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1. Background Information

To respond to regional and national needs and in order to address the problems of flash
floods in each MRC Member Country of the Mekong River Commission (MRC), the
MRC and the Hydrological Research Centre (HRC) in San Diego, California, USA,
with the financial support from the Office of US Foreign Disaster Assistance (OFDA)
of the US Agency for International Development (USAID) have jointly implemented
flash-flood mitigation in Cambodia, Lao PDR, Thailand and Viet Nam under the MRC
Flood Management and Mitigation Programme (FMMP).

In late 2009 the computational and dissemination servers for the MRC-FFG system
were installed at MRC’s Regional Flood Management and Mitigation Centre
(RFMMC) in Phnom Penh, Cambodia, which allowed the line agencies of the MRC
member countries and the RFMMC to get access to the FFG products for training as
well as for operational purposes. A five-day MRC-FFG system in-depth regional
training course, combined with hands-on operation, and a three-day national training
course were successfully organised in 2010. Presently the MRC-FFG system is put in
an operational testing mode in order to fine-tuning as well as to gain further experience.

During the 2010 flood season the Flash Flood Guidance System (FFG SYSTEM) has
been operating successfully. Reference is made to the records of tropical storms and
records of tropical depressions.

During the 2013 flood season the flood forecasting team of RFMMC continued
operating the Flash Flood Guidance System; the information received from FFG
System was processed, updated and posted in the MRC flood forecasting webpage in
parallel with the river flood forecast. During the severe weather condition in the 2013
flood season, such as tropical storm “BEBINCAN”, “RUMBIA”, “JEBI”,
“MANGKHUT”, “WUTIP” and the Inter Tropical Conversion Zone (ITCZ), the
MRC-FFG system did detect very clearly the flash flood risk areas in some villages
and districts of the four MRC Member Countries. During the 2014 flood season the
flood forecasting team of RFMMC continued operating the Flash Flood Guidance
System. The MRC-FFG system detected very clearly the flash flood risk areas in some
villages and districts of the LMB during the severe weather condition of flood season
2014 such as Tropical storm “RAMMASUN”, “KALMAEGI”, “SINLAKU”,
"HAGUPIT” and several ITCZ and low pressure. During the flood season 2015 the
MRC FFG system was continued to operated and it was successful detected several
flash flood even during the severe weather condition such as tropical storms
“KIJURA”, “VAM CO”, several ITCZ, and Low Pressure. In March 2012 the first
evaluation report on MRC-FFG system has been produced, to evaluate the
performance of FFG system for period from May until 31 October 2011.
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The present evaluation report is a seventh evaluation report of MRC-FFG system, it
produced to evaluate the performance of FFG System for the detection of the risk areas
of potential flash floods in villages and districts in Cambodia, Lao PDR, Thailand and
Viet Nam during the flood season from 01 June until 15 December 2016.
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2. Methodology to Evaluate Flash Flood Guidance
Product

The methodology for evaluation of flash flood guidance product used in the present
report is based in two concepts. The first concept evaluates the feed-back of the FFG
System from the users or from other sources of information such as the media or the
press. As the link between the regional flood center and the local people (through the
focal person at national line agencies) is not yet fully established, the feed-back
information on flash flood areas was mainly collected from the national media, such
as online newspapers.

The second concept evaluates the FFG System through the recorded water levels that
are available in the operational database of RFMMC. If FFG occurs in the sub-areas
where water level stations are available, the FFG product can be evaluated by studying
the changing (rising) water level records of stations located in the downstream part of
sub-catchments.

The record daily rainfall of the observed stations, where available at the flash flood
risk areas also used as the support data for evaluate the flash flood occurred. The hydro
meteorological data used for evaluation this report was received from national line
agencies through the Hydmet database. According to the Memorandum of
Understanding (MOU) on data exchange for the flood forecasting operation, the
national line agencies provided the rainfall and water level data to MRC-RFMMC
about 160 stations. The annex 2B present the map of rainfall and water level stations
of the Hymet database network, which used for the FFG system analysis.
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3. Flash Flooding in the Mekong Region

There were 40 tropical storms and tropical depression which developed over the
Pacific Ocean or over the East Sea (also South China Sea) during 2016 (data up to 15
December 2016); four to five of them caused serious flash floods, affected the 4 MRC
Member Countries of Lower Mekong Basin. Figure 3-1 presents the track of the
tropical storm during the year 2016. List of the tropical storm and depression happened
in the North-West Pacific for flood season 2016 is provided in the annex 1B of this
report.

The other cause of flash flood in the region was ITCZ, low pressure and tropical
depression, which also led to flash flood occurrences at some Mekong tributaries.
Figure 3-2 presents an example of weather chart during the ITCZ occurrence in
Mekong region. The next paragraphs describe examples of flash floods, which
occurred at some tributaries during the severe weather condition of the 2016 flood
season.

At least 12 flash floods has been occurred at the Mekong region during the flood season
2016, especially for the areas of the Viet Nam and Lao PDR. August 2016 was a month
where the flash flood has been seriously occurred in the LMB region. Figure 3-3
present the calendar date recorded the flash flood occurred in the LMB region.

TWENTYEIGHT

GHARARTAC
N

Figure 3-1 The tropical Storm Track during the year 2016, Source: UNISYS.
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Figure 3-2 Weather Chart issued at 18:00 UTC on 03 August, 2016.
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Figure 3-3 Calendar date of flash flood recorded in the LMB
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3.1 Flash flooding in the northern part of Lao PDR, caused by
low pressure during 23 July 2016

3.1.1  Weather condition during the third week of July

The whole third week of July, from 21 to 23, the Lower Mekong Basin was covered by low
pressure, which laid across upper Thailand to northern part of Viet Nam via the central and
northern parts of Lao PDR. During this period, some areas of central and northern parts of Lao
PDR, eastern part of Thailand, central and northern parts of Viet Nam, were covered by the
heavy rain. Figure 3.1-1 and Figure 3.1-2 present the weather chart of Mekong region during
the third week of July 2016. Figure 3.1-3 present the Infrared Image, MTSAT IR, at 23.00
UTC onJuly 21, 2016.

