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Abstract 
A quantitative study was used in the study of the tendency to change drought 
indicators in Vietnam through the Ninh Thuan province case study. The re-
search data are temperature and precipitation data of 11 stations from 1986 to 
2016 inside and outside Ninh Thuan province. To do the research, the author 
uses a non-parametric analysis method and the drought index calculation 
method. Specifically, with the non-parametric method, the author uses the 
analysis, Mann-Kendall (MK) and Theil-Sen (Sen’s slope), and to analyze 
drought, the author uses the Standardized Precipitation Index (SPI) and the 
Moisture Index (MI). Two Softwares calculated in this study are ProUCL 5.1 
and MAKENSEN 1.0 by the US Environmental Protection Agency and Fin-
nish Meteorological Institute. The calculation results show that meteorologi-
cal drought will decrease in the future with areas such as Phan Rang, Song 
Pha, Quan The, Ba Thap tend to increase very clearly, while Tam My and Nhi 
Ha tend to increase very clearly short. With the agricultural drought, the av-
erage MI results increased 0.013 per year, of which Song Pha station tended 
to increase the highest with 0.03 per year and lower with Nhi Ha with 0.001 
per year. The forecast results also show that by the end of the 21st century, 
the SPI tends to decrease with SPI 1 being −0.68, SPI 3 being −0.40, SPI 6 be-
ing −0.25, SPI 12 is 0.42. Along with that is the forecast that the MI index will 
increase 0.013 per year to 2035, the MI index is 0.93, in 2050 it is 1.13, in 2075 
it will be 1.46, and by 2100 it is 1.79. Research results will be used in policy-
making, environmental resources management agencies, and researchers to 
develop and study solutions to adapt and mitigate drought in the context of 
variable climate change. 
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1. Introduction 

Drought can be considered an expensive natural disaster in the world (Esfaha-
nian et al., 2017); this is an uncontrollable extreme phenomenon (Correia, 2007), 
it affects regions and the Earth (Blain, 2012; Ding et al., 2010; Svoboda et al., 
2015). Studies also show that drought impacts politics, as it can affect and spread 
over a region of countries in the world (UN Water, 2015b). During the current 
period, in the face of climate change, drought is one of the dangerous natural 
disasters appearing more and more in the world (Lake, 2011), without a fixed 
boundary (UN Water, 2015a), and an escalating phenomenon to the dangerous 
level of nature (Gillette, 1950; Govorushko, 2012; Prud’Homme, 2011; UN 
Water, 2015a; WMO, 2014), and varies with each other region (Bordi & Sutera, 
2007; Brewer & Heim Jr., 2011). 

Droughts have a significant impact on economic, social, and environmental 
activities around the world (Ding et al., 2010; Lake, 2011; Wilhite & Glantz, 
1987), whose direct and indirect impacts continued (Jenkins, 2011; Jeyaseelan, 
2003), drought affects livelihoods, food security, and environmental quality 
(Bordi & Sutera, 2007; GSA, 2006; Jenkins, 2011; Tadesse et al., 2008; Tannehill, 
1947; UN Water, 2015b; UNDP, 2012; UNESCO, 2014; UNISDR, 2009; WMO, 
2014). In fact, between 1970 and 2000, the rate of drought increased to 30% glo-
bally (Dai et al., 2004), causing significant damage to the world economy on 
1960, drought caused up to $40 billion; in the 1980s, it reached $120 billion 
(Domeisen, 1995). According to statistics, today on Earth, 40% - 45% of the area 
is drought, where one-third of the population lives globally (Govorushko, 2012), 
African countries, India, North America, China, Russia (former the Soviet Un-
ion), Australia, and Western Europe are strongly affected by drought and are 
continually affected (Wilhite & Glantz, 1987). In Australia, the rate of drought 
increased by 20% annually during 1993-2006 and severely affected the country 
(Henry et al., 2007). Research history shows that the losses amounted to $3 bil-
lion (Abares, 2012). In Africa, drought directly affects food security and com-
modity prices of countries (AghaKouchak, 2014); it accounts for 20% of 
all-natural disasters (CRED, 2006); for example, drought killed one million 
people among $8 million, affected and caused the loss of 90% livestock (Allaby et 
al., 2003). In European countries, the total economic loss over 30 years for the 
EU countries is at least €100 billion (Correia, 2007). In agricultural production, 
drought has made productivity, food output decreased and affected livelihoods; 
in Spain, grain production decreased by 42%, losing nearly €8 billion (Correia, 
2007). The United States caused a loss of over 12 billion USD (AghaKouchak, 
2014); in California, the agricultural value fell to $50.3 billion in 2013 (Cooley et 
al., 2015), with more than 17,000 unemployed people (Koba, 2014), estimated 
average annual damage is $6 - $8 billion (Wilhite, 2000). In the United States, 
drought is considered a recurring natural disaster (Herweijer et al., 2007). 

2. The Study Area 

Ninh Thuan (11˚33'56''N & 108˚59'25''E) is a coastal province in the South Cen-
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tral Coast of Vietnam. The North borders Khanh Hoa province, the South bor-
ders Binh Thuan province, the Western borders Lam Dong, and the eastern 
border with the East Sea (Figure 1).  

