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Abstract 

Based on the monthly averaged sea surface chlorophyll-a concentration data continuously for more than 17 

years (Jul. 2002–Dec. 2019), the analyzed results show that the averaged chlorophyll-a concentration in 

Khanh Hoa waters was 0.58 mg/m
3
, and the monthly average variation was ± 0.14 mg/m

3
 (that is equivalent 

to about ± 24%). Under the impact of ENSO phenomena, in the years when the double La Niña events 

occurred (two consecutive years in the La Nina event occurs), the chlorophyll-a anomaly index fluctuated 

from -0.99 mg/m
3
 to 1.62 mg/m

3
. These are very strong fluctuation levels, corresponding to the decrease or 

increase in chlorophyll-a concentration from 86% to 279%. In the El Niño years, the fluctuations of 

chlorophyll-a concentration were little affected unless the two previous years in which the double La Niña 

event occurred. These fluctuations have significantly impact nutritional resources and water quality because 

chlorophyll-a concentration is one of the key indices in studying the health status of any natural marine 

ecosystem. In addition, chlorophyll-a concentration in Khanh Hoa waters often varies between seasons. The 

averaged chlorophyll-a concentration reaches its maximum value in the winter, then decreases gradually in 

the spring and usually reaches the minimum value in the summer, then rises gradually again in the autumn. 

Keywords: Southeast Asian studies, climate change, Khanh Hoa, chlorophyll-a anomaly, ENSO events. 
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INTRODUCTION 
Global climate change has been having a 

substantial negative impact on human life and 
other organisms on Earth and is becoming a 
growing threat to the survival of humans. 
Global Climate Risk Index 2020(CRI) [1] 
report presented at the ongoing 25

th
 Conference 

of the Parties (COP25) to the UN Framework 
Convention on Climate Change in Madrid, 
Spain, Vietnam has worsened from 9

th
 spot in 

the CRI 2019, which reviewed 1998 to 2017, to 
6

th
 in 2018 on the global vulnerability ladder. 

Puerto Rico remains at the top of the list, while 
Myanmar and Haiti are the top three; next 
come the Philippines, Pakistan and Vietnam. 
Climate change threatens urban infrastructure 
and the quality of people’s lives, especially in 
coastal areas. This report also shows that 
during the period from 1999 to 2018, about 
495,000 people died worldwide, and losses of 
US$ 3.54 trillion (in PPP) were incurred as a 
direct result of more than 12,000 extreme 
weather events. Over the last two decades, 
Vietnam has had more than 226 severe weather 
events, killing an average of 285.80 people and 
causing economic losses of US $2 billion per 
year (according to Statistics from 1999–2018), 
the report said. 

In studying the anomalies of global climate 
change, scientists pay special attention to the El 
Niño Southern Oscillation (ENSO). The ENSO 
is one of the most important climate 
phenomena on Earth due to its ability to change 
the global atmospheric circulation, which 
influences temperature and precipitation across 
the globe. The ENSO significantly impacts 
Earth’s ecosystems and human societies [2]. 
This phenomenon relates to the cycle of warm 
and cold temperatures, as measured by sea 
surface temperature (SST) of the tropical 
central and eastern Pacific oceans. This cycle 
periodically fluctuates between three phases: 
Neutral, La Niña, or El Niño. La Niña and El 
Niño are opposite phases that require specific 
changes in both the ocean and the atmosphere 
before an event is declared [3]. El Niño is the 
warm phase and La Niña is the cold phase of 
ENSO. The Neutral phase of ENSO indicates 
normal sea surface temperature, with no 
obvious warmer or colder than normal waters 
[2]. Vietnam is located in the north of the 

equator of the Western Pacific Ocean, is the 
area affected by ENSO. There has been a lot of 
research to show the social-economic impacts 
of ENSO. Marine phytoplankton played a very 
important role in the global carbon cycle via 
photosynthetic carbon fixation and produced 
nearly half of the world's oxygen via 
photosynthesis [4, 5]. Whenever the ENSO 
phenomenon occurs, climate and weather 
change abnormally, causing droughts, floods, 
and natural disasters in many different regions 
of the world [6, 7]. The ENSO impacts each 
region in the world differently depending on 
the location and topography of the land [8]. 
Even different areas of Vietnam are also 
affected differently by the ENSO phenomenon. 

The chlorophyll-a (chla) is a green pigment 
found in microscopic plant phytoplankton. It is 
known to produce systematic variations in the 
color of the ocean [9]. When phytoplankton 
populations are large, the color of the water 
appears greener because of high concentrations 
of chla [10]. They can effectively measure of 
trophic status, are potential indicators of the 
maximum photosynthetic rate, and are a 
commonly used measure of water quality. 

