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Abstract

Although land use/land cover (LULC) information plays a critical role in the maintenance of living
standards with a balance among the environment, development, and sustainability, it remains little
comprehensive understanding in the entire Vietnamese Mekong Delta (VMD). In this study, we used the
random forest algorithm, Landsat images, ancillary and empirical reference data to carefully analyse the 15
years’ spatiotemporal changes (2005 - 2020) of LULC in the VMD region. Results show that agriculture has
been the most dominant land, accounting for approximately half of the whole region during the fifteen years.
Remarkably, most of the LULC categories have undergone dramatic transformation with the proportion of
the wetland area decreasing from about 16% in 2005 to 5% in 2020, whereas that of the aquaculture area
sharply increased from about 12% to 19% over the same period. Meanwhile, there was a marked increase
in the area of perennial crops and built-up lands. These results of LULC maps and change detection helps
understand the impact of past policies and the role of several factors such as socio-economic trends and
environmental changes in this region.
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Tém tit

Mac dix nhitng thong tin lién quan dén sie dung dat/Iép phii bé mat ddt (LULC) déng mét vai tro quan
trong trong viéc duy tri méi can bang giita moi trieong, phdt trién va bén viing, nhing né van con it dwoe hiéu
1o cho toan ving Pong bang séng Ciru Long, Viét Nam (VMD). Trong nghién ciru ndy, ching toi sir dung
thudt toan rung ngcfu nhién, hinh anh vé tinh Landsat, dit liéu tham khdo phu tro va thuc nghiém de phan
tich can than nhitng thay doi vé mdt khong gian ciia LULC tai VMD trong vong 15 nam qua (2005 - 2020).
Két qua nghién ciru cho thdy rang dit néng nghiép la linh viee chiém wu thé nhdt - khodang mét niva dién tich
toan ving trong suét 15 ndam. Pdang chii ¥, phan lém cdc logi LULC nay da c6 sw chuyén doi manh mé véi
1y trong dién tich dat ngdp nwée giam tir khodng 16% nam 2005 xuong con 5% nam 2020, trong khi dién
tich ddt danh cho nuéi trong thity san tang manh tir khoang 12% lén 19% so véi cing k. Trong khi do, dién
tich dat trong cdy lau nam va dat xdy dung ciing dwoc ghi nhdn gia tang ré rét. Nhitng két qua ciia ban do
LULC va nhitng phat hién bién dong c6 thé dwoc sir dung nham givp tim hiéu tac déng cia cdc chinh sach
trong qud khir ciing nhir vai tro ciia mét s6 yéu té nhuwe xu hwdng phdt trién kinh té xd héi va nhiing thay doi
moi truong tai VMD.

Tir khéa: Mo réng néng nghiép, anh vé tinh Landsat, bién dong 16p phit bé mat/sir dung dat, Pong
bang song Ciru Long, mdt dat ngdp nude.
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1. Introduction

Coastal deltas are fundamental to human
beings due to their numerous advantages such as a
diversity of natural resources as well as ecosystem
services, but they are also considered as fragile
ecosystems (Kelletat et al., 2005; Moder et al., 2012).
The socio-economic development and agricultural
intensification  are  altering the  delta’s
ecosystems, followed by possible negative
impacts on society and the environment. The
evidence of these adverse effects can be clearly seen
in the Vietnamese Mekong Delta (VMD), which
plays an important role in the agricultural and
aquaculture production for the country. Although
this region accounts for only 12% of Vietnam’s
natural land area, it supplies a great percentage
of the country’s agricultural products, for
example, approximately 50% of rice for domestic
use, up to 90% of exported rice, 65% of aquaculture,
70% of fruits, and 60% of exported fish (GSO,
2019). These processes are closely linked to the
exploitation of natural resources, thus holding
substantial implications for the region’s rural
landscapes (Duong et al., 2001; Kelletat et al.,
2005).

