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Abstract: This article presents aquatic wastewater treatment with the addition of
probiotics. Due to the high salinity (5-10%o), the microorganisms are inactive because
plasmolysis occurs in the presence of table salt, the contraction of the protoplasm away
from the cell wall of the bacteria due to dehydration under the action of osmotic pressure,
leading to gaps between the cells and the cell membranes. The use of probiotics containing
Saccharomyces yeast in combination with some bacteria strains to treat aquatic
wastewater with high salinity has drawn much interest, but there are no specific studies.
By employing experimental method, using two synthetic preparations Microbe—Lift IND
and EM-WAT1 contribute to improving the treatment efficiency of activated sludge at
different salinity to give the appropriate dosage for application. into practice. Research
results show that the optimal load is 4.5kg COD/m?/day, with a retention time of 8 hours,
the optimal salinity after the test is about 5 %o to 10 %o, using 0,25mL Microbe—Lift IND
and EM-WAT1 for a liters of wastewater.

Keywords: Halophilic microorganisms; High salinity; Salty favored microorganisms;
Seafood wastewater.

1. Introduction

According to the Vietnam Association of Seafood Exporters and Producers (VASEP),
Vietnam is among the top 5 countries in the world for aquaculture and seafood export, the
brackish water shrimp farming area in Vietnam is more than 685,000 hectares, with an
output of more than 660,000 tons and there are more than 500 seafood processing factories
nationwide [!]. Many factories and processing factories were established and put into
operation, environmental isuses and wastewater quality after treatment. Many seafood
processing factories located on the coast often use seawater for many stages such as
thawing, washing raw materials due to the lack of fresh water used...Besides, the usual
pollution indicators type of wastewater, there is also an index of high salinity from 10 to 30
g/l NaCl) [2]. In such an environment, microorganisms will lose activity because the
plasmolysis process takes place because of the presence of NaCl, which means the
phenomenon of protoplasm is far away from the cell wall of the bacteria due to the lack of
water [3-4].

There are many species of microorganisms that desperately need salinity for growth
and development known as halophilic microorganisms, which often have low intracellular
salt concentrations in order to maintain the osmotic balance between cytoplasm with the
external medium, by accumulating high concentrations of organic osmoling agents [5].

VN J. Hydrometeorol. 2021, 7, 1-8; doi:10.36335/VNJHM.2021(7).1-8 http://vnjhm.vn/
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Many studies of saline wastewater treatment have applied biological methods with the
participation of oxygen and combination with halophilic microorganisms [6—7]. There has
been a study to eliminate the chemical oxidation demand (COD) in saline wastewater by
using a rotating biological disc system (RBC-Rotating Biological Contactor) with
microbial sludge biomass supplemented with Halobacterium Halobium [8—11].

Nowadays, the use of probiotics in general and liquid probiotics in particular
containing the yeast Saccharomyces strain, combining a number of bacteria strains to treat
high—salt aquaculture wastewater are being interested in but no specific research. Currently
on the market there are many different types of probiotics, but there are two types of
probiotic products such as Microbe-Lift IND and EM-WATI. Researching a biological
solution of activated sludge suitable for treating aquatic wastewater with a high salt
concentration, along with the addition of the yeast Saccharomyces strain combining some
bacteria strains to enhance the treatment capacity is essential. This study contributes to the
evaluation of the treatment efficiency of activated sludge when supplemented with 2
inoculants, Microbe-Lift IND and EM-WATI1 at different salinity levels and to give
appropriate dosage for practical application.

2. Methods of research

2.1. Experimental method

a) Building aerobic bio—treatment model combining active sludge consisting of 7 tanks.
With the operating parameters of the model include: tank volume of 36 liters, water storage
time of 8 hours, wastewater flow of 1.25 ml/s, organic load of 4.5 kg/m3.day. Seafood
wastewater treatment with different concentrations from IND and EM-WATI1 bio—
preparations. Sampling and analyzing COD, BODs, MLSS, S, pH targets to determine and
evaluate the processing performance of the model.

I

{ j/ / / / / i
I ank1 Tank2| |Tank3 Tank4| |Tank3| |Tank6| |Tank?
: .
Ly
7% ! //
AT
[ [

Figure 1. Model of experimental tank.

b) Model operation: Experiments 1, 2: During the test run, select the salinity and load
limits: the total sample number is 126 samples with 5 indicators so there should be a total
of 630 samples analyzed (126 samples x 5 indicators = 630 samples analyzed). The stage
for determining the appropriate salinity: the stage determines the appropriate salinity: the
total sample volume is 162 (54 + 108) samples, so there are a total of 324 samples analyzed
(54 samples x 4 indicators + 108 x 1 indicators = 324 samples analyzed).
Experiment 3: The optimal dosage determination phase of the supplement: with 294
samples analyzed (84 samples x 2 indicators + 42 x 3 indicators = 294 samples analyzed).
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2.2. Sampling, preservation and analysis methods

Conduct measurement survey, sampling analysis of aquatic wastewater dynamic
parameters for assessment of wastewater treatment capacity when supplementing
preparations. Sampling, preservation and analysis methods.

— National standards TCVN 6663-1:2011 (ISO 5667-1:2006) with Water Quality—
Sampling—Part 1: Sampling Program Guide and Sampling Techniques.

— National standards TCVN 6663-3:2008 (ISO 5667-3:2003) with Water Quality—
Sampling. Guidelines for preservation and storage of water samples.

— National standards TCVN 5999:1995 (ISO 5667-10:1992) with Water Quality—
Sampling. Instructions for wastewater sampling.

2.3. Comparison method

Assessment of the effectiveness of seafood wastewater treatment when supplementing
preparations based on QCVN 11-MT: 2015/BTNMT; Level B National technical
regulation on the effluent of aquatic products processing industry.

Table 1. Table on the analysis of seafood wastewater targets.

Maximum
allowable value (B)
Sample TCVN 6663-3:2008 - -
Water quality — Sampling, preservation

Parameter Analysis method Unit

COD TCVN 6491:1999 mg/l 150
Water quality — Determination of chemical
oxygen demand (COD)

BOD:s TCVN 6001-1:2008 mg/1 50

Water quality — Determine biochemical oxygen
demand after n days (BODn)

Cl- TCVN 6194 : 1996 mg/l
Water quality — Determination of chloride
salinity
pH TCVN 6492:2011 - 5.5-9
Water quality — Determine pH
MLSS  TCVN 6625:2000 mg/1 100

Water quality — Determination of suspended
solids by filtration through a fiberglass filter

2.4. Determined measurement method

— Statistical method and data processing: Running a data processing model to
determine the accuracy of the experiment, making tables, charts to compare and evaluate
model results.



VN J. Hydrometeorol. 2021, 7, 1-8; doi:10.36335/VNJHM.2021(7).1-8

Overview of seafood processing industry. seafood

_--¥| wastewater and INCOMFISH Trading Investment Joint
Pt - Stock Company.
Data collection - - " " -
I — e - p| Domestic and international studies related to
. T N wastewater treatment with high salinity.
1 = -
i * Documents related to probiotics.
i
i » Raw materials: aquatic wastewater with high salinity,
v _-="| biological products: Microbe - Lift IND, EM - WAT1.
Data analysis - e -
made] proposal Jep s Analyze the zalinity parameters of aquatic wastewater -
DT determine the appropriate inoculant.
T Sea
I i
! "‘ Selection of treatment method and model.
I
I
! . J| Experimental layout diagram. H Diagram 1
v et
Model research | . - *| Treatment layout |} Diagram 2
T ::__‘ "=~ Adaptive mnning and running at load: 24h, 12h, 8h
| M
= s
: A Analysiz of the criteria:COD, BODs, MLSS, CL, pH.
v
Synthesize the results |- - ____ af Compare processing performance
[
I
I
]
v
Conclusion - Evaluate
the applicability of
the topic
Figure 2. Research diagrams.
[nlet wastewater sample
r
Determine the nput parameters:
pH, COD, BOD, MLSS, Cl-
; -
Control || Tamkl | Tank? Tank 3 Tank 4 Tank 5 Tank 6
[ ] ] ] ] ¥

'

Run the model of aerobic bological treatment at the
time corresponding to the load 24h, 12h, &h.

!

Detemmine the optimal range of salintty,
concentration of probiotics to achieve the
best treatment efficiency

i

Compare, make concluzions

Figure 3. Experimental arrangement.



VN J. Hydrometeorol. 2021, 7, 1-8; doi:10.36335/VNJHM.2021(7).1-8 5
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Figure 4. Experimental layout.

3. Results and discussion

To apply at a greater range wastewater sources with higher salinity, the study
conducted experiments in 3 final tests corresponding to salinity of 1%o, 5%o, 10%0 and from
selected the optimal processing value ranges from 6%o, 7%o, 8%0, 9%o, 10%o. From there,
evaluate the treatment efficiency of the activated sludge method with bio—products and find
out the optimal salinity range. Compare and select the most appropriate preparation,
determine the optimal concentration of inoculants to apply in practice.

3.1. Determination of salinity value suitable for biological products

Conducting tests at 3 different salinity levels to find the most suitable treatment salinity
range with the dosage of the supplement Microbe—Lift IND and EM—Watl recommended
by the manufacturer.

The analysis results showed that Microbe—Lift IND inoculant was processed at higher
salinity when compared with EM-WATI1. The evidence at 8% salinity, treatment
efficiency after 6 days is more than 80%, approximately the treatment efficiency at salinity
6%o0 and 7%o. And at 9%o salinity the efficiency is lower than 80%. This shows that
microorganisms still operate effectively at 8%o salinity, 8%o is chosen as the optimal
salinity. Therefore, use Microbe—Lift IND probiotics to continue processing at optimal
salinity to determine the most appropriate inoculant concentration. Based on research, we
can choose probiotics suitable for wastewater with different salinity, to save treatment
costs.
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Figure 5. Processing efficiency of inoculants Microbe-Lift IND and EM-WAT] at salinity 6%o,
7%0, 8%o0, 9%o.

3.2. Test to determine the optimal concentration of the supplement at the appropriate
salinity

Continue to experiment in different treatments to find out the optimal amount of
probiotics: fix the salinity at 8%o, the retention time is 8 hours, added the tanks times the
dosage Microbe—Lift IND supplement are 5 ml, 6 ml, 7 ml, 8 ml, 9 ml and 10 ml. Analyze
the output samples, compare and conclude the dosage of probiotics to be used.

—-dml —B-5ml ——6ml Tml —¥=8ml —@-%ml = Control -4l ~B-5ml —A—6ml Tml =%=3ml ~@-%ml = Control

100 100
9% b %
80 %0
0 0
60 60
50 50
40 40
30
2
10

(H26)

(F12%)

DAY DAY

Figure 6. Evolution of COD and BOD:s treatment efficiency by day when supplementing with
Microbe — Lift IND probiotics at different dosages.

~—im| —@-5ml —A—6ml Tml =%=8ml ~@=%ml =+ Control ~-4nl @5l —h—6ml Tml =%=8ml ~@=%ml == Control
SALINITY LD CONCENTRATION
%000 9000

000
T

~ 8000
2710

6000 6000
= 5000 5000
4000 4000
3000 = 3000
2000 2000
1000 ; 1000

0

1 2 3 4 3 6 1 2 3 4 5 6
DAY DAY

Figure 7. Performance of salinity treatment and MLSS by day when supplementing with Microbe—
Lift IND probiotics at different dosages.
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COD analysis results showed that the higher the dose of probiotics added, the higher
the treatment efficiency. Therefore, the optimal concentration of probiotics is 0.25 ml of
inoculant/L of wastewater (corresponding to 9ml/36L of study wastewater). BODs analysis
results show that treatment efficiency at 7 ml, 8 ml and 9 ml is better than 4 ml, 5 ml, 6 ml,
in which it is at the most stable 7 ml.

Analysis results showed that the salinity in the tank decreases over time. It shows that
the higher the volume of the inoculant is in proportion to the lower the salinity. The amount
of sludge in the tanks increased during the first days of treatment but was corrected and
remained stable at about 2000—4000 ml. The results show that microorganisms decompose
organic matter present in wastewater and increase biomass and partly absorb salt from
wastewater.

INPUT QUTPLT

ML SML 6ML TML ML 9ML  CONTROL

Figure 8. The evolution of pH by day when supplementing with Microbe-Lift IND at different
dosages.

With low inoculant concentration, the pH range is wider. When the concentration of
the inoculant is increased, the range of variation is reduced and lies at the effective level of
treatment.

4. Conclusion

Compared in volumes, it was concluded that at 9 ml, wastewater treatment capacity at
8%o salinity reach over 90% by 4 days, if the dosage supplement is low, the processing
performance is not equal high dosage supplementation is expensive for the purchase of
additional preparations.

Therefore, the preferred concentration of the composition is 0.25 ml of wastewater.
Optimal handling load: 4.5kg COD/m?.day for 8 hours of storage time for 2 preparations.

When running the model at 3 loads: 24-hour, 12-hour, 8-hour when the addition of 2
preparations then the 8—hour load achieves high processing performance abouve 80% at
salinity 1%o0 and 5%o0 and 10%o are the lowest processing efficiency.

Processing performance of Microbe—Lift IND preparations is high at salinity 6%o, 7%o
and 8% and decreased at salinity 9%o. The processing performance of EM-WATI
preparations is most effective in salinity 6%o and decreases when increasing salinity to 7%o,
8%o, 9%o. From there, it is concluded that the ability to process Microbe—Lift IND at high
salinity better than EM—WAT].
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Wastewater after treatment in accordance with QCVN 11-MT: 2015/BTNMT; Column
B National technical regulation on the effluent of aquatic products processing industry.

Author’s contribution: Constructing research ideas: V.S.L., V.P.N.; Select research
method: V.S.L., V.P.N.,, P.H.; Sampling: V.S.L., V.P.N.; Sampling analyze: V.S.L., V.P.N.;
Data processing: V.S.L., V.P.N., P.H.; Write the draft of the article: V.S.L., V.P.N.; Article
editing: V.S.L., P.H.
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Abstract: The process of domestic wastewater treatment has created a large amount of
greenhouse gases (GHG). However, the measure for evaluating domestic wastewater
treatment is only the treatment efficiency. Meanwhile, the factors to assess the possibility
of generating GHG emissions have not been concerned. The Nhue—Day River basin plays
an important role on the socio—economic development; therefore, one of the problem
needs to be filled with concern is the level of GHG emissions from waste sources,
including domestic wastewater. In order to contribute to forecast and evaluate the
domestic wastewater impacts on the generation of GHG emissions, the study has been
implemented. The main methods taken as synthesis, analysis, and inheritance of research
documents and calculations are based upon the guidance of the Intergovernmental Panel
on Climate Change, 2006, chapter 5,6 — Wastewater disposal and treatment and other
Vietnamese studies on climate change. The study has calculated GHG emissions from
wastewater in the Nhue—Day River basin through the use of septic toilets, other toilets and
centralized treatment plant by aerobic technologies for the current status (2019) and the
scenario in 2030. Thereby, it shows that the CH4 gas is mainly generated from anaerobic
treatment of domestic wastewater with total CH4 emissions currently at 52,850,201.55 Gg
CHy/year (processed 49,742,761.24 Gg CHa/year accounting for 94.12%); and for the
scenario up to 2030 is 212,764,669.79 Gg CHas/year (processed 212,700,144.64 Gg
CHy/year at 99.97%).

Keywords: Nhue-Day River basin; Methane gas emissions; Domestic waste.

1. Introduction

The Nhue—-Day River basin is a dynamic economic center as well as important
economic area of the North and the whole country. Especially, Hanoi under the Nhue—Day
River basin is the capital, the economic, cultural and political center of Vietnam. The basin
has a total area of 7,665 km?, accounting for 10% of the entire Red River basin, in the
territory of 5 provinces/cities as Hoa Binh, Hanoi, Ha Nam, Nam Dinh and Ninh Binh.
Nevertheless, the environment in the Nhue—Day River basin is considered as one of high
levels of pollution due to untreated wastewater discharged into the river [1]. According to
different studies [1-4], the biggest source of environmental pollution for the Nhue-Day
River basin is domestic wastewater, accounting for up to 70% of total wastewater in the
basin. In addition to increase the pollution of river, domestic wastewater is also the source
of greenhouse gas emissions, thereby leading to negative impacts on environmental quality
and hman health. Over the past years, the measures of domestic wastewater treatment

VN J. Hydrometeorol. 2021, 7, 9-19; doi:10.36335/VNJHM.2021(7).9-19 http://vnjhm.vn/
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(septic tanks, toilets, centralized wastewater treatment plants, etc.) have achieved certain
results that contribute to the improvement of environmental quality. At present, new
challenges are being considered and oriented to ensure the sustainability of wastewater
treatment measures in terms of economic sustainability as well as limit negative impacts on
the environment. Greenhouse gas emissions from the measures of domestic wastewater
treatment are one of the main factor related to the sustainability of the approach. The recent
studies have identified that domestic wastewater treatment as potential sources of artificial
GHG emissions contributes climate change and air pollution [5]. Methane gas (CHy) is
mainly generated by anaerobic decomposition of organic matter (sludge from wastewater
treatment systems). Nevertheless, there has not been any specific study on the inventory
and evaluation of GHG emission trend from domestic wastewater in the Nhue—Day River
basin. Besides, due to rapid economic development, the achievement of green growth
targets is currently a big challenge for Vietnam [6]. Therefore, the major objective of the
study aims to assess the impact of domestic wastewater on the generation of greenhouse gas
emissions and provide the first visual perception of its contribution on reduction emission
target of Vietnam.

The calculation of CH4 emission from domestic wastewater in the Nhue-Day River
basin is indicated through the main subjects:

— Untreated domestic wastewater (Discharge wastewater into neighboring areas as
rivers, lakes, etc.)

— Treated domestic wastewater: (i) Centralized wastewater treatment plants (CWTP),
(1) Septic tanks (ST), (ii1) Other types of toilets (T).

2. Methodology

2.1. Description of study site

The Nhue-Day River basin has geographic coordinates from 20° to 21°20° North
latitude and 105° to 106°30° East longitude, including the administrative territory of 5
provinces/cities (Table 1, Figure 1).

Table 1. The scope of Nhue—Day River basin [7].

No  Province/City Cities, counties, districts, towns
1  HoaBinh Districts: Ky Son, Luong Son, Kim Boi, Yen Thuy va Lac Thuy.
2 Hanoi Districts: Ba Dinh, Bac Tu Lirm, Cau Giay, Dong Da, Ha Dong, Hai Ba

Trung, Hoan Kiem, Hoang Mai, Nam Tu Liem, Tay Ho, Thanh Xuan.

Ba Vi, Chuong My, Dan Phuong, Hoai Duc, My Duc, Phu Xuyen, Phuc
Tho, Quoc Oai, Soc Son, Thanh Oai, Thanh Tri, Thach That, Thuong Tin, Ung
Hoa, Son Tay city.

3 HaNam Phu Ly city; districts: Kim Bang, Ly Nhan, Thanh Liem, Binh Luc, Duy Tien.

4 Ninh Binh Ninh Binh city, Tam Diep town, districts: Nho Quan, Gia Vien, Hoa Lu, Kim
Son, Yen Khanh, Yen Mo.

5  Nam Dinh Nam Dinh city, districts: Vu Ban, Y Yen, My Loc, Nam Truc, Truc Ninh, Xuan

Truong, Giao Thuy, Hai Hau va Nghia Hung.

The study focuses upon domestic wastewater discharging from various households
within the river basin.

2.2. Research methods

2.2.1. Methods on synthesization, analysis and inheritance of research documents

The method is used to collect, synthesize and analyze relevant data such as calculation
formulas and necessary parameters. In which, the parameters include as population,
percentage of people applying septic tanks and not applying domestic wastewater
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treatment, proportion of people using other types of toilets, capacity of wastewater
treatment plants (by aerobic technology), etc. The statistic calculates for the year of 2019
based upon the Preliminary census results in 2019 from General Statistics Office. The data
predicts for 2030 according to the Decision 681/QD-TTg on the Planning of drainage and
wastewater treatment systems for residential and industrial areas in the Nhue—Day River
basin to 2030.
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Figure 1. Location of Nhue-Day River basin.

2.2.2. Calculation methods

The calculation formulas for GHG emissions from domestic wastewater are based upon
Vietnamese and international documents on GHG inventory of waste and wastewater
[8,9,10]. The main formulas are applied in this study as:

Determine the total organic content in wastewater

The total organic content in waste water is determined by the formula:

TOW;=P x BOD x I x 365 (1)

where TOW; is the total organic content in the wastewater (kg BOD/year); P is

Population in inventory year (person); BOD is the BOD city—specific per capita BOD in
inventory year (g BOD/person/day); I is the correction factor; i is the population group.

The amount of BOD generated per capita in domestic wastewater is taken according to
the prescribed value of 35 g/person/day [11].

Determine the emission factor

The emission factor is calculated for each treatment method according to the formula:

EF;=Bo x MCF; x Ui x Tj (2)

where EF;is the mission factor (kg CHs/kg BOD); B, is the maximum CHj4 producing

capacity (kg CHa/kg BOD): 0.6; MCF;j is the CH4 correction factor (fraction); Ui is the

fraction of population group i in inventory year; Tj is the degree of utilization (ratio) of

treatment/discharge pathway or system, j, for each population group fraction i in inventory
year; i is the population group; j is each treatment/discharge system.

Determine the total CH4 emissions

The total CH4 emissions are determined by the following formula [8]:
CHs=Yi[(TOW;-S;) x EFi —Ri] x 1073 3)
where CHy is total CH4 emissions (ton/year); TOW; is total CH4 emissions (ton/year); Si
is the organic component removed as sludge (kg BOD /year); EF;is the emission factor (kg
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CHu4/kg BOD); R; is the amount of CH4 recovered (kg CHas/year); i is the population groups
are urban and rural. The wastewater treatment and handling system is classified as septic
tanks, toilets, with/without drainage systems).
2.2. Research subjects

Basic parameters for calculation

The calculation parameters to determine CHs4 generated from domestic wastewater
collected from the published papers verified by the Scientific Councils.

Table 2. Urban and rural population of provinces in Nhue—Day River basin in 2019 [7].

Province Population Urban Rural
(people) Number of people Number of people
Hoa Binh 854,131 134,081 720,050
Hanoi 8,053,663 3,962,310 4,091,353
Ha Nam 811,126 68,466 742,660
Ninh Binh 1,780,393 339,019 1,514,093
Nam Dinh 982,487 206,524 775,963
Total 12,481,800 4,710,400 6,527,680

Based upon the average fertility rates according to the 2019 Local Statistical Yearbook,
the urban and rural populations in the Nhue—Day River basin are determined for the year of
2030.

