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1 Introduction 

1.1 Main objective of the report 

The Regional Flood and Drought Management Centre (RFDMC) is part of the Technical Support 

Division (TD) of the MRC Secretariat (MRCS), the operational arm of the MRC, an intergovernmental 

organization established by the 1995 Agreement on Cooperation for the Sustainable Development of 

the Mekong River Basin, between the governments of Cambodia, Laos, Thailand and Viet Nam, 

further referred to as member countries (MCs). 

This seasonal flash flood situation report on the wet season 2021 presents an analysis of the MRC 

Flash Flood Guidance System (MRC-FFGS) of the RFDMC. 

The purpose of this report is to give an overview of the flash flood situation in the Lower Mekong 

Basin (LMB) during the wet season 2021 from June until the mid of December (one and a half month 

after the wet season) and to evaluate the performance of MRC-FFGS for the detection of flash flood 

risk areas in the LMB during that time. The first evaluation report on the MRC-FFGS was issued in 

2011. The report has been produced to evaluate the performance of MRC-FFGS for the wet season 

2011 from May (one month before the wet season) until the late of October. The present report is 

the eleventh evaluation report of the MRC-FFGS. The FFG warnings are issued for the respective 

national territories of Cambodia, Lao PDR and Viet Nam. The RFDMC provides flash flood risk 

information for Thailand only in the Thai territory located within the LMB. 

1.2 Further References 

The products of the MRC-FFGS are updated daily during the wet season and can be accessed from: 

http://ffw.mrcmekong.org/ffg.php 

The Weekly Wet Season Situation Report in the LMB is available at: 

http://ffw.mrcmekong.org/reportflood.php 

Further information about the hydrological situation in the LMB can be found in the following reports 

of the RFDMC: 

• Annual Mekong Hydrology Report 

• Seasonal Mekong River Situation Report  

• Seasonal Drought Situation Report in the LMB 

1.3 The MRC-FFGS 

Like many parts of the world, flash floods are destructive in the countries of the LMB. To respond to 

regional and national needs and in order to address the problem of flash floods in each MC of the 

MRC, the MRC and the US Agency for International Development (USAID), the Office of US Foreign 

Disaster Assistance (OFDA), have with the technical support from the Hydrologic Research Centre 

http://ffw.mrcmekong.org/ffg.php
http://ffw.mrcmekong.org/reportflood.php
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(HRC) and through a program of the U.S. National Weather Service (U.S.NWS) jointly implemented a 

flash flood mitigation program in Cambodia, Lao PDR, Thailand, and Viet Nam.  

The MRC-FFGS is designed as a diagnostic tool for meteorological and hydrologic services to analyse 

weather-related events that can initiate flash floods (e.g. heavy rainfall or rainfall on saturated soils) 

and then to make a rapid evaluation on the potential for a flash flood to occur at a location inside the 

LMB. The system provides values of flash flood guidance and flash flood threat for small stream basins 

- the basins most prone to flash flooding. Evaluations of the threat of flash flooding may provide 

estimations from one-hourly to six-hourly time scales (depending on timely reporting of 

hydrometeorological data).  

The system has been developed since 2005 and fully completed in August 2009 including the capacity 

building for the MRC-FFGS operators at 4 national Line Agencies (LAs), one in each MC. From 2009 to 

now, the system has been improved and developed further. Since the beginning of 2018, the system 

has implemented a bias correction of high-resolution satellite rainfall as input to the system (Figure 

1-1)  

 
Figure 1-1: MRC-FFGS dissemination server user interface 

In August 2019, the HRC completed and provided the Map-Server console interface for the MRC-

FFGS to the RFDMC. It is very visually for forecasters to directly analyse the MRC-FFGS’s products on 

the map during the routine work of flash flood operations (Figure 1-2). 
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Figure 1-2: MRC-FFGS Map-server interface  

Today the system has two console interfaces for flash flood operations with user-friendly interfaces 

providing a lot of essential products to support the forecasters.  

The MRC-FFGS is a soil accounting model that needs satellite rainfall estimates as input data. The 

output is a warning for the next 1, 3 and 6 hours for sub-basins with a mean area of approximately 

150 - 200 km2 in size, that have a plausible chance of suffering from flash floods. The primary purpose 

of the MRC-FFGS is to provide near real-time guidance products pertaining to the imminence of 

potential small-scale flash floods (see Figure 1-3). For further detail description on the MRC-FFGS 

output products see Annex C2. 

 
Figure 1-3: Key technical components of the FFGS (source: HRC) 
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If a warning is released depends on the hydrological characteristics of the watershed. The FFG is an 

index that indicates how much rainfall is needed to cause minimal flooding in that basin. The FFG 

value indicates the total volume of rainfall of a given duration (1-6 hours) over a given small 

catchment that is just enough to cause bank-full flow in the draining stream outlet. Consequently, 

rainfall volumes of the same duration that are greater than the FFG value indicate a likelihood 

overbank flows at the draining stream outlet. The FFG warning scale is shown in Figure 1-4. 

 
Figure 1-4: FFG warning scale 

The computer server was installed and located in the Regional Flood and Drought Centre (RFDMC) of 

the MRC since mid-May 2018. During the wet season 2020, the forecaster of RFDMC has continued 

operating routinely the MRC-FFGS daily for the provision of flash flood guidance products. The 

information on flash flood risk areas that were detected by the MRC-FFGS was uploaded on the MRC 

flood forecasting webpage (http://ffw.mrcmekong.org/ffg.php, see Figure 1-5) in parallel with the 

river flood forecast . The warnings that the MRC-FFGS has identified according to the warning scale 

in Figure 1-4 are daily analysed and can be downloaded from the website in Excel and Google Earth 

KML format. Additionally, information regarding ‘critical’ weather conditions and risk of flash floods 

is disseminated through e-mail to alert the LAs and non-governmental organization. 

Scale of Flash Flood risk 
FFG-1H 

(mm/1hr)

FFG-3H

(mm/3hr)

FFG-6H

(mm/6hr)

Extreme-Risk 0.01<FFG-1H<10 0.01<FFG-3H<10 0.01<FFG-6H<15

High-Risk 10.01<FFG-1H<25 10.01<FFG-3H<25 15.01<FFG-6H<30

Moderate-Risk 25.01<FFG-1H<40 25.01<FFG-3H<40 30.01<FFG-6H<60

Low-Risk 40.01<FFG-1H<60 40.01<FFG-3H<70 60.01<FFG-6H<100

http://ffw.mrcmekong.org/ffg.php
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Figure 1-5: MRC-FFGS on the MRC flood forecasting website 
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2 Flash Floods in the Lower Mekong Basin (LMB) during the wet season 

2021 

2.1 Weather phenomena impact to flash floods in the LMB  

In general, climate of the Mekong Basin is dominated by the Southwest (SW) Monsoon, which 

generates wet and dry season of equal length. Monsoon season usually lasts from May until late 

September or early October. There is usually heavy rain (50 – 100 mm/day) over most of the region. 

Later in the season, tropical cyclones occur over most areas so that August and September and even 

October (especially in the Delta) are the wettest months of the year. The Northeast (NE) Monsoon, 

which sets in toward late October, brings lower temperature. Rainfall during the months of the NE 

Monsoon is generally confined to Viet Nam since the rest of the LMB lies in the lee of Animate 

Mountains of the Central Highland. 

Table 2-1: Generalized climate season in the LMB 

 

In total 22 tropical storms occurred, which developed over the Pacific Ocean or over the East Sea 

(Figure 2-1). This number is lower than 2020 (23 tropical storms). There were 8 tropical storms, 

namely (1) CHOI-WAN, (2) KOGUMA, (3) CEMPAKA, (4) LUPIT, (5) CONSON, (6) DIAMU, (7) LIONROCK, 

and (8) KOMPASU, which caused serious flash floods affecting the LMB (Table 2-2). The other cause 

of flash floods in the LMB is the Inter Tropical Convergence Zone (ITCZ), producing low pressure and 

tropical depression which lead to flash floods in some areas in the LMB.  

  
Figure 2-1 Tropical storm track for the Western Pacific in 2021 (Source: Digital typhoon, National 

Institute of Informatics, Japan) 

Jan Feb Apr Jun Jul Aug Sep Nov Dec

Cool/Cold 

NE Monsoon 

Mar May Oct

SW Monsoon 

Cool/Cold Hot/Dry 

NE Monsoon Transition 

Wet 
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Table 2-2: Tropical storm developed over the Pacific Ocean and East Sea in 2021 (Source: Digital 

typhoon, National Institute of Informatics, Japan)

 

2.2 Features of precipitation 

• In general, the mean monthly rainfall during the wet season 2021 over LMB was 4.15 % more 

than the long-term average (LTA) but it was unevenly distributed over time and space. 

