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ABSTRACT. The coastal fringes of the Mekong Delta (CFMD) have been suffered extreme drought events
because of a persistent deficiency of rainfall in the context of global warming. This research is conducted to
comprehensively assess drought across the CFMD as well as to detect its changing trend over the past four decades.

To implement this research, the Standardized Precipitation Index (SPI) is applied to define drought features based
on rainfall data sequences obtained from 24 observation stations during the period 1975-2019 while the changing trends
in drought were detected applying the Mann-Kendall test and Sen’s slope estimator. The performance of SPI was
appraised by comparison with Rainfall Anomaly Index (RAI) through Pearson Product-Moment Correlation (r) and
Kappa test (k) statistical methods. The high correlation values (e.g., r > 0.812 and k > 0.283) were confirmed the good
performance of the SPI for drought simulation.

The results pointed out that the appearance of multiple drought events ranging from moderate to extreme was
recorded over the entire study area. A significant upward trend was recorded for drought appearance on both the SPI6-
and SPI12-month drought time scales. A significant upward trend of drought is proof of a significant decline in rainfall,
with the main occurrence focusing on the western fringe of the study area. In general, drought is more frequent and
severe in the western fringe of the area as compared to other locations.

Key words — Coastal fringes, SPI, RAI, Kappa test, Mann-Kendall test.

1. Introduction especially the agriculture sector (Becker ef al., 2021). The
long-term deficiency of rainfall has caused drought,

Rainfall is rated as one of the key meteorological resulting in large global agricultural damage (Asadi et al.,
parameters, dominating many aspects of human life, 2015). Studies on the effects of drought on agricultural
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Fig. 1. Topography and elevation map of the study area
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Figs. 2(a&b).

Spatial distribution of (a) rainfall observation stations and (b) annual mean rainfall at all

observation stations across the study area for the period 1975-2019

activities resulted that drought has caused millions of
economic losses each year (Miyan, 2015). The coastal
fringes of the Mekong Delta (CFMD) are situated in the
region of southwestern Vietnam where the agriculture-
dominated activity (Lee and Dang, 2019). According to
Lee and Dang (2019), the decline in rainfall leads to
drought and scarce irrigation water in the Mekong Delta.
Especially, the decline in rainfall caused an extreme
drought event with Vietnam's economic damage of over
$400 million (CCAFS, 2021). Notably, in the stage 2014-
2016, the worst drought event in history at that time
happened over the entire CFMD, resulting in 140.000 ha
of rice paddies severely affecting crop yield (Dang, 2022).
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Numerous studies on the assessment of droughts
have been widely deployed in other regions of the world
(Abeysingha and Rajapaksha, 2020; Achour et al., 2020).
For example, studies on the spatio-temporal drought
distribution in the state of Minas Gerais in Brazil by
Juliani and Okawa (2017), in the Sarawak River Basin,
Malaysia by Bong and Richard (2019), in Sichuan
Province, China by Liu ef al. (2021) and in Vietnam by
Dang (2021).

In Vietnam, numerous regions have witnessed
repeating and prolonged droughts of an average of about
3-4 years and accompanied by severe water scarcity,
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TABLE 1

Basic statistical features of rainfall at 24 observation stations across the study area

Latitude

Station N) Longitude (°E) Min. Rainfalllmm) Max. Rainfall(mm) Avg. Rainfall(mm) SD(mm) CV Period
Rach Gia 10°00° 105°04° 1534.5 2786.8 2110.7 329.8 86.7  1975-2019
Ha Tien 10°22° 105°30° 1487.9 3646.7 26773 6242 2197 1981-2019

Kien Luong  10°18° 104°38" 1554.9 2614.8 2686.4 5642 2389 1986-2019
Tan Hiep 10°30° 105°09° 1367.5 3986.4 2830.4 768.4 2459  1982-2019

