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Quick Spatial Assessment of Drought
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Abstract—The normalized difference vegetation index (NDVI)
and normalized difference moisture index (NDMI) derived from the
moderate resolution imaging spectroradiometer (MODIS) have been
widely used to identify spatial information of drought condition. The
relationship between NDVI and NDMI has been analyzed using
Pearson correlation analysis and showed strong positive relationship.
The drought indices have detected drought conditions and identified
spatial extents of drought. A comparison between normal year and
drought year demonstrates that the amplitude analysis considered both
vegetation and moisture condition is an effective method to identify
drought condition. We proposed the amplitude analysis is useful for
quick spatial assessment of drought information at a regional scale.
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[. INTRODUCTION

ROUGHT monitoring assessment using satellite data has

been an important issue in environmental monitoring and
assessment [1-4]. Food security and safety have also been
critical issues under the increasing population of the whole
world. Therefore, developing quick drought monitoring and
assessment using remotely sensed imagery to identify regional
impact of drought for cropping systems is important.

Satellite imagery was comprehensively applied to monitor
and assess vegetation dynamics, drought condition, land
surface moisture, cropping system, desertification [5-7]. For
example, the moderate resolution imaging spectroradiometer
(MODIS) were applied to monitor desertification in East Asia
and found that the desert areas expanded from 2000 to 2002,
shrunk in 2003, then expanded again from 2003 to 2005 [6].
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The National Oceanic and Atmospheric Administration
(NOAA)- Advanced Very High Resolution Radiometer
(AVHRR) data have also been extensively used for drought
monitoring and assessment.

Drought indices derived from satellite imagery have been
widely used to identify spatial extents of drought [8-10]. For
example, Kogan designed AVHRR-based indices to monitor
drought and flood [10]. The indices are useful for detection and
monitoring large area vegetation stress resulted from drought or
soil oversaturation following flooding and excessive rains.
Another study was designed to use NOAA-AVHRR imagery to
compute normalized difference vegetation index (NDVI) and
vegetation condition index (VCI) indices to correlate
precipitation data in the northwest of Iran [11]. They concluded
that NOAA-AVHRR derived NDVI well reflects precipitation
fluctuations in the study area and is useful for drought risk
management. The NOAA-AVHRR data were applied to
compute satellite derived drought indices, including the NDVI,
Anomaly of Normalized Difference Vegetation Index
(NDVIA), Standardized Vegetation Index (SVI), Vegetation
Condition Index (VCI), Land Surface Temperature (LST) and
NDVI (LST/NDVI), the Vegetation Health Index (VH), and
the Drought Severity Index (DSI) [8]. They found that the
combination of drought indices can identify wider
drought-occurred areas than the PDSI and the DAA maps.
Therefore, drought indices derived from satellite imagery are
helpful for detecting, monitoring, and assessing drought and its
spatial information at a regional scale.

The objective of this study was to compare effectiveness of
satellite derived drought indices applied to drought assessment
in normal and drought years. The study was focused on quick
drought assessment using satellite derived drought indices. The
results should further our understanding of the relationship
between vegetation- and moisture-based drought indices, and
should improve remote sensing techniques used for drought
assessment and identifying spatial information.

II. STUDY AREA

The study was carried out in the western Liaoning,
north-eastern China. The main land cover types are corn field
and forest, which cover more than 73% of the study area’s
27,536 km® (Fig. 1). Corn field is the dominant cropping
system in the study area. The growing season of corn field is
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from May to September.
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Fig. 1 Study area is restricted to the corn field and forest zones of
western Liaoning, north-eastern China.

III. MATERIALS AND METHODS

A. Satellite derived indices

In this study we use the 8-days MODIS surface reflectance
product (Surface Reflectance 8-Day L3 Global 500m Product)
for the image of Julian Day 225 to 232 from the year 2002 to
2009. The NDVI is a common measure of the condition of
vegetation. The NDVI is comprehensively used in vegetation
studies because of the ease of computation for most satellite
spectral data available. Following data pre-processing, the
NDVI for each 8-day image is calculated using Eq. (1)

NDVI = (pnir - prep) / (PNIR + PRED)- (N

where pnir and prep are the surface reflectance in the visible
(620-670 nm) and Near-Infrared (NIR) (841-876 nm) regions
of the electromagnetic spectrum, respectively.