Ninh Thuan a province in a tropical monsoon climate area; there is a tropical 
savanna climate in Phan Rang with the features of drought, hot weather, much 
wind, and rapid evaporation (Thao et al., 2018). Ninh Thuan is one of the prov-
inces most affected by drought in Vietnam (Ngo Dinh Tuan & Ngo Le An, 2016; 
Nguyễn Đinh Tuấn et al., 2012) and this is also a region at risk of desertification 
and severe land resource degradation in Viet Nam (Ngo Dinh Tuan & Ngo Le 
An, 2016; Nguyễn Hồng Trường, 2008). Ninh Thuan is a province with quite 
severe hydro-meteorological conditions, the average rainfall for many years in 
Ninh Thuan is all achieved about 750 mm per year, with very high hours of 
sunshine of about 2700 - 2800 hours per year, the results of the Gausen index in 
Phan Rang Kx = 250 show that this is a heavy dry area (Nguyễn Đình Vượng & 
Huỳnh Ngọc Tuyên, 2012). The density of rivers in Ninh Thuan is relatively low, 
from 0.1 to 0.2 km per km2; rivers are often short and steep (Nguyễn Hồng 
Trường, 2008). There were many severe droughts in 1988, 1993, 1998, 2001, 
2002, 2004, 2005, causing significant damage to the agricultural sector and so-
cio-economic activities. The study selected Ninh Thuan as a trend research 
model because this is the drought center of Vietnam, where droughts frequently 
occur, and this is also a sample of drought research that is representative of 
Vietnam and regions of drought in the world. 
 

 
Figure 1. Study area. 
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3. Data and Methods 
3.1. Data 

Research using the data of temperature and precipitation in the 1986-2016 pe-
riod of the National Center for Meteorology and Hydrology, Scientific research 
about Hydrology of Ninh Thuan province done by the Southern Branch of the 
Institute of Meteorology, and the study on hydro-climatic characteristics of 
Ninh Thuan province by the Hydrometeorology Station of the South Central. 
The study data also use data from the Statistical yearbook of Ninh Thuan, Binh 
Thuan, Lam Dong, and Khanh Hoa provinces (Table 1). 

3.2. Methods 

According to research by Wilhite and Glantz and the American Meteorological 
Association, drought has been divided into four main categories: 1) meteorolog-
ical drought; 2) hydrological drought; 3) agricultural drought; 4) socio-economic 
drought (AMS, 1997; Weltbank, 2006; Wilhite & Glantz, 1985). Based on the re-
search objectives of meteorological drought, agricultural drought and analysis of 
the trend of changes in the indicators of meteorological drought and agricultural 
drought, the research method of the topic is: 1) Method of calculating the index 
meteorological drought and agricultural drought; 2) Non-parametric methods 
include: Mann-Kendall and Theil-Sen. 

3.2.1. Standardized Precipitation Index (SPI) 
SPI was developed in 1993 by American scientists, including McKee, Doesken, 
and Kleist at Colorado State University, United States of America. This index is 
used to study drought caused by meteorology in the US (McKee et al., 1993;  
 
Table 1. List of main stations used for research. 

Stations Local 
Geographic coordinate 

Data 
Longitude Latitude 

Cam Ranh Khanh Hoa 109˚09'00'' 11˚55'00'' T0 

Phan Thiet Binh Thuan 108˚06'00'' 10˚56'00'' T0 

Da Lat Lam Dong 108˚26'00'' 11˚57'00'' T0 

Ba Thap Ninh Thuan 109˚03'00'' 11˚42'00'' P 

Ca Na Ninh Thuan 108˚52'00'' 11˚21'00'' P 

Nha Ho Ninh Thuan 108˚54'00'' 11˚42'00'' P 

Nhi Ha Ninh Thuan 108˚40'00'' 11˚28'00'' P 

Phan Rang Ninh Thuan 108˚59'00'' 11˚34'00'' P, T0 

Quan The Ninh Thuan 108˚54'00'' 11˚26'00'' P 

Song Pha Ninh Thuận 108˚42'00'' 11˚50'00'' P 

Tan My Ninh Thuận 108˚49'29'' 11˚42'00'' P 

Note: T: temperature; P: precipitation. 
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WMO, 2012). According to the World Meteorological Organization (WMO) 
and the Global Water Partnership (GWP), the SPI is recommended for use 
worldwide, with more than 70 countries already using it for drought research 
(WMO, 2012, 2014). Equation (1) calculates the SPI: 

SPI X X−
=

δ
                           (1) 

where: X rainfall in time i (month, season, season); X  is average rainfall i over 
many years; δ is the standard deviation of precipitation over time i. The wet and 
dry weather conditions are the category of drought shown by the SPI index cal-
culation (Table 2). 

3.2.2. Moisture Index (MI) 
The MI index is proposed in report no 1/48 in 1978-81 of FAO (FAO, 1978) and 
Vietnam. This method is also widely used in the study of agricultural drought 
(Doan Van Diem & Tran Danh Thin, 2007; Le Thi Thu Hien, 2013; Pham 
Quang Vinh & Pham Thi Thanh Huong, 2013). 

