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Abstract: The North-Western part of Bangladesh has been experiencing extreme weather and frequent drought conditions compare to
the other parts of the country. In this paper, we used MYD13Q1 and MOD11 of Moderate Resolution Imaging Spectroradiometer
(MODIS)/Terra in order to extract Vegetation Condition Index (VCI) and Temperature Condition Index (TCI). Finally, these both
information helped to derive Vegetation Health Index (VHI) during high summer periods in 2000, 2008 and 2014 to assess drought
vulnerability in terms of agriculture. Mainly NDVI (Normalized Difference Vegetation Index) and LST (Land Surface temperature)
were the main geospatial data to map Vegetation Health Index (VHI). From the VHI analysis, we found that about 147956 (29% of the
total), 173194 (34% of the total) and 191352 (37% of the total) hectare lands as extreme, high and moderate drought areas respectively
in the study area. In addition to this analysis, Naogoan and ChapaiNabanganj districts were found as the extreme to high drought

vulnerable areas in terms of agriculture.
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1. Introduction

The North-Western part of Bangladesh has been
experiencing extreme hot weather and frequent drought
conditions compare to the other parts of the country. Erratic
rainfall pattern creates devastating and repeated droughts in
this region and affects agriculture by substantial damage and
crop losses [1]. Especially, the high Barind Tract suffers
from frequent drought situation due to irregular rainfall [2].
The entire Barind region and its surrounding areas have very
severe water scarcity during Kharif and Rabi season. The
ground water scarcity reveals that water level is declining
gradually year-by-year, which creates the draught intensity
higher [3]. As the low availability and dispersion of surface
water sources for irrigation, withdrawal of ground water turn
into the alternative source. Installing deep and shallow tube-
wells became traditional and mostly practiced irrigation
process in this region since last two decades. Over
exploitation of groundwater for irrigation purpose during
summer season, accelerates ground water level fall rapidly in
such a way that in some points are not achievable for full
replenishing during rainy season [4]. As a consequences, soil
erosion and land degradation process is taking place over the
area and affects the local agriculture potential. Declining rate
of rainfall also promotes deteriorating forests and vegetation
cover. The altered and extreme weather condition leads
reduction of crop production yield and effects on the local
socio-economic stability. The drought vulnerability depicts
diverse condition but consistent year-by-year [2].

The drought phenomenon is recurrent in the study area that
becomes the most vulnerable drought prone area of
Bangladesh. Unfortunately, drought condition has received
less attention and has less scientific research work compare
to other calamities like flood or cyclone. The impact of

drought can be much higher and can occur greater loss than
flood, cyclone and storm surge [2], [5],[6]. Drought created
huge production loss of crop in the country during the year
of 1978-79, 1982 and 1997 [5], [7]. Therefore, it is urgent to
conduct proper scientific research work on this issue using
appropriate and up-to-date technology.

Several studies have conducted with similar environmental
topics using satellite data and showed successful and
satisfactory results. Yang (2008) used 20 MODIS images to
estimate soil moisture condition in the Northern China. He
used both NDVI and EVI (Enhanced Vegetation Index) to
construct temperature-vegetation feature space and from
there, using MODIS, he got result of regional soil moisture
condition [8]. A study was carried out in Nakuru region,
Kenya to assess agricultural drought severity using Land
Surface Temperature (LST) and NDVI images. The
researchers found significant information through their
research to monitor drought there and early warning [9].
Rajeshwari and Mani (2014) carried out a research on Land
Surface Temperature using Landsat 8 data in Dindigul
District, Tamil Nadu, India. They found that barren regions
show high LST whereas hilly regions with vegetative cover
have low LST value [10]. Using MODIS data, Senay (2005)
estimated irrigated crop production and monitored crop
performance in Afghanistan. They implemented a thermal-
based ET (Evapotranspiration) fraction approach and used
1km LST and 250m NDVI data from MODIS [11].
Therefore, the use of the MODIS, NDVI and LST imageries
is certainly an advent technology and one of the best options
for the present study. The main objective of this study is to
assess drought vulnerability in the high-Barind tract of
Bangladesh using multi-temporal MODIS NDVI and LST
imageries. The long-term climate change scenario and
distribution can be also reveal through the same assessment.
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Figure 1: False color composite (FCC) of the study area.

