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Part I. Introduction

l.1. Project Overview

With inspiration from the pr oj ect ORestoration and Sustai

Coastal Forests in the Mekong Delta to Enhance Environmental Change
Adaptation Cap ac i tiry@ecember 2023 and the sustainable i nnovation platform
for stakeholders and researchers 0 the Green Village (Delft University of
Technology) , the project Mekong Delta Living Lab 0 An open -air laboratory for
coastal protection and nature  -based solutions was found early 2024. A remarkable
conclusion ha s been made from the 2023  project showing that the five provinces
in the Mekong Delta are very different from each other in their physical,
sociocultural , and socio -economic conditions and policies . As a result, finding a
location similar to the Green Village Is the most challenging task for the Living Lab
project.

The envisaged living lab in the Mekong Delta will serve as a 1) platform and
collection of relevant knowledge and lessons learned based on a variety of in -field
scientific measurement campaigns in the Mekong Delta and 2) d emonstrating a
variety of solutions to relevant stakeholders on a permanent physical site. Indoor
flumes focus on scientific pursuits, whereas field measurement campaigns
emphasize real -life solutions. Therefore, the aim of this living lab is  to bridge the gap
between theory and practice, from the indoor lab of ThuyLoi and the other
institutes to the complex outdoor reality in the Mekong Delta. Especially since , in
the past years, many project efforts have been implemented to improve the
coastal system but had limited success. A living lab allows for showcasing the
various mangrove restoration methods and , as such, support simproved and more
evidence -based decision -making with a more long -term commitment

For the last 9 months, the team has done several fiel ~ dwork campaigns for the

first-year goal s, including finding the perm ane nt location for the living lab oratory,
master ing measuring equipment, and understand ing other province s.
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[.1.1. Overview o f Fieldwork Locations
[.1.1.1. Bac Lieu Province

Bac Lieu province is located in a part of Ca Mau Penisula in southern Vietham. | t
includes nearly 2700 km2 and ranked 7 t among other Mekong deltaic provinces.

Its natural topography is relatively flat , consisting mostly of plains. Bac Lieu d s
coastline is quite straight with an extremely gentle slope , with water depth
reach ing 30 m at 100 km from the shore. Bac Lieu has a seasonal climate , which is
domina ted by southwest monsoon in the summer and northeast monsoon in the

winter. Furthermore, Bac Li eu®6s pop ed r@early o millionana2021 and is
quite scattered between  the city (27.67%) and the country side (72.23%).

Google Earth

1% L ely Cooeriibaus 20 km
Figure 1. Bac Lieu boundary

Total mangrove s in Bac Lieu reach ed 2800 ha in 2018, in which Hoa Binh
district has the largest area with 1300 ha (48.1%), Dong Hai district rank s second
with 1100 ha (40.9%) , and Bac Lieu city stay s at the bottom with only 311 ha (11%).
Mangroves in Bac Lieu ha ve been stated to have an inc rease of 1070 ha after 30
years (1988). It was recognized that an increase in shrimp ponds due to their
benefits to farmers result ed in a large number of mangroves need ing to be
destroyed in order to build ponds. Consequently, the impact of low quality of
water treatment and high water po llution made the survival rate of the mangroves
lower . However, with the increase of quantity and competition in shrimp markets,
Vietham and Mekong de Itaic provinces in general and Bac Lieu in particular no
longer the most aquaculture farming. With both environmental and econom ic
impacts , farmers have slowly stop ped using intensive aquaculture shrimp ponds
and start ed using the shrimp-mangrove method. This act leads to a restoration of
mangroves in Bac Lieu.

In the past decade, with the significant increase in sand exploi tation and

decrease of sedimentat ion/sediment due to hydr aulic dams, mangroves at
several locations hav e now disapeared, for example, mangroves in Nha Mat. The
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number of coastal infrastructures has increased due to a false assessment of the
local authorities.