Equation (2) calculates the MI: 

MI R PET=                          (2) 

where: R: Average annual precipitation; PET: the annual average amount of 
evaporation capacity. 

PET is calculated using the Thornthwaite method and has been used in many 
studies around the world (Adhikari et al., 2019; Hashemi & Habibian, 1979; 
Moeletsi et al., 2013; Ogunrinde et al., 2020; Pereira & Paes De Camargo, 1989; 
Pereira & Pruitt, 2004; Thornthwaite, 1948; Zhou et al., 2020). DrinC 1.7 soft-
ware (DrinC, 2019) was used to calculate PET. The results of the MI calculation 
are that the agricultural drought level is shown in Table 3. This software is the 
research result of the Centre for the Assessment of Natural Hazards and Proac-
tive Planning & Laboratory of Reclamation Works and Water Resources Man-
agement, National Technical University of Athens, Greece. DrinC software is 
considered a useful tool in international publications to analyze drought in arid 
and semi-arid regions (Tigkas et al., 2015, 2017, 2020). 
 
Table 2. Drought classification based on SPI. 

SPI Category 

SPI > 2.0 Extremely wet 

1.5 SPI 1.99 Severely wet 

1.0 SPI 1.49 Moderately wet 

−0.99 SPI 0.99 Near normal 

−1.0 SPI −1.49 Moderately drought 

−1.5 SPI −1.99 Severely drought 

SPI < −2 Extremely drought 

Source: (McKee et al., 1993; WMO, 2012). 

https://doi.org/10.4236/ajcc.2021.101004


N. H. Tuan, T. T. Canh 
 

 

DOI: 10.4236/ajcc.2021.101004 56 American Journal of Climate Change 
 

Table 3. Drought classification based on MI. 

Level of moisture MI Level of drought 

Much moisture >1.2 Lessly drought 

No shortage of moisture 0.8 - 1.2 Significantly drought 

Mild moisture deficiency 0.4 - 0.79 Severely drought 

Severe moisture deficiency <0.4 Extremely drought 

Source: (Doan Van Diem & Tran Danh Thin, 2007; Pham Quang Vinh & Pham Thi Thanh Huong, 2013). 

3.2.3. Mann-Kendall Analysis and Theil-Sen Estimator 
Mann-Kendall (MK) method was developed by two scientists, Mann and Ken-
dall (Kendall, 1975; Mann, 1945). The method used extensively in meteorologi-
cal and hydrological studies around the world (Ahmed et al., 2014; Bayazıt et al., 
2019; Bera, 2017; Bhuyan et al., 2018; Cardoso et al., 2016; Chatterjee et al., 2015; 
Djaman et al., 2017; Ernest et al., 2017; Islam, 2015; Koudahe et al., 2017; Mu-
rumkar & Arya, 2014; Nyatuame & Agodzo, 2017; Okafor et al., 2017; Tian et al., 
2012). Accordingly, the non-parametric method MK (S) is calculated by Equa-
tion (3): 

( )1
1 1sgnN N

j ii j iS x x−

= = +
= −∑ ∑                     (3) 

and 

( )
( )
( )
( )

1 if 0

sgn 0 if 0

1 if 0

j i

j i j i

j i

x x

x x x x

x x

+ − >
− = − =

− − <

                 (4) 

As a result, S > 0 is the uptrend and S < 0 is the downturn. Also, to have a 
more accurate result and assessment, it is necessary to calculate the variance 
(VAR) (Helsel & Hirsch, 1992). VAR is calculated by Equation (5): 

( ) ( )( ) ( )( )1

1VAR 1 2 5 1 2 5
18

g
p p ppS n n n t t t

=
 = − + − − + ∑         (5) 

where tp is considered the number of relationships with the sample p, g is the 
number of groups with the same data values. If the value of VAR(S) > 0, then the 
trend is positive, and the VAR(S) < 0, then the trend is negative (Azad et al., 
2014), the Equation (6) calculates the MK (Z) index: 

( )

( )

1 2

1 2

1 , 0
VAR

0, 0
1 , 0

VAR

SZ S
S

Z S
SZ S

S

−
= >
  

= =
+

= <
  

                      (6) 

If Z > 0, the trend is up; Z < 0, downtrend. 
Analysis Sen’s slop was developed in 1950 by Theil and developed by Sen in 

1968 (Sen, 1968; Theil, 1950). Equation (7) calculates the estimated slope of Sen: 
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for 1,2,3, ,i ix x
Q

i i
i n

′
=

−
=

′ −
                     (7) 

where, Q: The slope between data two points ix  and ix′ ; ix′  data measure-
ment at the time i′ ; ix  data measurement at time i; i′  time after time i 

Sen’s slope estimate is the mean slope (Q), calculated using the Equation (8):  

[ ] [ ]

1 if old
2

1 2
if even

2

NQ N
Q

Q N Q N
N

 + 
    ′ = 

+ + +


               (8) 

N is the number of calculator slope. 
A two-sided test calculates Q with a confidence of 100(1 − α)%, and then an 

actual slope can be obtained by the non-parametric test. If Q > 0.0, then increase 
and Q < 0.0 value tends to decrease (Azad et al., 2014). 

