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Abstract

This study examines the underlying forcing and ehsvof floods
and landslides in Brunei Darussalam using stasist@nd geospatial
analysis for the purpose of uncovering efficieritetive management

*Corresponding Author: strategies and enhance predictive capabilitigs.based on the observation
that although seasonal monsoons are generallygbaitiz, intense episodic

Anthony Banyouko Ndah rainfall across Borneo is largely unpredictable hwibften dramatic
consequences, presenting a real test to disastepaggdness and

Email: tonyban83@gmail.com management in Brunei Darussalam. It is found thartsterm hydro-

meteorological events are generally experiencedrinnei Darussalam
during the N.E Monsoon season and are particutalere in the month of
January, triggering floods, flash-floods and laitéd. These episodic
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a events are generally forced by air-sea coupledrdnt®ns and tele-

Revised: 17/02/2016 connections across the marginal South China Seadjadent seas/ocean
bodies and magnified during different phases ofEN&O cycle. Long and
Accepted: 20/02/2016 short term dynamics of the air-sea coupled systdtanoinduce two

synergistic flood-triggering mechanisms namelyeir#e anomalous rainfall
and sea surface temperature anomalies in additioprévailing socio-
geographical/anthropogenic effects. It is therefmyacluded that effective
management of hydro-meteorological disasters im&rmust be based on
a thorough understanding of the underlying dynaraitd mechanisms that
produce anomalous rainfall and increase the peateritr floods and
landslides.
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1. Introduction precipitation, and tropical cyclones have been
Rain is one of the most important increasing considerably in Southeast Asia, andtshor
meteorological events vital in all spheres of hurilen ~ term changes in extreme weather events have brought
but its frequency and magnitude may also be a verynassive flooding, landslides, and droughts to cffié
potent cause of hydro-meteorological disasterssacro regions and have caused extensive damage to pyppert
the World. Extreme weather events are thereforedssets, and human life (Countries Disaster Risks
receiving increasing attention in recent years (iléad ~ Assessment, 2010; ADB, 2009). Most losses are found
Easterling, 1999) largely because of the potentiafto result from the cumulative effects of high-freqay,
negative effects of these events on Society andOW-impaCt disaSterS, with the pOOfeSt membershef t
ecosystems in many obvious ways (e.g. floods.community particularly worst affected (UNISDR,
droughts, damaging high winds, extreme heat ard) col 2013). Amongst the numerous episodic extreme eyents
(Bhatla and Tripathi, 2014). The Asia-Pacific is the most sensational ones are of a hydro-

especia”y recognized as the most popu|0us and’ﬂGtGOl’Ological nature, inClUding ﬂOOdS, drOUghtﬂj a
disaster-prone region in the W0r|d, exposed tor'aatw landslides. Floods and landslides have been fouie t

of hazards including floods, landslides, droughts,associated with extreme rainfall events. Based ata d
earthquakes, tsunamis, volcanic eruptions (UNISDRpProvided by Dartmouth Flood Observatory, the trigge
2013). According to the Countries Disaster RisksOf floods around the World is "heavy rain” followbg
Assessment of December 2010, the frequencies ofbrief torrential rains” which generate flash fl@odre
extreme weather events like heat waves, heavy@mong the leading causes. These causes may be
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combined with one or more other causes, such aBisaster Risks Assessment, 2010; ADRMI, 2010; ADB
tropical cyclones, monsoonal rains etc (Dartmouth2009). Despite its location in the heart of the aAsi
Flood Observatory, 2004; Global Risk Data Platform, Pacific region characterized as a hotspot for hydro
2014). meteorological and other disasters, Brunei appgrent
remains a relatively low-level disaster countrytire

— Southeast Asian region. However, much caution is
| o | | required when considering such assertions because o
:’::‘ Brief torrential rain the foIIowing reasons:
:I:D Tropical cyclone
1 Monsoonal rain 1. Amongst all the countries in the S.E. Asian sub-
] - region which feature in the Disaster Risks
Assessment of December 2010, as well as other
] DamiLevy, break/release . .
global disaster databases, country level disaster
L feejamBreakeup data for Brunei is the least extensive and in most
] Extra-tropical cyclone cases unavailable. Such limited reporting should
Tdalsurge obviously affect comparison with other
Avalanche related countries.
2. Moreover, the comparison with other countries
I L L i L is relative and not absolute, and thus may
Fig 1: Most significant triggers of floods and Iatides promote a false sense of security. In this case,
worldwide. Source: Dartmouth Flood Observatory, the real state and magnitude of disasters may be
2004.(http://lwww.dartmouth.edu/~floods/archiveaitas overlooked in the case of regional disaster
use.html) strategies, initiatives and policies.
) o 3. In addition, this may create an illusory sense of
In the literature however, seasonal variability of total security despite the presence of a real
rainfall across the globe shows varying degree of potential for escalation.
fuzziness. The intensity and frequency of extreme
rainfall over the past few decades has been omishe Thus, the lack of long-term climate data suitable

