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SUMMARY

Coastal mangroves along the coastal zone of Tien Lang were selected to estimate above-ground, underground
carbon stocks and soil organic carbon. Field data was conducted to measure mangrove structures in 15 plots
with a dimension of 900 m?, each plot has 3 subplots with a dimension of 100 m? at three communes, Dong
Hung, Tien Hung, and Vinh Quang. To select the most suitable classification method for Tien Lang district,
this study used some classification methods, namely NDVI, SAVI, TVI indices and unsupervised classification
approach. The accuracies of NDVI, SAVI, TVI and Unsupervised classification were assessed at 85.6%;
67.5%; 58.3%; and 81.8%, respectively. The NDVI index confirmed is the most suitable for mangrove
mapping (85.6%), followed by Unsupervised classification (81.8%). A total of carbon stocks was calculated
from 42.78 ton ha™! to 117.95 ton ha! for mixed mangrove forests, while monoculture Sonneratia caseolaris
ranged from 62.38 ton ha™! to 389.9 ton ha™!. Soil organic carbon stocks in 100 cm depth was estimated ranging
from 100.95 ton ha'! to 227.65 ton ha™!. IDW interpolation of above-ground biomass had accuracy at 61.1%,
while soil organic carbon was at 89.3%. Overall, mangrove forests in Tien Lang offer to potential amount of
carbon stocks both above-ground carbon stocks and soil organic carbon for PFES.
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1. INTRODUCTION

Mangroves have spatially distributed in the
intertidal areas along the coastline in most of the
tropics and subtropics (Kathiresan and
Bingham, 2001). They are one of the most
important ecosystems and provide critical
habitats for sea creatures (Perillo et. al., 2018).
They also play a significant role in reducing the
damages caused by the natural disasters, such as
storms and wave attacks, and Tsunami. Their
ecosystems regulate water, prevent the soil
erosion from wave attacks and provide a natural
barrier against storms, cyclones, tides, and other
potentially damaging natural forces (Dahdouh-
Guebeas et al., 2005; Bahuguna et al., 2008). For
centuries, mangroves have  contributed
significantly to the socio-economic activities of
coastal residents. They are considered as a
source of firewood and construction materials,
charcoal, food, honey, herbal medicines, and
other forestry products (Hong and San, 1993;
Alongi, 2002). In addition, this ecosystem can
act as a highly efficient carbon pool in the
tropics (Donato et al., 2011), because
mangroves can sequester carbon in both above
and below-ground biomass as well as within
soil. Despite the large carbon storage potential
in mangrove biomass and soil, mangroves have

been under serious threats from coastal high
population growth, aquaculture expansion,
timber cutting, and other human activities
(Duke et al., 2007).

In Vietnam, remote sensing applications
have been applied in the forestry sector for a
long time. For example, quantification of
mangrove carbon stocks has carried out in the
North Coast of Vietnam (Hanh and Tinh, 2017,
Dung et al., 2020). Models for calculating
mangrove carbon have been developed for an
emphasis on some specific mangrove species.
The calculation of carbon sequestration and the
quantitative values of the mangrove forests are
often conducted with conventional and
traditional methods, thus taking time and cost.
Although there have been a number of studies
with traditional mangrove carbon calculation, a
few studies using remote sensing data has been
employed to carbon sequestration.

In recent years, mangroves and coastal
resources in Tien Lang district have been under
a great pressure to maintain the areas and
ecosystem functions due to human and natural
threats (Dat and Yoshino, 2016; Dat et al.,
2017). Although the values of mangrove forests
in terms of high carbon storage, their estimation
has not been conducted yet in Tien Lang
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district. In this study, the current map of
mangroves distribution was constructed in Tien
Lang district by using 2A Sentinel imagery,
carbon storages and soil organic carbon were
then estimated based on the data collected from
the fieldwork in combination GIS interpolation
approach. These findings provide a scientific
basis for estimating the total values of carbon
stocks and PFES for mangrove forest services
in Vietnam.
2. RESEARCH METHODOLOGY
2.1. Study site

This study was conducted in mangrove
forests in Tien Lang district of Hai Phong City,
which is located between 20°30°+20°01° N and

(@)