While land use/land cover (LULC) information
is widely adopted to support sustainable development
and policy decisions (Castella et al., 2007; Nguyen
et al., 2020), its role is not sufficiently
acknowledge d in the environmental management
in the VMD. In fact, there are global and regional
LULC products ranging from coarse to medium
resolutions, which cover the entire region.
Well-known examples of coarse resolution
LULC maps are IGBP (Global Land Cover
Characterization), UMD (UMD Global Land
Cover Facility), and GlobCover 2009 (Global
Land Cover Maps). However, such a coarse spatial
resolution LULC is unlikely to accurately reflect
the complex agricultural landscape in the VMD.
In addition, previous studies have attempted to
detect and describe LULC change for small areas
or only certain regions, but not for the entire delta
(Funkenberg et al., 2014; Ngo et al., 2020; Tran et
al., 2021). Another noteworthy point is that many
studies have focused mainly on a particular LULC,
namely the characterization and quantification of rice
crop (Kontgis et al., 2015), wetlands (Nguyen et al.,
2020), aquaculture and mangroves (Vo et al., 2013),

involving little information on the full dominant
LULC characteristics. A LULC with few classes has
been conducted on the entire VMD by (Liu et al.,
2020), but they combined agriculture, orchards and
perennial plants into a single class, missing important
classes such as open water. Hence, more up-to-date
geospatial information about landscape changes of
the entire delta is essential for better understanding
changes at the earth’s surface and the successful
modelling and simulation of the potential impact of
changed drivers.

Supervised classification methods are more
effective in identifying complex land cover classes
compared to unsupervised approaches, if detailed
a-priori knowledge of the study area and good
training data exist (Cihlar, 2000). In supervised
classification methods, among algorithms, new
evidence suggests that the Random Forest algorithm
is considered one of the best machine-learning
classifiers for large-scale LULC mapping (Maxwell
etal., 2018). Moreover, study region’s road network
has been improved significantly in recent years,
availably accessing the remote areas of the region
to create ground truth data and interview local
people for better understanding the land-use status
quo (or the surface features of the region) as well as
the driving forces of LULC change. With that idea
in mind, this study employs Random Forest theory
to propose an estimate of LULC change based on
empirical evidence extracting from onsite data and
local knowledge for the entire VMD.

Therefore, this study aims: (1) to create the two-
milestone accurate LULC maps (2005 and 2020) for
the entire VMD using Random Forest algorithm and
(2) to shortly analyze the LULC change from 2005
to 2020 in the entire delta.

2. Materials and Methods
2.1. Study area

The Vietnamese Mekong Delta (VMD) located
between 8°33” - 10°55°N and 104°30° - 106°50’E, in
the South-West of Vietnam. The region, known as the
Nine Dragon (Cuu Long) river delta, is the home of
approximately 20 million inhabitants and described
as a vast triangular plain of about 40,000 square
kilometers, stretching from the Cambodia-Vietnam
border to the East Sea of Vietnam. The VMD is
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administratively divided into 13 provinces with Can
Tho city as the center of the delta (Fig. 1).

The topography of the VMD is relatively flat,
ranging from one to two meters above the sea level.
Its climate is affected by the East-Asian seasonal
monsoon and characterized by two yearly seasons: the
rainy season from May to November and the dry one
from December to April. Annual precipitation varies
between 1,800 and 2,300 mm, mainly distributed in

the rainy season, while it is warm whole year with
the annual average temperature being around 27°C.

LULC is diverse and dynamic in the VMD,
dominantly covered by various agricultural lands,
wetlands, fruit trees, and mangroves. In recent
decades, the Government (Vietnam) has promoted
agriculture and aquaculture production, causing a
major conversion among LULC types (Mekong Delta
Plan, 2013; Nguyen et al., 2020).