[.1.1.2. Phu Long Commune , Cat Ba, Hai Phong

Located on the Northwest of Cat Ba island, Phu Long commune is as la rge as
about 4300 ha with more than 2300 people. Interestingly, the commune includes
488.5 ha of the core zone and considerable parts of the other two zones defined
above. The first group of 15 families was believed to have arrived and established
Hau Village in this area 500 years ago. At the beginning of the 20th century, Phu
Long village was officially documented to exist with 500 residents. Mudflats,
mangroves, and waters dominate the landscape of the commune, making them

a notable characteristic. Nowad ays, of the 800 hectares of mangrove forests in
Cat Ba, a significant portion, amounting to 600 hectares, is located within the
commune. Inhabiting the area adjacent to the mangroves, the people of the old
village, and now the commune, have amassed knowled ge and experience about
these ecosystems from generation to generation.

The mangrove ecosystem in this area remains one of the few relatively intact
and healthy regions left. Notably, many families still have leased land and water
surfaces from the authori ties for aquaculture and livestock farming, alongside
initiatives for mangrove afforestation and land reclamation. Consequently, healthy
mangrove trees often line the banks or grow within aquaculture ponds. However,
as the arrival hall of Cat Ba island, Ph u Long has changed rapidly with ferry ports,
cable lines and stations, asphalt roads, concrete bridges, and many new modern
houses. A large part of the mangrove forests have been transformed into
aguaculture ponds and, more recently, intensive aquaculture facilities.
Additionally, it has been discovered that younger generations are pursuing a
variety of occupations for their livelihood. Nevertheless, these professions are often
hardly relevant to mangrove ecosystems.

A quick survey and observation revealed that no more than five local
community members frequent the mangrove forest for daily harvests. Some
aguaculture ponds are still operated and remain, but only by the older
generation, continuing a long  -standing practice (20 - 30 years). Conversely, their
children display a lack of interest in both the mangroves and related endeavors.

This suggests that although the mangrove forests on Cat Ba Island & northwest
remain robust and healthy, signs of deterioration are emerging, possibly driven by

the community & diminishing involvement in conserving and enhancing these vital
ecosystems.
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Figure 2. Phu Long Commune (green line) east of Cat Hai, Hai Phong.

[.1.2. Objectives

-/ Conducting site investigations and analysis in the different provinces and
understanding the differences between the provinces, their difficulties and their
coastlines.

-/ Involving the local communities in the search for a location for the living lab
by organizing focus group sessions and creative session  s.

-/ Plan and design the interior layout of the lab, considering factors like
equipment placement/storage, workstations, and safety measures to create a
functional and efficient workspace.

-/ Conduct the first few experiments in the living lab together wi th students
and staff of our partner universities/institutes.
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Part Il. Equipment and methods

I1.1. Equipment

The list of equipment islisted below:

Table 1. List of measurement devices from Obscape

No. Name Description Quanti ty
1 OBSWave Real-time full wave and sea 01
buoy400 surface temperature
Observational Buoy
2 Level Gauge Real-time water level 01
measurements using a highly
accurate radar sensor.
3 Pressure-based Pressure sensor wired to power 02
Wave Gauge and telemetry module.
Measure non -directional wave
spectrum and bulk wave
parameter.
4 Weather station Comprehensive weather data 01
comprising wind speed and
direction, air temperature and
pressure, solar radiation,
rainfall, relative humidity , and
lightning.
5 Rain gauge Real-time gauge with 0.2 mm 01
resolution.
6 CT Station (Water  All-in-one conductivity 01
physical temperature and salinity
parameter) measurements.
7 Time-lapse Real-time image capture. 01
camera

Note that all equipment  islow-mainte nance with self -rechar ged by solar cells.

These equipment are developed by Obscape company, Delft University of

Technology. Measured data will be streamed to the Obscape se

internet connection installed

rvers with a high

inside the device. Every station is equi pped with solar
power cells that can recharge under the sunlight. As a result, the installed devices
can measure for up to a year without changing batteries.

5| Page



(a) Wave bouy: OBS -Buoy 400 (b) Weather station

(c) Time -lapse camera (d) Pressure-based wave (e) Level gauge
gauge Radar

Figure 3. Obscape devices.

[1.1.1. Wave bouy

OBSBouy 400 can be installed at an offshore location so data can be
obtained for model validation and calibration. Wave bouy uses 8 Lithium D-cells
(3000mAh, 3.7 V), resulting in data recording up to 10-12 months. Data
specifications are presented in Table 2.

