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1. Form of Contract-Lume-Sumw MM’
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This CON T (hereinafter called the “Contract’) is miade the 13" day of the
ot of 2018, between, on the one hand, The Project Director, Mational
Cyclone Risk Mitigation Project (NCRMP) National Disaster Manageseant Authority
(NDMA), New Delhi{hersinafter caliad the “Client" and, on the other hand s
RS Privaie Limited, Noida (hereinafter called the Consulant”),

WHEREAS

{a)

(b}

i)

the Chent has requested fhe Consultant to provide certain consuling
SEnices as defined in this Confract {hereinaftar called the "Bervices"),;

the Consultant, having represented to the Client that it has the requirad
professional skills, axpense and lechnical resources, has agreed to pravide
the Services an the terms and conditions et forth in this Contract:

the Client has received credit from  the International Development
Association (IDA) toward the cost of the Services and intends o apply a
portion of the proceeds of this credi o eligible payments under this
Contract, i being understood fhat {i) payments by the Bank will B made
only at the request of the Client and Upan approval by the Bank: (i) such
payments will be subject, in all respects. to the terms and conditlons of the
financing agreemant, including prohibitions of withdrawal frem the credit
account for the purpose of any payment to persons or entities, or for any
impert of gonds, if sush paymant or import, o the knowledge of the Bank, is
profibited by the decision of the United Nations Securily council taken under
Chapter VIl of the Charter of the Uinited Mations; and (i) no party ather than
the Client shall derive any rights from the financing agreement or have any
claim to the credit proceads:

NOW THEREFORE tha partss herelo hereby agree as faflows:
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The fallowing documents attached herelo shall be deemed to form an integral

part of this Contract:

{8} The General Conditions of Contract {including Attachment 1 "Bank Palicy

= Corrupt and Fraudulant Practicas):

(b} The Special Conditions of Contract:

1%/'@,3’;



1. Definitions

Section |, General Conditions of Contract

A, GEMERAL PROVISIONS

1.1. Unless the context atherwise requires, the following

terms whenever used in this Coniract hava the following

Iranings:

{a) ‘Applicable Guidelines” means Guidelines for Selection
and Employment of Consultants under IBRD Loans and
D4 Credils & Granis by Warld Bank Borrowers, dated
Janumny 2011,

(b} “Applicable Law" means the fwws and any other
instruments having the foree of law in the Client's counlry,
or in such other country as may be specified in the
Special Conditions of Contract {SCC), as they may be
imsued and in force from time to time,

(r) "Bank" means the Internalial Bank for Reconstruction
and Develapment {IBRD) o the Internatianal
Development Association {0,

{d) “Borrower® means the Government, Govesnment agency
or ather entity that signs the financing agreement with the
Bank.

2 "Client” means the implementing agency that signz lha
Contract far the Services with the Selected Consuftant,

{t  “Consultant” means g legally-established professional
consulting firm or entity sefected by the Chent to provide
the Sarvices under the signed Contract,

(9) “Confract’ means the legally binding written agreement
signed between the Chent and the Consultant and which
Includes all the altached documents listed in its paragraph
1 of the Form of Contract (the General Londitions (GCC),
the Special Conditions (SCC), and the Appendices)

th) "Day"means a wiorking day unless indicatad othansise,

(i} "Effective Date” means the date on which this Contract
cames into force and effect pursuant to Clausa GCC 11,

i} ‘Experts" means, collectively, Key Experts, MNorn-Key
Experts, or any ciher personnel of the Consultant, Sub.-
consuftant or JV membar(s) assigned by the Consultant
to perform the Services or any parl thereof under the
Condract,

ikl “Foreign Currency” means any currency other than the
currency of the Client's coumntry.

i "GCC" means these Ganeral Conditions of Contract,

(m) *Govemment® means the government of the Chant's
country.

(m} “Joint Venture (JV)* means an association with or withou

a legal persanality distinet from that of jis membears, af
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i} Appendices:

Appendix A Terms of Reference & Description of Senvices  with

Annexure regarding Pre bid Clarifications

Appendix B; Key Experts

Appendix C: Breakdown of Contract Price

Appendix D: Negotiation Mesting Minutes
In the event of any inconsistency batween the documents, the following order
of precedence shall prevall: the Special Conditions of Confract. the General
Conditions of Contract, inchuding Attachment 1- Appendix A {with Annexura 1);

So0COoOCOCCODOO
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Appendix B; Appendix C; Any reference to this Contract shall include, where
the context permits, a referance to is Appandices,

The mutual rights and obligations of the Client and the Consultant shall be as

szt forth in the Contract, in particuar,

{8} the Consullant shall carry oul the Senvices in accordance with the
provisions of the Contract: and

{b)  the Client shall make payments to the Consulfant in accordance with
the provisions of the Contract,

IN WITNESS WHEREOF, the Parties herelo have caused this Condract to be signed
i thedr reapective names a5 of the day and year first above written.

For and an bahalf of The Project Director, Mational Cyclone Risk Mitigation Project
(MCRMFP) National Disaster Management Authority (NDMA), New Delh

For PMU, NCRMP, MDA

{Marayanan P.E.}
Project Manager




Relationship
between the
Parties

Law Governing
Contract

. Language

. Headings

. Communications

performance of the Contract,

{0) “Key Experiis)" means an individual prefessional whose
skills, qualifications, knowledge and EXpEMENCE  are
critical to the performance of the Services under the
Contrac! and whose Curricula Vitae (CV) was faken into
account i the technical evaluation of the Consultant's
proposal.

(P} “Local Curency” means the currency of the Client's
coumfry,

(q) “Non-Key Expertis)® means an Individual professianal
provided by the ConsuMant ar ils Sub-consultamd to
perform the Services or any par thereol under the
Confract,

{1 “Party” means the Chent or the Consultant, as the casa
may be, and “Parties” means both of them,

i8] "SCC” means the Speclal Conditions of Confract by which
the GCC may be amended or supplemented but not aver-
wrelian.

it} “Servicee® means the work to be performed by the
Consutant pursuant to this Canfract, as deacribed in
Appendi A herefo.

(u) “Sub-consullants” means an enlity to whomiwhich the
Consultant subconiracts any part of the Services while
remaining scdely liabde for the execution of the Contract,

{v} “Third Party” means any person or antity other than the
Government, the Chent, the Consultant or 8 Sub-
consultant,

2.1. Nothing contained hersin  shall be construed as

establishing a relationship of master and servant ar of principal

and agent as between the Client and the Consultant The

Consultant, subject to this Contract, has complele chame of

the Experta and Sub-consuMants, o any, performing  the

Services and shall be fully respensible for the Services

performed by them or on their behalf hersunder,

3.1, This Contract. itz meaning and interpretation. and the

relation between the Paries shall be governad by the

Applicakbde Law,

41, This Contract has been executed jn the language

specified in the SCC, which shall be the binding and controliing

lenguage for all matiers relating to the meaning or
interpratation of this Contract.

5.1, The headings shall not limit, alter or affect the riganing

of this Contract.

6.1, Any communication raquired or permitied to be Qiven of

made pursant to this Contract shall be in writing in the

language specified in Clausa GOC 4. Any such notice, request
ar consant shall be deemed to have baen given or made when
delivered in person to an authorized representative of the Party

to whom the communication is addressed ar when sent o

such Party at the address specified in the SCC.
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7. Location

8. Authority of
Member in
Charge

9. Authorized
Representatives

10.Corrupt and
Fraudulent
Practices

a. Commissions
and Fees

6.2, A Parly may change its address for notice hereunder by
giving the other Party any communication of such change io
the address specified in the SCC,

7.1, The Sarvices shall be performed al such locations as are
speciled in Appendix A hereo and, where the location of a
particular task i not s specified. at such lecations, whether in
the Govemment's country or elsewhere, as the Clieni may
approve,

8.1. In case the Consultant ks & Joint Vanture, the membears

hereby authorize the member specified in the SCC to acl on

their behall in exercising all the Consultant's rights and

obbgations lowards the Client under his Contract, including

witheut limitation theo racening of inslrecdions and payments

from the Client.

8.1, Any action required or permitted to be taken, and any
document required or permified to be execuled under this
Contract by the Clienl or the Consultant may be taken or
executed by the offictals specified in the SCC.

10.1. The Bank requires compliance with s policy in regard

to corrupt and fraudulent practices as set forth i Attachment
1 1o the GOC.

10.2. The Client requires the Consultant o disclose any

commissions, gratuities or fees that may have been paid or

are to be paid to agents of any other party with respect to the

selection process or execution of the Contract,  The

information disclosed must include at least the namea  and

addreas of the agent or other party, the amount and curre ncy,

and the purpose of tha commission, gratuity or fee. Fadure to

disciose such commissions, gratuities or fees may result in

lermination of the Confract andiar sanctians by the Bank,

B. COMMENCEMENT, ComPLETION, MODIFICATION AND TERMINATION OF CONTRACT

11. Effectiveness of
Confract

12. Termination of
Contract for
Failure to
Become
Effective

1i.Commencement
of Services

14.Expiration of
Contract

K.

11.7. This Contract shall come into force and effsct on the
date (the “Effective Date”) of the Client's notice ta the
Consuliant instructing the Consultant to begin carrying out the
Services. This notice shall confirm that the effectivenass
conditions, & any, lsted in the SCC have been met

12.1. If this Contract has not become effactive within such
time period after the date of Contract signaiure as specilied in
the SCC, either Party may, by not less than wenty two (22)
days writtan notice to the other Party, declare this Cantract to
be null and vold, and in the event of such a declaration by
either Parly, neither Parly shall have any claim against the
other Party with respect hereto,

13.1, The Consultant shall confinm availability of Key Experts -
and begin camying out the Sendces not later than the number
of days afier the Effective Date specified in the SCC,

14.1. Unless terminated earlier pursuant o Clause GCC 1§
hereof, this Contract shall expire &t the end of such time

5 e



16. Entire
Agresment

16. Modifications o
Variations

17.Force Majeurs

a. Definition

b. Mo Breach
of Contract

c. Measures fo

&

period after the Effective Date as specified in the SCC.

15,1, Thés Confract contains all covenants, stipulations and
provisions agreed by the Parties. No agent or represaniative
of either Party has authority to make, and the Parties shall no
be bound by or be liable for, any statement, representation,
promise or agreement not set farth harsin

16.1, Any modification o variation of the terms and
conditions of this Contract, including any modification ar
variation of the acope of the Services, may anly be made by
written agreement between the Partiss. However, each Farty
shall give due consideration o any proposals for modificalion
or variation made by the ather Party.