in some parts of the world, e.g. in Southern Africafor analysis of weather extremes is the single dstg
(Mason et al., 1999) while in others, it has been gpstacle to quantifying whether extreme events have
declining (e.g. in India) (Dasét al.,2009); significant  changed over time and space (Eastertih@l., 1999).
variability is observed across S.E Asia (Leb al.,  Therefore, most disaster events in Brunei are under
2015). Decadal variability of monsoon rainfall inet  reported or even unreported to global databases,
S.E Asia is however observed to influence theresyiting in few records of the magnitude of major
frequency and intensity of intermittent flooding of gisasters in the country (e.g
some areas during the monsoon season with Serioqﬁtp://www.emdat.be/result-country-profile :
human and material consequences (eoal., 2015).  htp://www.dartmouth.edu/~floods/archiveatlas/index
For these reasons, it is presently impossible tom: Global Risk Data Platform,
accurately predict, with traditional weather forstay  nyip://preview.grid.unep.ch/index.php?preview=daa&
methods, for a significant period of time into fo&ure, vents=floods&lang=eng accessed in December 2014)
the next period of intense anomalous/episodic alinf 55 well as in regional disaster risk inventory méepo
or days that will receive significant amounts ofnra (A|pA, 2012; Countries Disaster Risks Assessment of
over short spells. Such unpredictability associatét December 2010; ASEAN Disaster Risk Management
anomalous rainfall events is related to - as sugdesy  |pjtiative, 2010). In this case therefore, the majo
Trenberthet al (1998) - the limited predictability of goyrce of reliable data on disaster events remains
anomalous circulation and associated Surfacegovernment institutional reports and newspapers
temperature and precipitation caused by the difficu articles. One of the World’s most comprehensive
of finding a modest signal embedded in the higkellev gatabases for global flood events, Dartmouth Flood
of noise from natural variability. _ Observatory has recognized this challenge and dispen
Historically, Brunei has been perceived as Oneextensively on a wide variety of news and
of the least vulnerable countries to natural hazand  governmental sources for its Global Archive of oo
Southeast Asia and vulnerable only to low-level Eyents. It however notes emphatically that the igual
hazards from earthquakes, cyclonic storms, floodsgng quantity of information available about a [warttar
landslides, and seasonal smoke/haze resulting froMlood depends on the intensity of news coveragefro
forest fires in Indonesia (AIPA, 2012; Countries pation to nation - Consequently, despite the appare
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Table 1: Disaster risk statistics of Brunei (197D9)

Disaster type No. of disasters/year Total no. aftlle  Deaths/year Relative/Vulnerability
Floods 0.05 1 0.03 0.06
Landslides 0.05 1 0.03 0.06
wind storms 0.03 - 0.00 0.00
Epidemics 0.03 1 0.03 0.06

Source: Countries Disaster Risks Assessment (260IRrMI (2010).

security from natural hazards, in recent yearsnBru flood waters (NDMC, 2014). In January 2011, Bedait'
has been plagued by increasingly frequent floodBukit Sawat and in Tutong experienced severe flogdi
Disasters often accompanied by potentially deadlyespecially in the low-lying areas of these theriti.
landslides, both of which have become a yearlyThe deepest depth of flood waters at 1.6 meters, wa
spectacle. In Southeast Asia, between 1985 and,2008corded at Jalan Bengkuru in Mukim Rambai,
the onset of large floods in Borneo is the month ofaffecting about 317 houses in Tutong District alone
December, on average, coinciding with the pealhef t (Brunei Times 2011, Jan 20). In January 2014, news
Northeast monsoon season when intense rainfall isnedia and meteorological reports around Brunei
generally experienced in the region (Dartmouth &oo Darussalam were also dominated by intense flooding
Observatory, 2004). In the present study, intenseand landslides, qualifying this period as one with
anomalous rainfall which triggers floods and laitkd ~ record floods/landslides, characterized by immense
in Brunei is therefore defined as high intensity social distress and suffering amongst sectionshef t
monsoon precipitation over a short time frame (fewcommunities. Flooding was nation-wide and especiall
hours) which often results in flash floods, anduyea severe in three Districts out of four, namely: Thgp
rainfall which proceeds for longer hours and somef  Brunei-Muara and Belait Districts. Tutong Distrigas
days, raising water storages gradually. particularly hard-hit during the January 2014 flowd
disaster. According to NDMC, flood waters rose to
almost two metres affecting over 1,283 residentd an
badly damaging 15 homes in the District from Japuar
01-19", 2014. Coupled with intense flooding,
landslides also made headline in the month of Jgnua
2009, 2011 and 2014. Record landslides occurred in
Brunei-Muara District; out of 154 reported cases, 2
were classified dangerous, 121 as moderate and 11 a
not dangerous (Brunei Muara District Office, Jayuar
2014) (Fig 3a-c).

Most of the severe landslides occurred in
Brunei-Muara, the most urbanized district of the
country, as well as in Tutong District where laias$

® Floods

m [ andslides

17% .
Wind storms

E Epidemics

Fig 2: Relative frequency of disasters in Brun&7Q-
2009) Gource Countries Disaster Risks Assessment,
2010; ADRMI, 2010).

