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ABSTRACT:

This paper describes an Early Warning system &wd$ based on the use of near real-time satadiitéatl data and describes some
expected improvements that are being developeddghrthe use of rain gauge data regarding Bangladesh.

This completely automated Early Warning System, etped by the Association ITHACA (Information Techwogy for
Humanitarian Assistance, Cooperation and Actionkk&mn river basins scale with global coverage éina satellite rainfall data
from Tropical Rainfall Measuring Mission (TRMM) Mustatellite Precipitation Analysis (TMPA). The 3-huBB42 data from
1998 to 2007 are used to detect all historicaldlewents in the past ten years using a hydrologiethod based on Depth Duration
Frequency curves. The 3-hourly real time 3B42RT détfa some statistical adjustments are used to tetdical rainfall events and
to make alerts in near real-time. The capabilitynohitoring all basins of the world at the samestisiachieved by a grid computing
system, consisting of a combination of computeoueses to process large amounts of data. In ocdienpirove the results obtained
from this system, the use of gauge rainfall dagavary useful. Bangladesh rainfall data are beiregl its order to perform some tests
on the correctness of the flood alerts in thid fiest area, where floods are very frequent andragienost every year.

At present, this early warning system is able tiectewvorldwide heavy rainfalls successfully and dlerts are automatically mapped

through the web application system.

1. INTRODUCTION

Flood warning systems are an important part of #sto
approach to the reduction of both tangible and nigitzle
damage due to flooding, including loss of life, cdaya to
property and goods, and reduction of negative heaitl social
impacts (Penning-Rowsell et al., 2000; Carsell e28i04).
Since flooding is one of the most disastrous hazandmany
regions of the world (Schanze, 2009) and it iséasing in the
last years, the flood risk management has becomyerekvant.
Flood forecasting and warning is most often prodgiderough
government agencies; however, real-time flood fastng
systems are often limited to developed countriesdifficult to
find in developing countries where more than thyaarters of
the world's population are living. In this contexthe
organisation ITHACA has developed an early warréggtem
for floods able to provide a global coverage andigaarly
devoted to monitor floods in less developed coastri
ITHACA (Information Technology for Humanitarian
Assistance, Cooperation and Action, www.ithacawe).is a
non-profit organization founded by Politecnico diriho and
SiTl (the Higher Institute on Territorial Systenws fnnovation,
wwwe.siti.polito.it); it conducts research in theelfi of
Geomatics and particularly it devotes its actigitte monitor,
analyze and forecast natural disasters, in colkthr with the
WFP (World Food Programme,www.wfp.org), the largest
(United Nations) operational Agency.

This Early Warning system gives an alert for floadeund the
world monitoring the heavy rainfalls in near reah¢; it was
developed in order to increase efficacy in approarch
emergency preparedness related to flood events B \6F
other humanitarian assistance organizations. Tlrotigs
system, they can understand the potentially flotayeas
where their assistance is needed.

The methodology of this system is here summarizaty o
briefly, because it has already been described dtaildin
previous papers (Albanese et al., 2008a; Albaneak,2008b;
Albanese et al., 2009).

The aim of the second part of this project, in seurnf
development, is to verify the correctness of toedl alerts and
to introduce some improvements in order to haveagdibetter
results. To this end, the use of gauge rainfath dawery useful
and, thanks to the collaboration of the WFP, gaadgre data of
Bangladesh have been obtained. The second paregiaper
describes the use of those rainfall data, in psmref
elaboration, in order to perform some tests in fini$ test area.
At present, the early warning system is able tedeheavy
rainfall worldwide and the alerts are automaticathapped
through the web application system.

2. METHODOLOGY

This Early Warning System is based on precipitatoalyses
and it uses rainfall data from satellite at worldevextent.

The first step in this project is the individuatiohthe different
extreme meteorological events occurred in the pests; a
series of ten years of data have been elaboratewy s
hydrological analysis, in order to individuate tléferent
extreme meteorological events occurred and theteckla
cumulated rainfall values during these events.

The same analysis is performed using near real-tiata to
monitor current rainfall conditions. This can bensiered the
proper “early warning system for heavy rainfalls”.

2.1 Data

The rainfall dataset used in this project belongTtopical
Rainfall Measuring Mission (TRMM) Multisatellite
Precipitation Analysis (TMPA).
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Figure 1. Stream line and drainage basin layers #tY DRO1k; the watershed layer is constituted bgratbrial subdivision from
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Figure 2. Early Warning System architecture

The TMPA provides a calibration-based sequentinese for
combining precipitations estimates from multipleeiies, as
well as gauge analyses where feasible (Huffman.etl@97;
Huffman et al., 2007); in particular, in this projewo products

routine elaborated by ITHACA in a suitable enviram for
the raster elaboration, the IDL (Interactive Dataguage).
Once the data are loaded, they become ready fodiffezent
analyses. In particular, the first analysis alldtus detection of

have been used: the 3B42 and the 3B42RT. These griddedl historical flood events occurred in the paste(par. 2.2);

estimates are on a 3-hour temporal resolution a8l @egree
by 0.25 degree spatial resolution in a global beiending
from 50 degrees South to 50 degrees North latitude.

