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Synopsis

1. SYNOPSIS

As is now the established format the Annual Flood Report is made up of three major
sections:

1 The annual theme, which for 2103 is the regioneidence of typhoons and
tropical storms and their role in the flood hydrology of the Lower Mekong
Basin.

1 A review of the flood season over the year, and

1 A summary overview of the four National Flood Reports

In an average year 4 to 6 typhoons or sevemgidal storms make landfall in Viet
Nam, a number of which will track across the Lower Mekong Basin and cause
significant to extreme floodingfhere are many years when far more systems make
landfall, for examplel964 (18), 1973 (12), 1978 (12), 1989 (&b 1996 (10)The
incursion of thesestorm systems into the Mekong region has historically been
associated withmost of the largest flood peak discharges on the mainstrEais.

said, it has to be acknowledged tha annual Mekong flood is in igreater part a
response to the SW Monsoamd is a multivariatevent defined by not only the
seasonal maximum discharge but also by the volume of floodwater and the duration
of flows above critical threshold3he events of 2000 illustrated quite cleattiat
extreme floods cannot be defined exclusivalyterms of the annual maximum
dischargeOn that occasiothe flood peak was no more thaverage but the volume

of floodwater over a prolonged flood season was critical and had a devastating
impact acrosthe Cambodian floodplain and within the Mekong Delta.

The role of typhoons and tropical depressions in the flood hydrology of the Mekong
is well established. However, there has never lzedatailed systematic study nor an
inventory oftheir annuaincidence and impact3he challenge lies witthe fact that

in meteorological terms the severity of tropical low pressure systemslicated
according to wind speed, while anhydrological context the focus of interest lies
with the consequent storm imgall and resulting flood runoff.Prior to the
introduction of the Annual Flood Reports by the FMMP in 2006/7, supported by the
four National Reportsassembling the relevahistoricaldata is aconsiderable task
since ideally storm rainfall maps amquired for each of the key event$e further
back in time one goes the more difficult it ispiot together sufficient rainfall data to
accurately depict the geography and intensity of the storm raifffals arises
because the observation networkdrees increasingly sparse.

The exercise undertaken here has proved to be useful and informativeheavith
linkage between tropical low pressure systems and regional flooding examined back
to the eanlwpw s@HBG@@&st hough, riatt agdhgeiting d b e
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the framework for a more detailed research assessmié¢m. importance of
undertaking the latter liewithin the context of potential climate change impacts
upon regional floods and floodin@ue to warming sea temperatutég incidence
and severity of tropical low pressure systems is forecast to intemsifysecondary
consequences with regard to the frequency of intense storms and floAding).
made evident irSection 2, there is no evidence to suggest that the regionahl
count ofstorm systems hascreasedn recent yearsalthough it may be the case that
their scale and severity hagensified, or at least the occurrence of super typhoons
such aHAIYAN in 2013 has become more frequeihis though could be difficult

to establish to any degree of statistical satisfacti®uaper typhoons and extreme
tropical storms are hardly a contemporaevelopmentChinese historical annals
and Vietnamese records chronicle a long history of troptoainsimpacts. Amongst
these is the Haiphong super typhoon of 1881 which killed a reported 300 000 people
and is regarded as the third most deadly tropical storm in recorded world history.

If the intensity of tropical storms has increased in recent ydegvidence would
lie in part with systematically highshort duration (one to three dagsprm rainfall
overmoderndecadesAs shown in Section 2 there is negionalevidence to suggest
that this is the case.

The WMO data examined in Section 2.1 quikearly indicates an increase in Asian
storm and flood related disasters in each decade since T®F@uestion that arises

in this context is, however, is whether the increase in the rate of disasters and the
associated fatalities and economic damage consequence of more frequent
extreme events brought on by climate chamgehether it is simply a case that more
people and infrastructure are exposéte latter argument is compellintn Asia

over the last 50 and more years population increase las Ihistorically
unprecedented and the subsequent pressure on land and agricultural resources has
forced the settlement of exposed and vulnerable sub regions, particularly in river
deltas and to a lesser extent in marginal upland aleadfect the susgibility of

the regional populations to meteorological and hydrologiisasters has grown
relentlessly.

An issue with the WMO studywhich is acknowledged, is that the results are
determined in large part by just a few decisive evéltiese include the Bangladesh
cyclones of 1970 and 1991 which killed almost 450 000 people between them,
cycloneNARGIS in Myanmar in 2008 which caused over 136 000 dedibsgls in
Thailand in 2011 which caused US$ 41 billion in damage and a tropidaheym

Japan in 1991 which caused US 17 billion in damage and was the costliest on record.
Despite the influence of thepeominentevents on the statisticgie WMO findings
describe a disturbing trentiVhether this is climate driveim some measurer far
morethe consequence of socio economic pressure on res@acgsable.
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The climate change debate terms of systematic quantitative evidgnoavolves
aroundincreasing maximum air temperatures, sea temperaeeelevels and polar

ice coverage.Theseindicators can be monitoredbn a year by year basis as a
sequence of continuous random variabldstoric trends are widely accepted as
establishedMuch more challenging the statistical evaluation of discrete variaples

that is events such tropical storms and floodswhich occur in discrete or
disconnected points intim&.t at i sti cally, they afhe defir
components of i nterest are the annual i
described threshold leveThe stéistical analysis of such data is complexmpared

to that of continuous time seriéd/ithin the field of the earth sciencesry little

research has been carried out in order to establish whether significant changes to the

incidence and severity ¢fopical storms, for example, is evident.

Consequently, the case for potential future change is based upphyieal effect

of increasing sea surface temperatuaed climate modeling.The possible impacts

upon the storm / flood linkage is then assdsseon t he basimarioo f i wl
analysis, again using numerical modéismajor issue though, as has already been
indicated is the increasing vulnerability of riparian societies to flood induced
fatalities, loss and damagespecially those living omthe margins of economic

devel opment. What <clearly emerges is tha
tomorrowods.

However, listorical, geereferenced information aboudeaths and damages can be
used to estimate risks befothe next disastepccurs. It can support practical
measures toeduce potential impacts, such as investing in early warsystems,
retrofitting critical infrastructure or enforcing ndwilding codes. Information about
past impacts can also beed to assess the resilieraf a society.
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A Regional History of Tropical Storms and Floods

2. A REGIONAL HISTOR Y OF TROPICAL
STORMS AND FLOODS

2.1  Meteorological hazards in Asiai 1970 to 2012

In a global study of meteorological disasters over thg/ekds to 2012he WMO

(WMO, 2014)assessed the full damage and loss data arising from floods, storms,
droughts and other hazards such as landslides and mud\alvallenge for users of

such risk information is concerned with the changing characterigtieguency,

location, severity) of weatherclimate and waterrelated hazards. Natural climate
variability is now exacerbated by long term, hurmaauced climate change, so that
yesterdayobés norms wil |l not be the same a:

The disasters includein the report are classified as meteorological (storms),
climatological (droughts, extreme temperatures and wildfires) and hydrological
(floods and mass movement wet, which includes subsidence, rock falls, avalanches
and landslides)There are six WMO glbal regions. Of these the Asian region covers
India, Indahina, China, Japan and Koréaver the period of assessment a total of 2
680 disasters were observegjionally

1 Of these45% were due to floods and 35% the result of stofitgife2-1).

1 Of the more than 915 000 death®% were linked to storms, principally
tropical cyclones and intense low pressure systéfigure 2-2). Of this
fatalities total, more than 500 000 were the result of events in Bangladesh and
Myanmar.

1 Total economic damage is estimated teehheen US$ 790 billion, 90% of
which arose from the impacts of floods and storfgure 2-3). These
economic losses were dominated by events in Céuich as the devastating
floods of 1998.

1 The number of disasters, the number of fatalities and the economic damage
has risen several fold, decade by decade, with floods and storms dominant
(Figure2-4 to Figure2-6).

The key implications of these figures are firstly, that floods amanst dominate the
hazard landscape in Asia, which by and large reflects the global patterns, with the
exception of Africa where drought is the principal hazard, Secondly, the seemingly
relentless increase the incidence otlisasters over recent decades along with their
consequent impacisoints towards a clear confirmation of the influence of climate
change.

The major regional hazards are of course imdated. Storms, most notably
typhoons and tropical storms, generatodfls and landslideand it is potentially
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difficult to accord the impacts directly to one or the other given the cause / effect
relationship. Never the less the linkage between tropical storm systemtheand
consequentlooding is the key hazardausativefactor within the Asian region. By
country, within Indehina, the disaster count is dominated by Viet Nam, factored in
the main by typhoon landfalls and the associated floods and storm surgele (

2-1).

Table2-1  The disaster count 1970 to 2012 in the four Mekong countries. (WMO, 2014).