In Brunei, in recent years, relatively large floods
have been consistent in the month of January asutr
of intense anomalous daily rainfall which in moases

were reported in eight villages (NDMC, 2014). Secio
economic impacts of floods and landslides are Wsual
far reaching in Brunei Darussalam and constitute
sensational newspaper headlines which report on the
many families rendered homeless due floods and
landslides as well as extensive financial and mnedter
losses (Brunei Times, 2014 Jan 23; The Brunei Times

exceed half or even the totality of the long term 2014 Jan 24; NDMC, 2014.) and across the S.E Asian

average. In January 2009, flooding in Brunei causedsub-region (ADRMI,

significant damages to the infrastructure, econ@sy

2010; ADB, 2009). These
disaster risk statistics attests to the fact thoaids and

well as a case of loss of life. Over 200 housesewer landslides constitute a veritable impediment to the
damaged and about 420 residents in Brunei-Muarsustainable development of the country, especially

district were among the flood victims, as well asvpr
failures and disruption of phone services anditraffi
Seria and Kuala Belait, several schools in the ligng

given their growing frequency and intensity in netce
years. Globally, however much emphasis in recent
years has been on climatic changes and numerous

areas were closed due to continuous inundations bjournal articles and regional reports now link the
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increasing frequency and intensity of extreme werath http://apdrc.soest.hawaii.edu/dods/public_datarfraie
events to anthropogenic climatic changes (Asianated precipitation/GPCC/v6/1.0_degMonthly SST
Development Bank study of 2009). However, extremedata (January 1870 to September, 2014) at
short term weather events have been largely agedcia 1.0°x1.C°resolution is Hadley Centre product (retrieved
with periodic ocean-climatic anomalies linked to from http://apdrc.soest.hawaii.edu/datadoc/haglispy.
ENSO (Wu et al.,, 2003) as well as anomalous

atmospheric circulation patterns and tele-connestio 2.2 Study Area: Brunei Darussalam

in the air-sea coupled system (Kunearl.,2014). The Brunei Darussalam is situated on the
decoupling of extreme short term events from longnorthwestern coast of the island of Borneo between
term climate change is therefore highly recommendedongitudes 114°04’ and 115°23’ east and latitudés o
if the root causes of such short term anomaliescabe  4°00’ and 5°05’ north. The country is surrounded on
effectively uncovered. Specific studies of micralec  three sides by the eastern Malaysian state of $&raw
or episodic events are therefore highly significsinte  and to the north by the South China Sea. It isdeidi
they ensure effective response, mitigation andinto two parts by Sarawak, with a land area of 5,36
adaptation to extreme meteorological events whichkm, and a coastline of about 161 km along the South
manifest over shorter time-scales (Bhatla and Thipa China Sea (ADRMI, 2010).

2014). The present study therefore seeks to asterta

the drivers and mechanisms of intense precipitatiorp 3 Conceptual Framework

across Borneo and Brunei Darussalam and uncover the The forcing and triggering mechanisms of

dynamic patterns/triggers of hydro-meteorological anomalous rainfall and floods/landslides respebtiire
disasters, floods and landslides. The objectivehef  Brunei are presented in a simplified framework. The
study is therefore to analyze the occurrence ofpresent study is therefore conceptualized on ttsisba
anomalous episodic rainfall events focusing in theof the premise that an in-depth study of short term
month of January (2009, 2011 and 2014), concusrent! gcean-atmosphere interactions on at synoptic scales

with a number of potential triggering mechanisms. and the implications of such interactions espegiall
) along centres of frontal locations (Pressure froaiis
2. Materialsand M ethods mass fronts) and areas of intense vorticity arattye

Numerous datasets of multiple daily and desirable.
monthly resolutions have been obtained from APDRC
Live Access Server (LAS). The temporal frame fas th Results

study captures the month of Ja““f’”y 2009, 20:.“!‘ an The major features and forcing of anomalous
2014 (Jan 1-12) and the output of image processing January rainfall in Brunei Darussalam based onethre

degicted inMcoIoulreicd chalrti gnod tihme sgries gra‘blh(?. f periods of interest (January 2009, 2011 and 2014)
software eteono_ V... as been use Orduring which intense floods and landslides were
visualization and image processing. For image

- d btained in Net CDF f experienced in the country are analyzed and predent
prr:).c?]ssmg,. ata \(/jva}s ohtameﬂ n etd | or(rjnatin three sub-sections, which include: (i) statmtic
which was imported into the software and analyzed t o, 4 teristics and variability of anomalous episod

plr.odutpe cgmposnset t(;htgrtsl derl)lctllngf\;znca[gs OC€aNiainfall in Brunei and Borneo, (i) mechanisms/eis
ciimatic patterns. statistical analysis of In€ USIES ot 4n5malous meteorological events and (iii) socio-

data was done with E Views v.7 and the results hav . . .
; eographical and environmental triggers of floodd a
been displayed as graphs and charts. %’;mdgslidpe Idisasters v 99 d

2.1 Data Used 3.1 Satistical Characteristics and Variability

Daily wind speed and stress data for the SCS of Anomalous Episodic Rainfall in Brune
sea (m/s) is NOAA/GFDL product retrieved from and Borneo