Figure 1. The location of Vietnam in the South East Asia (a); the location of the study area in Vietnam (b), and
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2.2. Data acquisition and processing

Landsat imagery was the main data collection
as considering the change-detection comparable
ability of'this long-term study with other previously
useful results. Given that the VMD is very cloudy,
it is impossible to collect single cloud-free images
covering the full delta. We, therefore, used multi-
season images to not merely address the problems
of missing data but also improve the accuracy of
land cover classifications due to the presence of
phenological vegetation conditions (Rodriguez-
Galiano et al., 2012). For the year 2020, this study
used Landsat 8 Operational Land Imager (OLI);
Landsat 7 Enhanced Thematic Mapper Plus (ETM+)
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and Landsat 5 Thematic Mapper (TM) for the year
2005. These data were collected from the Earth
Explorer (U.S. Geological Survey). All scenes were
geo-referenced to a Universal Transverse Mercator
map projection (UTM zone 48N), WGS84 ellipsoid,
and datum. Validation data were collected during
field surveys in 2020, from high-resolution satellite
images (Quickbird and Worldview images available
via GoogleEarthTM), and from ancillary datasets.
These image pre-processing tasks were executed by
the support of Geospatial Data Abstraction Library
(GDAL), a library by the Open Source Geospatial
Foundation (information available at www.gdal.
org/gdal.pdf).



Dong Thap University Journal of Science, Vol. 11, No. 5, 2022, 93-103

Table 1. The useful information of Landsat bands used in this study

Spatial resolution

Data/sensor Band No Wave length (um) (m) Description
Landsat 8 Band 1 0.435-0.451 30 Coastal / Aerosol

Band 2 0.452-0.512 30 Blue
Band 3 0.533-0.590 30 Green
Band 4 0.636-0.673 30 Red
Band 5 0.851-0.879 30 NIR
Band 6 1.566-1.651 30 SWIR1
Band 7 2.107-2.294 30 SWIR2
Band 10 10.6-11.9 100 TIRS 1
Band 11 11.5-12.51 100 TIRS2

Landsat 5/7 Band 1 0.441-0.514 30 Blue
Band 2 0.519-0.601 30 Green
Band 3 0.631-0.692 30 Red
Band 4 0.772-0.898 30 NIR
Band 5 1.547-1.749 30 SWIR1
Band 7 2.064-2.345 30 SWIR2
Band 6 10.31-12.36 60 TIRS1

2.3. Classification scheme

The number and typology of LULC categories
were defined based on field work, available land use
statistics, expertise, and consideration of the previous
studies about LULC of the delta (Funkenberg et
al., 2014; Le et al., 2018; Nguyen et al., 2013),

and exploratory analysis of satellite data with

area, and open water (Table 2).

unsupervised classification. Accordingly, an eight-
category LULC classification scheme was designed,
namely agriculture, aquaculture, perennial crops,
wetlands, upland forest, mangrove forest, built-up
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Table 2. Brief description of the land use/land cover categories of the study area

LULC type Code Description
Agriculture AG Rice paddy, seasonal cropland
Wetlands WL Melaleuca forests, seasonally inundated grasslands
Perennial crops PC Fruit trees, trees in the residential areas and other perennial plants
Built-up area BA Residential areas, and barren lands
Aquaculture AQ Fish and shrimp ponds and other aquaculture farms
Open water ow Rivers, canals and reservoirs
Upland forest UF Natural/planting Forest located in the upland areas
Mangroves MA Mangrove forest in coastal areas

2.4. Classification processing and accuracy
assessment

Random forest algorithm is an ensemble
learning method employing a large number of
classifiers or decision trees (Breiman, 2001). It is
widely applied for classification and regression due
to its outperformance and robustness of its rivals
(Maxwell et al., 2018). Among methods to generate
LULC maps, Random forest is popular due to its high
accuracy in classification (Maxwell et al., 2018). In
this study, we classified each cloud-free optical data set
separately using a random forest classification. After
that, each separately classified image was combined
to generate the final maps. After classification, two
LULC maps had been filtered by 3 x 3 kernel majority
filters to minimize the “salt-and-pepper effect” before
validating and performing change detection. LULC
changes occurring between 2005 and 2020 were
assessed via post-classification map comparisons
(Coppin et al., 2004). Post-classification processing
was done in QGIS version 3.4.
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We assessed classification accuracy by
generating stratified random points for the classified
images. We used the data from field trips and high-
resolution images available on GoogleEarth™,
Bing™ for both periods as the ground truth
information. Contingency tables of the reference
data and remote sensing-based classification were
produced, the overall accuracy, user’s accuracy
(commission error), producer’s accuracy (omission
error) and Kappa coefficient were calculated
(Congalton & Green, 2009).