Ca Mau 09°11" 105°09° 1912.4 3549.4 2386.1 299.4 82.6  1975-2019
Nam Can 08°45" 105°42° 1789.2 3674.8 2339.8 276.9 79.5 1984-2019
Thoi Binh 09°21" 105°05" 1682.7 3546.5 1987.4 259.3 86.9  1984-2019
Bac Lieu 09°17" 105°43" 1376.3 2817.8 1945.8 278.7 91.5 1984-2019
Ganh Hao 09°02" 105°25° 1297.2 1989.5 1885.7 269.7 1059  1984-2019
Soc Trang 09°36" 105°58" 1352.8 2754.2 1891.3 298.4 87.9  1984-2019
Dai Ngai 09°44" 106°04° 538.1 2825.9 1898.9 3539 1453  1982-2019

My Thanh 09°26" 105°59° 701.5 2305.4 1598.4 3472 189.7  1982-2019
Ke Sach 09°48" 105°55° 1512.1 3865.3 1946.2 297.8 1942 1983-2019
Cang Long  09°59’ 106°12" 1200.1 2041.4 1635.7 219.7 912  1987-2019

Tra Cu 09°47" 106°10° 12453 1865.9 1547.6 221.5 112.9  1982-2019
Tra Vinh 09°54" 106°25° 911.7 1956.4 1456.8 2337  156.1  1980-2019

Ba Tri 10°03" 106°36" 1133.2 2238.2 1536.4 257.9 92.7  1981-2019
Cho Lach 10°14" 106°10" 1212.7 1799.8 1456.9 125.8 99.6  1983-2019
Binh Dai 10°11° 106°41" 1239.8 2005.9 1652.8 127.4 982  1983-2019
Ben Trai 10°02" 106°19° 1107.4 1829.2 1452.8 192.5 106.7  1980-2019
My Tho 10°21° 106°23" 816.4 1893.6 1445.9 246.8 79.5 1982-2019
Go, Cong 10°18" 106°42 ° 1067.8 1985.4 1423.4 2242 1135 1983-2019

Long Dinh 10°23" 106°15" 1257.8 1574.6 1344.8 184.5 119.6  1984-2019
Vam Kenh 10°16" 106°44" 1358.3 1798.3 1497.5 168.9 98.7  1984-2019

Min- minimum; Max- maximum; Avg- average; SD-standard deviation; CV- coefficient of variation

resulting in socio-economic development. Droughts are of
major concern in Vietnam because much of the sub region
is highly drought-prone experiencing drought very
frequently but detailed research regarding drought in the
sub-region is still lacking (Lee and Dang, 2019).
Therefore, the aims of this study are (i) a comprehensive
assessment of drought across the CFMD based on the SPI
and (ii) to detect drought trends by applying the Mann-
Kendall test and Sen slope estimator.

2. Materials and method
2.1. Study area

The coastal fringes surrounded the entire Mekong
Delta includes Kien Giang, Ca Mau, Bac Lieu, Soc Trang,

Tra Vinh, Ben Tre and Tien Giang province, stretching
from the latitudes 08°33'0" N -10°25'13.04” N and
longitudes of 104°26'40" E - 106°30'0" E (Fig. 1) with a
total land area approximately 28.422 km? in which
agricultural production and aquaculture dominate
compared to prevail over other fields in the area (Dang
etal.,2021; Vuetal., 2017).

The area signifies to lower from north to south and
from east to west with the altitude in ranges from 0.5 to
3.0 m.a.s.l. Tien River and Hau River are the two main
sources of irrigation water, the coastal lowland fringes
have expanses of flatlands [Fig. 2(a)] where the two main
rivers flow from the upstream to the coastal lowland
fringes in the southern part (Lee and Dang, 2019). The
CFMD lied in the tropical monsoon climate zone with the
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Figs. 3(a-g). Temporal distribution of annual mean rainfall at seven representative observation stations includes (a) Rach Gia, (b) Ca Mau,

(c) Bac Lieu, (d) Soc Trang, (e) Cang Long, (f) Ba Tri and (g) My Tho during the period 1975-2019

mean annual temperature ranges from 26.3 to 29.1°C and
the mean annual rainfall ranges from 1334.8 to
2830.4 mm (Table 1) of which 89% of the annual rainfall
occurs during the rainy season from May to November.
Specifically, the eastern fringe gets the high annual
rainfall up to 2400 mm while the western fringe only
picks up the low annual rainfall of approximately 1600
mm [Table 1; Fig. 2(b)].