) Cambodia Lao PDR Thailand | Viet Nam
Number of disasters
24 27 107 165
45% -
35%

I

8%
M Floods M Mass movement wet Storms Droughts M Extreme temperature W Wildfires

Figure2-1  The distribution of the total number of disasters in WMO RegidmAsia, 1970 to

2012. (WMO, 2014)
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76%

M Floods M Mass movement wet [ Storms Droughts [ Extreme temperature [l Wildfires

Figure2-2  Thedistribution of the total number of disaster related deaths in WMO Region I
Asia, 1970 to 2012. (WMO, 2014)

M Floods M Mass movement wet [ Storms Droughts M Extreme temperature W Wildfires

Figure2-3  The distribution of the total number of disaster related economic loss andelamag
WMO Region Ili Asia, 1970 to 2012. (WMO, 2014)
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1800 —

1971-1880 1881-1890 1991-2000 2001 -2010

Figure2-4  The number of reported disasters by decade in WMO RegioAsla, 1971 to 2010.
(WMO, 2014).

400 000

300 000

238051

100 000 — 90 587

1871-1980 18811940 1991 -2000 2001-2010

Figure2-5 The number of reported disaster related fatalities by decade in WMO Regiésil,
1971 to 2010. (WMO, 2014).
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Figure2-6  Economic losses by decade by hazard type in WM@idh [T Asia, 1971 to 2010.
(WMO, 2014). Billions of US$ adjusted to 2012.

2.2  Tropical storms and typhoonsi some definitions
characteristicsand long term regional history

The English word Atyphoonodo oriogi nahiesh f
means Agr elalte we qquioval ent term Ahurrican
language of Domica in the Caribbean whéheiracao relates to intense storms

Afr om t The intsnsitg dassifications of typhoons and the associated intense

low presure systemsf lesser intensitys as a consequenbased upon a measure of
sustained wind speedusually averaged over ten minutehe Japanese
Meteorological Agency (JMAglassification of the various systems is give able

2-2 below.
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Table2-2  Tropical cyclone / typhoon intensity scale according tocthssification of the
Japanese Meteorological Agency (JMA)

Classification Sustained wind speed
Super typhoon i 190 km /hour
Severe typhoon i 150 km / hour
Typhoon 1207 150 km / hour
Severe tropical storm 0 90 km/ hour
Tropical storm 607 90 km /hour
Tropical depression < 60 km/ hour

Typhoonis the regional name in the northwest Pacific for a severe (or mature)
tropical cyclone whereasurricaneis the regional term in the northeast Pacific and
northern Atlantic.

The spatial extent or size class of such systhathas beemdoptedoy the IMAIs
as follows based upon the radius with wind speeds of 54 km / hour and:above

1 Large: 500 to 800 km.
1 Super: > 800 km.

Theterrestial speed of movement of these low presawents, which in the western
Pacific is to the west, north and northwastypically less than 2&m / houror 600
km / day. Yet there is considerable variability. As a general systems move more
slowly during the early pdse of their life but then gaspeed on reaching maturity
(Terry, 2007)

Considerable research has been directed at the potential relationship between ENSO
and the incidence and severity of typhoombe exmctation is that warmer sea
surface temperatures during El Nifio episodes would lead to the genesis of an
increased number of eveni&he results have not been consistent (Wang and Chan,
2002) More conclusive is the evidence that points towardenalencyfor more

intense typhoons with longer lifetimes in El Nifio years (Camargo and Sobel, 2005).

Of the globalincidenceof tropical stormsand more intense low pressure systems, by
far their greatest frequency is observed in the northwest Pacific, compastteto
areas such as the north east Pacific, Indian Ocean and Atlantic. Based upon
observations of their mean annual frequency between 1970 andNMafk& (2003)
provides the following results.
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Table2-3

Mean annual geographical frequency (%) of the global total of tropical storms
according to WMO zong 1970 to 2000.Adapted from Marks, 2003)

Tropical Zone
Classification : NE NW Indian Australia- east and
Atlantic . o
Pacific | Pacific Ocean west coast zones
Tropical storm 11% 20% 3% 18% 19%
Hurricane/ typhoon 12% 21% 36% 15% 17%
Severe / super 11% | 23% | 41% 11% 15%
hurricane / typhoon

These figures arauthenticatedjuite graphically irFigure2-7 below.

St
SR
Saffir-Simpson Hurricane Scale:
- tropical hurricane hurricane  Fhurricane - -
storm category 1 category 2 |category 3
Figure2-7  Global tropical cyclones 1945 to 2006, their tracks and classification. (Data from the

Joint Typhoon Warning Centre atite US National Oceanographic and Atmospheric
Administration. March, 2008)

A tropical cyclone can cease to have tropical characteristics in several different ways.
One such way is if it moves over land, thus depriving it of the warm water it needs to
power itself, quickly losing strength. Most strong stodissipate quiteapidly after
landfall and become disorganized areas of low pressure within a day astthe
systemdegrades to a tropical depressiblore the less these less intense systaass,
measuredn terms of theidlower wind speed classificatimsually generate intense
storm rainfallassociated with wind speeds that can still cause immense destriiction

is in thisgenrethat typhoons and their remnami@use the most damage and loss i

the Lower Mekong Basin, in terms of riverine floods, flash floddadslides and

mud flows. As the systems make landfall across the coast of Viet Nam, storm surges
add a very real and potent hazard.
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The long term historical incidence of typhoonghin the Indehinese region and
SW Chinacan be assessed usi@fpinesedocumentary sourceshich provide the
longest historical records of tropiceyclonesavailable Records compiled during
the Ming (AD 13681644) and Qing (AD 1644.911) dynasties hawbeen examined
by Liu et al (2001) which chroniclethoseevents as a result of which large scale
public works were required to repair the damaggng these sourcesd some from
the earlier Song dynastyt has been possibléo elaborate a 1000 yeatsgh
resolution typhoon chronology for the province of Ggdong. The chronicles
indicate that the most active decades for the incidence of typhcmedram 1660

to 1680 and from 1850 to 1880

These findings aresignificant with respect tdhe long term history of typhoon
incursions into the Lower Mekong Basifhe landfall of such tropical systems over
Guangdong would be linked those which alternativeltfrack towards the coast of

Viet Nam Figure2-8) in any given sequence of yeaFsgure2-9 shows a yeaby-

year compilation ofyphoonfrequencies for the period 10Q1B00. It is clear that the
record was sporadic and probably very incomplete during the early centuries of
record keping, but became more continuous after about AD 180€.storm events
recorded in the historical documentary evidemanly represent landfalls by strong
tropical cyclones (i.e., typhoons) and not tropical storms.

Duringthe 510 year period from AD 1400 to AD 1909, the frequen€yyphoonss
about 10.9 strikes per decade, or about 1.1 stpke year If the weaker tropical
cyclones or tropical stormsare excluded from the observation period and only the
Guangdongtyphoons a& considered then the frequencies contained in the
documentary anthose post 1910, when direastrumentakrecords begargre quite
comparable This reinforces the conclusion that the long term evidence from the
chronicles provides a significant quaative insight intdong termregional typhoon
history:.

Although less formal, in the sense that they are not official chronicles, as are those in
China,long term records of typhoon occurrences in the NW Pacific are also available
for the PhilippinegGarciai Herrera, et al2000. These were compiled by Jesuit
missionariescovering the years fromh556 to 1900Prior to 1865, when the Manila
observatoryand its associated network throughout the islands, essblished, the
incidence of typhoons wasertainly underestimatedlone the less, the devastating
impacts were recorded in great detail. Since 1865, the annual incidence of severe
tropical storms and typhoons within the Philippines archipeteghad an annual
averagefrequency of4.7 and theredre the highest number daficidents in global
terms.
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Figure2-8  Location of Guangdong Province, including Hainan Island and Hong Kong (shaded), in
relation to the generalized tracks of typhoons inNbehwest Pacific Basin (after Jiao
1984).
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Figure2-9  Yearby-year plot of typhoon strikes in Guangdong during AD I0®®D0, compiled
from the historical documentary record. The continuous curve showsehgAone
year moving averages smoothed from the annual time series.
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2.3  Tropical storms andtyphoonsi regional geography and
incidence

The incursion of tropical storms and typhoons into the Mekong Basin is a major
factor in the development of majoggional flood events. These intense low pressure
systems drm in the western Pacific anflast Sedalso South China Seand make
landfall over the coast of Viet Nam, with a peak seasonal incidence in September and
October. As the season progresses thaih from west to east tends to move from
north to southKigure2-10).

=
T T

4 Number of typhoonsand CENTRAL

Jan Feb Ma A May Jn Jd  Aug Sep Cct Nov Dec

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec

VIETNAMTOTAL

Jan Feb Mar Apr May Jn Jul Aug Sep Oct Nov Dec

Figure2-10 Theseasonal frequency of typhoons and severe tropical storms making landfall in Viet
Nam. As the season progresses the storm systems moving westwards fEasttB8ea
tend to make landfall progressively further south along the coast. Based on data in
ADPC (2000), Giang, (2005) and Imamura and Van To (1997).
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Chin (1958 has summarized tracks of tropical cyclones for the pet&f51953.

