Global Best Practices in Flood:

Examples from Bihar & Bangladesh for Actionable &
Measurable Flood Warning and Management for Pakistan

Flood Forecasting Management
Organized by the Government of Pakistan and World Bank
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102 Years Ago...

“Hitherto the long range forecaster has been denied a seat In
the banquet hall of science; ...the general scientist has
denounced him; the professional weather man has treated
him with supercilious scorn” (Ricard 1911).

100 years later...
2010 Pakistan Flood: >20M people; >$40B Economic Impact
2011 Thailand Flood: >13M people; >$46B Economic Impact

Floods in Asia: Lessons to be Learned

“...as Thailand begins its rehabilitation effort, it should not
only include reconstruction of infrastructure but also
restoration of the trust and confidence of the people. We
need to continuously learn from mistakes and prepare for a
better future.” Irandoust and Biswas (2012)
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Indus River System
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Flood Forecasting
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Connect . Create Actionable Knowledge in WATER
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Flood Forecasting
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Connect . Create Actionable Knowledge in WATER

Flood and Water Resources Management: a Critical Chain of Events and Actions

GIS Tools
Mathematical Models

/ 1\

Data Communication  Forecast gﬁ‘::g;? Notification  Coordination Actions

Sense Water (zaf Data Fufure Waler hMgmt, Appropnate Tasks from . Pelocation
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Perception of water resources systems
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Connect

. Create Actionable Knowledge in WATER
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Indus River System
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Facts about Conflict Management Strategies Among Riparians Within the Indus River Basin &>

Indus Water Treaty + &,
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Moist tropical (Képpen A-type) + “.,, Semi-arid/steppe (Kdppen B-type) + “,, Humid mid-latitude
(Koppen C-type) + 4, , Continental (KGppen D-type) + ©4, , Moist + &, and Mensoon + 5,
31°32'45°N, 74" 20'22"E+ §

Negotiating an equitable allocation of the flow of the Indus River and its tributaries between the riparian
states: developing a rational plan for integrated watershed development, and financing for development
plans. + €

What mechanisms beyond simple allocation can be incorporated into transboundary water agreements
to add value and facilitate resolution? + 4, To what extent can international actors and movements from
civil society influence water management? How and when is this beneficial/detrimental and how can
these effects be supported/mitigated? + €, and How does asymmetry of power influence water
negotiations and how can the negative effects be mitigated? + €,

agricultural- cropland and pasture + *,, industrial use + ©., , forest land + ©,, urban- high density + ©,
and religiousfcultural sites + ©,

Water Quantity + €, Water Quality + €., Governance + €, Assets + ©, and Values and Norms + &
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India + &, and Pakistan + &,

Sovereign state/nationalfederal government + &, Local Government + €, and Non-legislative
governmental agency + ©

Indus River + &
Permanent Indus Commission + ©,
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e Numerical Weather Prediction Model
Rainfall-Runoff Model
*Flood Innundation Models
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Before 1970s 2000s

Transformative changes in measurement technologies.

Transformative developments for hydrometeorologocical science
and understanding of hydrologic and climatic processes?



Digital Elevation

What They Made Possible.

* Enabled Spatial Hydrologic Modeling
* Linked Continental Hydrology and Oceans
 First Tool in Characterizing a Problem
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Precipitation

 See Rainfall as Structured Fields That Move and Transform

e Catalyst in Understanding Macro-Scale Processes
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Precipitation Gauges Regional to Global Linkages
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Flood Forecasting: What do we need?

Sl &
It %

Rainfall

Data E I ' I ' ' ' ' Data Collection
a a0 PREPARATION OUTPUT DISSEMINATION

O3 ——4—00

9%

pE Preparation
o . Internet
JRC
River stage WARPO
3. l
T | =
1 Output
Z|a BMD
dlg Weather forecast
=13 Synoptic charts .|
= |3 "
2|5 : =
= Telephong . . .
e
= Dissemination Dissemination
Sattelite images Boundary estirmation I |H to various agencies
= g — Fax Modemn =

Rainfal, 24,48,72 hr Fan
Water level forecasts S Emaa
P = - _
TmEResI - F
water level SR 2 Bulleting
manual entry,
via modem flood extent
maps
FREWC Radia Tawer Daté Entry & Processing  Modelling & Mapping
thana
inundation
) maps

*:%
Ch i/"’"
‘./4.;"“-. \ - GIS data layers _ _ ’
iﬂi FFWC Satellite dish lf THE FLETCHER
SCHOOL