Recent studies suggest that there is a high correlation
between the Normalized Difference Moisture Index (NDMI)
and wetness [12]. The NDMI index was first proposed by Gao
in 1996 who demonstrated it to be sensitive to changes in liquid
water content in vegetation canopies [13]. The index has
proven to be a promising technique for monitoring harvesting
and other disturbances [14]. The NDMI has been demonstrated
to be an improvement over the NDVI for the detection of
changes in forest cover. Thus, here we adopt the NDMI to
assess land surface dynamics of oasis vegetation. The NDMI is
computed using equation (2) below, based on the contrast
between mid-infrared (MIR) and near-infrared (NIR)
reflectance which are sensitive to changes in vegetation leaf
structure and water content [15-17]. The NIR and MIR bands
are used to calculate the NDMI as follows:

NDMI = (pxir - pmir) / (PNIR + PMIR), 2

where pyir is the surface reflectance in the MIR (2105-2155

nm) region of the electromagnetic spectrum.

B. Drought indices

The Anomaly of Normalized Difference Vegetation Index
(NDVIA) is a departure from the long-term average for a
specific month indicating drought conditions as compared to
the average range of time [8]-[18]. The NDVIA was computed
as differences from multiyear 8-day composite image of Julian
Day 225-232 using the 6-year record (2002 — 2008, except
2004), excluding cloud pixels. The mean 8-day NDVI and
specific 8-day NDVI are used to calculate the NDVIA as
follows:

NDVIA, = NDVI; ~NDVI, )

NDVI; . NDVI,
1] an 1)

where d are the multiyear average NDVI
for pixel i in 8-day j, and 8-day NDVI for pixel i in 8-day j for
year K, respectively.

According to the formula of NDVIA, we propose a Anomaly
of Normalized Difference Moisture Index (NDMIA) to
measure the departure of land surface moisture condition in the
study area. The NDMIA was computed as follows:

NDMIA;, = NDMI, — NDMI,,, “

Thus, the NDVIA and NDMIA identify vegetative and
hydrologic drought conditions.

C.Amplitude analysis

The two indices of NDVIA and NDMIA are useful for
identifying spatial extent of vegetative and hydrologic drought
condition. Traditional drought assessment using remote
sensing techniques is only adopted vegetative satellite derived
indices, such as NDVI, NDVIA, VCI, SVI [1]-[8]-[11].

The amplitude image was computed as follows:

Amplitude,, = \/(NDvhj ~NDVI, )+ (NDMI, - NDMI,, ) 5 (5)

IV. RESULTS AND DISCUSSIONS

A. Pearson correlation analysis between NDVI and NDMI

The Pearson correlation analysis was computed for the
NDVI and NDMI. Because the relationship between vegetation
and moisture varies within a growing season, especially a
drought event, we analyzed the normal year and drought year
separately.

Generally, strong positive correlations were found between
NDVI and NDMI (Table 1). This reflects the fact that healthy
vegetation condition implies a good moisture condition in the
normal year (r =0.798; p<0.01). However, the strength of this
relationship was enhanced in the drought year (r = 0.847;
p<0.01). The result indicates that vegetation condition is
similar with moisture condition when a drought occurs.
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TABLE I PEARSON CORRELATION COEFFICIENT (R) BETWEEN NDVI AND NDMI
OF THE MODIS 8-DAY COMPOSITE IMAGE FOR THE NORMAL YEAR (2008) AND

DROUGHT YEAR (2009)
Pearson correlation coefficient (r)  Significance (p)
Normal year (2008) 0.798 p< 0.01"
Drought year (2009) 0.847 p<0.01"

* Correlation is significant at the 0.01 level (2-tailed).