Table 3. Urban and rural population of provinces in Nhue—Day River basin in 2030 [7].

. Population Urban Rural
Province (people) Number of people Number of people
Hoa Binh 915,222 143,671 771,551
Hanoi 10,309,183 5,072,000 5,237,183
Ha Nam 892,217 75,311 816,906
Ninh Binh 1,483,079 332,000 1,482,747
Nam Dinh 1,097,324 230,663 866,661
Total 14,697,025 5,521,977 9,175,048

3. Results and discussions

3.1. Calculation on current level of methane greenhouse gas emissions from domestic
wastewater

3.1.1. Results of total organic content in domestic wastewater

a) Basic parameters for calculation

The calculation parameter of total organic content in domestic wastewater is based on
the guidance document on GHG inventory issued by the Intergovernmental Panel on
Climate Change (IPCC) in 2006 along with a number of recent studies on environmental
issues in the Nhue—Day River basin.

Table 4. Basic parameters for emission calculation [8].

Parameter Value
I — Correction factor = 1,25: For industrial and domestic
wastewater.
= 1: For domestic wastewater.
BOD g/peson/day (assumption of moderate emissions) 35
Level of wastewater treatment Tkj (%)
— Septic tank 20

— Drainage drainage (Discharge into rivers, lakes and 10
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Parameter Value
surrounding area)
— Centralized wastewater treatment plants (by aerobic 50
technology)
— Other treatment methods (Other types of toilet) 20

The average percentage of people using a septic toilet in the Nhue—Day River basin
accounts for 82% of the total population at 7,779,136 people [7]. Besides, the average rate
of people using other types of toilets accounts for 10%, corresponding to 1,450,192 people.
The average percentage of the population not applying any domestic wastewater treatment
system is 8% at 2,008,752 people.

Accordingly, the centralized wastewater treatment plant (CWTP) using aerobic
technology in the Nhue—Day River basin currently handle about 7.73% (875.7x10° m3/day)
of the total amount of domestic wastewater (1,333.4x103 m3/day) [5,7]. Thus, it is estimated
that the CWTP using aerobic technology for approximately 964,843 people and the amount
of wastewater at about 11,516,957 people in the basin is not discharged into the wastewater
treatment system (Table 5).

Table 5. Population rate according to the current treatment plan [7].

Urban Rural
Type of treatment method Rate (%) Number Rate (%) Number Total
Value Average ofpeople Value Average ofpeople of people
range value range value
Hygienic toilets in provinces 78-95 92 4,333,568 68-78 75 4,895,760 9,229,328
Average septic tanks in the 75-85 82 3,862,528  55-62 60 3,916,608 7,779,136
provinces of the river basin (%)
Population using other toilets 7-12 10 471,040 10-17 15 979,152 1,450,192
Population does not apply any 5-9 8 376,832 21-28 25 1,631,920 2,008,752
treatment methods for domestic
wastewater
Estimated  population  has 7.73 964,843 964,843
domestic wastewater treated in
centralized wastewater
treatment plants (CWTP) by
aerobic technology
Estimated  population  has 11,516,957

untreated domestic wastewater
in CWTP

b) Calculation results

The calculation results in the Nhue—Day River basin show that:
— Total organic content generated in case of no domestic wastewater treatment system
is 25,661,806,8 kg BOD/year.
— The total organic content generated in case of domestic wastewater treatment is
130,230,534,2 kg BOD/year as:
+ Derived from the concentrated wastewater treatment plant (CWTP) is 12,325,869 kg

BOD/year.

+ Derived from the septic tank system (ST) is 99,378,462.4 kg BOD/year

+ Derived from other types of toilet (T): 18,526,202,8 kg BOD/year.

— The total organic content generated in both cases without and with wastewater
treatment system in the Nhue—Day River basin is 155,892,341 kg BOD/year.

TOWIi (no treatment) = 2,008,752 people x 35 g/person/day x 1 x 365 days

=25,661,806.8 kg BOD/year
TOWi (CWTP) = 964,843 people x 35 g/person/day x 1 x 365 days

= 12,325,869 kg BOD/year
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TOWi (ST) = 7,779,136 people x 35 g/person/day x 1 x 365 days
=99,378,462.4 kg BOD/year
TOWi (T) = 1,450,192 people x 35 g/person/day x 1 x 365 days
=18,526,202.8 kg BOD/year

3.1.2. Calculation results of emission factors

a) Basic parameters for calculation
The CH4 emission factor is calculated based upon specific treatment cases in the Day—
Nhue River basin (Tables 6 and 7).

Table 6. Correction coefficient of CH4 (MCF;j) for domestic wastewater [9].

Case CHa value
No treatment method
— No treatment for domestic wastewater 0.1 0-0.2
Treatment method
Centralized wastewater treatment plants by aerobic technology — 0 0-0.1
Good management
Centralized wastewater treatment plants by aerobic technology — 0.3 0.2-0.4
Mismanagement
Septic tanks 0.5 0.5
Other types of toilets 0.7 0.7-1.0

Table 7. Basic parameters for emission calculation [11].

Parameter

Amount of CH4 recovered (kg CHa/year) Since the sludge treatment is currently only carried out in
wastewater treatment plants at a very low rate, this value
thereby could be ignored.

Ri-Amount of CHs recovered (kg Since there is no mandatory regulation to recover CH4 gas

CHu/year) during the sludge treatment, this value is 0.

b) Calculation results
The results indicate that the CH4 emission factor in case of not applying any measures
for domestic wastewater treatment is 12,052.51 kg CH4/kg total BOD.
The CH4 emission factor for domestic wastewater treatment system at a concentrated
wastewater treatment plant (by aerobic technology) is 86,835.87 kg CHa/kg total BOD.
The CH4 emission factor in case of using a septic tank is 466,748.16 kg CHa/kg total
BOD, and is 121,816.13 kg CHa/kg total BOD for other toilets.
Thus, the total CH4 emission factor for all cases with and without treatment measures is
687,452.67 kg CHa/kg total BOD.
EF ; (no treatment) = 0.6 kg CHs/kg BOD x 0.1 x 2,008,752 people x 10%
=12,052.51 kg CHa/kg total BOD
EF; (CWTP) =0.6 kg CHs/kg BOD x 0.3 x 964,843 people x 50%
= 86,835.87 kg CH4/kg total BOD
EF; (ST) = 0.6 kg CHs/kg BOD x 0.5 x 7,779,136 people x 20%
=466,748.16 kg CH4/kg total BOD
EF; (T)=0.6 kg CHs/kg BODx 0.7 x 1,450,192 people x 20%
=121,816.13 kg CH4/kg total BOD

3.1.3. Calculation results of total CH4 emission

a) Basic parameters for calculation

The basic parameter for the identification of total CH4 emission is based upon the
calculation from:
— Total organic content in domestic wastewater;

14
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— Emission factors.

b) Calculation results

CHj (no treatment) = 25,661,806.8 kg BOD/year x 1,205.251 kg CHu/kg total BOD x 10~
=30,928,918 tons CHas/year

CH4 (CWTP) = 12,325,869 kg BOD/year x 86,835.87 kg CHa/kg total BOD x 1073
=1,070,327,558 tons CHas/year

CHa4 (ST) = 99,378,462.4 kg BOD/year x 466,748.16 kg CHa4/kg total BOD x 1073
=46,384,714,469 tons CHs/year

CHj4 (T) = 18,526,202.8 kg BOD/year x 121,816.128 kg CHa/kg total BOD x 103
=2,256,790,292 tons CHas/year

Therefore, the total CH4 emission from domestic wastewater in the Nhue—Day River
basin is 49,742,761,237 tons CHa4/year corresponding to 49,742,761.24 Gg CHy/year.

Table 8. Results of total organic value, correction coefficient and total CH4 emission in domestic
wastewater in the Nhue—Day River basin in 2019.

Total organic cogf(;il;lizgt:(ng Total CH4
Treatment method Symbol content (kg CHJ/ k tOt:ll emission
(kg BOD/year) '8 Bz)D;; (ton CHa/year)
No Discharge = wastewater No 25,661,806.8 1,205.251 30,928,918

treament  into the surrounding area  treatment

method  (river, lake, etc.)
Centralized wastewater CWTP 12,325,869 86,835.87 1,070,327,558
treatment plants  (by
aerobic technology)

Septic tank system ST 99,378,462.4 466,748.16 46,384,714,469
Treament Other treatment methods T 18,526,202.8 121,816.128 2,256,790,292
method  (Other types of toilets)
Total treatment measures 130,230,534.2 675,400.16 49,711,832,319
Total 155,892,341 676.605.41 49,742,761,237
Total CH, emission in 2019
30.00 46.28
g 4000
Ezn.uu
=
5 2000
& 1000 e o7 g
0.00
Mo treatment CWTE 3T T
Treatment meassure

Figure 2. Total CH4 emission in the Nhue—-Day River basin in 2019.

Table 8 and Figure 1 show the calculation results of total organic content, the
correction coefficient and total CH4 emission in domestic wastewater in the Nhue—Day
River basin such as:

— Total organic content: 155,892,341 kg BOD/year.

— Correction coefficient: 676,605.41 kg CHa/kg total BOD.

— The total emissions are 49,742,761,237 tons CHas/year -corresponding to
49,742,761.24 Gg CHa/year. CHs greenhouse gas mainly comes from the anaerobic
decomposition of domestic wastewater in septic tanks and other types of toilets.
Specifically, CHs gas generated from anaerobic decomposition (septic tank systems and
other toilets) accounts for 97.85% (equivalent to 48,641,504,761 kg CHa4/kg total BOD)



VN J. Hydrometeorol. 2021, 7, 9-19; doi:10.36335/VNJHM.2021(7).9-19

compared to total amount of emissions in case of applying treatment measures
(corresponding to 49,711,832,319 kg CH4/kg total BOD).

3.2. Calculation on the level of methane greenhouse gas emissions from domestic
wastewater in 2030

3.2.1. Results of total organic content in domestic wastewater

Pursuant to the Decision 681/QD-TTg on the Planning of drainage and wastewater
treatment systems for residential and industrial areas in the Nhue—Day River basin to 2030
and the plan of the Hanoi People's Committee on environmental protection in Nhue—-Day
River basin until 2020, the CWTP by aerobic technology in the Nhue—Day River basin will
be able to handle about 43% by 2030 (from 875.7 x 10° m?/day at present to 1,182.5 x 10°
m>/day according to Decision 681/QD-TTg) [12]. Therefore, it is estimated that the CWTP
with aerobic technology for about 6,319,721 people in the basin and the amount of
wastewater is not discharged into the wastewater treatment system at approximately
8,377,304 people. Additionally, the average proportion of people using a septic toilet
account for 92% of total population in the Nhue—Day River basin at 13,521,263 people. The
average rate of people using other types of toilets accounts for 8% corresponding to
1,175,762 people. Besides, there are no households that do not apply any measures of
domestic wastewater treatment by 2030.

Table 9. Population rate according to the treatment plan in 2030.

Urban Rural
Type of treatment method Average Number of Average Number of Total
value people value people of people
(%) (%)
Hygienic toilets in provinces 100 5,521,977 90 8,257,543 13,779,520
Average septic tanks in the provinces 92 8,080,219 70 6,422,534 14,502,753
of the river basin (%)
Population using other toilets 8 441,758 20 1,835,010 2,276,768
Population does not apply any 0 0 10 917,505 917,505
treatment methods for domestic
wastewater
Estimated population has domestic 43 6,319,721
wastewater treated in centralized
wastewater treatment plants (CWTP)
by aerobic technology
Estimated population has untreated 8,377,304

domestic wastewater in CWTP

Calculation results
TOWIi (no treatment) = 917,505 people x 35 g/person/day x 1 x 365 days
=11,721,126.38 kg BOD/year
TOWi (CWTP) = 6,319,721 people x 35 g/person/day x 1 x 365 days
= 80,734,435.78 kg BOD/ year
TOWi (ST) = 14,502,753 people x 35 g/person/day x 1 x 365 days
=185,272,669.58 kg BOD/year
TOWi (T) = 2,276,768 people x 35 g/person/day x 1 x 365 days
=29,085,711.2 kg BOD/year
— Total organic content generated in case of no domestic wastewater treatment system
is 11,721,126.38 kg BOD/year.
— Total organic content generated in case of domestic wastewater treatment system is
295,092,816.56 kg BOD/year as:
+ Derived from the concentrated wastewater treatment plant (CWTP) is 80,734,435.78
kg BOD/year.
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+ Derived from the septic tank system (ST) is 185,272,669.58 kg BOD/year.
+ Derived from other types of toilet (T) is 29,085,711.2 kg BOD/year.
— The total organic content generated in both cases without and with wastewater
treatment system in the Nhue—Day River basin is 306,813,942.94 kg BOD/year.

3.2.2. Calculation results of emission factors

Calculation results
The results indicate that the CH4 emission factor in case of not applying any measures
for domestic wastewater treatment is 5,505.03 kg CHa4/kg total BOD.
The CH4 emission factor for domestic wastewater treatment system at a CWTP (by
aerobic technology) is 568,774.89 kg CHa/kg total BOD.
The CH4 emission factor in case of using a septic tank is 870,165.18 kg CHa/kg total
BOD, and is 191,248.51 kg CHa4/kg total BOD for other toilets.
Thus, the total CH4 emission factor for all cases with and without treatment measures
is: 1,635,639.61 kg CHa/kg total BOD.
E; (no treatment) = 0.6 kg CHs/kg BOD x 0.1 x 917,505 people x 10%
=5,505.03 kg CHy/kg total BOD
E; (CWTP) = 0.6 kg CHs/kg BODx 0.3 x 6,319,721 people x 50%
=568,774.89 kg CHs/kg total BOD
E; (ST)=0.6 kg CH4/ kg BODx 0.5 x 14,502,753 people x 20%
= 870,165.18 kg CHa/kg total BOD
EF; (T)=0.6 kg CHs+/kg BODx 0.7 x 2,276,768 people x 20%
=191,248.51 kg CHa/kg total BOD

3.2.3. Calculation results of total CH4 emission
a) Basic parameters for calculation

The basic parameter for the identification of total CH4 emission is based upon the
calculation from:

— Total organic content in domestic wastewater;

— Emission factors.

b) Calculation results

CHj (no treatment) = 11,721,126.38 kg BOD/year x 5,505.03 kg CHa/kg total BOD x 1073
= 64,525,152 tons CHas/year
CH4 (CWTP) = 80,734,435.78 kg BOD/year x 568,774.89 kg CHa4/kg total BOD x 103
=45,919,719,830 tons CH4/year
CHs4 (ST) = 185,272,669.58 kg BOD/year x 870,165.18 kg CHa/kg total BOD x 103
=161,217,825,874 tons CHa/year
(T)=29,085,711.2 kg BOD/year x 191,248.51 kg CHa4/kg total BOD x 103
=5,562,598,930 tons CHa/year
Therefore, the total CH4 emission from domestic wastewater in the Nhue—Day River
basin is 212,764,669,786 tons CHa/year corresponding to 212,764,669.79 Gg CHa/year.

Table 10. Results of total organic value, correction coefficient and total CH4 emission in domestic
wastewater in the Nhue—Day River basin in 2030.

Total organic Corr:ectlon Total CH4
coefficient CHy ..
Treatment method Symbol content (kg CHy/kg emission
4
(kg BOD/year) total BOD) (ton CHq/year)
No Discharge wastewater into No 11,721,126.38 5,505.03 64,525,152

treament the surrounding area (river, treatment
method  lake, etc.)
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Total organic Corr:ectlon Total CH4
coefficient CH4 ..
Treatment method Symbol content (kg CHu/kg emission
4
(kg BOD/year) total BOD) (ton CHu/year)

Centralized wastewater CWTP 80,734,435.78 568,774.89 45,919,719,830

treatment  plants  (by

aerobic technology)

Septic tank system ST 185,272,669.58 870,165.18 161,217,825,874
Treamen Other treatment methods T 29,085,711.2 191,248.51 5,562,598,930
t method  (Other types of toilets)

Total treatment measures 295,092,816.56 1,630,188.58 212,700,144,634

Total 1,635,693.61 212,764,669,786
Total CH, emission in 2030
20000
161.22
-
2 15000
)
E 10000
=
é 4592
2 5000
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ooo
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Figure 3. Total CH4 emission in the Nhue—-Day River basin in 2030.

Table 10 and Figure 2 describe that the calculation results of total organic content, the
correction coefficient and total CH4 emission in domestic wastewater in the Nhue—Day
River basin by 2030 as:

— Total organic content: 306,813,942.94 kg BOD/year.

— Correction coefficient: 1,635,693.61 kg CHa/kg total BOD.

— The total emissions are 212,764,669,786 tons CHa/year corresponding to
212,764,669.79 Gg CHas/year. CHs4 greenhouse gas mainly comes from the anaerobic
decomposition of domestic wastewater in septic tanks and other types of toilets.
Specifically, CHs4 gas generated from anaerobic decomposition (septic tank systems and
other toilets) accounts for 78.41% (equivalent to 166,780,424,804 kg CHas/kg total BOD)
compared to total amount of emissions in case of applying treatment measures
(corresponding to 212,700,144,634 kg CHa/kg total BOD).

4. Conclusion

The study has indicated that the total amount of gas emissions from domestic
wastewater reach at 52,850,201.55 Gg CHu/year in 2019 and 212,764,669.79 Gg CHa/year
by 2030. CH4 greenhouse gas mainly comes from the application of anaerobic treatment
measures for domestic wastewater. In 2019, the total emissions are 49,742,761.24 Gg
CHy/year. Specifically, CH4 gas generated from anaerobic digestion (septic tank systems
and other types of toilets) accounts for 97.85% of the total emissions in case of applying
treatment measures. In 2030, CH4 gas from anaerobic decomposition only remains at 78.41%
of the total emissions when applying the measures; meanwhile aerobic treatment efficiency
in plants has increased from 7.73% in 2019 to 43% by 2030.

Accordingly, among with the requirement on waste management to limit the GHG
generation through anaerobic measures, it is necessary to encourage the use of
environmentally friendly technologies in centralized wastewater treatment plants [13]. The
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study proposes that, when the operational efficiency of waste treatment technologies is
considered, it should take into account the level of GHG generation besides the factors of
wastewater treatment efficiency [14]. Moreover, it is necessary to have further specific
studies on other GHG emissions in the Nhue—Day River basin.
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Abstract: The study presents the results of the assessment of land use change in the period
2014-2019 in Chu Pah district, Gia Lai province and proposed solutions. The research used
the methods including data collection, spatial analysis, stakeholder and expert analysis.
Remote sensing imagery (Google Earth) is employed to interpret, and the conducted field
survey to verify in 14 communes and towns in order to create the current map of land use
with high accuracy. For instance, the group of agricultural land changes the largest with the
conversion of annual crop land into perennial crops. The area of residential land increases
due to the increasing demand of residential land and the population growth. In addition, the
group of unused land decreased relatively high mainly to meet the needs of cultivation and
afforestation. The negative impacts of climate change also contribute to change the purpose
and status of land resources in Chu Pah district. The results are meaningful in providing
database for establishing land use status quo map and making decisions on sustainable
socio—economic development.

Keywords: Land use change; Land management; Climate change; Google Earth; Remote
sensing.

1. Introduction

Studying land use change is to clarify changes and use land resources effectively in
specific areas using modern technologies such as remote sensing and geographic information
systems [1-3]. Many studies showed that land cover change is an important factor in
environmental change. Therefore, research on land use change is considered by scientists and
managers to analyze the causes. In fact, there are many methods of determining the process
of land use changes such as applying experimental models to assess changes in land cover
by remote sensing [3—6]. However, this approach is unsuccessful in explaining human
behavior leading to land use change. According to another approach, spatial modeling can be
used to determine the process of land use changes based on the Google Earth satellite images
[7-9]. Advantages of using Google Earth can provide high spatial resolution satellite
imagery. Google Earth provides images at different times and is therefore very useful in the
process of urban planning development and in determining land use and land cover changes.
High resolution Google Earth satellite imagery can observe visual objects such as residential
areas, construction works, transport systems, water surface, etc. to integrate into GIS to create
the current land use map [9]. These changes will then be used to assess impacts related to
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policy and other factors. In addition, statistical analysis method is a useful tool due to the
ability to test hypotheses, rank factors, test hypothesis rigor. However, the process requires a
combination of spatial, temporal and analytical data, so there are still obstacles and
challenges to achieving the accuracy results [10].

Chu Pah district is an important gateway in the northern economic corridor of Gia Lai
province and Pleiku city. Chu Pah is located in an important position and has exchange
advantages to promote local socio—economic development [11]. Meanwhile, the process of
economic development and urbanization has caused many problems in the management and
use of land resources such as degradation, inappropriate use of resources, and land disputes
[12]. According to the scenarios of climate change and sea level rise for Vietnam, compared
with the period of time 1980-1999, the average temperature will be increased around 2 to
3°C at the end of this century [13]. Also, with the current negative impacts of climate change
in the Central Highlands region is significant. Land use change is a research process related
to the way people use land. It alters the availability of various resources including vegetation,
soil, and water. Water resources management could be affected by land—use change such as
the amount of evapotranspiration, groundwater infiltration and overland runoff [14]. In
addition, climate patterns, natural hazards also could be affected negatively on a global and
local scale [15]. Climate change is the change of the climate system such as hydrosphere,
biosphere and lithosphere by natural and artificial causes. According to research [16] showed
that the impacts of climate change have changed agricultural activities. Similarly, the
research showed that many areas of Gia Lai province are affected by variations in
temperature, precipitation, and extreme weather events such as droughts and floods. In
agriculture, there should be many synchronous solutions, in which the change of crop
structure needs to be suitable with the weather conditions of the area [17]. There is an urgent
problem to be addressed in the state management of land resources.

Therefore, it is important to assess land use change and propose solutions for effective
land use and management, providing detailed and accurate information for policy making.
At the same time, the results also support the management of rational and efficient use of
land resources, meeting the use demands of economic, cultural and security and defense
sectors.

2. Methods

2.1. Study area

Located in the north of Gia Lai province, Chu Pah district has a natural area of 97,457.68
ha, bordering Kon Tum province in the North; Dak Doa district in the East; [a Grai district
in the west; Pleiku city and Ia Grai district in the south. Climate characteristics of Chu Pah
district are characterized by the Central Highlands, the humid tropical climate of the south
Vietnamese monsoon, there is a distinct difference and contrast between the two seasons.
The dry season is from November to April each year with low rainfall, and the rainy season
is hot, humid, and rainy, from May to October.