106°23 + 107°08° E (Fig. 1). Hai Phong is the
second largest city in the Northern region of
Vietnam where Tien Lang district is located in
the Southwest of Hai Phong city. The coastal
area of Tien Lang lies between the mouths of
Van Uc and Thai Binh rivers, which are filled
with alluvium from these two estuaries so that
there is an area of mangroves and abundant of
natural aquatic resources. The total coastal areas
of 3 communes, including Dong Hung, Tien
Hung, and Vinh Quang belonging to Tien Lang
District, are 9844 ha. The areas of mangrove
forests are about 986 ha with dominant
mangrove species identified as Kandelia
obovata and Sonneratia caseolaris.
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Figure 1. Study site (a) Vietnam (b) Hai Phong (c) Tien Lang District
and mangrove forests distributing along the coast

2.2. Remote sensing data

The Sentinel 2A imagery of the study areas was
acquired on July 5th 2018, which was freely
provided by USGS (www.earthexplorer.usgs.gov).
The date of the Sentinel 2A image was the same
duration of field data collection with spatial
resolution by 10 x 10 m.
2.3. Methods

Field survey and sampling plot selection:

A field survey on mangrove forests was
conducted in July 2018. To select sampling
plots, we examined firstly study areas entirely,
selected randomly sampling plots, then used a
GPS (Oregon 650) to determine the spatial
position each plot. As a result, 15 plots with a
dimension of 30 m x 30 m (equivalent to 900
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m?) were randomly established across the whole
of Tien Lang coast (Fig. 2) (Dat et al., 2017).
Two sampling sites were chosen to collect the
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Figure 2. Distribution of the smapling plots
in Tien Lang district

At each sampling plot, three subplots (10 m
x 10 m, equivalent to 100 m?) were established
to measure the mangrove structures as shown in
Fig. 3.

Under each sub-plot, tree height, DBH, and
stem diameter at 30 cm height of Kandelia
obovata and Sonneratia caseolaris were
measured. Soil samples were taken at the centre
of plot, named E as shown in Fig. 3 at the depth
of 100 cm from the surface, using standard steel
hand drill. Each soil sample plot was equally
taken with 5 layers with depth intervals of 20
cmas 0 + 20 cm; 20 + 40 cm, 40 + 60 cm, 60 +
80 cm and 80 + 100 cm. Soil plots were also
used to assess the accuracy of interpolated soil
organic carbon stocks.

Calculating biomass and carbon stocks:
In this study, mangrove above-ground

controlling soil samples where there were no
mangrove forests.

v
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Figure 3. Layout of sampling plot and subplots

in study site

(AGB) and below-ground biomass (BGB) were
calculated individually for each species using
existing published allometric equations. The
concept behind allometric equations is that the
diameter of a tree is correlated to its weight
(Kominyama et al., 2005; Hanh et al., 2016).
Therefore, taking information about mangrove
biomass and carbon stocks is not necessary to
require mangrove cutting, known as non-
destructive methods. This approach is
environmentally friendly, time and cost-
effective, and requires less effort than others.
This approach in combination with remote
sensing approach is also reliable and applicable
to estimate mangrove biomass and carbon
stocks. Two mangrove species identified were
measured using species-specific allometric
equations (Table 1).

Table 1. Equations for calculating biomass of mangrove species

Species

Biomass Allometric Equation

Sources

Sonneratia caseolaris

B (AGB) = 0.000318 x D*!*°'7
B (BGB) = 0.000431 x D*3617

(Komiyama et al., 2005)

Kandelia obovata

B (AGB) = 0.04975 x D' 9474
B (BGB) = 0.01420 x D*!2!46

(Komiyama et al., 2005)

B - Biomass, D - Diameter at the breast height.

From the total biomass of trees, the amount
of carbon accumulated in the biomass by
multiple trees biomass was then converted with

coefficients of 0.47 (Eggleston et al., 2006).
Calculating soil organic carbon by Walkley-

Black method:
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The soil sample in the central plot was taken
at a depth of 100 cm from the soil surface. Each
soil sample was equally divided into five layers
by the depth (0 + 20 cm; 20+40 cm, 4060 cm,
60-80 cm and 80+100 cm). Then, the soil
samples were covered by plastic bags and
preserved in the suitable conditions until they
were sent to the laboratory. The method to
determine of total organic carbon in the soil was
adapted from Vietnam standard TCVN 9294:
2012 (Meersmans et al., 2009). This standard is
based on the Walkley-Black method, which was
used for the determination of organic carbon
content in the marine sediment. In the process,
organic material was oxidized by using a
redundancy amount of potassium dichromate
solution in the sulfuric acid environment, using
heat by dissolving the concentrated sulfuric acid
into the dichromate solution, then titrating the
redundant of dichromate by iron (II) solutions,
thus deducting the organic carbon content. To
calculate the amount of carbon in the soil
sample, the following formula was used:

C =[(Vo- V1)*Cn*0.003*1.724*100*k]/W
(Kauffman and Donato, 2012)

Where: V) refers to the volume of Morh salt
used for the titration of the sample (ml); Vi is
the volume of Morh used for the titration of the
medium (ml); Cy is equivalent concentration of
Morh salt; k is Drying coefficient; 1.742 is
Experimental coefficient, which is the

conversion coefficient from the carbon content
to the organic matter content; W is Initial weight
of soil (gram). By using the specific bulk
density of the soil sample, the underground
carbon stock in an area was calculated as
follows:
a(h) = c(h) x T(h)/100
A(H) =a(h) x dh
C(H)=A(H) x 100

Where: dh (cm) is depth of a soil sample; H
(cm) is depth of experimental plot; ¢ (h) (%) is
carbon content in depth h; T (h) (g cm™) is bulk
density at depth h; a (h) (g cm™) is carbon stocks
in soil at depth h (20 cm/each); A (H) (g cm™) is
carbon stocks in soil at depth H; C (H) (ton ha™')
is forest carbon sequestration at the depth of H.
Image processing classification:

Pre-processing classification: This step
included band combination and band clip. In
this study, Band 2, Band 3, Band 4 and Band 8
were combined into multiple bands known as
composite bands in ArcGIS 10.4.1, whereas
composited bands were clipped according to the
study boundary.

Image classification: This study applied
some remote sensing indices as shown in Table
2. Besides, the common method was used as
unsupervised classification based on iterative
self-organizing  data  analysis  (Isodata)
(Shanmugam et al., 2006; Giri et al., 2007) in
this study.

Table 2. Equations of vegetation indices used for mangrove extent mapping

Vegetation Indices

Equations

References

NDVI (Normalized Difference
Vegetation Index)

(NIR - RED)/(NIR + RED)

(Rouse et al., 1974;
Thu and Populus, 2007)

TVI V(NDVI + 0.5)

(Transformed Vegetation Index)

(Broge and Leblanc, 2001)

SAVI

[(NIR -RED)/(NIR+RED+L)] x

(Hue, 1988)

(Soil Adjusted Vegetation Index) (1+L),L=0.5
Carbon stocks estimation by GIS
interpolation:

The Inverse Distance Weighted (IDW)
interpolation is a technique, which is largely a
reflection of Waldo Tobler’s first law in
geography, stating everything is related to each
other, but near things are more related than

distant things (Tomislaw, 2009). The IDW is a
mapping technique, an exact and convex
interpolation method that fits only the
continuous model of spatial variation. The IDW
allows to derive the value of a variable at some
new location using values obtained from known
locations (Oke et al., 2013). This is expressed
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mathematically in the equations given below
(Tomislaw, 2009).

To determine the values of unknown points
by computing the weighted average of the
accurate values in the neighborhood of each
pixel. In particular, this method is very easy and
fast. The formula is as follows (Amstrong and
Marciano, 1994; Bartier and Keller, 1996):

o LWz,
! ?I=1 Wij

Where: Z; is the estimated value at grid
location J; Z; is the known value at control point
location 1, and Wj;j is the weight that controls the
effect of control points on the calculation of z;.

Accuracy assessments:

During the survey, study collected 424 points
in the field and divided into 4 different status
categories, namely mangrove forests (157 GPS
points); aquaculture, including shrimp ponds,
clam farming (103 GPS points); water (51 GPS
points); others, including mudflats, non-
mangrove plants (113 GPS points). Accuracy
assessments were conducted by comparing a set
of field GPS points in the different types of land
uses/covers, which were collected by GPS with
the satellite imagery classified by SAVI, NDVI,
TVI indices; unsupervised classification
approach. The accuracy of classified map was

06°ISY°E 06°)5'50 T 636 0E 0653730 06738 20°E 106°39°10°C

assessed as below:

Classified map accuracy = (Total accurate
GPS points / Total GPS points) x 100

To evaluate accuracy of interpolated carbon
and biomass maps, study randomly used 30% of
sampling plots, which were identified by GPS
650. The IDW interpolated values were then
compared with values calculated from field-
based data collection as the equation below:

IDW map accuracy = Interpolated values -
Measured values, where Interpolated values were
calculated by IDW method, while measured
values were obtained from field data survey.
3. Results and discussions
3.1. Current status of mangroves

As a result shown that NDVI (Fig. 4) and
Unsupervised Classification (Fig. 5) were
calculated at the highest accuracies of 85.6%
and 81.8%, respectively. In comparison with a
similar study, this study had higher accuracy
with NDVI (85.6%) compared with similar
study (83.5%) of Dat and Yoshino (2015).
Classified maps showed clearly four categories.
Mangrove forests mostly distribute outside of
the aquaculture ponds. Small areas of mangrove
forests sparsely distribute in some shrimp ponds
and almost undeveloped due to no tide and lack
of nutrient alluvium.