2.2. Rainfall data collection

To implement this work, rainfall data sequences at
24 observation stations were obtained from the National
Center for Hydrometeorological Forecasting (NCHF) of
Vietnam. Daily rainfall data at 24 stations recorded during
the period 1975-2019 with the location of the stations is
shown in Fig. 2(a) and the spatial distribution of rainfall at
24 rainfall observation stations is illustrated in Fig. 2(b).
To warrant the reliability of the statistical analysis, rainfall
data sequences at any station do not miss over 10 per cent.
In addition, the rainfall data sequences at all observation
stations were considered for heterogeneity, randomness
and correlation.
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Thiessen polygon method of defining a real
significance to point rainfall values was applied to
interpolate the rainfall distribution based on the ArcGIS
software. Fig. 2(b) annotates annual rainfall distribution
across the study area, it's easy to find out that the eastern
fringe [Figs. 3(a&Db)] of the area received less rainfall than
the western fringe [Figs. 3(c-g)].

2.3. Standardized Precipitation Index (SPI)

The SPI is progressed by McKee et al. (1993) for
intending to seek the alteration in the rainfall data
sequences for multiple timescales based on the probability
distribution of rainfall to support early warning as well as
tracking drought events (Khan er al., 2020; Dhurmea
et al., 2019). The SPI was applied in the current research
due to its effectiveness in drought simulation and
detecting its severity through quantitative classifier values
(Fung et al., 2020; Hénsel et al., 2016). The SPI values
are defined based on the total volume of rainfall for any
timescales (e.g., 1, 3, 6, 12, 24 and 48 months), depending
on the original targets of the research. The SPI explores
the changes in the long-term rainfall sequences based on
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fitting a Gamma distribution function to a long-term
rainfall sequence (McKee et al., 1993). Then, the SPI
values were obtained through the normal standardization
function (PDF) (WMO, 2012). The PDF is presented as in
Eqn. 1.

G(x) _X

W; (x>0) (1)

where, f§ and a - the scale and shape parameters

x - the precipitation amount

['(a) -the Gamma function.

whereby, the cumulative distribution function [G(x)]

is defined through integrating the PDF as given in
Eqn. 2.

0

Glx)= [ glea = %dx e

In the Eqn. 2, the & f parameters are defined
through Eqn. 3 and Eqn. 4.

.1 44
(Z—a{l"r 1+TJ (3)

~ X
p== “
a
A parameter in Eqn.3 is calculated through Eqn. 5.

A=m(i)—w )

where, x, x and n - sample average value, sample
value and number of observed rainfall samples.

Finally, the SPI index is obtained from Eqn. 6.
SPI=y ' [G(x)] ©)

Accordingly, based on the classification of the SPI
values provided by McKee et al. (1993). Whereby, the
location of the area is considered as moderate, severe and
extreme dry if the SPI values are negative and reach an
intensity from -1.0 to less than -2.0 (Table 2). This implies

TABLE 2

The SPI categories are based on the drought scale
classification (WMO, 2012)

Interval SPI values
-0.99 to 0.99 Near normal
-1.00 to -1.49 Moderately dry
-1.50 to -1.99 Severely dry

<-2.00 Extremely dry

that the rainfall interval has a lower value than its average
value (McKee et al., 1993).

Based on the advantages, the SPI has been
recognized as a standard index that should be applied for
detecting the changes in rainfall related to climate
variability (Dang, 2021; Juliani and Okawa, 2017).
Furthermore, at the Inter-Regional Workshop on Indices
and Early Warning Systems for Drought, World
Meteorological Organization (WMO) induced
meteorological agencies of member states should use the
SPI for tracking as well as monitoring droughts (Bayissa
et al., 2018; Hayes et al., 2011). National meteorological
agencies of Brazil, Paraguay, Uruguay, Argentina, China
and over 80 meteorological agencies of other member
states then, have been used the SPI for studying drought in
their countries (Liu ef al., 2021).