All the tracks which appeared to possibly affect the rainfalthe Mekong were
noted. The number of such disturbandées Septembeand for the May through
September seasamasthen related to areal rainfadver Eastern Thailand, it being
the portion of the Mekong drainage with thengest continuous period of rain
records. No significant relationship ¢btal monthly or seasonal rainfall to the
number of such disturbances wasvious. This suggests that the lesser disturbances
play an important rolen the monthly rain production in the Mekong. A statistical
analysis was made of tropical cyclonic storms approacBmgheast Asia from the
east. Between 1884 and 1967, approxima®€®l§ disturbances of this type affected
the areaThe resulting seasonal distribution of the tropical stonad amaximum
activity in September but with October as a close secam independd
confirmation of the result ifrigure 2-10. All of these haddistinct cyclonic wind
circulations at sea; most were fully developed typhoons. In sbheneyclonic wind
circulation couldstill be identified overland. In others this feature was lost, but the
disturbed conditions producing rain remained.

The geographical distribution of tropical disturbances was summairizesstms of
the number passintghrough 21/2 degree latitudéongitude squares. If a storm
passed through two squares, it was counted tvWggure 2-11 shows the results
which conwey two particular characteristics:

1 Thereis a considerable decreasghe number of storms passimgandfrom
the coast

1 Also to be noted is the sharp decrelagth to the north and south of the mean
point oflandfall during Septembethe month of maximumegionaltyphoon
incidence

Maximum daily rainfall at most stations the Mekong drainagevas observed by
Chin (1958) torange between 125 and 250 mm, although aléeationsrecorded
more than 500 mm. This contrasts witletnam coastal stations to the east of the
basin where amounts over 400 nmra day are more common.

The mearimpact timeof a weather generating systatna point on the grounduch
as tropical convective cells of the order of three days, though tblisaty depends
upon their areal extent antkrrestrial speed of movemenCharacteristically,
maximum rainfall occurs within a 200 km radius of the staenter(US Corps of
Engineers, 1970).

Regionally typhoons and severe tropicatorms are mosfrequent late in the
monsoon season wheiver flows are already high and the salteady saturatedn
these circumstancethe greatest threat fllood flows on the Mekong appears to be
a succession of tropical storms in Septemirerfact, $orms in ¢ose succession are
much more common in Southeast A#lian elsewhere in the TropicStudes of

Pagel5



Annual Mekong Flood Report 2013

storm tracksindicatethat after a tropical storm passes at latitudesveen Luang
PrabangandKratie there is a 1 percent probability ahother storm withts center
within 500 km of the first withir2 days, a 10 percent probability within 4 days and a
20 percent probabilityithin 6 days(US Corps of Engineers, 1970)n this regard,
within the Mekongregion two of the heaviest typhoon rainfalls occurchee toa
sequence of three stornis 1964 TyphoonTILDA of September Zi- 25" had been
preceded byyphoonVIOLET a week earlierA third storm developed off the coast
of Viet Namon 25" September.

Figure 2-12 shows the genesis poind$ tropical storm systems in the NW Pacific
andEast Sealuring 2012 and over the 61 years since 1951. This geography of storm
formation indicates that there are twmajor source areas, one to the east of the
Philippines and another within thieast SeaThoseforming in the latter would be

more likely to make land fall along the coast of Viet Nam. Those forming further
east have much more variable trajectories and can strike anywhere from Korea, Japan
and south China to the Induina peninsular.
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Figure2-11 The geographical distribution of typhoon and tropical storm landfalls in Viet Nam and
part of south China by 2.5 degree squares of latitude and longitude, 1884 to 1967 (US
Corps of Engineers, 1970 and CHhli968)
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Figure2-12 Genesis points of the 25 tropical storms that formed in 2012 (dots) and related
frequency distribution for 1951 2011 (isolines). Source. JMA, 2013.

2.4  Regional tropical storms typhoons and climate change

Tropical storms (hurricanes, cyclones, typhoons) have become the icon of climate
change (Mendelsohn et al, 2009). As climate changes, the frequency and intensity of
such storms are expected to increase, especially in the Aftatitic and the North

West Pacific (Emanuel et al. 2008). Storms and typhoons affecting Viet Nam before
moving eastwards into the Basin have been responsible in the past for some of the
most extreme and damaging floods, recentngtas include INDA in 1997,
XANGSANE in 2006 andKETSANA in 2009. Any increase in their severity and
frequency is a cause for major concern, bearing in mind that the worst 10 percent of
storms currently cause 90 percent of the damage (Mendelsohn et al, 2009).

There is naonvincing statisticakvidence to suggest that the frequency of typhoons
and tropical storms is currently increasing. The data plottéagure 2-13 show the
annual count of storms approaching Viet Nam from 1900 to date, with a mean rate of
6.9 events per year. There is no long term systematic trend. Imamura and To (1997)
reviewed the post 1950 data from a different source and also concluded that the
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expected increase due to climate change was not historically evident. The same
conclusion is drawn by Wu et al (2006) in a study of trends in cyclone intensity in
the western Pacific as a whole between
between 2 and 7 yegrwith the average being quite robust at around 4 years
(MacMynovski and Tziperman, 2008). A quaariodicity with a frequency of

around 11 years is evident iRigure 2-13, though there has never been any
suggestion that tropical storm genesis in the western Pacific has any link to solar
activity.
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Figure2-13 The number of tropical storms (wind speetié>m/sec) and typhoons (wind speed > 33
m/sec) approaching the coast of Viet Nam (specifically entering the latitude / longitude
box 7.5 t0 22.50 N and 105.0to 115.00 E). The data from 1900 to 1995 are drawn from
the CD-Rom Global Tropical and Extréiropical Cyclone Atlas, Version 2, US Navy,
Department of Commerce, Washington DC. 1996. (see Adger et al, 2001). The post
1995 data to 2009 are drawn from Giang (2005) and the MRC Annual Flood Reports.
The EI Ni fo/ La Ni o i nf onrsnuast idoant aids atvaaki d na bfl re
1950 onwards dittp://ggweather.com/enso/years.htm

Further confirmation that there has to date been no historical systencatiasen
typhoon genesis in the NW PacifindaEast Seas available fromthe Japanese
Meteorological Agency{JMA, 2012).The regional annual count data of significant
and extreme tropical low pressure systems are availette 951 to 2012These
are plotted irFigure2-14.
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Figure2-14 Theannual count (1951 to 2012) of tropical storm and typhoon genesis in the NW
Pacific and thé&ast SeaThe smooth function is the embedded residual trend. The mean
annual rate of regional system formation is 26.6 events per year. (Source of data, JMA,
2012.

1 There is no evidence at all that the incidence of such events has increased
over the last 63 years.

1 In fact the data reveal that over the last 15 years, since 1998, regional storm
incidence has been generally considerably less than the long term annual
average.

This finding is consistent with those quoted elsewhere Kgpae2-13). However,
although the regional count of tropical storms shows no impact so far of climate
change influencest could be that storm severity is increasimyis latter argument

has been advancedore strongly in recent yearsf late in theaftermath of super
typhoonHAIYAN which struck the central Philippines in 20This was the most
intense tropical system to make landfall since authoritative records,beigjanvind
speeds as high 840 knih.

It is these extreme wind speeds that cause most of the damage in coastal regions
along with the associated storm surges. Further inland it imtérese storm rainfall

and consequent flooding thgenerates the majempacts.In effect, the classification

of tropical low pressure systems according to wind speed has only an indirect
relationship with their hydrological consequences, although as a measure of their
energy and intensity wind speed is no doubt broadketino the consequent storm
rainfall.
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There is a widely acknowledged though complex relationship between ENSO events
and the number of typhoons making landfall in Viet Nam and Guangxi and
Guangdong provinces in China and then potentially passing intblékeng Basin

(see Elsner and Liu, 2003). Fewer but more intense storms occur during strong El
Nifio years but weaker multiple occurrences have a higher probability in strong La
Nina years (Camargo and Sobel, 2005). Because the number and intensity of storms
is closely linked to sea surface temperatures any intensification of the ENSO cycle as
a result of global warming is expectadincrease the annual risk of severe tropical
storms entering the Mekong region.

The synoptic scale of tropical storms compatedhe area of the Mekong basin
means that their direct impact is confined to just a part of the region. For example,
typhoon PHYLLIS in September 1966 and tropical stoKAMMURI in August

2008 tracked over the northern parts of the basin upstream ofiavientwhere
mainstream flood discharges were by far the highest observed in the last 100 years.
These conditions dissipated downstream such that in each year the annual maximum
flow at Kratie in Cambodia was no more than average. In 1978 typl@Bmadved
passed over the major Mekong tributaries in southern Lao PDR and the Se Kong, Se
San and Sre Pok river basins resulting in the highest annual flood peak recorded at
Kratie over the past 80 years. In the northern regions, in contrast, the 1978 flood
seasorwas unremarkable.