106400 T 106°&r50°E 10673 140" E 1672 30°E 106%4120°E

LULC (ha)
1 Aquaculture (374)
B Mangrove (1080)
| Others (1133}
B Vater bodies (325)
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Figure 4. Mangrove extents classified by NDVI (Sentinel 2A 05 July 2018, 85.6%)
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Figure 5. Mangrove extents classified by unsupervised classification
(Sentinel 2A 05 July 2018, 81.8%)

Despite the large area of afforestation land
(Table 3), the mangrove area of Tien Lang
district is just 986 ha (2017). The main reason
was the land use change for the purpose of
aquaculture in the 1990s. Shrimp farming
expansion and aquaculture development were
encouraged and promoted by the government
and the People's Committee of Hai Phong. As a

consequence, mangrove areas were converted
to shrimp farms led by the high economic
benefits from shrimp exports (Tuan et al.,
2003). In fact, large areas of mangroves were
converted to shrimp aquaculture ponds not only
in Tien Lang but also in Vietnam (Seto and
Fragkias, 2007).

Table 3. Accuracy assessments of classified maps of mangrove extents

Non-mangrove (ha)

Mangrove Accurac
No- Method (hga) Others Wat.er Aquaculture Total (%) ’
bodies
1 UCM 892 807 537 676 2912 81.8
2 NDVI 1080 1133 374 325 2912 85.6
3 SAVI 1137 901 469 405 2912 67.5
4 TVI 1406 850 402 254 2912 58.3

NDVI: Normalized Difference Vegetation Index, SAVI: Soil Adjusted Vegetation Index, TVI: Transformed

Vegetation Index, UCM: Unsupervised classification.

3.2. Mangrove structures, biomass, and
carbon estimation-based field survey

The mangrove species identified is mainly
Sonneratia caseolaris because of the influence of
flooded tidal area and strong waves. From 1996 to
2009, the Mangrove Ecological Research Center
together with ACTMANG of Japan supported the
planting program of 1309 Sonneratia caseolaris

trees in Hai Phong, most of which were planted in
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coastal Tien Lang District (People’s Committees
of Tien Lang, 2017).

As field measurement shown that Sonneratia
caseolaris with the diameter at breast height
ranged from 9.1 cm to 19 cm and the tree height
was measured at from 6 m to 10.5 m, whereas
Kandelia obovata had diameter at breast height
from 3.3 cm to 6.2 cm and the height was
measured at from 2.9 m to 4.9 m. The plots with

53



Management of Forest Resources and Environment

mixed species distributing in the southern part
had lower biomass, the lowest was calculated at
91 ton ha! and also carbon stocks had the
lowest at 42.8 ton ha™! (Table 5) than those of

mangrove with pure Sonneratia caseolaris
forest, locating in the eastern and northern part
with the highest biomass of 829.6 ton ha™! and
389.9 ton ha™! of carbon stocks (Table 6).

Table 5. Mixed mangroves forest structure and data analysed

. DBH Tree Biomass (ton/ha) Carbon
Plots  Species 1)  height (m) AGB BGB Total Stocks
g ota (ton/ha)
SC 11.8 8.7 68.44 14.01
1 91.03 42.78
KO 59 4.8 6.11 2.47
5 SC 24.2 10.0 213.07 30.18 950,96 117.95
KO 6.2 4.9 5.49 2.23 ’ '
11. . . 12.
5 5C ! 8.6 68.67 %0 82.42 38.74
KO 4.5 4.4 0.62 0.24
10.1 . 121.44 22.2
6 5C 0 7.6 8 144.81 68.06
KO 3.3 3.6 0.79 0.29
SC 9.3 6.3 85.23 15.47
7 126.73 59.56
KO 5.7 2.9 18.40 7.62

SC: Sonneratia caseolaris, KO: Kandelia obovata, DBH: Diameter at breast height.

