Ackerman et al., 2006; Chuvieco er al., 2005).
We used a MOD35 1km to detect cloud and shadow
mask. Although the MOD35 cloud mask algorithm
endured many threshold tests for different cloud types
over the ocean, vegetation surfaces and desert
surfaces(Ackerman et al., 2006). In the cloud shadow
detection algorithm, the geometric relationship
between cloud location was determined as well as the
solar and sensor location and angle(Ackerman et al.,
2006; Le Hégarat-Mascle and André, 2009; Simpson
and Stitt, 1998). Applying the geomeiric detection
algorithm to each cloud pixel requires extensive
computing time(Ackerman ef al., 2006). The MOD35
shadow mask algorithm used the threshold test using

reflectance bands(Ackerman et al., 2006). Because

MOD35 algorithm is insensitive to detect thin clouds
on the cloud boundary, clouds are still shown on the
cloud edge in the MODIS image masked. For more
accurate masking of cloud and shadow, we applied
the 250 m buffering at MOD35 cloud and shadow

mask.

5) Daily dynamic cloud-free composite
algorithm

Fig. 2 compares the static and daily dynamic
cloud-free composite algorithm using MODIS data.
The static composite algorithm produced one cloud-
free image by compositing daily MODIS data during
the static period(8-, 10-, 16- days, and a month). The
proposed daily dynamic composite algorithm used
multi-temporal MODIS data sets during the dynamic
period, and produced daily cloud-free composite
images. The optimal period of compositing was
conducted by the cloud containments and multi-
temporal MODIS data sets acquired at previous days
were used for dynamic daily compositing, as shown
in Fig. 2.

A procedure for generating daily dynamic cloud-
free composite images is summarized in Fig.3. By
fusing the 500 m MODO2HKM product and the 250

Day Day
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¢ 4
Gt
P
Grenmerndy
Dynamic

seeeeso e e

1
& Camposite image H

i
G Daily MODIS data used in compasition !

Time axis E

Fig. 2. A schematic diagram of temporal coverage in the static
composite algorithm and proposed daily dynamic
algorithm

~263~



Korean Journal of Remote Sensing, Vol.27, No.3, 2011

| 500m MODO2HKM i | 250m MODO2QKM |

Fusion using LMLV MOD35
(cloud mask)

250m MODQ2 data - &
( Buffering of cloud and ]

shadow mask

¥
[ Masking of cloud and shadow area ]
|

¥ v M
Tday T-1day T-2 day
Masked MODO2 Masked MODO02 Masked MOD02
i l |
1

S

Patching using modified T-1, T-2, ... day images
on cloud and shadow area of T day image

T
N

250m daily composited
MODO02 image on T day

Fig. 3. A flow-chart of applying dynamic daily composite
algorithm to MODIS data to obtain daily cloud-free land
cover images with 250 m spatial resolution.

m MODO02QKM product, 250 m fused MODIS
radiance images were generated. The daily dynamic
cloud-free composite algorithm used the cut and
patch method on the cloud area for the daily MODO2
dataset. The daily MODO2 dataset using cloud and
shadow mask were used for dynamic cloud-free
compositions. The cut area of MODO02 data on
reference day T was patched by using other MODO2
dataset acquired at T-1, T-2 day, and so forth. The
number of images used for the composition was
determined by the amount of cloud cover of less than

5%. The number of images(days) is defined as the

dynamic period. The static composite algorithm
produces one cloud-free image by compositing daily
MODIS data obtained during the static period(8-,10-
,16- days, and a month). The proposed daily dynamic
composite algorithm uses multi-temporal MODIS
data during the dynamic period and produces daily

cloud-free composite images(Fig.2).