- 18




__ WP-9: Case study - UK

Flood Forecasting in Europe: Current State of the Art
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Various tools depending on anticipation
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Operational Flood Forecasting in Bangladesh

Flood Forecasting and Warming Centre, Bangladesh
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g Water Level and Rainfall Stations
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Flood Forecasting in Bangladesh: 40 Years of Experience and Wisdom
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FFWC Qualitative Forecasting:

Special Outlook, FFWC, BWDB
25 April 2012

As per the Numerical Weather Prediction (NWP) of
Bangladesh Meteorological Department (BMD), there is
possibility of rainfall in the north east region of
Bangladesh for next three days (from 26 to 28 April 2012).
This may contribute to further rise of river water level in
the Meghna Basin, in the north East region, specially in
the Sylhet, Sunamgonj and Moulvibazar Districts.

How was this Qualitative Forecast Done?

» Bangladesh Meteorological Dept, 25 April 2012 Chart
 Indian Meteorological Department (IMD) forecast

* NOAA rainfall estimates from the web

* No Hydrological or Innundation model was used

* Dissemination to BWDB Field Offices

For further detail visit http://www.bmd.gov.bd/nwp.php
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ECMWEF: Verification of Precipitation Forecast Skills
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Intercomparison of Global Model Precipitation Forecast Skills

2724

a Extra

065 =
06|

0.55 PTS"L
05 F

a

w045 F
04 F
035 |
03 F

025 L

Mar Apr|

FiG. 3. Tir

on forecast «
only from 1.

compared to those of m
Toaonn Dl o m1i||g|.-1:|r:|.- ]
scores, but are small o
ascribed 1o the varving
|.|_|Lih.-. T wimced. SEF
tropics. It is found that
issue of observation n
sugpest that just under
the fact that gridbox vy

Tufts

School of
Engineering

MONTHLY WEATHER REVIEW
& Wkl b Extra=tropics
05 06
045 B55
04 o
045
£ 035 £
i S o
1 a3 i
— ECWNE (0374) 035 F = ECMWF (0.450)
0z b -0 URMO (0355) --- LEMO  (B4a24)
= A (03a3) el MK (n415)
— W 10238 . —_— N 10413
paf === MCEF {03200 b, gash —-— MCEP  [0.304)
b : I 1 1 Ik 1 1 1 1 b
15 " L v 1 1] M i " "
1 2 3 & 5 I F 3 4 g [
Farecast day Frooecast day
€ Trepecs d Eurape
0.3 065
D,
025 assf
VLY
02
£ £ pash
& =R b
b ~a a4
= Q15 b e ECMWF (D.217) beag L=y
=== LMD (0.205) i aist {0433)
------ A [UALE ":_':-. wennne JREA 0431)
amb — CME 1R b B} — MO 04200
L T == NCEP  [0.408)
B i&114 .
[ 1 | I [ i 1 I I | 1
005 . " i i 0.2 L " . .
1 2 3 4 5 1] 1 2 i i g ]
Farecast day Farecast day
8 U5 4 Canada f Eas Asia
0.6 L1
oss 055
B 05
n48
a i 045
o 04 3 F
I: I"t--..‘ L 04 £
Q35 F —— ECMWF (D4 ™= — E AN ||‘.'|-HI:|.“ iy
=== MO (0423) * gasl = UKMO (0426) e,
03p e IMA a1} el I s nata)
— ML A0 — CMC (041 2)
oz b === MOEF  (D3E1) 03fF === NCEF (0389
1 1 I 3 [ I [ =
0.2 s a L . 025 " " L .
1 2 ] 4 1 ] 1 2 3 4 5 [
Frrocasy oay Farecait day

FiG 4 Valaes of 1 = 3EEPS for ihe CMC, IMA. NCEP, URMCL aml ECMWF mislels in different regrms,
sveraged over the pednd § Jom 30030 Ape 301 1, as 0 fomcrion of lead vime. Mean snhses nee given in parentheses
Error hars show width of 93%, confidence inmervals for mode] differences, derived drom resampling of daily seores
isee tear for deonlls)

2 ATER DIPLOMACY

VOLLME 14}

VoLUME 140

AWF (0.221)
W0 (0.209)
Yo (0.201)
C {0.193)
P {0073)