16.2. In cases of substantia! modifications or variabions, the
prior written consent of the Bank is required.

17.1. For the purposes of this Contracl "Force Majaura"
means an event which is beyond the reasonable contral of a
Party, Is not foresesable, is unavoidable, and makes 3 Fariy's
perfarmance of its obligations herewnder impossible or so
impractical a8 reasonably to be considered impeossithe under
the circumsiances, and subject to those requirements,
mcludes, but & net limited fo, war, riots. civil disarder,
earthquake, fire, explosion, storm, flood or athes adverae
wealher conditions, sirikes, lockouts or other industrial action
confiscation or any ather actian by Government agencies,

T7.2. Force Majeure shall not include (i) any avent which i
caused by the negligence or intentional action of a Party ar
such Parly's Experls, Sub-consulants or dgents  or
employees, nor (i) any event which a déigent Parly could
reasonably have been expected to both take into sccount at
the time of the conclusion of this Confract, and aveid or
avercome in the carrying out of its obligations hereunder.

17.3. Force Majeure shall not includs insufficlency of funds or
faillure to make any payment required hereunder.

17.4. The failure of a Parly to fulfil ary of #s obligations
hereunder shall not be considered to be a breach of, ar
default under, this Contract insofar as such inabildy arizes
from an even! of Force Majeure, provided that the Party
affected by such an event has taken all reasonabie
precautions, due care and reasonable allemative measungs,
all with the objective of carrying out the terms and conditions
of this Contract.

17.5. A Parly affected by an event of Force Majeura shall

6 @p""@



be Taken

18, Suspension

19. Termination

By the
Client

continue 1o perform s obligations under the Contract as far
@5 Is reasonably practical and shall lake all reasonahle
Mmeasures to minimize the consequences of any evant of
Faorce Majeurs,

176, A Party affected by an event af Force Majaure shall
notify the other Parly of such event a& soon a5 possible, and
in any case nol later than fourleen (14) calendar days
follewing the occurrence of such event, providing evidence of
the nature and cause of such event, and shall similarly give
written notice of the restoration of nommal conditions as S00n
83 possibla,

17.7. Any period within which a Party shall, pursuant to fhis
Contract, complate any action or task, shall be exlended for a
period equal to the time during which such Farty was unable
to perform such action as a result of Fores Majeurn

17.8. During the period of their inability to perdom the
rvices as a result of an event of Force Majeure, the
Consultant, upon mstructions by the Client, shall eithar:

(a) demobilize, in which case the Consubant shall be
reimbursad for additional costs they reasonably and
necessarily incurred, and, if required by the Client, in
reactivating the Senicas; ar

{b) continue with the Services to the extant reasonakdly
possible, in which case the Consultant shall continue
to be paid under the terms of this Contract and he
reimbursed for addilional costs reasonably  an
necessarily incurred,

17.8. In the case of disagreement between the Parties as o
the existence or exent of Force Majeure, the matter shall be
setlled according to Clauses GCC 44 & 45,

18.1. The Client may, by wrilten notice of BUSPEnsion to the
Consultant, surpend all paymente o the Conaubtant oy ik
If the Consultant fails to perform any of its obligations under
this Conltisel, including the carying out of the Sarviges,
provided that such nofice of suspension {i) shall specify the
nature of the failure, and (i) shall request the Consultant to
remedy such fallure within a period not exceeding thiry (30)
calendar days after receipt by the Consultant of such notice of
BUSpEnsion,
181, This Confract may be terminated by either Party as per
provisions set up balow:

18.1.1. The Chent may terminate this Contract in case of

the pecurrence of any of the events specified in

7 @9"‘)



b. By the
Consultant

&

paragraphs (a) through {fy of this Clause. In such an

nerurrence the Cliant sholl give at least thiry {20)

calendnr deya’ written nofice of lemmination o the

Consultant in case of the events referred to in (a) thraugh

{d); at least sixty (B0) calendar days’ wrillen notice in

rAse nf the event referred to in (o); and nt Ioaat flve (5)

calendar days' written nofice in case of the event referred

Her im {F):

fa} I the Consultant fails to remedy a feilure in the
performance of s obligations hareunder, as
specified in a nofice of suspension pursuant to
Clausa GCC 18-

(b} I the Consultant becomes (or, i the Consuitant
consists of more than one entity, If amy of its
members becomes) insolvent or bankrupt or entar
into any agreements with their creditors for redief of
debt or take advantage of any law for the Benefit of
debtors or go infe liquidation or receivership whether
cormpuiscry of voluntary;

el I the Consultant fails o comply with any  final
decision reached as & resull of arbitration
proceedings pursuant to Clause GCG 45.1:

{d} I, a= the resull of Force Majeure, the Consultant is
unable 1o perform & material portion of the Services
for a period of not less than sisty (60) calendar days;

{e}  If the Client, in its sole discretion and for any reason
whatsoever, decides to terminate this Gantract:

iff It the Congultant fails to confirm avallability of Key
Experis as required in Clause GOC 13,

18.1.2. Furthermore, i the Client determines that the

Consultant has engaged in corrupl, fraudulent, colluzive,

coercive or obstructive practices, in competing for or in

executing the Contract, then the Cliant may, after giving
fourteen (14) calendar days written notice fo the

Consultant, terminate the Consultant's employment under

tiw Condraci,

18.1.3. The Consullant may terminate this Contract, by

not less than thirty (30) calendar days' written natice 1o

the Chent, in case of the ccocurrence of any of the avents

specified in paragraphs (a) throwgh (d) of this Clause.

(@) If the Client fails to pay any money due to the

Consultant pursuant to this Contract and not subject
lo dispute pursuant to Clause GCC 45.1 within forty-
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frve (45) calendar days after receiving written notice
from the Consultant that such payment is averd ue

{B) M, as the result of Force Majeure, the Consultant s
unable to perform a matesial portion of the Seriees
for a period of not less than sixty (60) calendar days,

{c} W the Client fails to comply with any final decision
reached as a result of arbitration pursuant 1o Clause
GCC 451,

i) I the Cliant & in matorind brapch of e whiligaationg
pursuant fo this Canliact and has not remedied the
same within forty-five (45) days (or such lengar
period a3 the Consullanl may have subseqguenily
approved in wrilingy following Lhe recedpl by the
Clhient of the Consultant's notice specifying such
breach.

&, Cessation 18.1.4, Upon termination of this Contract pursuant o
of Rights Clauses GCC 12 or GCC 19 hereef, or upon expiration of
and this Contract pursuant to Clause GCC 14, all rights and
Obligations obligations of the Parties hereundar shall ceass, excepl

(1} such rights and chligations as may have accrued on

the date of fermination or eupiration, (i) the obligation of

confidentiality set forth in Clause GCC 22, (i) tha

Consultant's abligation o parmit Inspection, copying and

auditing of their accounts and records set forth in Clause

GCC 25, and (iv) any right which a Farly may have undar

the Applicable Law

d. Cessation 18.1.5. Upon termination of this Contract by nodica of
of Bervices either Party to the other pursuant to Clauses GCC 19a ar

GCC 18b, the Consultanl shall immediately upoen

dispatch or receipt of swch notice, take all NeCessany

#leps to bring the Services to a close in a prompt and

orderly manner and shall make avery reasonable effort to

keep expanditures for this purpose to a minimum. With
respect to documents prepared by the Consultant and
equipment and materials furmished by the Client, the

Consultant shall proceed as provided. respectively, by

Clauses GCC 27 or GCC 28,

e.  Payment 18.1.8. Upon termination of this Contract, the Clant shall
Upon make the following payments to the Consultant:
Termination (@} payment for Services satisfactorily pecformed pricr to

the effective date of termination; and

() in the case of termination pursuant to paragraphs (d)
and (g} of Clausa GCC 18.1.1, reimbursement of any

] o




20.General
a, Standard of
Performance
b.  Law
Applicable
to Services
21.Conflict of

&

reasonable cost Incidental to the prompt and ordurhy
lermination of this Contract, inchuding the cost of the
return travel of e Experis,

C. OBLIGATIONS OF THE COMEULTANT

20.1 The Consultant shalt perform the Senvices and carry out
the Services with all dye diligence, efficiency and BCONOmY, In
accordance with generally accepted professional standards
and practices, and shall observe sound manageman! practices,
and employ appropriate technology and safe and affective
equipment. machinery, malerials and methods, The Consltant
shall abways act, in respecl of any matter relating to thas
Contract or to the Services, as a faithful adviser fo the Client,
and shall at all times support and eafeguard the Clisnt's
legitimate interests in any dealings with the third parties.
202 The Consultant shall employ and provide such qualified
and experienced Experts and Sub-consultants as are required
to carry out the Services.
20.3. The Consultant may subcomract part of the Services to
an extent and with such Key Experts and Sub-consuftants as
may be approved in advance by the Cliant Maotwithstanding
such approval, the Consultant shall retain full rasponsibidity for
the Sendces,
204, The Consultant shall perfiorm  the Services n
accorndance with the Conltract and the Applicable Law and shall
take all practicable steps to ensure that any of ds Experts and
Sub-consultants, comply with the Appiicable Law.
20.5, Throughowl the execution of the Contract, the
Consuttant shall comply with the impart of goods and senvices
prohibitions in the Client’s country when
(@) as a matter of law or official regulaticns, the
Horrower's country prohibits commercial relations
with that country; or
(B} By an ack uf compllancs with a decision of the United
Mations Security Council taken under Chagter VIl of
the Charter of the United Nations, the Borrower's
Country prohibits any import of goods from thai
country or any payments fo any country, persom, or
enlity i that country,
206, The Clent shall notify the Consultant in wriling of
relevant local customs, and the Consultant shall, aftar such
natification, respect such customs,
21.1. The Consultant shall hold the Clent's  Interests



Interesis paramount, without any consideration for future waork, and
strictly avoid conflict with othar ossignments o Lhelr own
carporate interesis,

4. Consultant 2111 The payment of the Consultant purswant 1o Gec
Mot to b (Clauses GCC 38 through 47) shall conglitutn the
Bonafit from Consultant's oaly payment in connection with this Contract
mm‘m and, subject o Clause GCC 21.1.3, the Consuttant shal
e, not accept for ils oen benafit any lrade commiasion,

digcount or similar payment in connection with activities
pursuant to this Comract or in the discharge of its
obbgations hereunder, and the Consultant shall use iz
best efforts to ensure that any Sub-consultants, as well as
the Experts and agents of either of them, similarly shall
nat receive any such additional payment