Source: TMD Source: TMD
Figure 3.1-1  Weather chart issued at 18:00 Figure 3.1-2  Weather chart issued at 18:00
UTC on 21 July 2016. UTC on 23 June 2016.

Source: Japan Meteorological Agency

Figure 3.1-3  Infrared Image, MTSAT IR, at 23.00 UTC on July 21, 2016
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3.1.2

From 20 to 24 July 2016 the Central and Northern Provinces of Lao PDR were covered
by a low pressure cell, which caused heavy rainfall. Within 24 hours, the accumulated
rainfall at some hydrological stations, located in the Bolikhamxay and Xiengkhuan
Provinces raised up to 100 mm. Figure 3.1-4 to Figure 3.1-7 show accumulated rainfall
of hydro-meteorological stations located in Bolikhamxay and Xiengkhuang provinces
from 20 to 24 July 2016. Figure 3.1-8 to Figure 3.1-9 present the 24 hours accumulated

Heavy rainfall during the period 21-24 July 2014

rainfall from Hydroestimator (satellite rainfall estimated).
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Figure 3.1-4  Accumulated rainfall at
Moung Borikhan Station.

Figure 3.1-5  Accumulated rainfall at
Moung Mai Station.
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Figure 3.1-6  Accumulated rainfall at Figure 3.1-7  Accumulated rainfall at

Phiengluang Station.
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Legend
Legend

Hydroest20160721_00.txt

Hydroest20160722_00.txt

Figure 3.1-8 24 hourly satellite rainfall Figure 3.1-9 24 hourly satellite rainfall
estimate from 00:00 UTC on estimate from 00:00 UTC on
20 July to 00:00 UTC on 21 21 July to 00:00 UTC on 22
July 2016. July 2016.

3.1.3  Flash flooding in the Central and Southern Provinces of Lao PDR

On 22 July 2016 at 00:00 UTC (07:00 local time) the MRC-FFG system detected that
some areas covering villages in the Northern Provinces of Lao PDR, such as Bokeo
and Xayaboury Provinces, were at risk of flash flood occurrence. Figure 3.1-10
presents the 3 hourly FFG value at some areas of Central Provinces of Lao PDR.

The information on flash flood risk areas that was detected by the MRC-FFG system
on 22 July 2016 at 00:00 UTC was confirmed by the information published in the Lao
PDR newspaper “Vientiane Times” on 26 July 2016, which informed that on evening
of 23 July 2016 flash flood has been occurred in some areas in Xayaboury Province.
Some flash flood risk areas that detected by the FFG system on 22 July 2016 at 00:00
UTC corresponded with the reported flash flood areas. Table 3.1-1 show the list of the
flash flood risk villages detected by MRC FFG system on 22 July 2016 at 00:00 UTC
the Information from the “Vientiane Time” newspaper provided in the annex A of this
report.
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3 HOUR FLASH FLOOD RISK AREAS
ON 22 JULY 2016 AT 00 UTC

Lao_20160722_00.shp

]
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51-80
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Figure 3.1-10 Flash flood risk areas detected by MRC-RFMMC-FFG system on 22 July 2016.

Table 3.1-1 Flash flood risk village detected by MRC —FFG system on 22 July 2016 at 0OUTC

Date of FFG produ:

22/07/2016 00:00

UTC time

1hour Flash Flood Guidance in Lao

3hour Flash Flood Guidance in Lao

Provinces Districts  |Villages FFG Value Provinces Districts Villages FFG Value
No Risk Areas |to Flash Fl{Occurence Bokeo Pha Oudo [KANG 44.96
Bokeo Pha Oudo |MOKPORN 44.96
Bokeo Pha Oudo [MOKSOUK 44.96
Bokeo Pha Oudo |MOKKHA KANG 44.96
Bokeo Pha Oudo [SIBOUNHEUAN 44.96
Bokeo Pha Oudo [PHA OU DOM 44.96
Bokeo Pha Oudo |THINKEO NEUA 44.96
Xayaboury Xienghon MOK SA KIEN 45.09
Xayaboury Xienghon HONG KHOU 45.09
Xayaboury Xienghon KEW KENE 45.09
Xayaboury Xienghon NGEW 45.09
Xayaboury Xienghon NAM BENG 45.09
Xayaboury Xienghon LAO OU 45.09
Xayaboury Xienghon LAO SA NO 45.09
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3.1.4  Impacts of low pressure weather to the water levels in some tributaries
of the Mekong River Basin

Heavy rainfall occurred at some Mekong sub-catchments located in central and
northern parts of Lao PDR during the low pressure period, which led to a quick
increase of water level at some tributaries of Nam San, Nam Ngiep sub-catchments on
22 - 24 July 2016. And also water level at some stations located in the mainstream of
the Mekong at the northern part of Lao PDR has been remarkably increased. For
example, in the hydrological station Pak Ben, the water level increased from 8.12 m at
7:00 AM on 25 July to 12.15 m at 7:00 PM of 25 July 2016, while at the hydrological
station Paklay in the Mekong mainstream the water level started to increase from 4.85
m at 07:00 PM on 24 July 2016. Figure 3.1-11 to Figure 3.1-12 present the hydrograph
at some hydrological stations of the Mekong tributaries.

