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Abstract The advantages of Google Earth Engine (GEE) platform include the integration of different satellite
imagery at different resolutions, temporal and spatial scales with high-speed parallel processing capabilities and
machine learning algorithms. Therefore, it has been considered an effective tool for monitoring severe drought.
Our objectives are to investigate drought evolution and spatiotemporal variations from 2015 to 2020 based on a
remote-sensing index, namely, the Water Supplying Vegetation Index (WSVI) which was extracted from
Landsat 8 OLI/TIRS on GEE. The study area is Binh Dinh province which is indicated as a subject of prolonged
droughts during dry seasons. Results showed that the severe and moderate drought areas were concentrated
mainly in some districts such as Hoai Nhon, Phu My, An Nhon, Tay Son, Tuy Phuoc and Quy Nhon districts,
corresponding to low WSVI values. To validate our results, the drought map in 2015 in this study was chosen to
compare with the map established by using Modis imagery in Binh Dinh in the same year. Although the
different resolutions between two images, we identified similar drought areas on two maps. In general, the
results also reflect the reliability of the method and the advantages of GEE in monitoring drought in remote and
small areas.
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1. Introduction

A drought is an extended period of unusually dry weather when an area or region experiences below-normal
precipitation [1]. It is one of the most serious disasters in the world because it impacts the environment,
ecosystems, economy and society. Therefore, research on drought monitoring techniques and assessment
methods has become an important problem for the government, the authority and all people. Many researchers
used traditional meteorological monitoring methods [2-3]. However, this method is still limited in
comprehensive drought monitoring for application on a large scale and in an area with few monitoring stations.
In addition, the integration of free remote sensing imagery into Google Earth Engine — a platform based on
cloud computing — has brought the trend in studying agriculture, vegetation mapping and monitoring, natural
disasters and earth sciences [4]. Google Earth Engine (GEE) has the advantage of being macroscopic, rapid and
providing continuous data in time and space with high-speed parallel processing capabilities and machine
learning algorithms [5]. Many scientists recognized the potential of using GEE for monitoring drought. Aksoy et
al., [6] and [7] analyzed the temporal distribution of drought conditions within years using different drought
indices produced from MODIS satellite data in the GEE platform. These results showed that remote sensing
imagery provided useful spatial information for assessing drought conditions from the regional level to the
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country level. Besides, the processing on GEE allows for easy analysis and visualization. Simultaneously it
helps explore spatial and temporal variations in information and drought conditions for any location in the world.
Therefore, the main objective of this study is to explore the efficiency of using the Google Earth Engine (GEE)
platform for assessing drought conditions by multi-temporal satellite imagery such as Landsat 8 OLI/TIRS.
Compared with MODIS, the bands in Landsat 8 have a higher spatial resolution of 100 m (thermal bands) /30 m
(multi-spectral bands) and can be used to retrieve the drought index at a finer scale. The study investigated
drought evolution and spatiotemporal variations from 2015 to 2020 based on a remote-sensing index, namely,
the Water Supplying Vegetation Index (WSVI). It combines two indices components as NDVI and LST which
provides a strong correlation and gives useful information to identify drought [8]. The study area is Binh Dinh
province which is indicated as a subject of prolonged droughts during dry seasons.

2. Materials
2.1. Study Area
BINH DINH MAP

Figure 1: The study area

Binh Dinh is a province of Vietnam. It is located in Vietnam's South Central Coast region. Most districts of
Binh Dinh have a topography that is a mix of mountains or hills and lowlands (Wikipedia). Binh Dinh is in the
tropical region with high humidity and prevalent southerly and northerly winds during the dry and wet seasons
respectively. The dry season is from January to August and the wet season is from September to December.
During the dry season in Binh Dinh, the rainfall is very little, only 20-25%, the temperature is high, the
evaporation is large and prolonged. In addition, the terrain is steep, the river basins are short, so the rivers
cannot store water. Therefore, long droughts are often observed during the dry season. The prolonged drought
has caused serious water shortages for many people in Binh Dinh province. Besides, the impacts of drought tend
to cause a lot of environmental, economic and social damage. Drought can also cause long-term public health
problems.
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It can be mentioned that the prolonged hot weather in 2016 and 2019 caused Binh Dinh people to face the most
severe drought in the last 15 years. Prolonged drought in recent months has caused serious water shortages for
more than 4000 households in many localities in Binh Dinh. According to the province’s Agriculture and Rural
Development Department in 2016, more than 3,400ha of crops face water shortages and about 200ha of
summer-autumn rice has died of the drought. Quy Nhon City and the districts of Phu My, Hoai Nhon, Hoai An,
Tay Son and Tuy Phuoc have been hit the hardest by drought as the affected cultivation areas ranged from
163ha to nearly 700ha: Quy Nhon (697 ha); Phu My district (499 ha); Hoai Nhon (344 ha); Hoai An (340 ha);
Tay Son (237 ha); Tuy Phuoc (163 ha).