3. Results and discussion
3.1. LULC classification

Two eight-category land use/land cover products
were generated for the VMD in the years of 2005 and
2020 (Fig.2). The overall accuracy of the two maps
was from 90% to 91% with the Kappa coefficient in
the range of 87% to 88%, respectively. In the two
products, the agriculture (2005) and upland forest
(2020) obtained the highest precision, while wetland
had the lowest accuracy. The detail of confusion
matrix is shown in Table 3, 4.
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Table 3. Confusion matrix of 2005 LULC map. UA: Users’ accuracy (%); PA: Producers’ accuracy
(%); Ka: Kappa coefficient; AG: Agriculture; WE: Wetlands; PC: Perennial crops; BU: Built-up
area; AQ: Aquaculture; OP: Open Water; UF: Upland Forest; MA: Mangroves

Predicted category
2005
AG | WE | PC | BU | AQ | OP | UF | MA | Total |PA (%)
AG 875 | 13 9 s| 25 0 2 0| 929 942
WE 14| 255 9 ! 15 13 0| 18| 325 785
PC 8 1| s13 0 7 0| 10| 15| 564 910
BU 8 4 7] 223 2 1 0 30 248 90.0
£ AQ 4 15 7 1 236 2 0 6| 271| 871
g low 2 0 2 2 8| 245 0 6| 265 925
Eur 0 8 0 0 0 o 7 0| 85 906
< Ima o 12| 18 0 0o 12 8| 264 314 841
Total o1l | 318 | 565 | 232| 293| 273 | 97| 312 3001
UA(%)| 97| 802 908 | 962 | 806 898 | 794 | 847 89.6
Ka 009 | 001| 004 001 | 001 00| 000 001 018 087

Table 4. Confusion matrix of 2020 LULC map. UA: Users’ accuracy (%); PA: Producers’ accuracy
(%); Ka: Kappa coefficient; AG: Agriculture; WE: Wetlands; PC: Perennial crops; BU: Built-up
area; AQ: Aquaculture; OP: Open Water; UF: Upland Forest; MA: Mangroves

Predicted category
2020

AG WE PC BU AQ (0] 4 UF MA Total | PA (%)
AG 1020 1 18 7 5 0 0 0 1051 97.1
WE 11 312 26 1 4 0 0 31 385 81.1
PC 7 17 725 6 1 2 0 1 759 95.6
BU 20 2 31 303 4 5 2 0 367 82.6
a AQ 7 0 0 2 245 15 0 10 279 87.9
z‘% ow 25 1 7 11 38 234 0 2 318 73.6
g UF 1 1 0 0 0 0 42 0 44 95.5
MA 0 6 1 0 1 0 0 252 260 97.0

Total 1091 340 808 330 298 256 44 296 3463
UA (%) 94 91.8 89.8 91.9 823 91.5 95.5 85.2 90.6
Ka 0.10 0.01 0.05 0.01 0.01 0.01 0.00 0.01 0.19 0.88
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Overcoming the challenges of dense cloudy
contamination, a time-series random-forest-based
method was proposed to produce two eight-category
LULC classification (2005 and 2020) in the VMD,
using the high temporal frequency of Landsat images,
spectral indices, and ancillary data. The performance
of remote-sensing-based mapping can be significantly
improved with support of ground-truth data and
ancillary data. Also, onsite images, local knowledge
and experts’ advice supply useful insights into this
land cover mapping, instead of using singly visual
interpretation. A number of previous studies on the
LULC mapping of the VMD rely mainly on the visual