Hydrograph of Pak Beng
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Figure 3.1-11 Hydrograph at hydrological stations of Mekong tributaries in Lao PDR during the low
pressure period from 22 to 25 July 2016.
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Hydrograph of  Paklay
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Figure 3.1-12 Hydrograph at hydrological stations of Mekong mainstream in Lao PDR during the
low pressure period from 22 to 25 July 2016.

3.1.5 Conclusions

1. During the third week of July from 21 to 24 July 2016, the Lower Mekong Basin
was covered by low pressure, which laid across upper Thailand to the northern part
of Viet Nam via the northern part of Lao PDR. During this period some areas of
northern part of Lao PDR, and northern part of Viet Nam have been covered by

heavy rainfall.

2. The daily rainfall at some hydro-meteorological stations located in the
Bolikhamxay and Xayaboury Provinces of Lao PDR increased to levels of 100

mm.

3. Water levels at some hydrological stations of tributaries of the Nam Sane, Nam

Ngiep sub-catchments increased about 3-4 m on the 23 to 25 July 2016.

4. On 22 July 2016 at 00:00 UTC (07:00 local time) the MRC-FFG system detected
that some areas villages of the Northern Provinces of Lao PDR, such as Bokeo,
Xayaboury provinces of Lao PDR, were at the risk of flash flood occurrence. The
information on flash flood risk areas, detected by MRC-FFG system on 22 July
2016 at 00:00 UTC, was confirmed by the information published in the Lao PDR
newspaper “Vientiane Times” on 26 July 2016. Some flash flood risk areas,
detected by the FFG system on 22 July 2016 at 00:00 UTC, corresponded with the

reported flash flood areas.
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3.2 Flash flooding in the Northern Provinces of Viet Nam,
caused by tropical storm “MIRINAE”

3.2.1  Weather condition during the third week of July 2016

“MIRINAE” formed as a tropical depression over the central part of the South China
Sea about 300 km east of Xisha on the night of 25 July. Moving west-northwestwards,
it intensified into a tropical storm the next morning. “MIRINAE” made landfall over
the east coast of Hainan Island on the night of 26 July and weakened slightly while
crossing Hainan Island. After entering Beibu Wan, “MIRINAE” re-organized and re-
intensified the next morning, becoming a severe tropical storm on the evening of 27
July and reaching peak intensity with an estimated sustained wind of 90 km/h near its
centre. “MIRINAE” made landfall over the coast of northern Vietnam that night and
weakened gradually. Tropical storm “MIRINAE” is the first tropical storm hit the
Vietnam this year It finally dissipated over northern Vietnam on the evening of 28
July.

Figure 3.2-1 presents the position of tropical depression at the Pacific Ocean. The
storm then moved in westerly direction.
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Figure 3.2-1  Track of the tropical storm “MIRINAE”. Source : ECHO
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3.2.2  Rainfall during the period of tropical storm “MIRINAE”

During the period from 25 to 28 July 2014, when typhoon storm “MIRINAE” was
active in the region, heavy rainfalls occurred at some areas in the northern part of Viet
Nam, Figure 3.2-2 to Figure 3.2-3present the daily accumulated rainfall at some
stations located at the Northern Provinces of Viet Nam, where the daily rainfall during
this period almost reached 50 to 70 mm per day. Figure 3.2-4 to Figure 3.2-5 present
the 24 hours accumulated rainfall from Hydroestimator (satellite rainfall estimated)
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Figure 3.2-2  Daily accumulated rainfall Figure 3.2-3  Daily accumulated rainfall (in
(in mm) at Mai Chau mm) at Quang Nhai Station.
Station.

Legend

Legend
Hydroest20160729_00.txt
Hydroest20160728_00.txt i

001-30
31-70

- o e
= -y . »
Figure 3.2-4 24 hourly satellite rainfall Figure 3.2-5 24 hourly satellite rainfall
estimate from 00:00 UTC on estimate from 00:00 UTC on
27 July to 00:00 UTC on 28 28 July to 00:00 UTC on 29
July 2016. July 2016.
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3.2.3  Flash flooding in the Northern Provinces of Viet Nam, caused by
tropical storm “MIRINAE”

From 28 July 2016 at 00:00 UTC (07:00 AM of 28 July 2016 local time) the MRC-
FFG System detected only two districts of the Nghe An Province in the northern part
of Viet Nam were at the risk of flash flood occurrence. But according to the
information published in newspaper, that the tropical storm “MIRINAE” cause a
serious flash flood in some provinces in the coastal areas of the northern part of Viet
Nam, such as Nam Dinh, Ninh Binh, Thai Binh, on morning of 28 July 2016, That
mean the MRC FFG system did not well to detect the flash flood during the tropical
storm “MIRINAE” fist storm of the LMB region. The primary investigation of this
problem we found that calculation of soil moisture model of the MRC FFG system
during the tropical storm “MIRINAE” was not correct. Figure 3.2-6 presents the 3 hour
flash flood risk areas at some districts of the Northern Provinces of Viet Nam. Figure
3.2-7 and Figure 3.2-8 presents map of Average soil moisture condition calculated by
the MRC FFG system on 27 July 2016 at 18:00 UTC and on 28 July 2016 at 00:00
UTC, where show the soil condition in the northern part of Viet Nam calculated by
Model simulation was very dry.
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Figure 3.2-6  Flash flood risk areas detected by MRC-RFMMC-FFG (3 hour FFG) system on 28
July 2016.
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ASM - 06 hr 2016-07-27 18:00 UTC REGIONAL| [ASM - 06 hr 2016-07-28 00:00 UTC REGIONAL]

Figure 3.2-7 6 hour Average soil Moisture Figure 3.2-8  Present the 6 hour Average
condition (ASM) of Model soil Moisture condition
calculation of MRC FFG system (ASM) of Model calculation
on 27 July 2016 at 18:00 UTC of MRC FFG system on 28

July 2016 at 00:00 UTC.