2112 Furthermare, i the Consultant, as parl of the
Services, has the responsibiiity of advising the Client on
the procurement of goods, works or Barvices, |he
Consultant shall compdy with the Bank's Applicahle
Guidelines, and shall al all timas exsrcise  such
responsibidity in the best nterest of the Client. Any
discounts or commissions obtained by the Consultant in
the exercise of such pracurement responsibility shall be

for the account of the Clant,

b. Consultant 21.1.3 The Consultant agrees that, dunng the ferm of
and Affiliates this Contract and after its termination, the Consultant and
Notto any entity affiliated with the Consultant, as well as any
Em n Sub-consultants and any entity affifated with such Sy,
Activitins consultants, shall be disgualified from providing goods,

works or non-consulling services resulting from or directiy
related to the Consultant's Services far the preparation or
Implementation of the project, unless otherwise indicated
in the SCC,

& Prohibition 21.1.4 The Consultant shall nos angage, and shall
of Conflicting cause its Experts as well as is Sub-consultants not fo
Activities engage, edher directly or indirectly, in any business or

professional activities that wauld conflict with the
activities assigned to them under this Contfract,

d. Strict Duty to 21.1.5 The Consultant has an obligation and shall
Disclose ensure that its Experts and Sub-consultants shall have
Conflicting an obligation to disclose any situation of actual or
Activities potential conflict that impacts their capacity o serve tha

best interest of their Client, or that may reasonably be
perceived as having this effect. Failure to disclose said
gituations may lead to the disqualification of the
Consultant or the termination of its Confract

i "



22, Confidentiality

23_Liability of the
Consulant

24, Insurance to be
Taken out by the
Consultant

25, Accounting,
Inspection and
Auditing

26, Reporting
Obligations

27. Proprietary
Rights of the
Client in Reports

L

221 Excapt with the prior written consant of the Clant. the
Consultant and the Experts shall not at any time communicate
to any person or entily any confidential information acquired in
the course of the Services, nor shall the Consultant and the
Experts make public the recommendations formulated in the
course of, or as a result of, the Services,

231 Subject fo additional provisions, i any, et forth o the
SCC, the Consultant's llabiy under this Contract shall be
provided by the Applicable Law.

24.1 The Consultant (i) shall take out and maintain. and shall
cause any Sub-consultants 1o take out and maintain, at its (or
the Sub-consultants', as the case may be) own cost bul on
tesrms and eonditions approved by tho Ghent, inaurance Aaiisl
the risks, and foi e coverage specified in the SCC, and {ii) at
the Client's request, shall provide evidence to the Client
showing that such inswance has been taken oul and
maintained and that the curment premiums therefore have been
paid. The Consultant shall ensure that such Insurance is in
place prior to commencing the Services as stated in Clause
GCC 13,

£5.1 The Consultant shall keep, and shall make all
reasonable efforts to cause its Sub-consultants to keap,
accurale and systemalic accounts and records n respect of
the Services and in such farm and detall as wil clearly identify
refevant time changes and costs,

25.2 The Conaultant shall permit and shall cause its Sub-
consultants to permit, the Bank andior persons appointed by
the Bank to inspect the Site andfor all accounts and records
relating to the performance of the Contract and the submission
of the Proposal to provide the Services and fo hawe such
accounts and records audited by auditors appointed by the
Bank if requested by the Bank. The Consultant's attention i3
drawn to Clause GCC 10 which provides, inter alia, that acts
ntended to materally impede the exsrcise of the Bank's
inspection and audd rights provided for under this Clause
GCC25.2 constitute a prohiblted practice subject fo contract
termination (a3 well as fo 8 determination of ineligibility under
the Bank’s prevaifing sanctions procedures. )

26.1 The Consultant shall submit to the Client the repors and
documents specified in Appendix A in the farm, In the
numbers and within the time periods set forth in the Said
Appandix,

271 Unless otherwise indicated in the SCC, all reports and
refevant data and information swch as maps, diagrams, plans,
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and Records databases, other documents and software, supporting records
of material compiled or prepared by the Consultaml For the i
Client in the course of the Services shall be confidantial and
become and remain the absolute property of the Chanl The
Consultant shall, nct later than upon fermination or expiration
of this Contract, deliver al such documents fo the Client,
together with a detalled inventory thersof. The Consultant may
retain a copy of such documents. data andfor software but shall
nat use the same for purposes unrelated tg this Contract
without prior written approval of the Clent.
272 If license agreements are NECessary of approgriate
between the Consultan! and third paries for purposes of
devalopment of the plans, drawings, specificatinns, designs,
databases, other documents and software, the Consultant shall
abtain the Clent's prior written #pproval 1o such agreaments,
and the Chent shall be entiied al its discration b require
recovering the expenses related fo (he development of the
programis) concerned.  Other restricions about the future usa
of these documents and software, if any, shall be specified in

the SCC.
8. Equipment, 28.1 Equipmenl. vehicles and materials made available ta the
Vehicles and Consultant by the Clent, or purchased by the Consultant
Matorials wholly or partly with funds provided by the Client, shall be the

property of the Client and shall be marked accordingly.  Lipon
termination or expiration of this Contract, the Consultant shall
make avallable fo the Cliend an inventory of such equipment,
wehicles and materials and shall dispose of such equipment,
vehicles and malerials in accordance with the Chent's
instructions. Whie in poss&ssion of such equipment, vehicles
and matarials, the Consultant, unless otherwise instructed by
the Client in writing, shall insure them at the expense of tha
Client in an amoumt equal to their full replacemant value,

28.2  Any equipment or materials brought by the Consultant or
its Expers into the Client's courtlry for the use either for the
project of personal use shall remain the propery of the
Consultant or the Experts concerned, as applicable.

D. CoNSULTANT'S EXPERTS AND SUB-CONSULTANTS
28. Description of 281 The title, agreed job descripion, minimum qualification
Key Experts and estimated period of engagement to camy out the Servicas
of each of the Consultant's Key Experts are described in
Appendix B.
30.Replacement of 30,1 Except as the Client may otherwise agree in writing, no

Key Experts changes shall be made in the Key Exparts, @”(3
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3. Removal of
Experts or Sub-
consultants

32, Assistance and
Exemptions

An?  Notwithstanding tha abovo, tho subatitution of Ky
Experis during Contract execufion gy be considesed only
based on the Consultant's written request and due to
circumstances oulside the reasonabde control of the
Consultant, including bul not limited 1o death or medical
wicapaciy, In such case, the Censultant shall forthwith provide

@ roplacement, a person of equivalent or  better

qualifications and experence, and at the same rate of
remunaration,

311 If the Client finds that any of the Expers or Sub-
consultant has committed serous misconduct or has been
chargad with having committed a criminal action, or shall the
Client delermine that Consultant's Expert of Sub-consullant
have engaged in comupt, fraudulent, collusive, coercive ar

obslructive practice while performing the Services, the
Consultant shall, at the Client's written request, provide a
replacement

312 In the event that any of Key Experts. Non-Key Expers

or Sub-consultants is found by the Client to be incompeient of

Incapable in discharging assigned duties, the Client, specifying
the grounds therefore, may request the Cansultant to provide a
raplacemsant,

313 Any replacement of the removed Experts or Sub-
consultants shall possess better qualifications and expeiance
and ghall be acceptabla to the Clisnt.

314 The Consultant shall bear all costs arsing out of or
incidental to any removal andfor replacemeant of such Exparts.

E. DBLIGATIONS OF THE CLIENT
az

Undass otherwise specified in the SCC, the Client shall

use its best efforts o

{a)

(k)

(e

(e

Aseist the Consultant with obtaining work permits and
such other docurents as shall be necessary 1o enable
the Consultant to parfarm the Saervicss,

Assist the Consuliant with promptly obtaining, for the
Experts and, if appropriate, their eligible dependents, all
necessary entry and exit visas, residence permits,
exchange permits and any other documents required for
their stay in the Clients country while carrying out the
Services under the Contract.

Facilitate prompt clearance through customs of any
properly required for the Services and of the personal
effecis of the Expers and their elgible dependents.

lssue to officials, agents and representatves of the

1 g



33, Accoss to Project
Site

34, Change In tha
Applicable Law
Related to Taxes
and Dutles

35 Services,
Facilities and
Proparty of the
Clignt

Gavernment all such instructions and infermation as may
be necessary or appropriate for the prompt and efective
implementation of the Servicas.

{d) Assist the Consultant and the Experts and any - Suhb-
consultants employed by the Consultant for the Services
with oblaining exemgtion from any requirement to register
or obinin ony parmit to praclive Uil poslession oF 1o
establish themselves sither individually or as a corporate
entity in the Client's country according to the applicalyla
law in the Client's country,

(8) Assist the Consultant, any Sub-consultants and the
Experts of sither of them with obtaining the privilege,
pursuant to the applicable law in the Clent's country, of
bringing into the Client’s country reasonable amounts of
foreign currency for the purposes of the Services or for
the personal use of the Experts and of withdrasing any
such amounts as may be eamed thersin by the Experts in
the execution of the Services.

{fy  Provide to the Consultant any such other assistance as
may ba specified In the SCC.

231 The Cliznt warrants thal the Consultant shall hawve, frea
of charge, unimpeded access to the project site in respect of
which access is required for the performance of the Services.
The Client will be responsible for any damage to the project
site or any property thereon resulting from such access and
will indemnify the Consultant and sach of the expers in
respect of hability for any such damage, unless such damage
is caused by the willful defaull or negligence of the Consultant
or any Sub-consultants or the Experts of sither of them,

341 W, after the date of this Contract, thers is any change in

the applicable law in the Client's country with riespact to taxes

and duties which Increases or decreases the cost incuried by
the Consuffant i pedorming the Services, then the
remuneralicn and reimbursable expenses otherwise payable
to the Consultant under this Confract shall be increasad of
decreased accordingly by agreement between the Pardies
hereto, and corresponding adjustments shall be made 1o the

Contracl price amount specified in Clause GCC 381

35.1 The Chent shall make available to the Consultant and

the Experts, for the purposes of the Services and free of any

charge, the sarvices, fac#ites and propery describad in the

Terms of Referance (Appendix A) at the times and in the

manner specified in said Appendix A, @")
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36. Counterpart
Porconnel

37.Payment
Obligation

38, Contract Price

39. Taxes and Dutles

40. Currency aof
Payment

41.Mode of Billing
and Payment

£

J6.1  The Client shall make available to the Consulta nt free
of charge sueh professional and Supporl  coun terpart
personnel, 1o ba nominated by the Chent with the Consulant's
advica, if specilied in Appendix A

36.2 Frotessional and  support counterpan  pareonmel,
wecluding Cllent's hamson personnel, shall work under the
exclusive direction of the Consultant  if any member af lho
counterpart personned fails to perform adequately any work
assignad to such mamber by the Consultant that is consistent
with the position occupied by such member, the Consultant
may request the replacement of such member, and the Client
shall not unreasonably refuse to act upon such request,

37 In consideration of the Services performed by the
Consultant under this Contract, the Client shall make such
payments to the Censultant for the defiverables specified in
Appendix A and in such manner as is provided by GCC F
Bl

F. PAYMENTS TO THE COMSULTANT

38.1 The Contract price & fived and Is set forth In the SCC,
The Contract price breakdown is provided in Appendix C.

38.2 Any change to the Contract price specified in Clause
48.1 can be made only if the Paries have agreed to the
revised scope of Services pursuant to Clause GCC 18 and
have amended in writing the Terms of Reference in Appendix
A

391 The Consultan!, Sub-consullants and Experts are
responsible for meating any and alf tax liabilities ariging out of
the Contract unless i is stated ethorwise in the SCC.