• In the upstream part of the LMB from Chiang Sean to Paksane, a shortage of -9.85 % of rainfall 

compared to the LTA was estimated.  

• In the middle part of the LMB (from Thakhek to Pakse) the mean monthly amount of rainfall was 

about +13.26 % higher that its LTA especially in the last two months of September and October. 

Heavy rains were concentrated in October due to the influence of the SW Monsoon and storm 

Number Name Basin Birth (UTC) Death (UTC) Duration Min. Pres.

1 202101 DUJUAN W. N. Pacific 18/02/2021 00:00 21/02/2021 12:00 3 Days 12 Hours 996

2 202102 SURIGAE W. N. Pacific 13/04/2021 18:00 25/04/2021 00:00 11 Days 6 Hours 895

3 202103 CHOI-WAN W. N. Pacific 30/05/2021 18:00 05/06/2021 06:00 5 Days 12 Hours 998

4 202104 KOGUMA W. N. Pacific 11/06/2021 18:00 13/06/2021 06:00 1 Days 12 Hours 996

5 202105 CHAMPI W. N. Pacific 23/06/2021 00:00 27/06/2021 18:00 4 Days 18 Hours 980

6 202106 IN-FA W. N. Pacific 17/07/2021 12:00 27/07/2021 18:00 10 Days 6 Hours 950

7 202107 CEMPAKA W. N. Pacific 18/07/2021 18:00 22/07/2021 00:00 3 Days 6 Hours 980

8 202108 NEPARTAK W. N. Pacific 23/07/2021 12:00 28/07/2021 06:00 4 Days 18 Hours 990

9 202109 LUPIT W. N. Pacific 04/08/2021 00:00 09/08/2021 00:00 5 Days 0 Hours 984

10 202110 MIRINAE W. N. Pacific 05/08/2021 06:00 10/08/2021 00:00 4 Days 18 Hours 980

11 202111 NIDA W. N. Pacific 04/08/2021 00:00 08/08/2021 00:00 4 Days 0 Hours 992

12 202112 OMAIS W. N. Pacific 20/08/2021 12:00 24/08/2021 00:00 3 Days 12 Hours 994

13 202113 CONSON W. N. Pacific 06/09/2021 00:00 11/09/2021 18:00 5 Days 18 Hours 992

14 202114 CHANTHU W. N. Pacific 06/09/2021 12:00 18/09/2021 06:00 11 Days 18 Hours 905

15 202115 DIANMU W. N. Pacific 23/09/2021 06:00 23/09/2021 18:00 0 Days 12 Hours 1000

16 202116 MINDULLE W. N. Pacific 23/09/2021 12:00 02/10/2021 00:00 8 Days 12 Hours 920

17 202117 LIONROCK W. N. Pacific 07/10/2021 18:00 10/10/2021 06:00 2 Days 12 Hours 994

18 202118 KOMPASU W. N. Pacific 08/10/2021 00:00 14/10/2021 12:00 6 Days 12 Hours 975

19 202119 NAMTHEUN W. N. Pacific 10/10/2021 00:00 17/10/2021 00:00 7 Days 0 Hours 996

20 202120 MALOU W. N. Pacific 24/10/2021 18:00 29/10/2021 12:00 4 Days 18 Hours 965

21 202121 NYATOH W. N. Pacific 30/11/2021 00:00 04/12/2021 00:00 4 Days 0 Hours 925

22 202122 RAI W. N. Pacific 13/12/2021 06:00 20/12/2021 18:00 7 Days 12 Hours 915
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circulation. 

• In the meanwhile, in the lower part of the LMB, the average rainfall was with about +0.74 % 

slightly higher than the LTA. Heavy rainfall concentrated in late September and October due to 

the influence of tropical storms.  

Table 2-3: Mean monthly rainfall distribution along the Mekong mainstream 

 

The scattered moderate rainfall that occurred in the LMB from May to November 2021 is shown in 

Figure 2-2 compared to 2019, 2020 and its LTA. 

  
Figure 2-2: Distribution of total rainfall along the MRC Mekong mainstream stations 

Jun Jul Aug Sep Oct Jun Jul Aug Sep Oct Jun Jul Aug Sep Oct
2000 417.90 281.15 312.87 286.23 71.87 318.33 434.60 399.63 319.15 86.20 210.67 164.80 259.62 158.62 236.30

2001 234.17 359.38 474.25 268.45 142.00 451.00 380.30 566.35 339.72 98.92 155.39 102.24 254.49 176.93 362.34

2002 290.69 358.28 463.43 332.45 78.43 518.13 599.87 426.60 276.50 71.04 182.09 118.47 184.13 195.01 142.48

2003 363.05 301.83 302.72 359.05 24.12 226.93 222.35 413.80 405.32 20.30 107.78 255.25 174.47 177.22 187.35

2004 240.20 321.98 331.13 282.17 56.40 266.58 408.97 541.58 294.98 2.45 181.60 125.32 188.16 224.13 198.13

2005 424.98 313.10 368.18 339.28 40.50 303.47 520.68 491.53 342.77 26.00 127.59 259.91 158.27 272.33 270.00

2006 163.92 421.62 381.55 175.13 181.68 174.98 625.56 472.60 111.32 208.50 108.37 181.92 218.35 220.63 255.27

2007 291.38 218.38 337.72 316.57 156.42 264.86 279.74 371.61 183.20 285.40 124.04 147.57 197.05 180.68 210.82

2008 408.28 386.77 284.63 240.37 140.13 393.85 333.05 406.18 339.23 107.33 115.03 80.31 205.79 302.38 234.34

2009 176.93 359.68 295.72 223.88 72.23 213.58 394.58 310.75 257.60 65.35 81.82 189.59 138.83 249.13 204.29

2010 255.47 318.37 561.97 330.88 98.35 188.73 246.90 504.20 209.75 191.65 166.51 149.93 208.71 177.19 337.54

2011 285.32 422.92 438.93 402.33 78.90 352.95 504.92 568.68 424.55 123.73 167.60 184.31 254.62 253.08 119.80

2012 216.23 280.38 253.95 164.10 68.72 215.45 352.98 295.50 245.72 28.18 86.17 253.38 128.33 274.51 138.74

2013 214.37 396.38 388.67 315.02 89.18 232.78 489.83 242.43 445.58 105.55 192.09 226.90 196.93 261.82 206.82

2014 299.05 423.47 352.75 337.93 33.67 506.53 626.28 394.47 216.87 40.10 175.12 245.08 130.63 204.88 212.53

2015 129.87 452.77 371.52 258.77 100.98 89.90 408.52 322.22 252.70 79.38 118.80 120.67 179.40 245.17 195.87

2016 267.67 311.28 364.95 296.15 104.55 310.68 320.70 366.22 376.60 95.93 229.74 191.82 119.60 347.57 397.46

2017 293.78 446.73 368.25 233.15 168.37 276.32 727.18 282.22 315.20 105.73 164.82 256.37 206.82 201.02 256.77

2018 274.22 382.87 360.03 189.20 96.68 305.07 765.85 427.70 206.00 23.02 170.73 142.26 188.33 171.28 217.79

2019 237.67 147.70 517.88 96.37 29.05 194.10 343.68 663.63 428.13 22.63 124.83 181.34 205.47 235.68 151.37

2020 202.80 211.70 604.98 269.48 80.08 83.90 175.22 342.07 153.35 226.77 121.43 151.71 217.08 258.10 344.36

2021 309.42 291.45 246.98 244.97 86.77 290.02 403.88 223.73 371.37 190.67 94.97 186.58 180.01 273.29 282.88

Long Term Average (LTA) (mm) 272.61 336.74 381.05 271.00 90.87 280.83 434.80 410.62 296.16 100.22 145.78 177.99 190.69 230.03 234.69

% 113.50 86.55 64.82 90.39 95.49 103.27 92.89 54.49 125.39 190.25 65.14 104.83 94.40 118.81 120.53
Month (%) comparison LTA +13.5 %  -13.45 %  -35.18 %  -9.61 %  -4.51 % +3.27 %  -7.11 %  -45.51 % +25.39 % +90.25 %  -34.86 % +4.83 %  -5.6 % +18.81 % +20.53 %
(%) in regions comparison LTA 
(%) over LMB comparison LTA + 4.15%

2021

Year

-9.85  % +13.26  % +0.74  %

Upper part Middle part Downstream part 
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2.3 Flash flood events on 13th June 2021 caused by the circulation of storm KOGUMA  

2.3.1 Weather condition from 10th to 17th June 2021 

SW Monsoon which prevailed over the Gulf of Thailand was strengthened during late period. In 

addition, the low-pressure cell covered the upper Lao PDR and upper Viet Nam. Moreover, the 

monsoon trough lay across the upper northern and the upper portion of the northeastern part 

toward the lower pressure cell over the mentioned areas during the second half of the period. These 

conditions caused heavy rainfall over the upper  northern and northeastern parts. Figure 2-4 shows 

the weather maps. 