N
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Figure2-15 Flooding in Vientiane following tropical stortAMMURI in August, 2008
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Inevitably, such events cause extreme damage and considerable loss of life. Typhoon
LINDA is generally regarded as the most severe in recent décédesthe extreme

south of Viet Nam in November 1997, with extreme rainfall and storm surges
measured at 3 to 4 m causing huge agricultural damage in the delta, conservatively
estimated at severhillion. Over 4 500 people died.

In more recent years tropical storm KETSANA was the most damaging event. The
system made landfall over Central Viet Nam at the end of September 2009, causing
three day rainfalls widely in excess of 600 mm and in somes ag®anuch as 900

mm was recorded. Damage and losses in Viet Nam were estimated to be US$ 800
million. The storm then passed into northern Cambodia and southern Lao PDR where
accumulated rainfalls continued to exceed extreme thresholds causing widespread
flash flooding and landslides. Damage and losses in Cambodia alone amounted to
US$ 132 million. In total more than 200 people died. Interestingly, LINDA and
KETSANA both occurred in strong El Nifio years when the region was experiencing
severe drought condims.

Figure2-16 TyphoonKETSANA moving westwards towards the coast of Viet Nam at the end of
September, 2009

! The most severe storm to hit Viet Nam was the Haiphong super typhoon in September, 1881, which
killed 300 000 people and is ranked the third most deadly storm in recorded world history.
http://www.wunderground.com/hurricane/deadlyworld.asp
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The damage caused by intense tropical weather systems is not always the result of
the associated storm rainfall and consequent flooding. As tropical SI0iRIAN

moved over the delta in Viet Nam in the first week of December 2006 the associated
rainfall for the period was less than 100 mm. High winds and coastal storm surges
required the evacuation of some0® households and structural damage was
extensive.

Figure2-17 Damage caused by Tropical StobtRIAN in the Mekong Delta during the first week
of December, 2006.

Réaséanen et al. (in press) used palaeoclimatological data to find that thenimbet
variation between very wet and very dry years in the Mekong have significantly
increased in recentedades, to levels which have not been experienced in the last
seven hundred years. The findings of both Delgado et al. (2010, 2012) and Raséanen
et al. (in press) suggest that the climate variability in the Mekong has increased,
together with the likelihoodf large floods.

The Mekong Basin is under the influence of El Nifio Southern Oscillation (ENSO)
(Rasanen and Kummw013). ENSO influences the Mekong regional climate by
moderating monsoon intensity. During El Nifio the rainfall is generally below
average and the flood season shorter than average. During La Nifia the rainfall is
generally above average and the floodseaedonger than average. For example, the
recent major flood years of 2000, 2001 and 2011 in the Mekong were La Nifia years.
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Réasanen and Kummu (2013) suggest that there is a good potential for predicting
ENSO i mpacts on the Mekongods hydrol ogical r

2.5  Scale effects of tropical storms and typhoons within the
context of the Lower Mekong Basin

The total area of the Lower Mekong Basin is ®® knf. Typically the synoptic
scale of tropical low pressurgystems is far less wi t h t he exception

typhoonsodo and .very | arge systems

Table2-4  The classification of tropical low pressure systems on the basis of their area of

influence.
Tropical low pressure system classificati Radius (km) Area (knf)
Moderately large 250 196 000
Very large a 400 i 500 000

As a consequencanall and moderately large systems impact upon only a part of the
Basin and therefore the flooding that ensues is geographically confined to just part of
the region. Characteristically, systems that pass to the north will result in
hydrological impacts at Vientiane and further upstream, as in 2008. At the time the
Mekong flood peak further downstream, at Kratie for example, was significantly
below average. Converselygluring 2000the severe flooding was confined to
southern Lao, Cambodia and Viet Nam, while the upstream regions were not affected
at all. This pattern is historically well establish¢ske the 2006 and 2007 Annual
Flood Reports).

On the basis of the Mekgnmainstream flood data since 196@ region has not

been affected bapd siisemplarge erfoygp diextothe d awer

Basin as a wholéNevertheless uch fimegad systems are not wu
NW Pacific. Figure 2-16 shows the area of impact of super typhatBAGI which

tracked to the north into SW China in 2013. The areal scale of this event, if it had

made landfall in Viet Nam, would have h&ad reachingand potentially devastating

consequences for the Lower Basin as a whole.
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Figure2-18 Super typhootySAGI making landfall over SW China on ¥2September, 2013

2.6  The long term history of tropical storms, typhoonsand
extreme floodsin the Mekong Region,1924to 2005

Reflecting this generalized geography of flood incideincthe Lower Mekong and
the historical distinction between events in the more northern parts on the one hand
and those further downstream on the other, it is sufficient in principt®resider

significant historical events on the mainstream at Vientiane and at Kratie
respectively.

Table 2-4 indicates the rank ordered maximum flood peaks recorded at Vientiane
(1913 to 2013and at Kratie (1924 to 2013):
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Table2-5  The five highestlood peak discharges historically observed on the Mekong
mainstream at Vientiane and at Kratie

VIENTIANE KRATIE
Year Maximum peak discharge vear Maximum peak discharge
cumecs cumecs
1966 25 900 1978 77 100
1924 25 600 1939 66 700
2008 23 600 1991 67100
1929 23 500 1940 64 000
2002 23200 1941 60 300
Mean annual flood pea 16600 51 000

1  Themain feature of these figures is that there is no coincidence with
respect to the years during which these extreme discharges were observed
at the two mainstream locations.

1  Also noteworthy is that at Kratigf the five greatest peak discharges, three
occurred in the sequential cluster of years 1939, 1940 and 1941.

1  These extreme events represent as much as 150% of the mean annual flood
peak.

1  The event of 1974 at Kratie, whampeak discharge of more than 7000
cumecs was observed, is quoted in the World Catalogue of Large Floods
as globally one of the largesin record for the equivalent catchment area
of 646 000 kr. (See the 2006 Annual Flood Report).

The extent to which thesxcessive flood events weliaked to typhoon and intense
tropical low pressure system incursions into the Basimaisl to establislsince a
number of them predate authoritative historical records of extregienal weather
systems. It is known that the maximum flood peak observ®tkatiane in 1966 was

the result of the passage of typhooHYRLIS over northern Laos and southern
Yunnan during September of that yelirseems reasonable to assume, though, that
the majority of these maximal floods were linked in some way to intense tropical
storm systems.

A clue lies with the fact that the historical incidence of such flood episodes is
geographically independent betwethe two mainstream locations. This strongly
points towards localized or at least selgional synoptic influences. Major regional
flood episodes caused by a particularly strong SW monsoon would tend to be basin
wide. For example, at the time of the 19#ord peak at Kratie, that during the
same year at Vientiane was 21 000 cumecs, which although 28% above average does
not compare with the Kratie figure. Similarly in 1966 at Vientiane, when the flood
peak was in excess of 150% of the average figure,ah&ratie was a far more
modest 10% above average. Both incidences tend to confirm the observation that
extreme flood years tend not to be regional in extent, in the sense that that they
correspond across the wider Basin, but that they are relativedyized at a sub
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regional scale. Once again, to underscore the point already made, {tegisuil

impact of tropical low pressure systems appears to be the major influence upon the

generation of extreme flood events.
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Figure2-19 Mekong at Vientiané the 1924 daily discharge hydrograph compared to the long term
average. This was the second highest flood peak on record
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Figure2-20 Scatter plot of the joint distribution of the annual maximum flood peak at Kratie as a %
of the average compared to that at Vientiane for the same year, 1924 to 2013.

Table2-6  Mekong mainstream at Vientiane and Kratie. The historical incidence of
fisignificanto annual flood peaks that exceeded
the average waiting time between them.

Year Annual maximum discharge as % of the mean annual flood
Vientiane Kratie
1924 154 120
1929 142 122
1937 - 126
1940 - 126
1941 126 -
1942 136 -
1945 139 -
1946 126 -
1961 - 123
1966 156 -
1978 128 151
1980 124 -
1981 - 125
1991 - 132
2002 139 -
2008 142 -
Mean waiting time 9.2 years 11.6years

I The devastating events at Kratecross the Cambodian flood plain and the
delta,in 2000, 2001 and 2002 were in fact defined by their excessive volume
of flood water and their duratiomhe food peaks were modest or average
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(see Figure 3-6). This tends to point towards an exceptionally strong
monsoon season in each of these years. Tropical low pressure systems and
their assod@ted intense storm rainfall over a relatively restricted timeframe
would have tended to result in significant peak dischangbiEh was not the
case

T The mean waiting time between these 0
comparable at 9 to almosP lyears. However, there has been considerable
hi storical variability. For exampl e,
peak floods occurred between 1941 and 1946.

In an early study of Probable Maximum Precipitation or PMP over the Lower
Mekong Basin(US Corps of Engineers, 1970), attention was focused on three
typhoons that passed acrossamelytre regi on i |

1 VAE 20" 22" October 1952.
1 VIOLET 14"7 17" September, 1964, and
1 TILDA 21%1 25" September, 1964.

The situation in 1964 was of particular interest to the study, when typhQirET
precededTILDA by just a few days, thus providing antecedent conditions for
maximizing the subsequentlood runoff. This feature of storms in such close
succession is muchare commorin the NW Pacific andast Sedhan elsewhere in
the tropics, for example the Caribbean and western Atlantic.