Curator Data Portal / GFDL CM2.1 SRESA1FI-1 Run The meteorological characteristics of the month
1 fossil fuel intensive experiment Jan 2001-Dec(®10 of January of 2009, 2011 and 2014 during which seve
(http://datal.gfdl.noaa.gov:8380/lasV7/getU)ddDaily average fioods and landslides occurred in Brunei Darussalam
rainfall (mm/day) from GOES satellite is retrieved paye been described. These specific rainfall record
from ~Asia  Pacific ~ data research  center haye peen compared with the long term average kept
(http://apdrc.soest.hawau.edu/dods/pgbllc_dataylﬂm by Brunei Darussalam Meteorological Department -
_product/GOES/daily). Monthly rainfall (01-JAN- (gpMD) (1966-2008), and the calculated long term
1901-DEC 2010) is a GPCC Full Data Product versionyerage for Borneo and Brunei (1901-2010), to

6 at 1.0resolution (retrieved from  ascertain the intensity of rainfall in recent years
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NO OF LANDSLIDES

— affected houses in Brunei Muara District
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(SUB-DISTRICT) @ {7 G- _
1. Berakas ‘A’ 3 14 1 [ES
2. Berakas 'B" 5 i 1 25
3. Gadong ‘A’ - 6 - s
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11. Lumapas - 5 - 05 )
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Source; Brumned Muara District Office Graphics : BT Kefvin Chua

Fig 3a: Distribution and intensity of landslidesBrunei (SourceCourtesy of Brunei Muara District Office (2014niary)

hiomcicrs

Fig 3b: Map of Brunei Darussalam within a regiosetting.

Anomalous Atmospheric
Induced
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Anomalous Oceanographic
Conditions +  TRIGGERS
Socio-
economics i
Geography/

Environment

Fig 3c:Conceptual framework for hydro-meteorological disesoccurrence in Brunei.

According to BDMD, the long-term average Januarycalculated long term mean rainfall in Brunei from
rainfall in the country from 1966-2008 is 277mm.eTh 1901-2010 is 271.26mm, in agreement with the BDMD
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average, while the mean rainfall of Borneo isreveals a high intensity, peaking by mid month and
339.31mm, with a standard deviation of 120.21 andfluctuating significantly towards the end of the mtto
138.14 for both Brunei and Borneo respectively (€ab but remaining relatively strong (Fig 5a). The vada

2, Fig 4). There is no significant difference imdpterm  of daily January rainfall on the other-hand reveals
mean rainfall and deviation from the mean, betweerperiods of absolutely strong peaks in daily rainfial
Brunei and Borneo (Table 2, Fig 4). Thus, rainfall Brunei and Borneo (Fig 5b). The major peaks,
characteristics and inducing mechanisms are morespecially those with a variance greater than
regional in nature. However, given the greaterl00mm/day represent periods of anomalous daily
maximum rainfall in Brunei compared to Borneo, rainfall, which generally trigger flash-floods and
1312.8 and 897.37, it can be safely asserted tlemet landslides. Overall, the variance of January rdlinfa
is a greater intensity of rainfall in Brunei thanwider  across Borneo is much stronger than that of Brunei
Borneo. In January 2009, intense above normalathinf with the exception of January 2014. In 2014, two
was experienced with a total amount of 543.7mmsignificant peak rainfall days (190 mm and 305
recorded betweer™and 28' January 2009, in Brunei- mm/day) are observed in Brunei, far surpassing the
Muara District alone, which was almost twice thege  total for the whole of Borneo and the country’sdon
term average (Brunei Times, 2009, January 22)term mean rainfall (1901-2010). As a result of such
Precisely, in a two day period, on Januar{} 28d 28 characteristic variability of intense rainfall, qued
respectively, 66.7mm and 167mm of rainfall was with significant spatial variability, the mechanisnd
received, a total roughly equal to the long terrarage  causes of episodic anomalous rainfall are difficalt
for the country. According to Brunei Darussalam pinpoint, making prediction seem impossible, atstea
Meteorological Department-BDMD, by January 26, by local meteorological services using traditional
2009, the total rainfall recorded in Brunei was aweather forecasting methods or climate models.
stunning 708mm, approximately three times greater

than the long term average (BDMD). Similarly, in 3.2 Forcing M echanisms/Drivers of Anomalous
January 2011, within three days, January 17-19 Meteorological Events in Brunel (January
record rainfall of over 180mm was experienced in 2009, 2011 and 2014)

Belait's Bukit Sawat and more than 80mm in Tutong It has been established from the assessment
(Brunei Times, 2011, Jan 20;  above that, despite the predictability of the mamso
http://ireport.cnn.com/docs/DOC-542736 accessed Oyomalous episodic rainfall is currently unpreditga
20th January, 2011). These long term records weee & ging traditional weather prediction methods, duthe
shattered several times throughout January 2014:p40tic nature of the weather system. Therefongtdke
Evidence of anomalous rainfall in January 2014 Wasnderstanding the initial triggers of floods and
provided by weather reports based on data from theygjides is the analysis of variability of anome
BDMD. On the 2 of January 2014 for example, in  ainfall-inducing mechanisms at synoptic scale.sghe
just 24 hours, a total rainfall of 188.4 mm was rainfall-inducing mechanisms observed during the
recorded, equivalent to more than two-thirds of themonins of January, 2009, 2011 and 2014 are prebente

usual amount for all of January. The highest ameoént |0y, including synoptic atmospheric circulationda
rainfall recorded on the 22of January was in Belait tele-connections.