Table 2. Wave buoy characteristics

No. | Data specifications Note

1 Wave spectrum Fully directional , including height and period,
using the Maximum Entropy Method

2 Bulk wave parameters SST, H(mMO, max), T(peak, m01, 02, 10, max),
and SST Dir(peak, mean)
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No. Data specifications Note
3 Sample frequency 6.25 Hz
4 Filtered frequency range 0.0501.00 Hz (~20 06 1 sec)
5 Bust duration 30 minute s for each recor ded data
6 Storage Data portal, External storage
7 Communication modes GSM (4G)
Wave Buoy In-line float 1 In-line float 2
pp— A
Swivel / £
Chain 1 o
| Base lin Anchor float
Swivel
v '
Shackle In-line weight Anchor
\ Shackl _,
AN Chain 2
—>
25m

Figure 4. Meas urement scheme of Wave bouy.
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: Base line

: Anchor

: In-line float 1
: In-line float 2
: Chain 2

: Wave buoy

: Anchor float
: Chain 1

1
2
3
4
3
6
T
8

Figure 6. Wave bouy system after installing. Two red balls ~ on the left si de are the in -line floating
connected with easy  -spot objects (flag sand lights). The yellow spot  on the right is the wave bouy.
This system can work up to 12 months  under normal condition s

In the field, wave bouy is vul nerable under strong wave conditions, so it
should be observed and have daily checking during the measurement campaign.
The team checks the bu oy every 03 hours. The ideal time should be 7, 10, 13, 16,
19, and 21 hours, includi ng several aspects, such as the general information,
abnormal functions, data streaming portal, and device location. Figure 7 below
shows the daily measurement and telemetry cycle.
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Wait for P
sample interval J"

Calculate
wave spectra

|

Add wave ]
data to queuve J

Comm interval:
send now?e

Yes
v Mo

No |
Send wave data +
queue to server, Data received Yes
Clear queve

synchronise real- by servere
time settings

Figure 7. Measurement and telemetry cycle durin g the campaign.

[1.1.2. Level Gauge

Level gauges use the method below, where d is the distance between the
sensor and the water surface.

Zwater = Zhousing —d

Level
A A
Zp
o d
. I— 2z
Z w
h 4 4

Water surface
Figure 8. Level gauge radar principle.
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[1.2. Sedimentation

Data will be collected from both mobile stations (extracting from equipment) and
manual collecting. Within the field campaigns, the team collects sedimentation
following the method.

Sedimentation data is collected within the frequency of 3 times per day at
the current/flow or wave stations. Coll  ecting toolkits include a 40 -60cm diameter
tube (See Figure 4) being collected at different depths by ropes. An ideal volume
for each collecting time is designed by the supporters with metadata written, e.g.,
location, date and time.

Figure 9. Sedimentation/Water quality collection toolkit

Every sample should be maintained in good condition before being brought
to the laboratory for further analysis. Figure 5 presents the processes for
sedimentation analyses.
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Figure 10. Analyzed processes for sedimentation

The sed imentation sample s, including the filtered papers , are then brought
to be measured the secondary weights. The final result will be wri tten in the field
notes.

Figure 11. Exérﬁples of Sedimentation analyzed  processes. Filter paprs (Upper" left and right
panels), dried processes (Lower left panel) , and weigh the filter paper with sediment (Lower right
panel).

[1.3. Biomass

Biomass is one of the important aspects recognized as the Above -Ground Biomass
0 AGB parameter . This parameter is analy zed from tree height (H), mean diameter

in middle h eight (DBH), cover diameter (CD), and root diameter at 30 cm from the

bed. All parameters are collected from an area of 10x10 m , and AGB will be
estimated from one of existed  empi rical formulas in Table 3.