2.2. Methods

2.2.1. Secondary data collection

This method is used to collect data and documents including topographic and
hydrological maps [18]; Report on the results of the review and adjustment of 3 forest types
in Gia Lai province to 2025 and a vision to 2030 and other relevant documents on
administrative boundaries [11].
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2.2.2. Mapping and spatial analysis

To analyze and determine the spatial change of land use categories in the period 2014—
2019, the study used MicroStation V8i software to establish and edit maps based on Google
Earth satellite images (Landsat 8, 30x30 m). In addition, the area of land units are calculated
by automatic topol ing TK Desktop software Version 3.6.

b S Ly =g

Il

Q_

The status quo map 2019

'

2019

Figure 1. Mapping and status quo map.

For Google Earth satellite image data (*.TIF), the study used as of 2014 and 2019
(Google Earth Engine: A planetary—scale platform for Earth science data & analysis. URL:
https://earthengine.google.com), then converted the WGS84 satellite image coordinates to
the VN2000 standard map coordinate system. This study used the coordinate transformation
between world geodetic system (WGS84) and Vietnam geodetic system (VN2000) for
calculating process [19]. The formula converts the pixel’s x-coordinate to the longitude and
the y-coordinate of a pixel to latitude, using equations (1) and (2), respectively.

longitude 1
x=| 27| 14208 || gy Z 057 1 Lo
{ [ 180 H()y o

1+sin latitudel
180

1—sin| latitude .
180

In which, x is pixel’s x-coordinate to the longitude; y is the y-coordinate of a pixel to
latitude; and z is ellipsoidal height. After downloading and merging Google Earth images
with Universals Map Downloader version 9.10 software. Google Earth images will be
referenced to the MicroStation V8i software using manual image interpretation method based
on the satellite image interpretation keypad. Specifically, in order to perform the satellite
imagery interpretation process, the study establishes image interpretation patterns and is
described in Table 1. These image interpretation patterns are consistent and followed as land
management standards.

2

Table 1. Google Earth imagery interpretation.

Objective Pattern Color Size Shape Topographic
Perennial Dark blue, Large, very .
crops . black Large large cluster Flat or sloping

[ . .
Stream and ‘ I Brlght,.mﬂky Unstable Meandering Lowlands, valleys
river i white
Residential | S Rectangular, Flat land, small

: Green gray Small

land square slope
Aquaculture Blue Small Rectangular, Flat, sunken
land square
Paddy land Green Unstable Polygons, Low-lying,

plots

riverine
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Objective Pattern Color Size Shape Topographic
Transport land Greyish Unstable Linear form Flat, sloping land
Forest land Black blue Very large Very large Hilly

cluster
. Cluster, round
Water surface Dark green Medium, large shape Lowlands, lower
Large, very

Unused land Red gray Medium, large Hilly, large slope

large cluster

2.2.3. Accuracy assessment

The method of accuracy assessment aims to confirm the accuracy and acceptance of the
satellite image interpretation [20-21]. In order to assess reliability, the study conducted field
survey and recorded GPS location, and create a matrice to calculate Overall Accuracy and
Kappa (K), which is to verify the results of satellite image interpretation [21-22]. Kappa can
be used in accuracy assessment and determine the values of error matrix. Kappa is computed

as equation (3).
K = NZ; Xii _Z:] (Xi+ * X+i) 3)
N _Z=1(Xii *X+i)
where r is the number of rows of the matrix; xi; is the number of observations of row and
column i; xi+ and x+; are respectively the marginal totals of row and column i; and N is the
total number of observations [22]. In this study, the field survey took 123 random samples of
target groups (Figure 2) including perennial crop land (15 samples), stream and river land (9
samples), residential land (9 samples), aquaculture land (12 samples), paddy land (21
samples), transportation land (12 samples), forestry land (15 samples), water surface land (9
samples), and unused land (12 samples). The results of the calculation comparing the satellite
image interpretation and the control samples are the basis for evaluating accuracy of the
study.

2.2.4. Stakeholder and expert analysis

To clarify the level of stakeholders' involvement in the process of implementing the
research to propose land resource use and management solutions, the study determines the
approaches for the cooperation and participation of stakeholders [23-24]. After collecting
secondary data, a list of stakeholders is fully listed. Following the semi—structured interview
method with staff, leaders involved in managing land use change. Next, potential
stakeholders were identified, and then conducted semi—structured interviews of experts. A
final list of stakeholders is used to classify. Based on the stakeholder power—interest matrix,
the stakeholders were subsequently divided into four basic groups including Keep informed,
Maintain interest, Active consultation, Key players. After classifying stakeholders, it is
important to decide how to involve the stakeholders. Stakeholder analysis clarified the roles
and functions and interactions between the parties. This method is significant in making the
appropriate solutions recommendation [25-26]. In addition, to solidify the basis of proposing
solutions for effective land for resource use management, the research conducted an expert
interview based on the Likert scale [27]. Accordingly, the group of experts is explored and
will evaluate the score of choosing the solutions based on professional knowledge and
experience. Thus, the making solutions are proposed based on the methodological framework
and is shown in Figure 3.
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Figure 3. Methodological framework.

2.2.5. Statistical method

The data are calculated average (mean), standard deviation (SD) and analyzed using the

softwares of M. Excel 2013 and SPSS V.13.0 for Windows.
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3. Results and discussion

3.1. Land use change in Chu Pah district in the context of climate change

3.1.1. The current status of land use change

The use of satellite imagery (ie., Landsat 5, 7 and 8) from Google Earth demonstrations
the effective application in processing and assessing changes in land resources [7] by the
spatial interpretation and analysis. In 2019, the area of natural land in Chu Pah district was
97,221.37 ha, lower than that in 2014 (97,457.68 ha) with the decline of 236.30 ha (Figures
5 and 6). The reason is due to the change of administrative boundaries between Gia Lai and
Kon Tum provinces, which was determined according to Resolution No. 113/NQ-CP [28].

3.1.2. Change of land use categories

In 2019, the results illustrate that agriculture land was 86,160.44 ha and witnessed an
increase of 1,085.22 ha (an average rise of 217.04 ha/year, corresponding to the rate of
0.25%/year) in the period 2014-2019 (Table 2). Obviously, the negative impact of climate
change has caused difficulties for human activities such as the poor, vulnerable communities
in rural areas [18, 29]. This is a hug reason lead to change of land use in developing countries
as Vietnam. The results found the highest increase is perennial crop land with 9,120.62 ha
from annual crop land and unused land in the communes of Ha Tay, la Khuol, Ia Mo Nong
and [a Ka. In addition, the area of forest land increases 1,224.21 ha due to the area of planted
forests in Ia Ly protection forest management unit (subdivision 215-Ia Kreng Commune)
and Bien Ho protection forest management unit (subdivision 253—Hoa Phu commune). The
current situation of rice land changes showed an increase of 329.30 ha due to the adjustment
of paddy land along rivers and streams for the effective management and use of land
resources in the communes of Ha Tay, Ia Khuol, and Ia Mo Nong. It can be seen that the
assessment of the current state of changes in agricultural land resources plays an important
role in proposing solutions to the effective management and use of local resources.

Table 2. Changes in agricultural land in the period 2014-2019.

Area (ha)
ID Land use categories 3019 2014 Cl(ll?:)ge (%l};etgr)
1 Paddy land 4,657.97 4,328.67 +329.30 +1.41
2 Annual crop land 13,440.22 21,990.47 -8,550.25 -12.72
3 Land for perennial crops 38,339.22 29,218.60 +9,120.62 +4.76
4 Forest land 29,541.67 29,391.35 +150.32 +0.04
5 Aquaculture land 150.28 115.28 +35.00 —-0.05
6 Other agricultural land 31.10 30.85 +0.25 +4.66
Total 86,160.44 85,075.22 +1,085.22 +0.25

Figure 4 shows the fluctuation of non—agricultural land group in the period 2014-2019
in Chu Pah district. Notably, residential land increased by 22.44 ha, corresponding to an
increase of 0.56%/year due to the needs of infrastructure development in the context of rapid
population growth. The results show similarities with previous studies on the causes of urban
expansion in the Central Highlands [30].
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Figure 4. Changes in agricultural land in the period 2014—2019.
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3.1.3. Evaluate the reliability

27

Evaluating the reliability of satellite imagery interpretation has an important role and
confirmed the acceptability levels [30-31]. During random field sampling, matrix studies
compute the accuracy level through Overall Accuracy and Kappa's index. Table 3 shows that
the accuracy level in the image classification process is high with the lowest rate
corresponding to 75.0% (for example: aquaculture land, unused land). In contrast, the groups
such as residential land, transportation, rivers and streams have very high accuracy.
Normally, the accuracy of over 75.0% Google Earth satellite image interpretation is
satisfactory and acceptable. In this study, the Overall Accuracy was 87.8% and Kappa index
was 86.3% represents high reliability. Thus, the results of the study showed that the Overall
Accuracy in the process of creating land use maps of Chu Pah district and the Kappa index
is acceptable. It can be seen that the imagery interpretation process to assess land use change
in Chu Pah district is effective and meets the criteria of imagery classification.

Table 3. Matrix of accuracy evaluation after imagery classification.

Field—proven by GPS

. Perennial Rivers, Residen Aquacul Paddy Trans Forest Water Unused
Land classify  crops . ture port Sum
streams tial land land land surface land
land land land

Perennial crops 12 0 0 0 3 0 0 0 0 15
land

Rivers, streams 0 9 0 0 0 0 0 0 0 9
Residential land 0 0 18 0 0 0 3 0 0 21
Aquaculture land 0 0 0 6 0 0 0 0 0 6
Paddy land 0 0 0 0 18 0 0 0 3 21
Transport land 0 0 0 0 0 12 0 0 0 12
Forests land 3 0 0 0 0 0 12 0 0 15
Water surface 0 0 0 3 0 0 0 9 0 12
Unused land 0 0 0 3 0 0 0 0 9 12
Sum 15 9 18 12 21 12 15 9 12 123

3.2. Analyze stakeholders and propose effective management solutions

Stakeholder analysis is a useful tool based on a coordinated and supportive approach to
sustainable land resource management [32—33]. In this study, the matrix would examines the
interest and influence with 3 levels (low—medium—high), which are classified into 4 groups

(Figure 7).
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Figure 7. Matrix of stakeholder analysis.
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The process of analyzing stakeholders specifically classifies: (i) The group of key
stakeholders that are direct participants (high level of importance and influence) includes:
The Division of Natural Resources and Environment is a specialized agency to advise and
assist the Chu Pah District People's Committee in performing the state management function
in the field of natural resources and environment; At the commune level, cadastral and
environmental officers are responsible for advising and performing tasks to assist the
communal People's Committee to organize the implementation in the fields of land use
management, environmental resources, construction, urban, transport, agriculture; (i1) A
group of stakeholders that requires proactive consultation (medium to high impact and low
to moderate interest) including the Department of Natural Resources and Environment to
advise and assist the Provincial People's Committee and coordinating with the Land Use
Right Registration Office at the provincial and district level); (iii) A group of stakeholders
that need to maintain an interest (medium to high level of interest, low influence) including
experts and professionals (consultants, expert advisors, policy); organizations related to land
use rights; and departments related to land resource management; (iv) A group of
stakeholders who should exchange information (low interest and low influence) including
residential communities, household business, and media.

On the other hand, based on the current situation as well as the analysis and grouping of
stakeholders, combine with expert survey in the context of climate change, the study
proposed some solutions for effective land use resource management in Chu Pah according
to the priority categories.

Table 4. Proposal on solutions for efficient management and use of land resources.

Code Recommended solution Values! Ranking

Develop and implement programs to support sustainable

GP1 livelihoods, stabilize life and economic development. 4.724+0.578 I
Strengthen inspection and supervision of the use of land

GP2 resources; strictly handle violations of approved land use  4.451+0.285 I
plannings.
Investment in the documents for land resource management

. . . . +0.

GPs such as cadastral mapping, certificate of land use rights. 4.037+0.963 m
Policy of improving unused land resources, improving the

GP4 efficiency of agricultural and forestry land exploitation to 3.83140.321 v

meet development needs in the sustainability and protection
of the ecological environment.
Notes: GPi-4: Solutions from 1 to 4. 'Values: Mean®SD of 5—point Likert scale.

In general, strengthening sustainable land use management should be aimed at using land
ecology efficiently [34], thereby contributing to reducing the global consequences in the
exploitation and use of land resources [35]. Survey results with priority order: developing
and implementing a sustainable livelihood support program > monitoring the implementation
of land use > developing documents for resource land management resource > improving
unused land resources and the efficiency of agricultural land exploitation. In which, the
average value of the expert assessment is to build and implement the sustainable livelihood
support program (GP1) with the highest result of 4.724 (SD = 0.578). Similarly, the solutions
of GP2, GP3, GP4 with the average values are 4.451 (SD = 0.285); 4.037 (SD = 0.963) and
3.831 (SD = 0.321) respectively. Therefore, it is recommended to pay attention to solutions
to improve the efficiency of agricultural and forestry land exploitation in order to meet the
needs of sustainable development and protection of the ecological environment.

4. Conclusions

The results of applying Google Earth satellite imagery interpretation approach to
establish land use maps help illustrate the distribution of land—use space in Chu Pah district.
The Overall Accuracy and Kappa index were respectively 87.8% and 86.3%, representing
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high reliability. From our study of the land use changes in Chu Pah district showed that the
conversion from annual crop land into perennial crop land was outstanding in the period
2014-2019. Analysis of the use of non—agricultural land groups can be seen that the
residential land area has increased significantly (22.44 ha) to serve the needs of transforming
economic development and responding to population growth. In addition, the negative impact
of climate change can be caused change of land use in developing countries. The negative
impact of climate change has been caused difficulties for human as well as agricultural
activities in Chu Pah district. The results also found that the cooperation and participation of
stakeholders is the foundation for effective management of land resources use on the basis of
accountability and coordination. In order to limit the situation of self—-conversion of land use
categories not according to planning the specialized agency should consider relevant
recommendations. However, limitations of the current study can be existed by the pixels in
the affected highland areas, which cannot be detected as well as other zones (e.g. plain areas).
The difference between this study and land inventory status quo might be occurred in the
small scope. In the future, we should be used the higher—resolution images to investigate
these changes.
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Abstract: Research on landfill gases (LFGs) collection mainly consisting of CHs and CO»
gases, is not only a solution to decrease environmental risks but also to utilize and generate an
alternative clean power source of coal. Many typical landfill cases in Vietnam, which install a
recovery system and remove captured CHs by the flaring methods, are able to contribute to
reducing significantly greenhouse gas (GHG) emissions with roughly 0.25 tCO>—eqg/tons being
equivalent to 7.8 million tons of CO>—eq/year. Furthermore, a wide range of LFG recovery
projects financed by the World Bank was conducted on 27 landfills in 19 cities of Vietnam,
which generated a potential of GHG emission reduction up to 1,116,068 tCO>—eq/year.
However, quantification of biogas emissions for each landfill as a basis in order to design and
construct a suitable recovery system always has to face many challenges. The purpose of this
study to propose an integrated system including a database combined with mathematical
models in a Web—based packaged software named EnLandFill to be able to accurately quantify
the emission load of GHGs and estimate electricity production generating from recovered
LFGs. On a case study of Tien Giang province, total maximum cumulative emissions of LFGs,
CHa, and CO», which is around 279 million m?, 145 million m?, and 134 million m3
respectively, have been forecasted in scenario 1 for the period of 2021-2030. Additionally, the
annual electricity generation potential is highest in scenario 2, estimating a total value of over
800 million kWh.

Keywords: Landfill; Munticipal Solid Waste; Methane; Models; Energy recovery potential.

1. Introduction

Recovery of CHs4 gas from municipal solid waste (MSW) landfills with the aim of
utilizing to generate biogas has been mentioned since the 70s of last century [1]. According
to the Intergovernmental Panel on Climate Change (IPCC), the recovery of CHa4 from landfills
is the key to reduce GHGs from landfill [2]. The European Union (EU) countries already
have regulations and strategies to encourage restrictions on landfill of biodegradable wastes,
increasing the utilization of waste to decrease LFG emissions [3-5]. Many EU directives and
IPCC guidelines have encouraged the use of energy from LFG [2, 6]. From there, the task of
evaluating the recovery efficiency of LFG (E%) is necessary, to estimate the maximum
recovery potential of CHy4 gas collection system [7], as well as to use the recovered gas
generating electricity and heat whilst contributing to GHG emissions reduction, bringing
about economic benefits [8]. The United States and many European countries have led the
remarkable achievements in creating energy from landfill biogas in the late 20" century [9].
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The problem of generating power source from MSW has attracted the attention of
organizations and researchers around the world [9]. In the US, MSW landfill-the 2™ largest
source of artificial CH4 emissions with an estimated 30 million tons of CO>—eq in 2006 [10].
Since 1994, the Landfill CH4 Outreach Program (called LMOP) has been launched by the US
EPA with the goal of reducing GHGs from landfills through the recovery and use of LFG as a
renewable energy source [ 1 1]. As of December 2007, an estimated 450 LFG (or LFGE) power
projects have been operated throughout the United States, producing approximately 1,380 MW
of electricity per year and providing about 235 million ft* of LFG/day to direct use [12].

In China, India, and some developed nations in ASEAN such as Thailand or Malaysia
almost have focused on mining the common benefits from LFG recovery projects. Many
facilities to accommodate LFG recovery have been built in the period of 2005-2010 [9]. In
India, [13] determined the CH4 emission load from landfills in Delhi, respectively 1,288.99
Gg; 311.18 Gg; 779.32 Gg in the period 1984-2015 and corresponding energy generating
potential reached 4.16x108 — 9.86x10% MJ for Ghazipur landfill; 2.08x10% — 4.06x10% MJ for
landfill Okhla and 3.42x108 — 8.11x10% MJ for landfill Bhalswa [13]. The research team in
Thailand evaluated the complex benefits of LFG energy recovery process for the Bang Kok
area [14]. Life—cycle assessment (LCA) method has been applied to determine the GHG
emission loads with a mitigation potential of 471,763 tCO>—eq over a 10—year LFG recovery
period, equivalent to 12% of the total CH4 gas is generated.

According to the assessment of experts’ Vietnam, if the recycling technologies are applied
well, the gas recovery systems can contribute to reducing GHG emissions up to about 0.68t
COy/ton of waste [15]. The World Bank—funded study forecasts 27 different landfills in the
whole of Vietnam that implement LFG recovery projects [16]. In case of flaring GHGs, the
potential reduction is about 1,116,068 tCO>—eq/year for the baseline landfill and 646,824
tCO2—eq/year for the new one. In the case of utilizing LFG to generate electricity, the total
potential for mitigation is estimated at 2,006,969 tCO>—eq/year. Particularly for My Tho City,
Tien Giang with the total potential to minimize is forecasted at around 53,083 tCO>—eq/year
[16]. In Hanoi, many given studies to recover and use LFG gas under the name of “Clean
Development Mechanism (CDM)” [ 1 7] has been implemented in Nam Son landfill in Soc Son
District and Tay Mo landfill in Tu Liem District. Baseline scenario results show that while
LFG is recovered through collection and flaring system, it will significantly reduce
environmental risks as well as contribute to GHG emissions reduction around 2,600,000
tCO>—eq in the period 2010 — 2017, an average of 373,696 tCO,—eq/year [17].

As a good example at Go Cat landfill, Ho Chi Minh City has efficiently deployed an LFG
recovery system with 21 vertically recovered wells [ 18]. Approximately 879,650 tons of LFG
[18] have been collected, generating a total electricity capacity of about 2.43 MW and annual
electricity output of 16 GWh [17]. Furthermore, two other CDM-based LFG collection projects
have aslo been conducted in Phuoc Hiep and Dong Thanh landfills [15]. At Nam Binh Duong
landfill since 2018, the power plant operating on recovered CH4 gas has been operated with a
total power supply capacity of 9.1 million kVA, by 2019 the total power supply has increased
to 11.4 million kVA [19].

This study is carried out towards the determination of GHG recovery potential, towards
the creation of renewable energy sources for local/national socio—economic goals. Selected
objects for specific calculation are the Tan Lap 1 landfill in Tien Giang province, computing
scenarios applying the EnLandFill Web—based software with consideration of LFG recovery
and utilization of power generation are performed. The simulating results are also validated by
monitoring data in order to evaluate the efficiency of the software. The specific study aims to
find the most practical solution to allow local/national governments to recover energy, control,
and reduce GHG emissions in the period of 2021-2030. Moreover, this research is also carried
out within the framework of a Scientific research project at the National University of Ho Chi
Minh City.
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2. Methods and data

2.1. Study area

Tien Giang is a province in the Mekong Delta region, one of eight provinces/cities in the
Southern Key Economic Region; within the range of coordinates from 10°12°20” to 10°35°26”
north latitude and from 105°49°07” to 106°48°06” east longitude. The whole province has a
natural area of about 2,510.61 km?, accounting for 0.76% of the country's area and accounting
for 6.2% of the entire Mekong Delta region [20]. Along with promoting socio—economic
development, environmental issues, especially activities MSW management and treatment are
being paid attention. The Department of Construction, together with the Department of Natural
Resources and Environment, are the two focal points for MSW management in the province.
Management has faced many challenges because most of them are open landfills, or landfill is
unhygienic and always overloaded [20]. Currently, there are 8 active landfills in Tien Giang
province, of which the Thanh Nhut landfill has only recently been operating, and 2 closed
landfill sites including the Tan Thuan Binh landfill in Cho Gao District and the Binh Phu landfill
in Cai Lay District [20].

Figure 1 presents a map of the study area, specifying the geographical location and the
scope of the waste treatment area in Tan Lap 1 landfill. The total existing area of landfill is
14.88 ha in Tan Phuoc District, Tien Giang province, operating since 1999 [20]. The current
landfill with an average treatment capacity of 340 tons/day, mainly treats waste by burial
methods [20].

MAP OF THE STUDY AREA IN THE TAN LAP 1 LANDFILL SITE ‘ A
(TAN PHUOC DISTRICT, TIEN GIANG PROVINCE)
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2.2. Research framework

The framework of this study is divided into six parts clearly. In particular, firstly, both
the potential CH4 generation capacity parameter (Lo, opix), m*/ton) and the optimal CHs4
generation rate coefficient (kopt, year™) is determined as the input data of models. Secondly,
the volume estimation of MSW (ton/year) is forecasted in the 2021-2030 period, which is
based on prediction levels of the population as well as population growth rate in the study
area and MSW generation potential rate. Thirdly, the annual LFG emission load (m?3/year or
ton/year) from the Tan Lap 1 landfill is also estimated in the same period using gathered data
of buried MSW volume (ton/year) from 1999 to 2020 combined with the MSW volume
predicting for the 2021-2030 period. Fourthly, a basis of LFG collection efficiency (E, %),
lower heating value of CHs4 (MJ/m?®), landfill peak coating oxidation coefficient (OX,%),
power generation efficiency (6, %), and power factor (e, %) are applied to assess the
electricity production potential from the recovery of LFGs in the Tan Lap 1 landfill. Fifthly,
the values of annual electricity production potential (kWh/year), the number of hours
operating power stations throughout the year (D, hours), and the number of days operating
power station in a year (y) is used to calculate expected capacity of the electricity generation
stations (MW) from the captured LFGs. Finally, the effective assessment of recovered LFG
usage as an alternative power source to traditional coal sources is performed through the
amount of CO; emission reduced in the future and the released GHGs emission mitigation
according to different computing scenarios based on the Global Warming Potential (GWP)
index.