2. Study Area

The study area is located in ChapaiNawabganj, Rajshahi and
Naogoan districts of North-west region of Bangladesh. The
spatial boundary of the area is between latitude N 24° 00' to
N 25° 20" and longitude E 88° 00" to E 89° 00" (Figure 1).
The total area covers 7545.2 square kilometer while total
population is 6842875 in the three districts [12]. A big
portion of the study area comprises Barind Tract includes
Tanore and GodagariUpazila of Rajshahi district, Manda and
NiamatpurUpazila of Naogaon district and Nachole and
GomastapurUpazila of ChapaiNawabganj district.

The Barind region is characterized by very high temperate
and low rainfall area. The annual temperature and rainfall is
between 8°C to 44°C and 1500mm to 2000mm respectively.
The imbalance of the seasonal rainfall affects badly to the
groundwater level and the local agricultural pattern. The
Monsoon season (June to October) covers 80% of total
rainfall of the area whereas other seasons cover only the rest
of 20% rainfall [13]. Therefore, there is an extreme water
scarcity in most of the Barind tract. The Barind tract lies
between the catchment of the River Ganges (The Padma,
Bangladeshi part) and its tributaries drainage system of the
Mahananda, Atrai and Purnabhaba Rivers.

The whole Barind tract has higher elevation than the area
surrounding. From mean sea level, the average elevation of
the Barindtract varies from 22 m (western part) to 40 m

(north-eastern part) high [13]. It is believed that the Barind
tract was originated due to tectonic uplift in the Pleistocene
Period [14]. The area is underlain by basement and sub-
surface faults [13]. It is situated in the western stable shelf
region of the Bengal Basin [13], [15]. The surface sediments
of the Barind tract area are mostly covered by yellowish grey
to red clay (Barind Clay). The weathering feature changes
the iron dominant sediments towards red color. The red clay
thickness of the surface layer varies place to place averaging
6 m in the south western part up to 30 m in the north-western
part [13]. Monsur and Paepe (1994) divided theBarind tract
area into two formations based on local stratigraphy [16].
The first formation consists ofBarind clay and sand. This
formation is highly oxidized and weathered, reddish brown
clay to silty clay whereas the second formation is named
RohonpurSilty Clay and represents clay to silty clay and
yellowish grey in color [14].

3. Supporting Data and Materials

To carry out this study, The Moderate Resolution Imaging
Spectroradiometer (MODIS) imageries from July 2000, July
2008 and July 2014 were used. These imageries were 16-Day
L3 Global 250 m and collected from the Oak Ridge National
Laboratory Distributed Active Archive Center (ORNL
DAAC). Mainly six channels; NDVI, EVI, Blue, RED, NIR
and MIR were used for computing different algorithm for
image calculation. On the other hand, MOD11 of MODIS
landsurface temperature and emissivity were used to extract
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land surface temperature over the study area. The other
information of the imageries used in the study is presented in
Tablel.

Table 1:MODIS NDVI and LST data characteristics.

MOD11 |July, 2000| 1KM Band 31/32 8 Day
MOD11 |July,2008| 1KM Band 31/32 8 Day
MOD11 |July,2014| 1KM Band 31/32 8 Day

MODIS/ | Date of |Resolution| MODIS Product |Composition
Terra  |Acquisition| (Meter)

MYD13Q1| July, 2000 250  |Vegetation Indices| 16 Day
(NDVI/EVI)

MYD13Q1| July, 2008 250 |Vegetation Indices| 16 Day
(NDVI/EVI)

MYD13Q1| July, 2014 250 |Vegetation Indices| 16 Day
(NDVI/EVI)

A vector polygon file of 29 Upazilasunder three districts
were used to extract the main study area from the MODIS
scenes. Mainly ENVI v.4.5 and ArcGIS v.10 software were
used to process all kinds of image processing tasks and final
layouts. Moreover, average annual rainfall and temperature
were linked with the resultant maps.

o Exireme

drought

e High drought
o Moderaie
drought

Figure 2: The methodology usedin the study.

4. Methodology

The methodology used in the study is presented in Figure 2.
NDVI and LST from MODIS imageries were used to
estimate drought vulnerability in the study. In addition to this
data, average monthly temperature and rainfall information
were used.

4.1 NDVI for Vegetation

NDVI is a widely used slope based vegetation index using
red and near infrared band. It is one of the most widely used
vegetation indexes [17], [18]. Furthermore, the measurement
scale has the desirable property of ranging from -1 to 1, with
0 representing the approximate value of no vegetation, and
negative values non-vegetated surfaces [19]. We used NDVI
for mapping vulnerability of drought. NDVI has been used to
detect drought in various parts of the world in the recent
decades [20]. The following equation (1) was used to
calculate open water and winter crops in the study:

(NIR—RED)

NDVI = (NIR+RED) @

Figure 3: Average NDVI ranges of the July month of the
year 2002, 2008 and2014 in the study area.