Tropical storm KOGUMA: On June 10, the Joint Typhoon Warning Center (JTWC) started to monitor 

an area of low-pressure in the East Sea, classifying the system as a monsoon depression. Tracking 

west-north-westward, the storm was located in a favourable environment for further development, 

with warm sea surface temperatures and low wind shear, being offset by lack of divergence aloft. At 

06:00 Coordinated Universal Time (UTC) on June 11, the Japan Meteorological Agency (JMA) 

upgraded the system into a tropical depression. Six hours later, the JTWC issued a Tropical Cyclone 

Formation Alert (TCFA) for the system. On June 12 at 03:00 UTC, the JTWC upgraded the system into 

a tropical depression, assigning it the designation 05W. Three hours later at 06:00 UTC, the JMA 

upgraded the system to a tropical storm, assigning it the name KOGUMA. Another three hours later, 

the JTWC also upgraded the system to a tropical storm. On the early next day (13 June), the storm 

made landfall in Thai Binh province, Viet Nam. The depression was predicted to dissipate over 

northern Viet Nam June 14 after tracking north-westward over the next 24 hours. KOGUMA’s track 

is shown in Figure 2-3. 

 
Figure 2-3: The track of KOGUMA (Source: JMA)  

These conditions caused increasing amount and distribution of rainfall in some areas in the LMB in 

including upper Thailand and North of Viet Nam and Lao PDR. 

  

https://en.wikipedia.org/wiki/Monsoon_depression
https://en.wikipedia.org/wiki/Sea_surface_temperatures
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Figure 2-4: Weather map for (a) 10th June 2021 and (b) 17th June 2021 (Source: Thai Meteorological 
Department (TMD)) 

2.3.2 Heavy rainfall from 10th to 17th June 2021 

Due to the influence of the meteorological factors mentioned above, heavy rain has concentrated 

mainly in the northeast parts of Lao PDR, north parts of Thailand, and north central parts of Viet Nam 

from 11-14 June 2021. Table 2-4 shows the daily rainfall observed at some locations in the LMB during 

June 10 -17. The total rainfall measured during this period at some stations is very large such as 531.9 

mm at Vang Vieng and291.6 mm at Highway Bridge in Lao PDR , 257.9 mm at Chieng Sean, Thailand 

and 294 mm at Huong Khe, 293 mm at Ha Tinh and 219 mm at Ky Anh in the north central of Viet 

Nam. The rainfall distribution over the LMB is depicted in Figure 2-5.  

Table 2-4: Daily rainfall observed at some stations in the LMB (10 -17 June 2021)   

Unit: mm 

Time 

Vang 

Vieng 
Phiengluang Kuanpho 

Highway 

Bridge 

Chiang 

Saen 
Mukdahan 

Huong 

Khe 

Ha 

Tinh 

Ky 

Anh 

6/10/2021 61.3 16.2 14.6 71.9 61.4 26.5 0 0 0 

6/11/2021 81.4 18.4 0 4.5 55.3 22.2 16.1 0 0 

6/12/2021 27.6 7.7 72.1 127.8 9.2 57 86.9 27 8 

6/13/2021 25.7 38 83.7 69.1 0.0.4 31.8 191 265 211 

6/14/2021 281 58.2 1.1 0 36.6 3.1 0 1 0 

6/15/2021 32.2 1.2 0 0 92 1.4 0 0 0 

6/16/2021 11 0.06 0 18.3 0 0 0 0 0 

6/17/2021 11.7 6.7 0 0 3 4.5 0 0 0 

Total 531.9 146.46 171.5 291.6 257.5 146.5 294 293 219 

 

(a) 

(b) 
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Figure 2-5: Rainfall distribution in the LMB from 10 -17 June 2021 
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2.3.3 Flash flood in Thailand, Lao PDR and Viet Nam on 13th June 2021. 

Based on the MRC-FFGS’ products, the satellite rainfall Mean Areal Precipitation (MAP24h) and the 

Average Soil Moisture (ASM), heavy rain occurred in some central parts of Lao PDR, north-central 

parts of Viet Nam, and north-eastern of Thailand (Figure 2-6). The comparison between MAP24h and 

the observed rainfall at some stations in the LMB during the period from 29th July to 05th August 2020 

is shown in Figure 2-7. 

  
Figure 2-6: MAP24h and ASM on 13th June 2021 at 00:00 UTC (07: 00 local time) 

 
Figure 2-7: Comparison of observed rainfall and MAP at some stations in the LMB (June 10 -17) 
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Based on the analysis of the FFG from the MRC-FFGS (Figure 2-8) and on actual measurements 

available in RFDMC, the RFDMC made the decision to submit the warning of flash flood guidance for 

1, 3, and 6 hours as shown in Table 2-4. 

   
Figure 2-8: FFG 01, 03 and 06 on 13th June 2020 at 00:00 UTC (07: 00 local time)  

Table 2-4: FFG detected by MRC-FFGS in (a) Lao PDR; (b) Thailand; and (c) Viet Nam; on 13th June 

2020 at 00 UTC (07: 00 AM Local time) 

  

  

(a) 

(b) 
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2.3.4 Conclusions 

• During the period 10 -17 June 2021, the main cause for heavy rain in the LMB was influenced by 

the tropical storm KOGUMA.  

• Heavy rain brought flash floods at some areas in the central parts of Lao PDR, north central parts 

of Viet Nam, and north-eastern of Thailand which were detected by the MRC-FFGS. 

• The comparison between rainfall observed and the MAP24h results shows that at some locations 

the rainfall was overestimated about 25 % by the FFGS.  

• Flash flood risk areas detected by the MRC-FFGS on 13th June 2021 at 00:00 UTC were 

corresponded to the reported flash flood areas via newspaper or internet (see Annex A.1). 

2.4 Flash flood events on 23rd July 2021 caused by typhoon CEMPAKA 

2.4.1 Weather condition from 17 – 27 July 2021 

The monsoon trough lay across Myanmar, Upper Thailand and Viet Nam during the first half of the 

week (19-25 July) towards the low-pressure cell over the coast of southern China. Then the 

mentioned low-pressure cell intensified into a tropical depression in the morning of 19 July, and in 

the afternoon into the tropical storm “CEMPAKA” . This severe tropical storm made landfall at 

Yangjiang City, Guangdong, China in the evening on the 20 July (Figure 2-9). It downgraded into a 

tropical storm at Maoming City, Guangdong, China in the morning of 21 July and downgraded into a 

tropical depression over Guangxi Zhuang Autonomous Region, China in the morning of 22 July. After 

that, it moved to cover Upper Viet Nam in the morning of 23 July and then it was downgraded into 

an active low-pressure cell over the coast of Upper Viet Nam and the Gulf of Tonkin on the next day. 

In addition, the active SW Monsoon prevailed over the Gulf of Thailand almost a week. These 

conditions caused heavy rainfall in upper parts almost the whole week; mainly during the second half 

of this week with heavy to very heavy rainfall in several areas and flooding in some areas. 

(c) 
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Figure 2-9: Weather map for (a) 20th July 2021 and (b) 27th July 2021 (Source: TMD) 

Tropical Storm CEMKAPA (Source World Meteorological Organization (WMO)): On July 17, the JMA 

reported that a tropical depression had formed. The JTWC later issued a TCFA for the system, as the 

area of convection became more organized. By the next day, the JTWC upgraded the system to a 

tropical depression and designated it as 10W, with the storm possessing an improved convective 

structure and a defined low-level circulation. The JTWC upgraded the system to a tropical storm at 

21:00 UTC as it had a defined low-level circulation centre with an improved banding structure.  

