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Abstract

Vietnam situates in a specific geographical location that has many suitable factors to have heavy
rains and storms, for example the the coast of 3000 km stretching from North to South, facing the
Pacific Ocean (the largest ocean in the world), and its middle wide is very small with narrow
plains. Behind the small and narrow plains are mountains, plateaus, and midlands. Vietnam locates
almost entirely in the north of the tropical region where very strong air vortex forces usually
happen.

Due to the geographical location of the regions, the Central region is most affected by heavy rains
and storms, followed by the North and finally the South. The North is most affected by floods and
landslides. The South is most affected by flood tide and sea level rise due to the increase of earth
temperatuture.

More than 70% of Vietnam's population (more than 65 million people) is affected by different
levels of storms. The average annual heavy rain and storm causes the death and more than 300
people missing. Before 2016, Vietnam had an average of 7 flash floods/year. After 2016, Vietnam
has about 15 flash floods/year with more than 100 deaths/year. It is estimated that in Vietham
annually, about 400 thousand hectares of rice, crops, and fruit trees are destroyed, and more than
1 million poultry and 40,000 cattle (cows and bufalows) are death. The damage to various
properties is estimated at more than $6.4 billion/year on average.

Vietnam has a disaster prevention system from the commune level up to the government/central
level. The losses or damages submitted in that system are “administrative reported” figures and
are compiled and “estimated qualitatively” by statisticians at each level. The “estimated” data is
usually imprecise when state agencies compare them with the actual survey in fields.

This report “experimentally” uses maps of two basic indicators, precipitation, and drought, from
JAXA's JASMIN maps made from June 2013 to the present. Because administrative statistics data
are only compiled by year and published since 2016, this Report compares JAXA's JASMIN maps
with numbers of administrative data reported for the whole country in months of frequent
rainstorms namely 8, 9, and 10 in years 2016 to 2019. In addition, this Report compares JAXA's
JASMIN maps with official online news in years 2020 to 2022.

Through comparison, the Report finds that the data generated by JAXA's JASMIN maps is more
systematic, up-to-date, fluctuates more reasonably, reflecting more accurately changes of the
weather. JAXA's JASMIN maps are consistent with news posted on Vietnam's governmental
official Websites about the evolution of storms and damages caused by the storms. Because
JAXA's JASMIN maps with data have been publicly available and free of charge in the past 10
years, more promotional activities are needed to bring these data to end-users.
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1. The formation of climate and types of seasons
Four seasons incluing spring, summer, autumn, and winter on earth have been formed due to 2
main reasons:
- The Earth revolves around the sun. They are always on the same plane and in the same
direction from left to right (counterclockwise).
- Earth rotates on its axis and is tilted with the plane of orbit around the sun always at an
angle of 23.50 degrees.
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Figure 1. Formation of seasons, rains, storms, and different climates on earth

Four main climate zones including tropical, sub-tropical, temperate, and artic and some sub-
climate zones including deserts have been formed because of three main reasons below:
- The closer to the equator, the closer to the sun, creating higher the temperature regions.
- The closer to seas, not covered by mountains, narrow width...creating regions with more
rains and storms.
- Far to seas with large land areas and shielded by high mountains....creating regions with
dry, with little rain, drought and/or desertified.



2. Formation of rain, storm, flood and lightning

Rains are formed by clouds. Clouds are accumulations of water vapor rising from the earth surface,
for example seas, rivers, lakes and ponds. When the amount of water accumulates less, the light
clouds are formed and usually at a very high position over earth surface (more than 6 km) where
the temperature are around -55°C. The water vapor accumulates for a long time, and the clouds
become heavier, gradually lower altitude and move towards hotter air spaces. At the hotter spaces,
ice cubes fall, and collide with the surrounding air and temperature, producing rain in the form of
"water" and "ice" if the ice has not melted quickly enough.
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Figure 2. Atmospheric layers, cloud layers, and temperatures around the earth

Storms are formed when there are 3 conditions: temperature, humidity, and vortex forces.
Therefore, the stormy area will be in the latitude range of 5 - 20 degrees on either side of the
equator because:
- The temperature of above 26 degrees Centigrade (26°C) is hot enough for seawater to
evaporate quickly and form clouds.
- The Coriolis force is srong enough to vortex the clouds.

The main components of a storm include the rain bands at the outer edge, the eye of the storm in
the center, and the eye wall right next to the eye of the storm. Storms are distinguished by wind
speed through three main categories:

- Tropical depression: wind speed below 60 km/h



- Tropical storm: wind speed from 60 - 120 km/h
- Sea storm: wind speed over 120 km/h.