3.2.4  Conclusions

The tropical storm “MIRINAE” is the fourth storm of the year 2016, which was
also the first storm that hit VViet Nam, and caused a serious damage to the Northern
Provinces of Viet Nam.

Many rainfall stations, located in the northern part of Viet Nam, recorded
moderate rainfall during the period that TS “MIRINAE” hit the Mekong Region.
Some of those rainfall stations recorded an amount of daily rainfall up to 70 and
100 mm.

On 28 July 2016 at 00:00 UTC the MRC-FFG System detected two districts in
Nghe An Province of northern part of Viet Nam were at the risk of flash flood
occurrences, but the flash flood has been occurrence in other provinces of the
coastal areas of the northern part of Viet Nam when the tropical storm
“MIRINAE” landed, The primary investigation show that the miss detection of
MRC FFG system was cause by insufficient of the Soil moisture estimation by
model.

It is suggested that the model parameter for calculation of soil moisture condition
should be review, and recalibrated.
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3.3 Flash flooding in the Northern Provinces of Viet Nam,
caused by tropical storm “NIDA”

3.3.1  Weather condition during the first week of August 2016

During July 28, a tropical depression developed about 1,020 km (635 mi) to the east-
southeast of Manila in the Philippines. Over the next day as the system moved north-
northwestwards under the influence of a subtropical ridge of high pressure, deep
convection started wrapping into the system's low level circulation center. On July 31,
NIDA made landfall over the area between Baggao and Gattaran of the Cagayan
Province in the Philippines at 13:20 PST (05:20 UTC) as a severe tropical storm. At
03:35 CST on August 2 (19:35 UTC on August 1), NIDA made landfall over Dapeng
Peninsula of Shenzhen, Guangdong, China as a severe tropical storm. Then the NIDA
system was transform to the tropical depression on 3 August 2016 at border of Guangxi
and Guizhou Province of China. Figure 3.3-1 presents the position of tropical storm
“NIDA” at the Pacific Ocean. The storm then moved in westerly direction to China.

Emergency Response Coordination Centre (ERCC) — ECHO Daily Map | 02/08/2016
CHINA, PHILIPPINES - Troplcal Cyclone NIDA pxeopewy. | Harenitapr S

SITUATION

+ TC NIDA first made landfall over north-
eastern Cagayan province (Philippines)
on 31 July as a Typhoon. It later made
a second landfall over Dapeng
Peninsula (Shenzhen city, Guangdong
province, China) on 1 August at 19:35
UTC as 2 Typhoon. On 2 August at
0.00 UTC its centre was located over
Guangdong province approx. 45 km
south-east of Foshan oty and it had
max. sustained wind speed of 120
kmy/h (Typhoon).

+ Over the next 24 h It Is forecast to
continue moving north-west over land,

weakening and dissipating over the
province of Guangxl. Heavy rain and
strong winds may affect the provinces
of Guangdong, Guangxi, southern
Hunan, south-eastern Fujian and
Guizhou.

+ Heavy rain and strong winds affected
Hong Kong (Chinz) and northem
Phikppines, causing damage. Local
.|| authonties in Hong Kong (China), as of
2 August, reported three people
Injured, 218 evacuated, several flights
cancelled and  schools  closed
throughout the dty. The Philippine
national authorities also reported, as
of 1 August, over 1 000 people
evacuated and over 8 300 affected in
the regions of locos Norte and
Cagayan valley
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Figure 3.3-1  Track of the tropical storm “NIDA”. Source: ECHO

3.3.2  Rainfall during the period of tropical storm “NIDA”

During the period from 03 to 05 August 2016, when typhoon storm “NIDA” was active
and transformed to the tropical depression cell at the southern part of China, heavy
rainfalls occurred at some areas in the northern part of Viet Nam, Figure 3.3-2 to Figure

Page 17


https://en.wikipedia.org/wiki/Philippine_Standard_Time
https://en.wikipedia.org/wiki/Coordinated_Universal_Time

Evaluation Report on MRC-FFG System for Flood Season 2016, 1% June to 31% December 2016

3.3-5 present the daily accumulated rainfall at some stations located at the Northern
Provinces of Viet Nam, where the daily rainfall during this period almost reached 60
to 100 mm per day. Figure 3.3-6 and Figure 3.3-7 present the 24 hours accumulated

rainfall from Hydroestimator (satellite rainfall estimated).
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Figure 3.3-2  Daily accumulated rainfall (in Figure 3.3-3  Daily accumulated rainfall (in
mm) at Moung Te Station in mm) at Sin Ho Station in Lai
Lai Chau Province. Chau Province.
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Legend
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Figure 3.3-6 24 hourly satellite rainfall Figure 3.3-7 24 hourly satellite rainfall
estimate from 00:00 UTC on estimate from 00:00 UTC on
02 August to 00:00 UTC on 03 August to 00:00 UTC on
03 August 2016. 04 August 2016.