At 00:00 UTC on July 19, the JMA upgraded the system to a tropical storm, assigning it the name 

CEMPAKA. At 21:00 UTC, the JTWC declared CEMPAKA to have strengthened into a Category 1 

typhoon as it developed a ragged of 28 km wide eye. The JMA later upgraded it to a severe tropical 

storm at 00:00 UTC on the next day. JTWC assessed that it peaked as a typhoon with maximum 1-

minute sustained wind of 150 km/h. CEMPAKA made landfall near Jiangcheng District, Yangjiang, 

Guangdong Province, China, and the JTWC downgraded it to a tropical storm at 18:00 UTC the same 

day as its low-level circulation center became obscure. The JMA also downgraded CEMPAKA to a 

tropical storm at 00:00 UTC the next day as it moved further inland, and its central dense overcast 

disappeared.  

At 09:00 UTC, the JTWC further downgraded CEMPAKA to a tropical depression as its deep convection 

declined; however, it still retained a well-defined wind field. After moving inland, CAMPAKA started 

moving westward at 00:00 UTC on July 21 due to weak steering flow. On July 22, at 09:00 UTC, 

CEMPAKA then moved southwards towards the Gulf of Tonkin because of the influence of the 

monsoonal westerlies, while maintaining its tropical depression intensity inland. CEMPAKA moved 

southward, crossed Mong Cai , Quang Ninh Province in Viet Nam, and later entered the Gulf of Tonkin 

at 03:00.  

However, CEMPAKA further weakened despite the presence of warm sea surface temperatures 

because of high monsoonal wind shear and land interaction. At 15:00 UTC, the JTWC issued its final 

warning on the system as it became a weakly defined system with an exposed low-level circulation 

center over Bach Long Vi Island. On July 26 at 00:00 UTC, the JMA issued its last advisory. The track 

of Tropical Storm CEMKAPA is shown in Figure 2-10.  

(a) (b) 
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Figure 2-10: The track of tropical typhoon CEMKAPA (Source: JMA) 

2.4.2 Heavy rainfall during 17 – 27 July 2021 

In fact, the daily rainfall observed from the MCs shows that when the storm CEMKAPA’s circulation 

combined other meteorology factors, causing heavy rain in some middle parts of the LMB including 

the eastern of Lao PDR and north central northwest of Viet Nam. The total rainfall measured during 

this period at some stations is very large such as at Vang Vieng, KuanPho and Highway Bridge (see 

Table 2-5) .The rainfall distribution over the LMB is depicted in Figure 2-11. 

Table 2-5: Daily rainfall observed at some stations in the LMB (17 – 27 July 2021)  

Unit:mm 

Time Paksane Thakhek Pakse 

Ban 

Phone 

Si 

Muang 

Kao 
Mahaxai 

Khong 

Sedone 
Saravanne 

Vang 

Vieng Kuanpho Highway 
Bridge 

Tuyen 
Hoa  

7/17/2021 60.4 0 0 2.8 13 0 0 0 0 0 9 4.2  
7/18/2021 0.3 0 0 0 0 5.3 22.5 7.8 2.4 0 14.4 0  
7/19/2021 47.8 3.8 123.6 21.6 5.9 7.5 69.4 35.4 141.6 0 0 0  
7/20/2021 40.8 10.6 37.3 21.4 40 18.6 52.5 39.8 75.9 178.2 0 0  
7/21/2021 23.3 19.5 8.8 36.4 20 37.5 11.2 2.9 25.5 11.6 30 0  
7/22/2021 12.6 49 11.5 14.3 26 69.7 1.3 13.2 16.3 47.1 13.2 4  
7/23/2021 3.2 81.1 7.2 10.4 0.3 0 16.4 32.8 0.4 81.4 86.6 1  
7/24/2021 25.6 14.4 31 27.4 44.5 68.2 39 48.3 22.6 39 37.5 23  
7/25/2021 17 87.7 58 37.4 14 73.4 69 41.2 0 59.8 148.4 67  
7/26/2021 96.7 1.2 11.5 51.2 26 8.5 14.3 13 137.4 21.1 0 87  
7/27/2021 0.2 0 4.4 0 3.5 5.8 0 1.8 43.3 0 0 1  

Total  327.9 267.3 293.3 222.9 193.2 294.5 295.6 236.2 465.4 438.2 339.1 187.2  
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Figure 2-11: Rainfall distribution during 17-27 July 2021 in the LMB 

2.4.3 Flash Flood in Lao PDR and Viet Nam on 23 July 2021 

Based on the MRC-FFGS’ products, MAP24h and ASM heavy rainfall was detected north-eastern of 

Lao PDR and northwest Viet Nam at 12:00 UTC (19:00 local time), (Figure 2-12). The comparison 

between MAP24h and the observed rainfall at some gauging stations during period from 17 – 27 July   

is shown in Figure 2-13. 

  

Figure 2-12: MAP24h and ASM on 23 July 2021 at 12:00 UTC (19: 00 local time) 
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Figure 2-13: Comparison observed rainfall and MAP24h at some station in LMB from 17-27 July 

Based on the analysis of the FFG from the MRC-FFGS (Figure 2-14) and on actual measurements 

available in RFDMC, the RFDMC made the decision to submit the warning of flash flood guidance for 

1, 3, and 6 hours as shown in Table 2-6. 
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Figure 2-14: FFG 01, 03 and 06 on 23 July 2021 at 12:00 UTC (19: 00 local time) 

Table 2-6: FFG detected by MRC-FFGS in (b) Lao PDR and (b) Viet Nam on 23 July 2021 at 12:00 UTC 

(19: 00 Local time) 

 

  

(a) 

(b) 
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2.4.4 Conclusions 

• The circulation after tropical storm CEMPAKA is the cause of heavy rain in some areas in the 

north-eastern parts of Lao PDR and northwestern Viet Nam in the period 17 -27 July. Due to 

saturated soil combined with heavy rain at the same time, flash flood events took place in these 

areas.  

• The MRC-FFGS detected heavy rain quite good; based on a comparison result at some stations in 

the LMB, the system's result at peak values has a difference of about 5-15 % (over and under 

estimates). For example at Vang Vieng (Lao PDR) with the total rainfall from 17-27 July of MAP24h 

was 462 mm and the observed rainfall was 465.4 mm. So the FFGS  overestimated it about 0.5 %; 

at Kuanpho (Lao PDR) MAP24h estimated 319.97 mm with overserved rainfall 339.1 mm, 

overestimated about 5.6 %, and at Tuyen Hoa (Viet Nam) with MAP24h calculated 187.2 mm 

compared to observed rainfall 195.54 mm, it  underestimated 4.5 %.  

• The MRC-FFGS correctly detected several locations that flash floods were likely to occur, 

corresponded with the reported flash flood areas via newspaper or internet (see Annex A.2). 

2.5 Flash flood event during 13-19 August 2021 caused by Intertropical Convergence 

Zone (ICTZ) 

2.5.1 Weather condition during 13 – 19 August 2021 

For 13 -19 August, a low-pressure cell covered Upper Viet Nam, associated with the southeasterly 

wind which prevailed over the Gulf of Thailand during the mentioned time. In addition, the SW 

Monsoon which prevailed over the Gulf of Thailand was weakened during the second half of the 

period. Moreover, the low-pressure cell covered lower southern part of Thailand and Malaysia during 

late period. These conditions caused heavy rainfall in upper parts of the LMB during the first half of 

the period and then decreased in amount and distribution (Figure 2-15). 

   

Figure 2-16: Weather map for (a) 14 August 2021 and (b) 19 August 2021 (Source: TMD) 

 

(a) (b) 
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2.5.2 Heavy rainfall for 13 -19 August  

During period 13–19 August 2021, the daily rainfall observed shows that influenced by the ITCZ  very 

heavy rainfall occurred, in fact it was concentrated from 14 – 16 August in some areas in the LMB. 

Table 2-7 shows the daily rainfall observed on 15 August in the Lao PDR at Muong Mai (113 mm), 

Muang Kao (108 mm), Vang Vieng (155 mm), in Thailand at Khong Chiam (129.5 mm) and in Cambodia 

at Sambor (81 mm) on 13 August. The rainfall distribution during 13-19 August 2021 in the LMB is 

shown in the Figure 2-21.  