382 As an exception to the above and as atated in the SccC,
all kocal identifiable indirect taxes (temized and finalized at
Contract negotiations) are reimbursed to the Consultant or are
paid by the Client on behall of the Consultant

401 Any payment under this Contract shall ba made in the
currancy {ies) of the Contract,

41.1  The iotal payments under this Condract shall nat mceed
the Contract price set forth in Clauss GCC 38.1.

412 The payments under this Contract shall be made in
lump-sum  instalments  against deliverables  specified in
Appendix A, The payments will be made according to the
paymenl schaduke stated in the SCC

4121 Advange payment: Unless otherwise indicated in the

) i



42. Interest an
Dalayed
Paymenis

SCC, an advance payment shall be made againat an advance
payment bank guarantee acceptable to the Client in an
amount {or amounds) and in @ currency {or CLATENCIEs)
specified in the SCC. Such guarantee (i) is to remain effectve
untd the advance payment has been fully set off, and (i} is 1o
be in the form set forth in Appendix D, or in such other form
as the Clent shall have approved in writing. The advance
payments will be sel off by the Client in equal portians against
the lump-sum instalments specified In the SCC untll said
advanca payments have been fully st off

4122 The Lump-Sum [nstaiment Payments. The Client shall
pay the Consultant within sixty (60} days after the recesipd by
the Client of the deliverable(s) and the cover inveice far 1
related lump-sum instalment payment.  The payment can be
withiield if the Chent does not approve the subritted
deliverableiz) as salisfactory In which caze the Cliant shall
provide comments o the Conswltant within the same sinby (G0)
days period. The Consultant shall thereupon promptly make
any necessary comeclions, and thereafter the foragoing
process shall be repeatad.

41.2.3 The Final Payment  The final payment under this Clause
shall be made only after the final report | have been submitted by
the Consullant and approved as satisfaclory by the Clisnt. The
Sanvices shall then be deemed completed and finally accepied
by the Chent. The last lump-sum instalment shall be desmed
approved for payment by the Chant within ninaty (90) calendar
daya afler receipt of the final report by the Chent unless the
Client, within such ninety {80) calendar day pericd, gives writhen
nedice to the Consultant specifying in detail deficiencies in the
Services, the final repot.  The Consultant shall theraupon
promptiy make any necessary comections, and thereafter the
foregoing process shall be repested. 41.2.4 Al pyITIErnits
undes this Contract shall be made to the accounts of the
Consultant specifiad in the SCC.

4124 Wih the veooption of the final payment uider 41,23
above, payments do not canstitule accepiance ol the whaole
Services nor relieve the Consullard of any abligations
hereunder

421 If the Client had delayed payments beyond fifteen (15)
days afler the due dale stated in Clause GCC 41.2.2 |, interest
shall be paid o the Conzullant on any amount dua by, nol paid
on, such due date for each day of delay at the annual rate

stated in the SCC, a’,..f'P
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4. Good Faith

44, Amicable
Settlemant

45, Dispute
Resolution

G, FAIRNESS anND GooD Fams
431  The Paries undertake 1o act in good faith with respec
o ®@ach othor'o mghts undar this Cuiliscl @i o #dopt all
reasonable measures fo ensure the realizabion of the
objectives of this Contract,

H. SETTLEMENT ar DispuTes
4.1 The Parties shall seek to resolve any dispule amicabiy
by mutual consultation.
44.2 If either Pardy objects to any action or inaction of the
other Party, the objecting Party may file a written Notice of
Dispiste to the other Party providing in detail the basis of the
dispute. The Parly recenving the Motice of Dispute will consider
it and raspond In writing within fourteen (14) days afier receipt.
If that Parly fails to respond within fourteen {14) days, or the
dispute cannot be amicably setfied within fourteen (14} days
following the response of that Party, Clause GCC 451 shal
apply
451 Any dispute between the Parlies arising under or
redated o this Contract that cannol be settied armicably may be
referred lo by either Party to the adjudication/arbitration in
accordance with the provisions specified In the SCC

it



General Conditions
Bank's Policy - Corrupt and Fraudulent Practices

Guidelines for Selection and Employment of Consultants under IERD Loans
and IDA Credits & Grants by World Bank Borrowers, dated January 2011:

‘Fraud and Corruption

1.23 It io tho Bonlc's palicy to reyuine el Barowess {including beneficianies of Bank
lsans), consultants, and their agenis (whither declared or not), sub-contraotorn, auh-
consultants, service providers, or suppliers, and any persannel thereol, obsarve the
highest standard of ethics during the selection and execution of Bank-financed
contracts [foctnate: In this context, any action taken by a consultant or any of its
peracnnal, or its agents, ur lls sub-consultants, sub-confractons, services providers,
suppliers, andlor their emplovees, to influence the selection process or contract
exgcution for undue advantage is improper.]. In pursuance of this palicy, the Bank:
{a]  defines, for the purposas of this provision, the lerms set forth below as
fodiows:
(i} “corrupt praclice” is the offering. giving, receiving, or soliciting, directly or
mir'a:clry. of anyliing of value to influance improperly the actions of anathar
[ii} p?;guduunl practice” Is any act or omission, including misrepresentation, that
knowingly or recklessly misleads, or attempts to mislead, a party ta obtain
financial or other benedit or to avoid an obligation®
(i) "collusive practices” is an arangement between two or more parties
designed to achieve an improper purpose, including to influence improperly
the actions of another party™
(iv} “coercive praclices” is impairing or harming, or threatening fo impair or
harm, directly or indirectly, any party or the proparty of the party to Influenca
improperly the actions of a party®:
{¥] “obstruclive practice” is

'T For the pepose of this sub-piragraph, “anccher party” refers o w paiblic official #2ting in rebadion i (he
selection process or contmcd execwtion. In this context “public official® Ecfudes World Bask sialT and
empioees of other ceganizations taking or raviewing selection decizions,

18 For the purpose of this sub-pasagraph, “pariy” refes 1o a pubdic official; the terms “bensfir and "obdigacion”
melale fo g sloction process of comtrct execifion; md the “act or smassion” i Imended 10 Efluence the
selection precess or contreel execulion

™ For the purpase of this sub-parsgeaph, “parties” refis io participasss in the procurement or selection process
{inchading public officials) ottemplisg either temsevs, or through snether person or entéty not participsting in
Ehe procureinent or selection process, o simukane competilion or g establish prices m anificial, non-compatitive
fevels, or are privy o esch other’s bid prices or other condities

* For the purposs of this sub-parsgraph, “party” refers 1o 4 participest in the seleciicns resoss or conbres
expoution,

¥ . antl



(o3} deliberately destroying, falsifying, altering, or concealing of evidence
material 1o the investigation or making false statements to investigators
in order to materially impede a Bank investigation into allegations of a
cormupt, fraudulent, coercive, or collusive practice; andfor threatening,
harassing, or intimidating any party 1o prevent il from digcdosing s
knowledge of matters relevant to the investigation or from pursuing the
investigation, or

{bb) acts Intended o materially impede the exercise of the Bank's
inspection and audit rights:

ib} will reject a proposal for award if it determines that the consultant recommended
for award or any of its personnel, ar is agents, o its sub-consultants, sub-
contractors, services providers, suppliers, andfor their employees, has, directly or
indirectly, engaged in corrupt, fraudulent, collusive, coercive, or chatructive
practices in compeding for the contract in question;

{c) will declare mis-procurement and cancel the porlion of the Loan allocated o a
contract if it determines at any time thal representatives of the Barrowsr or of a
recipient of any part of the procesds of the Loan were engaged in corrupl,
fraudulent, colusive, coercive, or obstructive  practices during the selection
process of the implementation of the comtract in quaestion, withowl the Borrower
having taken timely and appropriate action satisfactory to the Bank lo address
such practices when they occur, including by failing to inform the Bank in a timely
mannes they knew of the practices:

(d} will sanction a firm er an individual at any time, in accordance with pravailing
Bank's sanctions procedures®, including by publicly daclasing such firm or an
ineligible, either indefinitely or for & stated pariod of timea: (i) ta be awarded a
Bank-financed contract, and {ii) 1o be a nominated® sub-consultant, supplier, or
service provider of an otherwise efigible firm being awarded a Bank-financad
contract,

21 A firm ar an individel may be dechired inelighles o be awerded a Bznk-finireed coniract upan {i}
campligion of the Bank's sanctions proceedings & per ils sanctlons procedwes, incduding inter #lb cross-
debarment e ngread with other Bnemalicaal Finascial Instituticns, incieding Multilaberal Development Banks,
md through the application of the Wordd Bank Group cooporste sdminksirative procurssent saschies
procedures; For frmed and costuption; and (i} a5 a result of temporany ssmpension OF eErly IEsnpornry Saspefition
in commection with an ongoing sanclions proceedings. See footnote 12 ond paragraph 4 af Appendix | of these
Guidelings

= & mominated sub-consultant, weplier, or service provider & oo which has been either (i) inchuded by the
airmsultant i lis proposal bedaus: it brings specific and crinical ixperience and knaw-how til s accounted for
in the technical evaluation of the consalisa's progecal for the perticular services; of (i) appoimed by e
Boarowr, L
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Section l. Special Conditions of Contract

'Tmnharuf&ﬁ: Amendments of, and Supplements io, Clauses in the
Clause tisneral Conditione of Contract
1.1(b) and 3.1 |The words “in the client's country” are amended to be read “in
India®
41 Tl I.unuml_url Ia: Engliah
6.1 and §.2 The addresses are:

Client - The Project Manager
National Cyclone Risk Mitigation Project (NCRMP)

Altention @ Mational Disaster Management Authesity
NDMA Bhawan, A-1, Safdarjung Enclave,
Mesw Diadhi-110029

Facsimile : 011- 26714521

E-mail {where permitted); pel. nermpsigo. n

Canaultant | Mis RMSI Private Limited. Moida
Attention 1 Sameer Nigam
Faczimie : 0120 - 2511100

E-mail {where permitled) : bidefhrmsi. com

BA M
8.1 The Authorized Representative
For the Client:
The Project Manager

Mational Cyclone Risk Mitigation Project (NCRMP)
National Disaster Management Authority
NDMA Bhawan, A-1, Safdarjung Enclave,
Mew Delhi-110029
For the Consultant: Mis RMSI Private Limited, Noida

Mame: Samaeer Nigam
Title: Head - Bidding Division

3 .Flﬁ
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121

Termination of Contract for Failure to Become Effectiva:

The time period shall be One Month,

131 Commencement of Services:
The number of days shall be 15 days from the date of awarding
the contract

141 Expiration of Contract:
The time period shall be 20 Months inctudirg training.

b The Client reserves the right to determine on a case-by-

case basis whether the Consultant should be disqualified
from providing goods, works or nen-consulting services
due to a conflict of a nature described in Clause GCC 211,

A,

e



241

Thie Insurance coverage against the risks shall be as follows
(a) Professional  Mability insurance, with a minimum
coverage of 1.5 times of the value of the contract,

(b) Third Party liability inswrance, with a8 minimum
rrwerage of Re. 7 Lokh,

{c) Employer's  liability and workers’ compensation
msurance in respect of the experts and Sub-
consultants in accordance with the relevant provisions
of the applicable law in the Clant's country, as well as,
with respect to such Personnel, any such Iife, health,
actident, travel or other insuwrance as may be
appropriate; and

14} Insurance against loss of ar damage to (i) equipment
purchased in whale or in part with fumds provided
under this Contract, (i) the Consultant's property wsed
in the performance of the Services, and (i) any
documents prepared by the Consultant i the
performance of the Services,

The Consultant shall not use these documents and software
for purposes unrelated to this Contract without the prior
wrritten approval of the Client.

| The Contract price is: INR {Indian Rupees) 1,42,23 450/

(Rupees one crore forty-two lakhs twenty-three thousand
four-hundred fifty only) excluding local indirect taxes.

Any indirect local taxes chargeable in respect of this
Contract for the Services provided by the Consultant shall
be pald by the Client to the Consultant.

The client shall pay GST payable in India as par appiicable law, |
The consultant shall register itself for GST with appropriate
authorities in India and provide registration number to the Clisnt.

a2

The payment schedule shall be as follows:

(g} 10% of the lump-sum amount shall be paid upon
sucocessful submission & acceptance of Deliverable 1

(b) 15% of the lump-sum amount shall be paid upon
successful submission & acceptance of Deliverahle 2

(c) 15% of the lump-sum amount shall be paid upaon
successful submission & acceptance of Daliverable 3
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(d) 15% of the lump-sum amount shall be paid Lif¥can
successiul submission & acceplance of Delverable 4

i2) 15% of the hmp-sum amount shall be paid wpon
successful submission & acceptance of Deliverable §

{fi 20% of the lump-sum amount shall be paid upan
successiul submission & acceptance of Defverable 6

(g 10% of the lump-sum amount shall be paid upon
successful submission & acceptance of Deliverabla 7
and handing over of data and software.

41.2.4

The accounts are:
for local currency: [insen Rank Account Number],

M's, RMSI PRIVATF | IMITED

Kotak Mahindra Bank Ltd,, Kasturba Gandhi tdarg, Mew Dalhi,
G-F Amba Deep, 14 New Delhi,

Bank Accouni number; 9011128754

IFSC Code: KERBKDDOD172

MICR: 110486002

421

The interest rate ks 10% for INR

451

Disputes shall be settled by arbitration In accordance with
the following provisions:

1. Selection of Arbifrators. Each deEpute submitted by a Party

to arbifration shall be heard by a sole arbitrator or an
arbitration panel composed of three (3} arbirators. in
accordance with the fallowing provisions:

{8) Where the Panlies agree that the dispute concems a
technical matter, they may agree to appoinl a sole
arbitrator or, failing agreement an the wentity of such
sode arbitrator within thity (30) days after receipt by
the other Party of the proposal of a name for such an
appointment by the Pary who initisted the
procesdings, edher Pary may apply to President,
Institute of Engineers, India for a list of not fewer than
five (5} nominees and, on receipt of such list the
Parties shall altermately strike names therefrom, and
the last remaining nomines on the list shall be the sale
arbitrator for the matler in dispute, If the s
remaining nominee has not been determined in this
manmer within sixty (60) days of the date af the it
Institute: of Engineers, India  shall appoint, upon the

" =



request of either Party and from such list or otherwise.
a soée arbitrator for the matter in dispute.

b} Where the Parlles do naot agrea that the disputs
concems a fechmical matter, the Client and fhe
Consultant shall each appoint ane (1) arbitrator, and
these two arbitraters shall jointly appoint @ third
arbitrater, who shall chair the arbifration pansl. If the
arbitrators named by the Parties do not succesd in
appointing a third arbitratar within thirty (30) days after
the latter of the two (2} arbitrators named by the
Parties has been appointed, the third arbirator shatl,
at the mequest of either Parly, be appointod by
President, Institute of Engineers, India

{c) I, In a dispute subject to paragraph (b) above, one
Party fails to appoint its arbitrator within thirty (30) days
after the ather Parly has appointed its arbitraior, the
Party which has named an arbitrator may apply to the
President, Institute of Engineers, |ndia to appaint a
sole arbilrator for the mater in dispute, and tha
arbitrator appeinted pursuant to such application shall
be the sole arbitrator for that dispute.

Rules of Procedure Excapt as olherwise sialed harain,
arbitration proceedings shall be conducted in accordance
with the rules of procedure for arbitration of the United
Mations Commisgion on  Infernational Trade Law
(UNCITRAL) a8 in force on the date of this Contract,

Substitute Arbitrators. I for any reason an arbitrator is
unabde 1o parform hister function, a substitute shall be
appointed in the same manner as the riginal arbitrator

Nationality and Qualfications of Arbitrators.  The sole
arbitrator or the third arbitrator appointed pursuant fo
paragraphs 1(a} throwgh 1(c) abowe shall be an
internationally recognized legal or technical axpart  with
extensive experience In relation o the matter in dispuie and
shall not be a national of the Consultant's home cownlry [IF
the Consultant consists of more than one entity, add: or of
the home country of any of thelr members or Parties] or of
the Government's country. For the purposes of this Clause,
“home country” means any of-

. " o




(@} the country of incorporation of the Cansultant [If the
Consultant conslsts of more than one entity, add, or of
any of their members or Parties); or

{1 the country in which the Consultant's [or any of thelr
members' or Parties’] principal place of business s
located; or

ic} the country of nationality of a majarity of fhe
Consultants [or of any members’ or FParlies']
shareholders: or

id) the country of nationality of the Sub-consultants
concerned, whare the dispute involves a subcontract

Miscellaneous. In any arbiration proceeding hereundes:

(8} proceedings shall unless otherwise agreed by tha
Parties, be held in [select a country which is neither
the CBant's country nor the Consultant's cowntry];

{0} the [type of anguage] language shall b the officlal
language for all purposes; and

() ﬂ:ademlnnuflheamearﬁtmturmnram}mitynrﬂm
arbétrators (or of the third arbitrator if there is no such
majority) shall be final and binding and shall be
anfarceabls in any courl of competent iurisdicticon, and
the Parties hereby waive any objections o or claims af

immuwnity in respect of such enforcament. ér’ﬁ}

ik



APPENDIX-A [
TERMS OF REFERENCE & DESCRIPTION OF SERVICES .

Selection of Consultant for Development of Dynamic Web Based Composite
Rizgk Atlaz and Decision Support Tool for Cyclone and Associated Impacts g
including Storm Surge and Inland Flooding under Mational Cyclone Risk
Mitigaticn Project Pliase-ll (NCRMP-II}

1. Introduction

India iz one of the most densely populated countries in the workd with over ome billion i
people and iz exposed 1o a wkie range of gecloghcal, hydro-meteorological hazards
such as cyclones, floods, earthguakes, landstides efc. Approximately 5700 km of
total 7,500 km of coastling is exposed 1o severe cyclones, and an estimated 40% of
total population lives within 100 km of the coast On an average, one third o one half
of the tropical cyclones affecting this region hit the Indian coastline, which is k
parficularly susceptible fo storm surge due to effects incleding shallow coastal
bathymetry and fidal characieristics. Low-lying lerrain, high poputation density and

fimited community capacity makes the population in these coastal States/Union
Territories (UTs) exiremely vulnerable lo the cyclone and slorm surge events. In

Orizgga super cyclone of 1995 killed over 10,000 people and further milions suffered

severe physical and financial losses. In subseguent cyclones, Phailin in 2013 and

Hudhud in 2014, the death 1ol reduced significantly because of timely evacuation of

a large number of population from risk prone aneas. However, the state had fo bear
significant physical and financial losses,

Along the coastine, siorm surge is often the greatest threat to life and property from

a tyclone, In the past events, large deaths have resulted from the rise of the ocean
associabed with many of the major cyclonas that have mada landfall. 1988 Orizsa

super eyclone is a prime exampbs of the damage and devastation that was caused i
by surgae. Close to 10,000 persons fost their ves during the 1889 super cyclone amd
many of those deaths occurred directly, or indinactly, as a result of storm surge.

Risk assessmant and vulnerabdity studies are undanyay i several coastal states
and it i5 envisaged to further develop comprehensive decision support system for
emeargency responsa and dissster risk mitigation.