The studies on fluctuations of chla 
concentration related to the ENSO phenomenon 
have also received much attention in the world. 
Based on agricultural statistics and monthly 
Southern Oscillation Index data to 
quantitatively evaluate regional agricultural 
meteorological disasters and assess the 
regressive models used to predict the grain 
yield and climatic yield losses caused by 
drought disasters. The results showed that 
during the La Niña stage, the probability of a 
drought disaster was higher than during the El 
Niño stage, especially in Hebei, China [11]. In 
the context of a strong El Niño prediction for 
2015–2016, there was a remarkable change in 
the physicochemical environment of the reef 
water and massive coral bleaching in the 
Kavaratti reef waters, a major coral atoll along 
the southeast coast of India [12]. Analysis 
results based on daily temperature, 
precipitation, and sunshine hours for 50 years 
(1956–2006) showed that precipitation 
decreased, and temperature and sunshine hours 
increased in both El Niño and La Niña years 
but remained stable in neutral years [13]. A 
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study on surface chla anomalies associated with 
Indian Ocean Dipole and El Niño Southern 
Oscillation in North Indian Ocean showed that 
the strong negative chla anomalies over the 
Western Indian Ocean from November to April 
are due to the changes associated with the El 
Niño [14]. The research used rainfall data to 
analyze the characteristics of extreme storm 
events and their relationships with the ENSO 
phenomenon in Korea. It showed that the 
annual maximum storm events in Korea were 
not greatly affected by ENSO. However, as the 
return period of a storm event grew, the 
probability of it being related to El Niño 
increased significantly due to the combined 
effects of domestic and global climate factors 
[15]. The analysis of the impact of ENSO on 
the regional chla anomaly in the Papua waters 
is found that when El Niño events occur, the 
negative SST anomaly in the Papua waters, as 
well as the enhanced upwelling, cause the 
increase of chlorophyll-a concentration [16]. 
Another analysis, using 148 months of chla 
data to study the variability of chla associated 
with El Niño [17], reveals that the effect of 
reduced surface solar radiation on chla is larger 
in the central Pacific Ocean than in the eastern 
and western Pacific Ocean, and this regional 
difference of the impact induces a distinctly 
asymmetric response of ocean chla to El Niño 
and La Niña in the central Pacific Ocean. 

In Vietnam, there have been many studies 
related to the ENSO phenomenon so far. The 
studies on the variability of the upwelling 
system in the South-Central Vietnam waters 
under ENSO events and its impact on 
hydrographic conditions of the Ninh Thuan-
Binh Thuan waters [18] have shown that the La 
Niña events can degrade and eliminate the 
upwelling phenomenon. The study of abnormal 
features of oceanographic characteristics in 
upwelling Vietnam waters under the influence 
of El Niño events [19] has partly clarified the 
impact of the El-Niño phenomenon on the 
occurrence time and position of the center 
region of the Vietnam upwelling waters. Based 
on 28 years of reanalysis data, the analyzed 
results showed that in the El Niño years, 
autumn rainfall in Central Vietnam is reduced 
by about 10 to 30% [20]. Another notable study 
was analysis results based on MODIS satellite 

images of the US National Aeronautics and 
Space Administration. It showed that in the 
coastal marine area of the South-Central 
Vietnam, the sea surface chla concentration in 
summer and autumn of La Niña years higher by 
0.22–0.38 mg/m

3
 compared to other years [21]. 

In particular, in 2019, the analyzed results 
of the variability of sea surface chlorophyll-a 
(SSchla) concentration in South Vietnam 
coastal waters (SVNC) showed that the ENSO 
phenomenon has greatly affected the 
fluctuation of SSchla concentration in the 
SVNC [22]. However, in the SVNC, Khanh 
Hoa waters have very special features of 
climate, topography and marine resources. 
Compared to other provinces in the North from 
Ca Pass northward and in the South from 
Ghenh Da Bac southward, the climate in Khanh 
Hoa is relatively mild due to the nature of the 
ocean climate. There are only two seasons: 
rainy and sunny season. The rainy season is 
short, from the middle of September to the 
middle of December in the solar calendar, 
focusing on October and November; the 
rainfall is more than 50% of the rainfall in the 
year. The remaining months are the sunny 
season, with an annual average of 2,600 hours 
of sunshine there [23]. Therefore, in the Khanh 
Hoa waters, the remote sensing images have 
often given much better interpretation results 
than in other areas of Vietnam. In addition, 
Khanh Hoa is one of the provinces with 
advantages of marine resources, economic and 
cultural center of the South-Central region, 
and a major tourist center of Vietnam. These 
are the main reasons this study was conducted 
in order to determine the characteristics, cycle, 
and variability of SSchla concentration in the 
Khanh Hoa waters and their relationships with 
the ENSO phenomenon. The results of this 
study will assist the scientists and managers 
in taking effective measures to prevent and 
mitigate the damage caused by climate 
change to biodiversity, the environment in 
Khanh Hoa waters. 

MATERIALS AND METHODS 
Materials 

In this study, the data was collected and 
processed, including: 
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Figure 1. The study area and the spatial 
distribution of collected SSchla data 

 
Monthly mean SSchla concentration data 

was extracted from the Level-3 Product Suite of 
the Aqua MODIS with a spatial resolution of 4 × 
4 km

2
 for more than 17 years (Jul. 2002–Nov. 