Table 3. Empirical formulas for AGB estimation

No. | Mangrove type AGB estimation formulas Measured
parameters
1 Sonneratia AGB (kg)= 0.251x " xDBH2-46 DBH, H
caseolaris AGBioot (kg)= 0.199% "~ x0.899x DBH?-22
2 Bruguiera AGB (kg)= 0.168xDBH 231 DBH, H
gymnorrhiza
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No. | Mangrove type AGB estimation formulas Measured
parameters
3 Kandelia AGB (kg)= 2.594xCD 2xH CD,H
obovata (DBH<5cm)
AGB (kg)= 0.251x ~ xDBH46 DBH, H
(DBH>5cm)
4 Avicennia AGB (kg)=1.8247xCD 2xH CD,H
marina
5 Aegiceras AGB (kg)= 3.1253xCD2xH CD,H
corniculatum
6 Rhizophora AGB (kg)= 0.168xD 242xH+Biomasssiii(kg)= D30, H
stylosa 0.0209xD2-55
[1.4. Surveys
Within the project, the team applies human -research surveys that are to collect

individual information and perspective s associated with mangroves and coastal
infrastructures. There are two type s of individual s that the team has interviewed so
far, (1) experts and (2) local residents.

-/ The number of experts is limited at the moment, including Economy,
Psychology, Anthropo logy, and Civil and Coastal Engineering, who can create
supportive and beneficial views for the project.

-/ Local residents will be interviewed at the field using questionares and face -
to -face interviews.
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Part Ill. Field Campaigns

The first visit to the Mekong Delta (MKD) occurred in December 2023 during the
RVO project ORestoration and Sustainabl e
Mekong Delta to Enhance Resilience to Environmental Change . Orhis technical
study offered the critical view that show s insightful support and advice to the
Ministry of Agriculture and Rural Development (MARD) and provincal Departments

of Agriculture and Rural Development (DARD) of the five MKD provinces. On the

way of continu ing to improv e the principle knowledge of the MKD a nd mangrove
restoration, the project Mangrove Living Lab started in early 2024 , provides several
field campaig nsin order to fulfi Il the task sthat have been left questioning from the
previous projects.

[11.1.1. Field campaign in Bac Lieu

Fieldwork in Bac Lieu occu rred in April and August 2024 in a 7-day duration . Our
purpose for a bunch of activities in Bac Lieu will be

+ Investigate and ana lyze the differences between  laboratory sites.

+ Organising meetings and workshops in the way of developing a mangrove living
lab.

+ Develop designs of fieldwork and start measurement campaigns.

A special task needed to fulfi Il the project isto understand the potential sites
for the living lab.

[11.1.1.1. Hoa Binh 1 8 Wind Farm
1. Description

Hoa Binh 1 site, known as the wind farm resort locates south -east a distance of 12
km from Bac Lieu city center (  V@h Hru A, Hoa Binh, Byc Liéu, Figure 7).
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Figure 12. Hoa Binh 1-Wind farm onthe map, located at the south  -east of Bac Lieu city center
with a distance of 12 km.

Hoa Binh 1 8 Wind farm, now so -called Hoa Binh 1, is a touris t place where
tourists and local people can visit a set of wind turbines at an offshore location.
The furthest point allowed for visit ors is about 6 km from land , which is always
submerged. Hoa Binh 1 has both pros and cons for the future campaign.

+ Advantage

Hoa Binh 1 is a resort place surroun ded by homestays and restaurants. It is
recogni zed to be a good place for logistics. Hoa Binh 1 has a combination of
mangroves, coastal areas, and offshore sites , making it a good place for
measuring water level, waves, flows, sediment/sedimentation , and bio -mass.

In the 6 km from land to offshore over a bridge , a man grove width reach es
about 150 m before app roaching the coastal area. The gentle foreshore can be
up to 1/1000 , making the tidal area  enormous. An advantage for setting up
measurement devices on the bridge was recognized during the first attemp  t in the
field, in which water level, wave gauges , and similar devices from Obscape can
be set up without hiring a boat. The location is at a place where  the water depth is
4 meters at low tide time. However, some devices from ICE which has water
resistance can be inst alled at the brigde poles.

+ Disadvantage
The available devices for the project (see Table 1) have their own cons , which
are not waterproof. As a result, it needs to be installed at a high place from the

bridge to the water surface , even in the low tide. Hence , optimizing designs for
measurement plans will be more challenging.
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fVWaveimeasurement

Hoa Binh 1 Wind Farm

p

Google Earth

(b)
Figure 13. Measured location in Hoa Binh 1. (a)  pier and (b) poles at  the pier; (c) Location on
map.

