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ABSTRACT: Diverse researches using vegetation index have been carried out to monitor spring droughts that have fre-
quently occurred since 2000. The strength of the drought monitoring using vegetation index lies in that it can reflect
characteristics of satellite images: large area coverage, cyclicity, and promptness. However, vegetation index involve
uncertainly caused by diverse factors that affect vegetation stress. In this study, multi-temporal vegetation index is com-
pared with the most representative meteorological drought indices like PSDI, SPI. Based on the results from analyses,
usability of vegetation index as a tool of drought analysis is proposed.
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1. INTRODUCTION

Droughts can be indirectly analyzed by using
changes in vegetation index values produced by satellite
images. The method has been used in Korea to monitor
droughts that have frequently occurred since 2000 (Shin,
2003; Shin, 2006; Park et al, 2006). In mid-1990s,
drought monitoring using vegetation index began to be
applied to the Great Plains of the United States. The
method was introduced to Korea after 2001 when nation-
wide spring drought occurred. The strength of the vegeta-
tion index-based drought monitoring is that the monitor-
ing method enables efficient spatio-temporal grasp of
changes in drought events. Thanks to the development of
low resolution satellite images such as MODIS(Moderate-
Resolution Imaging Spectroradiometer) images, which are
characterized by outstanding temporal resolution, the use
of the method is expected to increase.

However, drought analysis that uses vegetation index
considers only meteorological factor as a factor that af-
fects vitality of vegetation. Because of the existence of
other indirect and direct factors that cause vegetation
stress, many uncertainties are involved in such method of
analysis. To secure objectivity of drought analysis that
uses vegetation index and to establish a drought monitor-
ing system that uses the drought analysis method, it is
therefore necessary to compare the method with most
representative drought analysis tools that are used for
drought management. In the case of the Great Plains of
the United States, a research comparing NOAA AVHRR
NDVI(Normalized Difference Vegetation Index) and
SPI(Standardized Precipitation Index) drought index was
carried out. Highest correlation was found in three-month
SPI in grassland and six-month SPI in farmland (Lei and
Albert, 2003).

In this study, PDSI(Palmer Drought Severity Index),
SPI which a meteorological drought index that quantifies
drought and that is used as a basic index for drought
monitoring and MODIS NDVI are compared to propose
correlation among them and to secure objectivity of

drought analysis that uses vegetation index. Moreover, an
analysis that considers land cover and geographical loca-
tion was carried out to propose effective drought monitor-
ing method that uses vegetation index.

2. METHODOLOGY AND DATA

To analyze the correlation between vegetation index
and meteorological drought index, data from observation
points involving the two indices were compared. Data for
the month of April, when droughts are most frequent,
from 2000 to 2007 were selected. To establish vegetation
index, monthly data of 1 km resolution MODIS NDVI
products in the South Korea were collected and converted.
To calculate drought indices in each location, 53
observation points, for which long-term rainfall data are
available, were selected to compute PDSI and SPI of each
location and to produce a spatial distribution map.
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Figure 1. 53 observation points
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In this study, observation points were categorized into
four classes in consideration of the land cover and
seawater that affect vegetation. As shown in Figure 2 (a)
and Table 1, land cover rate of each cell where an
observation point is included was calculated; observation
points with more than 50% land cover rate were separated
from those with less than 50% rate. As shown in Figure 2
(b), the distance between observation points and the coast
was computed; observation points within 10 km radius
from the coast were treated separately as they can be
influenced by seawater that affects evapotranspiration. As
a result, four categories of observation points for analyses
emerged: 20 ‘“vegetation cover/inland” points, 12

“vegetation cover/coastal” points, 12 “non-vegetation
cover/inland” points, 9 “non-vegetation cover/coastal”
points.