=

Feb Mar AprMay

md (b) tropics
vere available
=30 Apr 2011

THEFLETCHER
SCHOOL



Forecasting of Water Levels from Satellites: Example from Bangladesh

Li1401 BIANCAMARIA ET. AL.: RIVER WATER HEIGHT FORECAST FROM SPACE L1401

by TE" 7B B0 B2" a4° Ba’ B3’ 80" az* B*

Legend
® Ganges T'P abs, @ Brahmagputra T/P obs TiP ground track @ In-silu station
[ Ganges basin [17] Brahmagutra basin -~ — Mational boundaries

Figure 1. Map of the study domain. Ganges basin (red hatched area) and Brahmaputra basin (magenta hatched area)
boundaries come from HYDRO1k. Locations of measurements from the satellite nadir altimeter Topex/Poseidon on the
Ganges and the Brahmaputra rivers (available on HydroWeb) are represented, respectively, by red and purple dots (yellow
lines correspond to the satellite ground tracks). Green dots correspond to the furthest upstream in-situ gauges in Bangladesh.
The background topography used in this map is the ETOPOI topography dataset. Lakes, rivers and political boundaries
come from the CIA World Data Bank II.
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Flood Innundation Map: 48-hour Forecast

% Inundation Map of Bangladesh
. 48 hr. Forecast Based on
at August 26, 2011 08:00

Flood Forecastlng & Warning Centre
Eangladesh Water Development Eioard\is

&5 - 30| dwlar] K
ala

Figure 5. 2 : Flood Inundation Map of Bangladesh (48hr Forecast Based on 26 Aungust

2011)
Tufts Schoolof - ] ] If THE FLETCHER
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Discharge (m's")

L 18 £F) l iF 1) 1l 1 1 iy ey g & : 58 4
Forecast range (hrs)

Figure § 10-day discharge forecasts from the LISFLOOD-FF maodel for 0000 UTC on 19th January 1995 (hour 0) for the Borgharen ganging station
on the Eiver Meunse, The Metherlands. The observed discharge is shown as a thick bloe line, the simmlation drmven by observed meteorclogic data is
shown as a thin bloe line, the simulaton driven by the ECMWF TL31 1L&0 deterministic forecast is shown in red, the simulation driven by the ECMWE

TL255L40 ensemble control forecast is shown in green and the simulations driven by the 50 ECMWEF TL255L40 ensemble forecast members are
chowmn in black.

and 1!

Atmospheric Model Rainfall Runoff Flood Inundation
Uncertainties Model Uncertainties Model Uncertainties

S e
~ 77" Results | Predicted Risk of | “Predicted Risk of
Uncertainty Propagation Discharge Levels = | _Inundation Maps

l

Fig. 1. Sketch of the uncertainty cascade



World Bank-Tufts Partnership in Bihar, India

Four B.P.:s for Actionable Water Knowledge in Bihar

.3

Best Partners
s-_‘,‘":_ _

/—-”

o 9
Boston to Patna

AN

/ Best Practitioners

Best Practices
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World Bank-Tufts Partnership in Bihar, India

Day 4: Review and HEC HMS for BA Basin

* Comparison of IMD Forecasted and Observed Rainall

eAvailable rainfall, water level and streamflow data
e ZERO order model for Forecasting Hyaghat Flow
* Review HEC-HMS implementaion
eCustomize HEC-HMS for the BA Basin

e Calibration and Validation of HEC-HMS for the BA basin

School of . THE FLETCHER
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World Bank-Tufts Partnership in Bihar, India
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2009 and 2010 flood seasons: Comparison of IMD forecasted rainfall
And raingage observations from Benibad and Kathmundu suggests

* Very Low Correlation

sForecasted rainfall is OVERESTIMATED

*\When observed rainfall is greater than a threshold (mean + ONE standard
deviation), forecasted rainfall is significantly UNDERESTIMATED.

School of - ) THE FLETCHER
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World Bank-Tufts Partnership in Bihar, India

Available rainfall, water level and stream flow data
Hourly Rainfall: Benibad, Kamtul, Hayaghat,
Jhanjharpur: 2000-2005 selected storms

e | School of - _ _ Ifl THE FLETCHER
" | Engineering «.ATER DIPLOMACY o g



World Bank-Tufts Partnership in Bihar, India

Hayaghat Water Level and Discharge Forecasting: ZERO Order Model

eCorrelation between Forecasted and Observed Values are VERY HIGH

Tufts | School of L . THE FLETCHER
e~ | Engineering; « ATER DIPLOMACY SCHOOL




World Bank-Tufts Partnership in Bihar, India
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World Bank-Tufts Partnership in Bihar, India

One Year:

e \WITH FOur B.P.  °How to set up the Model?
*\What Data do we Need?