3.3.3  Flash flooding in the Northern Provinces of Viet Nam, caused by
tropical storm “NIDA”

From 03 August 2016 at 06:00 UTC (01:00 PM of 03 August 2016 local time) the
MRC-FFG System detected many districts of the Lao Cai, Bac Kan, Lai Chau
Provinces in the northern part of Viet Nam were at the risk of flash flood occurrence.
Figure 3.3-8 present the 3 hour flash flood risk areas at some districts of Northern
Provinces of Viet Nam detected on 03 August 2016 at 06:00 UTC. This area was
extend to other provinces on 04 August 2016 at 00:00 UTC, the Figure 3.3-9 present
the location of 3 hours flash flood risk areas on 04 August 2016 at 00:00 UTC. The
information on flash flood areas detected by MRC FFG system on 03 August and 04
August 2016 was confirmed by Viet Nam newspaper on “Viet Nam New “on Saturday
06 August 2016. This information also provided in the annex A of this report.
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Figure 3.3-8  Flash flood risk areas detected Figure 3.3-9  Flash flood risk areas
by MRC-RFMMC-FFG (3 hour detected by MRC-RFMMC-
FFG) system on 03 August FFG (3 hour FFG) system on
2016 at 06:00 UTC. 04 August 2016 at 00:00
UTC.
Table 3.3-1  List of Flash flood risk areas detected by MRC- FFG on 03 August 2016 at 06:00

Date of FFG products

uTC

03/08/2016 06:00 UTC time

1lhour Flash Flood Guidance in Vietham

3hours Flash Flood Guidance in Vietnam

Provinces |Districts FFG value Provinces Districts FFG Value
Lao Cai Bat Xat 13.39 Lao Cai Bat Xat 36.09
Bac Kan TX Bac Kan 14.89 Lao Cai Sa Pa 49.04
Bac Kan Bach Thong 14.89 Lao Cai Than Uyen 49.04
Lai Chau Phong Tho 13.39 Bac Kan TX Bac Kan 21.36
Bac Kan Bach Thong 21.36
Lai Chau Phong Tho 37.06
Dak Lak Dak R'Lap 47.03
Dak Lak Dak Nong 47.03
Lam Dong Bao Lam 47.03
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Table 3.3-2  List of Flash flood risk areas detected by MRC- FFG on 06 August 2016 at 00:00

uTC

Date of FFG products 04/08/2016 00:00 UTC time

1lhour Flash Flood Guidance in Vietham

3hours Flash Flood Guidance in Vietnam

Provinces |Districts FFG value Provinces |Districts FFG Value
Ha Giang Xin Man 21.03 Ha Giang Meo Vac 39.08
Cao Bang Bao Lac 23.17 Ha Giang Yen Minh 41.55
Cao Bang Nguyen Binh 23.17 Ha Giang Quan Ba 33.86
Lao Cai Bat Xat 12.80 Ha Giang Bac Me 41.55
Lao Cai Bac Ha 21.03 Ha Giang Hoang Su Phi 43.79
Lao Cai SaPa 16.03 Ha Giang Vi Xuyen 43.98
Lao Cai Than Uyen 16.03 Ha Giang Xin Man 39.87
Bac Kan Ba Be 23.17 Ha Giang Bac Quang 47.66
Lai Chau Phong Tho 15.04 Cao Bang Bao Lac 39.63
Dak Lak Dak Nong 13.70 Cao Bang Nguyen Binh 31.10
Lao Cai Bat Xat 22.33
Lao Cai Bac Ha 37.87
Lao Cai SaPa 33.98
Lao Cai Bao Yen 47.66
Lao Cai Than Uyen 20.89
Bac Kan TX Bac Kan 36.79
Bac Kan Ba Be 40.49
Bac Kan Bach Thong 36.79
Tuyen Quang Na Hang 49.87
Lai Chau Phong Tho 25.54
Dak Lak Dak R'Lap 49.82
Dak Lak Dak Nong 34.54
Lam Dong Bao Lam 42.87

3.3.4 Conclusions

1. The tropical storm “NIDA” is the fifth storm of the year 2016, which has been hit
the southern part of China (out site of the LMB region), but it still effected to some
areas in the Northern Provinces of Viet Nam.

2. Many rainfall stations, located in the northern part of Viet Nam, recorded
moderate to heavy rainfall during the period that TS “NIDA” hit the southern part
of China and transformed to the tropical depression cell. Some of those rainfall
stations recorded an amount of daily rainfall up to 60 and 100 mm.

3. On 03 August 2016 at 06:00 UTC the MRC-FFG System detected many districts
in some provinces of northern part of Viet Nam were at the risk of flash flood

occurrences

4. Information from the newspaper indicated that flash flood was occurred on 05
August 2016 at the same district that has been detected by the MRC FFG system
on 03 August 2016 at 06:00 UTC (13:00 local time), and also on 04 August 2016
at 00:00 UTC (see information on annex A).
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3.4 Flash flooding in Bokeo Province in Lao PDR, Northern
Provinces of Viet Nam, caused by ITCZ on 12-15 August
2016

3.4.1  Weather situation on the second week of August 2016

During August 10 to August 15, the Inter Tropical Convergence Zone (ITCZ) continue
lying across Myanmar, the upper North of Thailand and the North of Viet Nam while
the Westerly wind prevails over Andaman Sea, the Gulf of Thailand, South of Thailand
and South of Indochina Peninsular. More rain and heavy rain was occurred in
Myanmar, the upper South, the East, the Central and the Northeast of Thailand, the
Southwest Coastal areas of Cambodia, the Lower Mekong Basin, the upper South and
the Central and the North of Lao PDR, the North of Viet Nam during 10 to 15 August
2016. Figure 3.4-1 and Figure 3.4-2 present the weather chart of the LMB region where
ITCZ was cover this region for the hold second week of August.

Source: TMD Source: TMD
Figure 3.4-1  Weather chart of the Mekong Figure 3.4-2  Weather chart of the Mekong
region during the 11 August region during the 15 August
2016 at 01:00AM local time. 2016 at 01:00AM local time.