2. Background and Context &
Mational Cyclona Risk Mitigation Project (MCRMP) intiated by Government of India
takes a view fo have comprehensive address of cyclone risks across the coast, The )
owverall objeciive of the project is to reduce the vulnerability of coastal communities to .
cyclone and other hydro metecrological hazards. Mational Disaster Management ;
Authority (MDMA) under the aegis of Mintstry of Home Affairs (MHA) with Wl

Bank asgistance iz implementing the Praject in coordination with participating State
Governmants,

Az part of NCEMP Phase-l, Hazard, Vulnerabifity and Risk Assessment (HWRA)

sludy has been conducted and a Web-based Composie Risk Atlas (Web-CRA) has

been developed having deterministic hazard scanarios that would be used by these i
States/UTs for mitigation planning. This web-based risk assessment system provides
the concermnead stakeholders with a comprehensive risk asssssment framewaork that
offers cross-cutting decision support for mitigation planning at all lewels of
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Governmeni-Central, State. Mistrict, TalikaTeheilMandal {Taluka), CityTowi i
Willage,

The various companenls of this shudy are;

Hazard: The deterministic scenarios cyclone hazard model developmant
consisted of modeling historic cyclonic winds and storm surge using ADCIRC
iADvanced ClRculation) and fleoding due to cyclone induced rainfall Li%ing
HEL tocks (HEC HMS, RAS and 20}, These deteminitc hazard scenarios
are available in Web-CRA as static layers.

Exposure: The exposure data development consisted of invantony af the
coastal assets al village and city jevels. These are population, bulldings
{residential, commercial, Indusirial); cyclone shellers, schools, hospitats, fire
stations, police siations, administration headquarters, refigious places,
hertage buildings; infrastructure elements, such as roads, raidway fine,
airports, ports etc, utdities networks such as communication towers, water
and sewerage, electrical lines ete.: ecological assets such Bs coastal
plantation and mangroves. The exposure data of all these exposure elements
are available in Web-CRA as dynamic dats layers that could be further
updated.

Vulnerability: As pant of physical vulnerability, a set of physical vulnerability
functions are developed for various exposure elements and are avaitable in
the web-CRA as dynamic curves that could be furthar updated,

Risk Assessment: For mitigation planning, the Web-CRA has provisions to
estimate risk and generating various exposure and risk assesament reports
{detailed and summary) at dfferent administrative levels for decislons making
including Hot Spat anabysis,

The Web-CRA i basad on the GeoNode platform with extension buill using
pythean,

Operationally, a risk assassmen systam is required that caters for both mifigation
planning (sfalic pre-event plamning) and response {responding fo a resi-time
cycloms- dynafmic response) needs of cyclone prone States/UTs. A range of products
are envisaged as part of this second phase of assessment.

This Iniliative will aim to develop national level storm surge nundation maps
which in tum will make it clear that the risk extends from the immadiate
coastline into several kms inland. A coastal line depiction of the cyclons and
the storm surge risk / inland flooding risk will help communities and
infrastructure operators to evaluate their vulnerability and associated risk. The
district administration can make use of these maps to undertake advance
planning of evacuation and identification of intand evacuation desfinabians. |f
I8 expected that this study will use a representative samphe of hypathetical
cyclones to estimate the near-worsl cass stanario of fooding for each
cyclone category (Cyclonic Storm, Severs Cyeloric Storm, Very Severs
Cyclonic Storm, Extremely Cyclonic Severs Storm, Super Cyclone). The
product generated will be used for development planning and emargency
preparedness plans,

Using the past climatology information and exposure database created in the
Phase | of the risk assesement, folal exposure and event based axposure af
the assets can be tracked across the coastine (it shall not suggest or predict
futura impacts or exposure),



The coasting contain a large tract of coastalmarine infrastrucure and several
ports are in the dircet path of the cyclones. There & also a strong patential for
future investment in the coastal areas. It Is Important lo guide the
infrastruciure planners to benefit knowing the histonical exposure to cyclones
and plan for reducing existing Infrastrouure yulnerabiity ad protection of new
assels planned in the rear future

- The real-time product will lake info account the dynamic infarmation from a
real-time cyclone (issued by IMD and other global products) and estmate the
potential flooding scenarios and the products generated shall be usad for
purpese of evacuation planning and protection of assets.

3. Study Area

The study area is coastal Talukas of the States/UT's falling within 10 m elevation
from mean-sea level {States: Gujarat, Maharashira, Goa, Kamataka, Kerala, Tamil
Madu, Andhra Pradesh, Orissa, West Bengal; Union Territory: Andaman & Micobar
Dadra and Nagar Haveli, Daman and Diu, Puducherry).

4. Objectives

With the averarching goal of providing a robust scientific and practical basis for
asgessing qualitative and quantitative risk information for the Coastal States/UTs, the
key objective of the siudy is to;

« Develop probabilistic products for depiction of cyclone risk and storm Surge
flnoding | coastal flooding vuinerability maps for the coastal line of India (not a
realk-timme produsct)

« Enhance Web-CRA with capability for dynamic risk assessment of an
impending cyclone (Wab-DCRA)

= Provide specific and quanfitative information of the exposure to a real-tirma
cyclone event and generation of information products 1o support decision
making at the State/Distict and Local level {realtime product, including
development of Decision Support Tool)

« Add capability in Web-CRA to work in offline (deskiop) mode for updating of
axposure database

« Develop Impact graphics and standardize the products in consullabion with
IMD, NDMA, MHA and other key Governmant and Scientific Institutions
Develop communication protecol on the products developed aind gidianue e
analytice and prediction capabiity over a perod of 1Bmonths after
development {experimental phase)

= Provide training and capacity bullding support on the Decision Support Tool to
the designated officers nf tha National and State/UT administration and the
Coastal District Adrminigtration [dusing the expermental phase)

= To develop a DCRA App. This App. will enable users o access features of
DERA and geological events specific to study area through loecation based
technology. For example, in the avent of a hazard it helps people to prepare
their family and home, find help, faciities! evacuation roules and let others
know they are safe in the hazerd event. Perhaps one of the mast comforting
features on the App s the “We're safe” bulton. At the press of a button this
message is sent o anyone entered on your preloaded list of conlacts,
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Mote: The firn engaged for uridartaking this iniialive will not issue advisores and
wamings dunng the develpment or [he sxpurimental phase. The engagement is
meant for developing impac! forecast products, decision support food, estabish
required pofocals for dectaion making wader he guidance of the pational wealhar
agencies and disaster managemen! institutions and support the designated nafional
agency (dunng expermentsl phase) fo formuate e mechanism fo issue szl
warmings that could be implemeried in the next couple of y=ars,

5. Scope of Services
The scope encompasses development of prababillistic products {not a real-time
product) and a resl time product for decision making.

Probabilistic Risk Assessment Maps / Products

The scope will include anahzing and improving the probabilistic products far
depiction of cyclone risk and storm surge flocding ! coastal flonding vulnerability
maps for the coastal line of india (not a real-ime preduct). Based on the climatchogy
analysis the service provider will use a represeniative sample of hypothetical
cychones to estimate the near-worst case scanatio of wind-apeed information, starm
surge and inland flooding for each eyclone category (Cyclonic Storm. Severs
Cyclonic Storm, Very Severs Cyclonic Siorm, Extremely Cycionic Severs Storm,
Super Cyelons). The product generated | outputs will be in the form of maps which
shall be used for develepment planning and emargency preparedness plans,
The potential storm surge and coastal flooding map will map target areas along the
Basl coast and the wesl coast of India at risk from stlosm surge during a cyclona
avent.
The map shall show:
- Cyclone frack and refated information of key awants
- Measure and quantify location exposure to cyclone tracks and wind evenis
- Geographical areas where inundation from storm surge and coastal flooding
could oocur
- The patential heights of water above ground could reach in those arzas for a
given storm intensity and inundation represented by different colors an the
map based on the water depth
Exposure database (population at risk, criicallemergency infrastructure,
ulilities, marine infrastructure, environmental infrastructure)
The map generated will ke displayed on the wabsite in an intaractive map
viawer
The preparation of the maps shall take into account
Flooding due o storm surge form the ocean and adjoining features of the
coast to determine the surge
= Momnal astroromical fides
- Topography Data (DEM) / Land alevation
Historical cyclone track and related characleristics of the events
The preparation of the maps will not take into considaration:
- Wave actian
- Freshwater flooding from rainfall
Rivering discharge
- Owertopping from existing coastal embankments or other siructures =4
FPurposa and key audiance:;
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The purpose of this map/decision support fool is to provide information which
enables users to make decisions related to demarcation of risk prone areas and
protection of life and propery fram storm surge flooding. The tool can be used o
fackle  specific ocean challongon, marno  infrasiruciurs planiing,  ecunoi
development and underiaking conservation measures, The key audiencs for use of
these mapsiproducts are Government officals at State/DistrictiLocal level, State
Disaster Response Force (SDRF), Development agencies and communities/genaral
piibdic,

Real-time Decision Support Tool (Web based Dynamic Composite Risk Atlas)

The scope is to defermine exposure 1o a particular category of real imo cyclone
event and generate impact forecasting on the coastline and the landfall regian
(including assoclated sloim surge, rainfall, Inland flooding), Modeling will use
deterministic approach using single simidatinn hased on accurate meteorclogical
forecast provided by IMD. The model will run based on the information reloaso oyele
by IMD and for surge forecast the location and the timing of the cyclone landfall will
fead to detesmine which areas will be inundated by the storm surge. The model wil
keep a track of the changes in the cyclone path, intensity, size, forward speed and
the determined landfall location lo generate impact forecasting. The impract
forecasting will aim to provide an accurate depiction of the cycione event and the
storm surge | coastal flooding vulrerability. This data will be used by the disaster
manager Sand emergency respondess to make evacuation decisions.

Tive impact forecasting is an event based exercisa and will be operalional inifially in
an experimental phase for 18months for cyclone evenis cccurring in Arabian Sea
and Bay of Bengal with a potential for landfall along the Indian coastline, The
emergency evacuation phase i a short window and for planning purpose the
administration would be on a standby or state of readiness prior to T-48 to T-72
hours of landfall. As the event is dynamic, average track emors pricr fo 72hours s
considerable. For decision making purpose the time perod of T-24hour and T-
4Bhour window s crucial. A wors! case storm surge estimation summarized with
hocal impacts shall be generated for the coastiine and the inland areas. The decislan-
makers will make informed decisions taking into consideration the current forecast
limitations,

The map products shall provide a reasonable flooding information at parficular
landfall location for starm gurge, This information producis shall be comeeyed to the
respacine institutions for dectsion making and evacuation.

The decision support system will develop a feedback method fo obtaln real-time
information from the feld (ground truth) and compare with the forecast information.
This will provide information for technical assessment of the model resulls and
improve the forecast results.