The areal mean rainfalassociated with these three events are indicat€dbie2-6.
The figures forVAE and TILDA are broadly comparable over areas i0b to
50,000 knf. VIOLET, on the other hand, was a much weakgstem. It is
informative to compare these figures riegional estimates ofProbable Maximum
Precipitation, as discussed in Sectib8.

Table2-7  Areal mean rainfall estimates (mm) for tropical syst&hA&, VIOLET andTILDA
in 1952 and 1964. (US Corps Bhgineers, 1970).

T Arefl Duration
km 24 hours 48 hours

5000 275 370
VAE 20000 210 330
50000 150 290
5000 150 190
VIOLET 20000 130 170
50000 110 150
5000 315 360
TILDA 20000 250 290
50 000 190 230
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Figure2-21 The tracks of tropical stormsAE (20" to 22" October, 1952)YIOLET (14" to 17"
September, 1964) affdLDA (21%to 25" September, 1964).

The tracks of these three systems across the Lower Basin are shieigare2-21.
VIOLET dissipated quite early on after making landfall, while the other two systems
transited the entire Basifrom east to westThe geogaphical distribution of the
accumulated storm rainfalls estimated YdOLET and TILDA are shown irFigure

2-22. Those for VIOLET were comparatively modesthough noe the less
significant as a precursor iIdLDA a few days lateiPassing much to the southe
hydrological impact oWAE in 1952 appear to have been unexceptiofdie peak
discharge for the year at Kratie was clas¢he average figure of 52 000 cumecs.
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Figure2-22 The distribution of storm rainfall during the passage of typha668 ET (top) 14" to
17" September, 1964, afdLDA , (bottom) 21'to 25" September]1964.

The impact of the combination &IOLET and TILDA is apparent from the daily
discharge hydrograph recorded at Pakse in 1964. In the latter half of September the
flows increased more than two fold to reach a peak of over 44 000 cyirigase

2-23). Such a figurdies amongst the 10 largest events observed in the 91 years since
1923.
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Figure2-23 The discharge response on the Mekong mainstream at Pakse to tyghHobES and
TILDA in 1964.

The 1966 flood, which was associated with the passage of TyphtoblLPS across
the northern parts of the Lower Basin resultethe highest peak discharge observed
at Vientiane since records began in 1966 (see Section 2.6)asBoeeiatecannual
hydrograph is shown iRigure2-24.
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Figure2-24 The 1966 annual hydrograph on the Mekong at Vientiane that was the result of the
passage of Typhoon Phyllis across the northegions of the Lower Basin.
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Severe Tropical StorrhINDA was the worstyphoonto make landfall in southern
Vietnam in at least 100 years, killing thousands of people and resulting in huge
damage. It formed 081* October 1997 in th&ast Sea d&tweenindochinaand the
Philippines Strengthening as it moved westwakdiNDA struck extreme southern
Vietnam on2" November with winds of 10Bm/h, associated heavy rainfall. Once

in the Gulf of Thailandit strengthened further to minimal typhoon status, but
weakened to tropical storm strength before crossingMillay Peimsulainto the

Bay of Bengal the first storm to do so in five years. The worst tNDA's impact

was in Vietnam, where over,0 people were killed, and damage totaled US $385
million. LINDA was reportedly the most powerful low pressure system to occur over
southern Viet Nam since 1904.

Figure2-25 The track of typhoohINDA during November, 1997.

2.7  The recent history of tropical storms and typhoons in the
Mekong Region, 2006 to 2012

In 2006 the nonsoon was generally rather weskd ended untypically earig early
SeptemberThree major tropical storm systems tracked across the Mekong Basin
during the year:

1 duringthe last week of Augu®RAPIROONentered the region as a tropical
storm, but was quickly downgraded to an intense tropical depression as it
weakenedIntense storm rainfall (150 to 200m) was confined to Northern
Thailand, Northern Laos and Eastern Canib. This sgtem was responsible
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for some severe tributary flash floods in Northern Thailand, particularly on
the Nam Mae Kok at Chiang Rai.

7 tropical stormDURIAN was not linked to widespread rainfall during its
passage over the Vietnam Delta during tivet fweek of December, but
principally to very high wind speeds and a storm surge which caused extreme
sea levels and widespread inundation and damage as a resuRigigee
2-17).

1 the major evenof the 2006 season wasvere tropical storrXANGSANE
which moved into the central and southern parts of the region during the first
week of October. The rainfall and floadnoff associated with this system
were responsible fora second peak to the annual flood hydrograph
Significant storm rainfall was widespregahrticularly towards the soutfihe
regional distribution of the associated storm rainfall, the track ofyetem
and its affect upon the flood season hydrograph at Pakse are shbBigari
2-26. Seasonal flood discharges had been decreasing rapidly throughout
September, from more than 30 000 cumecs at the beginning of the month to
less than 12 000 at the end. As a consequen2@ANGSANE, these then
increased by 12 000 or so cumecs in less than a week from the end of October
onwards.

From a hydrological perspective, in many wafysod conditions durin@007 were
comparable to those of 200Bhe flood season, in response to decreasionsoonal
rainfall, saw systematically decreasing discharges during late Septemmiar then

rose again sigificantly during early October in response to typhoon / tropical storm
LEKIMA . This was the only low pressure system during the course of the year that
had any large scale hydrological impact. It resulted in the 2007 peak discharge at
Kratie and the only time in the year that water levels in Cambodia and the Delta rose
above averag The associatetleavy rainfall within the many of the large left bank
tributaries, particularly thXe Bang HiengXe Bang Fai, Se Done, Se Kong and Se
San resulted inextreme local water levels and dischar@jeree day rainfalls in
excess of 250mm weae widespreadDetails of LEKIMA and its impacts are
indicated inFigure2-27.

The Mekong flood regime d2008 providedhistorically exceptional circumstances,

with maximum water levels and discharges at Vientiane that have only been recorded
previously in 1924 and 186 Discharges in the mainstreamdhaeen considerably
above average, at least in the more northern parts of the Lower Basin, from mid July
onwards Given ths situation during the first week of August tropical cyclone
KAMMURI tracked across the Basin the far northand into southern Yunnan
downstream of Jinghonglhe consequence was rise in discharge from 15 000
cumecs to more than 23 000 cumecshi@ space of just three or four days, taking
into consideration the fact that the mean daily discharge at this point during the flood
season is just 12 000 cumeésglre 2-22). These circumstances brought about an
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emergency civil defense response in order to protect the central business district of
Vientiane from overbank inundation, as occurred in 1966. Villages in the sub urban
areas upstream and wostream of the citycenter were, however, affected
considerably by flooding, which lasted for more than two weeks. Incidents such as
this clearly reveal that geographically extreme flooding within the Lower Mekong
system is almost never basin wide butfowed either to the northern or southern
parts. This feature arises because the synoptic scale of flood generating events such
as intense low pressure systems, be they typhoons or less intense systems , is not
sufficient to affect the Basin as a whole tlasy track from east to west.. This aspect

of the regional geographical nature of the flood regime is quite evidentFigume

2-30.

Accumulated rain (mm)
[ Jo-20
[ 20- 100
I 100-200
I 200- 300
[ ]300-400
[ 400- 500
I 500 - 650

35000 —_— : y .
Daily Lo 11 XANGSANE
20000 + WECHAGE wooboifivcdiig 1 B
(cumecs) ! ; : : : !
25000 : !
Mekong at Pakse '
20000 4| — averagedaily :
discharge I
(1923 to 2006) :
15000 1| —— 2006 :
R |
10000 {—grferrertret -
BH et :
1 1 ! | 1
. ) | : :
0 I i il il i I

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure2-26 Typhoon / tropical storrXANGSANE 1 accumulated rainfall during the first week of
October, 2006, storm track and the impact on the flow hydrograph at Pakse.
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Figure2-27 Typhoon / tropical storhEKIMA i accumulated rainfall during the first week of
October, 2007, storm track and the impact on the flow hydrograph at Kratie.
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Figure2-28 Typhoon / tropical storniKAMMURI i accumulated rainfall during the first week of
mid August, 2008, storm track and the impact on the flow hydrograph at Vientiane.
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Figure2-29 The Mekong at Nong Khdtop) and at Vientiane (bottom), mid August 2008. The
discharge was estimated to be of the order of 23 500 cumecs.
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Figure2-30 The geographical distribution of flood runoff for 2008 as a percentageecdge

During 2009 five tropical storms made landfall in Viet Na®OUDELORIn July,
MUJIGAE and KETSANA in September an®ARMA and MIRINAE in October/
November.
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)l

SOUDELOR MUJIGAE andPARMA affected the northern provinces of the
country with 2 day rainfall locally exceeding 26n. Both storms dissipated
relatively quickly as they passed eastwards such that their impact in the north
of Lao PDR and Thailand was not particularly significant.