Table 6. Monoculture Sonneratia caseolaris in Tien Lang coast

Plots DBH (cm) Tree height Biomass (ton/ha) Carbon stocks
(m) AGB BGB Total (ton/ha)
3 14.8 7.5 202.91 36.17 239.07 112.36
4 16.9 7.9 248.63 41.52 290.16 136.37
8 11.4 8.7 111.91 20.81 132.72 62.38
9 12.1 6.6 223.55 35.82 259.37 121.91
10 9.1 7.2 115.95 21.52 137.47 64.61
11 10.7 6.6 134.52 22.36 156.88 73.73
12 11.2 7.4 138.65 26.52 165.17 77.63
13 11.4 8.3 194.97 30.71 225.69 106.07
14 16.9 6.0 733.66 9591 829.57 389.90
15 19.0 10.5 376.14 54.09 430.24 202.21
DBH: Diameter at the breast height
However, the monoculture Sonneratia  ton ha’, respectively.

caseolaris forest had biomass and carbon stocks
significantly higher than that of mixed
mangrove forests. With mixed Sonneratia
caseolaris and Kandelia obovata. As a result,
the mean of above and below ground biomass
and total were calculated at 117.2 ton ha'!, 21.5
ton ha',139.2 ton ha', respectively, while
another study by Hanh et al., (2016) indicated
that were 53.4 ton ha! and 10.99 ton ha™', 64.2

Biomass and carbon estimation-based
interpolation method:

IDW interpolation has shown that higher
carbon stocks are found near the shorelines of
the eastern and northern parts of the mangrove
forests (Fig. 6). There is a positive correlation
between above-ground biomass and above-
ground accumulated carbon stocks and they

have nearly the same accuracy at 61.1%.
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3.3. Soil carbon stocks estimation from field-
based data collection

The results showed that soil organic carbon
stocks in 100 cm depth ranged from 100.95 ton
ha! to 227.65 ton ha!' (Table 7). Soil carbon
was the highest in mixed mangrove stands
accouting for 227.65 ton ha' while mono
Sonneratia caseolaris stand was from 100.95 to
157.93 ton ha! (Table 6). Another study in Ca

o — T = = T L1
wedoe | oedae | oedwer | toen [P0 P ot

Figure 6. Above-ground biomass and accumulated carbon (ton/ha)

Mau and Can Gio (in the South of Vietnam)
showed that soil carbon stocks at the depth of
0+100 cm ranged from 258.51 to 479.29 ton
ha'!, and from 2452 to 309.9 ton ha’
(Fujimoto et al., 2000), respectively which
showed far higher soil carbon stocks of
mangroves. However, the condition of
mangroves between Hai Phong (in the North)
and Ca Mau (in the South) are much different.

Table 7. Estimation of soil carbon stocks in different depths (cm, ton/ha)

GPS coordinates

Plots - - 020 20+40 40+60 60-80 80100 Total
Latitude Longitude
1 20.6223  106.6489 71.85 56.33 38.98 32.85 27.64  227.65
2 20.6231  106.6531 60.82 44.65 43.98 37.36 27.10 21391
3 20.6239  106.6573 40.00 32.28 29.49 27.96 24.02 153.74
4 20.6233  106.6623 39.05 31.60 30.63 22.70 16.02  100.95
5 20.6391  106.6864 44.61 30.38 30.68 24.10 1540 145.17
6 20.6401  106.6896 34.40 28.92 24.52 22.72 19.67  95.83
7 20.6428  106.6923 34.60 26.13 22.15 25.15 13.11  121.13
8 20.6451  106.6949 31.08 20.08 20.64 19.35 15.01 106.15
9 20.6484  106.6998 28.67 28.07 22.33 16.98 19.86  115.90
10 20.6547  106.7019 36.28 25.32 26.59 21.77 20.28  130.25
11 20.6575  106.7038 34.73 33.37 20.27 22.66 21.05 132.08
12 20.6606  106.7060 52.98 29.02 21.95 19.38 1526  138.58
13 20.6654  106.7042 39.98 38.29 21.63 20.03 1529 135.22
14 20.6796  106.6983 51.42 34.97 28.37 21.64 21.53 157.93
15 20.6839  106.6954 44.12 43.26 21.09 25.81 22.16 112.32
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The average of soil carbon among mangrove
stands at the depth of 100 cm was estimated at
146.96 ton ha’!', while soil carbon at the depth
of 020 cm was 42.98 ton ha’!, which was
represented around 29.2% of the total soil
carbon stocks. On the contrast, soil carbon
stocks at the depth of 80 +~ 100 cm were more
stable than other layers throughout all plots with
a variation of 14.5.