6) Validation of daily dynamic cloud-free
composite algorithm

In order to validate the proposed daily dynamic
cloud-free composite algorithms, two events were
chosen. A forest fire that occurred on 7 May, 2010
and its burned area was about 86 ha(National Forest
Fire Information System, http:/sanfire forest.go kr).
With the information provided by the National Forest
Fire Information system in combination with a
google image, the boundary of the burned area was
defined using the normalized burned ratio(NBR) was
used. The NBR spectral index focused on mapping
the burned area and assessing burn severity(Key and
Benson, 1999; Loboda et al., 2007). The spectral
reflectance of the burned area increased in the SWIR
and deceased in the NIR wavelength regions. The
NBR index used this spectral difference of forest and
burned area(Loboda et al., 2007). The change of
NBR value of composite images before and after

forest fire was generated and analyzed.

PNiR(band2) — pSWIR(bandT) )

NBR = NiR(band2) + pSWIR (band)

Table 3. Information on the two study sites in South Korea

Site 1 : Forest fire

Site 2 : agricultural crop harvesting area

Date of firing A Date of harvesting October 19,2009
Area 86 ha Area 475 ha
. UTM 485,726.59E, 981 436.85 . UTM 276865 2512E, 3854944 5074N
Location Mt. Bonghwa, Location Nearing Y. River. Jeoll d
Yeongcheonsi, Gyeongbukdo caring Yeoungsan River, Jeotanamdo
Cause Arson Land use Rice paddy
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As additional short-term change, the harvest area is
detected using compositing algorithm in this study.
To detect the harvest area, two cloud-free NDVI
datasets were generated using daily and 8-day
composite images during October 2009. The NDVI
and NDVI temporal patterns were analyzed at a rice
paddy and then decreased after harvesting.
Considering the geometric accuracy of MODIS data,
relative relatively large rice paddy was selected.
Table 3 shows detailed information about the site.

3. Results and discussion

1) Temporal and spatial distribution of cloud-
free days over the Korean Peninsula

Due to the influence of East-Asian monsoon climate,
Korean Peninsula may be climatologically characterized
as cloudy summer and clear winter with a large
temporal and spatial variability. For example, cloud-
free days over the entire Peninsula were less than 34

days in July 2009, during summer and more than 20

days in October(Fig. 4). Therefore, the daily dynamic
composite algorithm using MODIS data would
generate only one or two cloud-free images in cloudy
July, however, more than 20 images in clear October
2009, Fortunately, important events(e.g., forest fire and
agricultural crop harvesting) occur in the land cover
during the relatively cloud free periods in Korea.

The primary purpose generating both static and
dynamic composites was to reduce the cloud
containments and generate the cloud-free image. As
shown in Fig. 4, the original daily MODO2 data
showed higher cloud coverage especially during the
rainy season. During the dynamic composite process,
the cloud area was cut using MOD35 cloud and
shadow mask and patched the cloudless area of other
days. During the non-rainy season, the composited
image under 10% cloud coverage was generated
using three or four MODO02 daily images, however,
composite image of less than 40% of cloud cover
could be obtained(Fig.4). Generating the 100%
cloud-free composited image would not be

achievable even in September 2009(Fig. 4).
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Fig. 4. Distribution of cloud-free days during July(left} and October 2009(right) over the Korean Peninsula
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2) Effectiveness of daily dynamic cloud-
free composite algorithm in dry season
and wet season

An exemplary case of application of daily dynamic
cloud-free composite algorithm is given here to
illustrate its usefulness. The original MODIS image
showed a small amount of clouds on 5 October
2009(Fig. 5a). A cloud-free image under 10% cloud
cover can be generated using only two and three daily
MODIS images in Fig. 5b and 5c, respectively using
a cut and patch technique. Daily dynamic composite
images provided date information of the MODIS

®)

images used in generating daily cloud-free composite
images(Fig. 5e). Date information at each pixel of
composite image helped to accurately detect short-
term changes. The 8-day composite images generated
by applying a minblue algorithm at eight MODIS
images obtained during October 1~8 was also
presented here as comparison,

During October in 2009, each daily dynamic
composite was generated using two to six daily
images(Table 4). The daily dynamic composite of
October 11 and the cloud-free MODIS image were
generated using only two daily MODIS images. The

i

o’
([

Fig. 5. (a) Original MODIS 250 m image,{b) MODIS image cut by the cloud and shadow obtained at October 5, 2009,{c) MODIS
image composited using two MODIS daily images of October 5 and 4,(d) MODIS image composited using three MODIS daily
images of October 5, 4, and 3,(e) date information of MODIS daily images used in dynamic compositing(white: October 5,
gray: October 4, black: October 3),(f) 8-day composite image using ten images during October 1 ~ 8 day.