The mass of air in the vortex around a storm can be about 200 km wide, 1000 km long, and 10-12
km above the ground. The storms usually last for days, up to 2 or 3 weeks, and range in diameter
from 15 km to 500 km. The travel distance of storms is usually greater than 1000 km, sometimes
up to 3000 km.
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Figure 3. Formation of rain, hail, debris, lightning, rotation, and movement direction of storms

Heavy rains and storms form due to low-level clouds, usually below 2-3 km with temperatures
around 0°C, just enough to freeze in thin forms. Rain and storms move from areas of high air
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pressure (thicker and denser at sea) to low pressure (thinner air inland). When entering thin air
areas with soil, mountains and plains, rain and storms will weaken and disappear because there is
not enough water to evaporate.

The water weight of a small rain cloud is 7 times greater than the water volume of West Lake in
Hanoi. The water weight of a small storm is equivalent to more than 100 times the water volume
of West Lake in Hanoi. Besides the reduced forest area, sea level rise due to increase in earth
temperature, high flood-tide due to the attraction of the moon, heavy rain and storms lead to
rainwater falling a lot, beyond the capacity of lakes and rivers, drainage system... leads to
phenomena such as flash floods, pipe floods, mountain landslides, and landslides, in many areas.

When there is heavy rain or heavy storm, it is often accompanied by lightning. Lightning occurs
due to the formation of large bulk charges. The main source of lightning is rain clouds that carry
positive and negative charges in the upper and lower parts of the cloud. The mass changes are
caused by the steam cooling of the upward hot air stream, creating positive and negative ions.
When the potential difference at any point of the cloud reaches a critical value for the insulating
properties of the air (with normal atmospheric pressure, about 3,106 V/m), that point occurs
lightning.

Because the clouds of rain and storms have low altitudes, areas blocked by high enough mountains
(over 2km) usually do not have rain and high temperatures, so these areas are prone to drought.
Areas with little rain are often deserts, covered by high mountains, without good water storage and
irrigation systems, and very few trees, and often have a drought. Drought is classified into four
types: meteorological drought, agricultural drought, hydrological drought, and socio-economic
drought.

3. Damage of heavy rains and storms to life and agricultural production in Vietham
Vietnam is located in the tropical belt in the northern hemisphere, with a coastline of nearly 3,000
km from North to South, facing the Pacific Ocean, the largest ocean on earth. The width of the
country is narrow. The plains are narrow and long.Except for the Mekong Delta region, behind the
narrow plains are mountains, plateaus, and midlands. Therefore, Vietnam is one of the few
countries in the world that suffers from almost all types of natural disasters, especially heavy rains
and storms. The Mekong Delta is located near the equator, with few mountains, so it is less affected
by heavy rains and storms but is greatly affected by sea level rise and flood tide.

Vietnam has an average of 5 - 6 storms and 2 - 3 tropical depressions every year. There might be
up to 12 storms and tropical depressions in a year. Storm season normally starts in June and ends
in late November or the first half of December. Storms most often occur in August, September,
and October. The average direction of storms also varies by season. From January to May, storms
are less likely to affect Vietnam. From June to August, storms often affect the Northern region.
From September to November, storms mainly affect the Central and Southern regions.



Figure 4. Map of mountains and plains of Vietnam

Due to the geographical location, heavy rains and storms have the most influential to the Central
region, followed by the North and finally the South . More than 70% of Vietnam's population
(more than 65 million people) is affected by natural disasters. From 2000 to 2020, natural disasters
in Vietnam killed more than 13,000 people (more than 300 deaths and missing every year), and
property damage was estimated at more than 6.4 billion USD (1-1.5% of GDP). The average
damaged area of rice, crops, and fruit trees is about 400,000 ha/year. More than 30,000 hectares
of aquaculture are damaged on average per year. More than 1 million poultry and 40,000 cattle are
damaged anually.
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Figure 5. Some pictures of flood types in Vietnam



Flash floods and landslides occurred in most of the mountainous and midland provinces. From
1953 to 2000, there were 448 flash floods and landslides (an average of 7 events/year). From 2000
to 2015, there were 250 flash floods and landslides (an average of 15-16 events/year), killing 779
people and injuring 426 people. In 2018, in the northern mountainous provinces, there were 14
flash floods and landslides, killing and injuring 82 people (accounting for 70% of the total number
of deaths and injuries caused by flash floods and landslides across the country). Flash floods and
landslides happen every year and tend to increase.
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Figure 6. Some pictures of floods, mountain landslides, landslides, and droughts in Vietnam