Finally, all NDVI maps of 2002, 2008 and 2014 were super-
imposed into an average NDVI map (Figure 3).
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4.2 Land Surface Temperature (LST)

The combination of NDVI and LST has provided better
understanding of drought events with their close inter-
relations with surface drought status [20]. We used 1 km
resolution of 8 day MODIS11A2 data in order to calculate
land surface temperature during July 4 to July 27 in 2002,
2008 and 2014. Finally, these three LST maps were
converted to an average LST map.

4.3 Drought Vulnerability Analysis

We used there equations to generate a final map of drought
vulnerability in the study area. These calculations are below:

4.3.1 Vegetation Condition Index (VCI)

VCI is a widely used algorithm for estimating vegetation
condition based on NDVI min and max value. The VCI is
expressed in percentage (%) and gives an idea where the
observed value is situated between the extreme values
(minimum and maximum) in the previous years [21]. The
below equation (2) was used to calculate VVCI:

(NDVIj —NDVImin )

VCI] = (NDVImax —NDVImin )

* 100 (2)

Where, NDVI;, NDVlyji,, NDVIy, are the average maps of
July 2002, 2008 and 2014.

4.3.2 Temperature Condition Index (TCI)

This index has been used as an effective agricultural drought
index to monitor the spatial pattern of vegetation over a
region (equation 3) [22].

. (LSTmax —LSTj) 4
Tclj = (LST max — LSTmin ) 100 (3)

Where, LST;, LSTwmin, LSTuax are the average maps of July
2002, 2008 and 2014.

4.3.3 Vegetation Health Index (VHI)
VHI represents overall vegetation health [23]. It also
indicates agriculture drought. We used the below equation
(4) for generating vegetation health index.

VHI = 0.5%VCI + 0.5« TCI (4)

To derive vegetation health index in terms of drought, we
leveled 0-10%, 10-20% and 20-30% VHI values as extreme,
high and moderate drought vulnerability respectively in this
study.

5. Results and Discussion

In this paper, we used vegetation health index (VHI) as the
main method to extract agriculture drought in the study area
using vegetation condition index (VCI) and temperature
condition index (TCI) from July imageries of 2000, 2008 and
2014. From the VHI analysis, we found that about 147956
(29% of the total), 173194 (34% of the total) and 191352
(37% of the total) hectares land as extreme, high and
moderate drought areas respectively in the study (Figure 4).

Figure 5 indicates that, extreme agriculture drought (0-10%
VHI) in Naogoan district, particularly north and middle part.
Rajshahi district is in high drought (10-20% VHI) and

ChapaiNawabganj district has moderate drought indication
(20-30% VHI) (Figure5). High depletion rate of
groundwater, diminishing evidence of open surface
waterbodies, low vegetation coverage, erosion of top soil are
being exposed as the main driving forces to bring
vulnerability of drought in the study area.

« Extream

+ High
+ Moderate

Figure 4: Estimated total agriculture drought areasin the
study area.

Figure 5: Extreme,
vulherability in the study area.

high and moderate drought

We used July month data due to its hot climatic condition in
terms of annual temperature and rainfall characteristics.
Figure 6 shows that temperature has an increase trend while
rainfall has decreased tendency. Apart from the devastated
floods in 2003, 2005 and 2011, all the years experienced low
precipitations that lead to drought vulnerability over the
study area (Figure 6).

A regression analysis was performed between NDVI and
land surface temperature. This result found very less
relationship between vegetation and land surface temperature
during July in the study area (Figure 7). It explains that
vegetation is not predominant feature during July due to very
hot climatic condition and less surface water bodies as well
as high delegation rate of ground water table.
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Figure 6: Anrialtemperature and rainfall from 2000 to
2014,

6. Conclusion

A significant amount of areas were found as extreme, high
and moderate vulnerability to agriculture drought prone in
the study area, which can be put at risk in terms of
agriculture  productions,  socio-economic  condition,
livelihoods, biodiversity as well as overall sustainable
development. The government and related development
agencies can consider it as serious environmental issue for
future regional development. In this study paper, only
MODIS NDVI and LST maps were used to identify drought
vulnerability mapping. Therefore, the further study should be
based on different multi-resolution and multi-sources
information. The model we used, vegetation health index,
was Viable to extract the outputs in the study.
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