o WL el
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Table 4. Daily MODIS images used for the dynamic cloud-free composition during October 2009

Daily composite MODIS images used Daily composite MODIS image used
October 3 October 3,2, 1 October 18 October 18,17, 15
October 4 October 4, 3,2 Qctober 19 October 19,18, 17,15
October 5 October 5,4, 3 October 20 October 20,19, 18
October 6 October 6,5,4 October 21 October 21,20, 19, 18
October 8 October 8, 6,5 October 22 October 22,21,20, 19
October 10 October 10,8,6 October 24 October 24,22,21,20
October 11 October 11,10 October 26 October 26,24, 22,21
October 12 October 12,11, 10 October 27 October27,26,24,22,21
Qctober 13 October 13,12, 11,10 October 28 October 28,27,26,24
October 14 October14,13,12,11,10 October 29 October29, 28,27, 26, 24
October 15 October 13, 14, 13 October 31 October 31,29, 28,27,26,24
October 17 October 17,15, 14,13

& P

Fig. 6. Daily dynamic composite image(left) generated using 25 daily MODIS images from July 7 to 30, 2009 and 8-day composite
image(right) generated using July 1~8 days

daily dynamic composition algorithm more effectively
showed current information in contrast to the static
composition algorithm during the non-rainy season.

In rainy season of July 2009, daily dynamic cloud-
free composite algorithm allowed to composite 25
daily MODIS images(Fig. 6-left) opposed to the 8 day
composite using a static composite algorithm(Fig. 6-
right). The dynamic composite algorithm sacrificed

the temporal resolution but enhanced spatial coverage,

e

although both the two images still are not free from

clouds.

3) Detection of short-term change in the
land cover

The 8-day static composite algorithm uses the most
pixels on a clear-sky day during the 8-day period
while the daily cloud-free dynamic composite

algorithm uses the most pixels on the latest day for
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Fig. 7. Usage rate of daily MOD02 images(October 11~19, 2008, y axis) for 8-day composition and dynamic daily composition

each daily composition(Fig. 7). Therefore, the latest
information is avail on the images generated using
daily dynamic cloud-free composite algorithm and is
useful to detect rapid changes, such as land cover
events of forest fires or cultivations.

A forest fire occurred on 7 May 2010 in Mt.
Bonghwa, Yeongcheon, Gyeonsangbukdo and some
80 ha of the area was burned(Table 3). In order to
detect a burned area, daily 250 m cloud-free
composite images on May 7 and 9 were generated
(Fig. 8b and 8c, respectively). The 250 m fused daily
composite image was sharper than the S00 m original
MODIS color composite image(Fig. 8(a)) and the
500 m 8-day composited image(Fig. 8(d)). The
LMVM fusion method provided the best fusion
results for the spatial resolution and spectral fidelity.
Fig. 8(b) is the cloud-free composite image of May 7
and Fig. 8(c) is the cloud-free composite of May 9
generated by three images during May 9, 8, and 7.
The forest scar was detected in the daily dynamic
cloud-free composite image obtained on May 9, 2
days after the fire. However, the 8-day composite
image of May 1 to 8 obtained on May 8 did not show

the burned area(Fig. 8(d)) but was detected on May
16 after 8 days from the date of the forest fire(Fig.
8(e)).

In order to detect the location of the forest fire scar,
NBR images from dynamic and static composite data
were generated. In the burned area, the NBR value
decreased in comparison to the value prior to the
forest fire(Fig. 9). After the forest occurred on 7 May,
2010, the NBR value decreased greatly. The burned
area becomes visible on the dynamic cloud-free
image on May 9 due to the heavy cloud on May 8.
However, the burned area was detected much later on
May 16 in 8-day composite data. As shown in Fig. 9,
the dynamic composite algorithm provided shost-time
change information efficiently. The date from the
dynamic composite product also accurately detected
the dates on which short-term changes occurred.
Because the 8-day composite image did not provide
this date information, defining an accurate date on
which short term changes occurred was difficult.