The EnLandFill [21] software was selected to perform the first and third calculating
steps. The approach applying in EnLandfill has been widely used in many parts of the world
due to its simplicity and accuracy [22-24]. Additionally, this software has been automated
processing in the form of packaged multi-modules applicable to specific conditions of
Vietnam.

Building simulation scenarios, forecasting emission load of LFGs, consisting of total
LFG (TLFG), CH4, and CO:z in the period of 2021-2030 based on Decision No. 1635/Qb—
UBND dated 24/05/2019 of People's Committee of Tien Giang province about Solid Waste
Management Plan in Tien Giang province for the period 2011-2020, vision to 2030 [25].
Three detailed calculation scenarios are set up, including:

Scenario 1 (S1): All MSW generated from My Tho City, Cai Be Town and 04 districts
in the study area including: Cai Lay, Chau Thanh, Tan Phuoc and Cho Gao are collected,
partly transported, about 60% to 02 new treatment zones, the Eastern treatment area and the
Western treatment area in Binh Xuan commune, Go Cong Town and Thanh Hoa commune,
Tan Phuoc District, Tien Giang province. The remaining volume of solid waste, about 40%,
will be completely treated by burial method. In the period 2025-2030, a generation of
generated gas collection system will be arranged, efficiency of 75%, all collected gas will be
served for electricity generation;

Scenario 2 (S2): All 100% of MSW generated from My Tho City, Cai Be Town and 04
districts in the study area, Cai Lay, Chau Thanh, Tan Phuoc and Cho Gao is collected,
transported and processed completely by burial method. In the period of 2021-2030, a
generation gas collection system will be arranged with the collection efficiency of 75% for
the period from 2021-2025 and 90% for the period from 2026-2030; At the same time, all
collected gas will be served for electricity generation;

Scenario 3 (S3): All 100% of MSW generated from the whole study area is collected
and transported to landfill treatment about 85% of the volume and 15% of the volume treated
by combustion method. In the forecasting period of 2021-2030, a generation gas collection
system will be arranged with the collection efficiency of 75% for the period from 2021 to
2025 and 90% for the period from 2026-2030; At the same time, all collected gas will be
served for energy generation.
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Figure 2. Conceptual framework of the applied methodology in this study.

2.3. Models

2.3.1. EnLandFill software

The results of experimental calculation through iteration calculations using EnLandFill
software gave an estimated result of the potential coefficients of gas generation CH4 (L) and
the optimal gas rate constant (k) for research area. The Nash—Sutcliffe Statistical Index (NSE)
is used to assess the optimal level of the set of coefficients (Lo, k). Monitoring data of CH4
concentration was collected from reports of Tien Giang Department of Natural Resources
and Environment, which was measuring times at 9.00 am on 25/03/2018, 8.00 am on
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10/06/2018, at 11.00 am on 10/09/2018 and at 9.00 am on days 25/03/2019, 10/06/2019,
10/09/2019, 11/11/2019 at the TL1-TG monitoring position, Figure 1, are within the study
area [26-27]. The EnLandFill software has been developed and tested based on
meteorological data sets, mathematical models, and typical parameters with any landfill since
the year 2019, which is applied to estimate LFG emission from MSW landfills of many
Southern provinces [21].

2.3.2. Estimation of electricity generation potential from the recovered landfill gas

The electricity generation potential of MSW landfills depends on the total volume of
CHa recovered from LFG collection systems [23-24]. The FOD (First—-Order Decay) model
in the EnLandFill software can be used to determine LFG emissions for each year in this
research area. It should be noted that only a fraction of the CHs gas volume produced from
organic matter degradable processes in landfills is able to be captured for electricity
generation [24]. Therefore, the LFG recovery efficiency (E, %) assumed in the period of
2021-2030 is around 75% to 90% [25]. The total generated CHs4 gas volume from landfill
captured to produce energy can be estimated as (1):

n 1
CAPCH4Ywi = E X (1 - Om X Z z koptLO,()pt(x) |:1I/[1_O:|e kup‘ L X DCH4 ( 1 )

i=l j=0.1

The electricity generation potential, EP, (unit: kWh/year) from the total captured

FG,yeari
CHj4 gas volume estimated for each operating year can be obtained as (2) [9, 13]:

CAP, xLHV, xdxe

CH4Yea i

EPLFG,yeari = - o ()

where LHV,, is the Lower Heating Value (LHV) of CHa gas (unit: MJ/m?), and the
LHV,y, value is about from 35.0 MJ/m? to 37.2 MJ/m?3 [23, 28, 29]; & is the capacity factor of

the entire recovered CH4 combustion process to generate energy source, the common d value is
roughly 85% [23, 30]; € 1is the electricity generation efficiency of the gas turbine engine, and is
given a range of 30-35% [13, 31]; ¢ is the conversion factor from MJ to kWh, and ¢ value is
taken as 3.6 [23-24]. The energy plant size from captured CHs gas of landfill (LFGTEsize))
assuming it is able to operate throughout the year is calculated in kW or MW as (3) below [9,
23]

EP ,
LFGTE(Size) — LFG,yeari (3)
Dhr x y

where D, is the number of hours in a day (unit: hours), and v is the number of days that
power plant is worked in a year (unit: days).

2.3.3. Calculating the amount of coal replaced and CO; reduced from landfill gas

Type of coal and oil thermal power generation accounts for the largest proportion of 38%
with 20,056 MW of total power system capacity in Vietnam [32]. The proportion of imported
coal for electricity production tends to rise from 3.9% in 2016 to 65.6% in 2030 [32], which
is able to lead to financial risks, pressures on infrastructure costs and investment costs, along
with energy security, environmental risks and public health [33].

Electricity production from the recovered LFG is a type of fuel instead of coal sources,
thereby reducing the local dependence on imported coal as well as adding a clean energy
souce. The mass flow rate of coal (unit: kg/hour) used as a fuel that is replaced by the captured
CHy gas through an LFG collection system can be calculated as (4) follows [34-35]:
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_ EPLFG,yeari
Mey, = (4)
LHV,  xnx1
where EP_, ... 18 the electrical power generated from coal (unit: MJ/year); EP, .  .q 18

the electrical power produced from recovered LFG (unit: MJ/year); m,, is the mass flow
rate of coal consumed or equivalent instead (unit: kg/hour); LHV_ , is the Lower Heating

Value of coal (unit: MJ/kg); n is the boiler efficiency (unit: %), and tis the operating time
(unit: hour).

2.3.4. Assessment of GHGs emission reduction potential from MSW landfills

The MSW generation and treatment in landfills commonly including rapidly
biodegradable waste that increased significantly GHG emissions releasing into the atmosphere
[36], whilst LFG is mainly composed of CHs and CO> gases [37-39] contributing about 45—
60% and 40-60% respectively [40]. Both CH4 and CO- gases are the main GHGs because of
their capacity to trap solar energy [41].

The Global Warming Potential (or “GWP”) can be understood as a certain amount of
GHQG, released into the atmosphere causes a warming effect on the Earth [42] over a given
period of time (normally 100 years) [41, 43]. GWP is an index, with CO» gas having the
index value of 1, and the GWP for all other GHGs is the number of times more warming they
cause compared to CO; [41]. The GWP values used to convert the GHG emissions from
different unit to homogeneous unit called CO: equivalent or CO>—eq shown in Table 1 [42].
The GHG emissions can be compared directly through a calculation based on (5) follows [41,
43]:

EII]ISSIOHGHGLCOZ o = Bmission,; XGWP, . . (5)
where Emission g, co, o, 18 the emission of GHG 1 converted to the unit of CO2—eq;

Emission,g; is the emission of GHG i estimated in the unit of ton or kg, and GWP is

index,i

the Global Warming Potential of GHG i that can be referenced from Table 1 below.

Table 1. The GWP index values for CO, and CHy4 gases from the Report Assessment of IPCC.

GWP values for 100—year time horizon

Greenhouse Gas Second Third Fourth Fifth
(GHGs) Assessment Assessment Assessment Assessment
Report (AR2) Report (AR3) Report (AR4) Report (ARS)
Carbon Dioxide (CO,) 1 1 1 1
Methane (CHa) 21 23 25 28

To calculate the total value of GHG emission reduction potential generated from landfills
for each year based on the computing scenario plan having biogas recovery to produce power
generation can be shown in (6) [36, 44].

> REqicoyari = Qe XGWPy +Q'co,  xGWP,, (6)

where ZREGHGs,yeari is the total GHGs emission reduction potential of the year i (unit:
tCO2—eq/year); Q' and Q'c, s the emissions of CHs and CO: gases generated from
Yeari 2Yeari

landfill in the year i can be decreased; GWP,,; and GWP,, is the Global Warming Potential
(GWP) values of CHs4 and CO» gases.
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3. Results and discursion

3.1. Assessment of potential solid waste generation, 2021-2030

From the population data in 2019 [45] and the forecast of the average population growth
rate per year according to [46], the estimated results of population and generated solid waste
volume potential will be collected and treated in the period of 2021-2030 in the Tan Lap 1
landfill, based on the studies [47] calculated and shown in Table 2. At the same time, based on
[25], the rate of solid waste collected in the period from 2021-2025 in My Tho City, Cai Be
Town is Ppre = 90% and 4 other districts in the study area are Pyre = 85%; Then, in the period
from 20262030, the planned collection rate for the whole province will be Ppre = 100%.

Table 2. Prediction of population and MSW generation potential, in the period of 2021-2030.

Year Population, Unit: people Solid waste generation potential, Unit: ton
My Tho Cai Be Other My Tho Cai Be Other
City District Districts City District Districts

2021 230,340 295,601 716,738 82,023 105,262 241,047
2022 231,463 297,043 720,234 82,423 105,775 242,223
2023 232,593 298,492 723,747 82,825 106,291 243,404
2024 233,727 299,948 727,278 83,229 106,810 244,591
2025 234,466 300,896 729,575 83,492 107,147 245,364
2026 235,206 301,846 731,880 102,505 131,548 318,961
2027 235,949 302,800 734,193 102,829 131,963 319,968
2028 236,695 303,756 736,512 103,154 132,380 320,979
2029 237,443 304,716 738,839 103,480 132,798 321,993
2030 237,937 305,350 740,377 103,695 133,075 322,664
Total 2,345,818 3,010,448 7,299,372 929,654 1,193,049 2,821,195

The above results show that, MSW in the period 2021-2030 tends to increase
continuously as follows: (i) in the period of 2021-2025, the estimated total volume of
generated solid wastes collected and treated at the landfill is 2,161,905 tons (average 1,184.6
tons/day) and level (ii) in the period 2026-2030, the total volume of generated solid waste
that can be treated is 2,781,993 tons (average 1,524.4 tons/day). In which, the largest
generated solid waste is concentrated in Cai Be Town with a total volume of about 531,285
tons (average of 291.1 tons/day) according to the level (i) of the period 2021-2025 and about
661,764 tons (average 362.6 tons/day), according to the level (ii) of the period 2026-2030;
followed by in Chau Thanh District with a total volume of about 451,527 tons (average 247.4
tons/day) according to the level (i) of the period 2021-2025 and about 595,501 tons (average
326.3 tons/day) according to level (ii) of the period 2026-2030.

3.2. Assessment of greenhouse gas emission load

Assuming that the composition of buried solid waste at landfill is not much different, in
the period 1999-2020, from the composition of solid waste, the mass ratio (Wi, %) and fixed
carbon composition (DOC;, %) is shown in Table 3 and determined DOC, Lo values based
on studies [21, 44, 48].

Table 3. Synthesis of buried solid waste components of Tan Lap 1 landfill.

Solid waste component Wi, mean Range of DOC; DOC;, mean Wi * DOC;
(%) (%) (%)
Organic matter 77.53 20-50 38 0.294614
Paper 3.89 40-50 42 0.016338
Rubber 3.19 47 46 0.014674

Textiles 1.40 25-50 28 0.003920
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Solid waste component Wi, mean Range of DOCi DOC; mean Wi * DOC;
(%) (%) (%)
Nappies 0.17 44 — 80 58 0.000986
Garden and park waste 4.50 4555 48 0.021600
Metal 0.23 - - -
Glass 0.21 - - -
Ceramic and brick 2.14 - - -
Hazardous waste 0.06 - - -
Plastics 3.18 - - —
Other wastes 3.50 — — —
Total 100.00 - — 0.352132

Similarly, it is assumed that the composition of solid waste treated at landfill is little
different from year to year, continues to remain unchanged in the period 2021-2030.
Combined with parameters DOCr = 0.48; the correction coefficient for gas CHs, MCFran Lap1
= 0.6 [48], the F ratio of CH4 gas in the total generated gas is valued from 50-53%, the
optimal F is determined to be 52%. The results of estimating the potential value of CH4 gas
generation are from 106.137—112.505 m>/tons of solid waste with an optimal Lo op(x) value
of 110.3826 m?/tons of solid waste. The optimal input CHa (kopt) generated rate constant for
the LFG emission load forecasting model is determined by the experimental method based
on the initial range of k values. The result of running calculation iterations determines the
load, the concentration of the contagant at the measuring locations have been compared and
verified to have determined the optimal kop value for landfill is kopt = 0.23 year™!. Note that
the range of k values set in EnLandFill software for landfill is kmin = 0.17 [49].

Changes in the amount of generated solid waste collected and treated at Tan Lap 1 landfill
between 1999 and 2020

Cho Gao District | o | ] I
Tan Phuoc District I l
Chau Thanh District |> - | ,,,,,,,,,

Cai Lay District I | ,,,,,,, |

The research scope

Cai Be District |,, | ,,1

My Tho City } | ,i

10000 20000 30000 40000 50000 60000 70000
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Figure 3. The diagram of changes in the solid waste generation which was collected and treated in
the period of 1999-2020.

Based on the current data on the current volume of waste generated, collected and treated
in the period 1999-2020 (Figure 3), it is found that in 2020 the total volume of collected and
disposed urban MSW is estimated at 305,010.9 tons; in which the amount of solid waste
generated in Cai Be Town is the highest with the volume of 76,034.6 tons, followed by Chau
Thanh District and My Tho City with 64,569.4 tons and 52,190.5 tons respectively. The volume
of solid waste generated is lowest in Tan Phuoc District with only 14,944.7 tons. The total
volume of solid waste that has been buried and treated in the landfill in the period from 1999—
2020 is 5,273,628.8 tons with the total volume of solid waste treated in Cai Be Town being the
highest with 1,310,862.7 tons and the lowest is in Tan Phuoc District with 257,652.1 tons.
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3.2.1. Scenario 1 (S1)

Figure 4 shows the CH4, CO; and total landfill gas (TLFG) emissions load, from 2000—
2030 under scenario 1. Figures 4a and 4b show that emissions of CHa, CO,, TLFG gases tend
to increase significantly, specifically with optimal parameters Lo, opix) = 110.38 m?/tons solid
waste (with F = 52%) and kopt = 0.23 year ! determine the total accumulated CHs and CO> gas
loads are 435.3 million m? and 401.8 million m? respectively out of a total of 837.0 million m?
TLFG. In particular, the highest CH4 and CO2 emissions are in 2020 with a load value of 30.9
million m? CHa/year and 28.5 million m? of CO»/year with maximum TLFG emissions of 59.4
million m?/year. Compared with the results using the Kmin and kmax parameters with the
calculated parameter the optimal Lo, opt(x) did not change, it was found that the estimated result
had a significant difference. Specifically, the total accumulated CH4 gas load reaches 395.2
million m?/760.0 million m* of TLFG (Kmin case) and 512.0 million m3/984.7 million m? of
TLFG (kmax case). Meanwhile, for CO,, the total cumulative load reached 364.8 million
m?3/760.0 million m? TLFG (in case of kmin) and 472.6 million m?/984.7 million m* TLFG (in
the case of Kmax).

The values of methane emissions in total LFGs simulated by Scenario 1
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Figure 4. Emission load values of CHy4 (a) & CO: (b) according to scenario 1 in the period of 2000-2030.

In the period 2021-2030, GHG emissions tend to decrease significantly, especially in
the period 2021-2025. Specifically, from 2021 to 2025 with optimal parameters Lo, opt (x)and
Kopt identified the total cumulative load of CH4 and CO; gases is 118.4 million m3/227.7
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million m? of TLFG and 109.3 million m?/227.7 million m? of TLFG, respectively. In the
period 2025-2030, GHG emissions tend to be stable, with little variation when landfill is
installed with LFGs collection system with gas recovery efficiency of E = 75%, and
considering the oxidation in surface coating with an oxidation index (OX) of 10%. With CHa,
the total cumulative emissions are 26.7 million m*® and with CO» of 24.7 million m? out of a
total of 51.4 million m? of cumulative TLFG emissions, a decrease of 77.4% compared to the
period 2021-2025. In the entire forecast period, the maximum generated TLFG emission load
occurs at the beginning of the period in 2021 with the value of 60.7 million m3/year, of which
CH4 and CO; are generated the highest is 31.6 million m®/year and 29.1 million m?/year,
respectively.

3.2.2. Scenario 2 (S2)

Calculation results under scenario 2 are shown in Figure 5, showing the emission load
of CHs, CO; gases and TLFG in the period 2000-2030. From Figures 5c and 5d show that
the trend and emission load of LFGs is similar to results from scenario 1, 2000-2020,
calculated based on parameters Lo, opt (x) Optimal, optimal Kopt, kmin and kmax. The results show
that emissions are maximized in 2020 with TFLG reaching 59.4 million m?/year, of which
CHj4 reaches 30.9 million m?/year and CO; reaches 28.5 million m*/year.

In the period of 2021-2030, the amount of GHGs emissions (CH4 and CO.) tends to
decrease significantly compared to the current state, total accumulation of TLFG decreases
by about 85.32% compared to the period 2000-2020. Specifically, in the first half of the
period from 2021 to 2025, emissions tended to increase slightly, from 2025 to 2026,
emissions decreased sharply, then maintained almost stable until the end of the period in
2030. Maximum emissions of the entire period The forecast section occurs in 2025 with 18.0
million m* TLFG/year, 9.4 million m*> CHs/year and 8.6 million m* COx/year, 3.37 times
lower than scenario 1. The period from 2021 to 2025 when the LFGs collection system is
installed with the gas recovery efficiency of E = 75% and the oxidation in the surface coating
with an oxidation factor (OX) of 10%; together with the optimal parameters Lo, opt (x) and Kopt,
identified the total cumulative load of CH4 and COz gases of 41.7 million m® CH4/80.2
million m* TLFG and 38.5 million m? of CO,/80.2 million m* TLFG, respectively, 2.84 times
lower than scenario 1. In the period 2025-2030, GHGs emissions tend to be stable, with little
fluctuation when the LFGs collection system increases gas recovery efficiency to E = 90%.
With CHy, the total cumulative emission load is 22.2 million m?® and for CO, gas is 20.5
million m? out of a total of 42.7 million m? of accumulated TLFG emissions, a decrease of
46.8% compared to the period 2021-2025 and 1.21 times lower than scenario 1.

3.2.3. Scenario 3 (S3)

The emission load of CHs4, CO> gases and TLFG for the period 2000-2030 under
scenario 3 is shown in Figure 6. Figures 6¢ and 6f show that the emission trend of LFGs is
similar to the simulation results of scenario 1 as well as scenario 2. Cumulative emissions
generated in the period 20002020 with TFLG reaching 837.0 million m?, 77.1 million m3
higher for the case of kmin and 147.6 lower million m? in the case of kmax; of which CH4
reached 435.3 million m3, higher than 40.1 million m? with the case of kmin and lower than
76.8 million m® with the case of kmax and for CO», 37.0 higher million m? for kmin case and
lower than 70.9 million m? for kmax case.

In the period of 2021-2030, the value of GHGs emission load of CH4 and CO> tends to
decrease significantly compared to the current state, the total accumulation of TLFG
decreases by about 86.59% compared to the period 2000-2020. Specifically , in the first half
of the period from 2021-2025, emissions tended to increase slightly, from 2025 to 2026,
emissions decreased sharply, then maintained almost stable until the end of the period in
2030. Considering the entire forecast period, the maximum emissions will occur in 2025 with
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16.1 million m* of TLFG/year, 8.4 million m*® of CHs/year and 7.7 million m? of CO»/year,
1.12 times lower than the scenario 2, 3.77 times compared to scenario 1. In the first half of
the forecast period from 2021 to 2025, LFGs collection system is installed with the gas
recovery efficiency of E = 75% and oxidation in the surface coating with an oxidation
coefficient (OX) of 10%; together with the optimal parameters Lo, opt x) and kopt, identified
the total cumulative CHs and CO; loads is 39.0 million m3 CH4/75.0 million m* TLFG and
36.0 million m?® CO»/75.0 million m*® TLFG, respectively, 1.07 times lower than scenario 2
and 3.04 times lower than scenario 1. In the second half period from 2025 to 2030, GHGs
emissions tend to be stable, there is an increase but less variation when the LFGs collection
system increases gas recovery efficiency to E = 90%. With CHa, the total cumulative
emission load is 19.3 million m? and with CO; is 17.8 million m? out of a total of 37.2 million
m? of accumulated TLFG emissions, a decrease of 50.4% compared to the period 2021-2025,
1.15 times lower than scenario 2 and 1.38 times lower than scenario 1.

The values of methane emissions in total LFGs simulated by Scenario 2
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Figure 5. Emission load values of CHy (¢) & CO; (d) according to scenario 2 in the period of 2000-2030.
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The values of methane emissions in total LFGs simulated by Scenario 3
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Figure 6. Emission load values of CHy4 (e) & CO; (f) according to scenario 3 in the period of 2000-2030.

