International Journal of Environmental Science and Development, Vol. 10, No. 3, March 2019

Relationships of Vegetation Indices and Biomass of
Mangrove Forest Plantation in Thailand
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Abstract—The objective of this research was to analyzed the
relationship of vegetation index and biomass of mangrove forest
plantation in in Don Sak national reserved mangrove forest,
Don Sak district, Surat Thani province. The methodology was
conducted by analysis relationship between the five vegetation
indices, and five reflectances calculated from LANDSAT 8
satellite imagery which has a resolution of 30 meters and the
data from field biomass survey. The proportional stratified
sampling system classified by the age class; tree aged between
1-19 years, 14 age classes, three sample plots per age class, plot
size 15x15 meters. The diameter and height of all trees in
sample plot were collected for biomass calculation by using
allometric equation. The result of this study found that the
general linear and quadratic relationship of green radiance (G)
and biomass were significant (Biomass = -1,318.715*(G) +
129.191, R? = 0.702; Biomass = 462.134 — 9,002.43(G) +
43,823.11(G®» , R® = 0.786) Meanwhile, there was no
relationship between other vegetative indexes and biomass.

Index Terms—Biomass, LANDSAT 8, mangrove, vegetative
index.

I. INTRODUCTION

Mangrove forests are the most productivity and
biologically diverse ecosystem in the world [1]. Mangrove
forests provide various direct and indirect ecosystem services
such as natural protection barriers and nursery habitat for
marine organisms [2]-[5]. Especially, mangrove forests
thrive near coastal areas, which function as carbon pools [6].
Biomass assessment has become very important to assess
forest ecosystem productivity, determine carbon budgets, and
support studies of the role of forests in the global carbon
cycle [7]-[9].

Biomass plays a very important role in global carbon cycle
as it is associated with carbon sequestration; it helps in
quantifying pools and fluxes of greenhouse gases from the
terrestrial biosphere to the atmosphere formed by various
land-use and land cover changes [10]. Thus, it is crucial to
study the biomass of mangrove trees in order to describe the
changes of climate patterns at the regional and global scales.

Application of remote sensing is also crucial to obtain
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pertinent information of land use cover and land use change
over extensive coverage areas. The remote sensing
technology has been applied for biomass assessment.
Vegetation indices are the mathematical transformation of
the original spectral reflectance which are used for
interpreting vegetation biomass and cover [11]-[13]. Satellite
based vegetation indices models are the most commonly used
models for biomass estimation of mangrove forests in many
studies [14]-[17].

Coastal areas within Don Sak district of Surat Thani
Province, specifically within the Don Sak National Forest
Reserve the 2,400 ha of mangrove forest that originally
occurred here has been reduce to approximately 160 ha,
whereas the remaining 2,240 ha (14,000 Rai) consists largely
of abandoned ponds, clearfelled (degraded) wasteland and a
limited number of active shrimp ponds. The Mangrove Forest
Management Unit of the Royal Forest Department in Surat
Thani, keen to restore the mangroves in this area [18].

After 19 years of replanting, the biomass of this plantation
is necessary to evaluation, thus the relationships of
vegetation indices and biomass is necessary to study for
further monitoring the biomass change and managing the
sustainable forest in this area.

Il. METHODOLOGY

A. Study Site

The Don Sak National Forest Reserve (57000 - 57700 E,
1022000 - 1032000 N) is located in Surat Thani Province in
the Upper South Region of Thailand (Fig. 1). The study area
has a sub-tropical monsoonal maritime climate with an
annual average temperature of 31<C. The coldest month is
January, the warmest May. The average annual number of
hours of sunshine is approximately 2,000. Rainfall is
seasonal and varies considerably between years, 1,500 -
2,500 mm/year. Most of the precipitation occurs during the
fall monsoon, when the coastal area is also subject to
typhoons. The tropical climate and the extensive coastline
with its numerous sheltered bays and muddy inlets create
ideal conditions for the development of mangrove forests.

This area historically had one of the most extensive and
richest variety of mangrove forests along the Gulf coast of
Southern Thailand, although it is much reduced today due to
conversion to other uses such as shrimp farms or salt ponds,
and erosion due to the overall reduction in total area and thus
the ability of the total system to function as a means of coastal
erosion control [18].

The forest restoration project was started in 1997 by
planting mangrove tree species using 1.5 <1.5 m in spacing.
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Fig. 1. Mangrove plantation at Don Sak National Forest Reserve, Don Sak District, Surat Thani Province, Thailand.
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The planting of mangrove tree i.e. Rhizophora mucronate
and \Ceriops tagal during 1997 - 2015 covered 13.46 ha.

B. Biomass

The proportional stratified sampling by age of the trees in
each plot was used. The 14 age classes were classified. Three
plots of each age class, 15 <15 meters in size, were spread
over the whole distance from the sea. There were the
measurement of diameter and height of every tree in the
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sample plot. Then, allometric equations were used for
calculate the biomass.
1) R. mucronate. [19] as in equation (1) and (2).

