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Abstract: In recent years, the Vietnamese seafood industry is sharply growing up and being exported to many coun-
tries over the world. The purpose of this study is to evaluate the efficiency of Vietnamese Seafood companies, from
past to future, by integration of the grey first-order single variables GM(1,1) model) using the grey theory method
and the super slacked-based measure (SBM) model in the data envelopment analysis (DEA) method. First, the
GM(1,1) model is used to estimate the future values of input and output variables during the period of 2021-2024.
Second, the super-SBM model is implemented to discover the efficiency and position of Seafood companies from
past to future. The main findings indicate that six Vietnamese seafood companies, including ABT, BLF, FMC, KHS,
SJ1, and VHC obtain an efficiency score in both historical and future terms. Empirical results develop an overall pic-
ture of the seafood industry in Vietnam by means of a measurement of the operational process.
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1. INTRODUCTION

Seafood is both an important and significant food source
because it has several key nutrients beneficial for human
health (FAO, 2016). These benefits include high-quality pro-
tein, minerals, vitamins, and poly-unsaturated, long-chain
omega 3 fatty acids (Ngstbakken et al., 2021). Themistoklis,
Pirjo, and Ragnhild (2021) investigated the customer trend
of using seafood such as shrimp, crab, and mussels because
of their obvious health benefits. To meet the demand for
seafood, the global seafood market is expanding and devel-
oping sharply, so much so that the total volume of global fish
production has increased continually from 148.1 million
metric tons in 2010 to 172.6 million metric tons in 2017
(Statisticsa, 2020). Many countries led in the export of fish
and fishery products worldwide in 2019. These countries
included China (22.7 billion USD), Norway (11.9 billion
USD), Vietnam (9.5 billion USD), Chile (6.7 billion USD),
and India (6.6 billion USD) (Statisticsh, 2020). Therefore, as
the export of seafood products increases, it contributes sig-
nificantly to the economic development of each nation. In
Vietnam, the Prime Minister contributed to promoting the
local seafood industry under Decision 1445/QD-TTg on 16

*Address correspondence to this author at Scientific Research-International
Cooperation, Thanh Dong University, Hai Duong, Hai Duong Province
171960. Mobile: +84366449688; E-mail: lienntk@thanhdong.edu.vn

August 2013. Hence, Vietnam has manifested a large volume
of fish and fishery exports with a total volume increasing
from 6,728 million tons to 8,410 million tons from 2016-
2020; additionally, it has also contributed to the economic
development (GDP growth rate from 3.5% (2016) to 5.3%
(2020)). The main export products are shrimp (44.5%) and
catfish (17.7%). Vietnamese seafood is exported to more
than 160 markets around the world and possesses six major
markets: the United States, the European Union, Japan, Chi-
na, Korea, and the Association of Southeast Asian Nations
(ASEAN) (VASEP, 2021).

However, the export and import process of the global sea-
food industry has been directly influenced by the Covid-19
pandemic since regular supply chain management was post-
poned by the need for subsequent lockdowns to slow the
pandemic (David et al., 2021). The development of the do-
mestic Vietnamese seafood industry has also been impacted
by delays directly related to the Covid-19 pandemic; thus,
this study integrates two methods including, grey forecasting
and data envelopment analysis to explore the past-present-
future status of the Vietnamese seafood industry as a whole.

Grey model (GM) forecasting is utilized to estimate a future
value based on the historical value, as introduced by Deng
(1982). This model can deal with four continual values sim-
ultaneously that predict the short-term, the long-term, and
compute a highly exact forecasting value overall. Additional-
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ly, the forecasted values check the accuracy level by using
the mean absolute percentage error (MAPE); thus, all unsuit-
able values are removed to have a highly predicted valuation
remaining. Therefore, the GM(1,1) model in the Grey theory
has been applied in many ways. Wang, Day, and Nguyen
(2018) approached the GM(1,1) model to forecast the future
values of global third-party logistics providers. Wang, Li,
and Pei (2018) forecasted the electricity consumption of the
primary economic sectors in China. Nguyen et al., (2020)
used the GM(1,1) model to forecast the future value of new
electric car sales, new battery-electric car sales, new plug-in
hybrid electric car sales, and market share of sales for the
electric car industry around the world. Wang et al., (2020)
predicted industrial solar energy consumption in the United
States. Nguyen and Luu (2021) estimated the operational
business of the publishing industry in Vietnam. Moreover,
other estimated models in the Holt-winters method must
have a long historical time series, the future value can be
computed, the grey forecasting can forecast the future value
with the minimum value with four points in historical times.
Therefore, the GM(1,1) model is a useful tool that many re-
searchers have applied to predict future time based on the
historical time series. In this study, we approach the GM(1,1)
model to predict the future value of the Vietnamese fishing
industry.