2019). MODIS is the NASA Ocean Biology 
Processing Group (OBPG) data product, the 
official NASA data center that archives and 
distributes ocean color data. The dataset is 
available at the National Aeronautics and Space 

Aistration (NASA) Ocean Color website 
(https://oceancolor.gsfc.nasa.gov/) [24]. SSchla 
values in the dataset were estimated by applying 
the Ocean Chlorophyll MODIS OCx algorithm. 
Significantly, this data product ensures spatial 
synchronization and is long enough to cover the 
cycles of the ENSO phenomenon. 

The GEBCO_2020 Grid is the global 
bathymetric product released by the General 
Bathymetric Chart of the Oceans (GEBCO) and 
developed through the Nippon Foundation-
GEBCO. The bathymetric product has a spatial 
resolution of 15 arc-second (~ 450 m). This 
product includes bathymetric and the boundary, 
which is used to determine the depth and 
boundary of the study area (fig. 1). 

The Oceanic Niño Index (ONI) data table 
is calculated by the National Oceanic and 
Atmospheric Administration (NOAA), which is 
available in the Golden Gate Weather Services 
(http://ggweather.com/enso/oni.htm) [24]. This 
index is a measure of the departure from 
normal sea surface temperature in the east-
central Pacific Ocean. It represents the standard 
means to determine, gauge and forecast each El 
Niño episode. El Niño episodes are 
characterized by sea surface temperature 
increases of more than 0.5°C and La Niña 
episodes are indicated by sea surface 
temperature decreases of more than 0.5°C for at 
least five successive overlapping three-month 
seasons [25]. Currently, the ONI is considered 
as the de-facto standard that NOAA uses for 
identifying the phases of ENSO in the tropical 
Pacific. Based on the data table, the years of El 
Niño, La Niña and their intensities are 
described in table 1. 

Based on the cadastral map of Khanh Hoa 
province, the study water area is limited from 
longitude 108

o
56’52.1376E to 109

o
28’12.0792E, 

and latitude from 11
o
44’45.5748N to 

12
o
54’7.038N, as depicted in fig. 1. 

 

Table 1. El Niño and La Niña years and their intensities 

El Niño La Niña 

Weak Moderate Very Strong Weak Moderate Strong 

2004–2005 2002–2003 2015–2016 2005–2006 2011–2012 2007–2008 

2006–2007 2009–2010  2008–2009 
 

2010–2011 

2014–2015  
 

2016–2017 
 

 

2018–2019   2017–2018   
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Methods 
Files downloaded from the NASA Ocean 

Color website include 210 netCDF files 
corresponding to 210 months (Jul. 2002–Dec. 
2019). These files archived the monthly SSchla 
concentration (mg/m

3
) for the global scope  

(fig. 2 illustrates some of these files). The 
downloaded SSchla data were extracted to text 
files for the study area and compiled into a table 
in a Microsoft Access database. Fig. 3 illustrates 
about the SSchla data table in this database. The 

data quality control and statistical calculations 
for the study are performed on this database 
through mathematical & statistical functions in 
Microsoft Access. 

The total number of SSchla values in the 
dataset (210 months) is 20,532. Therefore, the 
average of each MODIS image file has 
approximately 97 SSchla values evenly 
distributed in the study area. The study area and 
the spatial distribution of SSchla value points 
are described in fig. 1. 

 

 

Figure 2. Illustrating of some netCDF level 3 files on the NASA Ocean Color website  
(resolution 4 km, Jul. 2002–Nov. 2019) 

 
The minimum and maximum SSchla 

values in the SSchla data table are 0.068 
mg/m

3
 and 14.779 mg/m

3
, respectively. 

However, there are 99% SSchla values in the 
range (0.68–2.99 mg/m

3
), which show s in the 

histogram of the frequency of chlorophyll-a 
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values (fig. 4). According to World Ocean 
Database 2013 [26], the SSchla range in the 
Coastal North Pacific is [0–50 mg/m

3
]. In 

addition, an article shows that the SSchla 
concentrations in the East Vietnam Sea and 
adjacent waters are in the range of 0–20 mg/m

3
 

[27]. These indicate that 100% of the SSchla 
data used for this study is within the above 
ranges, and the data source is very reliable. 

In data analysis, we used Microsoft Access 
statistical functions to calculate the averaged 
SSchla concentration, grouped by months, 
seasons, and ENSO type years (Neutral, El 
Niño and La Niña years). The analyzed data 
were exported to Microsoft Excel files to build 
the graphs and charts describing the variations 
of SSchla concentration over time. In the 
Access database, there were three months 
without data due to bad weather. Those months 
were November 2008, November 2010, and 
December 2011. Therefore, these months’ 
average SSchla concentration is calculated by 
the average SSchla concentration of the two 
neighboring months (the month before and 
after the missing data month). 