District with 203.5mm while the lowest recorded was

in Bandar Seri Begawan, 136.2mm (BDMD). 3.2.1. Daily Atmospheric Circulation Patterns and

The variability of intense episodic rainfall at Average Daily Rainfall Distribution in South
daily temporal resolution over the Island of Borneo China Sea on the 1%-12"January 2009

January 2009, 2011 and 2014 is shown in Fig 5arb. O Observational analysis of daily wind patterns

average, Brunei Darussalam received more rainfall,royghout the month of January 2009 reveals a abrm
than generally observed in Borneo but average dailyyymospheric circulation pattern. During this tintiee
January rainfall is highly variable. In January @@hd N E Monsoon winds are observed to assume the
2013 rainfall was less intense (less than 10 mnth&t ( agitional northeasterly pattern throughout thentho
beginning of the month, peaking sharply in mid nont g 6 Wwinds from the West Pacific Ocean flowed
(about 35 mm), and rapidly declining at the endh&f 51055 the South China Sea (SCS) through Luzon and
month (less than 10 mm). In 2011, strong flUCtU&io  Taiwan Straits, bringing in relatively colder aiasses

in rainfall were observed early at the beginningf® 15 this region, at low to moderate average spded
month (5 - 20mm), peaking significantly to about 59 p/s). Characterized by little or no atmospheric
45mm by mid January and thereafter declining andsyy,ctures and conditions often associated witgelar

fluctuating strongly at the end of the month. The gcaie anomalous convection and the development of
pattern of precipitation in January 2009 and 2014strong instability, other factors, not atmosphariay
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therefore have contributed to the deluge of January009. Winds during this time are generally obseneed
2009. This may also explain why anomalous rairdtll flow from two directions, namely: the traditional
this time was not very intense in terms of magrétud northeasterly direction and an easterly directioross
but was more widely distributed across the entireintense rainfall zones over the Philippines. Thesé
month. winds transport air-masses of different physical
characteristics (cold/dry and warm/moist respebfjve

3.2.2. Daily Atmospheric Circulation Patterns and which generally create strong instability on thedth,

Average Daily Rainfall Distribution in South depositing  moisture  across  southern  SCS,
China Sea (1% -12"" January 2011) predominantly on- and off shore of Borneo Island as
In January 2014, atmospheric circulation well as across Southern Philippines.

patterns across the SCS were much complex than in-

Table 2: Descriptive Statistics of rainfall data Brunei Darussalam (1901 - 2010).

Descriptive Statistics PRECIPITATION (Borneo) PRECIPITATION (Brunei)

Mean 339.32 271.26
Standard Error 3.80 3.31
Median 334.43 260.27
Mode 402.15 352.35
Standard Deviation 138.14 120.21
Variance 19081.7 14450.79
Kurtosis 0.10 5.73
Skewness 0.35 1.24
Range 888.23 1312.8
Minimum 9.14 0
Maximum 897.37 1312.8
Sum 447895.84 358069.27
Count 1320 1320
coordinates Lon 108.62 E; 118.82 E Lon 114.78; 115.39
Lat3.72 S; 7.18 N Lat 4.03; 5.04
Count
Maximum
Minimum
Range
Standard Deviation
Mode
Median
Mean
0 200 400 600 800 1000 1200 1400
B PRECIPITATION (Brunei)  m PRECIPITATION (Borneo)

Fig 4: Pictorial illustration of descriptive Statts of rainfall data for Brunei Darussalam durit@01 - 2010. The
analysis is based on the data obtained from APDRS (obtained with ANCLIM v.5.02.
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T T T T T T =
11i2009 1112010 12011 12012 112013 014 1M/2008 1112010 1142011 1142012 1142013 112014

e oot oy
Fig 5 (a-b): Average and variance of daily JanlRaynfall in Brunei and Borneo during 2009-2014 (mifis is
based on data obtained from APDRC (Analyzed withEBVS v.7).