The software selected for the Mann-Kendall and Theil-Sen calculations is 
ProUCL 5.1 and Makesens 1.0. ProUCL is a comprehensive statistical software 
with statistical methods and graphical tools to solve many environmental sam-
pling and statistics problems, software developed by the US Environmental Pro-
tection Agency (EPA, 2016). Makesens 1.0 was developed on the Excel platform 
of the Finnish Meteorological Institute. This program is used to study trends in 
atmospheric concentration change, precipitation and has been widely applied in 
coin research meteorological change (Salmi et al., 2002). 

4. Result and Discussion 
4.1. Result of Drought 
4.1.1. Standardized Precipitation Index Result 
The calculation results of SPI 1, SPI 3, SPI 6, and SPI 12 showed that drought 
occurred in the study period with different types of drought. Synthesized results 
of the months of 1986-2016 show that the whole Ninh Thuan province appeared 
16 times (months) with Extreme drought, 85 times of severe drought, 199 times 
of moderate drought, and 1157 times of near normal. The whole province had 
215 times of moderately wet, severely wet, 121 times, and extremely wet 22 times 
(Table 4, Figure 2). 
 
Table 4. SPI calculation result and drought levels. 

SPI 

Drought levels 

Extremely 
wet 

Severely 
wet 

Moderately 
wet 

Near 
normal 

Moderately 
drought 

Severely 
drought 

Extremely 
drought 

SPI 1 8 21 33 258 31 14 4 

SPI 3 7 22 40 232 45 15 6 

SPI 6 1 32 38 234 30 23 4 

SPI 12 3 22 55 210 52 15 1 

Total 22 121 215 1157 199 85 16 
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Figure 2. Drought characteristics according to the SPI 1, SPI 3, SPI 6, SPI 12. (a) SPI 
1-month; (b) SPI 3-month; (c) SPI 6-month; (d) SPI 12-month. 
 

On the other hand, the calculation results of SPI 1, SPI 3, SPI 6, and SPI 12 
showed that drought occurred in the study period with different forms. SPI 1 
month, the number of droughts occurred the most with 258 times, while the num-
ber of droughts (moderately drought, severely drought, and extremely drought) 
was 49 times, the number of times was wet (extremely wet, severely wet, and 
moderately wet) was 62 times. (Table 4, Figure 2(a)). SPI 3 month, the number 
of droughts occurring less than the number of droughts occurred 66 times with 
droughts and 69 times with humidity (Table 4, Figure 2(b)). SPI 6 month, the 
number of wet occurrences is 71 times higher than that of drought is 59 times 
(Table 3, Figure 2(c)). Finally, in SPI 12 month, the drought is 68 times while 
the humidity occurs 80 times (Table 4, Figure 2(d)). 
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4.1.2. Moisture Index Result 
Analyzing the results of calculating the MI index to assess agricultural drought 
in Ninh Thuan province, the results showed that agricultural drought is hap-
pening at different levels of drought, but mainly severe and significant drought 
(Figure 3). Analysis of Figure 3 and Table 5 shows that in 1986-2016, the whole 
Ninh Thuan province suffered from severe drought with an average of MI 0.66 
(0.4 < MI < 0.79). Significant drought appeared 7 times with a frequency of 23%; 
severe drought occurred 23 times with a frequency of 74% and only one extreme 
drought in 1988 with a frequency of 3%. However, it is necessary to pay atten-
tion to the time when severe droughts appeared in 1986-2016. Severely droughts 
appeared continuously in many years, such as 1986 to 1995 (except 1988 because 
of extreme droughts), 2001 to 2006, and 2011 to 2015. 

The MI index by month shows that MI is the lowest from December to April 
with MI below 0.4, which corresponds to extreme drought since this is a time of 
very little rainfall and sometimes no rain; from May to August, Ninh Thuan 
province experienced severe drought, September has drought significantly; Less-
ly drought in October and November with the MI index of 1.43 and 1.30, respec-
tively (Figure 4). 
 

 

Figure 3. Drought events in Ninh Thuan from 1986 to 2016 according to the MI index. 
 

 

Figure 4. Agricultural drought event appeared in the period 1986-2016 by month in Ninh 
Thuan. 
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Table 5. The result of Agricultural drought classification according to MI index. 

