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Abstract: Drought is a natural phenomenon in which the precipitation amount is below normal in a
specific region over a long period. The main objective of this study is to identify periods of drought
in Ecuador between 2001 and 2018 using the Standardized Precipitation Evapotranspiration Index
(SPEI) and the Normalized Difference Water Index (NDWI) derived from MODIS data. Firstly, the
SPEI at a six-month scale and the Runs theory were used to identify periods of drought. Secondly,
the NDWI from MOD09A1 MODIS product was used to identify the areas affected by drought.
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1. Introduction

More frequent and intense drought events during the last few years are a clear con-
sequence of climate change worldwide. Drought is defined as a natural phenomenon in
which rainfall values are below normal in a specific region over a prolonged period [1].
However, drought is a complex phenomenon and presents different ways with diverse
features [2]. The American Meteorological Society classifies it into four categories: me-
teorological or climatological drought, hydrological drought, agricultural drought and
socioeconomic drought [3].

The scientific community has developed several indices in order to assess this complex
phenomenon using, two main different methods [4]: (a) indices developed with a tradi-
tional meteorological method, taking into account meteorological variables, such as the
Standardized Precipitation Evapotranspiration Index (SPEI) [5] and (b) indices computed
using multispectral information from remote sensors, such as the Normalized Difference
Water Index (NDWI) that evaluates the water content in vegetation and soils [6]. This index
has been widely used for drought monitoring, especially when using satellite imagery
offering a frequent and continuous spatial observation, even in areas where access is diffi-
cult. Resolution Imaging Spectroradiometer (MODIS), available since the beginning of the
2000s, has been widely used for drought monitoring at national scales [7] being especially
interesting when analyzing long time series.

The main objective of this study is to develop a methodology to assess drought periods
in Ecuador between 2001 and 2018 using the SPEI and NDWI indices.
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2. Materials and Methods
2.1. Study Region

Ecuador is located between latitudes 1◦28′ N–5◦01′ S and longitudes 75◦11′ W–81◦01′

W and it is bordered to the west by the Pacific Ocean. The average temperature in Ecuador
varies between regions, fluctuating between 20 ◦C and 26 ◦C. The total annual precipitation
varies with respect to temporal and spatial distribution from 250 mm on the Coast to
4000 mm in the Amazon. According to the Köppen classification, Ecuador has a humid
tropical climate (Af), without defined climatic seasons, although two well-marked periods:
dry season (June–November) and rainy season (December–May). This research is focused
on continental Ecuador, which is divided into three regions: Coast, Andean and Amazon.
This area expands across 256,370 km2 with a population of approximately 17.6 million
people.

2.2. Data Source and Processing
Meteorological and MODIS Data

The Climate Research Unit (CRU) Time-Series (TS), version 4.03 of high-resolution
gridded climate dataset with a spatial resolution of 0.5 degrees [8], was used to obtain
monthly temperature and precipitation observations for the period 2001–2018.

The MOD09A1 version 6 product from MODIS sensor [9] was used to calculate
NDWI spectral index. This product consists of 8 days temporal composites with a 500 m
spatial resolution containing reflectance values at seven spectral bands: 620–670 nm (Red),
841–876 nm (Nir), 459–479 nm (Blue), 545–565 nm (Green), 1230–1250 nm (SWIR1), 1628–
1652 nm (SWIR2), 2105–2155 nm (SWIR3). To cover all continental Ecuador, it was necessary
to download and process information from 4 tiles (h09v08, h09v09, h10v08, h10v09). The
data were downloaded from the NASA website (https://lpdaac.usgs.gov, accessed on 20
April 2021) and for the period 2001–2018.

2.3. Research Methods
2.3.1. Calculation of the SPEI

The SPEI proposed by V. Serrano in 2010, is an index focused on detecting drought
from climatic data calculated from the difference in precipitation and potential evapo-
transpiration for different spatial and temporal scales (1 to 48 months). In this study, a
six-month scale was used. The SPEI values range from −2 to 2 and the categories are:
extremely wet (≥2), severely wet (1.50 to 1.99), moderately wet (1 to 1.49), normal (−0.99
to 0.99), moderate drought (−1 to −1.49), severe drought (−1.50 to −1.99) and extreme
drought (≤−2).

2.3.2. Calculation of the NDWI

The NDWI proposed by Gao in 1996 uses the bands of NIR and SWIR1 to identify
moisture (Equation (1)) [6]. The range of the NDWI is from −1 to 1. When the value is
closer to 1, vegetation is considered to contain high moisture, and if it approaches 0, it is
associated with surfaces without the presence of vegetation or bodies of water [10].

NDWI = (NIR − SWIR3)/(NIR + SWIR3), (1)

The ranges we use for the different NDWI categories were: very high moisture (>0.7),
high moisture (0.61 to 0.7), moderate moisture (0.51 to 0.6), low moisture (0.41 to 0.5), weak
moisture (0.31 to 0.4), moderate drought (0.21 to 0.3), strong drought (0.01 to 0.2) and very
strong drought (≤0).

https://lpdaac.usgs.gov


Eng. Proc. 2021, 9, 24 3 of 4

2.4. Methodology
2.4.1. Runs Theory

Once the six-month SPEI was calculated, it was analyzed using the Runs theory [11]
that allows finding the duration, severity, intensity and identifying the dates of the drought
periods.

2.4.2. NDWI Images

To map and calculate the area affected by drought, the dry period was identified with
the Runs theory. The pixels are classified with the proposed NDWI values and those that
are less than or equal to 0.3 are considered as affected surfaces.

3. Results

The years that were identified as dry periods were 2005 and 2018. Although 2005 was
the year most affected at national level, the Coastal region had the highest severity value of
−1.43 and a duration of 10 months, following the Andean and Amazon region in Table 1.

Table 1. The most important dry periods between 2001 to 2018 of continental Ecuador regions.

Region Coast Andean Amazon

Year 2005 2018 2005 2018 2005 2018

Duration 10 6 13 6 6 6
Severity −14.25 −6.79 −17.80 −7.16 −7.57 −7.35
Intensity −1.43 −1.13 −1.37 −1.19 −1.26 −1.23

Date January–
October

April–
September

February–
February

April–
September

May–
October

March–
August

In Figure 1, the drought period of 2005 using the NDWI and pixels with values less
than 0.3 were classified as affected by drought and the most affected month was October,
which affected 32.36% of the total surface of continental Ecuador.
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Figure 1. Surface of the month least and the most affected by drought in 2005: (a) May 4.74%;
(b) October 32.36%.

4. Discussion and Conclusions

The combination of SPEI on a six-month scale and NDWI from MODIS provided
relevant information tools for the identification, assessment and monitoring of dry periods
and estimation of the affected surface. It was possible to identify the dates of duration of
the dry periods and their levels of affectation based on the SPEI on a six-month basis, and
the surface affected based on the NDWI information.

The year 2005 was the most affected by drought in all regions of Ecuador, followed by
2018, which also has high intensity values, but with a shorter duration than 2005. The year
2005 has been considered the driest year in the last 100 years in the southwestern part of
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the Amazon [12]. It was important to identify the month (October 2005) and the region
most affected (Coast region) by this natural threat to be able to take preventive measures in
the future, knowing that the sector of first necessity is the agricultural sector.
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