2. Activities and results

All measurements are installed and measured during the time mentioned above.
There was a list of measurement activities in this period in which water level, wave
measurement , and sedimentation were focused.

The team set the Level gauge and pressure-based wave gauges at the
locations presented below.

Figure 14. Location of device installation in April and August 2024
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-/ Water level and w ave measurement . The devices are the Level gaug e and
Pressure-based wave gauge (see Table 1) and are shown below:

= e N A(a) (b)
Figure 15. The level gauge for water level (a) and the Pressure-based wave gauge (b) were
installed at the location presented in Figure  14.

The data captured from  the two devices are presented  with elevation raw
level (Figure 1 6), significant wave heights (Figure 1 7), and mean wave period
(Figure 18).
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Figure 16. Elevation of raw records from the Level ~Gauge
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Figure 17. Significant wave h eight from pressure -based wave gauge.
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Figure 18. Mean wave period from pressure

-based wave gauge.
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-/ Time -lapse camera

The time -lapse camera was set in front of the mangrove belt so that the team
could observe the change in tidal elevation and wave behaviors in/in front of
mangroves. A few examples of captured images are shown below:

Date: 20 April 2024

Date: 21 April 2024

-/ Sedimentation

Sedimentation samples are collected twice a day, at 7 and 15 hours , and at two
locations. Hence, there are four samples in a day from 24 to 26 April 2024. After all
samples are collected in the field, they will be dried and measured again in the

laboratory. The results are present ed below:

Collected at Level gauge

Date and time

Figure 19. Sedimentation change sovertime at the Level Gauge location
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Collected at Pressure-based wave gauge
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Figure 20. Sedimentation change over time at Pressure  -based wave gauge  location
-/ Other activities

Checking and observing measurement devices are done each time
sedimentations are collected. These activities include observing water level s and
checking the online portal  which data are uploaded in real time.

On 26 April 2024, captur ed mangroves with drones in Vinh Chau ward, Soc
Trang province , in 2 hours.

This fieldwork ended on 26 April 2024. Data o n water level, waves, and time -
lapse images is collected from  the Obscape portal.

[11.1.1.2. Nha Mat

Nha Mat is a ward belo nging to Bac Lieu city , located about 10 km from the
center. This area is a touris t place where the Nha Mat resort, shops and restaurants
are available . Nha Mat restaurants are one of the tourism system  sin Nha Mat ward
which are built at 150 m from the land being submerged during the high tide.

Fieldwork at Nha Mat occurred two time s in April and August 2024. The early
visit is short and to assess the potential of this place for a permanent living lab
location. Meanwhile , the second visitis a longer fieldwork in which the team installs
measurement devices. On the second visit, the team eventually made the
decision on this location , considering it w ould be the permanent lab.
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1. Field trip in April 2024

On 18 April 2024, the team, Dr Le Hai Trung, pays th e first visit to Nha Mat (Figure 21)
and spends some time evaluating the potential location. This location is the land
reclamation area formed for resorts, parks, and restaurants for tourism. In Figure 9b,

the Nha Mat restaurant was built about 15 years ag 0, creating a good place for
visitors, including 2 func tional dining rooms, but only one now continue s
functioning. This area connects to the land via a small bridge (Figure 21b) and is
only submerged due to the high tide.

The team wants to install measurement devices at the restaurants (see Figure
21b) because it is easy to observe and check every day. However, it is noticed
that this area is surrounded by pourous structures, the hallow poles, making the
situation complicat ed. For example, wave signals will be transmitted. The first
assessment for device install ation processes come sfrom the idea that all hydraulic
condition s that should be measured will be blocked by the structures. Thus, it will
be challenging to  understand the insight m echanisms of hydr ological problems.
Another reason that makes this area more challenging to be a living laboratory is
the tourists and visit ors. The team is aware of the interruption from local people and
visitors on signals as well as a high consideration for device security.

On the other hand, other processes, such as logistics, shops, and foods , are
mostly available for longer fieldwork.