After gathering historical data and estimating future data, the
super slack-based measure (Super-SBM) model in the DEA
method is used to augment the efficiency of the Vietnamese
seafood industry from past to future. DEA is a statistical
method that has various models such as CCR (Charnes,
Cooper, and Rhodes), SBM (slack-based measure),
resampling, and so on; however, each model has a separate
function with inherent characteristics. The traditional CCR
model introduced by Charnes, Cooper, and Rhodes in 1978
and the SBM model developed by Tone (2001) are both ap-
plied to calculate the efficiency score of a decision-making
unit (DMU). This amounts to the maximum efficiency score
only attainment as one number so that it is difficult to distin-
guish the identity of effective DMUs. Hence, Tone (2002)
set up and expanded the SBM model with super efficiency
aspects called the “super-SBM model”. This model can be
used to discover the super-efficiency score for effective cas-
es as determined by separate DMUs (Wang et al, 2018).
Each DMU will attain a separate score, so it is easy to distin-
guish the efficiency level and position of each DMU accord-
ing to each term. Additionally, the super-SBM model also
gives input excesses and output shortfall which can recom-
mend a feasible solution to deal with the inefficient cases.
Based on these excellent characteristics, many previous re-
searchers used this model to apply in various areas. Li and
Shi (2014) indicated the energy efficiencies of industrial
sectors in China from 2001 to 2010 based on the super-SBM
model. Luu et al., (2017) utilized the super-SBM model to
evaluate the performance of the Vietnamese banks and find
out the position of each bank. Feng et al., (2018) used the
super-SBM model for measuring the green innovation effi-
ciency of China’s manufacturing industry. Ding et al., (2019)
used the super-SBM model for evaluating the water efficien-
cy of Tibet and the Tibetan areas from 2006 to 2016. Tian et
al., (2020) proposed the super-SBM model to measure the
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regional transportation sustainability efficiency in Shaanxi
province, China from 2000 to 2015. Du et al., (2021) applied
the super-SBM maodel to conduct the Marine ranching eco-
logical efficiency of 18 marine ranches in Shandong prov-
ince. As a result, this study chooses the super-SBM model to
evaluate the efficiency.

An evaluation of 10 Vietnamese seafood companies past-to-
future is made by means of the integration of a GM(1,1)
model and super-SBM model, respectively. The efficiency
scores regarding their operational business process are de-
fined by financial indicators listed in the financial reports
found in Vietstock (2021). Empirical results serve to exhibit
the efficient and inefficient terms of 10 Vietnamese seafood
companies past-to-future, then to determine their position in
every term based on their relative efficiency scores.

The paper is arranged, as follows: Section 1 introduces the
purpose of this research and indicates the literature review
constituting past studies of the seafood and fishery products
industries, and the negative Malmquist model. Section 2
provides the mathematical equations offered by the negative
Malmquist model and gives the source of the raw data. Sec-
tion 3 delivers the empirical results. Finally, Section 4 sum-
marizes the main results and gives both the limitations and
the possibilities available for future research.

2. MATERIALS AND METHODS

2.1. Data Collection

Humans harvest seafood products, then the wild fish and
shellfish are processed and packaged for distribution to retail
and restaurants, or export to another country. This study
evaluates the Seafood companies in Vietnam based on the
past operating progress of selected companies. Therefore, the
study chose 10 Vietnamese Seafood companies found in
Vietstock (2021) (see Table 1).

Table 1. List of 10 Vietnamese Seafood Companies.