4. Disaster prevention management system and damage statistics in Vietnam

Vietnam has built a disaster prevention system from the government (central level) to the
commune level (grassroots level) to respond to abnormal weather phenomena. By design,
administrative data and reports are updated continuously with a frequency of 1 day, 5 days, and 10
days. The current disaster prevention system is based on "estimates" data with nearly 100 different
indicators, including 4 indicators of areas. According to the assessment of state management
agencies, these estimates have very low accuracy, especially in terms of "area", many indicators
are difficult to estimate, for example "number of fallen power poles”, “number of houses
collapsed”, “value of damage”. The Ministry of Agriculture and Rural Development is increasing
the application of different technologies to better predict, prevent and support damages, including
remote sensing technology.



B0 et g
<O Wy v e Ate ek B o A b
i, S B . g

Trg pheng b B Sy h g -
e v
O bty wong B gl bo Wonng sioy - bt

0y Vi B o b B g 10
. Sow -

- Fhe Trwtmg bon hweng towe P O
WD W

AN S0 MUY PETIRTNEN SAF 04
" Bam. Ol ek LBV )
et
< Loy b

Boi thutmg ¢ho nhin din
Ciic chitiéu thing ké “dién tich" bj thigt hai:

1. Dign tich 1oa miu bingdp v mit tring,

2. Dién tich mg bi ngdp nure vi mit tring.

3, Dign tich cay dn qua bj hu Il‘sn; )

4, Dign tich ving bj & nhim thuoc, xang diu. phan bon, héa chit,

Ule gid trg
thiét hai v
nguii va thi Bio cdo nhanh (née
sin hiing ngay)
Thu thip
1h0nf tin thiét
hai vé nguoi va
thi san s fa R
H¢ thing chi dgo phong chéng thién tai . : Bdo cio 5 ngdy
N ",
. . % (chihsi)
! 1 N
AN G BAD TARCTY UY BN GUOC G UPIC TIA SEn ]
g Sam: PN s bweng Troong bow Poi Tha vy \\
Trwbng ban dhatng fran. B0 g SO RTNY P4 Truwng bun dhuwng tgn, P Thag S s
Trwtmg boa Wy Quie 80 N
P e A R e— i
x W g o €T OTVY TTTT MOy Ae GTVT TN N
00 TU RMADT b fae chr B0, s, Sone L e e N A
.- - \\
=== I L (e | Biocio 10 ngiy
=1 4 (chinh thie)
AN Ch MUY POTTATHON CAF T BAN Lo Y PETTRTREN B0 Mt
Bl . e A LD -, Trwomg bon
ikt Chot eind THTT. T 0. GO (B Ta0H
——— L o o B, g W
P g b, v 0 b O g b
O bar trwimg B e b i w50 ob e B O e g Sk

Liét ké cic logi v
gid tri thiét hai
chinh

Giao ngin PM.“ b nguén Iye
tii chinh: ngin
sich vé cic g
sich v ngodi ngin
huyén vir xi sieh

THIT 24 1T N0V, LI, N0

S

Boti B | W8] EME| X| @) mm
B B | SE s &1 10| e
Botobo i B | RO EN| | 3| I
| o n i
Jerizmshyoe B WB| Y| AT BE| X8
Db e B | uM| m¥| e8| 05 w0
R B ww| el o) | oam
TEITAITL (YR !

i s @ | #m| as|am| | am
Camyd ookt o | 0] e | s Toee |1
IR T BT &Y |

T sinfianibs w |l ows|ue| ol no
Dezieiain i il 1% ozl X
[osme B | %] W] | %] 12
D ebeitorn u uil 4 B W us
e B | Im = | Im
mEmiEmash Welhel E W0 US| B X®
o e la e s & | 13 ol w el

Figure 7. Vietnam's Disaster Prevention System
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5. Current status of application of remote sensing/mapping technology in agriculture in
Vietnam

5.1. Current status of technology application to collect agricultural statistics

Agricultural statistics mainly uses the method of collection through administrative reports or
statistical surveys. The administrative statistical system is usually built from the village level up
to the central level (usually a ministry agency). The form of collection is through report forms,
accompanied by questions or statistical indicators. This administrative system operates regularly,
reporting frequency is usually once a month. In collected indicators, there are indicators on
damages caused by natural disasters such as "area of rice completely lost”, and "area of forest
completely lost".