B. Mapping with drought indices

The spatial information of normal and drought condition
using NDVIA and NDMIA provides useful geographic
representation visually and digitally (Fig. 2 and 3). The MODIS
8-day surface reflectance composites of Julian Day 225 to 232
have been collected for the year 2008 and 2009. NDVIA and
NDMIA have been used to quantify the vegetative drought in
the normal year (2008) and drought year (2009). The NDVIA
and NDMIA maps have been generated by plotting pixel values
of NDVIA having a 500m spatial resolution, and have been
classified to represent various drought intensities (Extreme,
Severe, Moderate, Mild, Slight, and No Drought).

The drought situation, the worst drought condition during

the period from 1950 to 2009, was encountered during the
growing season of corn field of the year 2009 in western
Liaoning. The comparison between the normal year and
drought year indicates the effectiveness of satellite derived
drought indices for quick drought monitoring and assessment.
The map of NDVIA and NDMIA of the year 2008 appear no or
slight drought conditions in the western Liaoning,
north-eastern China. The drought conditions mainly appear
over the central part of the study area.

C.Amplitude Analysis

The amplitude image computed from NDVIA and NDMIA
had a similar spatial pattern with NDVIA and NDMIA maps.
The vector length of the amplitude image was longer than the
NDVIA and NDMIA images, as shown in Fig. 4. The spatial
information of drought condition showed in Fig. 4 is clearer
than the other images. Thus, Fig. 4 demonstrates the amplitude
analysis using both vegetation and moisture conditions to
identify spatial extent of drought is quite well.
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Fig. 2 NDVIA values for the composite image of Julian Day 225~232 in the year 2008 and 2009.
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Fig. 3 NDMIA values for the composite image of Julian Day 225~232 in the year 2008 and 2009.
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Fig. 4 Amplitude values for the composite image of Julian Day 225~232 in the year 2008 and 2009.

V.CONCLUSION

It is concluded that the drought condition of the year 2009
has been assessed and identified the spatial extent and drought
magnitude using satellite imagery. The NDVI and NDMI are
useful satellite derived indices to detect the land surface
dynamics of vegetation and moisture condition. In this study,
we have demonstrated that the NDVIA and NDMIA are useful
for monitoring and assessing drought condition in the
vegetation and moisture aspects. Furthermore, the amplitude
analysis using the NDVIA and NDMIA has also demonstrated
its effectiveness to identify the spatial extent of drought
condition. The amplitude analysis considered both vegetation
and moisture condition in a drought event improves the
traditional drought assessment methods, which only considers
vegetation condition.

ACKNOWLEDGMENTS

We are also most grateful for the constructive suggestions of
the anonymous reviewers, all of which has led to the making of
several corrections and suggestions that have greatly aided us
in the presentation of this paper.

REFERENCES

[11 L.S. Unganai, and F.N. Kogan, "Drought Monitoring and Corn Yield
Estimation in Southern Africa from AVHRR Data", Remote Sensing of
Environment, vol. 63, no. 3, pp. 219-232, 1998.

[2] H.C. Claudio, Y. Cheng, D.A. Fuentes, J.A. Gamon, H. Luo, W. Oechel,
H.L. Qiu, A.F. Rahman, and D.A. Sims, "Monitoring drought effects on
vegetation water content and fluxes in chaparral with the 970 nm water
band index", Remote Sensing of Environment, vol. 103, no. 3, pp.
304-311, 2006.

[3] S.M. Herrmann, A. Anyamba, and C.J. Tucker, "Recent trends in
vegetation dynamics in the African Sahel and their relationship to
climate", Global Environmental Change Part A, vol. 15, no. 4, pp.
394-404, 2005.

298



(4]

[10]

(1]

[12]

[13]

International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:4, No:7, 2010

A.J. Peters, D.C. Rundquist, and D.A. Wilhite, "Satellite detection of the
geographic core of the 1988 Nebraska drought", Agricultural and Forest
Meteorology, vol. 57, no. 1-3, pp. 35-47, 1991.

M.L. Lin, and C.W. Chen, "Application of fuzzy models for the
monitoring of ecologically sensitive ecosystems in a dynamic semi-arid
landscape from satellite imagery", Engineering Computations:
International Journal for Computer-Aided Engineering and Software, vol.
27, no. 1, pp. 5-19, 2010.