Table 2-7: Daily rainfall observed at some stations in the LMB (13-19 August 2021) 

Time  Paksane 
Muong 

Mai 

Muang 

Kao 

Tam 

Duong 

Sin 

Ho 

Vang 

Vieng 

Khong 

Chiam 
Sambor Kantout 

8/13/2021 13.1 48.2 6.5 13 17 33.2 16.5 81 46.7 

8/14/2021 90.8 17 17 3 5 50.3 129.5 16.9 57.4 

8/15/2021 27 113 108 74 59 155 10.6 40.5 3.5 

8/16/2021 37.2 59.5 24 59 45 107.7 5.6 4 0 

8/17/2021 46.3 0 4.5 56 35 29 0 0 0 

8/18/2021 0 5 10 47 49 0 0 1 0 

8/19/2021 11.5 0 7.5 11.1 4.6 0 34.8 0 0 

Total 225.9 242.7 177.5 263.1 214.6 375.2 197 143.4 107.6 

 



Seasonal Flash Flood Situation Report 2021 

Page 29 

 
Figure 2-17: Rainfall distribution during 13-19 August 2021 in the LBM 
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2.5.3 Flash flood event on 15 August 2021 

Based on the MRC-FFGS' products, MAP24h and ASM, very heavy rain was detected in some areas in 

the of northwest part of Lao PDR and in the northwest part of Viet Nam at 00:00 UTC (00:00 local 

time). Those results show that the rainfall in many areas was more than 100 mm/24h and that the 

resulted soil moisture in those areas was also very wet, saturated in a wide range (Figure 2-18).  

The comparison between MAP24h and rainfall observed at some gauging stations during the period 

from 13-19 August is shown in Figure 2-19. From the comparison it is shown that satellite data and 

measured data (24-hour time step) are good in terms of time and space, however, the value of rainfall 

at each location shows that the system value is smaller than the actual value. 

  
Figure 2-18: MAP24h and ASM on 15 August 2021 at 00:00 UTC (07: 00 local time) 
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Figure 2-19: Comparison rainfall observed and MAP24h at some stations in LMB from 13-19 August 

2021 

The RFDMC submitted the warning with flash flood guidance for 1, 3, and 6 hours on 00:00 UTC 15 

August 2021. Some areas in Viet Nam and Lao PDR were predicted from low to high-risk of flash flood 

as shown in the  
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Table 2-8 and Figure 2-20. 

   

Figure 2-20: FFG 01, 03 and 06 on 15 August 2021 at 00:00 UTC (07: 00 local time) 
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Table 2-8: FFG detected by MRC-FFGS (a) Viet Nam; (b) Lao PDR on 15 August 2021 at 00:00 UTC 

(07: 00 Local time) 

 

 

2.5.4 Conclusions 

• The influence of the ICTZ caused heavy rain and very heavy rain in some areas in the northeast 

parts of Viet Nam and some provinces of Lao PDR. 

• The comparison between real and satellite rainfall data from the system shows that there is a 

significant difference between these two values. For example, in Vang Vieng (Lao PDR), observed 

rainfall and MAP24h from the FFGS (satellite data) on August 16 are 107.7 mm and 22.89 mm, at 

Khong Chiam (Thailand) on August 14, observed rainfall was 129.50 mm and MAP24h 12.84 mm. 

In the meanwhile, at some other locations, it shows that the rainfall determination system is quite 

good, for example, at Muong Mai (Lao PDR) on August 15 (observed:113 mm, MAP24h: 131 mm), 

at Muang Kao (Lao PDR) (observed: 108 mm and MAP24h: 97.73 mm). From this analysis and 

through the operation of the system, the accuracy in determining the amount of precipitation 

caused by the ICTZ elements of the MRC-FFGS system is not better than amount of precipitation 

caused by storm circulation. 

• During this time of intense heavy rainfall, the MRC-FFGS has correctly detected almost all serious 

(a) 

(b) 
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flash flood events in the northwest provinces of Viet Nam. Some of them are corresponded with 

the reported flash flood areas via newspaper or internet (see Annex A.3) 

2.6 Flash flood event during 10-14 September caused by tropical storm CONSON 

2.6.1  Weather condition during 10-14 September 2021 

The monsoon trough lay across the lower northern, central, and north-eastern parts of the LMB in 

this period. It lay toward the tropical depression “CONSON” on 12 - 13 September which made 

landfall at Quang Ngai, Viet Nam in the early morning of 12 September, and weakened into an active 

low-pressure cell covering the coast of Viet Nam in the morning of 13 September. In addition, the 

active SW Monsoon which prevailed over the Gulf of Thailand was weakened to the moderate SW 

Monsoon during the period (see Figure 2-21). 

  
Figure 2-21: Weather map for (a) 10 September and (b) 14 September (Source: TMD) 

Tropical storm CONSON:  At 06:00 UTC of September 5, the United States JTWC started to monitor 

a tropical disturbance in the Philippine Sea. At 18:00 UTC that day, the JMA upgraded the system to 

a tropical depression, followed simultaneously with the Philippine Atmospheric, Geophysical and 

Astronomical Services Administration’s (PAGASA) designation of the storm as Tropical Depression  

Jolina as it was under the agency's area of responsibility.  

The JTWC issued a Tropical Cyclone Formation Alert (TCFA) at 23:30 UTC as a circulation was now 

evident along the system and an organizing convective band to its south-southeast. The same agency 

further upgraded the storm to a tropical depression on the next day as it further consolidated, with 

a persistent area of thunderstorms over an obscured Low Level Circulation Center (LLCC). Moving 

north-westward under the periphery of a subtropical ridge to the northeast, its organization 

continued to improve with an eye feature developing and at 06:00 UTC that day, the depression 

strengthened to a tropical storm according to the estimates of JMA and PAGASA, with the former 

naming it CONSON and the JTWC did the same, three hours later. 

At 09:00 UTC (17:00 PHT), the PAGASA reported that the system further intensified to a severe 

tropical storm while nearing Samar Island of Philippine. Over the next hours, its convection further 

expanded to the east from the southeast and as a result the JMA upgraded the system as well, two 

hours later. 

(a) (b) 
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In brief, from August 6 to 9, CONSON made landfall and became active in the Philippines area, then 

the storm passed into the East Sea, and it continued tracking westward on September 10, however, 

high vertical wind shear exposed its LLCC, weakening the storm. CONSON later regained some of its 

strength as it organized and regained a defined LLCC in the early hours of September 11, however 

this was short-lived as it had later become exposed again due to wind shear. As a result of this, the 

JMA downgraded the system to a tropical storm at 12:00 UTC on that day and further, with the JTWC 

reporting that CONSON further degraded to a tropical depression at 18:00 UTC and 02:00 UTC that 

day and on September 12. Remaining weak and exposed, the storm stalled near Quang Ngai Province 

in South-central Viet Nam under a weak steering pattern of three ridges. At 21:00 UTC, the JTWC 

issued its final bulletin on the storm, indicating that CONSON already made landfall near Da Nang 

and it rapidly weakened overland. Meanwhile, the JMA tracked the system until it fully dissipated on 

September 13 at 18:00 UTC. The track of tropical storm CONSON is shown in  Figure 2-22. 

 
Figure 2-22: The track of tropical storm CONSON (Source: JMA) 

2.6.2 Heavy rainfall during 10-14 September 2021 

During period of 10-14 September 2021, regarding to the daily rainfall observed from the MCs the 

storm CONSON’s circulation caused very heavy rainfall in some areas in the LMB on September 12, 

such as in Viet Nam at Dong Hoi (152 mm), at Dong Ha (150 mm), at A Luoi (220 mm), in Lao PDR at 

Saravanne (156 mm) and at Pakse (141 mm). The map of rainfall distribution during 10 -14 September 

2021 in the LBM is shown in the Figure 2-23 and daily rainfall observed at some stations in the LMB  

is shown in the  
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Table 2-9.  
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Table 2-9: Daily rainfall observed at some stations in the LMB (10-14 September 2021)  

Unit: mm 

Time Dong Hoi Dong Ha A Luoi Khe Sanh Khong Sedone Saravanne Pakse 

9/10/2021 53.20 15.40 2.10 4.30 6.00 0.00 27.40 

9/11/2021 1.80 14.60 34.90 8.00 93.90 18.40 15.60 

9/12/2021 152.00 150.00 220.00 83.00 33.60 156.20 141.30 

9/13/2021 63.00 139.00 84.00 102.00 31.10 62.40 43.60 

9/14/2021 83.00 29.00 49.00 23.00 1.30 3.40 2.20 

              Sum 353.00 348.00 390.00 220.30 165.90 240.40 230.10 
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Figure 2-23 Rainfall distribution during 10 -14 September 2021 in the LMB  
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2.6.3 Flash flood event on 12 September 2021 

Based on the MRC-FFGS products, the satellite rainfall MAP24h and the ASM, very heavy rainfall was 

detected in the central highlands and south-central coat areas of Viet Nam, south and southeast 

areas of Lao PDR at 00:00 UTC (00:00 local time) on September 12. Those results show that the rainfall 

in many areas was more than 120 mm/24h and the soil moisture in those areas was also very wet, 

saturated in a wide range of the areas where heavy rainfall is described above (Figure 2-24).  