Statistical surveys (population and sample) are usually done periodically, quarterly, annually,
every 2 years, every 5 years, or every 10 years. The method also uses questionnaires and online
forms.

Statistical surveys or administrative reports have been using information technology such as online
websites, smartphones, and mobile messages to send and receive questions and answers, gradually
reducing the use of paper copies and face-to-face interviews.

5.2. Current status of application of remote sensing/mapping technology in agricultural
statistics

The General Statistics Office (under the Ministry of Planning and Investment) and the General
Department of Irrigation (under the Ministry of Agriculture and Rural Development) use “simple”
technologies to measure hydrometeorology for example water levels in rivers and lakes, roads;
rainfall in different regions... It seems that these agencies have not used remote sensing technology
to measure the area of crops, weather conditions of regions in Vietnam.

The Center for Informatics and Statistics (CIS), under the Ministry of Agriculture and Rural
Development, has collaborated with AFSIS (Food Security Organization for Southeast Asia)
monthly since 2014 in many activities, including writing the “Rice outlook” report, which
describes changes in rice area in Vietham and causes of the changes. CIS occasionally use the
JASMIN’s precipitation monitoring map to see whether the descriptions or explanations in
the”Rice outlook” report make sense or not.

The Japan Aerospace Exploration Agency (JAXA) also collaborated with CIS, with funding from
the Asian Development Bank (ADB) to provide the results of remote sensing on rice production
and yield in Thai Binh sample province from 2015-2019. The results have also been published in
many national and international conferences and research journals. However, after the project
ended, no further relevant activities were carried out.

Since October 2018, CIS has cooperated with the Center for Space Technology Application (under
the Vietnam Space Center, the Academy of Science and Technology of Vietnam) on the
comparison of rice area data according to administrative and remote sensing reports for provinces
in the Mekong Delta. This remote sensing data is also sent monthly to the Department of Crop
Production (under the Ministry of Agriculture and Rural Development).
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Figure 8. Comparison of remote sensing numbers of the Center for Space Technology Application
and the number of administrative reports of the Center for Informatics and Statistics

From June 2021, with the introduction of CIS, the Space Technology Application Center started

providing rice data and maps to the private company named AGROMONITOR about agriculture,
forestry, fishery market information. From July 2021, with the introduction of CIS, the Center for
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Space Technology Application began to provide rice data and maps to the Department of
Agriculture and Rural Development of Hung Yen province.

Space Technology Application Center provides maps and

remote sensing data to 4 agencies monthly

L

Figure 9. Remote sensing units of the Center for Space Technology Application

6. Using JASMIN's remote sensing map "‘testing"* for the case of Vietham
6.1. Introduction to JASMIN
JASMIN is a mapping system produced by JAXA from June 2013 to present on climate and
weather to serve the needs of FAO for agricultural market monitoring. This system includes about
6 main indicators on climate, updated every 2 weeks for East Asia, Southeast Asia, and South
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6.2. Use JAXA JASMIN map/data test and compare with administrative numbers, online
news

Currently, remote sensing tools have not been widely used in disaster damage statistics. In March
2021, the Vietnam Space Center started working with the General Department of Disaster
Prevention and Control, but the results are currently unclear. The Center for Informatics and
Statistics used the rainfall data from JAXA's JASMIN map and compared with that data from the
General Statistics Office (GSO). The result isshown as below.

Lugmng mua cua Nam Pinh
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Figure 11. Comparison rainfall data between GSO and JASMIN map

The figure above shows the difference in rainfall data between the statistics of GSO and statistics
using remote sensing technology. Specifically, with GSO data, the highest average amount of
rainfall in Nam Dinh province was recorded in August and October 2020 with a total rainfall of
400mm. However, with remote sensing images in August 2020, the total rainfall of Nam Dinh is
over 500mm. Compared with reality and online news, in August 2020, Vietnam suffered the No.
4 storm that directly affected the Northern region. JAXA's JASMIN map is more reasonable
because it clearly sees the difference in "rainfall” between 2020 and 2019 and coincides with the
news of the official newspapers reporting on storms and floods.
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The flood in the Central region in 2020 (also known as the double flood, historical flood) is a storm and flood throughout Central Vietnam, starting from the late
night of October 6—early morning of October 7, and lasting until December 1, 2020, mainly in the North Central region including Thanh Hoa, Nghe An, Ha Tinh,
Quang Binh, Quang Tri, and Thua Thien Hue; a part of the South Central region including Da Nang, Quang Nam, Quang Ngai, Binh Dinh, Phu Yen provinces, and
North Central Highlands. During October and November, tropical depression circulation, monsoon, and tropical cyclone formed and continuously fluctuated in the
East Sea. Starting with two waves of low pressure and storm Linfa in just one week, the historic flood of 2020 was complicated with many low pressures and big
storms in October such as typhoon Nangka, storm Saudel, and storm Molave; then in November with storm Goni, storm Etau, storm Vanco, heavy rainfall poured
into the area, causing many localities in the Central region to be flooded on a large scale. The flood water rose in many places, dividing the areas.