Year 

Drought levels 

MI 
Lessly 

drought 
Significantly 

drought 
Severely 
drought 

Extremely 
drought 

1986 0.50 0 0 1 0 

1987 0.41 0 0 1 0 

1988 0.38 0 0 0 1 

1989 0.45 0 0 1 0 

1990 0.42 0 0 1 0 

1991 0.43 0 0 1 0 

1992 0.52 0 0 1 0 

1993 0.64 0 0 1 0 

1994 0.48 0 0 1 0 

1995 0.54 0 0 1 0 

1996 0.83 0 1 0 0 

1997 0.51 0 0 1 0 

1998 1.10 0 1 0 0 

1999 0.78 0 0 1 0 

2000 1.02 0 1 0 0 

2001 0.56 0 0 1 0 

2002 0.53 0 0 1 0 

2003 0.64 0 0 1 0 

2004 0.43 0 0 1 0 

2005 0.74 0 0 1 0 

2006 0.52 0 0 1 0 

2007 0.83 0 1 0 0 

2008 1.09 0 1 0 0 

2009 0.80 0 0 1 0 

2010 0.96 0 1 0 0 

2011 0.71 0 0 1 0 

2012 0.78 0 0 1 0 

2013 0.80 0 0 1 0 

2014 0.47 0 0 1 0 

2015 0.55 0 0 1 0 

2016 1.00 0 1 0 0 

Total 0 7 23 1 

Frequency 0 23 74 3 

Average: 0.66 

https://doi.org/10.4236/ajcc.2021.101004


N. H. Tuan, T. T. Canh 
 

 

DOI: 10.4236/ajcc.2021.101004 61 American Journal of Climate Change 
 

4.2. Evaluate the Trend of Change of SPI and MI 
4.2.1. The Trend of Meteorological Drought 
Based on the results of MK (Table 5), that the (Z) value is always positive from 
SPI 1, SPI 3, SPI 6, and SPI 12, which shows that the meteorological term index 
is tending to increase with the indices specific and corresponding to Theil-Sen 
slope. 

Considering the SPI 1 index, it has a different increase or decreases during the 
research period, with the standard value (Z) equal to 6.056 and the slope of 
Thiel-Sen equal to 0.0028; this proves that the term index is trending increas-
ing with an increase corresponding to the Theil-Sen index and that the 
drought tends to decrease (Table 6, Figure 5(a)). SPI 3 months study shows a 
positive standard value of 8.451, the standard deviation is 2377, and the slope of 
Theil-Sen is 0.000138. It shows that the 3-month SPI has an increase of 0.000138 
in the meteorological term, which means that the term tends to decrease, but 
with the Theil-Sen index is too small, the meaning is not high (Table 6, Figure 
5(b)). The SPI 6 month index also tended to increase with the Thiel-Sen slope of 
0.000174 along with the standard value Z > 0 with SPI 6 of 10.69 (Table 6, Fig-
ure 5(c)). SPI 12 months, a positive Z value means an uptrend with the Z index 
equal to 12.21 and the slope Theil-Sen equal to 0.00582; the results show that 
drought in Ninh Thuan has a downward trend due to the number of SPI in-
creased (Table 6, Figure 5(d)). 

There is a clear differentiation of each region’s characteristics in terms of the 
SPI index level for Ninh Thuan stations. The trend calculation results of indexes 
SPI 1, SPI 3, SPI 6, and SPI 12 (Figure 6). 

At Tan My station, the SPI has a trend increasing, but the slow increase means 
that the drought tends to decrease, but not much because the coefficient of 
standard Z is low, ranging from 0.9 to 4.8, with the Thiel-Sen coefficient in the 
range from 0.001 to 0.016. 

The Song Pha station shows that the area tends to increase and increase more 
than the Tan My area. The analytical results showed that the standard Z value is 
relatively high with a range of 2.5 to 9.2, and the Thiel-Sen increases in the range 
0.002 to 0.080. 

At Quan The station, trend test results show an uptrend in most of the index-
es. The test results from Table 7 show that Z’s expected value is positive for the 
indices, and the slope Theil-Sen is also always positive. Theil-Sen coefficient as  
 
Table 6. Analysis of trends in the change of meteorological drought index by SPI index (1, 
3, 6, and 12) in Ninh Thuan. 

Result (MK and Sen’s slope) SPI 1 SPI 3 SPI 6 SPI 12 

Var (S) 2396 2377 2348 2291 

Z (MK) 6.056 8.451 10.690 12.210 

p-value 6.994E−10 0.000 0.000 0.000 

Sen’s slope 0.0028 0.000138 1.74E−04 0.00582 
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Figure 5. Results of SPI 1, 3, 6, and 12 analysis by Mann-Kendall. (a) MK-SPI 1 month; 
(b) MK-SPI 3 month; (c) MK-SPI 6 month; (d) MK-SPI 12 month. 
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Figure 6. Chart showing the changing trend of the SPI index. 
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Table 7. Results of trend analysis at hydro-meteorological stations. 

Stations 
Analysis results 

(MK and Sen’s slope) 