M.L. Lin, C.W. Chen, Q.B. Wang, Y. Cao, J.Y. Shih, Y.T. Lee, C.Y.
Chen, and S. Wang, "Fuzzy model-based assessment and monitoring of
desertification using MODIS satellite imagery", Engineering
Computations: International Journal for Computer-Aided Engineering
and Software, vol. 26, no. 7, pp. 745-760, 2009.

S.M. Quiring, and S. Ganesh, "Evaluating the utility of the Vegetation
Condition Index (VCI) for monitoring meteorological drought in Texas",
Agricultural and Forest Meteorology, vol. 150, no. 3, pp. 330-339, 2010.
Y. Bayarjargal, A. Karnieli, M. Bayasgalan, S. Khudulmur, C. Gandush,
and C.J. Tucker, "A comparative study of NOAA-AVHRR derived
drought indices using change vector analysis", Remote Sensing of
Environment, vol. 105, no. 1, pp. 9-22, 2006.

C. Bhuiyan, R.P. Singh, and F.N. Kogan, "Monitoring drought dynamics
in the Aravalli region (India) using different indices based on ground and
remote sensing data", International Journal of Applied Earth Observation
and Geoinformation, vol. 8, no. 4, pp. 289-302, 2006.

FN. Kogan, "Global drought and flood-watch from NOAA
polar-orbitting satellites", Advances in Space Research, vol. 21, no. 3, pp.
477-480, 1998.

P.R. Bajgiran, A.A. Darvishsefat, A. Khalili, and M.F. Makhdoum,
"Using AVHRR-based vegetation indices for drought monitoring in the
Northwest of Iran", Journal of Arid Environments, vol. 72, no., pp.
1086-1096, 2008.

S.Jin, and S.A. Sader, "MODIS time-series imagery for forest disturbance
detection and quantification of patch size effects", Remote Sensing of
Environment, vol. 99, no., pp. 462-470, 2005.

B.C. Gao, "NDWI — A Normalized Difference Water Index for remote
sensing of vegetation liquid water from space", Remote Sensing of
Environment, vol. 58, no., pp. 257-266, 1996.

[14] E.H. Wilson, and S.A. Sader, "Detection of forest harvest type using
multiple dates of Landsat TM imagery", Remote Sensing of Environment,
vol. 80, no., pp. 385-396, 2002.

[15] D.J. Hayes, and W.B. Cohen, "Spatial, spectral and temporal patterns of
tropical forest cover change as observed with multiple scales of optical
satellite data", Remote Sensing of Environment, vol. 106, no., pp. 1-16,
2007.

[16] N.R. Goodwin, N.C. Coops, M.A. Wulder, S. Gillanders, T.A. Schroeder,
and T. Nelson, "Estimation of insect infestation dynamics using a
temporal sequence of Landsat data", Remote Sensing of Environment,
vol. 112, no., pp. 3680-3689, 2008.

[17] D.J. Hayes, W.B. Cohen, S.A. Sader, and D.E. Irwin, "Estimating
proportional change in forest cover as a continuous variable from
multi-year MODIS data", Remote Sensing of Environment, vol. 112, no.,
pp. 735-749, 2008.

[18] A. Anyamba, C.J. Tucker, and J.R. Eastman, "NDVI anomaly patterns
over Africa during the 1997/98 ENSO warm event", International Journal
of Remote Sensing, vol. 22, no. 10, pp. 1847-1859, 2001.

Meng-Lung Lin (M’07) was born in Taipei, Taiwan. He received his B.S. in
Geography from National Taiwan University, Taiwan in 1998, his M.Sc. degree
in Geography from National Taiwan University, Taiwan in 2000 and his PhD in
Geography from National Taiwan University, Taiwan in 2004. He became a
Member (M) of IEEE in 2007. He has published more than 50 articles and
reports in journals and conferences related to tourism, landscape ecology,
environmental monitoring of remote sensing and geomorphology. His main
interests are Tourism Geography, Remote Sensing, Spatial analysis,
Geographic Information Science, Planning of Festivals and Events and
Regional Tourism Development. He is now an Assistant Professor at the
Department of Tourism, Aletheia University, Taiwan.

299