No Seafood Companies Abbreviation
1 Mekong Fisheries Joint Stock Company ABT

2 Cuu Long Fish Joint Stock Company ACL

3 Nam Viet Corporation ANV

4 Bac Lieu Fisheries Joint Stock Company BLF

5 Camimex Group JSC CMX

6 Sao Ta Foods Joint Stock Company FMC

1.D.1 International Development &

! Investment Corporation IDI
8 Kien Hung JSC KHS
9 Hung Hau Agricultural Corporation SJ1
10 Vinh Hoan Corporation VHC

Source: Vietstock (2021).


https://finance.vietstock.vn/ABT-bentre-aquaproduct-import-and-export-jsc.htm
https://finance.vietstock.vn/ACL-cuu-long-fish-joint-stock-company.htm
https://finance.vietstock.vn/ANV-nam-viet-corporation.htm
https://finance.vietstock.vn/BLF-bac-lieu-fisheries-joint-stock-company.htm
https://finance.vietstock.vn/CMX-camimex-group-jsc.htm
https://finance.vietstock.vn/FMC-sao-ta-foods-joint-stock-company-.htm
https://finance.vietstock.vn/IDI-i-d-i-international-development-investment-corporation.htm
https://finance.vietstock.vn/KHS-kien-hung-jsc.htm
https://finance.vietstock.vn/SJ1-hung-hau-agricultural-corporation.htm
https://finance.vietstock.vn/VHC-vinh-hoan-corporation.htm
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Analysing the effect of operating progress requires having
full and exact information of financial reports so that all of
the actual and current values of input variables and output
variables are present. Ten seafood companies in Vietnam,
operating from 2016-2020, were collected according to their
relative postings found in the financial report, Vietstock
(2020). In this particular study, three input factors were cho-
sen, including total assets (TA), selling expenses (SE), and
owner's equity (OE); and two output factors, including reve-
nue (RE), and gross profit (GP), were also selected.

Input Factors

TA: The value of marketable securities, inventories, good-
will, prepaid expenses, and so on of a seafood company.

SE: All of the money that a seafood company must pay for
distributing, marketing, and selling a product and service.

OE: All of the money that a seafood company must pay-off
in the event of liquidation.

Output Factors

NR: All money of a seafood company made prior to taking
out the cost of business operations, cost of products, etc.

GP: The profit of a seafood company after deducting the cost
of making and selling the products, cost of services, etc.

From the actual data posted to Vietstock (2021) [16], the
data of input and output variables were collected and sum-
marized in Table 2. The maximum (USD) values of TA, SE,
OE, NR, and GP during the period of 2016-2020 attained
7,726,327; 269,403; 5,161,257; 9,271,329; and 2,039,363,
respectively. The minimum value of TA, SE, OE, NR, and
GP during the period of 2016-2020 was 496,623; 12,429;
59,729; 318,110; and 37,126, respectively. These values in-
dicated that all input and output values were positive and
were appreciated for inclusion into the GM(1,1) model in
grey theory method and super-SBM model in the DEA
method.

Table 2. Summarize the Collected Data.
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Min 524,999 | 12,429 | 157,925 | 361,150 | 54,327

2019

Average 2,543,022| 100,772 |1,317,247| 2,936,680 | 462,541

SD 2,466,513| 80,501 (1,491,842| 2,742,172 | 464,092

Max 7,726,327| 185,263 (5,161,257| 7,037,180 (1,001,066

Min 526,048 | 17,812 | 159,234 | 318,110 | 37,126
2020

Average 2,735,148| 88,548 (1,392,942 2,673,015 | 308,565

SD 2,644,534 63,000 |1,550,845| 2,361,728 | 278,814

Index |Year| (I)TA (DCR (nOE (O)OR | (O)GP
Max 573,6895 | 269,403 |2,942,616| 8,151,497 |1,171,889
Min 496,623 | 19,435 | 59,729 | 383,695 | 48,114

2017
Average 1,958,814 90,024 | 855,217 | 2,465,541 | 314,487

SD 1,834,847| 76,520 | 946,791 | 2,407,390 | 337,317

Max 6,617,645| 210,446 (4,015,182 9,271,329 (2,039,363

Min 535,545 | 16,745 | 138,418 | 395,938 | 90,271
2018

Average 2,269,680 89,385 (1,095,482| 2,934,779 | 531,955

SD 2,243,882 66,890 |(1,255,175| 2,796,969 | 590,570

Max 7,493,568| 251,819 (4,877,280 7,867,144 |1,533,082

Source: Vietstock (2021)
2.2. Methods

Grey First-Order Single Variable Model

The GM(1,1) model is a forecasting tool using the grey theo-
ry system which is based on the previous time-series. This
model only calculates the future data when the historical
time series represents positive data and is computed in the
following order:

© _(x© © Q)
From the primary data X=X X)X (n)),the

1) .
consequence X @ js calculated by:

X*(h) :Zk:X(O)(l)/(h =01,...,n)
i 1)

Where

h=0,X'1)=X°®)

h=1X*2)= X"+ X°(2)

h=n,X'(n)=X°@+ X°(2) +...+ X°(n)

When having A series, the mean equation Z% s built up:

X @ (h) :1(x<1)(h) +X®h-1)/(h=12,...,n)
2 )

Where,
h=1X®() =%(X<“(1)+ X®(0))

h=2,X"(2) =%(X(”(1) +X9(2)

h=nX®(2)= %(x (1) + XD (2) + X V(n))

The mathematical equation of a and b is determined by:
XO(h)+axz®(h)=b/(h=23,...,n) 3)
Where, a and b are coefficients.

The linear equation of a matrix is presented by:



240 Review of Economics and Finance, 2021, Vol. 19, No. 1

X@(2) -z29@2) 1
(0) _7©
= .x @) D=| ¢ . @ 1 /(h=1,2,..n)
X ©(h) -zOM) 1
andH:[E}(DTD)lDTE
b (4)
The whitening equation is formed:
o
ax +axX®=b
()
Set up the estimated values

x® = {x(o)(l),x(o)(Z),...,x(o)(n)}(n ~0,12,...,n)

, the predicted
equation is built up:

X (h+1) = KX“’)(l) —Ejeah +9} I(h=12,..n)
a a (6)

The forecasted values must exam the accuracy level via the
mean absolute error percentage (MAPE):

XO(h)-x " (h)

MAPE = @Z -
X (h)

n =

/(h=12,.,n)

(@)
According to Lewis (1982), the MAPE indicator is distin-
guished into 4 groups: the excellent group (10% <); the good
group (10-20%); the reasonable group (20-50%); and, the
poor group (> 50%). The unsuitable tested values needed to
use another forecast model, or re-select the primary data, to
be applicable.

Super-SBM Model

Data envelopment analysis (DEA) is an effective statistical
method utilized in economics and operational research to
estimate a production frontier to assess a DMU’s efficiency.
It uses the non-parametric method of benchmarking to meas-
ure the efficiency of operational research. According to the
common principle of DEA, the efficiency of a DMU is to be
defined by the given ratio between outputs and inputs. The
Super-SBM model, created by Tone (2002), facilitates calcu-
lation and offers unlimited efficiency scores. This model was
created based on an efficiency measuring method. Setting up
n units (DMUSs) with inputs are denoted by and outputs are
denoted by b, with the business performance of each unit is
defined as:

P:(le)
x>0,y>0 ®)

The efficiency of each unit is calculated, as follows:
1 m

1-=> s Ix
mg i i0

l_listYio
S

(s">0;5">0) )

minp =
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The DMU will have efficiency when the score of this DMU
is higher than one number. For efficient cases, the DMU
does not have input excess and output shortfall.

In contrast, the DMU will not approach the efficiency when
the score of this DMU is smaller than one number. For im-
proving the inefficient scores, the input excesses must cut
down, and the output shortage must extend.

3. EMPIRICAL RESULTS

3.1. Estimated Values

In the Based on the collected data from 10 seafood compa-
nies in Vietnam, these actual values are utilized to forecast
the future values by the grey first-order single variable model
approach. We use the input variable (TA) of ABT to illus-
trate the prediction process followed.

Let the primary time series X |
X @ = (634,346;535,545;538,462;543,675) (10)
Calculate time series X @ .

X® =(634,346;1,169,891,1,708,353;2,252,028) (11)

Count the mean sequence Z(l).
Z% =(902,118.5;1,439,122;1,980,190.5) (12)
Formulate a and b.

b =35,545+ax902,118.5
b =538,462 +ax1,439,122
b =543,675+ax1,980,190.5 (13)

Compute the linear equation.