SPI 

SPI 1 SPI 3 SPI 6 SPI 12 

Tan My 

Var (S) 2997 2977 2946 2885 

Z (MK) 1.437 2.6 3.208 4.756 

p-value 0.0753 0.00466 0.000668 9.8683E−07 

Sen’s slope 0.00045 0.00104 0.00132 0.00174 

Song Pha 

Var (S) 1616 1574 1533 1434 

Z (MK) 3.596 5.397 7.425 9.155 

p-value 1.62E−04 3.39E−08 5.64E−14 0.00E+00 

Sen’s slope 2.11E−03 0.00394 0.00541 0.00755 

Quan The 

Var (S) 2513 2494 2464 2406 

Z (MK) 2.275 3.241 4.878 6.408 

p-value 1.15E−02 5.95E−04 5.36E−07 7.40E−11 

Sen’s slope 8.24E−04 0.00153 0.00242 0.00293 

Phan Rang 

Var (S) 2823 2772 2722 2602 

Z (MK) 3.638 5.549 7.777 9.748 

p-value 1.37E−04 1.44E−08 3.66E−15 0.00E+00 

Sen’s slope 1.33E−03 0.00239 0.00326 0.00379 

Nhi Ha 

Var (S) 2396 2377 2348 2291 

Z (MK) 0.294 0.854 0.991 1.302 

p-value 3.84E−01 1.97E−01 1.61E−01 9.65E−02 

Sen’s slope 0.00E+00 4.25E−04 5.15E−04 6.46E−04 

Ba Thap 

Var (S) 2396 2377 2348 2291 

Z (MK) 2.319 3.699 4.255 3.938 

p-value 1.02E−02 1.08E−04 1.05E−05 4.11E−05 

Sen’s slope 9.03E−04 1.72E−03 2.09E−03 2.06E−03 

 
SPI 1 increased by 0.0008, SPI 3 increased by 0.00153, SPI 6 increased by 
0.000242, and SPI 12 increased by 0.000293. 

At Phan Rang station, calculating the trend results showed that the cashew 
indexes have statistical significance with p-value < 0.05 and the coefficient of 
standard Z is relatively high from 2.5 to 9.7, and the coefficient Theil-Sen in-
creases in the frame from 0.0013 to 0.05 (Table 7). SPI 1, SPI 3, SPI 6, and SPI 12 
show a nearly equal increase trend, especially SPI 6 and SPI 12 with standard 
deviations of 2722, 2662, 2602, respectively. That is, the Theil-Sen slope is 
equally increasing with the increase of 0.0033, 0.0036, and 0.0038, respectively. 

At Nhi Ha station generally tended to increase, but the indicators were too 
low with the standard Z value from 0.19 to 1.3, and the meager Theil-Sen ratio 
increased by 0.002, and in which the SPI 1 index does not increase. 
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In Ba Thap, the upward trend of the SPI indexes is clear, the Theil-Sen index 
from SPI 1 to SPI 12 is shallow, but the positive Z value means that the SPI 1 to 
SPI 12 increases and increased from 0.00017 to 0.00197 corresponding. SPI 1 in-
creased 0.000903, SPI 3 increased 0.00172, SPI 6 increased 0.00209, and SPI 12 
increased 0.00206. 

4.2.2. The Trend of Agricultural Drought 
The analysis results of the trend of changes in MI year show that the whole Ninh 
Thuan province tends to increase the MI index and means that the term will de-
crease in the future. The analysis results showed that the annual MI increased by 
0.0133 per year, corresponding to the Sen’s slope index of 0.0133. The results of 
increasing MI in Ninh Thuan show very clearly and have very high statistical 
significance with Z is 3164 and p-value is 0.008. 

The changing trend at Ba Thap, Ca Na, Nha Ho, Nhi Ha, Phan Rang, Quan 
The, Song Pha, and Tan My stations generally increases with different statistical 
significance. Comparing the increase in MI of different regions compared to MI 
year, the only Song Pha region is higher than the MI year (0.030 with 0.0133), 
while the rest areas are lower than MI. The analysis results also showed that 
many stations have statistically significant (p ≤ 0.05) such as Phan Rang, Quan 
The, Song Pha, and the remaining stations are not statistically significant. In 
Phan Rang, the results showed that the p-value was 0.016, with the coefficient 
Z > 0, Z equal to 2.144 and the Sen’s slope index of 0.0063, with the Sen’s slope 
index showed in the Phan Rang area, the MI index would increase adding 0.0063 
per year (Table 7, Figure 7(e)). In Quan The, trend analysis shows that every 
year the MI index increases by 0.0062, this corresponds to the Sen’s slope is 
0.0062, and the result of the MK calculation shows a positive Z index, with Z is 
2.061, it illustrates drought reduction trends in Quan The area (Table 8, Figure 
7(f)). Song Pha is the region with the highest increase in MI in the regions and 
higher than the annual MI index, with annual increases of 0.03 per year; this 
value corresponds to the Theil-Sen analysis is 0.0300. The results of calculating 
the Z index of Song Pha also reflect the increasing trend of the MI index (Z > 0) 
with Z is 2.874 (Table 8, Figure 7(g)). 

As for the remaining stations, although the p-value index is not in the statis-
tical significance (p ≥ 0.05), it still looks to assess trends and is also considered as  
 
Table 8. Analysis results of MK index of MI (year). 