  

Figure 2-24: MAP24h and ASM on 18th October 2020 at 00:00 UTC (07: 00 local time) 

The comparison between MAP24h and rainfall observed at some gauging stations during the period 

from 7 – 14 October is shown in Error! Reference source not found.. It is shown that rainfall satellite d

ata and measured data (24hrs) are good in terms of time and space. 
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RFDMC’s forecaster submitted the flash flood warning for 1, 3, and 6 hours on 00:00 UTC 18th October 

2020. Some areas in Viet Nam and Lao PDR were predicted with high risk of flash flood as shown in 

the Figure 2-26 and   

 

Figure 2-25: Comparison rainfall observed and MAP24h at 

some station in LMB from 10 – 14 September 2021 
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Table 2-10. 

   

Figure 2-26: FFG 01, 03 and 06-hour on 12 September 2021 at 00:00 UTC (07: 00 local time) 
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Table 2-10: FFG detected by the MRC-FFGS in (a) Viet Nam, (b) Lao PDR, on 12 September 2021 at 

00:00 UTC (07: 00 Local time) 

  

  
 

2.6.4 Conclusions 

• Due to the influence of the consecutive tropical storm CONSON, its circulation caused heavy rain 

in some areas in the highland central and south-central coast provinces of Viet Nam and border 

provinces of Lao PDR. 

• During the time, the MRC-FFGS has detected most observed rainfall by space and time. However, 

compared with the observed rainfall data it was over/underestimate about 10-20 %. 

• During this time of intense heavy rain, the MRC-FFGS has correctly detected the flash flood events 

in Viet Nam and in Lao PDR.The time of flash flood occurring was detected quite good.  MRC-FFGS 

has correctly detected them according to the reported flash flood areas via newspaper or the 

internet (see Annex A.3). 

(a) 

(b) 
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3 Evaluation of the MRC-FFGS 

3.1 Methodology to evaluate the MRC-FFGS 

Many verification studies rely on a categorical approach that considers a range of values to be 

classified into a prescribed category. The categorical approach often refers to the occurrence or non-

occurrence of a specific meteorological or hydrological event. The exact nature of the event must be 

clearly identified with respect to the event characteristics, spatial extent, and time span. For instance, 

the forecast and observed time series pertaining to the occurrence of a flash flood event can be 

converted to a categorical time series that contain values of 1 and 0, with the former indicating 

occurrence and the later indicating non-occurrence in both observed and forecast/simulated time 

series.  

Probability of Detection (PoD) or Hit Rate (HR): 𝑷𝒐𝑫 = 𝑯𝑹 =
a

a+c
  

Where:  

a Hits: Number of observed flash floods that were correctly forecast to be flash floods. 

c Misses: Number of observed flash floods that were forecasted to be non – flash flood, or 

misses. 

The HR has a range of 0 to 1 with 1 representing a perfect forecast. It uses only observed events in 

the contingency table which is sensitive only to missed events and not to false alarm. Therefore, the 

HR can generally be improved by systematically over-forecasting the occurrence of the event. HR also 

is incomplete by itself and should be used in conjunction with either the false alarm ratio or the false 

alarm rate. 

To estimate the a and c numbers above, the methodology for evaluation of flash flood guidance 

products used in this flash flood report is based on two concepts: 

(i) The first concept evaluates the feedback from the MRC-FFGS detected risk areas. As no 

direct link between the RFDMC and the local population is established, the feed-back 

information on flash flood areas was mainly collected from the national media, such as 

online newspapers, and from LAs’ forecasters of MCs via communication with RFDMC’s 

forecasters.  

(ii) The second concept evaluates the MRC-FFGS results through the recorded water levels 

that are available in the operational database of RFDMC. If MRC-FFGS detected flash flood 

warnings in the sub-areas where a gauging station is available, the MRC-FFGS results can 

be evaluated by comparing with the water level data of the gauging station located in the 

downstream part of the sub-catchment.  

The recorded daily rainfall available at the flash flood risk areas was also used to evaluate if a flash 

flood really occurred. However, occasionally it is difficult to evaluate the MRC-FFGS results using the 

media information because flash floods occur in areas that are difficult to access and reporting of 
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flash floods is lacking. Although the MRC-FFGS often successfully had indicated a flash flood risk in 

the flooded areas, the information of the occurred flash flood was not accurate or incomplete, which 

makes the validation of the system difficult. Unfortunately, during the wet season 2020 there were 

numerous periods in which “missing data” were reported, especially at Phongsaly, Muong Namtha, 

Oudomxay, Ban Mixay, Vang Vieng, Muong Techpon, Xieng Khoang, and Sayaboury and Moung Ngoy 

stations located within the northern province of Lao PDR. Limiting the “missing data” in these areas 

is highly necessary in order to improve the verification of flash floods and getting ‘grip’ on the 

accuracy of the system in these areas. 

Detailed assessment of PoD is found in Annex B. 

3.2 Flash flood operation at the RFDMC during wet season 2021 

Analysing the flash flood situation in the wet season 2021 and the operation of the MRC-FFGS, the 

following has been observed:  

• The total number of flash flood events across the Mekong region was about 46 events, which is 

more than the LTA and more than 2020 (34 events). The Table 3-1 shows the total number and 

distribution in space and time of flash flood events in the wet season 2021 in the LBM. 

Table 3-1: Distribution of flash flood events in the LMB in 2021 

Month FF events Lao PDR Thailand  Cambodia Viet Nam  

June  5 1 1 1 2 

July  10 2 2 2 4 

August  11 3 3 2 3 

September  8 2 2 2 2 

October  10 2 2 2 4 

November  2 0 1 0 1 

Total  46 10 11 9 16 

 

• Most high-intensity flash floods are concentrated in the months of July, August, and October due 

to the extreme climatic conditions with tropical storms from the Pacific Ocean causing heavy 

rainfall in the LMB. Besides, some flash food events occurred due to the impact of the ICTZ and 

Low Pressure. 

• Unusual weather in this wet season: Although the wet season is over in November still the ICTZ 

occurred and caused heavy rainfall leading to several flash floods in the central highlands part of 

Viet Nam and the middle-part of Lao PDR. 
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Table 3-2: Calendar date of flash flood recorded in the LMB during wet season 2021 

 

• In general, during wet season 2021 the MRC-FFGS operated very smoothly during the whole wet 

season. There were a few times some minor errors on server connection, but the RFDMC was 

technically supported from the HRC (see Annex C1 for correspondence). 

• There was a total of 310 flash flood bulletins uploaded on the RFDMC’s website. In general, the 

MRC-FFGS detected flash flood events during the wet season 2021 with a PoD of around 70 %. 

False rate was… 

Please see Annex B for the evaluation of the MRC-FFGS in each country of the LMB. 

 

2021 2021 2021
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

31 01 02 03 04 05 06 28 29 30 01 02 03 04 26 27 28 29 30 31 01

07 08 09 10 11 12 13 05 06 07 08 09 10 11 02 03 04 05 06 07 08

L,T,C,V V L,T,V
14 15 16 17 18 19 20 12 13 14 15 16 17 18 09 10 11 12 13 14 15

L L,T,C,V
21 22 23 24 25 26 27 19 20 21 22 23 24 25 16 17 18 19 20 21 22

V T,C,V V,L T,V
28 29 30 01 02 03 04 26 27 28 29 30 31 01 23 24 25 26 27 28 29

L,T,C,V
05 06 02 03 30 31

2021 2021 2021
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

30 31 01 02 03 04 05 27 28 29 30 01 02 03 01 02 03 04 05 06 07

06 07 08 09 10 11 12 04 05 06 07 08 09 10 08 09 10 11 12 13 14

L,T,C,V L,T,C,V T,V
13 14 15 16 17 18 19 11 12 13 14 15 16 17 15 16 17 18 19 20 21

20 21 22 23 24 25 26 18 19 20 21 22 23 24 22 23 24 25 26 27 28

L,T,C,V L,T,C,V
27 28 29 30 01 02 03 25 26 27 28 29 30 31 29 30 01 02 03 04 05

V V
04 05 01 02 06 07

Note: :Inter Tropical Convergence Zone (ITCZ) and Low Pressure V: Viet Nam L: Lao PDR 

C: Cambodia T: Thailand 

August

September

June July

October November

: Tropical Storm
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4 Conclusions and recommendations 

4.1  Conclusions 

Flash floods in the LMB are recurrent events which have the potential to adversely affect economic, 

human, livelihoods, properties, and infrastructures. Moreover, the wet season in 2021 has been 

affected by unusual climatic factors (e.g. rain appeared late, heavy rain due to storms is concentrated 

in July, August and October). It makes the MCs increasingly more concerned about flash floods and 

they are looking for ways to improve flood preparedness to limit the extent of damage. According to 

the media reported flash floods and landslides occur very often in mountainous areas in the upper 

and central part of Mekong region. 