 

Figure 3. Illustration of the SSchla data table  
in Microsoft Access 
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Figure 4. The histogram of the frequency of chlorophyll-a values (mg/m
3
) 
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STUDY RESULTS 
To have a comprehensive and visual 

overview of the fluctuations of SSchla 
concentration in the study area, we 
constructed graphs have been built to describe 
the monthly average change of SSchla 
concentration over time (fig. 5), the monthly 
fluctuations of ONI, and SSchla anomalies 

over time (fig. 6), and spatial distribution of 
monthly averages of SSchla concentration in 
the Khanh Hoa waters (fig. 7). The calculated 
results of monthly averaged SSchla 
concentration in the Khanh Hoa waters are 
listed in table 2. The analysis results of the 
SSchla anomaly in the study area are 
described in table 3. 
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Figure 5. The monthly average fluctuation of SSchla concentration over time  
in the study area (2002–2019) 
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Figure 6. The monthly fluctuations of ONI, and SSchla anomalies over time  
in the study area (2002–2019) 
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Figure 7. Spatial distribution of monthly averages of SSchla concentration in the Khanh Hoa 
waters for the period from July 2002 to December 2019 
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Table 2. The calculation results of monthly averaged SSchla concentration (mg/m
3
)  

in the Khanh Hoa waters, from 7/2002–12/2019 

Season 
Monthly averaged SSchla concentration (mg/m

3
) 

Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. 

2002–2003 0.24 0.36 0.94 0.71 1.06 0.81 0.50 0.36 0.44 0.31 0.24 0.19 

2003–2004 0.36 0.30 0.61 0.86 0.71 0.65 0.64 0.60 0.41 0.26 0.23 0.28 

2004–2005 0.35 0.29 0.32 0.71 0.44 0.71 0.60 0.36 0.73 0.32 0.31 0.31 

2005–2006 0.28 0.22 0.59 0.61 0.76 1.67 1.14 0.67 0.43 0.30 0.22 0.35 

2006–2007 0.54 0.30 0.54 0.43 0.47 1.44 0.90 0.34 0.28 0.42 0.32 0.40 

2007–2008 0.49 0.40 0.26 0.67 1.64 0.58 1.15 0.72 0.39 0.20 0.34 0.27 

2008–2009 0.35 0.28 0.61 0.78 0.97 1.16 1.47 0.29 0.31 0.42 0.29 0.29 

2009–2010 0.34 0.28 0.40 0.76 1.63 0.90 0.68 0.44 0.40 0.24 0.28 0.32 

2010–2011 0.37 0.39 0.20 0.29 0.43 0.56 2.87 0.32 0.72 0.40 0.25 0.22 

2011–2012 0.30 0.24 0.21 1.38 0.58 0.85 1.11 0.69 0.33 0.43 0.19 0.19 

2012–2013 0.31 0.35 0.38 0.73 0.69 0.63 1.11 0.47 0.28 0.32 0.31 0.16 

2013–2014 0.25 0.24 0.36 1.32 0.79 1.52 1.29 0.82 0.43 0.32 0.29 0.44 

2014–2015 0.32 0.62 0.48 0.60 0.62 1.05 0.83 0.50 0.40 0.43 0.30 0.53 

2015–2016 0.40 0.37 0.28 0.40 0.66 1.28 0.73 0.60 0.59 0.49 0.39 0.34 

2016–2017 0.43 0.20 0.29 0.98 1.05 1.97 0.87 1.60 0.61 0.48 0.37 0.34 

2017–2018 0.38 0.26 0.41 0.41 1.13 1.50 1.58 1.26 0.33 0.22 0.30 0.35 

2018–2019 0.23 0.35 0.33 0.70 2.21 1.54 0.90 0.42 0.32 0.22 0.33 0.32 

2019–2020 0.32 0.39 0.47 0.25 0.65 0.60 0.77 
     

Note: Averaged SSchla in the study area: 0.58 mg/m3 Note: Averaged SSchla in the study area: 0.58 mg/m3; Monthly 

averaged variability of SSchla concentration in the study area: ± 0.14 mg/m3 (~ ± 24%). 

 
Table 3. The analysis results of SSchla anomalies in the Khanh Hoa waters, 8/2002–11/2019 

ENSO 

Type 
Season 

SSchla anomalies (mg/m3) 

Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. 