2.4. Mann-Kendall test

The non-parametric statistical method namely Mann-
Kendall is applied in the current research to detect
monotonic trends in rainfall data sequences. Accordingly,
the null hypothesis (Hp) is that the data come from a
population with independent realizations and are
identically distributed. The alternative hypothesis (H,) is
that the data follow a monotonic trend. The Mann-Kendall
test statistic is given as follows:

n—l1 n
S:Z Z sgn(xj—xk) (7

=l j=k+1
1 if(xj—xl)>0

with sgn(xj—x,-)z 0 if(xj—xl-):O 8)
-1 if(xj—xl)<0
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The mean of S is E[S] = 0 and the variance o2 is

02:% n(n—l)(2n+5)—2i: tj<tj—1)(2tj+5) )

Jj=1

where, p is the number of the tied groups in the data
set and ¢ is the number of data points in the j* tied group.
The statistic S is closely normal distributed accommodated
that the following Z-transformation is employed:

s-1 it $>0
(o2
Zyx =10 ifS=0 (10)
S+ s <o
(o2

The statistic S is closely related to Kendall’s t as
defined by Eqn. 11.

T =

S
D an

where D is defined by Eqn. 12.

ol = %[n(n ~1)(2n+5)- Zp

j=

| ol -1, +5)}
(12)

The value of Zyk in Eqn. 10 is considered the Mann-
Kendall test that follows a normal distribution with mean
0 and variance 1. The Mann-Kendall value at a specific
significance level (a)will respond it’s a trend. Where |Zyx|
>Z1.an, the null hypothesis is rejected and a significant
trend exists in the time sequences. Zi.q» is defined from
the normal distribution. In this research, the Mann-
Kendall test is used to detect the changing trend in the
rainfall data sequences at all observation stations with
95% confidence intervals (o = 0.05).

2.5. Pearson product-moment correlation

Pearson product-moment correlation (r) is a measure
of the strength of the linear relationship between two data
variables. R tries to sketch a line of best fit based on two
existing data variables and its coefficient points out how
far away all these data points are from this line of best fit
(Vergni ef al., 2021). Commonly, the r-value lies between
-1 and +1, a value less/greater than 0 implies a
negative/position association while the r-value of 0
implies that there is not any association between two
existing data variables (Schober et al., 2018). Pearson
product-poment correlation can be calculated by Eqn.13.
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TABLE 3

Classification ranges of the k statistic corresponding
strength of agreement

k statistic Classification ranges
<0.00 Poor
0.00-0.02 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect

Z (xi _3_‘)()71' _J_’)

r= (13)
X (=P (=57

where,

x; — the value of the x-variable in a sample

X — the mean value of the x-variable

yi — the value of the y-variable in a sample

y — the mean value of the y-variable

2.6. Cohen’s Kappa test

Cohen's Kappa test is a measure of agreement
between two existing data variables. The K test is
commonly used to assess the applied agreement between
methods. In this research, the Cohen's Kappa test is used
to compare the similarity between the SPI and RAI. The
Cohen's Kappa test is commonly defined through the
coefficient of agreement K, corrected for chance (Schober
etal.,2018; Vergni et al., 2021).

The proportion agreement between two existing data
variables X and Y is calculated by:

Po =%Zigzl XY

and the expected agreement by chance is defined by
Eqn. 15:

Pe =nizzli1 XY

where, X is the total for the row and Y is the total for
the column.

(14)

(15)
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Distribution of the SPI6-month drought timescale at (A) Kien Giang, Ca Mau, and (B) Bac Lieu, Soc Trang, Cang Long, Ba

Tri and My Tho station across the study area during the period of 1975-2019
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Figs. 5(a-g). Distribution of the SPI12-month drought timescale at (a) Rach Gia, (b) Ca Mau, (c) Bac

Lieu, (d) Soc Trang, (¢) Cang Long, (f) Ba Tri and (g) My Tho station across the study
area during the period of 1975-2019

The K test is defined by Eqn. 16.

K= Po — Pe (16)
l_pe

Weighted kappa can be given in Table 3 with ordinal
categories.