535,545 -902,1185 1
E=|538,462|,D=|-1,439,122 1 |,
543,675 -1,980,1905 1
ET = {—902,118.5—1,439,122—1,980,190.5

1 1 1 } (14)

Determine a and b values.

_-0.007544

0=|2|(D'D)DE = 2%
b 528360.55

(15)

Formulate the whitening equation.

+-0.007544 x 634,346 =528360.55

d 634,346
dt (16)

Estimate the forecasted value.
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h=1X©() = 634,346

h=2,X®(2)= 535,162
h=3X©®(@3)= 539,215
h=4,X®(@4)= 543,298

h=5,X©(5) = 547,412
h=6,X©(6) = 551,557
h=7,X©(7)= 555,734
h=8X(8)=550942 (19

Applying the above steps, the predicted values of 10 Viet-
namese seafood companies from 2021 to 2024 are computed,
as shown in Table A. Further, these predicted values must
check the MAPEs to ensure the accuracy standard, as shown
in Table 3. The MAPEs of these companies range from
1.4298% to 7.3095%, with the average MAPEs for all com-
panies being 3.7499%; thus, these seafood companies have
excellent predictive results. Additionally, the estimated data
in Table A are positive and provide a meaningful value so
that the forecasted data can be applied to measure the future
efficiency via the super-SBM model in DEA method.

Table 3. MAPE Indicators.
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ACL |0.6798|1.1367(1.0169|0.6850|0.5462|0.4706|0.4759 | 0.4896

ANV [0.6991|0.7599|1.1254|0.6328 |0.7788|0.5445|0.4516 | 0.3657

BLF [1.2562|2.0601|2.5397|2.4416(2.7073{2.9100|3.1287 | 3.3649

CMX |2.1117{1.5435|1.1850(1.0782|0.9171|0.8777|1.2086 | 1.4830

FMC |1.3908|1.6296|1.5822|2.1317|2.2759|2.8074|2.1618 | 1.0001

IDI |0.7499(0.7548 |1.3278|1.3085|1.3681|1.4099 | 1.4541 | 1.5008

KHS |1.2571]1.1539(1.1793|1.3498|1.3169|1.3829|1.4819| 1.6015

SJ1  |1.2802|1.3154|1.5156(1.2381|1.1269|1.1034|1.1046 | 1.1311

VHC |1.0000|1.0000|1.0000|1.0000(1.0000{1.0072(1.0767| 1.1875

DMUs MAPEs DMUs MAPEs
ABT 2.1181% FMC 1.4298%
ACL 3.0148% IDI 4.2861%
ANV 1.8936% KHS 4.3692%
BLF 1.8202% SJ1 7.3095%

CMX 6.1600% VHC 5.0975%
Average MAPE 3.7499%

3.2. Performance and Position of Seafood Companies

Based on the rule of the DEA method, all data must be
checked using Pearson’s correlation coefficient to ensure the
appropriate relationship between variables occurs before
application into the DEA method. The relationship between
two variables is always isotonic with the value being from -1
to +1. All variables with unqualified Pearson’s correlations
must be removed. In this research, the Pearson correlations
of 10 Vietnamese seafood companies between variables lo-
cated in Tables B and C were from 0.2251 to 1; thus, both
actual and forecasted data are deemed suitable for applica-
tion to the super-SBM model in the DEA method.

In this research, we give a determination of the efficiency
scores of Vietnamese seafood companies from past-to-future,
as shown in Table 4.

Table 4. Performance of Seafood Companies.

