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Observed development of the low pressure system / later tropical cyclone
‘Roanu’ over the Bay of Bengal (14-22 May 2016)

14th May  Meteorology Department issued a severe weather advisory for twelve hours commencing 11:30 am oca.

2016 Low pressure area developed over southwest Bay of Bengal

15th May  Nearly 100mm of rainfall was reported in many areas in western & southern Sri Lanka.
2016 Several parts of the capital Colombo were flooded

16t May  The system paralleled the east coast of Sri Lanka & developed in to a depression (D)
2016 Water levels on the major rivers rising and the flooding

17t May By the morning the system is already passed Northern part of the island.

2016 Several landslides in central part of the country

18th May Intensified into a deep depression (DD) 0300 utc

2016 Water levels on the Kelani River rose rapidly, Flooding continued

19th May

g Further drifted North & intensified into a cyclonic storm (CS) 0000 utc

21t May  Landfall into Bangladesh coast north of Chittagong, Bangladesh 1000 utc
2016 Gradually weakened into a DD over Mizoram 1800 utc

22th May  Gradually weakened into a D near Myanmar and adjoining Manipur - 0000 utc
2016 well marked low pressure area over Myanmar - 0300 urc Source: India Meteorological Department, 2016



The flooding event

= A depression in the Bay of Bengal in the Indian Ocean to the South East of
Sri Lanka caused heavy rainfall across Sri Lanka since 14 May 2016

= Causing wide spread heavy rains, flooding and land slide in as many as 22
districts,.

= According to the Meteorology Department the last four days had seen
one of the highest rainfalls in Sri Lanka

= Total number of people affected 427,918, 101 deaths, 100 missing (landslide)
= Worst affected district - Colombo (Capital) — 185,835 affected

= Kelani Ganga is one of the main river basin in Sri Lanka which experienced
large scale flooding and sub sequent damage to property and
livelihoods.



The Floods and Landslides included in the
Top 10 Natural Disasters in Sri Lanka
(CRED/EM-DAT) for the period 2000-2016
sorted by number of dead are shown below
(current event is in RED):
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Natural Disaster profile of Sri Lanka
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= Flood is a frequent disaster event and also



Questions & Assumptions of the study

= What was the main cause for the heavy rainfall and flooding in
western part of Sri Lanka?

— Main cause for the heavy rainfall was the low pressure system.

= Why May 15 & 16 received the maximum rainfall over western part of
Sri Lanka?

— May 15 & 16 was the period low pressure system approaching and passing
along Sri Lanka

= Why only western part of Sri Lanka received relatively maximum
rainfall and why not the eastern part of Sri Lanka?
— Location of the heavy rainfall was following the low pressure system

— Westerlies and the low pressure system winds were interacting with mountain
only over western part of Sri Lanka
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WRF Model Configuration

= Model:
Weather Research and Forecasting
(WRF) Advanced Research (ARW)
Version 3.6.1

= Time period:

May 14t 0000 — 215t May 0000, 2016

" |[nitial and Boundary Conditions:
NCEP (CFSv2) 6-hourly

= Re-initialize WRF every 6 hours
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WRF Model parametrization & configuration

Horizontal Resolution

3 km (170 X 135 grids) / 9km

Time interval (At)

60 mins

Run time

4 days (96 hours)

Vertical Levels 38
Feedback Off
Radiation LW: RRTM; SW: Dudhia

Surface Layer

Revised MM5 Monin-Obukhov scheme

Land Surface Model

unified Noah land-surface model

Boundary Layer

YSU

Cumulus Kain-Fritsch (new Eta) scheme
Microphysics Lin et al. scheme

Nudging Grid nudging, Initial conditions 6hrs
SSTs SST update




Observational Data
Satellite Data —

= Rainfall - NASA - GPM, (TRMM+Other)
" Cloud - Eurosat - Meteosat VISSR

Ground based Rainfall Data
= Metrological Department of Sri Lanka

" Department of Agriculture, Sri Lanka
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Colombo - Daily Rainfall Time Series

Katunayake Daily Rainfall Time Series
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Tricomalee Daily Rainfall Time Series

Aranaganwila - Daily Rainfall Time Series
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Colombo - Rainfall Time Series (hourly data / local time)
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Rainfall comparison —
Satellite data Vs Model results




Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall - Satellite Observation Vs Model simulation
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Rainfall comparison —
Ground Observational data Vs Model results




Observation Data from
Department of Meteorology
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Observation Data from
Department of Meteorology
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Observation Data from
Department of Meteorology
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Why the heavy rainfall and flooding in western part of Sri Lanka?