3.4.2 Rainfall on the second week of August 2016

During second week of August, some provinces of northern part of Lao PDR were
covered by heavy rainfall, especially at Luang Prabang, Bokeo, Xayaboury,
Borikhamxai, Xiengkhuang Provinces. The daily rainfall on that period at those
abovementioned provinces reached from 100 to 120 mm. The heavy rainfall also was
observed at some rainfall stations located in Northern Provinces of Viet Nam. Figure
3.4-3 to Figure 3.4-14 present the daily accumulated observed rainfall, MAP and
Hydroestimator at some rainfall stations located in Viet Nam and Lao PDR during the
second week of August 2016. Figure 3.4-15 to Figure 3.4-18 present the 24 hours
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accumulated satellite rainfall estimated for 10 to 13 August 2016, where show that
northern part of Lower Mekong Region was covered by the heavy rain.
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Figure 3.4-3  Accumulated rainfall at Pak Figure 3.4-4  Accumulated rainfall at Luang
Beng Station of Xayabouri Prabang Station of Luang
Province. Prabang Province.
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Figure 3.4-5 Accumulated rainfall at Figure 3.4-6  Accumulated rainfall at Moung
Moung Mai Station of Borikhan Station of
Borikhamxai Province. Borikhamxai Province.
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Figure 3.4-7  Accumulated rainfall at Figure 3.4-8  Accumulated rainfall at Ban
Moung Ngoy Station of Luang Phienluang Station of Xieng

Prabang Province. Khuang Province.
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Daily accumulated raifall  Dien Bien Daily accumulated raifall  Quynh Nhai
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Figure 3.4-9  Accumulated rainfall at Dien Figure 3.4-10 Accumulated rainfall at
Bien Station of Lai Chau Quynh Nhai Station of Son La
Province. Province.
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Figure 3.4-11 Accumulated rainfall at Son La Figure 3.4-12 Accumulated rainfall at Mai

Station of SonLa Province Chau Station of Thanh Hao
Province
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Figure 3.4-13 Accumulated rainfall at Pha Din Figure 3.4-14 Accumulated rainfall at
Station of Lai Chau Province Tuan Giao Station of Lai
Chau Province
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Figure 3.4-15 24 hourly satellite rainfall
estimate from 00:00 UTC on
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Figure 3.4-16 24 hourly satellite rainfall
estimate from 00:00 UTC on
11August to 00:00 UTC on 12
August 2016.
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Figure 3.4-17 24 hourly satellite rainfall
estimate from 00:00 UTC on
12 August to 00:00 UTC on
13 August 2016.

Figure 3.4-18 24 hourly satellite rainfall
estimate from 00:00 UTC on
13 August to 00:00 UTC on
14 August 2016.
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3.4.3  Flash flooding in Lao Cai Province of Viet Nam, caused by ITCZ

On 12 August 2016 at 00:00 UTC the MRC-FFG system detected some flash flood
risk areas at Lao Cai, Ha Giang, Lai Chau Provinces of northern part of Viet Nam.
Figure 3.4-19 presents the 3 hourly flash flood risk areas in the Northern Provinces of
Viet Nam on12 August 2016 at 00:00 UTC, Lao Cai, Bat Xat, Sa Pa districts in Lao
Cai Province were the high risk districts. The detection of the flash flood risk areas by
the MRC FFG system on 14 August 2016 at 00: 00 UTC, was extended to other
districts and provinces of the northern part of the Viet Nam, (see Table 3.4-2). The
Figure 3.4-20 present the 3 hour flash flood risk areas detected by MRC-FFG on 14
August 2015 at 00:00 UTC. This FFG detection has been verified by the available
information from the online newspaper “Viet Nam plus” and “Viet Nam New”, which
informed that the flash flood had been occurred at Lao Cai and Lai Chau Province of
Viet Nam on 14 August 2016.

This newspaper also provided in the annex A of this report.
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Figure 3.4-19 Flash flood risk areas detected
by MRC-FFG (3 hour FFG)
system on 12 August 2016 at
00:00 UTC.
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Table 3.4-1

Date of FFG products

List of Flash flood risk areas detected by MRC- FFG on 12 August 2016 at 00:00

uTC

12/08/2016 00:00 UTC time

1hour Flash Flood Guidance in Vietnam

3hours Flash Flood Guidance in Vietnam

Provinces |Districts FFG value Provinces Districts FFG Value
Lao Cai Bat Xat 17.30 Ha Giang Yen Minh 45.47
Lao Cai Sa Pa 17.81  Ha Giang Bac Me 45.47
Lao Cai Than Uyen 18.01  Ha Giang Hoang Su Phi 42.32
Lai Chau Phong Tho 17.65 Ha Giang Vi Xuyen 43.36
Ha Giang Xin Man 39.98
Ha Giang Bac Quang 42.89
Cao Bang Bao Lac 45.47
Lao Cai TX Lao Cai 36.53
Lao Cai Muong Khuong 46.44
Lao Cai Bat Xat 25.83
Lao Cai Bac Ha 41.34
Lao Cai Bao Thang 46.44
Lao Cai Sa Pa 26.50
Lao Cai Bao Yen 43.24
Lao Cai Than Uyen 23.60
Lai Chau Muong Te 42.33
Lai Chau Phong Tho 28.24
Lai Chau Sin Ho 41.12
Lai Chau Muong Lay 42.61
Table 3.4-2  List of Flash flood risk areas detected by MRC- FFG on 14 August 2016 at 00:00