During wet season 2021, there were 23 tropical storms which developed over the Pacific Ocean and 

or over the East Sea. There were eighth tropical storms, namely (1) CHOI-WAN, (2) KOGUMA, (3) 

CEMPAKA, (4) LUPIT, (5) CONSON, (6) DIAMU, (7) LIONROCK, and (8) KOMPASU which caused serious 

flash floods affecting the LMB. The other causes of flash floods in the LMB is the ITCZ, low pressure 

and tropical depression which also led to flash flood occurrence at some areas in the Mekong 

mainstream and its tributaries. Most of the flash flood risk areas in the Mekong region that were 

detected by the MRC-FFGS occurred in the provinces of Viet Nam (from north to norther-central 

part), in the northern and south-central part of Lao PDR, and northern part of Thailand.  

During the wet season 2021, we found that there were numerous periods in which “missing data” 

were reported, especially at Phongsaly, Muong Namtha, Oudomxay, Ban Mixay, Vang Vieng, Muong 

Techpon, Xieng Khoang, and Sayaboury and Moung Ngoy stations located within the northern 

province of Lao PDR. Limiting the “missing data” in these areas is highly necessary in order to improve 

the verification of flash floods and getting ‘grip’ on the accuracy of the system in these areas. 

The MRC-FFGS has been operating successfully during wet season 2021. The RFDMC provides 

products to support the development of warning and estimate the risk of flash flooding from rainfall 

events in the sub-basins of the MRC MCs. The average percentage of accuracy for the correct 

detection of flash floods is about 71 % (higher than 2020, which was 65%). See Annex B for more 

detail.  

The main aim of this report is to evaluate the performance of the MRC-FFGS in areas of the MRC MCs 

for the detection of the risk areas of potential flash floods during the wet season 2021 from June until 

the late of November. The report does not cover all the flash flooding that occurred in 2021 wet 

season, it is based on the available flash flood information that was collected from the media and 

information from the MCs. However, it is difficult to evaluate the MRCFFG results using media 

information because flash floods occurred in areas which are difficult to access and there are no 

reports available. The MRC-FFGS often indicated a flash flood risk in the flooded areas, but it is lacking 

an accurate and complete database of flash flood events. This makes it difficult to put a number on 

the success rate.  

Finally, it can be stated that the MRC-FFGS performance during wet season 2021 could predict 
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expected rainfall amounts with reasonable accuracy; the system is potentially a very effective tool 

for flash flood forecasting in the LMB. 

4.2  Recommendations 

The recommendations for further development of the MRC-FFGS for enhancing the accuracy of flash 

flood forecasting, and to reduce damage, the risk of lives and properties caused by flash floods are 

listed below: 

1. Based on the results of the MRC-FFGS there are still many missing detections of flash flood 

risk areas by the MRC-FFGS . It is recommended that to improve the MAP product for reliable 

rainfall measurement the bias correction factor needs to be reviewed. Once the bias 

correction factor is updated, the MRC-FFGS should be re-run to review and verify the results. 

2. In order to develop, implement and operate the MRC-FFGS, data and information such as 

climatological data (hourly, daily, monthly), precipitation data (hourly, daily, monthly), air 

temperature (hourly, daily, monthly), soil moisture data, the updated land use/ land cover 

map, streamflow discharge data for tributary streams to the Mekong River or upstream 

(hourly, daily, monthly), stream stage data for tributaries (hourly, daily, monthly), radiation 

data for computation of evapotranspiration (daily, monthly), wind and humidity data for 

computation of potential evapotranspiration (daily, monthly), etc. are needed for system 

operations and bias correction. Especially, the data from the MCs should be available to 

support the operational task and valuation of the MRC-FFGS  

3. For the more effective evaluation of the MRC-FFGS and to improve the accuracy of the 

system, it is recommended to build in the system a more orderly way to collect the 

information of flash floods. National flood relief authorities should build up a data base on 

the exact location of flash floods and the damage occurrences, and report to the RFDMC. Then 

the effectiveness of the system can be properly evaluated, and weaknesses of the system 

identified and rectified.  

4. GIS database of village, district and province information is a significant input to address the 

high-risk area of flash floods. Since 2010 until present, the RFDMC still lack on the information 

about the village database in GIS format (ArcGIS point file) of Thailand and Viet Nam for the 

GIS database. This information would help to improve the capability of the MRC-FFGS to issue 

a warning on possible flash floods occurrence in Thailand and Viet Nam. It is recommended 

to figure out how to coordinate with the respective LAs to provide and support village 

database of Thailand and Viet Nam (GIS point file). 

5. The current GIS database with the village, district and province name and boundary was 

received from national LAs in 2003. This information may not be consistent and out of date 

compared to the current GIS database of each country. The updated GIS database is a 

significant input to issue the warnings on possible flash floods occurrences.  

6. The RFDMC can further contribute by offering training courses in the use of the MRC-FFGS 
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and by urging the countries to alert flash flood warnings. It is recommended to conduct 

refreshment training courses of the MRC-FFGS operation to improve FFG operation, and to 

exchange the knowledge and experiences on FFG operation between the national centres and 

the RFDMC.   

7. It is recommended to strengthen capacity of the staff at all levels to be able to handle flash 

flood forecasting and warnings.  

8. For effective disaster flash flood risk reduction community awareness of flash floods is 

essential. 
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Annex A. Newspaper/ Internet/ Media of flash flood events in 2021 in the 

LBM 

5.1 A.1. Flash flood event caused by tropical storm KOGUMA 

Source: Vientiane Times 

 

https://vientianetimes.org.la/freeContent/FreeConten_Villages_114.php?fbclid=IwAR0ccR-CW58fdSTpAOBnWLzxQJ_VDHTgavcMASbBqQwtyOya6Mf9zQxJBsc
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5.2 A.2. Flash flood event caused by tropical storm CAMPAKA 
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5.3 A.3. Flash flood event caused by ICTZ in Viet Nam 
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5.4 A.4. Flash flood event caused by by tropical storm CONSON 
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ANNEX B. Accuracy of detected flash floods in the Countries by the MRC-

FFGS 2021 

THAILAND 
      a = Hits 
      b= False alarms 
      c= Misses 
      d= Correct negatives  

EVENT OBSERVED  

Yes   No Total  

EVENT  
FORECASTED   

Yes  11 3 14 
No  4 4 8 

Total  15 7 310 
Hit rate (POD)   0.73 

 

LAO PDR  
      a = Hits 
      b= False alarms 
      c= Misses 
      d= Correct negatives  

EVENT OBSERVED  

Yes   No Total  

EVENT  
FORECASTED   

Yes  10 10 20 
No  4 5 9 

Total  14 15 310 
Hit rate (POD)   0.71 

 

CAMBODIA  

      a = Hits 
      b= False alarms 
      c= Misses 
      d= Correct negatives  

EVENT OBSERVED  

Yes   No Total  

EVENT  
FORECASTED   

Yes  9 2 11 
No  4 4 8 

Total  13 6 310 
Hit rate (POD)   0.69 

 

VIETNAM  

      a = Hits 
      b= False alarms 
      c= Misses 
      d= Correct negatives  

EVENT OBSERVED  

Yes   No Total  

EVENT  
FORECASTED   

Yes  16 5 21 
No  7 17 24 

Total  23 22 310 

Hit rate (POD)   0.70 
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ANNEX C. MRC-FFGS Operation and Output Product Descriptions 

5.5 C.1. Technical communication between HRC and RFDMC  
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5.6 C.2. MRC-FFGS Products descriptions 

MRCFFG Operational Output Product Descriptions 

Label Definition Format Updated Description 

HE Sat Hydroestimator 

Satellite 

Precipitation 

Images Hourly The images display gridded hourly, 

3-hourly, 6-hourly and 24-hourly 

totals of precipitation (mm) ending 

on the current hour as estimated in 

real-time from geostationary 

satellites using the Hydroestimator 

algorithm. The satellite rainfall 

estimates are provided on a grid 

having approximately 10x10 km 

resolution which is displayed over a 

background of MRCFFG sub-basin 

boundaries. The HE Sat data 

products are updated every hour 

and reflect rainfall accumulations 

ending on the current product hour. 