The analysis of rainfall data are led on the badisriver

catchment due to the strict correlation between Miasin

characteristics and flood effects. The GIS wateatskager of
HYDRO1k, developed at the U.S. Geological Survey&nite

for Earth Resources Observation and Sciences (ER@S),
been used. It is constituted by a territorial suisitbn at

different levels, increasing details from leveldl level-6 (fig.

1); watersheds at maximum detail (level-6 basime)used for
the system.

subsequently, the whole system functions in neak time in
order to find current critical rainfalls (see pas3).

2.2 Analysisof historical data

The individuation of extreme meteorological evemtsurred in

the past has been executed elaborating the whatseataof

3B42 product, belonging to the Tropical Rainfall Madasg

Mission (TRMM) Multisatellite Precipitation Analysis
(TMPA), that covers the period from 1998 to the aget

present.

The 3B42 product is a post real-time research-quptibduct

Oracle 10§ has been used to load and elaborate the whol@nd it is available about 10-15 days after the @rehch month,

dataset of rainfall that was structured in a datrelvouse
architecture (fig. 2). This allows the managementhes huge
dataset by performing complex data analyses andegue

A pre-elaboration of rainfall data is required: ta@fall values,
originally associated to each TRMM grid cell (0.250X25
degree latitude and longitude) are calculated fwhelevel-6
basin and it is the value used by the hydrologioaldel to
calculate critical rainfalls. A second pre-elabamattransforms
the data into a suitable format for the databasem fthe
primitive raster format of the gridded data to &@®Cll format.
Both pre-elaboration procedures are performed throag

the time necessary to perform some calibrationgs®es.

The elaboration of the whole dataset of 3B42 dapeiformed
using the hydrological method of Depth Duration derency
(DDF) curves (fig. 3), that allows the individuatiof critical
rainfalls occurred in the last ten years (from 1892007).

The DDF curves, calculated using Gumbel's extreraties
distribution, represent the relation between theation of
rainfall d (measured in hours) and its associated depth of
rainfall h (millimeters) and lead to the calculation of the
recurrence interval of the extreme rainfall valuegasured in
years and calledReturn Time (RT). These curves have been
calculated for each level-6 basin at worldwide ektesing a
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complete automatic procedure developed in Octavielqdab
porting open source software).
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Figure 3. Depth Duration Frequency (DDF) curves

The entity of each rainfall event during the la=t yyears was
determined comparing cumulated rainfall to thedmistl ones
(represented by blue dots and interpolated by klekizurve in

fig. 3). This comparison was done using the fregyefactor

(K1), function of the mean of the annual maxima (Cho954t

Chow et al, 1988; ASCE, 1996) (fig. 4):

_ h@
T~ m@

1)

where K+ = frequency factor
h(d) = depth of rainfall for the duratiah
m(d) = mean of the annual maxima for the

durationd

The cumulated rainfall was considered as a critiedhfall
event (represented by a black dot, in fig. 4) wtienvalue of
Ky is higher then a threshold of 0.9.

BASIN 1327710: historical critical rainfall
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Figure 4. DDF curves with different return time aepresented
in green, cumulated rainfalls are represented dh re
and critical rainfall, detected through the caltiola

of the KT factor, are shown by the black dot

The estimation of K was performed for the durations of
rainfalls considered critical for each river basale to gives
peak discharge on the river (Alfieri et al., 200Bhese rainfall
durations are defined through the calculation obpecific
parameter calledlag time (t;), using empirical formulas where

morphometric parameters of the basin are requead (ongest
flow path of the river, area and slope of the basin

Automatic procedures are developed in order tooperfthe
calculation of drainage basin parameters for woidéwriver
basins. After the definition of critical durationthe whole
dataset of rainfall (more than 29.000 data fomalsi basin) was
processed and the critical rainfalls for each lésdiasin are
individuated.

2.3 Real timesystem

ITHACA has developed a Real Time System which armalyz
real time rainfall data to detect critical rainfatind to present
affected areas using maps. The real time rainfath dthe
3B42RT product) are compared with the DDF curves
determined using historical data (see par. 2.2).

