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area of burned rice straw with a considerable
amount of gas emissions. These communes
have many favorable conditions in terms of
land, topography, and water resources. They
are all located along significant traffic roads
with rapid wurbanization. Otherwise, the
demand for straw for cooking is not so high.
Therefore, the burning of rice straw takes
place in fields to a large extent.

Meanwhile, some communes in the west,
such as Hoa Thach, Dong Xuan, Phu Cat, and
Phu Man, occupy a large area. Still, the
amount of gas emissions from burning rice
straw is not crucial because these communes
are located in landforms with high elevations,
mainly hilly areas with degraded soil,
unfavorable for rice -cultivation. Farmers
mainly grow corn, tea, or other fruit trees in
these communes.

3.4. Discussions

Quoc Oai is a rural district of Hanoi city,
located in the transitional region between
mountains and plain, for nearly 90% of the
population living in rural areas. The results
show that after the Summer rice crop of 2020,
Quoc Oai district yielded 26570.63 tons of
rice straw, of which 2037.91 tons have been
burned, accounting for more than 7%. It is
still a significant number in the overall goal of
Hanoi city of no longer burning rice straw by
2020 (Quéan 2019). This activity has emitted
an amount of gas emissions, including 2398.6
tons of CO,, 189.5 tons of CO, 18.8673 tons
of PM;, dust, 17.2087 tons of PM, 5 dust, and
several other gases.

Otherwise, the area of rice cultivation land
in the eastern region of Hanoi city has been
reduced due to urbanization. In contrast, rice
fields have considerably remained in the
western region along the floodplain of Day
River, including the Quoc Oai district. At
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these places, rice straw burning activity has
gradually occurred and caused toxic agents
that have affected local air quality, the
surrounding area, and the city.
Therefore, the identical treatment procedure
mentioned in the above section has been
applied to identify the amount of dry rice
biomass during the harvest season of summer
rice crops in this broad region to reduce gas
emissions. Figure 9 shows the location of rice
cultivation land for Summer rice crops in
2020 (73880.1 ha). These rice fields yielded a
total of 193777.37 tons of dry rice biomass.
The area of burned rice fields (4018.4 ha) is
aggregated in large patches in rural districts
such as Quoc Oai, My Duc, Chuong My, and
Ung Hoa. Burning rice straws in Vietnam is
also happening in other localities, causing
severe air pollution, and the situation is
forecasted to worsen over the coming years if
the regulations are not effectively managed by
modern tools such as remote sensing.

However, rice straw is a valuable resource,
and its use as a raw material is recommended
instead of burning. It could be converted for
many purposes, such as animal feed
preparation (Mai 2011), mushroom cultivation
(Nguyén 2018), organic fertilizer, hydrogen
production (Morya et al. 2023), construction
materials - ultra-lightweight concrete (Ta et
al. 2010), biomass briquette (Hossen et al.
2019), charcoal briquette (Narzary et al.
2023), bioethanol production (Takano and
Hoshino 2018), or straw pulp and paper-
making (Kaur et al. 2017). Therefore,
monitoring greenhouse gas emissions due to
burning is estimating the weight of dry rice
biomass and the amount of gas emission after
harvest to help authorities propose adequate
policies that allow the wastage of biological
resources to be avoided and minimize
environmental pollution.
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Figure 9. Summer rice crop of the western region in 2020:
(a) Distribution of rice cultivation land issued from Sentinel 2 (26 August 2020);
(b) Distribution of burned rice fields issued from Sentinel 2 (09 November 2020);
(c) Dry rice biomass of each pixel (kg/100m”) from Sentinel 1 (21 September 2020)
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Figure 9. Cont.

4. Conclusions

With coefficient R=0.923 corresponding to
R?=0.852 and relatively low root mean square
error (RMSE=6.58 kg/100m®), the results
demonstrate that the weight of dry rice
biomass and the values of V.V. and V.H.
backscattering in Sentinel-1 image is strongly
correlated. The regression analysis associated
with the supervised classification methods can
be applied to Sentinel 1/2 images to provide a
reliable result, primarily when the survey
must be carried out on a broad territory.
Optical and radar images separately have
advantages and disadvantages in monitoring
rice crops. However, this study has realized
their combination to overcome limitations and
prove their benefits. This study shows that
satellite data from the Sentinel hub (free of
charge and free of use) is sufficient to
accurately calculate the amount of gas emitted
from burning straws. For this stage, the open
burning of rice straw has been investigated at
the district level. However, the study's
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findings indicate the ability to adequately use
identical techniques and methodologies when
expanding to analyze data for a broader
territory such as the western region of Hanoi
city. Due to its adequate accuracy, the
obtained information is meaningful for urban
environment management, especially in
reducing straw-burning emissions.
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