During the first flood from October 6 to 13, the central provinces were seriously affected from damage to facilities and infrastructure, to damage to people and
property, adversely affecting people's lives. The second flood from October 16, the Central region continues to be affected by a new tropical depression in the process
of turning into a storm with cold air, constantly receiving heavy rains and prolonged flooding. In some central regions, the water level exceeded the historical record
in 1979, and 1999, setting a new record for natural disasters, storms, and floods. The third flood occurred on October 25, with two storms making landfall, especially
the severe storms of typhoon Molave on October 28 and 29, causing enormous damage. This was followed by the fourth flood on November 6, causing upheaval in
the whole Central region, especially shifting the location to the South Central region.

The floods in Central Vietnam in 2020 are considered a new historical flood, set at alarming level 1V- the dangerous and very high-risk natural disaster level in
Vietnam, affecting far-reaching and damaging effects, causing damage to the whole region, destroying, delaying, and pushing back the socio-economic of Central
Vietnam, especially in localities such as Quang Binh, Quang Tri, Thua Thien Hue, Da Nang, Quang Nam, and Quang Ngai, which were not long ago hot spots of
the second wave of COVID-19 pandemic in Vietnam.

Figure 13. Comparison of JASMIN rainfall and drought maps with online news published by mainstream newspapers in Vietnam for
the months of August, September, and October in the years 2020 and 2021
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7. Conclusion

Vietnam has a geographical location that converges many factors, which are very suitable for natural
disasters related to heavy rain and storms such as the long coastline from north to south, facing the
Pacific Ocean (the largest ocean in the world). The width is narrow plains. Behind the narrow plains
are mountains, plateaus, and midlands. Vietnam is located almost entirely in the north of the sea and
has a tropical climate, where there is a very large air vortex force. Vietnam has a lot of heavy rain, from
9 to 12 big storms/year. Therefore, more than 70% of Vietnam's population (more than 65 million
people) is heavily affected by heavy rains and storms, with an average depth and disappearance of over
300 people per year. On average, in the last 5 years, property damage is estimated at more than 6.4
billion USD/year. Before 2016, Vietnam had an average of 7 flash floods per year. From 2016 to now,
Vietnam has an average of about 15 flash floods per year with more than 100 deaths. The average
damaged area of rice, crops, and fruit trees is about 400,000 ha/year. More than 30 thousand hectares
of aquaculture are damaged on average per year. More than 1 million poultry and more than 40,000
cattle are damaged on average per year.

Vietnam has a disaster prevention system from the commune level up to the government level. The
losses submitted in that system are “administrative” figures and are compiled and “estimated” by
statisticians at each level. State management agencies consider the "estimated” data to be inaccurate
when compared with the actual survey and application of "sample™ testing technology. Vietnam is
increasing the use of remote sensing technology to estimate the damage caused by natural disasters,
specifically the General Department of Natural Disaster Prevention and Control from March 2021.
Currently, the Vietnam Center for Space Technology Application has provided remote sensing data
and maps but has only focused on the rice area for a private company (Agromonitor) since June 2021
and a Department of Agriculture and Rural Development (Hung Yen Province) from July 2021. The
Center for Informatics and Statistics is also storing monthly remote sensing data on the area for rice
from October 2018 to the present.

This report uses experimental maps of two basic indicators, namely rainfall and drought, made by
JASMIN of JAXA from June 2013 to the present. Since administrative statistics are only compiled by
year and published since 2016, this report compares data from JAXA's JASMIN map with the data
from administrative reports for the whole country in the frequent stormy months including August,
September, and October, from 2016 to 2019. Through comparison, the report finds that data observed
by JAXA's JASMIN map is more systematic, up-to-date, reflecting more accurately the fluctuations of
the weather. Finally, JAXA's JASMIN maps are more consistent with information posted on official
websites about the evolution of storms and damage caused by natural disasters in Vietnam. Because
JAXA's JASMIN maps have been made available online and free of charge since June 2013, a lot of
promotional activities are needed to make the maps and accompanying data available to users.
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