KETSANA was by far the most damaging event and one of the most severe
of recent years. The system made landfall over Central Viet Nam on the 29
September, causing three day rainfalls widely in excess of 600 mm and in
some provinces as much as 800 to 800 was recorded.
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Figure2-31 KETSANA moving SW towards the coast of Viet Nam on th® 88ptember. This

)l

storm system was quickly followed IRARMA seen moving west towards the northern
provinces of Viet Nam on the T®ctober. 2009. (Source: NASA
http://earthobservatory.nasa.gov/NaturalHazar8& TSANA resulted in the highest
discharge of the season on the Mekong at Kratie.

Damage and losses in Viet Nam were estimated to be8083$nillion. The

storm then passed into northern Cambodia and southern Lao PDR where
accumulated rainfalls continued to exceed extreme thresholds causing
widespread flash flooding. Damage and losses in Cambodia alone amounted
to US$ 132 million.
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The 2009 season illustrates that even given a weak SW Monsoon and developing
regional drought conditions, the independent impact of typhoons and tropical storms
canbe devastating.

Figure2-32 Flooding along the Se Kong during September 2009 as a consequence of cyclones
KETSANA andPARMA.
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During 2010two tropical storm systems passed across the Mekong Region :

T

In mid July tropicalstorm CONSONmoved toward to the northeast through
the Indochina Peninsula and affected the central and northern areas of Lao
PDR causing rapid inundation over the low plain aref Xieng Hone
District and Xayabri Province. Flash floodig also occurred over Meuang
Mat, Kasy and Vangvieng districts in Vientiane province wéimfall of 40

mm recorded at Xapui and 63mm at Phonhong stations in Vientiane
province on the 17 July.

Tropical storm MINDULLE made landfall over central Viet aw,
downgrading to a tropical depression as it passed over notthesthe 26"
August, bringing local heavy rainfall of up to 80 mm and more, resulting in
flash floods through Sing and Long districts, Luangnamtha Province.
Northern and northeastern Tlad werealso affected by heavy storm
rainfall and flooding.

The annual flood situation during 2010 illustrates a not uncommon set of
circumstances with respect to the seasonal flow redimieydrologicalterms,flood

flows along the mainstream were wally below average throughout the year, as a
result of a weak SW Monsoon. The quite independent passage of the tropical storm
systems resulted in a rapid increase in discharge, although in this case flows
remained below average throughout the seasoarlg|ehe impact of tropical storms

on the severity of the consequent flood conditions depends not only upon the
intensity of the storm itself but also upon the prior discharge conditions that prevail
at the time of impact, including the levels of catchtmgaturation, which in 2010
appear to have been moderate given the prevailing monsoonal rainfall.
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Figure2-33 The track of tropical storl@ONSONduring mid July 2010 and the impact of tropical
stormMINDULLE on the daily discharge hydrograph at Kratie.

Conditions during he flood season 02011 were the converse of tise of the
previous yea There was widespread argumeat the timethat they were
comparable to those of 200perceived as the most devastatofgecent decades.

They were not quite, but were in hydrological teffiaidy close. Losses and damage,
particularly in Cambodia and Viet Nanverenot dissimilar however A number of
tropical low pressure systems passed across the Lower Basin during the year, of
which HAIMA during late June andOCK-TEN at the end of July had the most
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impactin terms of storm rainfalln addition, the region was also affected by tropical
storm HAITANG during September and typhaoNESAT and NALGAE during
October creating an exceptional sequence of storm systems within a single season.

In northern and central Lapsluring the course of tropical storffAIMA , daily
rainfalls in excess of 18m were recorded, with 18 fatalities confirmétbrthern
and NE Thailand weraffected to a similar degree. Within just a few welK3CK-
TEN followed with cumulative rainfall over a three day period as high asrzb0

Figure2-34 2011i the tracks of tropical stormidAIMA at the end of June (top) ahN®DCK-TEN at
the end of July (bottom).
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Figure2-35 The 2011 daily discharge hydrograph at Pakse.

The hydrograph at Pakse for the year (above), which reflects the features of those
elsewhere othe Mekong mainstreanmdicates two significant peaks in mid August
and at the end of Septembéteither of these corresponds to the timing of the
passage oflAIMA or NOCK-TEN, although the second peak during late September
is possibly associated with tropical stottAITANG. Therefore, although flood
conditions during 2011 were significant to extreme, particularly in the more southern
parts of the Lower Basirthey appear to have been as much the consequence of a
strong monsoon rather than being exclusively linked to intense tropical storm
systems.

The situation that developed during the course of 2042 seasondefined
hydrological conditions on the Mekorigh a t wer e fAexttheewemed i
critically below averagelNo significant tropical low pressure systepassed into the
region during the year beyosbme weaker cells thatfeced the coastal regions of
Viet Nam These were principally asso@dt with strong winds rather than with
flood generatingtormrainfall extremes.
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Figure2-36 The 2012 daily discharge hydrograph at Kratie

2.8 The typhoon as a PMP prototype

Typhoonsand severe tropical low pressure systamsthe most importaisourceof
severestormrainfall with several days duration in the Lower Mekargion By and

large there are several incursions in every year. Their frequency and intensity is
independent of the strength of the SW Monsoon. They can, for example, affect the
Basin even when the monsoon is weak. In their genesis areas in the NW Pacific and
Eag Sea(refer toFigure 2-12) systems can form in close succession such that it is
not uncommon for one such storm to be followed by another in justtemof a few

days. This for example, occurred during August 2013 when two tropical storms and a
tropical depression passed across the Bas@lable4-1).

Such storm sequences, particularly if they are associated with a strong monsoon, are
not only relevant to the assessment and forecasting of potential flood conditions and
the provision oftimely warnings. They are also potentiallye source of storm
rainfalls close to the potential upper limit of short duration storm rainfall in
meteorological terms. This latter figure is referred to as the Probable Maximum
Precipitation (PMP)One of themajor applications of PMP figures is with regard to

the estimation of the Probable Maximum Flood (PMF). This is often the standard to
which spillway discharge capacity on large dams is designed in order to achieve
operational safetyThe assessment of typhoon risk therefore extends beyond the
purely hydremeteorological into the fields of civil and hydraulic engineering
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Figure2-37 Lower Mekong Basin Twenty four hour Probable Maximu Precipitation (PMP) over
areas of 50 000 kin (Source WMO, 2009).

A detailed study of the potential magnitude of PMP across the Lower Mekong Basin
is contained within the WMO, 2009, Repofthe definitive map is of the
geographical distribution of the estimated 24 hour PMP over areas of 50 G00 km
(Figure 2-37). Factors taken int@ccount included the distance inland from the
Vietnamese coastline, moisture source, latitude, moisture inflow barriers and basin
topography A complimentary map indicating4 hourPMP over areas greater than

5 000km? was also prepared and this is preed here aBigure2-38.
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Figure2-38 Lower Mekong Basin Twenty four hour Probable MaximuRrecipitation (PMP)

over areas of 5 000 Km (Source WMO, 2009).

Such depths of storm rainfall could only practically be caused by typhoons and very
intense tropical low pressure systems, the maps being useful in prescribing the
practical meteorologicalpper limits of short duration precipitatioRegional studies

of the relationship between PMP and the 100 year 24 hour rainfall (US Corps of
Engineers, 1970) indicate that the ratios range from 0.23 to 0.54 and average 0.36.
For 3 days the ratios vary beten 0.23 and 0.69 and average 0.43. Larger ratios
generally occur near to tglope areas with lower figures in lowland and flatter areas,

In order to compare these upper envelBpdP estimates with observédp er i o d

r e c ohistdrigal storm rainfall mama, the latter were collected from 400 rain
gauge locations within the Lower Mekong region and assesséefms of their
frequency distributionBy far the greater proportion of these would have been
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associated with typhoons and severe tropical storfiie sample percentage
frequency histogrammes for 1 and three days are shokigune2-39.

1 Both sample distributions are highly skewed to the right such that the Normal
model is not an appropriate approximating distribution.

1 Modal values (the most frequent) for the one day stdiertsetween 140 and
160 mm and fothreedays between 200 and 250 mm.

1 The histogrammes are complimented by the-plaxs shown inFigure 2-40.
These indicate th&0% of one day storms lie between 125 and 200(thm
upper and lowdthsor quartiles indicate the range of the central 50% of the
data) and that 50% of the 3 days stofaisbetween 180 and 310 mm.

1 The observed maxima are 555 and 1070 mm respectiVbgy latter figure
was observed at a site in the highlands of Vietham and would, if confirmed,
be quite close to the Probable Maxim@may point rainfall.

An alternative vay of looking at extreme rainfalls at a pointasconsider the Lower
Mekong Basin as a whole and then to find the maximum rainfall that occurred within
the whole region in each year for which data are available. A regional probability
analysis could then be undertaken to estimate the risk that at teast goint
rainfall above a particular threshold would occthis is arguably a more meaningful
statistical approach to assess the risk and severity of extreme regional storms and
consequent floods.