Figure 2. Land cover in each of observation points
{examples) (a)
Computation of distance from the coast (b)

Table 1. Categorization of observation points by land cover
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3. CORRELATION ANALYSIS OF DI AND VI

3.1 Creation of correlation coefficient map for
vegetation index and drought index

As shown in Figure 3, monthly PDSI; one-month,
three-month, and six-month SPI; and NDVI were used to
analyze the relationship between vegetation index and

drought index. Each of drought indices and NDVI were
grid data with identical cell interval. ArcView grid
computation was carried out to compute correlation
coefficient of each of grid data. Table 2 shows correlation
coefficients between NDVI in Aprils of the years from
2000 to 2007 and each of drought indices. No correlation
was found between vegetation index and drought index of
the same period. This can be explained by two factors.
First, each NDVI just reflects current vitality of
vegetation, whereas PDSI and SPI show current value that
calculated result with past multi-temporal data. Second,
drought index, which was generated by interpolation of
point data, included qualitative spatial unbalance.
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Figure 3. PDSI, SPI 3-month, NDV1 (2000/4)

Table 2. Correlation coefficient between vegetation
index and drought index by year

April | NDVI &FDSI NOVI&SFI1 (NDVI&SHI 3 | NDVI&SAI 6
2000 -0.08 -0.05 0.14 -0.1
2001 0.03 ~0.00 0.1 ~-0.07
2002 0.11 -0.09 ~-0.05 0.08
2003 -0.07 -0.13 -0.13 -0.14
2004 0.07 0.14 0.06 0.13
2005 ~0.01 -0.08 -0.05 -0.03
2006 -0.08 -0.03 -0.00 0.08
2007 0.10 0.07 0.02 -0.01

To find out the relationship between changes in
inter-temporal drought indices and changes in vegetation
indices, correlation between drought index and vegetation
index for each of the cells during the eight years was
calculated as shown in Table 3. The results were
presented in a correlation map shown in Figure 3.

Table 3. Correlation coefficient of multi-temporal

vegetation index and drought index
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Figure 3. Correlation coefficient map of vegetation
index and drought index by pixel (2000~2007)

Table 4. Mean of correlation coefficient map

2000~2007 | NDVI&FDSI | NDVI& SPI1 | NDVI & SFI3 | NDVI & SH1 6

mean of
correlation 0,187
coefficient

0.468 0,503 0.519

The correlation map of inter-temporal drought index
and NDVI, which were calculated for each of the pixels,
can illustrate not only local correlation but also can
identify NDVI that are highly correlated with a drought
index. Table 4 shows the average for each of correlation
coefficients. In the case of NDVI and PDSI, correlation
was not high whereas local correlation was found between
NDVI and SPI. The highest correlation was found
between six-month SPI and NDVL

3.1 Correlation computation for each point and
comparison of coefficient of determination

NDVi &6-month SPI (Gumi station}

>
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Figure 4. Correlation analysis of vegetation index and
drought index by point (Gumi point)

Correlation shown in Figure 3 and Table 4 stems
from the comparison between drought index interpolated
by observation point and cell-unit calculation of NDVI.
In this study, Cell-unit analysis for 53 observation points
was carried out for more accurate comparison of NDVI
and drought index. As was proposed in the methodology
section of this paper, 53 observation points were classi-
fied in accordance with their geographical location and
land cover rate; as shown in Figure 4, correlation was
calculated for each of observation point pixels. Then,
coefficient of determination, which shows the fitness of
the regression, was computed to evaluate the usability of
vegetation index. Moreover, monthly SPI was produced
for more accurate identification of water shortage periods
that are reflected by vegetation index.

Table 5. Comparison of coefficient of determination
(r)) of vegetation index and drought index
(vegetation & inland area)

Geochang NDVI | 0.24 | 0.63

Mmgyeong | NDVI | 0.01 | 0.59 | 0.60
Yeongiu NDVI 0 0.29 | 0.37
Jecheon NDVI | 0.01 | 0.43 | 0.49

Choopoong | iyt | 02 | 055 | 0.66
Sucheon | NDVI | 0.03 | 0.56 | 0.58 | 0.64 | 0.48 | 0.47 | 0.41