2.2. Data resources

For this study, Landsat 8 OLI and TIRS in Google Earth Engine were used for the analysis. This data can be
looked wup at the GEE catalog via the website https://developers.google.com/earth-
engine/datasets/catalog/landsat. The spatial resolution of thermal infrared bands is 100 meters but has been
resampled to 30 m, similar to multispectral bands. We chose the Landsat 8 image scenes which covered the
entire study area during the dry season from 2015 to 2020. In which, TOA (top-of-atmosphere reflectance) and
SR (surface reflectance) data are appropriate for calculating the index in this research. TOA data were converted
from raw digital numbers values using the calibration coefficients from the image metadata [9]. The SR data
were generated using the Land Surface Reflectance Code (LaSRC) algorithm [10].

3. Methodology
In this study, for drought analysis, using data from the Google Earth Engine platform, the drought index WSVI
(Water Supplying Vegetation Index) was calculated from 2015 to 2020. The methodology for calculations is

described below in detail.
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wsvI =222 (1) [11]

Whereas,

NDVI (Normalized Difference Vegetation Index) is used to quantify vegetation greenness and is useful in
understanding vegetation density and assessing changes in plant health. This index defines values from -1.0 to
1.0, the higher value of NDVI refers to healthy and dense vegetation, where negative values are mainly formed
from clouds, water and snow, and values close to zero are primarily formed from rocks and bare soil. NDV1 is

calculated as a ratio between the red (R) and near infrared (NIR) values with the formula:

NIR-RED
NDVI = —=—— (2) [12]

LST (Land Surface Temperature) is calculated based on the brightness temperature results taking into account
the influence of land surface emissivity [13]:

_ T
LST = 1+(%)*1n LSE

®3)

Tg is Top of Atmosphere Brightness Temperature (TOA temperature) for TIR bands of Landsat which are fully
available and ready to use in GEE;

p = 14380, p=h*c/s with h is Plank’s constant (6,626*10-34 Js), s is Boltzmann’s constant (1,38*10-23 J/K), c is
velocity of light (3*108 m/s);

A is the value of the central wavelength of thermal infrared band

LSE is Land Surface Emissivity, was computed based on Pv (Proportion of Vegetation) (Sobrino et al., 2004),
with a value of 0.004 being the standard deviation of 49 soil spectra, and 0.986 is considered as the average of
soil emissivity and vegetation emissivity.

LSE = 0.004Pv + 0.986 4)
With
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The WSVI index is the one of indices developed to combine NDVI and LST data to detect drought conditions
[14]. It is based on the fact that, in drought conditions, NDVI values will drop below normal while temperatures
are observed to rise above normal.

In this study, JavaScript programming algorithms on GEE Code Editor were used to add Landsat 8 OLI/TIR
image to the platform and perform steps including processing, analyzing, displaying and exporting results.