Unit: Cubic meters per year

3.3. Assessing the potential for electricity creation

3.3.1. Electricity output from recovered biogas in the period 2021-2030

The result of estimation of total CHs4 emission load recovered from the collection system
with recovery efficiency E = 75-90% under scenarios 1-3, potential value of annual electricity

generation EP, ., .. (kWh/year) was estimated using formula (2) shown in Table 4. Comment

that, the annual electricity generation potential, 2021-2030, is highest in scenario 2, with a total
value of 806.16-999.64 million kWh, 3.37 times higher than scenario 1 and 1.12 times higher
than scenario 3. The greatest potential for electricity generation is in 2030 with an estimated
109.46-135.72 million kWh/year. The total value of electricity generated annually in scenarios
1 and 3 is 239.11-296.50 million kWh, 721.59-894.77 million kWh, respectively. The lowest
power generation potential can be seen in scenario 1, about 3.02 times lower than scenario 3.
The largest power generation potential in scenarios 1 and 3 is in 2030, estimated to be 40.48—
50.20 million kWh/year (scenario 1) and 94.24—116.85 million kWh/year (scenario 3).

The size of the generating station (LFGTEize)) is calculated according to the formula (3)
from CH4 with the assumption that the power station is capable of operating throughout the
year with Dy, = 24 hours/day, the number of days the power station operates in a year y = 365
days. Thus, with the above assumptions, in scenario 1, the scale of the power station will
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gradually increase from 4,620 to 5,728 MW in 2025, it can reach 4,621-5,730 MW in 2030.
For scenario 2, the scale of the power station from 6,028—7,475 MW in 2021 has increased
significantly by about 2.07 times by the end of the period, estimated at 12,495-15,494 MW
by 2030. Similarly for scenario 3, the size of power station tends to increase gradually in the
whole period, from 6,028-7,475 MW (in 2021) up to 10,757-13,339 MW, by 2030.

Table 4. Estimated electricity generated potential results in the period 2021-2030.

Year Electricity generation potential, Unit: million kWh/year
((:nﬁﬁigﬁ LHV =35 LHV =35 LHV =37.2 LHV =37.2
m’/year) MJ/m? MJ/m? MJ/m? MJ/m?

£=30% £€=35% £=30% £=35%
Scenario 1

2021 0.000 0.000 0.000 0.000 0.000

2022 0.000 0.000 0.000 0.000 0.000

2023 0.000 0.000 0.000 0.000 0.000

2024 0.000 0.000 0.000 0.000 0.000

2025 16.323 40.467 47.212 43.011 50.179

2026 15.670 38.848 45.323 41.290 48.172

2027 15.876 39.358 45918 41.832 48.805

2028 16.050 39.791 46.423 42.292 49.341

2029 16.200 40.161 46.855 42.686 49.800

2030 16.329 40.483 47.230 43.027 50.199

Total 96.447 239.109 278.960 254.138 296.495

(million kWh)
Scenario 2

2021 21.299 52.804 61.605 56.123 65.477

2022 23.556 58.399 68.132 62.070 72.415

2023 25.381 62.924 73.412 66.880 78.026

2024 26.864 66.601 77.701 70.787 82.585

2025 28.075 69.603 81.203 73.978 86.307

2026 34.870 86.449 100.857 91.882 107.196

2027 37.982 94.164 109.857 100.082 116.763

2028 40.487 100.374 117.103 106.683 124.464

2029 42.510 105.389 122.954 112.013 130.682

2030 44.150 109.455 127.697 116.335 135.724

Total 325.174 806.160 940.520 856.833 999.639

(million kWh)
Scenario 3

2021 21.299 52.804 61.605 56.123 65.477

2022 22.561 55.932 65.254 59.448 69.356

2023 23.591 58.486 68.234 62.162 72.523

2024 24.437 60.583 70.681 64.391 75.123

2025 25.137 62.319 72.705 66.236 77.275

2026 30.853 76.491 89.239 81.299 94.849

2027 33.249 82.430 96.169 87.612 102.213

2028 35.180 87.218 101.754 92.700 108.150

2029 36.742 91.090 106.272 96.816 112.952

2030 38.011 94.236 109.942 100.159 116.852

Total 291.061 721.589 841.854 766.946 894.770

(million kWh)
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3.3.2. Assessment of annual alternative coal output and CO» mitigation

Using recovered CHy gas as a fuel source for electricity production is an alternative to coal
material, while reducing the amount of CO» caused (Table 5), calculated by formula (4). The
assumption of the lower heating values of coal, LHV coal(wet basisy = 22.732 MJ/kg [35, 50, 51];
Boiler efficiency from coal burning can be achieved as n = 75% [50] and operating time is T =
24 hours provided that the boiler operates throughout 365 days/year. On the one hand, results
from scenario 1 show that the output of replaced coal is estimated at 18,429-22,851 tons in the
period of 2021-2030 (average about 1,843-2,285 tons/year), specifically increasing from 2025
with about 3,119-3,867 tons/year up to 3,120-3,869 tons/year in 2030. For scenario 2, there
are about 62,132—77,044 tons of coal (average about 6,213—7,704 tons/year) saved when using
LFG instead in the period of 2021-2030, the trend of gradually increasing from 4,070 to 5,046
tons/year (by 2021) up to 8,436-10,460 tons/year (in 2030). Similarly for scenario 3, the
potential reduction of coal used in the above period is estimated at 55,614—68,962 tons (average
about 5,561-6,896 tons/year) and gradually increasing in the period from 2021 with 4,070—
5,046 tons/year to 7,263-9,006 tons/year by 2030.

On the other hand, the total amount of carbon dioxide (COz) avoided when emissions into
the atmosphere due to the amount of coal replaced is also evaluated for the period 2021-2030;
accordingly, the total value is approximately 67,571-83,789 tons of CO: for scenario 1
(average about 6,757-8,379 tons of CO»/year), about 222,819-282,495 tons of CO, for
scenario 2 (average about 22,782-28,250 tons of COx/year) and about 203,919-252,860 tons
of CO; for scenario 3 (average about 20,392-25,286 tons of COy/year).

Table 5. Estimated alternative coal and CO, minimization potential results in the period 2021-2030.

Scenario 1 Scenario 2 Scenario 3
CO: CO: CO:
Year Mcoal . Mcoal . Mcoal .
. reduction . reduction . reduction
(Unit: . (Unit: . (Unit: .
ton/year) (Unit ton/year) (Unit: ton/year) (Unit:
ton/year) ton/year) ton/year)
2021 0,000 0,000 5,046 18,504 5,046 18,504
2022 0,000 0,000 5,581 20,464 5,345 19,600
2023 0,000 0,000 6,014 22,050 5,589 20,495
2024 0,000 0,000 6,365 23,338 5,790 21,230
2025 3,867 14,181 6,652 24,390 5,956 21,838
2026 3,713 13,613 8,262 30,293 7,310 26,804
2027 3,761 13,792 8,999 32,997 7,878 28,885
2028 3,803 13,944 9,593 35,173 8,335 30,563
2029 3,838 14,073 10,072 36,930 8,705 31,920
2030 3,869 14,186 10,460 38,355 9,006 33,022
Total 22,851 83,789 77,044 282,495 68,962 252,860

3.3.3. Greenhouse gas emission reduction potential

To evaluate the potential for GHG emission reduction, including CH4 and CO, the index
of GWP is considered. The estimated results are detailed in Figure 7.

For scenario 1, GHG emission reduction potential is calculated with recovery efficiency
E = 75% because in the period of 2021-2024, recovery of generated LFGs has not been

considered. Total estimated mitigation potential Z:REGHGS’re = 1,962.61 thousand tons of

COz—eq compared with without recovery of LFG is ZREGHGSM_re =2,910.54 thousand tons

of CO2—eq, increasing from 2025 to 2030 with 319.19 thousand tons of CO>—eq/year up to
332.62 thousand tons of CO>—eq/year. With scenario 2, the total GHG emission reduction

potential for the entire period 2021-2030 Z:REGHGS,re = 6,623.74 thousand tons of CO>—eq
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compared to without recovering LFG is ZREGHGS’HO_re = 8,807.04 thousand tons of CO2—eq,

increasing Gradually from 2021 with 433.86 thousand tons of CO»—eq/year up to 899.32
thousand tons of CO>—eq/year by 2030. Under scenario 3, the total GHG emission reduction

potential for the entire period of 2021-2030: Z:REGHGS’re = 5,928.87 thousand tons of CO2—

eq compared to without recovering LFG is ZREGHGs,no—re = 7,908.18 thousand tons of CO2—

eq; GHG emission reduction potential increases from 433.86 thousand tons CO2—eq/year (in
2021) to 774.28 thousand tons of CO>—eg/year (in 2030).

The values of GHGs emission reduction potential according to the GWP index
in the period of 2021-2030
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Figure 7. Potential value of GHG emission reduction, period 2021-2030 through GWP index.

3.4. EnLandFill model validation

The results of the calculation of the Nash—Sutcliffe index (NSE) show the simulation
efficiency of EnLandFill ver. 2019 software in determining the emission load of generated
gases, TLFG, CH4 and CO> from the study area. The NSE is estimated based on the
monitoring results of CH4 gas concentrations collected at 08:00-11:00 on 25/03, 10/06,
10/09, 11/11 of 02 years 2018 and 2019 from [26-27] at the TL1-TG monitoring position
within the scope of the research area. The results of simulations of the spread of CH4 gas at
the above calculation times from the study area based on the estimation results from the
emission load module (scenarios 1, 2 and 3) in the EnLandFill software (Figure 8) were also
extracted respectively at locations and at the same time of respective assessment.

With the Nash—Sutcliffe index (NSE), for simulation as NSETanrLap 1 = 0.836 > 0.7,
respectively, showed that the simulation results by EnLandFill software were at a good level
with the condition that NSE > 0.7 was satisfied. Table 6 and Figure 9 show the comparison
between the results of CHs gas concentration between monitoring and simulated CHq4
concentration using EnLandFill software.
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Figure 8. Maps of simulating CH4 concentration dispersion levels and scope for several different
times in 2018 and 2019.

Table 6. Table comparing CH4 concentrations between monitoring and simulation using the
EnLandFill software.

Signs Coordinates of Monitoring time, Simulating CH4 Monitoring
monitoring stations (hour) concentration by CH4
X (m) Y (m) EnLandFill, (ug/m’) concentration,
(ng/m’)

TLI-TG  643733.41 1159665.13 9 am-25/03/2018 72.73 80.00
TLI-TG  643733.41 1159665.13 8 am—10/06/2018 93.09 83.00
TLI-TG  643733.41 1159665.13 11 am-10/09/2018 29.33 58.90
TLI-TG  643733.41 1159665.13 9 am-25/03/2019 16.74 9.80
TLI-TG  643733.41 1159665.13 9 am-10/06/2019 16.78 11.80
TLI-TG  643733.41 1159665.13 9 am-10/09/2019 16.76 13.60
TLI-TG  643733.41 1159665.13 9am-11/11/2019 16.76 9.50

CH4 concentration comparison of simulating and monitoring at the TL1-TG observing station
in the Tan Lap 1 landfill, Tien Giang province

NSE index
—e— CH4-Simulation
-#- (H4-Observation

Unit: Micrograms per cubic meter

250372018 10/6/2018 10/9/2018 25/312019 10/6/2019 10/972019 1112019
Monitoring time

Figure 9. Comparison of CH4 concentrations between monitoring and simulation at measuring
locations.
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4. Conclusion

The study identified the optimal calculation parameters and quantified the load of LFG
emissions, including total LFGs, CH4 and CO,, forecast for the period 2021-2030, carried
out for case studies in Tien Giang province. The main results of this paper are shown as
follows.

In the period of 2021-2030, landfill is considered to have the lowest accumulation of
GHG, CH4 and CO; emissions in scenario 3, estimated about 58 million m®> CH4 and 53
million m* CO2, showing the potential of mitigation GHG emissions according to the GWP
index are approximate 6 million tons of CO2—eq. The predicted maximum emission year is
2025 with a load of 8.4 million m* CHa/year and 7.7 million m? of CO»/year with a GWP of
over 750 thousand tons of CO»—eq. The highest accumulated GHG emissions are in scenario
1, estimated roughly 150 million m* CHs and 134 million m? of CO», indicating that GWP
index reaches around 2 million tons of CO>—eq. The maximum emission year is 2021 with a
discharge of over 30 million m* CHa/year and 29 million m? of CO/year with a GWP of
about 650 thousand tons of COz—eq. The research results also show that with gas recovery
efficiency generated from 75-90% designed for 3 scenarios, in the period of 2021-2030, it
is expected to generate a total potential electricity production capacity estimated up to 990
million kWh is equivalent to the potential of replacing coal fuel source, from about 18,500—
77,000 thousand tons and about 67,500-283,000 thousand tons of CO; avoided from coal
burning.

The study results show that planning according to scenario 3 will be optimal for the
treatment of MSW in Tien Giang province. This is the scenario with the lowest cumulative
GHG emissions and also potentially significant power generation in the study area, 2021-2030.
In addition, the simulation efficiency of the software is quite good with the NSE statistic index
above 0.80. However, insufficient measurement data is one of the important reasons affecting
the predictive errors of the model. Thus, future studies will continue to use the latest monitoring
data to verify the simulation results by careful take into consideration background
concentrations and pollution contributions from other areas in the treatment area, in order to
make more accurate forecast results of the emission load of LFGs, in special attention, is paid
to CHg gas.
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Abstract: Today, the environmental situation in urban areas becoming polluted, people are
increasingly interested in and want to live in green cities. This paper uses the satellite image Landsat
8 and the method of calculating the vegetation index (NDVI) combined with the multivariate
regression analysis to study and evaluate the change of greenery area for the inner districts of Hanoi
period 2013-2016. The study results show that the greenery area is strongly correlated in the central
districts and the average correlation in districts with high urbanization or agricultural areas. The
green tree density in Ha Noi city is quite different between the central districts and suburbs. In the
suburb such as Long Bien, Ha Dong, Nam Tu Liem, North Tu Liem, Tay Ho, Hoang Mai the green
tree density in the people is quite high, exceeding TCVN 9257:2012. To be specific, Long Bien
district has the highest green tree density, with 134.2 m2/person up to 11 times national standards.
Meanwhile, central districts such as Dong Da, Hai Ba Trung, Ba Dinh, Hoan Kiem, Thanh Xuan
have very low green tree density, lower than the minimum standard of TCVN 9257: 2012. To be
specific, Dong Da is the lowest green tree density with 2.5 m?/person, lower than the TCVN
9257:2012 (> 12 m?/person) to 4.8 times national standards.

Keywords: NDIV; Green tree; Remote sensing; GIS; Ha Noi City.

1. Introduction

Urban inhabitants are expected to reach 70 % of the world population by 2050 which is likely
to lead to an array of environmental problems in cities such as increasing air pollution and climatic
perturbations. Urban green spaces are defined as all natural, semi—natural, and artificial systems
within, around and between urban areas of all spatial scales [1]. Urban green spaces promote
multiple effects such as health, wellbeing and aesthetic benefits to urban dwellers [2]. Therefore,
data on Urban green spaces are crucial to a range of issues in urban science such as planning,
management and public health.

In the past decades, remote sensing technologies have occupied an important place in the
study of Urban green spaces as they can generate repeated and complete coverage at different
spatial scales and for different seasons [3]. Based on recent advances such as high spatial
resolution imagery and free data access policies, remote sensing is providing a valuable set of
tools which are able to minimize the need for field survey, even in highly heterogeneous and
complex urban settings. For instance, remote sensing has proven to be effective for mapping street
trees [4], detecting species within Urban green spaces [ 5], mapping invasive shrubs in Urban green
spaces [6] and assessing vegetation health within Urban green spaces [7]. Furthermore, current
remote sensing programs such as Copernicus [8] and Landsat not only provide historical time—
series data but also facilitate access to recently acquired data [9].

Green plants have a decisive role in Urban green spaces. They are considered as urban lungs,
play a role in harmonizing the natural, human and social factors, improve the microclimate, the
quality of living environment and create urban landscapes. Currently in Vietnamese cities, there

VN J. Hydrometeorol. 2021, 7, 53-64; doi:10.36335/VNJHM.2021(7).53-64 http://vnjhm.vn/



VN J. Hydrometeorol. 2021, 7, 53-64; doi:10.36335/VNJHM.2021(7).53-64 54
are two methods of urban greenery management, including: land use map (used by departments).
Stumps distribution map (used extensively in tree companies). Both methods of management have
a common disadvantage that do not calculate the actual green plant cover.

Hanoi is a special urban area, is the brain center of politics—economy—culture of the country,
has the highest urbanization rate in Vietnam [10-11]. The rapid urbanization rate has expanded
the urban area, forming spontaneously developed residential areas with dense residential density,
increasing construction density means vacant land is scarce, and Hanoi cabinet is increasingly
“less” green. Therefore, the assessment of the current urban greenery in the city is very necessary
to understand the current urban greening situation, as a tool for the State, the local government at
all levels, and the people to work together to formulate policies. policies and implementation of
measures to maintain and improve urban green coverage.

One of the most powerful tools to support green plant research is Remote sensing and GIS
[12—14]. Remote sensing is one of the achievements of aerospace science and it is widely applied
in many fields, from meteorology, hydrology, geology, environment, ...[ 1 5—17]. This paper uses
remote sensing and GIS to study the urban green area fluctuation to assess the distribution and
variation of urban green trees, support the management and planning of green plants in Ha Noi.

2. Materials and methods

2.1. Data collection

Using landsat 8 images with 30m resolution of United States Geological Survey (USGS) [18].
Additional Criterial tool is used to select 10% less cloud cover to ensure the best image, clear and
cloudless in the study area. Information about Landsat 8 images collected and processed is given in
Table 1.

Table 1. List statistics of Landsat 8 images were used in the study.

No. Image code Location Date Time (GMT +7)
1 LC81270452013160LGNOO 127/45 09/06/2013 10h25°
2 LC81270452013352LGNO00 127/45 18/12/2013 10h24°
3 LC81270452014019LGNO0 127/45 19/01/2014 10h24°
4 LC81270452015022LGNO0 127/45 22/01/2015 10h23°
5 LC81270452015150LGNO0 127/45 30/05/2015 10h22°
6 LC81270452015182LGNO00 127/45 01/07/2015 10h22°
7 LC81270452015230LGNOO 127/45 18/08/2015 10h23°
8 LC81270452016137LGNO0 127/45 16/05/2016 10h22°
9 LC81270452016153LGNOO 127/45 01/06/2016 10h23’
10 LC81270452016265LGNO0 127/45 21/09/2016 10h23’
11 LC81270452016281LGNOO 127/45 07/10/2016 10h23’
12 LC81270452016345LGNOO 127/45 10/12/2016 10h23’

Survey data was collected during the survey on 7% January 2017, which was used as a model
for independent sampling. Survey sites are stable location, less variable locations of trees in the
period from 2013 to 2016. Independent sites are randomly selected, but spread over the area. The
number of survey sites are 45 points with 30 features for classification and 15 random points for
checking the accurate classification. The map of the survey sites is shown in the Figure 1.
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Figure 1. The survey locations in the research area.

2.2 Methodology

The steps of reseach and evaluation the variation of green plant area in the study include: 1)
collecting satellite imagery data; 2) Filter and select images that are reliable; 3) Survey, identify
the objects; 4) Calculate the NDVI vegetation index from the satellite images and compare with
the sample from the survey; 5) Verification of NDVI index from independent samples; 6)
Development of green plant distribution maps based on NDVI; 7) Evaluate the variation of tree
area by multivariate regression. The method details of the steps are presented in Figure 2.

2.2.1. The normalized difference vegetation index (NDVI)

The normalized difference vegetation index (NDVI) is widely used to determine the
distribution of vegetation, assess the growth and development crops, as a basis for forecasting
drought, yield and product. The vegetation index is determined based on the different reflexes of
the object between the visible and near infrared.

IR-R

where R is the reflection value of near infrared (NIR); R is the reflection value of the red wave
length.

2.2.2. Multivariate Linear Regression

The development of plants associated with four weather conditions in the year. Therefore, the
change of vegetation layer is often associated with the characteristics of climate such as rainfall,
temperature, and humidity .... In the study, the authors have pointed out the relationship between
NDVI and climatic factors that affect the density of green trees in urban areas [19-21].

The authors observed that the variation of vegetation area was strongly correlated with three
climatic factors including temperature, humidity and rainfall. The general linear regression
equation with three independent variables is of the form:

Y =by+ by XX; +by XX, + b3 X X3 (2)

where Y is the dependent variable (variable plant area); X1, Xo, X3 are independent variables
(climate variables); by is the original pitch; by is the slope coefficient of Y following by X1 while
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keeping X2, X3 constant; b, is the slope coefficient of Y following by X2 while keeping X1, X3
constant; bs is the slope coefficient of Y following by X3 while keeping Xi, X constant.

Landsat-8 Google - Earth | ! field survey
I 1
NDVI = S
TIR+R
(GIS, ERDAS)
The normalized Object classification
difference vegetation  —— (GIS)
index (NDVI)
l Climate cha_rac_teristics
land area covered (precipitation,
with green trees temperature, and

humidity)

Change of land area

covered with greenery

Figure 2. Overview diagram describing the steps taken.

3. Results and disscusion

The NDVI method is used to evaluate the plant index from satellite imagery. Initial results from
satellite images show that NDVI in the inner of Ha Noi ranged from 0 to 0.48 (Figure 3).

NDVI

High : 0.48

B low:0

Figure 3. NDVI for the inner city on Octorber 7, 2016.

In order to eliminate non—vegetative sites, the initial NDVI results did not evaluate, 30 survey
sites with 16 sites of the vegetation class, 5 points of the water surface, 2 points traffic class and 7
points in residential, commercial areas that has been used to accurate vegetation classification.
Figure 4 shows the results of vegetation classification of some survey sites. The results of the
calibration show that areas with a NDVI value of > 0.18 are vegetation cover, whereas areas with a
NDVI value < 0.18 are non—plants: traffic; water surface; residential areas; commercial center. The
NDVT in this area is set to 0.
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Figure 4. Results of vegetation classification at some survey sites.
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Figure 5. Results of vegetation classification at some survey sites.

To exmamine the accuracy of vegetation classification, 15 independent survey sites were used
to re—define the NDVI index including 8 sites vegetation class, 1 sites water, 4 sites traffic and 2
sites in the residential areas. The results shown that NDVI values at all sites are highly reliable.
Especially, at Linh Quang Lake (Dong Da District), the NDVI was approximately 0.44 although
under the plan, this is the water surface. In fact, the surface of Linh Quang Lake has been covered
by duckweed and thick moss so the vegetation index calculated from high index satellite images is
reasonable (Figure 5).