3. Results and discussion

3.1. Temporal analysis of droughts

According to Khan et al. (2020), the change in the
short-term rainfall has a close relation to the 3-month
drought timescale (SPI3) while the long-term drought
timescales (e.g., 9, 12, 18, 24 months or more) are closely
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linked to surface water storage. Therefore, rainfall
accumulation over long-term scales becomes more
important for reservoir storage (McKee et al., 1993). For
temporal analysis of droughts based on the SPI for
timescales of 3-, 6-, 9- and 12-months was conducted for
seven representative observation stations across the study
area [Fig. 2(a)] during the period 1975-2019. A detailed
analysis of temporal alteration of the drought across the
study area is carried out here with the 6 and 12 drought
scaletimes (SPI6 and SPI12).

For the analysis of the SPI6-month drought scale
time, the western fringe of the study area includes Kien
Giang and Ca Mau provinces recorded an average total of
77 drought events with classification from moderate to
extreme scales [Figs. 4(a&b)] while the eastern fringe
includes Bac Lieu, Soc Trang, Tra Vinh, Ben Tre and
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TABLE 4

Characteristics of SPI6-month drought timescale across the study area in the period of 1975-2019

Station MD SD ED Risk peak  Duration (month)  Start date End date
Rach Gia 51 16 5 -2.42 9 2004-Sep 2005-May
Ca Mau 44 24 14 -2.50 6 1985Aug 1986-Jan
Bac Lieu 40 21 3 -2.27 11 1991-Jun 1992-Apr
Soc Trang 49 27 4 -2.65 13 1990-Apr 1991-Apr
Cang Long 33 12 10 -2.68 10 1990-Feb 1990-Dec
Ba Tri 34 19 12 -2.41 6 1987-May 1987-Oct
My Tho 36 12 13 -3.49 15 2002-Feb 2003-Apr

Average 41.0 18.7 8.7 -2.63 10 - -

MD - moderate drought; S - severe drought; E - extreme drought

TABLE 5

Characteristics of SPI12 drought timescale across the area in the period of 1975-2019

Station MD SD ED Risk peak  Duration (month) Start date End date
Rach Gia 47 19 3 -2.04 12 2010-Mar 2011-Feb
Soc Trang 48 29 6 -2.21 37 1990-May 1993-May

My Tho 14 18 17 -3.57 14 2002-Jun 2003-Jul
Bac Lieu 54 3 5 -2.17 35 1991-Jun 1994-Apr

Ba Tri 39 23 13 -3.12 32 1979-Oct 1982-May
Cang Long 49 20 7 -3.06 14 1990-May 1991-Jun

Ca Mau 46 33 5 -2.62 26 2013-Mar 2015-Apr
Average 433 21.6 8.9 -2.95 31.2 - -

MD - moderate drought; S - severe drought; E - extreme drought

Tien Giang provinces appeared an average total of 65
drought events [Figs. 4(c-g)].

A drought event with risk peak intensity up to 3.49
was recorded at My Tho station (lied in the eastern fringe
of the study area) and lastedfor 15 months from 2002-Feb
to 2003-Apr [Fig. 5(b)] while drought events with peak
intensities varying from 2.27 to 2.68associated with
durations of 10 months occurred in the western fringe

[Fig. 5(a)]

Generally, in the period of 1975-2019, the western
fringe of the study area appeared more severe, moderate
and extreme drought than the eastern fringe. Specifically,
an average total of 47.5, 20.0 and 9.5 severe, moderate
and extreme drought events were recorded in the western
fringe while the corresponding values at the eastern fringe
recorded 38.4, 18.0 and 8.4 respectively (Table 4).
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For the analysis of the SPI12-month drought scale
time, during the period 1975-2019, the area recorded an
average total of 43.3, 21.6 and 8.9 moderate, severe and
extreme drought months (Table 5). The western fringe
only appeared an average total of 5.0% extreme drought
events [Figs. 6(a&b)] while the eastern fringe recorded an
average total of 15.2% extreme drought events [Fig. 6(a)].
Specifically, Tien Giang station appeared up to 35.0% of
extreme drought events [Fig. 6(b)]. It implies that Tien
Giang province is facing a high risk of drought, leading to
a lack of irrigation water for agricultural production,
especially in the dry season.