DMUs | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

ABT |1.4527|1.4633|1.3950(1.4774|1.5090|1.5574{1.5152 | 1.4931

Table 4 indicates that the efficiency scores of all seafood
companies exhibit fluctuation. There are 6 companies, in-
cluding ABT, BLF, FMC, KHS, SJ1, and VHC with scores
above the value of “1” that always hold efficiency in both
historical and future terms. Whereas, VHC is a unique com-
pany with a stable efficiency throughout the entire historical
term and 1 future year when it owns the efficiency score as
the value “1” in 5 consecutive years, and then its perfor-
mance is predicted to increase somewhat in the future. BLF
is the best seafood company that always achieves the highest
efficiency score every year. Although its score in 2020 was
been down because of impact of the covid-19 pandemic, it is
expected to increase and achieve the highest level in the fu-
ture. Four companies, including ACL, ANV, CMX and IDI,
have experienced both efficient and inefficient scores. CMX,
in recent years, has had a downward trend, but it still ob-
tained a performance in historical terms with the efficiency
score above the value of “1”. In the future, its score will con-
tinue to recede and not attain adequate performance during
the 2 future years, and then it will increase somewhat to ob-
tain efficiency from 2023 to 2024. IDI did not arrive at effi-
ciency in 2 historical terms, then it extended smoothly to
attain efficiency in the remaining years. The efficiency
scores of ACL increased in 2018, then reduced somewhat in
the remaining years, only achieving adequate performance in
2018 and 2019; moreover, its score is estimated to cut off
under the value of “1” throughout the entire future terms.
ANV is considered to be the worst company because it only
obtained adequate performance within the year 2019, and it
did not have adequate efficiency in other years. As a result,
the efficiency score for both historical and future terms is
divided into 2 groups: the first group discovers the purported
best seafood company (BLF); the second group determines
the seemingly worst seafood company (ANV).

From the rank scores of the 10 seafood companies shown in
Table 4, their position during the period of 2017-2024 is
determined particularly in Figure 1. BLF made an excellent
effort in which this company has tried to rank and maintain
the first position from 2018 onwards. CMX only obtained
the first ranking in 2017, then dropped to a lower position in
the remaining years. FMC reached or will reach the second
classification from 2018 to 2023, but it will sharply fall to
eighth position in 2024. ABT obtained second ranking in
2017, and the third ranking within the four consecutive years
from 2020 to 2023, and to fourth position in 2018, 2019, and
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Fig. (1). Actual and predicted positions.

2024. KHS ranked from the four to sixth position in histori-
cal terms, and it is expected to approach the second ranking
in 2024. In addition, IDI did not experience good business
performance in the past, so its position ranked eighth and
tenth ranking in 2017 and 2018, respectively; then, it extend-
ed and ranked in fourth and fifth position from 2019 until
2023. IDI is further expected to rank in third position in
2024. SJ1 had a year in which it attained third ranking in
2019, but experienced a downward trend in the following
years. Although VHC had a year in which it ranked in final
position, it is expected to rank in a higher position in the
future. ACL and ANV always ranked in lower positions;
whereas, ACL approached the seventh ranking in 2018,
while in other years either the ninth or tenth position; ANV
only took the ninth position and tenth position in whole
terms.

A combination between the super-SBM model in the DEA
method and GM(1,1) model in the grey theory method is
proposed to measure the performance of the Vietnamese
seafood companies from 2017 to 2014 and identify their po-
sition based on the efficiency score. The final empirical re-
sult reveals that BLF is the best seafood company when this
company achieved the highest score in three previous terms
and is estimated to hold the highest score in the future terms.
By way of the consequence, BLF attains the first rank within
three previous and four future terms. ANV is the worst sea-
food company when its efficiency score in whole terms is
under one number, and both previous and future terms range
the low position. Six seafood companies are excellent com-
panies when they obtain efficiency the whole time. The re-
maining seafood companies have both efficiency scores and
inefficiency scores; whereas, ACL and ANV are predicted to
reduce sharply in the future and will not approach the per-
formance in the future terms.

The analyzed results of 80 cases in both historical and future
terms for seafood companies in Vietnam reveal 17 inefficient
cases and 63 inefficient cases. For inefficient cases, they
should have a feasible solution for adjusting the slacks of
input and output variables to increase their efficiency score.
Although many seafood companies do not impact sharply
under the covid-19 pandemic, they should have a better ori-
entation to operation in the future term because the efficien-
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cy score of many companies estimates to have a falling
trend.

4. CONCLUSION

The seafood industry has a meaningful role in Vietnamese
economic development. This study takes advantage of the
GM(1,1) model and the super-SBM model to observe the
efficiency score for each seafood company in Vietnam from
2017 to 2024. The efficiency scores of ten Vietnamese sea-
food companies are conducted by taking three inputs includ-
ing, total assets, selling expenses, and owner's equity; two
outputs including, revenue and gross profit.