N

a
N
TG ROANY Legend
Accumulated Rainfall (mm)
= e W 0.00-100
B 101-150
LS 151 -200
[7] 201-250
Northern [ ] 251-300
Mannar [] 301-350
Vavuniya B 351-400
1 16 May 6.00 UTC W 401-450 ‘
45 knvhsustwncs e Weather Station

Administrative Area

SRI LANKA

Laccadive
Sea

Central IE Batticaloa
(3[>3000 ]

| 15 May 18.00 UTC
45 km/h sust. winds

Matale
Ampara

Batalla

Nuwara Eliya Uya p

Moneragala

(el

[] Affected districts
I Most affected districts

TROPICAL CYCLONE
(max. sustained winds) Sabaragamuwa =]
< 63km/h
People Damaged Rathnapura
X e houses
People
missing o Heavy rain Indian
e Peopl
Inej?:r,e?l Floods Ocean

@ People
Do eq [ Landslides

0 15 30 60
I <

Copyright, European Union, 2016. Map created by EC-JRC/ECHO. The b

ies and names shown on this map do not imply official end by the Ei Union.

P




Why the heavy rainfall and flooding in western part of Sri Lanka?
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Low Pressure System Development
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Cloud Image — TIR Satellite Images
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Met_em Data / NCEP_CFSv2
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Why May 15t & 16" received the maximum rainfall over western

part of Sri Lanka?
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Why May 15t & 16" received the maximum rainfall over western
part of Sri Lanka?
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Why only western part of Sri Lanka received relatively maximum
rainfall and why not the eastern part of Sri Lanka?
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Water Vapor Flux (WNF) @925Fa
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Water Vapor Flux (WNF) @925Fa
WWE v Veclors @825Pa
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Water Vapor Flux (WNF) @925Fa
WWE v Veclors @825Pa
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Water Vapor Flux (WNF) @925Fa
WWE v Veclors @825Pa
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Horizontal & Vertical development

L]
I I O r I ZO n ta | Cross Section XX Location (A-B)
6.9,7810 6.9 83 (lat long)
14°N

" Precipitation + 10m wind
= Water vapor flux + WVF vectors@92shp
= Divergent Wind & Vertical wind velocity (w) @ 850 hPa

100 300 500 750 1000 1200 1400 1600 1800 2000 2500

(Profile 2)

* Wind, Surface Temperature & Pressure




Precipitation + 10m wind
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Precipitation + 10m wind
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Precipitation + 10m wind
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Precipitation + 10m wind
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Precipitation + 10m wind
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Precipitation + 10m wind
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The possible mechanism of the weather system

" The low pressure system was moving along the east coast.

= While the observed rainfall was highest particularly in the western part
of the country.

= Westerlies influenced by the south west monsoon converged with the
winds of the low pressure system over the western part of Sri Lanka.

" This convergence zone sustain over western part of Sri Lanka the for
relatively longer period with respect to the low pressure system
movement.

= High vertical motion can enhance the convective activity and also
bring more moisture.



Taiwan’s case : Typhoon Morakot (2009)

B Massive deep landsliding Caused by Morakot

Siao lin Village at this

»




Table 1. Record of the 10 highest typhoon ramnfall accumulations during the last 50 years. Stations” elevation for A-L1 station, An Pu and

Chu Tze Hu are 2413 m, 826 m and 607 m, respectively (TC: Tropical Cyclone, NE: Northeasterly, SW: southwesterly).

Typhoon name

Intensity classification®

Accumulation rainfall Casualties including

* The CWE’s classification of typhoons is based on the maximum wind speed: the light typhoon: 17.2-~32.6m/fs; the intermediate typhoon: 32.7-509m's; the severs

typhoon: =31 m's

(CWB warning period) Characteristics in mm (duration) station  Death and missing
MOERAKOT Intermediate 2855 mm (100 h) 695
5-10 August 2009 TC Traversing CMR+ SW  A-Li Shan

monsoo1l

FLOSSIE Intermediate 2162 mm (120h) 105
1-7 October 1969 TC neartby+NE monsoon  An Pu

HEEB Strong 1987 mm (48 h) 73
29 July-1 August 1996 TC Traversing CMR A-Li Shan

LYNN Strong 1497 mm (96 h) 63
23-27 October 1987 TC nearby + NE monsoon Chu Tze Hu