The 3B42RT data are posted onto the web about 6 lafiers
observation time, although processing issues mdgyder
anticipate this schedule; these estimates are tmbsidered as
highly experimental, because the calibrator used tfoe
research product (as instance 3B42), the TCl (TRMMhined
instruments), is not available in real time andduse for the
RT system the monthly gauge adjustment is not plessib
Consequently, their use requires an adjustment deroto
minimize the difference between the real-time d@@42RT
product) and the corrected product (3B42, validateti
available after two months). For this purpose distieal
approach was implemented in order to compare tloesevies
of data for the superimposition period, availabtenf January
2003 to December 2007 (Albanese et al., 2009). @ahaysis
creates a correction factor for each level-6 basm, a
completely automatic procedure. Then, it is posstbl correct
the real time satellite rainfall data product dikecas it is
downloaded.

The real system starts downloading 3B42RT from ti& F
NASA  server (ftp://trmmopen.gsfc.nasa.gov/pub/mefge
mergelRMicro) and finishes saving critical eventsedted in
the database (fig. 5). It checks the server fodtia availability
every 14,400 seconds and downloads the data alail@nce
rainfall values are downloaded and transformed iixtoformat,
the files with rainfall data related to a singlevdk6 are
generated. This is a very important step, becaut@nwiew
seconds and without passing through the Oraclébdsaga files
needed by the hydrological model are created. A foint
these adjusted data can be used for the detecfiamitial
events, by using the hydrological model above desdr(see
par. 2.2).

The capability of monitoring all basins of the wbdt the same
time is achieved by a grid computing system, cdingjof the
combination of computer resources to process langeunts of
data (Albanese et al., 2009).

2.4 Use of rain gauge data to validate the methodology to
detect heavy rainfalls

The precipitation data analyses, that allow to rieitee DDF

curves used as comparison for rainfall in real firsieall be

performed on a historical series of precipitatiatadadequately
long.

In studying the climate of a particular territonfl the weather
conditions over long periods of time (in the ordémagnitude
of decades) must be considered. In fact, clima@nisbstract
concept obtained by processing statistically a st

meteorological variables (e.g., daily or hourlyajah order to
get appropriate climate indices (mean values anueme

values, cumulative, frequency, etc.).
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According to the World Meteorological OrganizatiGitvMO)
standards, the current climate of a territory uagdeference to
assess the degree of anomaly of current data &nelt by
statistically processing the data of the last 3@rygMariani,
2006).

Long series of satellite precipitation data areounhately not
easily available for analysis; in the system depetb by
ITHACA historical series of ten years have beendude this
context, the use of 30 years of rain gauge daaiticularly
useful for improving the determination of DDF cusvend to
determine more accurately the threshold able te gierts in
this system.

Furthermore, the data set of ground network is ugezktimate
the difference between the satellite and the gawgeipitation
data in order to make an appropriate adjustmeneahtime
satellite data (see par. 2.5).

The rain gauge data used are from Bangladesh and rom
two different rain gauge networks (fig. 6): 54 &tas are from

FFWC (Flood Forecasting and Warning Centre, Bangladesh

http://www.ffwc.gov.bd/) and 35 are from BMD (Bangésth
Meteorological Department - http://www.bdonline.domd/).
The rainfall series are from 1978 to 2008 for FF\&t&tions
and from 1981 to 2008 for BMD, so for both netwotke
rainfall series cover about 30 years.

A procedure written in Octave has been developedntdyze
all Bangladesh data series in an automatic way, riteroto
create the DDF curves using 30 years of data amutder to
individuate critical rainfalls for each station timat period. The
calculation of DDF curves, using a long seriesathdallows to
perform statistical analysis in order to define tleeurrence
interval of rainfall for a T-years, where T is hahthan the
length of the series. For instance in this casetisg from 30
years of data, the depth of precipitation untiletumn time of
100 years (that means, the rainfall with a 1 perpeabability
in any year, or chance of 1 in 100) has been defiméile
starting from a series of 10 years of satelliteadttis statistical
extrapolation could be incorrect. So the graphsutated using
gauge data are more detailed both spatially angdeamily than
the DDF curves using satellite data. The comparisashown

in figure 7: the DDF curves calculated using thteltte data
(on the left of fig. 7) are related to the wholediygraphical
basin (shown in green) and define the depth offabinontil 10

years of Return Time; in the same area there areraivdall

stations on the ground, related to Bandarban andaltamvn,
and these two graphs (on the right of fig. 7 agd8) define the
depth of rainfall until 100 years of Return Time.

Through this analysis, the rainfall thresholds tdafine the
alerts on the Bangladeshi territory will be definedbre
accurately.