Date of FFG products

UTC

14/08/2016 00:00 UTC time

1hour Flash Flood Guidance in Vietnam

3hours Flash Flood Guidance in Vietnam

Provinces |Districts FFG value Provinces Districts FFG Value
Ha Giang Dong Van 21.994 Ha Giang TX Ha Giang 34.2
Ha Giang Meo Vac 21.9567 Ha Giang Dong Van 29.674
Ha Giang Yen Minh 20.33 Ha Giang Meo Vac 30.6375
Ha Giang Quan Ba 22.522 Ha Giang Yen Minh 28.3933
Ha Giang Bac Me 21.1433 Ha Giang Quan Ba 30.47
Ha Giang Hoang Su Phi 22.4075 Ha Giang Bac Me 31.8357
Ha Giang Vi Xuyen 21.3829 Ha Giang Hoang Su Phi 34.6286
Ha Giang Xin Man 19.45 Ha Giang Vi Xuyen 31.4718
Ha Giang Bac Quang 23.57 Ha Giang Xin Man 39.5167
Cao Bang Bao Lac 21.8717 Ha Giang Bac Quang 38.1767
Cao Bang Ha Quang 21.7 Cao Bang Bao Lac 31.0422
Cao Bang Thong Nong 21.7 Cao Bang Ha Quang 28.94
Cao Bang Nguyen Binh 22.43 Cao Bang Thong Nong 31.22
Cao Bang Hoa An 21.7  Cao Bang Nguyen Binh 33.6575
Lao Cai Bat Xat 17.1167 Cao Bang Hoa An 31.22
Bac Kan TX Bac Kan 18.09 Lao Cai Bat Xat 29.4367
Bac Kan Ba Be 23.2467 Lao Cai Sa Pa 41.31
Bac Kan Bach Thong 18.09 Lao Cai Than Uyen 40.56
Tuyen Quang Na Hang 23.51 Bac Kan TX Bac Kan 24.8
Lai Chau TX Lai Chau 22.04  Bac Kan Ba Be 35.7929
Lai Chau Muong Te 20.1825 Bac Kan Ngan Son 40.34
Lai Chau Phong Tho 18.606 Bac Kan Bach Thong 24.8
Lai Chau Sin Ho 19.385 Tuyen Quang Na Hang 36.5357
Lai Chau Muong Lay 19.4.  Tuyen Quang Chiem Hoa 38.13
Lai Chau Tuan Giao 15.7633 Lai Chau TX Lai Chau 29.49
Lai Chau Dien Bien 16.3063 Lai Chau Muong Te 33.5082
Lai Chau Dien Bien Dong 16.535 Lai Chau Phong Tho 32.2855
Hoa Binh Ky Son 17.4729 Lai Chau Sin Ho 31.6117
Nghe An Tuong Duong 17.4267 Lai Chau Muong Lay 28.16
Nghe An Con Cuong 20.14 Lai Chau Tuan Giao 22.8367
Dak Lak Dak Nong 21.5 Lai Chau Dien Bien 27.662
Lai Chau Dien Bien Dong 25.9889
Son La Thuan Chau 42.62
Son La Mai Son 42.62
Son La Song Ma 42.62
Hoa Binh Ky Son 27.7722
Thanh Hoa Quan Son 49.08
Thanh Hoa Lang Chanh 49.08
Thanh Hoa Thuong Xuan 49.08
Nghe An Que Phong 43.675
Nghe An Tuong Duong 27.9825
Nghe An Con Cuong 28.32
Quang Binh Minh Hoa 48.42
Dak Lak Dak Nong 27.95
Lam Dong Lac Duong 48.33
Lam Dong Lam Ha 48.33
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3.4.4  Flash flooding in Bokeo Province of Lao PDR on 13 August 2016

On 12 August 2016 at 00:00 UTC the MRC-FFG system detected some flash flood
risk areas at some villages of some provinces in northern part of Lao PDR, such as
Phonsaly, Bokeo, Luang Namtha, Bolykhamxay, Xiengkhuan, Huaphan. The
detection of the flash flood risk areas by the MRC FFG system on 14 August 2016 at
00: 00 UTC, was extended to other districts and provinces in the northern part of the
Lao PDR, such as Luang Prabang, Oudomxai, Xayaboury Provinces. The Figure
3.4-21 and Figure 3.4-22 present the 3 hour flash flood risk areas detected by MRC-
FFG on 12 and 14 August 2016 at 00:00 UTC.

The FFG detection was verified with the available information from the online
newspaper “Vientiane Times” (this information provided in the annex A), which
informed that some districts of Bokeo Province, were flooded on 14 August 2014, due
to heavy rainfall. Those districts were detected as the high risk areas for the flash flood
occurrence on 12 August 2016 at 00:00 UTC and also in 14 August 2016 at 00:00
UTC.
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Figure 3.4-21 Flash flood risk areas detected
by MRC-FFG (3 hour FFG)
system on 12 August 2016 at
00:00 UTC.

Figure 3.4-22 Flash flood risk areas detected

by MRC-FFG (3 hour FFG)
system on 14 August 2016 at
00:00 UTC.