The longest duration of moderate drought event
continuously lasted up to 80 months (from 1987-Sep to
1994-April) at Bac Lieu station (an eastern fringe of the
study area) and the maximum intensity recorded up to
2.17 in 1992 [Fig. 7(b)]. The longest duration of severe
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Figs. 7(a-g).  Results of the SPI12 drought timescale at stations belongings to (a) western fringe and

(b) eastern fringe during the period 1975 to 2019

drought events recorded 33months from 2013-March to
2015-April at Ca Mau station (a western fringe of the
study area) and the maximum intensity detected 1.96 in
2013 [Fig. 7(a)]. While the longest duration of extreme

TABLE 6

the study area from 1975 to 2019

Distribution of the SPI112-month drought timescale at (a) Rach Gia, Ca Mau and (b) Bac Lieu, Soc Trang, Cang Long, Ba Tri

Spatial distribution of historical drought events that occurred across

drought events only stretched17 months at My Tho station

Maximum intensity

with the risk maximum intensity discovered up to 3.57 1\?0 Station
(Table 5)_ 1998 2002 2014 2019
1. Rach Gia -1.57 -1.94 -0.57 -1.49
3.2. Spatial analysis of droughts
P Y f & 2. Ca Mau -1.52 -1.07 -1.93 -1.29
The spatial distribution of the SPI12-month drought 3. BacLieu -1.42 -1.50 -1.72 -0.17
timescale for seven r.epresentatlve. obs.ervatlon s.tatlons 4. Soc Trang 035 046 182 154
across the study area is presented in Fig. 8. During the
studied period (1975-2019), the four typical drought 5. Canglong  -0.59 -1.97 -1.79 -1.28
events were swept in the entire study area (Table 6). In 6. Ba Tri 20.63 131 087 -1.09
1998, near-normal weather to severe droughts occurred in
7. My Tho -1.19 -3.57 -0.35 -1.10

the entire study area. Specifically, near-normal weather to
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Figs. 8(a-d). Spatial distribution of typical drought events based on

the SPI12-month scaletime in (a) 1998, (b) 2002,
(c) 2014 and (d) 2019 across the entire study area

moderate droughts intervened in the eastern fringe of the
study area with the peak values ranging from 0.35 to -1.42
while the western fringe recorded severe drought with the
risk peak up to -1.57 in 1998 [Fig. 8(a)].

In 2002, multiple drought scales from near normal
weather to extreme drought appeared in almost the whole
area. Specifically, moderate to severe droughts with the
SPI12 value -1.07 and -1.94, respectively were defined in
the western fringe while near-normal weather (SPI =
-0.46) to extreme droughts (SPI = -3.57) were recorded in
the eastern fringe of the study area [Fig. 8(b)].

For the 2014 drought event, near-normal weather to
severe droughts swept over the entire study area and the
whole study area did not record any severe drought events
[Fig. 8(c)]. In January 2019, the results of SPI12 month
drought scale time indicated near-normal weather to
moderate droughts. Specifically, the eastern fringe of the
study area occurred near-normal weather to moderate
drought while the western fringe only detected moderate
drought [Fig. 7(d)]. Similar results were also reported by
Lee and Dang (2019) that the Mekong Delta experienced
the four typical drought stages including 1996-1998,
2002-2004, 2014-2016 and 2018-2019 and drought
severity levels ranged from near normal weather to
extreme drought.

3.3. Trend analysis of droughts characteristics

Change trends of drought across the study area are
analyzed applying the Mann-Kendall test and Sen’s slope
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TABLE 7

Change trends of drought across the study area

in the period 1975-2019

Man-Kendall Sen’s slope
No. Station Trend
Zp p-value B
1. Rach Gia 1.963 0.347 5.482 Upward
2. CaMau 1.979 0.218 4.883 Upward
3. Bac Lieu -0.967 0.841 -3.794 Downward
4. Soc Trang 1.994 0.216 4.864 Upward
5. Cang Long 0.045 0.796 0.096 Upward
6. BaTri -0.946 0.492 -2.937 Downward
7. My Tho -0.951 0.573 -3.468 Downward

estimator with 95% confidence intervals (a = 0.05).
According to the finding results, a light upward trend in
drought (Zp = 0.045-1.394 and B = 0.09-1.864) are
recorded at Cang Long and Soc Trang stations while a
significant upward trend with the Zp varied from 1.963 to
1.994 and the B value varied from 4.864 to 5.482,
respectively are found at Rach Gia and Ca Mau stations
(the western fringe of the study area) (Table 7).