ME 2002–2003 
 

-0.16 0.27 -0.19 0.19 0.02 -0.06 -0.07 0.07 -0.02 -0.01 -0.08 

 
2003–2004 0.08 -0.12 0.02 0.14 -0.03 -0.02 0.01 0.05 -0.01 -0.04 -0.02 -0.01 

WE 2004–2005 0.04 -0.03 -0.12 0.22 -0.18 0.12 0.04 -0.20 0.26 -0.13 0.00 0.01 

WL 2005–2006 0.01 -0.14 0.12 -0.04 -0.26 0.48 -0.02 -0.07 -0.03 -0.02 -0.07 -0.02 

WE 2006–2007 0.14 -0.16 0.12 -0.05 -0.31 0.50 0.01 -0.17 -0.06 0.08 -0.06 -0.01 

SL 2007–2008 0.06 0.02 -0.18 -0.19 0.67 -0.54 0.33 -0.03 -0.05 -0.11 0.07 -0.05 

WL 2008–2009 0.05 -0.13 0.05 -0.01 0.00 -0.04 0.50 -0.40 -0.03 0.08 -0.04 -0.01 

ME 2009–2010 0.04 -0.06 -0.08 -0.17 0.53 -0.17 0.01 -0.07 0.04 -0.07 0.00 0.00 

SL 2010–2011 0.01 0.07 -0.09 -0.01 0.00 -0.72 1.62 -0.99 0.24 -0.06 -0.04 -0.04 

ML 2011–2012 0.05 -0.01 -0.40 0.65 -0.35 0.00 0.23 -0.02 -0.15 0.11 -0.08 -0.04 

 
2012–2013 0.03 0.00 -0.11 0.13 0.01 -0.18 0.37 -0.15 -0.08 0.02 0.05 -0.08 

 
2013–2014 0.03 -0.04 -0.28 0.49 -0.42 0.32 0.08 -0.03 -0.09 -0.02 -0.06 0.09 

WE 2014–2015 -0.14 0.14 -0.09 0.03 -0.13 0.21 0.04 -0.08 -0.04 0.05 -0.12 0.12 

VSE 2015–2016 -0.03 0.02 -0.07 -0.05 -0.12 0.39 -0.14 -0.04 0.03 0.00 -0.02 -0.04 

WL 2016–2017 0.11 -0.11 -0.20 0.21 -0.28 0.67 -0.61 0.57 -0.29 -0.01 -0.02 -0.03 

WL 2017–2018 0.06 -0.09 0.05 -0.24 0.11 0.09 0.13 0.20 -0.27 -0.07 0.02 0.05 

WE 2018–2019 -0.08 0.05 -0.13 -0.38 0.73 -0.01 -0.05 -0.13 0.00 -0.07 0.04 -0.03 

 
2019–2020 -0.01 0.10 -0.20 0.15 -0.07        

Note: ENSO Type: WE = Weak El Niño, ME = Moderate El Niño, SE = Strong El Niño, VSE = Very Strong El Niño; 

WL = Weak La Niña, ML = Moderate La Niña, SL = Strong La Niña. 
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As mentioned above, there are only two 
seasons (rainy and sunny) in the Khanh Hoa 
waters. However, the study area is also affected 
by the Southwest and Northeast monsoon 
winds. The Southwest monsoon wind occurs 
during the summer months, while the Northeast 
monsoon wind occurs during the winter. 
Therefore, in this study, we statistically 
calculate the average SSchla concentration by 
season. This result is described in fig. 8. 
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Figure 8. The seasonal average SSchla 
concentration (mg/m

3
) in the Khanh Hoa waters 

 
The above analysis results (tables 1–3,  

figs. 5–6) show that during the calculation 
period (17 years), there were 7 El Niño years 
and 7 La Niña years; the remaining years are 
Neutral (table 1). In the 7 La Niña years, there 
have been four years having the SSchla 
anomalies exceeded the threshold of ± 0.5 and 
fluctuated continuously for 2 or 3 months. While 
in the Neutral years, there is not any value 
exceeding the threshold. Another noteworthy 
thing is that the SSchla anomalies only exceed 
the threshold in the years when the double La 
Niña events occurred (two consecutive cool 
phases arise). The double La Niña events 
occurred: 2010–2011, 2011–2012, 2016–2017, 
and 2017–2018 (table 3). However, in the 7 El 
Niño years, there is only one year with the 
SSchla anomalies exceeding the threshold of ± 
0.5 with positive value (i.e., the SSchla 
concentration increased with SSchla anomaly = 
0.73 mg/m

3
 in November 2018). This El Niño 

year, but before that year, the double La Niña 
event occurred (2016–2017, 2017–2018), 

indicating that the anomaly fluctuations of 
SSchla concentration only happen when the 
double La Niña event occurred. In the El Niño 
years, the changes of SSchla concentration were 
little affected unless the two previous years in 
which the double La Niña event occurred. 

The averaged SSchla concentration in the 
study area is 0.58 mg/m

3
, and the monthly 

averaged variability of SSchla concentration in 
the study area is ± 0.14 mg/m

3
 (equivalent to 

about ± 24%) (table 2). However, as described 
above, during the double La Niña event, the 
SSchla anomalies fluctuate from -0.99 to 1.62 
mg/m

3
. These are extreme fluctuations 

corresponding to the decrease or increase in 
SSchla concentration from 86% to 279%. 

In addition, SSchla concentration in Khanh 
Hoa waters often varies between seasons of the 
years (figs.7–8). The averaged SSchla 
concentration reaches its maximum value in the 
winter (December - February), then decreases 
gradually in the spring (March - May) and 
usually reaches the minimum value in the 
summer (June - August), then rises gradually 
again in the autumn (September - November). 