The map shall shew:
Real-time Cyclone track and related information from IMD and other global

dataseds
Show exposure database (population at risk, criticallemergency infrastructure,

utilities, marine infrastructure, environmental infrastructure) @’,‘-r?
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Identify geographical areas where inundation from storm surge and coastal
floading could occur
Map potential heights of water above ground could reach and represent
inundation by different colars on the map Based on the water depth

- Activale the interactive map viewer platform and display information based an
the event onset information release by D
Generale impact / risk map on the interactive map viewer / decision supparl
lools. During the experimental phase, the map shall be mads available
approximately 120mins following the advisory release by IMD for a potential
landfall

The preparation of the maps shall take into account:
- Flooding due to storm surge form the ocean and adjoining features of the
Loasl o detaming the surge
MNomal astronomical ides
Topograghy Data (DEM) / Land Elevation
Real-time cyclone track and related characteristics of the evant

The preparation of the maps will not take info consideration:

+ Local faclors that play a crucial rode in determining aclual surge or fooding
impacts (for example, topping of flooding water fram embankments ar any
other sineciura).

Purposa and key audience;

The purpose of this tool & o provide information which enables users ta make
decisions related to demarcation of risk prone areas and protection of fife and
property from storm  sumge flooding. The key audience for use of these
mapsiproducts are trained officers of the Government at various levals, State and
Districticity Emergency Operations Centre, Disaster Management Autharity
(State/DistrictLocal), and SMErgensy responders.

In order to undertake the Probabllistic Risk Assessment Maps / Producis and
development of the Reaktime Decision Support Tool (Web based Dynamic
Compesite Risk Aflas), the following indicative list of activities are envisaged:

1. Understanding existing Web-CRA and Mudels: The consultant should
understand that existing models and rigk assessment developed as parl of
MCRMP Phase—|

£. Methodology development: The consultan should explain the methodobogy
fr enhancing the Wob-CIA for dynamsi: iznnpatation of eyolono hozosd,
cxpasure, vulnerdbilily and rsk. The consultant should asa axplain tha
working of the enhanced Web-CRA in offine mode far updating the exposusa
database. The methodology should consider risk asseaament needs al a
hierarchy of spalial scakes from macro to micro, spanning StateDistrictTehsil!
TalukaMandal\Village lovels.

3. Hazard and Risk Model Automation and Impact Forecasting: The Web-
CRA should bring in capability for dynamic hazard assessment and referrad
a3 a decizion making tocd, It should take into consideration;
= Existing model for oyclonic wind, storm surge and rainfall induced flood

hazards should be extended for dynamic use



Ability to mndal raal time cyclone and associated mpacts

= Process cyclone data and estimate risk and generate information products
that & used for deployment of fist responders and essential
stocks/supplies, staging response and timely evacuation of people

4. Deskiop Version of Web-CRA: The deskiop version of Web-CRA should

have capability 10 work in offline (deskiopl moda for exposine updating at
StatellUT local server with provision of auto upload of exposure data once
connectivity to the Wal-CRA hosl server I8 avallabla.

= Create off-line version of Web-CRA for exposure data updating

»  The offine version should be capable of running on a deskiop, If required,
Absg, the offline version should run in 3 client server mode with users
upating differant datasets

= Abifily to sync and upload the updated exposure data fo Web-CRA
= The look and fesl of desk-top version shouid be same as thal Web-CRA

Experimental Phase: The development phase is envisaged for a time frame
of six-eight months followed by 18manths of experimental phase which will
take into consideration real-time cyclone risk assessment and related procluct
devalopment, finalizing the inferactive map viewer platform, protocol
development for warning ete.

Quality Assurance: An appropriate QA process should be implemented
throughcat the develepmeant process. The enhanced Web-CRA shall undergo
8 proper testing plan and activiies such as systemn, functional and non-
functional testing. The Consultant & required to devise performance test
criteria to ensure that the system functions as required in the production
environment. The User Acceptance Test (UAT) will be done at the NIC Server
at the time of the handing over of fully operational Geonode based enhanced
Web-CRA,

Documentation and guidelines: Produce an updated Techmical User Guide
far the Web-DCRA. The User guide should be simple, practical and easy fo
understand for system uaears,

Training and Capacity Building: In addition the consultant shall also provide
technical support to the Nabanal, State and District Level agencies through
training and capacity building programme.

6. Deliverables & Schedule for Completion of Tasks and Services
The eonsultancy must be completed within 20 months from the date of signing the
coniract. The schedule for completion of tasks and deliverables is as follows:

No | Deliverables ] Timeline w.r.t signing of
| contract
L1 | Inception Report 15days
2 | Development of probabilistic risk  assessment 3 manths |
maps/products and display through inleractive
MR WIEwar .
3 |Development of Alpha wversion of Weab- 5 months
| | DCRADecision Support Tool, DCRA  App,
Demonstration and  Presentation to key
|| stakeholders, draft Technical User Guide

EF|
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' No | Deliverables Timeline w.r.t signing of
4 | Demonstration of Beta version of Web-DCRA & T manths
DCRA App. for User Acceptance Test B
5 | Closwre Report and fully operational Web-DORA 7 months
and offline Desktop version of Web-CRA | A
|6 | Experimantal Phase ! 20 months
¥ | Training Workshops  and capacity  building 20 months
activities (This is an ongoing activity and wil gt
initiated after the developrment and approval of the
Decision  Support  ToolWeb-DCRA) including
successful hosting of Web GRA, duly security

Audited by Cert In cmpanelled, on NIC Server,
|| Costof audit shall be borme by the bidder.

e al

Mode: The duration of Development phase & Experimental phase may suitably be
modified by the Consultant 5o as fo suil the overall governing Table of Deliverables
as mentioned abovea.

7. Btaffing Requiremeants

The assignment is expected to be Implemented by a highly experenced and
professionally qualified team, The key experts should have the relovant guealification
and expenence requirements. The consultant team will consist of the fodlowing key
experts. In addition, the consultant can include the required support team for
software development requirements in order to mest the objectives and scope of
BEIVICES.

List of Key Personnel

[ 8.Mo [ Tithe and Description Indicative
| affort in
months |
1 Team Leadar i}
Fost Graduate with minimum 20 yrs experience in a hazard risk
asseasment field. S/he should have led at least 3 multi-hazard
HVRA assignments, Sthe should have expertise in hazarnd
models, exposure database, risk assesamend, soffware fosr
disaster risk management along with developing risk atlas.

The Team Leader must have proven experience in leading
consultancy teams for projects funded by the Multilateral/Bi-
lateral agencies, UN agencles, or the Private Secior. Sihe must
have exparience of working on national and international
assignments

2 | Deputy Team Leader 2
Post Graduate with minimum 15 yrs experience in a hazard risk
assessment field. She should have led af least 3 multi-hazard
HVRA assignments. Sfhe should have gxpartisa in disaster risk
management,

The Deputy Team Leader must have praven Exparience in
leading consultancy leams for projects funded by the

» <
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Multilateral/Bi-lateral agencies, UN agencies, or the Private
Sector. S/he must have experience of working on national and
international assignments

3 | Hydrologist/Flood Risk Modeler 3
Advanced! Post Graduate degres in Hydrology related subject,
And a1 least 15 years axparience in flood hazard assessmenl/
madeling and customizing flood models for automation, Sfhe

| must have experience of canrying out simikar assignments. SR
4 | Modelling Expert {specialization in Cyclonic Wind and Storm a
Surge Risk Modelling)

Advanced' Post Graduate degree In oceancgraphy { geaphyaics
related subject, and at least 15 years’ exparence in cyclone
hazard assessment studies. Sfhe must have expenence of
carrying out similar assignments .
5 | GIS Expert &
Post Graduale in Geology or GIS or related field and atleast
rinimim 10 years' experience in all aspects of Remate Senging
and GIS related database development for hazard and EXpoSUE
data. 3/he must have experience of carrying out similar

& | IT Expert (software development) - 2 persons Bxz2=12
Graduate in Computer Science/IT with at least 5 yrs BXp B
design and development of web-based software with specific
exparence of developing risk atlas with Geonode, She must
have experience of camying out similar assignments.

7 | @A Engineer 4
Graduate in Cemputer Sclence/|T with at least 5 yrs exp in QA of
web-based sofiware applications. She musl have experiense of
canmying out similar assignmants.

Total I 35

E. Project Management and Reporting Requirements

The consultant will be reporting to the PMU of the NCRMP at NDMA. This is an
ongoing task, in which the status of the project shall be communicated to praject
management, other key stakeholders through monthly/guartery brief progress
reports (10-13 pages) by the consultant and specific meetings as nesded with the
congultant This task also includes ongoing project management, including
preparation of a project work plan following project initiation, Quarterly written project
managament repors sl

8. Paymants

Payment o the consultant will be delivery based and in instalments as per the
Schedule of Payment mentioned in para 41.2 of the Special Conditions of contract

Gfﬂ/;
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10. Data & Services Provided to the Client

Deliverables provided by the consultant to the client will be exclusive property af the
cliant which the consultant should nat share with any third party without the express
consent of the NCRMP, NDMA Data obtained by the consultant from the
government agencies during the course of study should be treated as confidential by
the consultant and nol o be shared wilh any third pany,

11. Returning of Data
Al the end of assignment, the Consultant shall submit the raw data collected during
Ihe execution of the assignment and the processed database to the ciiant

12. Submission and Acceptance of Deliverables

The Consultant shall be submitting deliverables 1o the clent {PMU, NCRMP) for
acceplance. Invoice for payment shall be raised by the Consultant only after
confirmation of acceptance of the deliverables

13. Services and Facilities to be Provided by the Client

The clent shall facilitate the Consultant in ohtaining the data fram the ather
Ministries/ Departments! States, if so required. However, the format for obtaining
@ata is to be decided by the Consultant who will also be lsisaning with the
concerned Ministry/DeparmentiSiate.