Result of MK 
and 

Theil–Sen test 

Stations 

MI 
year 

Ba 
Thap 

Ca 
Na 

Nha 
Ho 

Nhi 
Ha 

Phan 
Rang 

Quan 
The 

Song 
Pha 

Tan 
My 

Var (S) 58.78 58.76 58.79 58.81 58.75 58.78 58.72 42.79 58.73 

Z (MK) 3.164 1.566 1.616 0.697 0.426 2.144 2.061 2.874 0.817 

p-value 0.0008 0.0587 0.0531 0.243 0.335 0.016 0.0197 0.00203 0.207 

Sen’s slope 0.0133 0.0063 0.005 0.0022 0.0014 0.0063 0.0062 0.0300 0.0032 
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Figure 7. The trend of MI index changes at the stations. (a) Ba Thap Station; (b) Ca Na Station; (c) Nha Ho Station; (d) Nhi Ha 
Station; (e) Phan Rang Station; (f) Quan The Station; (g) Song Pha Station; (h) Tan My Station. 

 
a basis for analyzing and forecasting in the future. At Ba Thap, Ca Na, Nha Ho, 
Nhi Ha, and Tan My stations, the p-value ranged from 0.06 to 0.20, the Z index 
was positive 1.566, 1.616, 0.697, 0.426, and 0.817, respectively; The increase in 
MI index of the stations ranged from 0.001 to 0.006 corresponding to the analy-
sis index Theil-Sen of the station’s Ba Thap, Ca Na, Nha Ho, Nhi Ha, and Tan 
My were 0.006, 0.005, 0.002, 0.001, and 0.003 (Table 8, Figures 7(a)-(d) and 
Figure 7(h)). 

The study also showed that the MI index by month tends to increase, reducing 
the risk of drought in Ninh Thuan province. Analyzing the trend of changes in 
the MI index by month, the results showed eleven months of increasing and one 
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month of decreasing. Table 9 showed that during the year from January to Au-
gust, the MI index increased, September tended to decrease, and October to De-
cember increases (Table 9). Based on the significance level, in 12 months, only 
January, February, May, and July are statistically significant. The remaining 
months are not statistically significant but are still used to evaluate trends. Spe-
cifically, according to Table 8, the MI index in September decreased by the 
standard value Z < 0 equal to −0.221 with the Sen slope of −0.003, corresponding 
to an increase in September with an increase of 0.003 per year. The standard Z 
value is always optimistic in the remaining months, meaning that the drought 
will decrease in the months from October to August of the following year. The 
month with the most robust increasing trend in November with a high standard 
deviation of 58.8, a standard Z value of 1037, and a Sen slope of 0.021, indicating 
that each year in November, the MI index increases by 0.02 and the drought 
agriculture tends to decrease (Table 9).  

4.3. Forecasting the Trend of Changing the SPI and MI Index 
4.3.1. Trend of Change SPI to 2100 
Analysis and compared the values of SPI 1, SPI 3, SPI 6, and SPI 12 tenses, SPI 
12 increased more with an average increase of 0.006 per year, while the lowest is 
SPI 3 with 0.0001 per year. Specifically, SPI 1 month with an increase of 0.003 
per year, by 2035, it will increase by 0.063, and by the end of 2100, it will increase 
by 0.3; SPI in 3 months with meager growth rate increases by 0.002 by 2035 and 
by 2100 by 0.008. The average increase of SPI 6 is 0.0002; in 2035, it will increase 
to 0.004 and about 0.02 in 2100. SPI 12 has an increase of 0.006 will increase to 
0.12 by 2035, and by the end of the 21st century, it will increase more than 0.5. 
Considering the SPI index taking the 2016 standard year, the forecast results 
based on the changing trend of Theil-Sen coefficient, the results of calculating 
the indexes from 2016 to 2100 are as follows: SPI index in 1 month of 2016 is 
−0.32 to 2035 decreases to −0.26 in 2035, −0.22 in 2050, −0.14 in 2075 and −0.68 
in 2100. SPI 3, SPI 6 tends to decrease, but not significantly; SPI 3 in 2016 is 
−0.38 to the end of the decade of -0.40, SPI 6 of 2016 was −0.27 to the end of 
2100 is −0.25. The SPI 12 shows that the drought index is increasing the SPI 12, 
tends to decrease from −0.08 in 2016 to 2100, increasing to 0.42 (Table 10). 
 
Table 9. Analysis results of MK index of MI (Month). 

Test 
results 

Month 

1 2 3 4 5 6 7 8 9 10 11 12 

Var (S) 55.8 52.4 58.2 58.7 58.8 58.8 58.8 58.8 58.8 58.8 58.8 58.7 

Z (MK) 2.006 1.718 0.928 1.278 2.092 1.004 3.299 1.395 –0.221 1.428 1.037 0.766 

p-value 0.022 0.043 0.177 0.101 0.018 0.158 0.000 0.082 0.413 0.077 0.150 0.222 

Sen’s 
slope 

0.001 0.000 0.001 0.003 0.013 0.004 0.012 0.006 –0.003 0.020 0.021 0.008 
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4.3.2. The Trend of Change MI to 2100 
The results estimate the trend of changing agricultural drought in Ninh Thuan 
province through increased MI in each year based on the Sen’s slope trend cal-
culation results. The trend estimation results showed that the period’s MI index 
increased to the end of 2100 from severe drought to a limited amount of 
drought. The MI index in the calculated period was 0.66, with an increase ac-
cording to Theil-Sen’s calculation. 0.013 per year to 2035 the MI index is 0.93, 
2050 is 1.13, 2075 is 1.46, and by 2100 it is 1.79. 