Care has to be taken with this type of analysis siheenumber of operational rain
gauges amongst which the regional maximum storm rainfall during each year is
established increases over time. Consequently, the sample space increases
geographically and thefore the likelihood of detecting more extreme réseis
sequentiallyenhanced. This is the case here.

The temporal distribution of gauges available to the analysis is shdvgure2-41.

This increases systematically from 1920 onwards, until around 1980 when the
regional network reached its current densithe decrease from 2006 onwards
merely reflects the last year that some records have been incorporated into the
databasand not a redlction in the network coverage.

The impacts of this evolution in network coverageclear fromFigure2-42. More
intense storms are identified as time progresses. In earlier years the much more
sparse network coverage would have been unable to detect them.

In effect the network only reached its present coverage from 1980 onwards, after
which time the average@mual maximum one and three day storm rainfalls observed
at any site in the Lower Basinas370 and 570 mm respectively.is interesting to
comparethe distribution of the regional maximum point storm riklfle 2-8) with
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the WMO estimates of PMP over 5 000 and 50 006 ikostrated inFigure 2-37

and 238. The latter figures are subject to the application of an Areal Reduction
Factor (ARF)which reduces the point figure to that applicable over a largerHrmea.
adjustments vary but for tropical regions the WMO suggest a factor of 70% for areas
of 5 000 knf and less than 50% for areas of 50 00C*.Kfhe historical evidence
tends to suggest that occasionally typhoon induced regional storm rainfall has been
quite close to the possible Probable Maximum.

30 -
% Frequency
% frequency distribution of 1 day
25+ maximum rainfall historically observed at
400 locations in the Lower Mekong Basin
classified into 40 mm frequency classes.
20 -
15 -
10 -
| l
0. ‘

40 80 120 160 200 240 280 320 360 400 440 480 520 560
Frequency Class (mm).

| % % frequency distribution of 3 day
Frequency maximum rainfall historically observed at
20 |- 400 locations in the Lower Mekong Basin
‘ classified into 50 mm frequency classes.

15
10 +--- ; s 2 < ) A

) | I

r s i i

50 100150 200 250 300350 400 450500 550 600 650700750 800 850 900950 1000 1050 1100
Frequency Class (mm).

Figure2-39 The percentage frequency distribution of 1 arth® maximum rainfall historically
observed at 400 locations in the Lower Mekong Basin classifiedreqaency
classes. The smooth function is the approximating Normal distribution.
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Figure2-40 Summary Boxplots of the sample distribution of the historically observed maximum
1 and 3 days rainfalls 400 sites in the Lower Mekong Basin.
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Figure2-41 The number of operational rain gauges available to the basin wide analysis, 1920 to
2008.
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Figure2-42 Theannual maximum one and three day storm rainfalls recorded anywhere within
the Lower Mekong Basin (1920 to 2008). The increasing trend is simply a reflection

of the number of operational rain gauges available over the years and is not

indicative that the ngnitude of the regional maximum storm rainfall has increased

over time

Table2-8  One and three day distribution of storm risk in the Lower Mekong Basin, indicating
the maximum point rainfall (mnthat mightbe expected to be observed anywhere
in the region.
Duration Recurrence interval (years)
days 2 5 10 20 50 100 200
1 360 450 500 560 640 690 750
3 540 680 780 870 990 1080 1170
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2.9 Has the regional incidence of storm days increased in recent
years?

Significant daily storm rainfall depths are usually the result of more intense
monsoonal conditions and tropical low pressure systems such as deep depressions
andtyphoons,The number of such Astorm dayso d
reasonably consigté throughout most of the region, although upland and highland

areas no doubt indicate a higher count.

I f we arbitrarily define a fsmmoframfalay ¢ a:
i's recorded, a Asignificant SO0nnroocturs ay 0 a
and an fAextreme storm dayo as one upon Vv
average annual count is between 20 and 25, less than 10 and less than 5 respectively
(Table2-7).

Table2-9  The mean annual number of storms days (>25mmgjificantstorm days (>50mm)
andextremestorm days (>75mm) at Vientiane (1949 to 2013) and P@lk& to

2013).
Location Mean annual number of storm days
>25mm >50mm >75mm
Vientiane 22 7 >
Pakse 26 9 1

The question arises as to whether the incidence of such events has systematically
increased over time as a consequence of climate ch@hgeaesults irFigure 2-43
andFigure2-44 indicate that there is no evidence to suggest any long term ¢tange
least so far as the data at Vientiane and Pakse are concerned

Such assessments are important, and obviously need to be exmancethe case is
usually made that climate change will lead towadsncrease in the frequency and

i nt ensi t ydagfnod fhat tshont and long term weather conditions will
become more variahl&@he vast majority of climate change studies that have been
undertaken, including those carried out within the Mekong Redianetended to
dealmore or less exclusively witbthanges to mean annual and monthly rainftsl.
pattern in terms of storm frequency ahd potential impactsipon the onset, end and
intensity of the SW Monsoon remain in the realm of qualitative conjecture. Yet it is
these aspects that are the mapfiuence upon the hydrological response to potential
climate change, rather than seasonal changes to average rainfall.
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Figure2-43 Vientianei Annual number of storm days >25mm. >50mm and >75mm with
embedled trend, 1949 to 2013.
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2.10 Storm surge

Storm surge is a recurrent issue in the coastal regions d¥i¢keng Delta and

associated with tropical storms and typhoo@seen and Benru(datedl identified

two different types of storm surge affecting water levels in the region. Firstly,

typhoon activity, such as from TyphodiNDA in 1997, causes increased water

levels for short periods of time of several howfen primarily impacting at only

one or two gauge site-or t hi s type of Oclassic surgebod
speed of movement of the typhoon was most critisabgposed to wind speed or

storm category.Sustained high winds from the north cause the second type of storm

surgeofl ower intensity 6ésurged that can | ast fo

Nobuoka et al (2013) undertook a hydrodynamic model study of existing stayen sur
impacts across the Delta and those that would follow a 1m rise in sea level. Their
principalresults are shown iRigure2-45 andFigure2-46.

10 years 20 years
N
2m S.LR.= 100cm
100 years i | 500 years 1000 years i I |

100 years | 500 years | 1000 years |

Figure2-45 The geographical extent and depth of storm surge inundation acrddekbag Delta
at selected risks of occurrence, with and without a 1m rise in seal level.

S0 years
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Figure2-46 Maximum water level, flooded area and the affected population resulting from storm
surges at selectelbvels of probability across the Mekong Delyaven no increase and
a 1m rise ilfeansea level

Theestimated potential consequences of a 1m rise in mean sea level are severe.

1 The geographical extent of storm surge inudation increses dramatically. In
effect it increases by a factor of two.

1 The maximum water levels also double.

1 Most significantly the population that becomes potentially vulnerable
increases two fold.

These results underscore the vulnerability of the Delta to rising sea. lé@vas
problems are aggravated by the fact that the topography is in fact sinking due to a
number of factors, but primarily as a result of the over abstraction of ground water
and accelerated compaction due to developrfWobdroffe et al, 2006)
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3. THE REGIONAL FLOOD SITUATION, 2013

3.1  The regional rainfall climate during 2013

Amongst the principal issues that need to be addressed with regtrd hydre
meteorological data base within the Lower Mekong Basin is to estaplishproved
daily rainfall catalogBy any comparable standattte regional hydranet networkis
impressive arguably much superior to those in any international river basin of
comparable sizeln common with thoseelsewhere, howeverthe networkis
geographically concentratedthin low lying areas. Systematic observations within
the more remote upta and mountainous zones, where most ofrivier runoff is
generatedare limited for obvious reasons. This fact thougbtentiallyinhibits the
development opredictive rainfall / runoff models, not least in the context of flood
forecasting. The obvious recoursenhich has been pursued by the MRS to
combine the ground data with satellite based estimates in order to achieve a detailed
mapping of storm rainfall.

During 2013 regional rainfall over the monsoon season was very much of ageavera
order, as the data at the selected sii€gable 3-1 confirm. It was also the case that

the onset of the SW Monsoon occurred generally during the first week of May
which is the long term norm. The end or withdrawal of the monsoon usuallysoccur
during November OctoberHowever, during the year the monsoonal retreat was
somewhat later towards the northern and southern parts of the Basin and did not take
place until the middle of DecembeFable 3-2). An interesting observation is that

that long term average onset date is remarkably consistent right across the region
which points towardsthe fact that the transition to the summer atmospheric
circulation is large scale and its timing consistent geographicalye average end

date of the monsoon rains is rather more variable from place to place. This tends to
arise due to localized end of season convectional storms which can occur later in the
year.

The map of total seasonal rainfall during the course of 2BiBie3-1) more or less
exactly replicates the depth and geographical distribution of long term mean annual
rainfall, thus confirming that the regiahrainfall climate was very close to average
throughout the Lower Mekong Basiwith the exception of the Delta where it was
significantly below averagelhis latter point is confirmed ifigure 3-3 where the
accumulated figure for the year at Tan Chau was@0) compared to the long term
mean figure of 1L50mm.