Compared with 2 controlling plots set up in
the mudflat areas where had the most affected
of the sea waves and the tide, total soil carbon
stocks were 79.17 and 58.73 tons ha™', much
lower than forest land (Table 7). This is
obvious, soil carbon storage and understory

plant species richness increased with tree

species richness (Gamfeldt et al., 2013).
Soil carbon interpolation:

As a result showed that the side of seaward
mangroves and direct exposure to the sea had
less amount of soil carbon stocks, as calculated
at 115.9 ton ha™! to 138.25 ton ha! in Fig. 7. In
contrast, the southwest of study site had a small
area directly exposed to the sea, so that
mangroves had slightly forces of the sea waves,
thus the values of soil surface carbon were
higher than other areas. The interpolated of soil
carbon was assessed at 89.3% accuracy. This
result confirms that the interpolation method for
soil carbon are reliable and this method can be
used for this study site.

1159 - 138,25
138,26 - 160,6

. Soil carbon (ton/ha)

z| M 160,61 - 182,95
£1 I 182,96 - 2053
I 20531 - 227,65

~1:50.000

.. [N

Figure 7. Inverse Distance Weighted interpolation of soil organic carbon stocks

4. CONCLUSION

Mangrove forests in Tien Lang district, Hai
Phong City are dominated by two species,
namely Sonneratia caseolaris and Kandelia
obovata. There are two types of mangrove
forests identified, including mixed mangrove
forests (with two mangrove species) and
monoculture Kandelia obovata forests. The
NDVI index is the most suitable for mangrove
mapping with accuracy of 85.6%, followed by
Unsupervised classification with accuracy of
81.8%. A total of carbon stocks was calculated

from 42.78 ton ha! to 117.95 ton ha™! for mixed
mangrove forests, while monoculture Sonneratia
caseolaris ranged from 62.38 ton ha' to 389.9
ton ha'!. Soil organic carbon stocks in 100 cm
depth was estimated ranging from 100.95 ton
ha! to 227.65 ton ha'. The study has also
confirmed that the potential of using GIS IDW
interpolation together with collecting field data
approach used estimating carbon stocks is
reliable and applicable in Tien Lang district.
Thus, this method should be applied to other
similarly coastal areas in the North of Vietnam.

56 JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 10 (2020)



Management of Forest Resources and Environment

Acknowledgments

This research is funded by Vietnam National
Foundation for Science and Technology
Development (NAFOSTED) under grant number
105.08-2017.05. The authors also would like to
thank Commune’s Red Cross and Commune
People’s Committee and local people in Dong Hung,
Tien Hung, and Vinh Quang communes, Tien Lang
District, Hai Phong City for supporting us when
collecting data.

REFERENCES

1. Alongi, D.M. (2002). Present state and future of the
world's mangrove forests. Environmental conservation
29(3): 331-349.

2. Amstrong, M.P., Marciano, R. (1994). Inverse
distance weighted spatial interpolation using parallel
supercomputers. Photogrammetric  Engineering &
Remote Sensing 60(9): 1097- 1103.

3. Bahuguna, A., Nayak, S., Roy, D. (2008). Impact
of the tsunami and earthquake of 26th December 2004 on
the vital coastal ecosystems of the Andaman and Nicobar
Islands assessed using RESOURCESAT AWiFS data.
International Journal of Applied Earth Observation and
Geoinformation 10(2):229-237.

4. Bartier, P.M., Keller, C.P. (1996). Multivariate
interpolation to incorporate thematic surface data using
inverse distance weighting (IDW). Computers &
Geosciences 22(7):795-799.

5. Broge, N.H., Leblanc, E. (2001). Comparing
prediction power and stability of broadband and
hyperspectral vegetation indices for estimation of green
leaf area index and canopy chlorophyll density. Remote
Sensing of Environment 76(2):156-172.

6. Dahdouh-Guebas, F., Jayatissa, L.P., Nitto, D.D.,
Bosire, J.O., Seen, D.L., Koedam, N. (2005). How
effective were mangroves as a defence against the recent
tsunami? Current Biology 15(12): R443-R447.

7. Dat, T.P., Yoshino, K. (2015). Mangrove mapping
and change detection using multi-temporal Landsat
imagery in Hai Phong city, Vietnam. in Int. Symp. on
Cartography in Internet and Ubiquitous Environments.