() (b)
Figure 21. NhaMat area (a) and NhaMat restaurants (b). Photo taken on 19 April 2024 when this
building is abandon ed.
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2. Fieldword in August 2024

The second visit , as well as fieldwork , takes place from 12 to 22 August 2024.
The aim s of this field campaign include:

+/ Assessthe po ssibilities for all fieldwork processes, such as logistic s, device
installation, and more.

+/ Capture measurement data at the shallow zone.

+/ Address the differences between Hoa Binh | and Nha Mat in other aspects
which become the criteria for living laboratory, for example, logistics (shops,
restaurants), livelihood accesses for surveys, craft shop for external items for
installing devices, and more.

On 12 August, the teams arrived at Nha Mat, Bac Lieu (see Figure 21), and
started to install measured devices. However, it was recognized that this location is
surrounded by visit ors and tourists during the daytime. This brings challenges for
installing devices along the bridge without thinking of device securit y. The team
then found a small tent about 500 m from the shore belo  nging to a local farmer
(Figure 22a and 22c) . It is not an easy choice to reject the opportunity to set the
devices up, including waves  and water quality , while the weather station was set
up at the hotel (see Figure 22b).

Index#iumber: 6
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Figure 22. Wave and water quality devices (a) and weather station (b) anda tentbelo ngingto a
local farmer further offshore (c) where wave and water quality stations are installed.

In the meantime, the team visited several infrastructures, such as the Hallow
Pie Dike (Figure 23), the Hallow Pile Rocks D ike (Figure 24), the left and the right
side of the bridge to Nha Mat restaura  nts (Figure 25), and finally discussed on the
standards of the living lab location (Figure 26b). The team also pa id respects to the
farmer , who was willing to help the team install the devices in his tent (Figure 26a).

(a) (b)
Figure 23. (a) the Hallow pile rocks dike ison the right side of the Hallow pie dike , and (b) the circle
porous dike .
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(a) (b)
Figure 24. The hallow pile rocks dike at the seaside (a) and at the land side (b). Natural
mangroves can survi ve behind the dike  due to an increase of sedimentation and high bed
elevation enough for mangrove surv  iving.

(a) (b)
Figure 25. (a) The left side of the bridge to Nha Mat restaurants. Senior and young mangroves
behind the piers. This area has been left out due to several failed projects. (b) The right side of the
bridge to Nha Mat restaurants. This area is close to the river mouth and protected by Hallow Pile
Rocks Dikes, and the Tetrapod at the dike slope.
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(a) | (b)
Figure 26. (a) The team thanked the farmer who let all devices be installed in his tent. (b) the team
also visited Hoa Binh | d Wind farm to criticize the differences between Nha Mat and Hoa Binh |.
3. Data presentation

The presentation of data captured from the August fieldwork is shown below:

-/ Wind data is presented in Figure 2 7, showing that the main direction in 7 -
days duration is southwest with the highest velocity up to 4 m/s

N

Calm
30.40 %

Palette

B Above 4.000
[ ]3.500-4.000
[ 3.000 - 3.500
I 2.500 - 3.000
I 2.000 - 2.500
I 1.500-2.000
B 1.000-1.500
[ ] Below 1.000

Figure 27. The wind rose in Nhat Mat from 1 3 to 22 August 2024
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-/ Waves:

The significant wave heights and water depth from 12 to 22 August 2024 are
shown in Figure 2 8. The average wave height is recor ded around 0.35 m in nearly
every water depth. The gentle foreshore is the cause of wave damping along the
intertidal area.

The average wave period shown in Figure 2 9 is roughly 5 seconds. There are

some e normous records in the wave period that can be explained by swell wave S
or long waves generated by very gentle foreshore.

Figure 28. Significant wave heights from 12 to 22 August 2024

Figure 29. Averaged wave period from 12 to 22 August 2024
-/ Water Quality

Three parameters, e.g., water temperature, conductivity, and salinity , are
presented in Figure 30. It appears that salinity is quite low (22 PSU) in compari son
with a common value, 35 PSU, due to river influence from the channel close by.
Meanwhile, w ater temperature is quite high because of the influence of summer
time , with an average temperature along the day reaching 35 oC.
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