DISCUSSIONS 
The SSchla concentration is always 

affected when ENSO occurs, but, in Khanh 
Hoa waters, SSchla concentration is only 
affected when the double La Niña event occurs. 
However, the affected intensity in Khanh Hoa 
waters was much greater; the monthly averaged 
chlorophyll-a concentration in the SVNC 
varied from 22.4% to 49.3% [22], while in 
Khanh Hoa waters, it was from 86% to 279%. 

According to the general information about 
the floods that “attacked” the “capital” of 
Khanh Hoa tourism [29], they were determined 
at the time: Oct. - Nov. 2006, Nov. 2016, Nov. 
2017, and Nov. 2018. Thus, the calculation 
results in tables 2–3 are very consistent with 
reality. The times when SSchla concentration 
fluctuated strongly coincided with when the 
study area was seriously affected by floods. 
Nutrients, plankton from the continent through 
the river system flow to the sea, have increased 
the SSchla concentration. However, the 
fluctuation of SSchla concentration depends on 
many factors, such as temperature, rainfall, 
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upwelling, wind, ocean currents,... Therefore, 
to explain in detail the causes of the 
fluctuations at specific times requires more 
extensive research. 

CONCLUSIONS 

Summarizing the above analysis results 
(7/2002–12/2019) leads to the following 
conclusion: 

The average SSchla concentration in the 
study area was 0.58 mg/m

3
, and the monthly 

averaged variability of SSchla concentration in 
the study area was ± 0.14 mg/m

3
 (equivalent to 

about ± 24%). Under the impact of the ENSO 
phenomenon, in the years when the double La 
Niña events occurred, the SSchla concentration 
anomalies fluctuated from -0.99 mg/m

3
 to 1.62 

mg/m
3
. These are very strong fluctuations, 

corresponding to the decrease or increase in 
SSchla concentration from 86% to 279%. In the 
El Niño years, the fluctuations of SSchla 
concentration were little affected unless the two 
previous years in which the double La Niña 
event occurred. These fluctuations have greatly 
impact nutritional resources and water quality 
because SSchla concentration is one of the key 
indices in the study of the health status of any 
natural marine ecosystem. In addition, SSchla 
concentration in Khanh Hoa waters often varies 
between seasons. The averaged SSchla reaches 
its maximum value in the winter, decreases 
gradually in the spring, usually reaches the 
minimum value in the summer, and rises 
gradually again in the autumn. 

The provided research results in this paper 
play an important role in enhancing the 
awareness of the ENSO phenomenon’s 
influences on Khanh Hoa marine environment, 
which supports scientists and managers not 
only in creating feasible environmental 
measures to reduce and remedy the harm 
caused by ENSO but also in the protection of 
biodiversity and marine environment in Khanh 
Hoa waters. That could be seen as a puzzle 
piece of the whole picture of the effects of the 
ENSO phenomenon on global climate change. 

Acknowledgments: This paper is a contribution 
to celebrate the 100 years Anniversary of the 

Institute of Oceanography, Vietnam Academy of 
Science and Technology. 

Declarations 

Funding 

The author has received no financial 

support for the research, authorship or 

publication of this research. 

Conflicts of interest/Competing interests 

The author declare that I have no 

competing interests. 

Availability of data and material 

All the data and material used for the study 

is available upon request. 

REFERENCES 

[1]  Eckstein, D., Künzel, V., Schäfer, L., and 

Winges, M., 2020. Global Climate Risk 

Index 2020: who suffers most from 

extreme weather events? Weather-related 

loss events in 2018 and 1999–2018. 

Germanwatch, Bonn. 

[2]  L’Heureux, M., 2014. What is the El 

Niño–Southern Oscillation (ENSO) in a 

nutshell?; Available from: 

https://www.climate.gov/news-features/bl-

ogs/enso/what-el-ni%C3%B1o%E2%80% 

93southern-oscillation-enso-nutshell; 

accessed February 12, 2020. 

[3]  Advisory Panel for the Tropical Oceans 

and Global Atmosphere Program National 

Research Council, 1996. Learning to 

predict climate variations associated with 

El Niño and the southern oscillation: 

accomplishments and legacies of the 

TOGA program. National Acad. Press. 

[4]  Behrenfeld, M. J., Randerson, J. T., 

McClain, C. R., Feldman, G. C., Los, S. O., 

Tucker, C. J., Falknowski, P. G., Field, C. 

B., Frouin, R., Esaias, W. E., Kolber, D. 