Six tropical storms and tropical depressions affected the lower Basimg @1 3:
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=

Tropical stormJEBIduring the first week of August.

Tropical stormMANGKHUT, which followed days later on th&'a 9™
August.

A tropical depression on the19 20" August.

A tropical depression on the@ 7 19" September.

Tropical stormWUTIP on the 38 Septembet 1% October.

1 Tropical stormNARI on the 18 October.

=

=4 =4 -4

These tropical low pressure systems and their impacts are considered in detail in
Section 4.

Table3-1  Annualrainfall during 2013 compared to the long term average at selected sites in the
Lower Mekong region.

. Annual rainfall (mm)
Location
Average 2013 2013 as % long term averag
Chiang Saen 1710 1720 101
Luang Prabang 1280 1650 122
Vientiane 1650 1580 96
Mukdahan 1505 1 600 106
Pakse 2010 2110 105
Tan Chau 1160 900 77

Table3-2  Onset and ehdates of the SW Monsoon during 2013 compared to the long term
average at selected sites in the Lower Mekong region.

Monsoon onset Monsoon end
Site Average | Standard 2013 Delay | Average | Standard 2013
Date Deviation (days) Date Deviation

Chiang Saen | 7"May 9days | 3 May | none | 7"Nov 25 days | 16" Dec
Luang Prabang| 7" May 9days | 27"Apr | none | 24"Oct | 33days | 16" Dec

Vientiane 4" May 8days | 2" May | none | 10"Oct | 16days | 17" Oct
Mukdahan 6" May 8days | 1% May | none | 8"Oct 16 days | 16" Oct
Pakse 5"May | 1ldays | 2" May | none | 15"Oct | 17 days | 17" Dec
Tan Chau 18"May | 12days | 16" June| 28days | 18" Nov | 13 days | 17" Dec
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Figure3-1 Rainfall across the Lower Mekong Basin during the 2@&8season.
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Figure3-3 Tan Chau cumulative daily rainfalpattern during 2013.

3.2  The flood hydrology of 2013

Reflecting thegeography of theeasonal rainfall conditiortturing2013 daily stream
flows during the flood seasoacross the Lower Basivaried between average to
significantly below averagéeak discharge in the north, represented by Chiang Saen
and Vientiane, were very much below normal. Further downstream at Krate
conditions were much closer to the long term averagblé3-3to 3.5).

1 At Chiang Saen the peak discharge was just 61% of the long term figure of 10
300 cumecs. The flood volume during the year amountgalstod9o of the
57 km® average.This is the second lowest flood volunteat has been
observed since records began in 1960. Only the flood of 1992, one of the
most significant basin wide drought years, was the annual flood volume
lower.

i At Vientiane the peak was 76% of the average of 16 600 cumecs and the
volume 70% of the arage figure of 10km®.

1 At Kratie the annual peak matched the long term average of 50 900 cumecs
exactly, though the volume was 12% below the average figure of 330 km

Once agairthe geographical variability of flood conditions across the Lower Basin is
clearly illustrated, with a commonly occurring distinction between those prevailing
in the northern and southern parts. In recent years, for example, two such situations
were partialarly noteworthy. In 2008 the northern sector experienced one of the
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largest floods on record, whastowards the south at Kiatthe annual flood was
significantly below average. In 2011 the situation was reversed with the flood
hydrology in the northern parts below normal but in the south severe flooding
occurred.

The onset, end and duration of the flood season are importanblgariahichare
fairly consistent from year to yean the whole. Significant deviations though do
periodically occur which can result in substantial semionomic consequences.
During 2013, however, these temporal aspects of the annual flood were el wit
the expected narrow range.

The daily discharge hydrographs at Chiang Saen, Vientiane, Pakse and Kratie for the

year are illustrated ifrigure 3-4 and Figure 3-5. These underscore the north/south

distinction between below average and averagéh conditions at Chiang Saen

being particularly deficentHer e t he fAspi keo in discharge |
worthy of note not least because it resulted in the maximum discharge over the year.

Though rare such an unseasonal event is not unprecedsimtegl the contribution to

the mainstream flows between Manwan, the most downstream of the Yunnan

reservoir casade, and ChiapnSaen is quite small it is likely thathi s A hydr ol ogi c a
incidento was generated furt lamdrtheflost ream wi
would have been routed through the cascade of dams.

Figure 3-6 and Figure 3-7 place the flood conditions of 2013 within their full
historical contextThose at Chiang Saen are identified as being historically extreme
according to the proposed criteria. Meanwhile, those at Vientiane would be defined
as significantly deficient. At Kratie, the flood both in terms of peak and volume was
close to averageverall.

Table3-3  The MekongRiverat Chiang Saen. Peak and volume of the 2013 flood season and the
onset and end dates, compared to the long term average figures.

2013 floodseason
Mean annual
discharge | peak discharg{ Flood volume Duration
cumecs CUMEcs Kk Start date| End date days
2 600 6 300 28.1 29" July | 20" Dec 145
Long term average (891 2013)
- 10 300 57.4 12" June | 13" Nov 155
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Table3-4  The MekongRiverat Vientiane. Peak and volume of the 2013 flood season and the
onset and end dates, compared to the long term average figures.
2013 flood season
Mean annual
discharge | peak discharg( Flood volume Duration
cumecs CUMecs ke Start date| End date days
4 500 12 600 71.1 17" July | 25" Dec 162
Long term average (181 2013)
- 16 600 101.1 23 June | 10" Nov 142
Table3-5 The MekongRiverat Kratie. Peak and volume of the 2013 fl@aéson and the onset
and end dates, compared to the long term average figures.
2013 flood season
Mean annual
discharge | peak discharg( Flood volume Duration
cumecs i kP Start date| End date days
13 500 50 900 290.6 20" July | 15™ Nov 119
Long termaverage (1241 2013)
- 50 900 330.0 24" June| 7" Nov 137
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Figure3-4 The 2013 annual hydrographs at Chiang Saen and at Vientiane / Nong Khai, compared

to their long term average.
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Figure3-6
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Scatterplots of the joint distribution of the annoaximum flood discharge (cumecs)

and the volume of the annual flood hydrograph (km3) at selected sites on the Mekong

mai nstream. The 6éboxesd6é indicate one (104 ) and
variable above and below their respective meansnEve out si de of the 10 box

defined as O6significantdé flood years and those
6extremed flood years.
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The Regional Flood Situation, 2013

Figure 3-7 places this bivariate relationship between flood peak and volume into a
probabilistic framework. Selecting the Mekong at Kratie as indicative of
hydrological conditions within the Lower Mekong Basin as a whole, then those of
2013 were fundamentally age, with a recurrence interval of about once in two
yearsor a 50% exceedance probability
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35000 |

25 000 ! !
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Figure3-7 MekongRiver at Kratie- the bivariate distribution of annual flood peak and volume,
1924 to 2013The estimated recurrence interval of the 2013 event in terms of the joint
distribution of the two variables is 1 : 2 years.

3.3  Water levels across the Cambodian floodplain and the Delta
in Viet Nam during 2013

Replicating the 2013 seasonal flow conditions at Kratie, water levels within the
Cambodian flood plain and the Delta were quite close to their loangdeerageas
Figure 3-7 and Figure 3-8 and Table 3-6 indicate. The variability of the annual
maxima from year is quite narrow, in the sense that their standard deviation is
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Annual Mekong Flood Report 2013

typically just 15% of the mean. Of course much wider deviations o@modically

which define significant to extreme hydrological circumstances, such as those of
2000, 2001 and 201MWater levels during 2013 were, however, well within their
At ypi c-annual ranget er
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Figure3-8 The 2013 annual hydrograph at Phnom Penh and on the Tonle Sap at Prek Dam,
compared to the long term average.
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Figure3-9  The 2013 annual hydrograph at Chau Doc, compar#tettong term average.
Table3-6 Annual maximum water level and the duration of the flood season at three sites in the
Cambodian floodplain and th2elta in Viet Nam.
Annual maximum water level Duration of flood season
Site (mas) (day9
Average 2013 Average 2013
Phnom Penh Por| 9.0 9.5 157 155
Prek Dam 8.9 9.5 162 163
Chau Doc 3.8 3.8 148 144
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Country Reports

4, COUNTRY REPORTS

4.1 Cambodia

As Figure 3-7 reveals the water levels for the year at Phnom Penh Port on the
Mekong mainstream were only marginally above the long terms average. The same
picture emerges on the Tonle Sap at Prek Kdamratiee Delta at Chau Do&igure

3-7 and Figure 3-8 respectively) At Kratie the maximum discharge attained during
2013 was 50 900 cumecs, exactly equal to the long term average floodTpbk (

3-5). TyphoonsWUTIP on the 28 September and ARI on the 14 October had
degraded to significant tropical storms by the time they passed over Cambodia
Never the lesshey were the cause of widespread flash flooding which resulted in a
reported 168atalities.

Figure4-1  2013iflooding along the Mekong mainstreamkampong Cham (photo above) and in
Phnom Penlfphoto below)
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