Contrary, a slight downward trend is found at Bac
Lieu, Ba Tri and My Tho stations (the eastern fringe of the
study area) with the Zp varied from -0.967 to -0.946,
respectively and the P values ranging from -3.794 to
-2.937, respectively. Similar findings have been stated by
Lee and Dang, (2019). Their results indicated a downward
trend in rainfall leading to drought in the western coastal
areas of the Mekong Delta in the period 1984-2015.

3.4. Comparison of SPI results with RAI

The performance of the SPI for the detection of
drought events across the study area was appraised by
comparing it with RAI (Table 8). Correlation between SPI
and RAI for 3, 6, 9 and 12-month timescales at all the
rainfall observation stations across the entire study area
are rated based on Pearson’s correlation coefficient (r) and
Cohen’s Kappa (k). Specifically, the obtained values of
the r correlation coefficient ranged from 0.812 to 0.945 for
SPI3 and RAI3 month drought scale time while the higher
values varied from 0.854 to 0.981 were also obtained for
the 6-, 9- and 12-month drought timescales between SPI
and RAI [Figs. 9(a-g)].

Moreover, to assess the strength of agreement
between the SPI and RAI, the Cohen’s Kappa (k) test was
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Figs. 9(a-g).

Correlation between SPI12 and RAIl12-month drought timescales at seven representative observation
stations (a) Rach Gia, (b) Ca Mau, (c) Bac Lieu, (d) Soc Trang, (¢) Cang Long, (f) Ba Tri and (g) My Tho

during the period 1975-2019

TABLE 8

Comparison between SPI and RAI for 3, 6,9 and 12-month drought timescales across the study area during the period 1975-2019

Correlation betweenSPI3

Correlation betweenSPI6

Correlation betweenSPI9 Correlation betweenSPI12

Stations and RAI3 and RAI6 and RAI9 and RAI12
r k r k r k r k
Rach Gia 0.812 0.283 0.854 0.289 0.867 0.299 0.867 0.318
Ca Mau 0.876 0.285 0915 0.288 0.921 0.315 0917 0.317
Bac Lieu 0.890 0.297 0.912 0.297 0.932 0.309 0.900 0.326
Soc Trang 0913 0.314 0.953 0.334 0.965 0.339 0.964 0.343
Cang Long 0.945 0.345 0.978 0.355 0.946 0.365 0.981 0.372
Ba Tri 0.852 0.293 0.894 0.315 0917 0.317 0.906 0.322
My Tho 0.876 0.296 0913 0.327 0.909 0.326 0914 0.318
r-Pearson’s correlation; k - Cohen’s Kappa test
also applied. Specifically, the results pointed out that the 4. Conclusions

values of k between SPI3 and RAI3 month drought scale
time ranged from 0.283 to 0.345, which implies a fair
agreement between the SPI3 and RAI3. Similarly, a good
agreement between SPI and RAI for the 6-, 9- and
12-month drought timescales were also obtained with the
values of k varying from 0.289 to 0.372 (Table 8).

(/) A comprehensive study of drought characteristics in
the period 1975-2019 across the coastal fringes of the
Mekong Delta was conducted based on the Standardized
Precipitation Index and the non-parametric statistical
methods at the 95% significance level.

535



MAUSAM, 73, 3 (July 2022)

(if) Based on the findings, the appearance of multiple
drought events ranging from moderate to extreme was
recorded over the entire area during the study period of
1975-2019. Research also indicated that increasing trend
inthe severity of drought recorded in the western fringe of
the study area.

(iii) A record drought trend is proof of a significant
decline in rainfall, with the main occurrence focusing on
the western fringe of the study area. In general, drought is
more frequent and severe in the western fringe of the area
as compared to other locations.

(iv) The analyzed results of drought based on the
Standardized Precipitation Index are useful for planning
the efficient use of water resources and agricultural
production.

Disclaimer: The contents and views expressed in this
study are the views of the authors and do not necessarily
reflect the views of the organizations they belong to.
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