SINLAKU Strong 1458 mm (96 h) 21
9-17 September 2008 TC Traversing CMR A-Li Shan

ORA Intermediate 1434 mum (96 h) 7
11-14 October 1978 TC nearby + NE monsoon Chu Tze Hu

GLORIA Strong 1433 mum (96 h) 363
8-13 September 1963 TC nearby + NE monsoon  A-Li Shan

NARI Intermediate 1304 mm (72 h) 104
6—20 September 2001 TC Traversing CMR Chu Tze Hu

HATTANG Strong 1216 mm (72 h) 15
16-20 July 2005 TC Traversing CMR A-TLi Shan

MINDULLE Intermediate 1182 mm (72 h) 45
28 June-2 July 2004 TC Traversing CMR A-Li Shan




Track of Typhoon Morakot 96 hrs observation rainfall (mm)
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426 stations of rain gauge Zonal Mean (120~121) of OBS Precipitation (mm/hr)
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WRF-ARW model
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(d) A northwest-southeast vertical perspective views for depth by VIS5D for the
moisture flux at 00:00 UTC 8 August taken from the direction of the arrow in (e) The grey shading is the moisture flux
surface of 550 g/kg m/s.

(e) Three-dimensional perspective views by VIS5D for the moisture flux at 00:00 UTC 8 August. The blue (red) arrow
represents the wind field at 650 hPa (925 hPa). The grey shading is the moisture flux surface of 550 g/kg m/s.

(Lin et al. 2011, ACP)
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Summary Morakot Typhoon study

= Based on our data analyses, the first stage of the heavy rainfall during 7 and early 8 August was
dominated by the N-S convergence south of 23°N in the low troposphere, and the second stage
during the rest of 8 August was controlled by the E-W convergence and mountain blocking
between 22.5 and 24°N.

= From the fine-scale numerical simulation it seems that the heavy rainfall was caused not only by
the convergence itself when it interacted with the topography, but also by the wave-train
convective cells within the typhoon’s main rainband.




Thank you...




Tracks of all tropical cyclones which formed worldwide between 1985 and 2005.

( from Joint Typhoon Warning Center)



https://upload.wikimedia.org/wikipedia/commons/2/23/Global_tropical_cyclone_tracks-edit2.jpg
https://upload.wikimedia.org/wikipedia/commons/2/23/Global_tropical_cyclone_tracks-edit2.jpg
https://en.wikipedia.org/wiki/Joint_Typhoon_Warning_Center

Future Warming and Typhoon
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How good can we simulate (predict) typhoon ?

= |.C., B.C. and resolution :the forecasting of track, intensity

= dynamic of Typhoon circulation and their interaction with the Taiwan terrain

" mesoscale wind and precipitation distribution
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Model:WRF/\WRF-Chem

WRF-ARW Modeling System Flow Chart

WRF

ExEermal Pre-Processing

Data Source WRF-ARW Maodel

Syst
ystem e

Alternative

Obs Data
Ideal Data

2D: Hill, Graw,
Squall Line & Seabreeze
3D: Supercell ; LES
& Baroclinic Waves
Gilobal: heldsuarez

Standard

Obs Data i l

OBSGRID WRF-Var

WHRF
Terrestrial

Data
-—-_'_'

e ——
Real Data

WPS 1 Initialization

ARW MODEL

—'

Gridded Data:
MNAM, GFS,
RUC, NNRP,

AGRBRMET (soil

wrfchembc
{optional)

Gridded Data:
Biocgenic
Emissions

({optional)

Gridded Data: (optional)

Chemistry
Data

Gridded Data:
Anthropogenic
Emissions

Post-
Processing &
Visualization

—= VAPOR
—FI MNCL
ARWpost
(GrADS /
VisSD)
—>I RIP4

WPP
(GrADS /

GEMPAK)

MET

What is WRF?