D., and Pollack, N. H., 2001. Biospheric 

primary production during an ENSO 

transition. Science, 291(5513), 2594–2597. 

doi: 10.1126/science.1055071 
[5]  Field, C. B., Behrenfeld, M. J., 

Randerson, J. T., and Falkowski, P., 1998. 
Primary production of the biosphere: 
integrating terrestrial and oceanic 

https://www.climate.gov/news-features/bl-ogs/enso/what-el-ni%C3%B1o%E2%80%25%2093southern-oscillation-enso-nutshell
https://www.climate.gov/news-features/bl-ogs/enso/what-el-ni%C3%B1o%E2%80%25%2093southern-oscillation-enso-nutshell
https://www.climate.gov/news-features/bl-ogs/enso/what-el-ni%C3%B1o%E2%80%25%2093southern-oscillation-enso-nutshell


Van Vu Tac 

244 

components. Science, 281(5374), 237–
240. doi: 10.1126/science.281.5374.237 

[6]  Dilley, M., and Heyman, B. N., 1995. 
ENSO and disaster: Droughts, floods and 
El Niño/Southern Oscillation warm 
events. Disasters, 19(3), 181–193. 
https://doi.org/10.1111/j.1467-7717.1995.t 
b00338.x 

[7]  Ward, P. J., Kummu, M., and Lall, U., 
2016. Flood frequencies and durations and 
their response to El Niño Southern 
Oscillation: Global analysis. Journal of 
Hydrology, 539, 358–378. https://doi.org/ 
10.1016/j.jhydrol.2016.05.045 

[8]  Domeisen, D., Garfinkel, C. I., and Butler, 
A. H., 2019. Global impacts of ENSO 
reach into the stratosphere. EOS: Earth & 
Space Science News, 100. https://doi.org/ 
10.1029/2019EO115943 

[9]  Yapa, K. K., 2000. Seasonal variability of 
sea surface chlorophyll-a of waters around 
Sri Lanka. Journal of Earth System 
Science, 109(4), 427–432. 

[10]  NOAA National Marine Fisheries Service; 
NASA, 2019. About Ocean Chlorophyll 
Concentrations. 1998–2018. Available 
from: https://www.globalchange.gov/bro-
wse/indicators/ocean-chlorophyll-concen-
trations; accessed February 15, 2020. 

[11]  Liu, Y., Liu, B., Yang, X., Bai, W., and 
Wang, J., 2015. Relationships between 
drought disasters and crop production 
during ENSO episodes across the North 
China Plain. Regional environmental 
change, 15(8), 1689–1701. https://doi.org/ 
10.1007/s10113-014-0723-8 

[12]  Karati, K. K., Vineetha, G., Madhu, N. V., 
Anil, P., Dayana, M., Shihab, B. K., 
Muhsin, A. I., Riyas, C., and Raveendran, 
T. V., 2017. Variability in the 
phytoplankton community of Kavaratti reef 
ecosystem (northern Indian Ocean) during 
peak and waning periods of El Niño 2016. 
Environmental monitoring and 
assessment, 189(12), 1–17. https://doi.org/ 
10.1007/s10661-017-6369-5 

[13]  Liu, Y., Yang, X., Wang, E., and Xue, C., 
2014. Climate and crop yields impacted 
by ENSO episodes on the North China 
Plain: 1956–2006. Regional 

Environmental Change, 14(1), 49–59. doi: 
10.1007/s10113-013-0455-1 

[14]  Pandey, S., Bhagawati, C., Dandapat, S., 
and Chakraborty, A., 2019. Surface 
chlorophyll anomalies associated with 
Indian Ocean Dipole and El Niño 
Southern Oscillation in North Indian 
Ocean: a case study of 2006–2007 event. 
Environmental Monitoring and 
Assessment, 191(3), 1–14. https://doi.org/ 
10.1007/s10661-019-7754-z 

[15]  Park, M., and Choi, M., 2015. The 
relationships between El Niño Southern 
Oscillation and extreme storm events in 
Korea. Environmental Earth Sciences, 
74(1), 351–362. https://doi.org/10.1007/ 
s12665-015-4040-4 

[16]  Dewi, D. M. P. R., Fatmasari, D., 
Kurniawan, A., and Munandar, M. A., 
2018. The impact of ENSO on regional 
chlorophyll-a anomaly in the Arafura Sea. 
In IOP Conference Series: Earth and 
Environmental Science (Vol. 139, No. 1, 
pp. 012020). IOP Publishing. 

[17]  Park, J. Y., Kug, J. S., Park, J., Yeh, S. 
W., and Jang, C. J., 2011. Variability of 
chlorophyll associated with El Niño-
Southern Oscillation and its possible 
biological feedback in the equatorial 
Pacific. Journal of Geophysical Research 
(Oceans), 116(C10), C10001. doi: 
10.1029/2011JC007056 

[18]  Van Chung, T., and Long, B. H., 2019. 
Studies on the variability of upwelling 
system in the South Central Vietnam 
waters under the impact of ENSO events 
and its impact on hydrographic conditions 
of the Ninh Thuan-Binh Thuan waters. 
Vietnam Journal of Marine Science and 
Technology, 19(4A), 17–33. doi: 
10.15625/1859-3097/19/4A/14595 