8. Dat, P.T., Yoshino, K., (2016). Impacts of
mangrove management systems on mangrove changes in
the Northern Coast of Vietnam. Tropics 24(4): 141-151.

9. Donato, D.C., Kauffman, J.B., Murdiyarso., D.,
Kurnianto, S., Stidham, M., Kanninen, M. (2011).
Mangroves among the most carbon-rich forests in the
tropics. Nature Geoscience, 4(5):293-297.

10. Duke, N.C., Meynecke, J.O., Dittmann, S.,
Ellison, A.M., Anger, K., Berger, U., Cannicci, S., Diele,
K., Ewel, K.C., Field, C.D., Koedam, N., Lee, S.Y.,
Marchand, C., Nordhaus, 1., Dahdouh-Guebas, F (2007).
A world without mangroves? Science 317(5834): 41-42.

11. Dung, D.L., Tai, N., Nhuan, M.T., Omori, K.
(2020). Carbon storage in a restored mangrove forest in

Can Gio Mangrove Forest Park, Mekong Delta, Vietnam.
Forest Ecology & Management. 380: 38- 40.

12. Eggleston, S., Buendia, L., Miwa, K. (2006).
IPCC guidelines for national greenhouse gas inventories:
Waste. Kanagawa, JP: Institute for Global Environmental
Strategies.

13. Fujimoto, K., Adchi, HM.T., Murofushi, T.,
Hiraide, M., Kumada, T., Tuan, M.S., Phuong, D.X.,
Nam, V.N., Hong, P.N. (2000). Belowground carbon
sequestration of mangrove forests in Southern Vietnam,
In: T. Miyagi (ed.) Organic material and sea-levl change
in mangrove habitat. Sendai, Japan. p. 30-36S.

14. Hanh, N.T.H., Tinh, P.H., Luan, M.S. (2016).
Allometry and biomass accounting for mangroves
Kandelia Obovata Sheue, Liu & Yong and Sonneratia
Caseolaris (1.) Engler planted in coastal zone of Red river
Delta, Vietnam. International Journal of Development
Research 6(5):7804-7808.

15. Hanh, N.T.H., Tinh, P.H. (2017). Carbon
quantification in mangrove forest planted in the North
Coast of Viet Nam. Natural Science and Technology.
Publishing house of Vietnam.

16. Hong, P.N. San, H.T. (1993) Mangroves of
Vietnam. Vol. 7, TUCN.

17. Huete, A.R. (1988). A soil-adjusted vegetation
index (SAVI).
25(3):295-309.

18. Gamfeldt, L., Snall, T., Bagchi, R., Jonsson, M.,
Gustafsson, L., Kjelander, P., Ruiz-Jaen, M.C., Frogerg,
M., Stendahl, J., Philipsoon, C.D., Mikusinski, G.,
Andersson, E., Westerlund, B., Andren, H., Moberg, F.,
Moen, J., Bengtsson, J. (2013). Higher levels of multiple
ecosystem services are found in forests with more tree
species. Nature Communications 4:1340

19. Giri, C., Zhu, Z., Tieszen, L.L., Singh, A., Gillette,
S., Kelmelis, A. (2007). Mangrove forest distributions
and dynamics (1975-2005) of the tsunami-affected
region of Asia. Journal of Biogeography 35(3):519-528.

20. Kathiresan, K., Bingham B.L. (2001). Biology of
mangroves and mangrove ecosystems. 2001

21. Kauffman, J.B., Donato., D.C. (2012). Protocols
for the measurement, monitoring and reporting of
structure, biomass, and carbon stocks in mangrove
forests. Citeseer.

22. Komiyama, A., Poungparn, S., Kato, S. (2005).
Common allometric equations for estimating the tree
weight of mangroves. Journal of Tropical Ecology
21(4):471-477.

23. Meersmans, J., Wesemael, B.V., Molle, M.V.
(2009). Determing soil organic carbon for agriculture
soils: a comparison between the Walkly & Black and the
dry combustion methods (north Belgium). Soil Use and
Management 25:346-353.

24. Oke., A.O., Sangodoyin, A.Y., Ogedengbe, K.,
Omodele, T. (2013). Mapping river water quality using
inverse distance weighted interpolation in Ogun-Osun

Remote Sensing of Environment,

JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 10 (2020) 57



Management of Forest Resources and Environment

river basin Nigeria. Landscape & Environment 7(2):48-62.