*What Forecasting Lead Time?

u\( BA Model

Three Years:

*/An Operational Flood
Forecasting Model
eData Needs ldentified?
*72 Hours Lead Time

BA Combine

Five Years:

*An Operational and Validated
rons Flood Forecasting Model

Modeling is a Synthesis of eData integrated in modeling
: «3-6 Days Lead Time
Science and Art
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Flood Forecasting & Water Management:
Actionable Knowledge for Pakistan
“How to prevent Hazard to become Disaster”

 Improve RESILIENCE to water hazards in Pakistan

— Non-Structural (e.g. forecasting & warning systems)/
Structural (e.g. embankment, barrage, dams)

— Local/Provincial/National/International
— Short/Medium/Long-term

 Improve water PRODUCTIVITY in Pakistan
— Improved basin planning and investment prioritization
— Improved irrigated agriculture
— Improved agricultural services

School of - _ | {8 THE FLETCHER
Engineering «ATER DIPLOMACY B/ B SCHOOL



Primary Challenges for Pakistan: I3

Problems and Conditions Solutions and Management
e |Information

— Models (Flood Forecasting; Water Management...Numerical Weather
Prediction Models, Rainfall Runoff Models, Flood Innundation Models)

— Data (Topographic Data; Rating Curves; Weather and Climate Data)
— Lack of real-time LOCAL and BOUNDARY data

e |nstitutions

— Build and Strengthen Institutions to address PROBLEMS and
CONDITIONS

— Integrate SHORT-term and LONG-term goals to CREATE
ACTIONABLE KNOWLEDGE through strategic policy and
MEASURABLE METRICS

» |nfrastructure
— Physical infrastructure

— Build Capacity (Brilliant Practitioners from Pakistan who understand the
“context” and current “know-how”

School of _ _ _ - ry THE FLETCHER
Engineering «ATER DIPLOMACY J | | SCHOOL



to

From

Flood and Water Resources Management: a Critical Chain of Events and Actions

GIS Tools
Mathematical Models

/ 1\

Decision

Data Communication Forecast Notification

Actions

Coordination

sense YWaber (zai Data Future Yater Mgmt, Appropnate Tasks from . Fielocafion
Availability where YWater & Indnnduals Response « Sand bagging
Needad Availabiltty Flood Control & Groups Plans « Other responses
Decisions « COrganisations
. Civil society

1L Introduston

An incressing number of diasters caused by natural
hazards throughowut Europe have been recorded in the past
decades, affecting millions {Fig. 1; CRED, 2011; European
Envinmment Apency, 2010) and causing an mcomesse in
economic losmes (e.g., Bamedo, 3009 The morease in losses
up to now has mostly been assocaied withsocetal changes,
rather than humandndured chmatic changes {Bameda,
A). Yet, it can be expected that exirems weather svents,
causing most of the nawral disasters, will inorease with
changing climate {Easterling ot al, 3000; Morss et a2l , 2011}
Rising luman and economic mpacts of natwral hazards
hawve triggered the Ewopsan Commission to develop legal

frameworks such = the Water Framework Dinectwe 2000/
SO/EC (2000) and the Floods Directhee 2007/60/EC (2007), to
incnease preventon, prepanedness, pro tection and response
to such evens and o promote research and aoeptance of
risk prevention measunes within the socety. An impaortant
part of a holistic approach to risk memagement of natural
hazards & the set up of sarly waming sys®ems. Early
waming @n be defmed as “the provision of timely and
allows individuals exposed to @ hazard © take achon to
avoid ar redwee thedr risk and prepare for effective esponse’
{ISDR, 2004). Recent studies hawe dhstated that early
waming systemrs can hawve significant benefits excesding
their development and maintenance cost feg., Rogers and
Tsirkunaov, 2011; Teisberg and Wedher, 2009).
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From to

What is Global Flood Awareness System (GIoFAS)?

GIoFAS is a Joint collaboration between the EC Joint Research Centre and
the European Centre for Medium-Range Weather Forecast

Global probabilistic weather Decision support information
forecast

Chao Phraya, Ban Bang Kaso 4
VarEPS 2200

2011 00 U
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_J oston to
*Best Technology

Best Practices
e Best Partners

’Best Practitioners for Pakistan
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