The calibrated and validated NDVI indexes are used to establish the vegetation distribution map
in the inner city of Ha Noi from 12 satellite images for 12 different periods from 2013 to 2016. The
results show that the green trees’ areas in the inner of Ha Noi ranges from 148.8 to 160.7 km?2. On
December 2013, there is the lowest green areas, on June 2016, there is the largest green area (Error!
Not a valid bookmark self-reference.). High green areas are concentrated in the summer months,
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from May to September, while the green areas are lower in the winter months (from October to
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January).
Table 2. Green trees area (km?) in the inner city according to satellite image interpretation.
Time
i
Si::: ;tse June Dec Jan Jan. May July Aug May June Sep Oct Dec
g 2013 2013 2014 2015 2015 2015 2015 2016 2016 2016 2016 2016
lant
Greenplant 5, ¢ 1488 1494 1522 1573 1551 156 1607 1603 157 1562 1513
area (km?)
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Figure 6. Vegetation distribution map in the inner of Ha Noi, on December 2016.

Because of the small number of satellite images, it does not reflect the changes of trees in time
in Ha Noi. In order to restore the green area of the missing months, the multiple correlation function
was constructed based on green plants area data that interpreted from satellite images and climatic
factors such as monthly average temperature, average monthly humidity, total rainfall of studied
area (Ha Dong station) at corresponding times (Table 3).

Table 3. Data were used to construct the linear regression equation for the correlation between green
building area and climatic factors.

Green plant area

Time interpreted from Monthly average Average.monthly Total rainfall (mm)
. temperature (°C) humidity (%)
satellite imagaes

6/2013 151.8 29.4 78 237
12/2013 148.8 15.5 75 28
1/2014 149.4 17.0 77 3
1/2015 152.2 17.7 81 30
5/2015 157.3 30.0 80 95
7/2015 155.1 29.7 77 132
8/2015 156.0 29.5 81 287
5/2016 160.7 28.4 80 412
6/2016 160.3 30.9 75 74
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Green plant area

Monthl A thl
Time interpreted from onthly average verage‘mon y Total rainfall (mm)
. temperature (°C) humidity (%)
satellite imagaes
9/2016 157.0 28.7 79 119
10/2016 156.2 27.5 74 40
12/2016 151.3 20.8 72 7

The multiple correlation represents the relationship between the area of green tree and the
average monthly rainfall, monthly humidity and total monthly rainfall in Ha Noi:
GA =135.09+0.5T + 0.085H + 0.002R 3)

3.1. Restoration green tree area in the inner of Ha Noi

Using multiple correlation, the total area of green trees in the inner city from 2013 to 2016
has been restored. Research results show that green areas increase in rainy months and decrease
in autumn and winter months. In addition, green areas in the inner city from 2013 to 2016 are quite
stable and tend to increase slightly from 153.90 to 155.15 (Table 4, Figure 7).

Table 4. Green tree area in the inner of Ha Noi by the time.

Time 2013 2014 2015 2016

Tree area (km?) 153.9 154.39 154.61 155.15

=== Area calculation of the green .[_L_'_mjj B The area of green trees is calculated from satellite [},nﬂ]
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Figure 7. Green trees area in the inner city of Ha Noi in the period between 2013 and 2016.

Use the population data from the general statistics office to estimate the annual average of
green trees in the inner city according to TCVN 9257: 2012. The results show that the inner city
has a high density of trees per capita though it tends to decrease from 2013 to 2016 but compared
with TCVN 9257: 2012 still exceeds 3 times. Although the green trees area in this period tends to
increase slightly, however, given the urban population of Ha Noi increases rapidly (5.5% from
2013 to 2016), the density of trees per capita tends to decrease (Table 5).

Table 5. The green trees dessity in the inner of Ha Noi.

Green tree area Population The density of trees TCVN

Ti
tme (km?) (million people) (m?/person) 9257:2012

2013 153.90 3089.20 49.80 12-15
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Time Green tree area Population The density of trees TCVN
(km?) (million people) (m?/person) 9257:2012
2
2014 154.39 3156.00 48.90 (m“/person)
2015 154.61 3241.50 47.70
2016 155.15 3259.90 47.60

3.2. Restoration of green tree areas in the inner of Ha Noi

61

Restoration of green tree areas in each district is carried out similarly to the inner city. Table
6 shows the reliability of the relationships between green plant areas each district and climatic

factors.

Table 6. Evaluation the correlation between variables.

District The correlation coefficient (R) Evalution
Hoang Mai 0.81
Tay Ho 0.79
Hoan Kiem 0.77 .
. Close correlation
Hai Ba Trung 0.74
Dong Da 0.72
Ba Dinh 0,71
Thanh Xuan 0.68
Cau Giay 0.67 ) .
; Quite close correlation
Nam Tu Liem 0.65
Bac Tu Liem 0.55
Long Bien 0.31 :
Avarage correlation
Ha Dong 0.30

The linear regression equation was divided 12 districts in Ha Noi based on the correlation
coefficient: the close correlation, the quite close correlation coefficient and the average
correlation. Consequently, given the close correlation and quite close correlation, it is possible to
use green tree area data in combination with interpreted area data to calculate the average green
tree area in the period between 2013 and 2016. The pronvinces in the average correlation will use
the green tree area interpreted from Landsat 8 to calculate the average green tree area in the period

from 2013 to 2016.

Table 7. Green tree area in each district over the years.

Time Green tree area (km?)
District 2013 2014 2015 2016 2013 -2016
Hoang Mai 16.97 16.87 16.9 16.96 16.93
Tay Ho 9.17 9.16 9.35 9.5 9.29
Hoan Kiem 0.83 0.79 0.83 0.94 0.85
Hai Ba Trung 0.97 0.95 0.92 1.18 1.00
Dong Da 0.94 0.88 0.9 1.02 0.94
Ba Dinh 2.5 2.49 2.58 2.66 2.56
Thanh Xuan 1.56 1.48 1.47 1.42 1.48
Cau Giay 2.6 2.54 2.65 2.58 2.59
Nam Tu Liem 22.62 22.8 22.75 21.89 22.52
Bac Tu Liem 29.73 29.74 29.69 29.67 29.71
Long Bien 33 34.58 33.65 36.28 34.38
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Ha Dong 30.6 313 3243 31.54 31.46

3.3. Assessment of green tree density according to TCVN 9257:2012

The article assesses the green trees destiny in the inner city in 2016 based on the general
statistics in 2016.
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Figure 8. The green tree density in the inner of Ha Noi.

According to Table 7, the green tree density in the inner city are quite different between the
central districts and suburbs. In the suburb such as Long Bien, Ha Dong, Nam Tu Liem, North Tu
Liem, Tay Ho, Hoang Mai the green tree density in the people is quite high, exceeding TCVN
9257:2012. To be specific, Long Bien district has the highest the green tree density, with 134.2
m?/person up to 11 times, followed by Ha Dong (110.9 m2/person), Nam Tu Liem (94 m?/person),
Bac Tu Liem (92.6 m?/person), Tay Ho (62.2 m?/person) and Hoang Mai (46.5 m?/person).

Meanwhile, central districts such as Dong Da, Hai Ba Trung, Ba Dinh, Hoan Kiem, Thanh
Xuan have very low the green tree density, lower than the minimum standard of TCVN 9257:
2012. To be specific, Dong Da is the lowest green tree density with 2.5 m?*/person, lower than the
TCVN 9257:2012 (> 12 m*/person) to 4.8 times. Followed by Hai Ba Trung district, the green tree
destiny is 3.7 m?/person, lower than the standard allowed more than 3 times. Hoan Kiem and
Thanh Xuan have the green tree density at 5.3—6 m?/person, lower than the permitted standard 2
times. Cau Giay and Ba Dinh have a density of 10.2 m?/person and 11 m?/person, respectively,
reaching the minimum level of TCVN 9257:2012.

The explanation for the high green tree density in the suburbs that the population is not as
crowded as in the central districts, the vacant land area is relatively large. Morever, the stuburbs
concentrate many parks and large gardens of the city. For instance, Yen So park (Hoang Mai) is
the largest urban park in Viet Nam — the largest green park of Ha Noi with total area 323 ha There
are several parks and flower gardens, such as Yen So Park (Hoang Mai District), Viet Nam's
largest urban park, the largest green park in Ha Noi with a total area of 323 hectares. In which, the
park and lake area is 280 ha. Hoa Binh Park (BacTu Liem district) is the most modern park in the
capital with an area of 20 ha; Ho Tay Flower Valley (Tay Ho provice) has an area of about 7,000
m?, and includes many different types of flowers; Nhat Tan flower garden, Hong river rocks (Tay
Ho district), etc.

In the contract, the central districts where the population lives and are crowded. Especially,
Dong Da district is the region with the largest population with 401,700 people (the population
density of Dong Da is 40.331 person/km?2). Notably in the central district, 100% of the total area
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in natural land is non—agricultural land. Moreover, these are place which develop rapidly of
infrastructure, agencies, schools, hospitals, monuments, landscapes... so people tend to live these
areas. The empty lands are converted used purpose, the house was cleared, the trees were cut to
the “century” works: entertainment complex, commercial center, shopping, apartment ... Given
the dizzying development of the apartment building is the rapidly shrinking of green tree area.
These are the reasons for the green plant density in these districts which is much lower than TCVN
9257:2012.

4. Conclusions

Remote sensing and GIS combined with multivariate regression in the study of urban green
tree changes in the inner of Ha Noi show advantages to traditional methods. The results show that
the area of green trees in the inner of Ha Noi is quite stable and tends to increase slightly at 0.8%
in the period from 2013 to 2016. The average greenback annual average from 2013 to 2016 is
50.8%. Plant density per capita has fallen from 49.8 m?/person (2013) to 47.6 m?/person (2016)
compared with TCVN 9257:2012 still exceeds 3 times. The main cause of the decline is the
urbanization of districts and the urban population of Ha Noi on the increase of about 5.5% from
2013 to 2016. The density of green tree per capita in the inner of Ha Noi is three times larger than
Viet Nam standards.

The green tree destiny is clearly divided among urban and suburban districts such as Long
Bien, Ha Dong, Nam Tu Liem, Bac Tu Liem, Tay Ho and Hoang Mai with quite high exceeding
the national standard for planning public trees in urban areas many times. Particularly, Long Bien
districts has the highest density of green trees in 12 districts up to 11 times, followed by Ha Dong
(9 times), Nam Tu Liem (nearly 8 times), Bac Tu Liem over 7 times), Tay Ho (5 times) and Hoang
Mai (nearly 4 times); meanwhile, urban centers such as Dong Da, Hai Ba Trung, Ba Dinh, Hoan
Kiem and Thanh Xuan have low tree density, lower than standard. Specifically, Dong Da district
has the lowest density of green trees in 12 urban districts about 4.8 times. Next to Hai Ba Trung
districts more than 3 times. Hoan Kiem and Thanh Xuan are two times lower than the permitted
standard. Cau Giay and Ba Dinh have the density of green trees approaching the standard level.
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Abstract: The impacts of climate change such as sea level rise, floods, droughts, saltwater
intrusion, extreme weather ... are more and more evident. It causes significant damage to
the socio—economy of Vietnam, especially the rice farming industry. In Vietnam, over the
past 50 years, the average temperature has risen by about 2—3 degrees Celsius and the sea
level has risen by about 20 cm. According to the simulation scenarios, it is estimated that
by the end of the twenty—first century, compared to the average in the period 1980-2005,
the average temperature in Vietnam could increase by 2.3 degrees Celsius, the annual
rainfall would increase by about 5%. and the sea level could rise by 75 cm. There are many
influencing factors affecting rice yield such as: meteorological factors, hydrology, saline
intrusion, farming, pests,... This study, only the change in yield is assessed rice due to the
impact of changes in temperature and precipitation in the context of climate change in the
LXQR). By using the CROPWAT model to calculate rice yields with temperature changes
and rainfall over periods according to climate change scenarios, the results show that under
the RCP4.5 scenario when heat If the degree and rainfall increase, the rice yield decreases
by 25.4% on average; RCP8.5 rice yield decreased by 25.3% on average.

Keywords: LXQR; Climate change; Cropwat; Rice yield; Assessment of the damage.

1. Introduction

Climate change has been one of the biggest challenges facing people, the negative
impacts of climate change on human life are becoming more and more obvious [1-2]. The
direct effects of climate change on water resources are abnormal rainfall changes, rising
temperatures and extreme weather events such as long—term droughts and mid—to—saturated
floods. Climate change will affect water resources and reduce water resources in many
places, leading to water scarcity [3]. Water scarcity is a major problem for many developing
countries, including Vietnam, especially in relation to agricultural irrigation in the Mekong
River Delta (MRD) and the LXQR. where there is a serious shortage of fresh water in the dry
season for many different reasons. For rice, the variation of yield and yield has a great
participation of hydro—meteorological factors [4]. To estimate and evaluate the impact of
hydro—meteorological factors on crop yields in general and rice in particular, the Food and
Agriculture Organization (FAO) developed a CropWat model in 1990, based on temperature
conditions, precipitation, sunny hours, humidity, wind speed [5-6].

LXQR is a quadrilateral-shaped land in the MRD, located in three provinces of Kien
Giang, An Giang and Can Tho. The four sides of the LXQR are the Vietham—Cambodia
border, the Gulf of Thailand, the Cai San canal and the Bassac River (Hau River). The four

VN J. Hydrometeorol. 2021, 7, 65-73; doi:10.36335/VNJHM.2021(7).65-73 http://vnjhm.vn/
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corner vertices of this quadrilateral correspond to four cities: Chau Doc, Long Xuyen, Rach
Gia and Ha Tien (Figure 1). The LXQR is one of the major food production and processing
centers in the MRD. Formerly An Giang, and now Kien Giang is the locality with the largest
rice production in the region. This is the area that has positively contributed to the overall
achievement of the MRD region.
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Figure 1. Study area of LXQR.

In the next period, it is forecasted that the LXQR region will face many challenges, in
which the issue of climate change and the possibility of droughts, increased saltwater
intrusion due to sea level rise. Rice is playing a very important role in the agricultural sector.
industry of the region. In Vietnam, over the past 50 years, the average temperature has risen
by about 2—-3 degrees Celsius and the sea level has risen by about 20 cm [7]. According to
the simulation scenarios, it is estimated that by the end of the twenty—first century, compared
to the average in the period 1980-2005, the average temperature in Vietnam could increase
by 2.3 degrees Celsius, the annual rainfall would increase by about 5%. and the sea level
could rise by 75 cm. The change of hydro—meteorological factors in the region can affect
crop yield in general and rice yield in particular [8]. The study is conducted to evaluate the
impact of hydro—meteorological factors on rice productivity in the study area through future
climate change scenarios and thereby calculate the amount of damage caused by the impacts
of Climate change through temperature and precipitation factors. The results of this study
help to provide useful information for managers in making policies and strategies for the
development of agricultural production in the future in the context of global climate change.

2. Materials and Methods

2.1. Methodology

This paper uses CROPWAT 8.0 software, which is the most advanced irrigation regimen
software released in 1992, developed and recommended by the FAO for worldwide use. Plant
water requirements and irrigation planning based on the data provided by the user [9] (Figure
2).
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Figure 2. Diagram of implementation steps.

According to [9], the response of crop yield to irrigation water was quantified by a crop
yield reduction factor (KY), related to a relative yield decrease (1-Ya/Ym) for a Relative
water demand deficit (1-ETa/ETc). Therefore, the Ky values for most crops are based on the
assumption that the relationship between relative yield (Ya/Ym) and relative water demand
(ETa/ETec) is linear and has a value for water deficit amounts to about 50% or 1-ETa/ETc =
0.5.

According to [3], the yield reduction coefficient is of experimental origin (Ky) for the
individual growth stages (i.e., establishment, vegetation, flowering, yield formation, or
period). segment nine) as well as during total growth.

()=

where Ya is the real yield (corresponding to ETa) (kg/ha); Ym is the maximum
theoretical yield (corresponding to ETc) (kg/ha); Eta is the actual water demand (mm/day)
for each crop; Etc—potential water demand for each crop; Ky is the yield response coefficient
to water stress.

To get the actual yield, multiply the relative seasonal yield by the maximum theoretical
yield:

ET,
Y, =Y (1 - Ky(l - ﬁ)) (2)

Then, the yield price of crops and fisheries is calculated by the formula [9]:
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Market Value = Ya * Area * Price 3)

where Market Value is the quantity of output of crops/aquatic products ($); Ya is an
actual yield (kg/ha); Area is the cultivated area (ha); Price is the market price of crop/seafood
per unit area ($/kg) [10-12].

2.2. Data collection

2.2.1. Hydro—Meteorology Data

Meteorological and hydrological data collected up to 2018 provided by the
Hydrometeorology Center of An Giang province (Chau Doc station) and the
hydrometeorological center of Kien Giang province (Rach Gia station) have been revised,
reliable enough, is the basis in calculating the price of agricultural productivity and climate
change scenarios in terms of rainfall, temperature, average number of hours of sunshine,
humidity, wind speed and other characteristics for this study [13—16].

2.2.2. Socio—economic data

Data on natural conditions, socioeconomic, and agricultural production in the MRD in
2018 are released by the General Statistics Office, the Ministry of Planning and Investment
[17-19].

2.2.3. Documents related to rice plants
Rice seasons in the region according to the development stages and Kc coefficients of

each growing period of rice are shown in Table 1 and Table 2 below.

Table 1. Rice seasons in the study area [10].

Prepare Initial Development Harvesting .
Planting Harvest Number

No. Rice crops the land stage stage stage
time time of days
@ an (I aIv)
Winter
1 spring Crop 10 10 60 25 15/12 30/3 105
Summer-—
2 autumn 10 10 65 31 15/4 06/8 111
Crop
3 October 10 10 60 20 20/8 30/11 100
Crop
Table 2. Kc coefficients of rice plants in the study area [11-12].
Development Harvesting
Prepare the Initial stage
Rice crops stage stage
land (I) an
(110) av)
Winter spring Crop 0,30 0,54 1,05 0,81
Summer—autumn Crop 1,03 1,19 1,74 1,12

October Crop 1,04 1,17 1,68 1,14
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2.2.4. Climate change scenarios

According to the climate change scenarios of the Ministry of Natural Resources and
Environment [5], the beginning of the century (2016-2035) between the century (2045—
2065) and the end of the century (2080-2099) with 2 scenarios of the emission concentration
medium low (RCP4.5) and high (RCP8.5) [20-21].

This study is limited to the study period from the beginning of 2016-2035 and according
to that result, the temperature of the period is expected to change (increase) compared to the
standard period (1992-2018) at the An Giang meteorological station. And Kien Giang in two
scenarios as shown in Table 3 below.

Table 3. Scenario of change in temperature and average rainfall in the period 2016-2035 [6].

RCP4.5 RCP8.5
An Giang Kien Giang An Giang Kien Giang
Temperature (°C) +0.7 +0.7 +0.9 +0.8
Amount of rain (%) +4.7 +4.9 +8.2 +6.5

3. Results and discusion

3.1. Effect of temperature on rice yield

The average temperature increase under the RCP 4.5 and RCP 8.5 scenarios is 0.7°C and
0.9°C respectively, generally making the rice yields of the rice growing districts in the LXQR
decrease.

Specifically:

In winter—spring crop (WSC), ETc evaporation according to RCP 4.5 scenario is 689.8
mm/day and according to RCP 8.5 is 693.7 mm/day (data extracted from the results
simulating the Cropwat model), while the actual water demand is 770 mm/day (TCVN), the
water demand is not enough according to reality, thus reducing rice yield. Compared to the
maximum yield of the WSC crop (8.00 tons/ha), when the temperature increases by 0.7°C
under the RCP 4.5 scenario, the productivity of the WSC 4.5 crop decreases by 10.5%
(equivalent to 0.84 tons/ha). When the temperature increased by 0.9°C under the RCP 8.5
scenario, the rice yield decreased 10.0% (equivalent to 0.80 tons/ha. In addition, the WSC
coincides with the dry season, the evaporation of water evaporation increases, the water
demand for plants is less, rainfall and other factors do not change, so rice yield decreases
(Figure 3).

In the summer—autumn crop (SAC), rice yields decreased by 43.3% (equivalent to 2.59
tons/ha) and 43.7% (equivalent to 2.62 tons/ha), respectively. The evaporation of ETc of
SAC crop under RCP 4.5 scenario is 956.7 mm/day and under RCP 8.5 scenario is 962.3
mm/day (data extracted from the modeling results of Cropwat), meanwhile Actual water
demand is 580 mm/day (TCVN).

In the October crop (OC), rice yield decreased by 24.5% and 25.1%, respectively
(decreasing by 1.71 tons/ha and 1.76 tons/ha). The evaporation of ETc of the OC under the
RCP 4.5 scenario is 652 mm/day and under the RCP 8.5 scenario is 657 mm/day (data
extracted from the modeling results of the Cropwat model), the actual water demand is 500.
mm/day (TCVN). The OC also coincides with the rainy season, with a lot of rainfall, the
amount of water needed for plants is greater than the actual demand, thus affecting yield.
(Figure 3).

In general, when temperature increases, rainfall, humidity, sunny hours, and wind speed
do not change, the amount of water evaporation increases, but the amount of water needed
for plants is limited, affecting yield rice in crops.



VN J. Hydrometeorol. 2021, 7, 65-73; doi:10.36335/VNJHM.2021(7).65-73 70

43.7
25.1
jm— [ ] _

Winter-Spring Crop Summer-Autnmmn Crop October Crop

mRCP 45 RCP 8.5

Figure 3. Rate of decrease in rice yield due to the effect of temperature under climate change

scenarios (%).

3.2. Effects of changes in rainfall caused by climate change on rice yield

The average rainfall under the RCP 4.5 scenario increased by 4.7% and the RCP 8.5 by
8.2%, in general, both resulted in a decrease in rice yields of the crops.

Specifically:

In Winter—Spring crop, rice yield decreased by 12.2% and 12.5%, respectively (down
0.98 tons/ha and 1.00 tons/ha) compared to the maximum yield of the crop when it rains.
increased by 4.7% and 8.2%, respectively. According to simulation results from CROPWAT
model, the evaporation of ETc in the DXP 4.5 scenario is 676.9 mm/day and according to the
RCP 8.5 scenario is 674.8 mm/day. The time of the winter season coincides with the dry
season, temperature and other meteorological factors do not change, but the future rainfall
will increase to exceed the potential water demand of the rice crop, thus affecting the rice
yield but not much (Figure 4).

The productivity of Summer—Autumn rice crop also decreased, according to simulation
results from CROPWAT model, ETc evaporation of HT crop under RCP 4.5 scenario was
923.8 mm/day and under RCP 8.5 scenario 915.0 mm/day, while the actual water demand is
only 580 mm/day (TCVN). According to the scenarios with increased rainfall, the yield of
HT crop rice decreases sharply. Rice yield decreased by 40.9% and 40.3%, respectively
(decreasing equivalent to 2.46 tons/ha and 2.42 tons/ha). In general, when temperature and
other factors do not change, rainfall greatly affects the yield of SAC (Figure 4).