Landsat 8 SR Filter Image Clip images Calculate |
Collection by a time according to the LST
range and study area; boundary of the Caloulat
. alculate
Landsat 8 TOA Remove clouds; study area NDVI
= S Tiecede [
- Sy §) Droughtimage | Calculate
- Map results WSVI <

Result evaluation

Figure 2: Workflow of research
4. Results and Discussion
With the GEE platform, we used the algorithms/ functions to write and execute scripts for processing in figure 2
and calculating the indices: Normalized Difference Vegetation Index (NDVI), Land Surface Temperature
(LST), WSVI (Water Supplying Vegetation Index).
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Figure 3: Results in GEE
a. Collection of Landsat 8 images of the study area
b. Script and drought result in GEE

4.1. The spatial distributions of NDVI and LST

Figure 4 shows the spatial distributions of NDVI and LST in Binh Dinh province in 2015 [15]. The higher
values of NDVI (the yellow and red areas) indicate the information of health dense vegetation corresponding to
the forest or the agricultural area. While lower values represented stressed vegetation, the negative values
correspond to areas with water surfaces or high moisture content, respectively. With the LST map in the dry
season in 2015, nearly two-thirds of the study area has a surface temperature higher than 25°C (orange and
red area), in which the highest temperature is above 42°C.
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Figure 4: The spatial distributions of NDVI and LST in Binh Dinh in 2015
In comparison between NDVI and LST images, in areas where high LST values were observed, the NDVI
diminished due to the variation in vegetation state. Spatially, the distributions of low and medium values of
NDVI and high values of LST (shown in red and yellow in two images) are mostly concentrated in the
coastal area, near the center and the south of Binh Dinh province. It is evaluated that the land surface
temperatures are higher and increase more markedly in areas of sparse vegetation cover. Conversely, dense
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vegetation cover absorbs the land surface temperature. In the following years, these results are also similar.
Overall, they are also considered tools for monitoring periods of drought, NDVI at a given pixel will typically
be relatively low, whereas LST is expected to be relatively high because of vegetation deterioration.

4.2. Spatial variation of drought in Binh Dinh province

When drought occurs, the value range of WSVI is between -4,2 and +4,2, the smaller value of the index means
the less vegetation water supply and the more severe drought. In the same way, a greater value means a less
severe drought [14]. The results of the WSVI index maps of Binh Dinh province in a 6-year period (2015-2020)
are shown in Figure 5.
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Figure 5: Drought maps with WSVI index in Binh Dinh from 2015 to 2020
The results of the study showed that in the period from 2015 to 2020, the drought situation occurred almost
across the entire territory of Binh Dinh province, of varying intensity. Drought impacts were especially serious
in the Eastern coastal area or the area near the center of Binh Dinh province, including Hoai Nhon, Phu My, An
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Nhon, Tay Son, Tuy Phuoc and Quy Nhon districts. The severe and moderate drought (red and orange on the
map) tends to increase during the 2015-2016 and 2017 - 2018 dry seasons. In contrast, from 2016 to 2017 and
from 2018 to 2020, it tends to decrease but slowly. Considering this period, the drought area accounted for the
highest proportion in 2016 with 40.1% and 2019 with 39% and they considered more severe drought years than
other years; On the contrary, in 2020 the drought area is lower than other years. At the same time, the results
also show an important role of vegetative cover in reducing drought risk, the areas which were covered by forest
or strong vegetation, are less affected by drought. These results are suitable for the drought situation which was
recorded in the climate assessment report of Binh Dinh province [15].

The results of drought distribution with WSVI index were compared with the drought map of Binh Dinh
province in 2015 using MODIS image. In terms of space, the overlap of maps shows similarly in the distribution
of drought areas in the study area. Quantitative statistics show that the drought area difference is 12.6% with the
WSVI index in 2015. This difference is because the reference term map established from Modis image data with
a lower resolution than the Landsat 8 image used in this study. However, in general, the obtained results also
reflect the reliability of the method using the Google Earth Engine platform in drought research.

5. Conclusion

This study applied JavaScript programming on the Google Earth Engine platform to quickly create the
preliminary results about the spatial distribution of drought with the case study in Binh Dinh province from
2015 to 2020, using Water Supplying Vegetation Index (WSVI) from Landsat 8 images. GEE and its tools allow
users to easily analyze data for any area over the world without downloading and processing a large amount of
imagery data on a personal computer or laptop. The programming instead of calculations by image processing
software has brought high efficiency, allowing to determine the intensity, severity and spatial extent of drought.
Finally, it is necessary to combine the meteorology parameters (rainfall, humidity...), different types of satellite
imagery in GEE and other methods to create a comprehensive drought monitoring model in the future.
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