Another important characteristic of atmospheric Ocean and SCS respectively. The localized
circulation observed during this time is the strevigd development, intensification and migration of emxtee
curls or circular patterns which are produced as th low within the broader SSCS low pressure zone is ke
monsoon winds reach landmasses and are diverted. ko understanding air-mass advection and convergence
most cases, intense precipitation is concentratetieé  and intensification of the vortices which were g t
centre of such wind curls and related atmospheriorigin of anomalous events. The mechanisms that
vortices (for example, the Borneo Vortex) particyla  expedited anomalous rainfall events in January 2014
from January 10 - 12Average wind speed in January were therefore forced by atmospheric circulation
2011 was also observed to be significantly lowet15 patterns and tele-connections that resulted inngtro
m/s), an important condition for enhanced convectiv wind curls off West Malaysia, modulated by sigrafit
activity and vertical displacement of air-masses.easterlies from the Indian Ocean, and the convesgen
Generally, the variability of atmospheric circutati  of the warm westerly, easterly and colder northebst
pattern in January 2011 was in the following patter air-masses. This generated numerous complex air-sea
January 1-8, moderate wind curls across Borneogirculation patterns and structures including: very
January 9-12, strong wind curls and very intenseintense atmospheric vorticity, strong wind curls,
vorticity off Borneo, predominantly off Brunei and significant oceanographic gyres and eddies, steont
northern coast of Sarawak; January 13-25, relativel anomalous wave and swell behavior, off Borneo
normal northeasterly pattern and weak wind-stresghroughout the month. Zones of intense precipitatio
curls across Borneo; January 26-28, strong wingsstr are thus mostly located in areas characterizedhby t
curls and strong vorticity off Brunei and northeesast  development of significant atmospheric structures.
of Sabah. Apart from convergence and vorticity, frontal
development was an important cause of rainfall in
3.2.3. Daily Atmospheric Circulation Patterns and January 2014 as a result of the meeting of air esask
Average Daily Rainfall Distribution in South different characteristics over Borneo. For example,
China Sea on the 1% -12" January 2014 January 1, a strong warm front developed as atreful
In January 2014, Borneo was the Primary pointthe encroachment of moisture laden westerly airsmas
of convergence of air masses of diverse origins androm the Indian Ocean, the regular cold N.E Monsoon
characteristics due to the low pressure that deeelo air as well as the moisture laden easterly air nfrass
over most of Southern South China Sea (SSCS)the Philippines. The lower level convergence ofrwar
obviously spreading from the typhoon zone in thesWWe tropical moisture-laden westerlies and easterlfethe
Philippines Sea (Typhoon Haiyan). In addition, line coastline of Borneo created instability and the
pressure over this zone characteristic of typhoondevelopment of strong convective cells forcing #ire
regions, is indicative of northward extension o€ th to rise faster. At the mid and upper troposphere,
Inter-tropical Convergence Zone (ITCZ) beyond Lat divergence occurs and rainfall is spread over tiigee
10° N. This spatial variability of the atmospheric area. Wind speed also shows significant variability
pressure field is extrapolated based on the wittigtpa ~ southern South China Sea, increasing in velocigr ov
to be partially split into two main sub-systems elyn time as a result of increasing vorticity and
East Equatorial Indian Ocean and Southeast SC8onvergence. Wind speed off Borneo is observeceto b
zones, which migrates back and forth between norttapproximately 10-28 m/s on January 1 - 6, increpsin
Malacca Strait to northern Karimata Strait in thdian  to about 30-45 m/s through Jan 7 - 12, 2014
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characterized by stronger vorticity and/or convaoge landslides in Brunei that usually result in sigrsint
through the month. Prominent amongst the inducingdisruptions in affected communities, despite thetéd
mechanisms are the formation, strengthening andemporal span of such triggering mechanisms.
weakening of the cyclonic vortex off Borneo and its

migration west, to eastern Indian Ocean and bask ea 3 4 Socio-Geographical and Environmental
generally following a well defined path at Triggersof Floods and L andslide Disasters
approximately Latitude 0to 5° N, beginning in late The increasing frequency and magnitude hydro-
December, 2013 through January, 2014. Fig 6 - 8 thumeteorological disasters in Brunei is also compednd
erlgt that spatial varlgblllty of rainfall over 6S qnd by geography, as there is very little slope in flag
in adjacent sea areas in the West Pacific andnitien  coagtal areas and the impacts of urban development
Ocean between January 2009, 2011 and 2014. Theyhich have resulted in the canalization of mosensv
reveal that intense rainfall is positively correltwith and streams in the country as well as limited/skall
significant atmospheric structures such as windscur giorm drains which does not sufficiently allow ftbo
and vortices. waters to flow off the land especially during peisoof
] anomalously intense rainfall. The whole country is
33 Sea Surface Temperature Anomalies  generally susceptible to flooding and landslides th
Acrossthe South China Sea the intense monsoon rainfall; the low-lying natwfe
Other than atmospheric circulation patterns, anmost of the country, with an average elevationust j
analysis of oceanographic temperature conditiong mai5m above sea level, ranging from Om in Brunei-
have important effects on the lower atmosphericMuara District to 1850m (Bukit Pagon) in Temburong
instability which may not be directly reflected in District; the relatively small surface area of %26’
atmospheric circulation models. The mean monthdy se (2,033 sq mi) with a relatively dense hydrographic
surface temperature conditions in the SCS in Jgnuarnetwork of 500 krfi (190 sq mi); the nature of the soil
2009, 2011 and 2014 reveal that significantwhich has been described as deeply weathered yhighl
temperature departures were experienced in thiseached and generally susceptible to erosion;
marginal sea in January 2009 and 2011 during withcanalization and shrinking of most river channeisil
most of the SCS region experienced abnormally cookngineering challenges; and the rapid rate of
conditions meanwhile normal conditions prevailed inurbanization especially in the urban centres ofnBiu
2014 due to the encroachment of cooler than normaMuara District, where the capital Bandar Seri Beglaw
waters from north to south across the SCS. Coolefs |located. Brunei - Muara is the smallest (57G)kyet
waters denoted by the 29K (22.9°C) isotherm could the most important, politically and economically,
be observed to have moved a considerable distancgomprising more than half of the total populatidrite
southward from its position along Northern SCS toas country. This explains the intense clustering of
north of Latitude 20N to a position between Lat 12 institutions in this district as well as the logsrauch of
and 20N characteristic of La Nina event. In addition, the forest cover here and in neighbouring Tutong
the 300k (26.9°C) isotherm which is the average District. This is one of the most important
tropical sea water temperature was pushed furtheflood/landslide-inducing factors in these two did.
southward to approximately Latitude® 06° N in
January 2009 and 2014, just along the shoreline of) Discussion
Borneo, meanwhile its average position in January Rain is one of the most important