- WRF: Weather Research and Forecasting
Model
— Used for both research and operational
forecasting
- It is a supported “community model”, i.e. a
free and shared resource with distributed
development and centralized support
« |Its development is led by NCAR, NOAA/
ESRL and NOAA/NCEP/EMC with
partnerships at AFWA, FAA, DOE/PNNL and
collaborations with universities and other
government agencies in the US and overseas

Mesoscale & Microscale Meteorology Division / NCAR



Initial condition impacts on landfall simulation

o o iy
D W oA @ @

=IO T 1 [ 1T T T [ T e
G % W 4 &
d8 ¥ a8

- M om om o=
T W ok @ O

aa
26
a4
2z
a0
28
26
24
2z
20
ra
e
r

rz

ro

08/04-127

Indtial Time:20150804_F2Z Valid Time:20150807_242

08/07-12Z

Indticl Time:2Jd150807% 122 Valid Time:20150807_21Z2
f O Nind{n/=} y

25N

240

23

22N

F 1 T I
D W oA @ D D W oA @

- M om om o=
T W ok @ O

08/05-127

Indtiol Time:20150805_12Z Valid Time:2Q0150807_2¢7

1 8m Nind{n =}
Ratnymm. 3k}
T2yl

25N

24N J

2IN

2EN

38
36
34

o
32

g0 qp
EL]
26
24
2z
20
ra
e

¥

rz

ro

o @
o0
=T T T T T T T T e

08/06-127

Indticl Time:2df150806_ 127 Valid Time:20150807_212

P E R it . : 1_ CBESe ;»;[:wl, m-l‘_!__[:qlc-; %
42U B OELPE 104 % 8 H 8 B 21 wE 15 i
el M
" < AJJ -~
# TIK "
el Z 2N N Gl
( . %&Jg A
\ 7 2 <[F 2 e,
SN Mm @%% -
IPes o ~_
%/ _H""—s.._
7z % Z %% ﬁ//}%# T
i 1>




“RDRAARRENQ St < EEl NEPARTAK 2016 Typhoon
AL FEAa%5EE A &= B S AR A

AR : 2018/07/08 0800

E{Eﬁmﬂ 07/11 08.:00
HERTRMIEE

07/10 08:00

\

o

07/08 08:00 07/06 08:00

SR mE=
=

e AU SIS e e e e B oM &8 KM B DR 06 FEK]
17 % K@ 105 & 7 A 8 8 14 & 30 %r 5% # L2
o

07/05 20LST 07/08 O5LST 07/06 20LST 07/08 05LST
Initial Time:20560706_12Z Valid Time:2016070%_217 Indtial Time:20160706_12Z Valtd Time:20160707 247
i (BRGNSl
A — L e e = = -
28N j J, f / ///«~ t??z 36 25w j/w/ / ////;3;:239:ii
L LS > . A(Gar
I A A o2 IV AVAVEEr S ~
{ iy e | LY %
. s (22 . [N - 75 .
. J# [ P R
. % s = : | ™.
L e B 22 1111\?39 .
Xk TR Heo [ LTI A
FUSRRE SN _ P \ - S . '\
[~ e T e N NVRGY, B N
. L e e [ L W ezs N
h O\ l: NN
% e S @, L .221\"\ \ \\\\—a . [



http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiW8fnd2KXOAhWEo5QKHW9mCMsQjRwIBw&url=http://photo.chinatimes.com/20160705002393-260803&psig=AFQjCNF6QfrOMY3kidy3XslhdiavIJtTgQ&ust=1470329033556976
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiW8fnd2KXOAhWEo5QKHW9mCMsQjRwIBw&url=http://photo.chinatimes.com/20160705002393-260803&psig=AFQjCNF6QfrOMY3kidy3XslhdiavIJtTgQ&ust=1470329033556976
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiW8fnd2KXOAhWEo5QKHW9mCMsQjRwIBw&url=http://www.ettoday.net/news/20160706/730144.htm&psig=AFQjCNF6QfrOMY3kidy3XslhdiavIJtTgQ&ust=1470329033556976
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiW8fnd2KXOAhWEo5QKHW9mCMsQjRwIBw&url=http://www.ettoday.net/news/20160706/730144.htm&psig=AFQjCNF6QfrOMY3kidy3XslhdiavIJtTgQ&ust=1470329033556976
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiWlfHX2aXOAhWGopQKHUHZDj0QjRwIBw&url=http://www.epochtimes.com/b5/16/7/8/n8078280.htm&psig=AFQjCNGil8lrFZf-fqy8NvEXRjqRzSVuvg&ust=1470329253816438
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiWlfHX2aXOAhWGopQKHUHZDj0QjRwIBw&url=http://www.epochtimes.com/b5/16/7/8/n8078280.htm&psig=AFQjCNGil8lrFZf-fqy8NvEXRjqRzSVuvg&ust=1470329253816438