Table 6. Comparison of coefficient of determination
(rz) of vegetation index and drought index
(vegetation & coast area)

vegetation- |
coast area
Seosm | NDVI | 0.15 | 046 | 053 | 0.65 | 0.55 | 0.46

Uljin NDVI | 069 | 038 | 042 | 0.38 | 0.14 | 0.16

Geole | NDVI | 0.3 | 031 | 0.29 | 050 | 0.61 | 065

Boryeong | NDVI | 0.02 | 032 | 045 | 055 | 0.25 | 0.22 | 0.35

Thenam | NDVI | 0.14 | 053 | 057 0.62

Ganghwa | NDVI | 0.06 | 0.60 | 062 | 0.55 | 0.55 | 053 | 0.29

Jangh NDVI | 0.19 | 035 | 0.31 | 048 | 0.40 | 0.38 | 051

Namime | NDVI | 0.03 | 033 | 032 | 042 | 0.46 | 045 | 0.49

Yeongdeok | NDVI | 0.01 | 0.22 | 0.12 | 0.03 | 0.11 | 0.12 | 0.48

Table 7. Comparison of coefficient of determination
(r?) of vegetation index and drought index (non
vegetation & inland area)

Yangpyung | NDVI | 0.04 | 051 | 0.54 | 0.70 | 0.61 | 0.59

Jeongeup | NDVI 0 055 | 057 | 043 | 055 | 055

Miryang | NDVI | 0.09 | 0.62 | 053 | 0.69 | 0.72 | 0.70
Seoul NDVI | 008 | 052 | 0.53 | 047 | 055 | 0.40 | 0.28
Suwon NDVI | 009 | 0.62 | 052 | 055 | 046 | 0.37 | 0.51
Daegu NDVI 0 022 | 019 | 034 | 029 | 031 | 043
Kwangiu | NDVI | 0.07 | 6.20 | 0.22 | 016 | 0.21 | 0.22 | 0.15
Hongcheon | NDVI | 0.21 | 0.18 | 013 | 0.24 | 0.21 | 0.14 | 0.30
Sancheong | NDVI | 0.18 | 0.13 | 031 | 0.26 | 042 | 052 | 0.44
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Table 8. Comparison of coefficient of determination
(@) of vegetation index and drought index (non
vegetation & coast area)

Usm | NDVI
Yeosn NDVI
Moigo | NDVI
Tongyeong | NDVI
Pohang NDVI
Tochesn | NDVI
Busan NDVI
G NDVI
Gasan | NDVI
4. RESULT
Tables 5-8 show coefficient of determination

between PDSI, monthly SPI drought index, and NDVI for
each location. Correlation analysis for 20 “vegetation
cover/inland” points, 12 “vegetation cover/coastal” points,
12 “non-vegetation cover/inland” points, 9 ‘“non-
vegetation cover/coastal” points was carried out and top-
nine points were presented. Shaded parts show highest
values among correlation analysis results. Analysis by
points did not reveal correlation between PDSI and NDVI.
Correlation between three-month and six-month SPI
drought index and NDVI was relatively high. Correlation
between vegetation index and drought index was highest
in inland vegetation cover. Correlation was lowest in non-
vegetation cover/coastal region. For each of the classes,
points with more than 0.6 of coefficient of determination
were selected. Highest correlation was found at points
with more than 95% level in the case of vegetation
‘cover/inland points, more than 58% level for vegetation
covet/coastal points, more than 50% level for non-
vegetation/inland points, and more than 44% level for
non-vegetation cover/coastal points. In addition, highest
correlation was found between six-month SPI and
vegetation index.

5. CONCLUSION

NDVI has been continuously studied and used to
detect spring droughts, which has regularly occurred in
the South Korea, and to evaluate the intensity of the
droughts. To secure objectivity of NDVI-based drought
analysis, correlation between PDSI, SPI representative
drought index, and NDVI analyzed in this study. This
study showed that NDVI is correlated with SPI drought
index and that the finding can be applied to offset
weaknesses of existing drought index. Moreover, it was
shown that PDSI, which is based on water budget analysis,
is not correlated with vegetation index, unlike SPI, which
is computed by cumulative rainfall. Based on the finding
that NDVI is most highly correlated with six-month SPJ,
drought analysis based on vegetation index could be most
effectively used for droughts that last from winter to
spring. It is expected that the usability of NDVI will be
maximized in inland areas with vegetation cover.
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