2014 was Latitude *4- 14 N. The piling of warm  eteorological events vital in all spheres of hurien
surface water along the coastline of Borneo whi t |t the nature in which it occurs may also lead to

northern part of the SCS cooled slightly may haveyniolq and unforeseen suffering, from destructive
mmategl anomal_ous atmospheric processes and drovgsods and associated disasters, having significant
the rainfall. It is therefore generally observeditth implications on different landscape types and

periods of anomalous rainfall correspond with negat  communities across the World. Convective activitd a
temperature anomalies or La Nifia type temperature

anomalies for example in 2008/2009, 2010/2011 and i
2014/2015 (Fig 9b, Fig 10). El Nifio type eventstiom
other-hand (2009/2010 as well as the current
2015/2016 El Nino) coincide with periods of less
intense rainfall and even wide-spread regional] ] ] )

droughts. The mechanism described here are prel,semeht_tp://www.brltann|ca.com/EBchecked/toplc/82119/Bru
as major initiators or forcing of meteorological nei accessed on September 01, 2014

2 . T .
! . http://lwww.bruneidirecthys.net/about_brunei/geo
anomalies which are generally precursors to flcaus .htrr?l accessed on Septer);lber 01. 2014 geodap
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Fig 6: Atmospheric circulation patterns and rainfall - Jahr12, 2009 $ource: Author's work (based on data
obtained from APDRC LAS and analyzed with Meteolrifd..0.0)
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Fig 7: Atmospheric circulation patterns and raihfalan 01-12, 2011Spurce: Author’s work (based on data
obtained from APDRC LAS; Analyzed with Meteolnfolv0.0)
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prominent synoptic features have been found to play fuel extreme anomalous weather conditions at synopt
dominant role in the initiation and development of to effectively incorporate mechanisms and forced th
tropical weather systems and anomalous rainfalhisve spatial scale. The underlying reasons for thisuide!

in Southeast Asia and Borneo in particular. Surface

heat fluxes, moisture and momentum and verticall. The apparent unpredictability and great variability
mixing in the planetary boundary layer (PBL) and that characterize anomalous meteorological events
microphysical processes therefore play importatgsro as well as their forcing mechanisms. This has
in the development of deep convective activity that generally fueled the inadequate understanding of
leads to intense rainfall events (Kunwral, 2014; Li the ocean-atmospheric coupling at synoptic scales
et al., 2005). Thus, based on an analysis that goes that force extreme local meteorological
beyond the prevailing local atmospheric patternd an conditions.

processes, the underlying mechanisms and causes lof The general perception in the country that climate
intense anomalous rainfall in Brunei have been change is the main culprit in unusual weather

identified generally unrelated from year to year, events only helps to reinforce such lack of
contrary to the generally held belief that suchnése understanding. While climate change is arguably
are always the result of anomalous monsoons or the most heated environmental issue in recent
climate change. The underlying forcing the evers h times, it is easy to dismiss such anomalous
therefore been observed as the direct result odrece meteorological events presented here as evidence
atmospheric coupling and tele-connections at syaopt of climate change. Such a conclusion is erroneous

spatial scales, namely: anomalous monsoon for a couple of reasons:
atmospheric circulation patterns in the recent danu
2014 episode, a global oceanographic/sea surface a. It diminishes incentives to undertake research

temperature anomaly related to La Nina, in January and provide scientific explanations to specific

2009, and a combination of both anomalous circatati meteorological issues at different spatial and
and sea surface temperature anomalies in 20116¢Fig temporal scales

10). In agreement with the present study, rainfall b. Since the most conspicuous characteristic of
anomalies in East Asia have been found to be irdluce weather and climate is its variability, dismissing

by different anomalous circulation systems closely every  anomalous climatic/meteorological

related to an anomalous low-level anticyclone dher phenomenon as ‘climate change’ may

western North Pacific, the evolution of which is undermine understanding of specific processes
determined by large-scale equatorial heating anemsal and interactions at the ocean-atmosphere
and local air—sea interactions over south Asia thied interface which may be at the origin of such

western North Pacific associated with ENSO cycles phenomena.