In the October crop, rice yield decreased by 20.7% and 19.9% respectively (decreasing
equivalent to 1.45 tons/ha and 1.39 tons/ha). According to simulation results from
CROPWAT model, the evaporation of ETc of Seasonal crop under RCP 4.5 scenario is 622.8
mm/day and under RCP 8.5 scenario is 616.8 mm/day, meanwhile Actual water demand is
500 mm/day (TCVN) so rice yield is affected (Figure 4).

__|IIIII

Winter-Spring Crop Summer-Autumn Crop October Crop

mRCP 453 RCP 8.3

Figure 4. Rate of decrease in rice yield due to the effect of rainfall under climate change scenarios (%).
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In summary, when the rainfall increases, the factors of temperature, humidity, sunshine
hours, and wind speed do not change, the amount of evaporation will decrease compared to
the baseline period, the water demand needed for plants is met. Excess compared to the
potential water demand, thus affecting the rice yield in the crops.

4. Conclusions

When the temperature increases, the rainfall, humidity, sunny hours, and wind speed do
not change, the amount of water evaporation increases, but the amount of water needed for
plants is limited, thus reducing the rice yield. in cases.

When the rainfall increases, the factors of temperature, humidity, number of hours of
sunshine, and wind speed do not change, the amount of evaporation will decrease compared
to the baseline period, the water demand needed for tall trees is met. With the potential water
demand, the rice yield in the crops is also reduced.

In addition to temperature and precipitation, other meteorological factors such as wind,
humidity, hours of sunshine,... also affect rice yield and will be considered in later studies.
In fact, climatic factors have a mutual relationship: the change of one factor leads to the
change of another factor. Therefore, there should be more in—depth studies on the effects of
these factors on rice yields in particular and crops in general.

Calculation results in the study have shown the impact of climate change, namely the
increase in temperature and rainfall in the Mekong Delta on the rice yield here.

As mentioned from the beginning, the study just stopped at assessing the impact of two
independent factors, temperature and precipitation, so the results have not been fully and
accurately reflected. These factors will be calculated and included in the evaluation in the
next studies.
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Abstract: The quality of coastal water and sediment environment in Bac Lieu province
tend to deteriorate due to waste (solid, liquid, gas) from the mainland into the river basins
before being discharged into the sea. The paper presents the results of research on water
quality in river basins dumping into the sea and coastal sediments. By methods of
research, survey, observation, analysis of water quality, coastal sediment and calculation
of WQI index, compared with QCVN 08-MT:2015/BTNMT, QCVN 43:2017/BTNMT
(column sediments of salt water, brackish water). The results of physical and chemical
parameters according to the dry season and the rainy season exceed the permitted
threshold; pH: 6,69-9,20; TSS: 8-1,928 mg/I (exceeding 38.5 times). BODs: 7-325 mg/l,
COD: 13.8-602.6 mg/l, Ammonium (NH4"): 0.1-28.5 mg/l. WQI Nha Mat estuary: 37-73
and Ganh Hao seaport WQI: 52—68. Thus, the water environment in the continental river
basins and coastal water quality shows signs of pollution from 2016 to 2020. Sediments in
the coastal area in 2018, there are 6/12 samples with high Arsenic concentration, in 2019—
2020 there are 10/12 areas with Cd, Pb (0.57-0.83 mg/l). This result will serve the
planning, planning, management and control of water quality, coastal sediments and river
basins to the coast of Bac Lieu Province in the direction of sustainable development.

Keyword: Bac lieu Province; The shallow seawater areas; Sediment; Water quality; WQI.

1. Introduction

In recent years (2016-2020), the environmental quatily of coast in Bac Lieu province
tended to be worsened by the population growth and development of socio—economic
activities. In which, the directly affecting the quality of the coastal environment in Bac Lieu
province was wastewater from residential aseas, manufacturing facilities and introductrial
zones, aquaculture, tourism activities, ect. flowing into the basin of rivers before to the sea.

Therefore, assessment of the effects of wastewater on the water quality of the rivers
and canals from 2016 to 2020 is a necessary research. This study investigated and assessed
the quality of water based on physical and chemical parameters, identified the main causes
of pollution for the river basins that flow to the sea.

Domestic researches on marine pollution, proposing development models for some key
areas, presented in detail the role of the sea and coastal in the industrialization and
modernization of the country [I-4]. Some persistent organic pollutants in the coastal
marine environment in the North of Vietnam” in the Monograph Series on the Sea, Vietnam
Island, addressing problems in large coastal cities, this region has the potential to

VN J. Hydrometeorol. 2021, 7, 74-84; doi:10.36335/VNJHM.2021(7).74-84 http://vnjhm.vn/
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accumulate [5-6]. Persistent organic substances have the potential to adversely affect the
environment, ecology and public health. One of the causes of marine environmental
pollution is that wastewater from the 1Zs and EPZs pour directly into rivers, streams,
canals, and canals and continue to flow into the sea.

Studies of marine environment in Asia—Pacific; The ASEAN-Canada project on
marine pollution aims to define the criteria for marine resource protection and pollution
management; The ASEAN-US project on coastal resource management aimed at
developing an integrated coastal management plan; Project on the management of the
marine and coastal environment in the East Sea by the Asian Development Bank
(ADB5712-REG); Agreement on Environmental Protection of the East Sea and Gulf of
Thailand dated March 28, 2001; International Law and Marine Environmental Protection,
New York University, USA [7]. The book introduces a number of key contents such as the
United Nations Environment Program (UNEP) and a joint statement “Stockholm
Declaration” An introduction to the negotiation process and the basic contents of the United
Nations Convention on the Law of the Sea 1982 (UNCLOS). UNCLOS is sometimes
referred to as a “constitution of the oceans” because of its comprehensiveness and scope, in
particular Part XII of UNCLOS deals with the protection and preservation of the Marine
Environment with the obligation to general and state parties’ specific obligations to prevent,
reduce, and control pollution [6—13]. State policy on marine environment: 1972-2002, seas
and coastal areas, Japan, Tokyo. Accordingly, the book mentions some basic contents such
as: Increasing coastal and marine environmental degradation, the main threats to the oceans
such as marine pollution, overexploitation, and environmental.

There have been many papers written on the issue of marine environmental pollution,
marine economic activities in Vietnam as well as the impact of marine economic activities
on the socio—economy. However, there is no specific topic mentioning the impact of marine
environmental pollution on the socio—economic activities of Bac Lieu province today [ 14—
24]. Research on assessment of coastal pollution and coastal sediments in Bac Lieu
Province will clarify the current environmental situation of coastal areas. coastal areas in
Bac Lieu Province.

2. Materials and methods

2.1. Description of study area

Bac Lieu is a provancial city in the Mekong Delta region, covers an area of 266,900,08
hectares with coordinates from 9°0°0” to 9°38°9” North latitude and from 105°14°15” to
105°51°54” East longitude. Bordering with Hau Giang and Kien Giang provinces in the
North and Northwest; Bordering with Soc Trang province in the East and Northeast.
Bordering with Ca Mau province in the West and Southwest; Bordering with the East Sea
in the East and Southeast. Provincial administrative units: Bac Lieu city, Gia Lai town and
05 districts: Hong Dan, Phuoc Long, Vinh Loi, Dong Hai, Hoa Binh and a total of 64
comunes, wards, towns (Figure 1) [1-2].

2.2. Methods

2.2.1. Methods of document collection, analysis and synthesis

+ Collect references on natural conditions, socio—economic conditions, environmental
and hydrological document of major rivers, main canals in Bac Lieu province;

+ Collect, statistic and update the characteristics of wastewater sources, characteristics
of sources received from the field investigation, from related research projects and topics
already in the region, from research institutions. rescue, production, business and service
establishments;
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+ Collect documents on the theoretical basis to calculate the pollution of the different
waste sources of the receiving source.

... Bac Lieu province
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Figure 1. Administrative map of Bac Lieu province.

2.2.2. Methods of field survey, hydrological measurement, additional sampling and analysis

Field survey, hydrological measurement, sampling and analysis of wastewater, river
water samples, sediment sampling to WQI calculation for water quality assessment.
Compared with Vietnamese Standard QCVN 08—MT 2015/BTNMT.

2.2.3. Methods of analyzing, analyzing statistics and processing data

Synthesis, statistics, meteorological processing, hydrological and socio—economic data,
dissecting the data of different waste sources have been investigated to calculate WQI for
accurate assessment of surface water quality.

2.2.4. Research data collection

The data collection in this study are presented in Table 1 and Table 2.

Table 1. Sampling locations of coastal seawater in Bac Lieu Province.

NuoT;:;cal Symbol Sampling locations Note
1 NBVBI1 Skm from Nha Mat estuary
2 NBVB2 5km from Nuoc Ngot canal (Vinh Trach Dong commune)
3 NBVB3 5km from Cai Cung estuary
4 NBVB4 5Skm from Ganh Hao estuary (Ganh Hao town)
5 NBVBS5  Skm from the estuary of Huyen Ke canal (Dien Hai commune)
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Table 2. Sampling location for surface water environment monitoring in BacLieu province.

Numerical

order Symbol Sampling locations Note
1 NM1 Cai Day canal, Chau Hung town, Vinh Loi district
. . . B Lieu—C
) NM?2 dB.ac Lleu—Ca Mau canal, Hoa Binh town, Hoa Binh Mzcu canall el(lHO:
1strict . .
Binh bridge)
3 NM3 30/4 canal, Vinh Hau commune, Hoa Binhdistrict
4 NM4 Quan Lo Phung Hiep Canal., to.wn
Phuoc Long, Phuoc Long district
5 NM5 Pho $1nh canal, Phuoc Long commune, Phuoc Long
district
6 NM6 Xf)m L}mg canal, Lang Tron ward,
Gia Rai town
7 NM7 Ogtmde': Gia Rai sluice, Ward 1,
Gia Rai town
3 NMS Buu 2 car.1a1f K.enh Tu, Dien Hai Commune,
Dong Hai district
In 2017 and
9 NMO Cau No.4 canal, Long Dien Dong Commune, Dong Hai 2018, no
district monitoring  was
conducted
. . N itori
Tac Van canal, Lung Sinh hamlet, Dinh Thanh commune, o mom orn}g
10 NM10 Done Hai district was conducted in
g 2017
11 NMI11 Cua Mat estuary, Bac Lieu City
12 NM12 Hung Thanh sluice gate, Vinh Loi district
13 NM13 Dau Bang sluice gate, Gia Rai town
14 NM14 Chu Chi intersection, Phuoc Long district
15 NM15 Cai Cung sluice gate, Long Dien Dong commune, Dong
Hai
16 NM16  Ganh Hao estuary, Dong Hai district
17 NM17 Ninh Quoi crossroads, Hong Dan district
18 NMI8 Vinh Loc-Ba Dinh, Hong Dan district

3. Results and Discussion

3.1. Evolution of water quality according to physical and chemical criteria from river
channels to the sea in Bac Lieu province

Surface water quality have been based on physical and chemical indicators, such as pH,
DO, BODs, COD, TSS (Total suspended solids), N-NH4, P-PO4, Turbidity, Coliforms. The
pH of period from 2016 to 2020 ranged from 6.69 to 9.20; the pH of the Cau No. 4 canal
(NM9) was higher than the maximum allowed value in 2019 and pH was in the allowable
value range (B1) at the remaining locations.
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Figure 2. The variability charts of the water quality has been based on the physical and chemical

indicator.
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Figure 2. The variability charts of the water quality has been based on the physical and chemical
indicator (continute).

In 2016, the BODs was lower than the allowable value and this indicator has increased
higher and higher than the maximum allowed value over the 2017-2020 period. In the rainy
season, BODs parameter fluctuated from 8 to 410 mg/l. The highest parameter of BODs
was at 30/4 canal, Hoa Binh district (NM3) in 2020 and the lowest value was at Cai Day
canal, Chau Hung town, Vinh Loi district (NM1) in 2016. In the dry season, the BODs
fluctuated from 7 to 325 mg/l. The highest value of BODs was at Cai Cung sluice gate,
Dong Hai district (NM15) in 2017 and the lowest value was at 30/4 canal (NM3) in 2016.
In 2017, this indicator has increased dramatically at the locations that were observed near
the estuary such as Buu 2 canal (NMS8), Nha Mat estuary (NM11), and Cai Cung sluice gate
(NM15).

TSS indicator of surface water had a significant difference between the two seasons of
the year during the period from 2016 to 2020. In the rainy season, TSS was higher than the
maximum allowable limit, made up from 8 to 1,928 mg/l. In which, TSS was many times
larger than the the allowed limit at 30/4 canal (NM3), Buu 2 (NMS) canal, Cai Cung sluice
gate (NM15) and Ganh Hao gate (NM16). The highest parameter of TSS was at Buu 2
canal, Dong Hai district (1,928 mg/l, exceeded 38.5 times) in 2019. In the dry season, TSS
was nearly equality or exceeded the maximum allowed value (21.43-1,011 mg/l). The
highest parameter of TSS was at Buu 2 canal (NMS), which accounted for 986 mg/l
(exceeded 32.8 times) in 2019.

In 2016, COD was lower than the maximum permitted standard. COD increased highly
from 2017 to 2020, stood at 13.8-602.6 mg/l in dry season. The COD was highest at 30/4
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canal, Hoa Binh district (NM3) in 2020 and lowest at Cai Day canal, Chau Hung town,
Vinh Loi district (NM1) in 2016. In the rainy season, COD ranged 11-487 mg/l, COD was
highest at Buu 2 canal (NMS8) in 2017 and lowest at 30/4 canal (NM3) in 2016. In 2017,
coastal monitoring locations: Buu 2 canal, Nha Mat, Cong Cai estuary, COD climed
dramatically. In rainy season, COD decreased compared to dry season. DO indicator in
surface water ranged from 4.0 to 7.9 mg/l in the 2016-2020 period. The monitoring
positions reached the limit QCVN 08—-MT:2015/BTNMT, level B1. In the rainy season, DO
at the locations of Cai Day (NM1), Bac Lieu—Ca Mau (NM2), 30/4 canal (NM3), Pho Sinh
(NM5) and Xong Lung canal (NM6) was high, ranging from 7.01 to 7.92 mg/l in 2017.

Ammonium met the permitted standards in 2016. Ammonium changed significantly
over the 2017-2020 period. In the dry season, Ammonium fluctuated from 0,1 to 28,5 mg/I.
In general, Ammonium at monitoring positions met the permitted standards in 2016, 2019
and 2020. In the rainy season, Ammonium fluctuated greatly but lower than the dry season,
ranging from 0.06-2.46 mg/l. In 2016, Nitrite indicator met the permitted standards, but
this figure changed significant in the 2017-2020 period. In 2019, the parameter of Nitrite
increased very high, many times higher than the permitted value. In the dry season, there
were 16/18 monitoring positions where the Nitrite indicator was higher than the maximum
allowable value. In the rainy season, the parameter of Nitrite rised higher than in the dry
season, ranging from 0.002 to 1.123 mg/l. 30/4 canal (NM3), 1.123 mg/l, Cai Day Canal
(NM1), 0.683 mg/l and Bua 2 canal (NMS), 0.583 mg/l. In the rainy season, Nitrite
fluctuated from 0.002 to 0.558 mg/l, all monitoring positions had nitrite parameter higher
than the permitted maximum level. In which, the location with the highest Nitrite was Hung
Thanh (NM12) and the location with the lowest Nitrite was Cai Day canal (NM1).

In the dry season, the phosphate was higher than the maximum allowable value in 2016
and 2017. Especially, Photphate parameter at 4 locations, Nha Mat (NM11), Cai Cung
sluice gate (NM15), Ganh Hao (NM16), Ninh Quoi intersection (NM17) and Vinh Loc—Ba
Dinh (NM18) was many times higher than the permitted standard in 2017. Phosphate
tended to decrease much compared to previous years and its value was lower than the
maximum permitted limit. The phosphate in the rainy season was much lower than one in
the dry season (0.0-0.97 mg/l). In 2017, the phosphate was the highest in all years, such as
Cai Day canal (NM1), Bac Lieu canal-Ca Mau (NM2), Cua Ganh Hao (NM16).

Chloride in surface water was higher than the maximum value, column B1 in 2016,
2018, 2019 and 2020. In the dry season, chloride fluctuated signifincantly, 2.2-22.759
mg/l. the location had high chloride, Dau Bang (NM13), made up 22.759 mg/l in 2020,
chloride parameter of Xom Lung canal (NM6) was 21.128 mg/l in 2020. In the rainy
season, chloride was about 42.00-19.143 mg/l. Some monitoring locations had high
chloride, such as chloride parameter of Nha Mat (NM11) was 19.143 mg/l in 2018 and Tac
Van Canal (NM10) had a chloride parameter o 17.069 mg/l in 2016. The indicator of total
iron in surface water ranged from 0.03 to 2.97 mg/l in the 20162019 period. In the dry
season, total iron ranged from 0.03 to 2.37 mg/l. There were 5/18 monitoring locations with
total iron higher than allowed maximum, 30/4 canal (NM3) in 2019, Gia Rai sluice (NM7 )
in 2016, Buu 2 canal (NMS8) in 2016, Cau No.4 canal (NM9) in 2020 and Tac Van canal
(NM10) in 2020, the remaining locations were lower than the permitted limit. In the rainy
season, the parameter of total iron was from 0,1 to 4,84 mg/l. There were 9/18 monitoring
positions with the parameter of total iron was higher than the maximum allowed value. The
location with the highest parameter of total iron was Buu 2 canal (NMS) in 2020, the
location with the lowest total iron value was Dau Bang (NM13).

The indicator of total Coliforms in surface water was lower than the maximum allowed
limit in the 2016-2020 period. In the dry season, parameter of total Coliforms was 75—
9.500 MPN/100 ml, there were 02/18 monitoring positions in 2020, which were at Cai Day
canal (NM1) and Quan Lo Phung Hiep canal (NM4) with parameter of total Coliforms was
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higher than the allowed limit. In the rainy season, the parameter of total Coliforms was
230-10.200 MPN/100 ml, with 6/18 monitoring locations were Cau No.4 canal (NM9) in
2016; Cai Day canal (NM1), Quan 3 canal and Figure 4. Phung Hiep (NM4), Cua Nha Mat
(NM11), Chu Chi intersection (NM14) and Ninh Quoi crossroad (NM17), the parameter of
total Coliforms was higher than the maximum allowed standard in 2019.

3.2. The variation in water quality of rivers and canals flowing into the sea according to
WQI index

Calculating WQI index (2016-2020) was based on the results of physical and chemical
parameters (pH, Coliforms, NO*~, NO?-, BODs, COD, NH*, PO4*~, DO) of water quality at
monitoring locations (Table 2). Calculation results are shown in Figures 3 and 4.

WAQl calculation results of the first and second WAQJ calculation results of the first and second
monitoring phases in 2016 monitoring phases in 2017
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Figure 3. WQI indicators of the first observation in 2016 and 2017.
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Figure 4. WQI indicators of observation in rainy and dry seasons in 2018, 2019 and 2020.

3.3. The variation of the quality in coastal sediments in Bac Lieu province

The variation of pollution parameters in coastal sediments of Bac Lieu province during
the period from 2016 to 2020, the results of two monitoring periods, corresponding to dry
and rainy seasons, compared with QCVN 43:2017/BTNMT-National technical regulation
on sediment quality (sediment column of salt water, brackish water).

Heavy metals in marine sediments, such as Arsenic, Cadmium, Cu, and Chromium at
all positions were lower than the permitted limit (2016-2020). The value of analyzed
parameters had a significant variation between years (Figures 4a—4d) but there was no
pollution manifest.

In 2018, there were 6/12 soil samples with arsenic > 8 mg/l in the coastal area of Chau
Thoi commune. Also in those locations, it was Zn > 10 mg/l in 2019. In 2020, there were
10/12 soil samples with Cd > 9 mg/1, higher than the standard.
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Figure 5. The charts show the variation of heavy metals in sediments: (a) The variation of As in the
dry season; b) The variation of the As in the rainy season; c) The variation of the Cd in the dry
season; d) The variation of the Cu in the dry season; ¢) The variation of the Zn in the dry season; f)
The variation of the Pb in the dry season; g) The variation of the Hg in the dry season; h) The
variation of the Cr in the dry season.

3.4. Proposing solutions for protection

Perfecting waste source management mechanisms and policies, economic tools are
used to influence costs and benefits in the operation of economic organizations to create
impacts on the behavior of economic organizations that was beneficial for the environment.
Managing different sources of waste accords to directive No. 25/CT-TTg dated 31/8/2016
of the Prime Minister of Vietnam on a number of urgent tasks and solutions to
environmental protection, assigning the provincial People’s Committee to force factories
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with large—scale of wastewater discharge to install monitoring equipment to control and
monitor their discharge in accordance with the provisions of Vietnamese law and report
directly to the Department of Natural Resources and Environment to perform waste source
management. Conducting propaganda to raise awareness of the community and businesses
was through the media or practical operation models. Building a network of automatic
water environmental monitoring stations, enhancing environmental supervision—monitoring
at factories in the area and setting up a mobile monitoring—monitoring unit are very
necessary.

4. Conclusion

The article analyzed and evaluated the water quality through physical and chemical
parameters, the results of monitoring the quality of surface water environment during the
period from 2016 to 2020 showed that the physical and chemical parameters, such as TSS,
BODs, COD, Ammonium, Nitrite, Phosphate, Total Iron, Chloride, and Colifoms exceeded
the permitted standards (QCVN 08-MT:2015/BTNMT-level B1). In which the parameters:
TSS, BODS5, COD, Ammonium, Phosphate, Chloride were many times higher than the
standard. The WQI indicator fluctuates significantly in the 2016-2020 period, WQI tended
to decrease gradually, showing the green color from 2016 to 2020, most of the sampling
indicators was yellow color WQI < 70, showing slightly polluted water to polluted;
variation in surface water quality in Bac Lieu province were changing towards more and
more pollution in the 2016-2020 period. The average water quality indicator on 18
monitoring locations in the first observation in 2016 on the VN-WQI was 76 (good level),
by the first observation in 2020, the average water quality indicator on the VN-WQI was
only 55 (average). The parameters of coastal sediments were below the allowed threshold
according to QCVN 43:2017/BTNMT- saline and brackish sedimentary column. Proposing
solutions to prevent environmental pollution and towards the sustainable development of
water environment in coastal areas of Bac Lieu province.
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Abstract: Climate change has been impacting both natural and human resources greatly.
Flow in river basins is subjected to strongly affect due to its direct relevance to climatic
factors. Many changes in the distribution of runoff on river basins throughout the year due
to the impact of climate change (CC) have been observed. In some areas, the flood season
tends to shift gradually towards the end of the year, making the flood season appear later
than before, but there are also areas where the flood season occurs earlier. The paper
specifically analyzes changes in the distribution of flood season in a year under the impact
of climate change in some areas in the Ca River basin, central Viet Nam.