25. Pham, T.D., Yoshino, K., Bui, D.T. (2017).
Biomass estimation of Sonneratia caseolaris (1.) Engler at
a coastal area of Hai Phong city (Vietnam) using ALOS-
2 PALSAR imagery and GIS-based multi-layer
perceptron neural networks. GlScience & Remote
Sensing 54(3):329-353.

26. People's Committees of Tien Lang District (2017)
Report of the spatial planning scheme for the coastal zone
of Tien Lang District. USAID VFD Project.

27. Perillo, G., Wolanski, E., Cahoon, D., Hokinson,
C. (2018). Coastal wetlands: An integrated ecosystem
approach (2" edition). Elsevier. pp. 1124.

28. Rouse, J.W., Hass, R.H., Schell, J.A., Deering,
D.W. (1974) Monitoring vegetation systems in the Great
Plains with ERTS. 3rd ERTS Symposium, NASA SP-
351, Washington DC, 10-14 December 1973, 309-317.

29. Seto, K.C., Fragkias, M. (2007) Mangrove
conversion and aquaculture development in Vietnam: A

remote sensing-based approach for evaluating the Ramsar
Convention on Wetlands. Global Environmental Change
17(3-4):486-500.

30. Shanmugam, P., Ahn,Y.H., Sanjeevi, S. (2006). A
comparison of the classification of wetland
characteristics by linear spectral mixture modelling and
traditional hard classifiers on multispectral remotely
sensed imagery in southern India. Ecological Modelling
194(4):379-394.

31. Thu, P.M., Populus, J. (2007). Status and changes
of mangrove forest in Mekong Delta: Case study in Tra
Vinh, Vietnam. Estuarine, Coastal and Shelf Science
71(1-2):98-109.

32. Tomislav, H. (2009). Practical Guide to
Geostatistical Mapping. 2nd Edition EUR 22904 EN.

33. Tuan, L.X., Yukihiro, M., Dao, Q.T.Q., Tho,
N.H., Dao, P.T.A. (2003) Environmental management in
mangrove areas. Environmental Informatics Archives
1:38-52.

UGC TINH TRU LUQNG CAC BON RUNG NGAP MAN BANG DU’ LIEU
VIEN THAM SENTINEL-2A VA PIEU TRA THU'C PIA
TAI HUYEN TIEN LANG, THANH PHO HAI PHONG

Nguyén Hai Hoa!, Pham Duy Quang!, Vé Pai Nguyén!,

Dwong V6 Khanh Linh!, Nguyén Khic Manh!

"Truong Pai hoc Lam nghiép

TOM TAT
Ring ngdp mén ven bién huyén Tién Lang dugc lya chon dé woc tinh trix luong cac bon rung ngap man va cac
bon trong dat. Thuc dia duoc tién hanh dé diéu tra cu tric rimg ngip man tai 15 OTC véi kich thude 900m?,
trong mdi OTC, 3 6 phu véi kich thudc 100 m? duoc thiét 1ap tai xa BDong Hung, Tién Hung va Vinh Quang. bé
chon phuong phan loai pht hop nhit cho huyén Tién Lang, nghién ctru da st dung mot sd phuong phap phan
loai anh bao gdm céc chi sé vién tham (NDVI, SAVI, TVI) va phuong phéap phan loai khong kiém dinh. Két qua
danh gia d¢ chinh xac cia NDVI, SAVI, TVI va phan loai khong kiém dinh lan luot 1a 85,6%; 67,5%; 58,3%; va
81,8. Nhu véy, chi s6 NDVI dugc xac nhan 1a pht hop nhat dé 1ap ban do rimg ngap min, tiép theo 1a phan loai
khong kiém dinh. Téng trit lwong cac bon udce tinh tir 42,78 tAn ha! dén 117,95 tdn ha'! dbi véi rung ngdp man
hdn giao, trong cdy ban chua thuan loai tir 62,38 tin ha™ dén 389,9 tin ha!. Trit lugng cac bon hitu co trong dat
wdc tinh tir 100,95 tan ha! dén 227,65 tin ha'. Két qua ndi suy khong gian sinh khdi trén mat dat cho do chinh
xac 12 61,1%, trong khi cac bon trong dat 1a 89,3%. Rung ngdp man & Tién Lang c6 kha nang tich luy mét luong

16n trir lwong cac bon trén mat dat va trong dat.

Tir khoa: cic bon, cac bon hiru co trong dét, chi s6 thwe vét, phin loai khong kiém dinh, rirng ngiap min,

sinh khéi.
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