Wtop =0.251 p D** (1)

Wr =0.199 p ¥ D> )

where, Wtop = above ground biomass (kg), Wr = root
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biomass (kg), pof R. mucronate = 0.701 +0.033, D =

diameter at 20 cm above upper root (cm).
2) C.tagal. as in equation (3) - (6).

W1=0.01728 (DBH?H)**'* (3)
Wb = 0.0617 (DBH?H)""'*! 4)
Wt =0.0356 (DBH*H)" "’ Q)
Wr = 0.1309 (DBH?H)"***! (6)

where, WI = leaf biomass (kg), Wb = branch biomass (kg),
Wt = truck biomass (kg), Wr = root biomass (kg), DBH =
diameter at 130 cm above ground (cm), H = total height (m)

C. Vegetation Indices

The image from LANDSAT 8 OLI satellite which
captured on March 14, 2017. It was modified by geometric
correction and atmospheric correction (DN to reflectance)
[20] applied from the following
3) Atmospheric Correction. Calculating reflectance value

from satellite data from the following equation (7)

PA’=Mp*Qcal + Ap @)

where, PA’ = TOA (Top of atmosphere) planetary reflectance,
without correction for solar angle.

Mp = Band —specific multiplicative rescaling factor from
the metadata

Ap = Band —specific additive rescaling factor from the
metadata

Qcal = Quantized and calibrated standard product pixel
value (DN)

Then, correcting the reflectance value with sun angle
following equation (8)

PA=PL\’ /cos 6SZ =PL’ / sin 6SE ®)
where, PA = TOA (Top of atmosphere) planetary reflectance

PA = TOA (Top of atmosphere) planetary reflectance
without correction for solar angle.

0SZ = Local solar zenith angle; 6SZ = 90°— 6SE 6SE=
Local sun elevation angle.

Analysis of Vegetation Indices. The study has been used
ten vegetation indices as in equation (9) - (18).

Difference Vegetation Index (DVI) = pNIR - pR (9)

Ratio Vegetation Index (RVI) = pNIR /pR  (10)

Normalized Difference Vegetation Index (NDVI) = (pNIR
- pR)/ (pNIR + pR) (11)

Green normalized difference vegetation Index (GNDVI)
=(p IR - pG)/ (pNIR + pG) (12)

Soil — Adjusted Vegetation Index (SAVI) = (1.5)( pNIR -
pR)( pNIR +pR +0.5) (13)

Green radiance (G) = pG (14)
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Red radiance (R) = pR (15)
Near — infared radiance (NIR) = pNIR (16)
Green band Plus Red band = pG + pR a7
Green band Minus Red band = pG — pR (18)

D. Relationship Analysis

The analysis of vegetation indices which influences to
biomass used the stepwise regression method.

I1l. RESULTS AND DISCUSSION

A. Biomass

The average diameter, height, and biomass of each age
class were different and tended to be higher with age.
However, from Fig. 2 - 4, it was observed that the 16 and 17
year-old plots had lower growth and biomass than that of
younger plots. Due to the planting area in 1999 and 2000
were close to the beach, so C. tagal that had low growth rate
was selected to plant. Moreover, the soil in that area is fine
sand with mud and no flood of sea water, which is not
suitable for the growth of mangrove trees, thus the diameter,
height, and biomass of 16 and 17 year-old trees were low.

B. Linear Regression and Model

The linear regression of green radiance and biomass had
highest R? as shown in Table I. From the stepwise regression,
the best model for green radiance and biomass was quadratic
model as shown in Table Il and Fig. 5. The productivity or
biomass of mangrove forest plantation in Don Sak National
Forest Reserve was correlated with the reflectance of the
green light more than those of the near infrared and red light.
Because green reflectance of the LANDSAT 8 satellite,
which has a wavelength range of 0.53 - 0.59 pm, is the widest
compared to wavelength range of the red and near infrared
light, 0.64 - 0.67 um and 0.85 - 0.88 pm, respectively. This
was inconsistent with [21] that mangrove species are not
clearly distinguishable in the green region and are
confounded in the NIR region of the spectrum.

The mangrove species can be easily identified and mapped
with a narrow contiguous wavelength bands in the NIR
region [1]. But most of this study area is pure stand
plantations of R. mucronate. Thus, the R? of the NIR
spectrum or R?of the vegetation indices from NIR was lower
than R? of green and red wave.

20.007

15.007]

10,007

Diameter (cm)

5007

8 10 11 12 13 14 15 16 17 18 19
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Fig. 2. Diameter of mangrove forest plantation in various ages.
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IV. CONCLUSION
20.007
The green wave had strong correlation in quadratic model
15.007] to biomass of mangrove forest plantation in Don Sak
E National Forest Reserve in Surat Thani Province, Thailand.
E 10.00]
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