An integration between the GM(1,1) model and super-SBM
model is an alternative method that may be used to discover
an overall picture of operational business performance in the
Vietnamese seafood industry. Firstly, the GM(1,1) model is
applied to foresee possible future values, and then the super-
SBM model is used to measure the efficiency and define the
position. In general, most seafood companies in Vietham
represent a developmental trend; however, many companies,
including ACL, ANV, BLF, CMX, IDI, and SJ1 have been
deeply impacted by the COVID-19 pandemic, so much so
that their efficiency scores in 2020 were deducted to form a
comparison with the year of 2019.

An application of the GM(1,1) model is employed to forecast
the accuracy-predicting values of input and output variables
for 10 seafood companies in Vietnam based on a historical
time-series within four consecutive years from 2017 to 2020.
The forecasting data have an accuracy standard with MAPEs
from 1.4298% to 7.3095%. The predictive data exhibit a
forward-thinking operational business pattern during the
period of 2021-2024.

Next, due to providing the best function for evaluating and
ranking purposes, the super-SBM model may compute the
performance and determine the position of these seafood
companies. The study points out the process of business op-
erations displayed by Vietnamese seafood companies with
the evidentiary efficient and inefficient cases every year.
Further, their efficiency scores also determine the position of
each seafood company for every year observed. The meas-
urement serves as a reference to support local enterprises and
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to identify their ability to create an effective operational ori-
entation in the near future. The empirical results in this
study, and others like it, recommend for customers to know
about their business partners, then to select the best partner
for future operations.

Moreover, the empirical results are a useful reference for the
Vietnamese seafood industry to orient future business. The
efficiency score for inefficient cases can improve through
reducing input excess and increasing output shortfall based
on the principle of the super-SBM model. Additionally, the
valuable business of the seafood industry should have partic-
ular strategies such as technological and scientific develop-
ment and application, high-tech application, and so on. Fi-
nally, seafood enterprises should boost to cooperate with
foreign partners to extend the foreign markets.

Although the study reveals the performance of 10 seafood
companies in Vietnam from past to future by integrating the
GM(1,1) model and super-SBM model, it remains some re-
strictions. Firstly, inputs and outputs have not adequate to
describe the operational business deeply. Further research
should add more variables such as employees, capital, net
profit, etc. Secondly, research only exhibits the performance
of seafood companies in Vietnam without comparing with
other countries. Future studies should expand the research
objectives and scope in other countries. Final, research uses
the GM(1,1) model in the grey theory method without hav-
ing a comparative result of accuracy level with other models.
Future studies should have more predicting models such as
holt-winters and ARIMA to select the best predicting result.
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APPENDIX
Table A. Forecasting Values.
DMUs | Year HTA (I)SE ()OE (O)NR | (O)GP
ABT 547412 16096 | 405569 | 287396 | 22591
ACL 1835195 | 37789 | 784733 | 776762 | 113894
ANV 5732253 | 203846 | 2694382 | 3413420 | 523463
BLF 513764 | 102008 | 170206 | 579357 | 153033
CMX 2008294 | 47673 | 1047322 | 1578561 | 193111
FMC 2o 1807587 | 174753 | 1354288 | 4645768 | 452185
IDI 8437657 | 140723 | 3213517 | 6837222 | 320605
KHS 743616 26979 201659 1197079 98162
SJ1 967579 21809 301811 1109658 | 105017
VHC 7648339 | 177752 | 5916515 | 6041719 | 746145
ABT | 2022 | 551557 15209 | 401185 | 257960 | 14340