Keywords: Climate change; River flow; Flow distribution; Ca River basin.

1. Introduction

At present, climate change continues to be one of the most concerning global issues,
along with the coronavirus pandemic [1]. Climate warming will alter several water cycle
components, such as varying the pattern and intensity of precipitation, increasing water
vapor and evaporation, and changing runoff [2]. Particularly, climate change is projected to
exacerbate the change of flow regimes in Vietnam significantly. River flow varies over
space and time therefore knowledge about changing river flow regimes is paramount for
assessing climate change risks related to freshwater. Estimation of changes in seasonality,
inter-annual variability, statistical low and high flows, and floods and droughts is required
to understand the impact of climate change on humans and freshwater ecosystems [3].
Climate change impact studies for river basins mostly focus on changes of river discharge
and aspects of its temporal variability, in particular seasonality [4-9]. In Vietnam, research
studies on impact of climate change on river flows focusing on changes of flow magnitude
and occurence are prominent [10]. Studies on the impact of climate change on river flow
regimes considering both spatial and temporal scales are still limited. This study looks at
the changes in the timing of flood season in a year under the impact of climate change in
the Ca River basin which is located in the central Vietnam and is subjected to the greatly
vulnerable due to climate change. We wanted to find out how significant change of the
flood flow regime in terms of spatial and temporal scales under the impact of climate
change. The state-of-the-art modelling chain method was used to translate climate scenarios
(as developed by Ministry of Natural Resources and Environment [11]) into scenarios of
flow regime indicators including flood flow regime and of shifts between perennial and
intermittent flood flow regimes.
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2. Materials and Methods

2.1 Description of study site

Ca River is a transboundary river, originating from a high mountain range in
Xiengkhuang in Laos with a peak of 2.000 m, flowing northwest—southeast into Vietnam,
pouring into the sea at the Hoi River mouth. The Ca River is about 514 km long, of which
the part flowing in the territory of Vietnam is 360 km long. Ca River basin is the largest
river system in the North Central region, Ca River system is in the coordinate range
103°14°-106°10" east longitude, 17°50°-20°50" north latitude, stretching about 350 km in
the northwest—southeast direction, 89 km wide; adjacent to the Ma river system to the
north, the Mekong River system to the west, the Gianh river to the south and the Gulf of
Tonkin to the east. The total catchment area is 27.200 km?, of which the part of the basin
lying in Vietnam has an area of 17.730 km?, accounting for 65.2% of the entire basin area,
located in the coordinates 103°45°207—-105°15°20” east longitude, 18°15°00”-20°10°30”
north latitude, covers most of Nghe An Province, Ha Tinh Province and part of Nhu Xuan
district, Thanh Hoa Province (Figure 1).

Ca River basin is divided into 3 separate regions including the upstream of Ca River in
the west, the Hieu River basin in the north, and the La River basin in the south. Upstream of
La River has 2 main river branches namely Ngan Sau and Ngan Pho. In different regions,
the distribution of the flood season months in the year also varies differently. On the
upstream of Ca River, there is a flood season lasting for 5 months from July to November
(represented by the Dua hydrological station), the Hieu River basin has a flood season
lasting for 3 months from August to October (represented by the Nghia Khanh hydrological
station). Ngan Sau River basin has a flood season lasting for 3 months from September to
November (represented by Hoa Duyet hydrological station), Ngan Pho River basin has a
flood season lasting 4 months from August to November (represented by Son Diem
hydrological station). To consider the impact of climate change on the flow regime in flood
season for the Ca River basin, this study will investigate the distribution of flood season at
4 hydrological stations of Dua, Nghia Khanh, Hoa Duyet and Son Diem represented for 4
regions forming the Ca River basin.

103.5
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Figure 1. Ca River Basin.
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2.2. Calculation Method

The hydrological model MIKE-NAM [12] is used to simulate runoff from rain. This is
the method commonly used to calculate runoff for regions with tropical climatic
characteristics and has been widely applied for many river basins in Vietnam. The
statistical analysis method is used to analyze the impact of climate change on the change of
months in the flood season in the year. The Penman—Monteith formula [13] is used to
calculate the potential evaporation amount at the meteorological stations as follows:

900 u (e e )
T+273 2T ’ (2)
A+7v(1+0,34u,)

0,408A(R, —G)+Y
ET, =1+

where ET, is the reference crop evapotranspiration (mm/day); Ry is net radiation on
plant surface (MJ/m?/day); G is the heat flux density of the soil (MJ/m?/day); T is the daily
average temperature at an altitude of 2 m (°C); uz is the wind speed at the height of 2m
(m/s); es is the saturated steam pressure (kPa); ea is the actual steam pressure (kPa); A the
slope of the steam pressure curve (kPa/°C); vy is the moisture constant (kPa/°C).

2.3. Data used

— Daily observations of average, maximum, and minimum temperature in the 1986—
2005 period at 6 meteorological stations on Ca River basin including Tuong Duong, Quy
Chau, Tay Hieu, Do Luong, Vinh, and Huong Khe were used to calculate the amount of
potential evapotranspiration as input to the MIKE-NAM model.

— Dalily rainfall data in the 1986-2005 period at 14 hydrometeorological stations
measuring rainfall on Ca River basin including Cua Rao, Tuong Duong, Quy Chau, Nghia
Khanh, Con Cuong, Tay Hieu, Dua, Do Luong, Nam Dan, Son Diem, Hoa Duyet, Huong
Khe, Linh Cam, Vinh were used as input to the MIKE-NAM model.

— Daily average water discharges in the 19862005 period at 2 hydrological stations of
Dua, Nghia Khanh and the period 1997-2005 at 2 hydrological stations of Hoa Duyet, Son
Diem were used to calibrate and validate parameters of the MIKE-NAM model.

— Daily data of average, maximum, minimum temperature, and rainfall at the stations
in the period 20162035, 2046-2065, 2080-2099 derived from the scenarios RCP4.5 and
RCP8.5 were used to calculate flow under climate change scenarios.

2.4. Model set up

In this study, the MIKE-NAM model was set up for 4 sub—basins including Dua,
Nghia Khanh, Hoa Duyet and Son Diem. The precipitation in subbasin Dua employs data
from 8 stations and the evaporation data in subbasin Dua employs from Tuong Duong
station; subbasin Nghia Khanh uses precipitation data from 6 stations and evaporation data
from Quy Chau station; subbasin Hoa Duyet uses rainfall data from 3 stations and
evaporation data from Huong Khe station; subbasin Son Diem using rainfall data from Son
Diem station and evaporation data from Vinh station (Table 1). A map of subbasins and
weight of every rain gauge for 4 subbasins are shown in Figure 2 and Table 1.

Table 1. Weight of rain gauges estimated using Theissen polygon.

. Subbasin Subbasin Nghia  Subbasin Hoa Subbasin
Rain gauge

Dua Khanh Duyet Son Diem
Area (km?) 20,800 4,024 1,880 790
Station Quy Chau 0.15 0.72

weight Cua Rao 0.48 0.03
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Subbasin Subbasin Nghia  Subbasin Hoa Subbasin

Rain gauge Dua Khanh Duyet Son Diem
Tuong Duong 0.17
Nghia Khanh 0.03 0.15
Tay Hieu 0.04 0.07
Con Cuong 0.09 0.01
Dua 0.03 0.02
D6 Luong 0.01
Son Diem 0.03 1
Hoa Duyet 0.29
Huong Khe 0.68
Meteorological gauge Tuong Duong Quy Chau Huong Khe Vinh
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Figure 2. Map of subbasins.
3. Results and discussion
3.1. Calibration and validation of MIKE—-NAM model parameter set

For the catchment of the Dua and Nghia Khanh hydrological stations, the data series
from 1986-1995 was used for calibration and the data series from 19962005 was used for
verification of the parameter set of the MIKE-NAM model. The Nash index [14] is used to
test the agreement between the calculated results of runoff and actual measured data.

For the basin of Hoa Duyet and Son Diem hydrological stations, the data series from
1997-2001 was used for calibration and the data series from 2002-2005 was used for
verification of the MIKE model parameters.

After calibration, the study obtained the MIKE-NAM model parameters for the basin
of 4 hydrological stations of Dua, Nghia Khanh, Hoa Duyet, and Son Diem (Table 2).
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Table 2. The calibrated MIKE-NAM model parameter set for the catchments of the hydrological
stations in the Ca River basin.

No. Model Parameters Dua Nghia Khanh Hoa Duyet Son Diem
Umax 23 2.37 1.4 1.8
Lmax 19 13.5 19.1 12.8
CQOF 0.328 0.7 0.679 0.967
CKIF 18.95 8.061 22.76 5.4
CK1,2 48.3 38.7 39 23
TOF 0.551 0.9 0.443 0.957
TIF 0.00003 0.000166 0.26 0.00032
TG 0 0.000134 0 0.000296
CKBF 2000 2711 2000 980.2

O 001N N W~

The MIKE-NAM model parameters for the basin of 4 hydrological stations, after being
calibrated, were verified to check the reliability. The calculated and observed water
discharge at the hydrological stations in the two periods of calibration and verification are
shown from Figure 3 to Figure 10.
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Figure 4. Process line (a) and accumulation line (b) of calculated and observed water discharge at
Dua station in the period 1996-2005 (Verification).
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Figure 5. Process line (a) and accumulation line (b) of calculated and observed water discharge at
Nghia Khanh station in the period 1986—1995 (Calibration).
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Figure 6. Process line (a) and accumulation line (b) of calculated and observed water discharge at
Nghia Khanh station in the period 19962005 (Verification).
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Figure 7. Process line (a) and accumulation line (b) of calculated and observed water discharge at
Hoa Duyet station in the period 1997-2001 (Calibration).
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Figure 8. Process line (a) and accumulation line (b) of calculated and observed water discharge at
Hoa Duyet station in the period 2002—2005 (Verification).
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Figure 9. Process line (a) and accumulation line (b) of calculated and observed water discharge at

Son Diem station in the period 1997-2001 (Calibration).



VN J. Hydrometeorol. 2021, 7, 85-95; do0i:10.36335/VNJHM.2021(7).85-95 91

B MIKE Zero - [SONDIEM.plc - Modified] - o X || BMIKE Zero - [SONDIEM.plc - Modified] - o x

losa &% |g

SONDIEM, Observed RUnOff [m*3/s] =~~~
SONDIEM, Simulated RunOff [m3/s] ——

3000
5000

ERETE

JeI0[ax3 o103 i)

2500 (3) | ( ) j
5 || 000 = ,_:_j)
2000 3500 s
W
3000 i
1500 =
2500 v__w_;/

1000 2000

I 1500 o
M\“M - |
N 500 p———

2005 0

500

s

2004

0 Ak, 4
2002

2002 2003
< >
| &2edt[ @ Anmate

Ready

2004 2005

" WEde[@ Anmate

Ready No Tracking Mc No Tracking_ Mc

Figure 10. Simulated and observed hydrograph (a) and accumulated discharges (b) at Son Diem
station in the period 2002—-2005 (Verification).

The accuracy of the results of the runoff calculation to the hydrological stations on the
Ca River basin is evaluated by Nash—Sutcliffe criteria. Evaluation results are presented in
Table 3. It can be seen in the table 3, the results of runoff simulation to 10 hydrological
stations on the Ca River basin by the MIKE NAM model are reliable during both
calibration and verification with Nash—Sutcliffe criteria ranging from 0.72 to 0.82. Thus,
the MIKE NAM model parameters after being calibrated and validated can be used to
calculate runoff for different scenarios.

Table 3. Calibration and Verification results of MIKE-NAM model parameters.

N Hydrological Calibration Verification
> stations Period Nash Period Nash
1 Dua 1986-1995 0.80 1996-2005 0.76
2 Nghia Khanh 1986-1995 0.77 1996-2005 0.82
3 Hoa Duyet 1997-2001 0.82 2002-2005 0.72
4 Son Diem 1997-2001 0.76 2002-2005 0.79

3.2. Runoff calculation results under Climate change scenarios

The MIKE-NAM model parameters after calibration and verification are used to
calculate the runoff to the Dua, Nghia Khanh, Hoa Duyet, and Son Diem sub—basins for the
baseline period 1986-2005 and future periods 20162035, 20462065, 2080-2099 under
RCP4.5 and RCPS8.5 scenarios. The results of the calculation of average monthly water
discharge in the baseline period 1986-2005 and the periods 2016-2035, 20462065, 2080—
2099 under the scenarios RCP4.5 and RCP8.5 are summarized in Table 4.

In Table 4, discharges in the baseline period are measured data at the hydrological
stations; discharges in the period 20162035, 20462065, 2080-2099 under the scenarios
RCP4.5 and RCP8.5 are simulated from the MIKE-NAM model. The bold runoff values
are values greater than the annual mean runoff values and these are considered flood season
runoff.

Table 4. Results of the calculation of average water discharge over time by climate change scenarios.

Station Scenarios Period I I I IV V VI VI Vil IX X xi xpy Annual

Average

Nopjy  BAscline 1986-2005 57.6 513 481 496 961 120.8 123.1 2085 3059 2511 1173 690 1249
a

gt 2016-2035 110.4 952 130.7 167.3 267.7 2412 233.8 291.9 477.6 3753 212.8 121.3 227.1

Khanh RCP4.5
20462065 129.6 113.7 126.6

181.5 230.3 309.6 163.1 263.0 430.3 473.0 286.8 148.5 238.0
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Station Scenarios Period | 11 11 v v vi vl vl IX X XI XII Annual
Average

2080-2099 123.6 112.5 129.8 178.9 319.0 237.0 207.0 3344 540.9 518.3 260.7 138.5 258.4
2016-2035 103.4 94.1 1229 181.5 261.4 238.7 2823 333.5 422.0 296.3 2359 1322 2253

RCP8.5 2046-2065 132.6 108.2 118.9 183.7 263.9 218.0 210.2 280.5 439.5 460.8 239.1 147.8 233.6
2080-2099 138.5 121.7 1423 1399 280.0 437.6 225.0 337.8 485.7 547.0 294.5 1543 275.4

KBN  1986-2005 152.5 127.2 115.7 111.3 2243 3659 521.5 844.3 1023.4 708.9 339.1 196.6 394.2
20162035 222.4 182.4 1642 140.5 4352 503.0 743.6 1273.0 1353.6 956.1 571.9 288.0 569.5

RCP4.5 2046-2065 238.2 193.3 190.4 1859 419.7 467.7 551.6 913.6 1358.0 1229.7 545.3 315.5 550.7
Dua 2080-2099 237.9 204.5 1754 180.7 514.8 509.3 847.2 1199.3 1568.1 1001.3 661.1 310.2 617.5
2016-2035 205.7 170.2 152.0 1353 402.9 5153 814.9 1360.1 1238.8 831.5 572.6 297.4 558.0

RCP8.5 2046-2065 258.2 206.8 202.7 1813 466.2 557.5 701.3 1052.9 1408.0 1285.1 531.7 3353 598.9
2080-2099 238.2 192.8 1653 1534 459.8 593.2 793.0 1079.8 1250.9 1120.0 664.9 321.8 586.1

KBN  1986-2005 212.5 176.0 158.6 150.6 349.0 459.9 589.5 1002.3 1371.5 1073.4 519.2 297.9 530.0
2016-2035 299.8 239.2 215.8 1884 526.6 622.7 831.5 1490.7 1732.5 1303.5 794.4 422.9 7223

RCP4.5 2046-2065 331.4 258.5 260.4 263.2 517.5 555.5 627.1 1114.5 1670.5 1577.0 855.0 495.2 710.5

Yen 2080-2099 319.6 268.8 228.7 240.0 650.1 618.3 920.0 1454.4 1880.1 1398.3 972.6 463.7 784.6
Thuong 2016-2035 269.8 216.0 198.7 187.8 564.8 641.9 938.2 1640.1 1570.9 1188.7 804.8 435.9 721.5
RCP8.5 20462065 356.8 268.7 264.6 245.6 638.0 680.5 849.1 1255.8 1774.4 1779.6 797.7 510.5 785.1
2080-2099 320.7 261.6 232.7 220.9 559.9 722.4 891.0 1299.7 1550.0 1557.3 956.2 478.8 754.3

KBN  1986-2005 42.6 347 285 273 549 46.7 36.1 774 190.8 260.7 128.8 69.8 83.2
20162035 56.7 46.0 419 396 959 99.6 44.6 118.8 251.5 264.1 190.6 856 111.3

RCP4.5 2046-2065 60.7 50.2 463 428 102.7 781 60.1 858 162.0 275.0 2382 111.5 109.4

Hoa 2080-2099 569 49.6 42.1 40.1 1053 729 763 1055 1945 256.5 2334 91.0 1103
Duyet 20162035 51.5 415 38.6 38.0 974 837 62.7 117.1 219.1 2373 2109 922 107.5
RCP8.5 2046-2065 60.1 503 475 455 1093 674 742 81.7 2145 2947 201.8 1069 112.8
20802099 554 46.7 40.5 423 1146 828 664 892 2257 280.0 2073 889 111.6

KBN  1986-2005 18.1 156 15.1 134 352 26.1 292 449 975 1114 521 266 404
20162035 24.8 21.4 33.1 340 479 402 189 57.7 1282 1445 709 344 547

RCP4.5 20462065 285 232 361 39.1 640 451 243 494 894 162.0 99.1 432 58.6

Dsi(::n 2080-2099 22.0 189 344 350 79.6 39.8 313 524 1187 1283 1009 393 584

20162035 21.1 166 292 382 455 428 298 566 99.0 119.7 79.6 363 512
RCP8.5 2046-2065 289 21.5 415 264 59.7 404 262 468 113.6 150.1 773 402 56.0
2080-2099 21.6 17.0 314 235 79.1 347 385 53.0 1185 166.6 80.0 34.6 582

3.3. Assessment of the climate change impact on the distribution of flood season in the year

Among the 3 areas in the Ca River basin assessed, the distribution of flood season
months in the year in the Hieu river basin (Nghia Khanh station) is most affected by climate
change. In the base period, this area has a flood season lasting for 3 months from August to
October, however, in future periods according to climate change scenarios, the flood season
appears earlier, even earlier than 3 months, and most periods end more than 1 month later
(Table 4, Figure 11). Specifically:

— During the period 2016-2035, the flood season appears 3 months earlier in both
scenarios RCP4.5 (extended by 3 months, starting from May) and RCP8.5 (extended by 4
months, starting from May to November). Particularly for the RCP8.5 scenario, the flood
season ends 1 month later than the baseline period.

— In the period 20462065, the flood season ends 1 month later (ending November)
compared with the baseline period in both RCP4.5 and RCPS8.5 scenarios. Particularly for
the RCP4.5 scenario, the flood season appears 2 months earlier than the baseline period.

— In the period 2080-2099 under both RCP4.5 and RCP8.5 scenarios, the start time of
the flood season remains unchanged but the flood season ends 1 month later than the
baseline period. Thus, the flood season lasts for 1 month more.



VN J. Hydrometeorol. 2021, 7, 85-95; do0i:10.36335/VNJHM.2021(7).85-95 93

In the upstream area of the Ca River basin (Dua station), in the base period, the flood
season lasts for 4 months from July to October, however, in most future periods CC
scenarios, flood season appears in the same month and ends in the same month or 1 month
later, only the period 2080-2099 (RCPS.5) it appears 1 month earlier (Table 3, Figure 10).
Specifically:

— In the period 2016-2035, the flood season occurs in the same month and ends 1
month later than the baseline period in both RCP4.5 and RCPS8.5 scenarios (extended 1
month more).

— In the period 20462065, the flood season appears and ends in the same month as the
base period in the RCPS8.5 scenario; appears in the same month and ended 1 month later
than the baseline period in the RCP4.5 scenario (the flood season was extended 1 month).

— In the period 2080-2099, the flood season occurs in the same month and ends 1
month later than the baseline period in the RCP4.5 scenario (extended 1 month); appears 1
month earlier and ended 1 month later than the baseline period in RCP4.5 scenario
(extended 2 months).

Nghia Khanh Station Dua Station
5 3
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w 4 El
S 2 - )
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Figure 11. Changes in the number of months in the flood season in the basin of some hydrological
stations in the Ca River basin in periods under the scenarios RCP4.5 and RCPS8.5 compared to the
baseline period.

In the southern part of the Ca River basin, on Ngan Sau River basin (Hoa Duyet
station) and Ngan Pho River basin (Son Diem station), the flood seasons are also different
in the base period. Flood season lasts for 3 months from September to November on the

Ngan Sau river basin and 4 months from August to November on the Ngan Pho River
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basin. On both these river basins, in the future periods under both RCP4.5 and RCP8.5
scenarios, the flood season ends in the same month compared to the baseline period, ending
only 1 month later in the period 2046-2065 according to the RCP4.5 scenario on the Ngan
Sau river basin (Table 3, Figure 10). On the Ngan Sau river basin, the flood season in
periods of CC scenarios is largely unchanged compared to the baseline period, lasting only
more than 1 month in the period 2016-2035 under two scenarios RCP4.5 and RCPS8. 5
(appearing 1 month earlier) and the period 20462065 under the RCP4.5 scenario (ending 1
month later). On the Ngan Pho river basin, according to both RCP4.5 and RCP8.5
scenarios, the flood season changes compared to the baseline period in the period 2016—
2035 and occurs 1 month later in the two periods 20462065 and 2080-2099 (1 month
less).

Up to Yen Thuong station, in the base period, the flood season lasts for 4 months from
July to October, in most future periods under CC scenarios, the flood season occurs in the
same month and ends 1 month later compared to the baseline period (extending 1 month
more), in the period 2046-2065 (RCP4.5) it appears and ends 1 month later than the
baseline period (the number of months in the flood season does not change) (Table 4,
Figure 11).

4. Conclusion

Climate change affects the distribution of flows in flood season in all areas in the Ca
River basin. Of which, the variation of the flood season is strongest on the Hieu river basin
in the north of the Ca River basin and the impact decreases gradually from the north to the
south. The cause of changes of flows in the flood—season distribution is attributed to
changes in the rainfall patterns derived from the CC scenarios.

Climate change can shift the flood season earlier and end later in some periods under
the RCP4.5 and RCP8.5 scenarios compared to the baseline. The flood season occurs up to
3 months earlier in the period 2016-2035 according to both RCP4.5 and RCP8.5 scenarios
on the Hieu river basin, the rest appear and end 1 month earlier or later compared to the
baseline period. However, this study is solely based on one hydrological model and one
climate scenario that may cause uncertainties. Further studies using ensemble of
hydrological models and climate models to validate this finding in other basins having

similar conditions are necessary.
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