[19]  Son, T. P. H., Van Chung, T., Huan, N. 
H., Tien, N. M., Van Tac, V., Khang, N. 
H. T., Hoi, N. T. T., Herrmann, M., and 
Siswanto, E., 2017. Abnormal features of 
oceanographic characteristics in upwelling 
Vietnam waters under impact of El Niño 
events. Vietnam Journal of Earth 
Sciences, 39(3), 225–239. doi: 
10.15625/0866-7187/39/3/10268 

https://www.globalchange.gov/bro-wse/indicators/ocean-chlorophyll-concen-trations
https://www.globalchange.gov/bro-wse/indicators/ocean-chlorophyll-concen-trations
https://www.globalchange.gov/bro-wse/indicators/ocean-chlorophyll-concen-trations


Monthly anomalies of sea surface chlorophyll-a 

245 

[20]  Vu, T. V., Nguyen, H. T., Nguyen, T. V., 
Nguyen, H. V., Pham, H. T. T., and 
Nguyen, L. T., 2015. Effects of ENSO on 
autumn rainfall in central Vietnam. 
Advances in Meteorology, 2015. 
https://doi.org/10.1155/2015/264373 

[21]  Van Tac, V., and Hai, D. N., 2018. 
Chlorophyll concentration anomaly in 
coastal marine area of Vietnam South 
Centre related to ENSO phenomenon. 
Vietnam Journal of Marine Science and 
Technology, 18(1), 70–78. https://doi.org/ 
10.15625/1859-3097/18/1/8786 

[22]  Van Tac, V., 2020. Variability of sea 
surface chlorophyll_a concentration in the 
South Vietnam coastal waters related to 
enso phenomenon. Vietnam Journal of 
Earth Sciences, 42(1), 67–74. https://doi.org 
/10.15625/0866-7187/42/1/14759 

[23]  Khanh, V. N. G., 2003. The People's 
Committee of Khanh Hoa province, 
Vietnam. Khanh Hoa Geography, 2003; 
Available from: 
https://en.khanhhoa.gov.vn/vi/introduction
/natural-conditions; accessed 30/12/2020. 

[24]  NASA OBPG, NGSFC, Ocean Ecology 
Laboratory, Ocean Biology Processing 
Group. (2018). Moderate‐resolution 
Imaging Spectroradiometer (MODIS) 
Aqua Chlorophyll Data; 2018 
Reprocessing. 23/06/2020. 

[25]  Enfield, D. B., 2020. El Niño. Available 
from: https://www.britannica.com/ 
science/El-Nino; accessed December 01, 
2020; March 05, 2020. 

[26]  Boyer, T. P., Antonov, J. I., Baranova, O. 
K., Coleman, C., Garcia, H. E., Grodsky, 
A., Johnson, D. R. Locarnini, R. A., 
Mishonov, A. V., O’Brien,T. D., Paver, C. 
R., Reagan,J. R., Seidov, D., Smolyar, I. 
V., and Zweng, M. M., 2013. World 
Ocean Database 2013. Silver Spring, MD, 
National Oceanographic Data Center, 
208 p. (NOAA Atlas NESDIS, 72). 
https://doi.org/10.25607/OBP-1454 

[27]  Van Lanh, V., Quang, P., Van Tac, V., 
Khin, L. V., Tien, N. M., and Thanh, D. 
N., 2000. The oceanographic database of 
the South China Sea and adjacent waters. 
Collection of Marine Research Works, 10, 
254–259. 

[28]  Golden Gate Weather Services, 2020. El 
Niño and La Niña Years and Intensities. 
Available from: http://ggweather.com/ 
enso/oni.htm; accessed Feburay 2020. 

[29]  Thuy, N., 2018. The floods that “attacked” 
the “capital” of Khanh Hoa tourism, 
Vietnam. 2018; Available from: 
https://anninhthudo.vn/doi-song/nhung-
tran-lu-tung-tan-cong-thu-phu-du-lich-
khanh-hoa/790541.antd; accessed 
20/12/2020.

 

https://doi.org/%2010.15625/1859-3097/18/1/8786
https://doi.org/%2010.15625/1859-3097/18/1/8786
https://en.khanhhoa.gov.vn/vi/introduction/natural-conditions
https://en.khanhhoa.gov.vn/vi/introduction/natural-conditions
https://www.britannica.com/%20science/El-Nino
https://www.britannica.com/%20science/El-Nino
http://ggweather.com/%20enso/oni.htm
http://ggweather.com/%20enso/oni.htm
https://anninhthudo.vn/doi-song/nhung-tran-lu-tung-tan-cong-thu-phu-du-lich-khanh-hoa/790541.antd
https://anninhthudo.vn/doi-song/nhung-tran-lu-tung-tan-cong-thu-phu-du-lich-khanh-hoa/790541.antd
https://anninhthudo.vn/doi-song/nhung-tran-lu-tung-tan-cong-thu-phu-du-lich-khanh-hoa/790541.antd