          

              SAT 01-hr: Total of precipitation 

as estimated by the Hydroestimator 

over the last hour ending on the 

current product hour. (mm/1hr) 

              SAT 03-hr: Total of precipitation 

as estimated by the Hydroestimator 

over the last 3 hours ending on the 

current product hour. (mm/3hr) 

              SAT 06-hr: Total of precipitation 

as estimated by the Hydroestimator 

over the last 6 hours ending on the 

current product hour. (mm/6hr) 

              SAT 24-hr: Total of precipitation 

as estimated by the Hydroestimator 

over the last 24 hours ending on the 

current product hour. (mm/24hr) 

. . . . . 
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Merged 

MAP 

Mean Areal 

Precipitation 

Text & 

Images 

Hourly Text tables and images of hourly, 3-

hourly, 6-hourly and 24-hourly 

totals of mean areal precipitation 

(mm) for each MRCFFG catchment. 

It includes real-time or 

climatological bias adjustment of 

the real-time satellite rainfall and 

substitution of interpolated 

precipitation of 6-hourly raingauge 

data for sub-basins with no available 

satellite information (either by 

unavailability or masking). The 

Merged MAP data products are 

updated every hour and reflect 

accumulations of basin-average 

precipitation of a given duration 

ending on the current product hour. 

          

              MAP 01-hr: Total mean areal 

precipitation estimated over the last 

hour ending on the current product 

hour. (mm/1hr) 

              MAP 03-hr: Total mean areal 

precipitation estimated over the last 

3 hours ending on the current 

product hour. (mm/3hr) 

              MAP 06-hr: Total mean areal 

precipitation estimated over the last 

6 hours ending on the current 

product hour. (mm/6hr) 

              MAP 24-hr: Total mean areal 

precipitation estimated over the last 

24 hours ending on the current 

product hour. (mm/24hr) 

. . . . . 

ASM Average Soil 

Moisture 

Text & 

Images 

00, 06, 12 & 

18 UTC 

Text tables and images provide soil 

water saturation fraction 

(dimensionless ratio of contents 

over capacity) for the upper zone 

(down to 20-30 cm depth) of the 
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Sacramento Soil Moisture 

Accounting Model for each of the 

MRCFFG sub-basins. The products 

are updated every 6 hours at the 

model processing hour (i.e. 00, 06, 

12 and 18 UTC). 

          

              ASM 06-hr: Average soil water 

saturation at most recent model 

processing hour. (fraction of soil 

capacity in the upper zone) 

. . . . . 

FFG Flash Flood 

Guidance 

Text & 

Images 

00, 06, 12 & 

18 UTC 

Text tables and images of hourly, 3-

hourly and 6-hourly flash flood 

guidance (mm) for each MRCFFG 

sub-basin are provided. The FFG 

value indicates the total volume of 

rainfall over the given duration 

which is just enough to cause 

bankfull flow in the draining stream 

outlet. Consequently, rainfall 

volumes of the same duration that 

are greater than the FFG value 

indicate a likelihood of overbank 

flows at the draining stream outlet. 

Each of the FFG products is updated 

at every model processing hour (00, 

06, 12 and 18 UTC). This product is 

appropriate to use in real time with 

nowcasts or forecasts of rainfall 

and other local information to 

estimate the risk of flash flooding in 

the MRCFFG sub-basins. 

          

              FFG 01-hr: Required 

precipitation over the next hour 

following the most recent (current) 

model processing hour to cause 

bankfull flow. (mm/1hr) 
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              FFG 03-hr: Required 

precipitation over the next 3 hours 

following the most recent (current) 

model processing hour to cause 

bankfull flow. (mm/3hr) 

              FFG 06-hr: Required 

precipitation over the next 6 hours 

following the most recent (current) 

model processing hour to cause 

bankfull flow. (mm/6hr) 

          

              Prev FFG 01-hr: Required 

precipitation over the hour 

following the previous model 

processing hour to cause bankfull 

flow. (mm/1hr) 

              Prev FFG 03-hr: Required 

precipitation over the 3 hours 

following the previous model 

processing hour to cause bankfull 

flow. (mm/3hr) 

              Prev FFG 06-hr: Required 

precipitation over the 6 hours 

following the previous model 

processing hour to cause bankfull 

flow. (mm/6hr) 

. . . . . 

PFFT Persistence Flash 

Flood Threat 

Text & 

Images 

00, 06, 12 & 

18 UTC 

PFFT products include text tables 

and images of hourly, 3-hourly and 

6-hourly flash flood threat (mm) for 

each MRCFFG catchment. The 

values indicate the difference of 

recent persisted merged estimates 

of mean areal rainfall of the given 

duration and the corresponding 

current FFG of the same duration for 

a given MRCFFG sub-basin. The last 

1-hour, 3-hour and 6-hour durations 

of MAP are persisted and 

considered with current 
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corresponding FFG in the 

computation of PFFT. 

          

              For example, the 6-hr PFFT at 

12:00 UTC = 06-hr MAP from 12:00 

UTC - 06-hr FFG from 12:00 UTC 

          

        In the images, an approximate 

measure of uncertainty in the PFFT 

estimates is indicated by the ranges 

in the color scale (with yellow 

indicating the range of values that 

are unlikely to be of concern for 

flash flooding and with orange and 

red indicating progressively higher 

risk of flooding for the sub-basin of 

interest). The hourly, 3-hourly and 

6-hourly PFFT products are updated 

at model processing hours (00, 06, 

12, 18 UTC). Note that this set of 

products uses a crude rainfall 

forecast and probably contains 

large uncertainties. PFFT is offered 

as a baseline product that must be 

carefully evaluated by the 

forecaster in real-time. 

          

              PFFT 01-hr: Difference of 01-hr 

FFG for current model processing 

hour and current 01-hr MAP 

persisted for the next 1 hour. 

(mm/1hr) 

              PFFT 03-hr: Difference of 03-hr 

FFG for current model processing 

hour and current 03-hr MAP 
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persisted for the next 3 hours. 

(mm/3hr) 

              PFFT 06-hr: Difference of 06-hr 

FFG for current model processing 

hour and current 06-hr MAP 

persisted for the next 6 hours. 

(mm/6hr) 

. . . . . 

FFT Flash Flood 

Threat 

Text & 

Images 

1, 3 and 6 

hours after 

previous 

model 

processing 

hour 

FFT products include text tables and 

images of hourly, 3-hourly and 6-

hourly flash flood threat (mm) for 

each MRCFFG catchment. The 

values indicate the difference of the 

observed mean areal rainfall of the 

given duration and the 

corresponding past FFG of the same 

duration for a given MRCFFG sub-

basin. The last 1-hour, 3-hour and 6-

hour durations of FFG are 

considered with current 

corresponding MAP in the 

computation of FFT. 

          

              For example, the 06-hr FFT at 

12:00 UTC = 06-hr MAP from 12:00 

UTC - 06-hr FFG from 6:00 UTC 

          

        The most recent FFT product for 

each time-scale is provided in the 

Baseline Threat Product table and 

displayed with the MAP and FFG 

products that were used in the 

respective calculation. In the 

images, an approximate measure of 

uncertainty in the FFT estimates is 

indicated by the ranges in the color 

scale (with yellow indicating the 

range of values that are unlikely to 
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be of concern for flash flooding and 

with orange and red indicating 

progressively higher risk of flooding 

for the sub-basin of interest). The 

hourly, 3-hourly and 6-hourly FFT 

products are respectively updated 

at 1, 3, and 6 hours after the 

preceding model processing hour. 

FFT provides the forecaster with an 

idea of likely regions of imminent 

flash flood threats. Note that this 

set of products concerns the past 

and may not be appropriate to use 

for real-time warning. FFT is 

offered as a baseline product that 

must be carefully evaluated by the 

forecaster in real-time. 

          

              FFT 01-hr: Difference of 01-hr 

FFG from a previous model 

processing hour and 01-hr MAP 

observed over the following 1 hour. 

(mm/1hr) 

              FFT 03-hr: Difference of 03-hr 

FFG from a previous model 

processing hour and 03-hr MAP 

observed over the following 3 

hours. (mm/3hr) 

              FFT 06-hr: Difference of 06-hr 

FFG from a previous model 

processing hour and 06-hr MAP 

observed over the following 6 

hours. (mm/6hr) 
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ANNEX D. Hydmet database and daily operation of MRC-FFGS  

5.7 D.1. The map of rainfall and water level stations of the Hydmet database network 
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5.8 D.2. Daily Operation of the MRC-FFGS 
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