Legend
©  Rain gauge stations (BDM)
©  Rain gauge stations (FFWC)
——— Stream (HYDROTK)
Hydrological basins (level-6)
TRMM grid (0.25 x 0.25° latflon)

[ Bangladesh

Kilometers
0

- — —
01530 60 90 12

Figure 6. Rain gauge networks of Bangladesh
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2.5 Useof rain gauge datato validate ITHACA product

As this early warning system is designed for raiadal flooding
situations, in ordeto analyze the accuracy of TRMM d:
products and to analyze the effect of the ITHACArection
algorithm it is important to select a site whereénrédasec
flooding situations are very common. Bangladesheiy prone
to rain based flooding situations. erefore, to analyze the
accuracy of TRMM data products and to analyze tliecebf
ITHACA correction algorithm, the TRMM data and ITHAC
product from 2003 to 2007 were statistically coneplarvith
daily rain gauge data of Bangladesh for the saniegh¢

As the normality tests showed that the data arérowt normal
distributions, theWilcoxon signed rank te, which is one of
Non-Parametric statistical test&jas used to compare daily
paired data. The daily pairs were prepared forpigod from
2003 to 2007 as Gauge dasB42RT data, Gauge d—3B42
data and Gauge datdHACA product The Wilcoxon signed
rank testshowed that out of 79 gauge stations at 63, 454&t
stations consequently the 3B42RT, 3B42 and ITHA
products are significantly differentom gauge data at 95%
confidence interval. In other words, at 20%, 43% 43% of
places the 3B42RT, 3B42 and ITHACA products respéelgti
are not significantly different from gauge data.e$é result
show that ITHACA product can achieve in near rtime a
close accuracy to the most accurate product of TR@BK2)
which has a latency of about 2 mont

3. RESULTSAND CONCLUSIONS

The alerts producetly this systerrare automatically mapped
using the informativdayers extracted from WFP SDI (Spa
Data Infrastructure) (Ajmar et aRp08).

The overall situation can be visualized on the application,
in order to offer areasy access to the data during the emerg
also to WFP’s local offices. The w interface is developed
with the most advanced jawaipt technologies in the geow
field (Agosto et al., 2010).

The system shows the alerted basins with threeerdifit
possible colours, accordirg the severity of rair (fig. 9); in
particular, yellow colour means j-alert (Kr parameter is near
to 1), orange indicates moderate alertr is between 1 and 2)
and red is for heavy alert tkigher than 2

vy
575 B\ intormation Technology for
7 ] Humanitarian Assistance, Cooperation and Action

o 0 % m | CETTRNY | ungisdeh ot |

o Potosi

2 ITHACA, 2009 - Same rights reserved

Figure 9 November 2009 El Salvador flood: example of fl@v&nt detected by ITHACA Early Warning Sys.
The alerted basins ashown with 3 different possible colours, accordimghe severity of rain



At the time being, ITHACA Early Warning System fitmods is
under testing for evaluation of the correctnesthefalerts. The
system is showing good results in monitoring heeaipfalls
and giving reliable alerts for floods. This firsest was
performed using information found on floods databagailable
on the web (e.g. glidenumber, EMDAT, DFO) and ggued
results.

The flood that hit EI Salvador in November 200@usexample
of ITHACA's system successful recent results. Tpisce of
news was reported by some of the world’'s most irtgodr
media involved in natural disasters monitoring; fostance,
Glide Number web site (www.glidenumber.net) showibid
alert on November 9 (fig. 10). ITHACA Early Warning
System indicated critical rainfalls on those temig#s starting
from November 8 (fig. 9): the alert was therefore given one
day in advance.

ngDEnumhv

EEEE 1 Fiood Usetul Links

Ralatod Rocords:

Dane.

Figure 10. November 2009 El Salvador flood: newsGilidle
Number site

The results obtained from the system, already gend, have
to be further validated and improved through the as rain

gauge data, coming from different parts of the diofihe initial

data used for this purpose were the rainfall dadBamgladesh;
that country is suitable as a first test area, sedloods are
very frequent. As future developments, the useagf gauge
data from different parts of the world will be piead.

The rain gauge data of Bangladesh are been usedwior
purposes: firstly to validate the methodology foetetting

extreme rainfalls, and secondly to analyze the raogu of

satellite data and to verify the effect of ITHACAt®rrection

algorithm.

Regarding the first purpose, the results obtaineihgus
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determination of DDF curves both spatially and teraply, in

comparison to using satellite data; starting frdrase results,
the thresholds of heavy rainfalls will be definedreprecisely
(in course of development).

As regards the second purpose, the results hawensiioat

ITHACA product can achieve in near real-time a éegof

accuracy close to the most accurate product of TR(@BK2),

which has a latency of about 2 months.
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