3.4.5 Flash flooding in Northern Province of Thailand on 14-15 August

2016

The ITCZ occurred on the second week of August also effected to some districts
of the Northern Provinces of Thailand. Since 14 August 2016 at 00:00 UTC the
MRC-FFG system detected some flash flood risk areas at some districts in
Northern Provinces of Thailand, such as Chiang Rai, Nan Provinces. The detection
of the flash flood risk areas by the MRC FFG system on 15 August 2016 at 00: 00
UTC, was extended to other districts and provinces in the northern part of the
Thailand, such as Chaing Mai, Lmpang, Phayao Provinces. The FFG detection was
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verified with the available information from the online newspaper “Chiang Rai
Time” and “NNT”, which informed that some districts of Nan and Chaing Rai
Provinces, were flooded on 14 August 2014, due to heavy rainfall. Those districts
were detected as the high risk areas for the flash flood occurrence on 14 August
2016 at 00:00 UTC. The Figure 3.4-23 and Figure 3.4-24 present the 3 hour flash
flood risk areas in northern part of Thailand detected by MRC-FFG on 14 and 15
August 2016 at 00:00 UTC. List of flash flood risk district in Thailand detected by
MRC-FFG system on 14 and 15 August 2016 at 00:00 UTC present in Table 3.4-3
and Table 3.4-4.
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Figure 3.4-23 Flash flood risk areas detected Figure 3.4-24 Flash flood risk areas
by MRC-FFG (3 hour FFG) detected by MRC-FFG (3
system on 14 August 2016 at hour FFG) system on 15
00:00 UTC. August 2016 at 00:00 UTC.

Table 3.4-3  List of Flash flood risk areas in Thailand detected by MRC- FFG on 14 August

2016 at 00:00 UTC
Date of FFG products 14/08/2016 00:00 UTC time
1hour Flash Flood Guidance in Thailand 3hour Flash Flood Guidance in Thailand
Provinces |Districts |FFG Value | |Provinces Districts FFG Value
Chiang Rai Chiang Khong 15.44| Chiang Rai Chiang Khong 21.49
Chiang Rai Chiang Saen 15.44/ Chiang Rai Chiang Saen 21.49
Nan King Amphoe Song KI 18.01° Nan King Amphoe Song Khae 25.36
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Table 3.4-4  List of Flash flood risk areas in Thailand detected by MRC- FFG on 15 August
2016 at 00:00 UTC

Date of FFG products 15/08/2016 00:00 UTC time
1hour Flash Flood Guidance in Thailand 3hour Flash Flood Guidance in Thailand
Provinces |Districts |FFG Value [ [Provinces Districts FFG Value
Chiang Rai Chiang Khong 20.86  Chiang Rai Chiang Khong 27.76
Chiang Rai Chiang Saen 20.86  Chiang Rai Chiang Saen 27.76
Chiang Rai Thoeng 20.38 Chiang Rai Thoeng 28.33
Nan King Amphoe Song Ki 22.82 Chiang Rai Mae Suai 45.54
Nan Song Kwae 16.47  Chiang Mai Fang 45.54
Lampang Ngao 14.82  Chiang Mai Mae Ai 45.54
Lampang Wang Nua 14.82  Nakhon Ratchasime Pak Chong 44.00
Phayao Muang Phayao 14.82° Nakhon Ratchasime Wang Nam Khieo 44.00
Phayao Chiang Kham 18.42 Nan Mae Charim 48.84
Nan King Amphoe Bokuai 48.84
Nan King Amphoe Song Khae 30.56
Nan Song Kwae 23.77
Prachinburi Prachantakham 44.00
Lampang Ngao 21.97
Lampang Wang Nua 21.97
Phayao Muang Phayao 21.97
Phayao Chiang Kham 26.05

3.4.6  Rising water level at some hydrological stations of Mekong River
mainstream and Mekong tributaries

Due to effect from the ITCZ in upper part of LMB, the water levels at many
hydrological stations located in the tributaries of the Mekong basin in the northern part
of Lao PDR, such as at Nam Sane, Nam Ngum, Nam Khan, Nam Ou, was remarkably
increase. The water level at all those mentioned sub-catchment was started to rise from
the evening of 13 August 2016 about 3 to 4 meter, and get the pick level at the morning
of 16 August 2016. Figure 3.4-25 and Figure 3.4-32 present the hydrograph of some
monitoring stations along Mekong tributaries and the Mekong mainstream.
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Figure 3.4-28 Hydrograph of Nam Ngum River
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== Mzhaxai

Mahaxai Station during the ITCZ
from 11 to 15 Aug 2016.

Hydrograph of [uang Prabang

Figure 3.4-30 Hydrograph of Se Banfi River at
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== Luang Prabang

Luong Prabang Station during the
ITCZ from 11 to 15 Aug 2016.

Figure 3.4-32 Hydrograph of Mekong River at
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Hydrograph of Mucng Ngoy

== Paklay

during the ITCZ from 11

River at Paklay Station
to 15 Aug 2016.
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Figure 3.4-31 Hydrograph of Mekong
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3.4.7 Conclusions

1.

During August 10-15, the ITCZ stationary laid across the South of Myanmar, the
middle of Thailand and Indochina Peninsular while the active cell low pressure at
the end of ITCZ will develop as Tropical Depression. More rain with heavy and
very heavy rain was most likely over Thailand, Lao PDR, the lower Mekong Basin
and Viet Nam.

On 12-14 August some provinces of northern part of Viet Nam were covered by
heavy rainfall, especially at Lao Cai, Lai Chau, Son La Provinces. The heavy
rainfall also has been observed at some rainfall stations located in northern part of
Lao PDR. The daily rainfall on 13 August 2016 at those above mentioned
provinces reached 100-120 mm.

On 12 August 2016 at 00:00 UTC the MRC-FFG system detected some flash flood
risk areas at Lao Cai, Ha Giang, Lai Chau Provinces of northern part of Viet Nam.
The detection of the flash flood risk areas by the MRC FFG system on 14 August
2016 at 00: 00 UTC was extended to other districts and provinces of the northern
part of the Viet Nam. This FFG detection has been verified by the available
information from the online newspaper “Viet Nam plus” and “Viet Nam New”,
which informed that t