ACL 2043048 | 29535 | 870889 | 596269 | 72869
ANV 6794806 | 217762 | 2995710 | 3151857 | 427070
BLF 505040 | 115067 | 179439 | 598531 | 163879
CMX 2548573 | 53574 | 1945361 | 1868262 | 191903
FMC 1938059 | 210821 | 1674303 | 5028206 | 471404
IDI 9094903 | 128063 | 3411961 | 6849226 | 219905
KHS 775006 25628 | 200189 | 1221085 | 95800
Si2 974559 25077 | 310770 | 1129295 | 109395
VHC 8179029 | 163305 | 6668855 | 5252135 | 533032
ABT 555734 14371 | 396848 | 231539 9102
ACL 2274441 | 23084 | 966505 | 457717 | 46622
ANV 8054318 | 232629 | 3330738 | 2910337 | 348426
BLF 496464 | 129798 | 189174 | 618339 | 175494
CMX 3234201 | 60206 | 3613435 | 2211130 | 190702
FMC 202 2077950 | 254334 | 2069936 | 5442126 | 491439
IDI 0803344 | 116542 | 3622659 | 6861252 | 150834
KHS 807720 24344 | 198729 | 1245572 | 93494
sk2 981589 28834 | 319996 | 1149280 | 113955
VHC 8746540 | 150032 | 7516860 | 4565741 | 380788
ABT 559942 13579 | 392559 | 207824 5778
ACL 2532041 | 18042 | 1072618 | 351359 | 29829
ANV 9547298 | 248510 | 3703233 | 2687324 | 284265
BLF 488034 | 146415 | 199437 | 638803 | 187932
CMX 4104279 | 67658 | 6711820 | 2616922 | 189510
FMC 2028 2227938 | 306828 | 2559057 | 5890119 | 512327
IDI 1.10E+07 | 106057 | 3846369 | 6873298 | 103458
KHS 841816 23125 | 197280 | 1270550 | 91244
Si2 988669 33154 | 329495 | 1169618 | 118705
VHC 0353430 | 137838 | 8472698 | 3969051 | 272027
Table B. Pearson Correlation in the Historical Term.
Index | Year| (DTA | ()SE | ()OE (O)NR (O)GP
(DTA 1.000 0.899 0.959 0.922 0.902
(SE 0.899 1.000 0.961 0.962 0.983
(NOE 2017 | 0.959 0.961 1.000 0.958 0.969
(O)NR 0.922 0.962 0.958 1.000 0.982
(O)GP 0.902 0.983 0.969 0.982 1.000
(DTA 1.000 0.917 0.958 0.939 0.900
(NSE 2018 | 0.917 1.000 0.927 0.935 0.915
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(NOE 0.958 0.927 1.000 0.970 0.979
(O)NR 0.939 0.935 0.970 1.000 0.964
(O)GP 0.900 0.915 0.979 0.964 1.000
(NTA 1.000 0.893 0.922 0.966 0.839
(HSE 0.893 1.000 0.931 0.932 0.944

(NoE 2019 | 0.922 0.931 1.000 0.936 0.963

(O)NR 0.966 0.932 0.936 1.000 0.873
(oGP 0.839 0.944 0.963 0.873 1.000
(DTA 1.000 0.768 0.931 0.911 0.837
(NSE 0.768 1.000 0.772 0.827 0.839
(NOE 0.931 0.772 1.000 0.909 0.958

(ONR | 2020 | 0.911 0.827 0.909 1.000 0.911

(oGP 0.837 0.839 0.958 0.911 1.000

Table C. Pearson Correlation in the Future Term.

Index |Year| (NTA | (NSE | (DOE | (O)NR | (O)GP
(HTA 1.000 | 0705 | 0.907 0.886 0.757
()SE 0705 | 1.000 | 0.718 0.783 0.898

(NOE 2021 | 0.907 0.718 1.000 0.840 0.894

(ONR 0.886 0.783 0.840 1.000 0.807
(0o)GpP 0.757 0.898 0.894 0.807 1.000
(DTA 1.000 0.590 0.879 0.825 0.621
(nHSE 0.590 1.000 0.590 0.704 0.908

(NOE 2022 | 0.879 0.590 1.000 0.757 0.775

(O)NR 0.825 0.704 0.757 1.000 0.729
(O)GP 0.621 0.908 0.775 0.729 1.000
(NTA 1.000 0.474 0.828 0.748 0.428
(nHSE 0.474 1.000 0.446 0.638 0.919

(OE 2023 | 0.828 0.446 1.000 0.657 0.591

(O)NR 0.748 0.638 0.657 1.000 0.648
(O)GP 0.428 0.919 0.591 0.648 1.000
(NTA 1.000 0.369 0.727 0.660 0.225
(nSE 0.369 1.000 0.289 0.593 0.920
(NOE 0.727 0.289 1.000 0.537 0.388

(O)NR | 2024 | 0.660 0.593 0.537 1.000 0.587

(O)GP 0.225 0.920 0.388 0.587 1.000
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