Fig. 10 shows short-term changes incurred from
harvesting within a rice-paddy area(total 475ha)
during October 19, 2010. In order to detect
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(DS

©f:

Fig. 8. Original 500 m MODIS color image of May 7, 2010(a), NIR-red-green color images of dynamic cloud-free composite images
of May 7(b), May 9(c) and 8-day composite images during May 1~8(d) and 9-16 day{e)(black circle: burned area).
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Fig. 9. NBR temporal pattern of dynamic composite and 8-day composite dataset at burned area.

harvesting, NDVI images using daily composite
MODIS images of October 19 and 20 were
generated(Fig. 10(a), (b)). In comparison to the 8-day
composite NDVI images(Fig. 10(d)), the daily
dynamic composite NDVI image showed the
harvested area immediately after the change
occurred(Fig. 10(b)).

Fig. 11 shows the NDVI temporal pattern of the

dynamic composite images and the 8-day composite
images in the harvested area during October 2009.
The harvesting was detected in the dynamic
composite image of October 19, 2009; at the
harvesting was shown in the 8-day composite image
during October 24-31, 2009. As shown in Fig. 11, the
dynamic composite algorithm detected the harvest

area and accurately defined the date of harvesting.
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Fig. 10. Daily dynamic composite NDVI image of October 19(a), October 20(b), 8-day composite NDVI image during October 8 ~
15(c), 16~23(d), and harvest area(black circle)
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Fig. 11. NDVI temporal pattern of dynamic composite and 8-day composite dataset at harvesting area.
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@ : e

4) Future works to improve daily dynamic
cloud-free composite algorithm

Daily composite image generated using daily
dynamic cloud-free composite algorithm to MODIS
data appears to leave vestige of the cloud area in the
original MODIS data(block effect, Fig. 12). The
vestige of the cloud area emerged due to the fact that
pixel value differs between MODIS images acquired
at different dates. In order to be effective, the daily
dypamic composite method must be applied to the
MODIS data that was acquired during the non-rainy
season or a specific period(ex. dry season) in which
many short-term changes occurred rather than being
applied over one year. In the subsequent study, the
spatial coherence of the dynamic composited MODIS
image will be improved. Then, this composite image
will be used to detect various short-term land cover
changes.

4. Conclusions
The daily dynamic cloud-free composite algorithm

provides daily 250 m cloud-free MODIS images. The
LMVM algorithm improved the spatial resolution of

il

Fig. 12. Left-original MODIS color composite image(biue-MODIS band 2, green- MODIS band 3, red- MODIS band 4}, right- daily
dynamic composite image using October 15, 13, 12, 11(blue-MODIS band 2, green- MODIS band 3, red- MODIS band 4)

the 500 m original MODIS data and generated 250 m
MODIS reflective seven bands. The 250 m MODIS
dataset may improve various MODIS land products
such as burned area detection or classification. The
dynamic daily composite algorithm showed a higher
temporal resolution and provided more current
information in comparison to the 8-day static
composite algorithm. The dynamic daily composite
algorithm detected short-term changes and improved
the detection rate of the burned and harvest areas.
Although the 8-day static composite MODIS showed
only one standard value during the §8-day period, the
dynamic composited MODIS data showed daily
MODIS images and a dynamic temporal pattern. In
comparison to the daily MODIS data, the dynamic
composite MODIS data showed a more stable
temporal pattern. This resulted because the algorithm
reduced the cloud containments during the rainy
season. The dynamic composite algorithm also
provided the date of daily MODIS images used in
compositing each pixel. This additional information
accurately detected the date on which short-time
changes occurred.

QOur composite algorithm appears to work well in

the relatively cloud-free dry season, however it may
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not work well during the cloudy wet season as it is
subject to the accuracy of masking cloud and shadow,
the technique to mask them needs to be improved
further. Cut-and-patch technique is not fully
developed yet to remove “the block effect”.
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