105°9'0“E

interpretation of high spatial resolution satellite data
such as Google Earth images for validating that may
cause errors (McRoberts et al., 2018). For example,
Liuetal., 2020 created a series of seven LULC maps
of the VMD from 1979 to 2015 based on mainly
visual interpretation of Google Earth images. These
results seem to be essential for a long-term analysis of
land cover dynamics. This study, however, detected
serious errors in these products based on our results
and field surveys. That is, one km away from the
coastal line, coconut and fruit trees were misclassified
as mangrove at a large area.
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(Spratly/lslands)
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(Spratly/Islands)

200 Kilometers

Legend

- Built-up area
I:] Aquaculture
- Open water
:l Upland forest

Figure 2. Inland LULC maps of the VMD for the years 2005 (A); and 2020 (B)
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3.2. LULC change in the VMD

Agriculture is still the dominant LULC type,
covering nearly 50% of the total delta although the
area of agricultural land has relatively decreased in
the last fifteen years. The area of agriculture sharply
decreased from 21,858 km? in 2005 to 18,569 km?
in 2020. Other significant change is the rapid loss of
wetland (Fig. 3). Over the last 15 years, approximately
70% of wetland has lost across the entire VMD (more
than 4.400 km?). On the other hand, built-up and
aquaculture areas significantly increased at the same
period. In particular, the area of built-up gained
by 1837 km?, and aquaculture areas dramatically
increased by more than 2400 km? in 2020 (Fig. 3).
Remarkably, perennial crops areas nearly doubled
over the fifteen years (from 3806 km? to 6765 km?).

Area: km?

4000

2959.937
3000
2000

1000

-1000
-2000
-3000

-3288.526
-4000

-5000 -4486.235

Agriculture ~ ® Wetlands

Aquaculture B Open water

Post-classification change detection analysis
showed that the LULC transformation of the
VMD varied according to local sub-regional areas
and LULC types. For instance, agricultural areas
converted rapidly into aquaculture land type in coastal
areas characterized by brackish environment, whereas
perennial crops increased considerably along the Tien
and Hau rivers and in the North East of the VMD.
Nevertheless, agriculture remained the most popular
LULC type in the flood plain regions, for instance,
Plain of Reeds (Pong Thap Muoi) and Long Xuyen
Quadrangle (Tt giac Long Xuyén) (Fig. 2). These
findings are in agreement with previous studies
reporting a noticeable interrelation between land-
use dynamics and changing in hydrological regimes
across the entire VMD (Le et al., 2018)..

2442.093

1837.336

455.800

- 21.467

58.063

Land use/land cover categories

Perennial crops ® Built-up area

Upland forest ®Mangroves

Figure 3. Gain/loss of LULC types in the period 2005-2020 (in km?)
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5. Conclusion

This study provided the detailed of two years
LULC mapping results at a spatial resolution of 30
m with an overall accuracy range around 90% and
studied the LULC change during the period from
2005 to 2020 for the entire VMD. Using the Random
Forest algorithm, Landsat images, ancillary and
empirical reference data, our study overcomes the
major challenges of extremely cloudy contamination
to generate eight-category LULC products, including
agriculture, aquaculture, perennial crops, wetlands,
upland forest, mangrove forest, built-up area, and
open water. Generally, wetland and agricultural
areas declined while aquaculture, perennial crops,
and settlements increased between 2005 and 2020.
The largest observed transition featured aquaculture
growth in place of wetlands and rice fields. The
highest observed net changes in LULC types were
agriculture, followed by wetlands. In addition, there
has been a substantial increase in the area of built-up
lands with sparse built-up areas near the canal and
river systems. The main driving forces of changes are
expected to be anthropogenic activities with a series
of policy promulgations and the rapid population
growth in the VMD over the last two decades. This
understanding of LULC change status contributes to
modelling the evolution of LULC patterns, thereby
providing policy makers with a better adjustment to
future land use plans in the VMD.
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