(Wu et al., 2003). Other studies have observed that c¢. Moreover, meteorologically-induced disaster

organized convective activity and mid-tropospheric management based on the perception that
cyclone (MTC) over the Arabian Sea off the weststoa seasonal monsoonal climatic conditions are
India characterized by circular structured systeams, generally stable limits the ability to detect short

the causative features for intense episodic rdinfal term changes and anomalies which are generally
events over S.E Asia (Kumaet al., 2014). The subtle until their impacts become suddenly
atmosphere and oceans are therefore intimately apparent in forms such as flash floods and
connected such that when ocean temperatures change landslides.

rainfall patterns also change, potentially caugiogds, These observations are in good agreement with
droughts and other related extreme meteorologicaBhatla and Tripathi (2014) who recommend that
events (NASA n.d.). instead of focusing on warming at global and region

The major challenge to the management ofscale which may be contrasting with results at enicr
hydro-meteorological disasters in Brunei can thes b scale, analysis at localized spatial scales or evea-
clearly observed in the current perception andtéichi  station by station basis should be prioritized.
understanding of short term anomalies events and This emphasis on scale could prove to be more
institutional responses to induced floods and Iktels informative and supportive to a broad range ofeéssu
disasters which continue to wreak havoc in the tgun  (Wilbanks and Kates, 1999) including: floods and
In the midst of these challenges, public authaited landslides preparedness, mitigation and prediction.
affected communities always seem baffled andAlthough some authors suggest that tests for dimat
unprepared, despite general progress to improvehanges should focus on changes in extreme events —
disaster management in the country. Disaster
management in Brunei is therefore not robust enough
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rather than on changes in climatic means (Masa., that induce rainfall helps to determine if it isripaf
1999), this perception is erroneous because ihdéurt severe weather systems. The results of this stady c
intensifies the blurring of the differences betwdba  thus be a useful tool to assist meteorological rsoie
terms ‘weather’ and ‘climate’ which is already very heavy rainfall forecasting, and open up possibiitior
pervasive in the literature. Moreover, it leadshte risk  detailed meteorological analysis related to chamgin
of over-looking important well known natural cydic  weather systems. It therefore provides opportunite
phenomena such as ENSO (El Nifio and La Nifa)indirectly predicting and understanding the
which induce anomalous weather events at synoptic tmechanisms of short-term anomalous events for the
global scales. It therefore encourages the coaffadf  purpose of initiating rapid response measures and
the effects ENSO with ‘climate change’ which minimizing potential socio-economic risks. With the
according to mainstream perception is just anotheknowledge that no single institution has expeiitisthe
name for ‘anthropogenic global warming'. Based onnumerous issues related to hydro-meteorological
results of the present study, a window of oppotiuisi  disasters, integrated and effectively coordinatgddr
opened to attempt to predict anomalous episodianeteorological disaster management is therefore
rainfall events and consequently enhance earlystrongly recommended, characterized by regular and
detection capabilities for floods and landslides©ie T frequent stakeholder consultations.

forcing and mechanisms of anomalous rainfall in These findings are in line with the Zero Draft of
Brunei have therefore been well established to be #&he post-2015 Framework for Disaster Reduction
combination both natural and anthropogenic factors(FDR), which recommends that to reduce disaster,
related to human developmental actions. Thethere is a need to: focus action on understandsig r
synergistic effects of these factors have increaseénd how it is created; strengthen governance
intensity, magnitude and frequency of flood andmechanisms at all levels and enhance preparedness,
landslide events have increased significantly icené  response and recovery at all levels. While tremaado
years. The role of anthropogenic forces in the sigve improvements are currently being made in the afea o
of floods in Brunei as well as in other Asian states  disaster response and recovery under the leades$hip

been reiterated in news reports in the retfion Brunei’'s National Disaster Management Centre
(NDMC), this study presents potential to greatlysber
5. Conclusion disaster management efforts through enhanced

The present study has uncovered thatcapabilities in disaster mitigation, prevention and
mechanisms responsible for anomalous rainfall eventpreparedness. By incorporating the results and
in January 2011 and 2014 were strongly influenced b recommendations of this study into its operational
air-sea coupled circulation patterns which ledaxgé  mechanism, policies and strategies, the NDMC can
trans-regional scale tele-connections in the fofrthe =~ become a centre of excellence for hydro-
advection of strong warm easterly and westerly airmeteorological disasters in ASEAN, as well as aehie
masses across the Philippines Sea and Indian Oceali§ goal of building disasteesilient communities. This
respectively, as well as the cold N.E Monsoon windsstudy is therefore intended to supplement effofts o
from the broader north-western Pacific, into theSSC disaster management in Brunei Darussalam by
In 2009 however, the state of atmospheric circofati identifying the vital ingredients relevant for
does not provide sufficient clues as to the caudes Mmeteorological prediction of localized anomalous
anomalous rainfall. Studies which capture such fineévents through an effectively integrated disaster
temporal frames embedded in synoptic scalemanagement system.
phenomena in ocean-atmosphere coupled systems as
shown here are therefore strongly recommended in
order to enhance understanding of intra-seasonal
variability, and especially anomalous patterns inith
them. Thus, by studying the processes and mechanism

3http://www.bt.com.bn/news-national/2012/02/15/high-
hopes-flood-action-plan
*http://www.insightsonindia.com/2015/12/04/2-reckles
urbanization-blamed-frequent-floods-affect-manyiamd
cities-measures-taken-avoid-floods-one-witnesseuichi-
examine/
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