Based on the results of calculating MK and Sen’s slope index, we can predict 
the trend of changes in MI indicators in the future (Table 11). The forecast re-
sults show that the MI index increases over the months, meaning that the agri-
cultural drought tends to decrease. Forecasts are based on 2016 to forecast for 
2035, 2050, 2075, and 2100. The forecast results show that there are only a few 
months with a downward trend of April, May, July, August, and December. The 
remaining months, droughts are almost unchanged until the end of the 21st 
century. Compared to 2016, January and February, and March are at severe 
droughts until 2035 and 2050, 2075 and 2100 unchanged drought remained at 
severe drought. April and May’s droughts tended to decrease from severe 
drought to severe drought in April and severe drought in May (Table 11). 
 
Table 10. Forecasts of SPI indicators is bases on the results of Sen’s slope analysis. 

SPI/Year 
2016 2035 2050 2075 2100 

Sen’s 
slope 

SPI 
Sen’s 
slope 

SPI 
Sen’s 
slope 

SPI 
Sen’s 
slope 

SPI 
Sen’s 
slope 

SPI 

SPI 1 0.0030 −0.320 0.063 −0.257 0.105 −0.215 0.18 −0.140 0.252 −0.068 
SPI 3 0.0001 −0.380 0.002 −0.378 0.004 −0.377 0.006 −0.374 0.008 −0.372 
SPI 6 0.0002 −0.270 0.004 −0.266 0.007 −0.263 0.012 −0.258 0.017 −0.253 

SPI 12 0.0060 −0.080 0.120 0.040 0.210 0.130 0.360 0.280 0.504 0.424 

 
Table 11. Predict the MI variable to the end of the 21st century through the Sen’s slope 
index. 

Content 
Year: 2016 Trend of drought 
MI Level 2035 Level 2050 Level 2075 Level 2100 Level 

Year 
Month 

0.66 1 0.93 2 1.13 3 1.46 3 1.79 3 

1 0.08 1 0.1 1 0.11 1 0.13 1 0.15 1 
2 0.02 1 0.02 1 0.02 1 0.02 1 0.02 1 
3 0.11 1 0.12 1 0.13 1 0.14 1 0.15 1 
4 0.18 1 0.24 1 0.28 1 0.35 1 0.42 2 
5 0.5 2 0.75 3 0.94 3 1.25 4 1.56 4 
6 0.44 2 0.51 2 0.56 2 0.65 2 0.74 2 
7 0.44 2 0.67 2 0.85 3 1.14 3 1.43 4 
8 0.43 2 0.55 2 0.64 2 0.78 2 0.93 3 
9 1.18 3 1.13 4 1.09 3 1.03 3 0.97 3 

10 1.42 4 1.82 4 2.12 4 2.62 4 3.12 4 
11 1.29 4 1.72 4 2.04 4 2.57 4 3.1 4 
12 0.76 2 0.92 3 1.05 3 1.25 4 1.46 4 

Note: 1: Extremely drought; 2: Severely drought; 3: Significantly drought; 4: Lessly drought. 
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5. Conclusion 

The study used SPI and MI indicators to study the drought characteristics in 
Ninh Thuan province and used MK and Sen’s slope analysis to analyze SPI and 
MI indicators’ variation. The meteorological drought (SPI) and agricultural 
drought (MI) in the Ninh Thuan area showed a difference in the drought mag-
nitude and intensity. Meteorological drought with indicators SPI 1, 3, 6, and 12 
shows the occurrence of many extreme droughts and severe droughts. In agri-
cultural drought, mainly severe drought and significant droughts appear in the 
average AI index of the severe drought which is −0.70. 

Analyzing the trend of changing two indexes, namely meteorological drought 
and agriculture drought, has similarities with the present and future downward 
trend. For the meteorological drought, the SPI tends to increase, which means 
that the meteorological term tends to decrease next time. In which areas of Phan 
Rang, Song Pha, Quan The, and Ba Thap tend to increase very clearly, Tam My 
and Nhi Ha tend to increase very low. With the agricultural drought, the average 
MI results per year increased by 0.013 per year, with the Song Pha station tend-
ing to increase the highest with 0.03 per year and the lowest is Nhi Ha with 0.001 
per year.  

Meteorological drought forecast results show that by the end of the 21st cen-
tury, the index SPI 1, 3, 6, and 12 tends to decrease compared to 2016. With SPI 
1 being −0.68, SPI 3 is −0.40, SPI 6 is −0.25, and SPI 12 is 0.42. Along with that is 
the forecast that the MI index will increase 0.013 per year to 2035, the MI index 
is 0.93, in 2050 is 1.13, in 2075 is 1.46, and by 2100 it is 1.79. 

The research results show the vital role of non-parametric analysis in analyz-
ing and assessing changing environmental field trends. MK and Sen’s slope 
analysis is currently a useful tool for many studies related to predicting change 
trends related to meteorology and hydrology. In the field of drought research, 
the application of MK and Sen’s slope will be the foundation for policymakers, 
environmental resources management agencies, researchers ... to develop and 
research solutions for adapting and mitigating the impacts of drought on so-
cio-economic in the present and the future.  
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