Description of Services
14, Technical Approach and Methodalagy

The project has been divided into phases — the first phase focused into develdoping a
Risk Atlas that is capable of identifying hotspots of high vulnerabifly coastal areas
for communities at-risk. This was expected to anable support for land use planning,
shelter planning, evacuation routing, emergency and contingency planning. In
accordance with the planning, Hazard, Vulnerability and Risk Assessment (HVRA)
study was conducted as part of NCRMP I, and & Web-based Composite Risk Atias
(Web-CRA) was developed, This study was successfully completed by RMSI in
216, This web-bazed risk assessment system provides the concerned stakehaldiers
with a comprehensive risk assessment framework that offers cross-cutting decision
suppaort for mitigation planning at all levels of Government - Central, State, Distract,
Taluka/Tehsil'Mandal (Taluka), City/Town and Willage,

It was reafized that in addition to the above, mitigation planning (static pre-event
planning) and response (responding to a realtime cclone- dynamic respanse)
planning for cyclone prone States/UTs needs to be conducted. Thus, this second
phase was conceptualized with very specific objectives including:

* Developing probabikstic products for depiction of cyclone risk and storm surge
flooding / coastal flooding vulnerability maps for the coastal line of India {not a .
real-tima product)

£= ;
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= Enhancing Web-CRA with capability for dynamic risk assessment of an
impending cyclone (Web-DCRA)

» Providing specific and guantitative information of the axposure b a raal-time
cyclone event and generation of information products o support declsion making
at the State/Mistrict and Local level (real time product, including developaent of
Decision Support Tool)

*  Adding capability in Web-CRA 1o work in offline {desktop) mode for updating of
exposune databags

* Developing impact graphics and standardizing the products in consultation wilh
IMD, NDMA, MHA and other key Government and Scientific Inatitutions

= Developing communication protocal on the producis developed and enhancing
the analytics and prediction capabify owver a perod of 18 months afier
development (experimental phasa)

» Providing training and capacity building support on the Degision Suppor Tool to
the designated officers of the National and State/UT administration and the
Coastal District Adminisiration (during the experimental phase)

* Developing a DCRA app that will enable users to access features of DCRA and
geclogical events specific to study area through location based technology. Faor
example, in the evenl of a hazard # helps people 1o prepare their family and
home, find hedp, faclites! evacuation routes and let others know they are safe in
the hazard event. Perhaps ane of the most comforting features on the App is the
“We're safe” button. At the press of a button this message | sent to anyone
entered on your prefoaded list of contacts

A key objective thal our team considers extremely important is availability of
appropriate detailed documentation on the web-CRA as well as the DCRA app
These documents are expected to explain the opaeration and administration of the
fools in a userfriendly manner, CONSULTANT team would ensure that ai the
knowledge is transmitted 1o the concamed officials for smoath functioning of the
system even after the project is owver,

15, Overall Approach

Consultant with the advantage of being involved in the first phase and hawving
developed the Web-based Composite Risk Atlas (Web-C Ra), is confiden! of a
smaocth start and finish to this assignment. Being a key part of the first phasa helped
the team undarstand the gap and need for a further sludy to develop a dynamic risk
azsesament tool for real-time analysis of impending cyclonic evenis, Consultant has
devised a robust approach to ensuse that the ohjectives of this phase are achieved in
a timely manner with best possible quality,

16. Leveraging Experlence of Phase 1

Our overall approach will be to build upan the work completed in the first phase
including the data collected, discussions held with kay agencies invohed in cyclone
and felaled hazards' analysis, software developed, and fraining mmparted to key

stakehalders in the Government. @_‘,?



17. Flowchart showing approach and involvement of stake holders
Fig.1
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The impact of all the stochastic events will be estimated using the above modals,
These scenarios (including worst case anes) will demenstrate how various hazards
#ssociated with cyclones are impacting the population, buildings, infrastructure,
agriculture, elc.  of the high-risk areas of the country. These scenarios will be
communicated through Probabilistic Risk Assesement Products that include refurm
period hazard and risk maps, Average Annual Loss (AAL), Loss Excesdance Curnves
(LEC), Maps by hazard intensity like 1-mater surge risk map, 2-meter surge risk
map, elc. This will help communities understand their vulnerability and associated
risk, and allow the administration to undertake advance mitigation planning, planning
of evacuation roules and destinations and prepare appropriate EmMergancy
Preparadness plans. These probabifistic rsk aagesgment products, in ke form of -
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pre-compiled worst-case scenarios for each State/UT, would bs made availabla in
e Wb - CRA,

Fig.1 shows the process of real time cyclone event impac! assesament and
communication of resulte as part of the Web- DCRA. For Hazard and Risk Model
Automation and Impact Forecasting ADCIRC and HEC-RTS modets will be
automated to run throwugh a Web based Dynamic Risk Atlas (Web-DCRA). The web-
DCRA will take as input real Hme inpul dala ke cyclone track details and rainiall
from sowrces like IMD, JAXA, sic. to generate real-time analyss of Bn impending

cyclone.
The Web-DCRA will provide the following key outputs:

Cyclone hazand map
Cyclone impact map in ferms of popalation impacted, potential losses o vanous
types of exposure
A situation report that provides the details of the impact
s Send evenlt situation report to pre-defined individuals via email
= \Web service o extract event related risk detailz to connect the Web-WEB-DCRA
o any other government web-siles
= The aystem will send SMS and pre-recorded voice alerds to all mobias in tha
coastal areas, near airports, train stations, eto.
«  The syslem will sand SMS and pre-recorded voice alars to homes that have
patential for impast on what they can do to reduce losses
= Register missing peaple information
« SMS aler to mobiles in the area regarding missing pecple
# Reporting of missing idantified
The Offfine version of Wab-CRA for exposure managemsant will be created using a
Smart Clent framework that uses a thick clent for deskiop user interface and is
capable of conmecting to 8 database that could be on the deskiop or on any
computer on the LAN. Capabdity to auto-synchronize with the Web-CRA sarver will
be implemanted in the Smart Client

The Web-WEB-DCRA will be supplemanted by an Android based Mobile App that
will server following key features:

1. "1 AM SAFE" feature: By clicking I AM SAFE’ butlon the system will send SMES
abert bo predefined numbers,
2. Crowd Sourcing feature to get fesdback from people, wha want 1o submit
information refated to event such as:
o Status of flooding
o Approximate wind speed, surge haight
= Damage descriplion
o Meed to be evacuaied
o Meed Emergency Medical help” etc.
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18. Storm Surge Wamning System
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18. Data Type and Sources Utilized in Creating Hazard, Risk &Vulnerability
Composite Risk Atlas under NCRMP Phage-|

' 5.No. Data Description Data Source
Bathymetry data having high : ;
1 resalution for shallow sea ? National Hydro- graphic Office
levals {NHO), Dehradun
2 scharge data of rivers on Central Water Commission
daily/weekly/monthly basis {CWC)

m
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ré;no. Data Description Data Source

2 Village & City Level admin Survey of India (SOI)
boundary data

" Cyelene track and inlensity India Meteorological Departmeant
data since 1877 AD (1D}
Village & City hovel housing (in | | he Regisirar General and |

demographic data

g percentage terms depending
upan house type) and

Census Commissioner, India
{RGI)

20. Details of aggregated and site-specific exposures

DB R =
Na. Elﬂmmu E““ﬂﬂﬁ“ Sub Categories _|
e Reaidential
‘Commercial
1 Buildi T
- Industrial
Refigious
Public Government Bulldings, Police
Bulldings and Fire slation and Safe
shelters
Eﬁpﬂ:‘? Schools, Health
2 Infrastruciure i . s
. rports, : ; =
Transpartation ad Hﬁjhﬂﬂlylmlinaa oy
Potable water, \Waste water, Of
Utikiies and gas, Eleciric power,
Communication
systems
Other critical | Power plant, hazardous storage
infrastruciurne gle.
3 Demographics
] i Magor agriculture crops and
Agriculture &
4 Livesiock natural ecosystems (plantation,
mangroves)

The buildings wera desivad
residential, commercial,
Cersus 2011 at village/city levels

%ﬁ building clesters, Out
—

mainly using satefiite images as building clusters for
and industrial buildings, The structural details derived fram

were grouped imMo 25 combinations and distributed
of these 25 combinations, mainly six bullding

ot



structural classes dominate the study area, These classes weare further wvalidated
through  sample-fisld verification surdeys conducted. Whesever data was  nog
available, accepted proxy data were used. Replacemant valuos of VONSUS Bxposine
elements were collected from vasious organizalions and fiald surveys.

As parl of this assignment, the Consuliant will update all tha ashove listed
parameders with Ihe lalest data avallable. Consultant has a significant head start in
this area since it is wellversed with the sources {af where to find the relevant data)
and the organizations, structure and officials in these organizations  (contact
parsons), which is ikely to reducs the ramp-up time significantly,

21. Data Cloansing and Gap Analysis

Data cleaning has already been performed by a series of quality control (QC) checks
to idenlify missing values and to flag suspected values on data Used during Phase 1
and the same will be applied to all new data thal will be gathered during this
assignment. It is nalewarthy thal Conswlant will have a significant head start in both
the areas — data collection and cleansing and gap analysis — saving time and monay
fer NDMA,

To recap on the processes followed, two types of data validations were carried out,
namely, replacement of eronecus values and supplemanting missing values using
$tandard and internationally accepted processes.

Future updates will be applied on above datpsets that Consulfant team will receive
from 13 Coastal States/ UTs’ nodal agencies during the execution of this project. For
example, there will be better cyclone shelter database than the ane that went info the
Phase 1 Wab-CRA, simply because of relevancy of the information and construction
of additional cyclone shelters since the Phase 1 version of Web-CRA was launched.
In addition, aggregated exposure data on various exposure edements would be
updated with site-specific data as per its avallability.

Consultant team will do a gap analysis and in cage of non-avaiabibly of data related
to any exposure elements, mncluding marine infrastructure, secondary data will be
used 1o fill the gaps. Consultant will also seek information about potential future
infrastructure elements planned and would try to Incorporate those if information is
made available by relevant state or central Bgencies.

21 Data Inputs for Sterm Surge Modelling for Real Time Extreme Events

The principal requirement for the operational use of numerical storm surge model s
the availability of accurate data of surface wind fiald together with & reliable forecast
of track of the tropical cyclone. India Meteorofogical Department {IMD) is the nodal
agency of Government of India that issues cyclone waming bulletins indicating lidal
wave [ gales [ heavy rainfall / cyclone frack at every three hours during ocyclone
genesis to dissipation stage in the Morth Indian Ocean. This information |s publicity
avaitable at httpMewwremenewdethiimd gov.in. IMD is also rasponsible  for

—
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checking the data quality and comphsteness before dalivering the infarmation on
public domain,

22, Understanding of existing Web-CRA and Maodels

RMSI team has developed the Web-CRA as part of Mational Cyclone Rizk Bitig atian
Project (NCRMP} Phase 1 and thus have a detsiled understanding of the same. The
Web-CRA provides software tooks to hefp decision makers in risk mitigation planning
and preparedness for the coastal states/UTs to protect the people and assets of the
cowmntiny,

24. Software Architecture

Web-CRA was developed using open source web developrment technologies. Il uses
World Bank's GeoNode as the base platform. Key technofogies that drive the

platform are:

= PostGreSQL/PostGIS for spatial retational database

*  Geoserver for map publishing

* Python scripting for LI and application framework

RMSI team enhanced the GeoNode platfarm further infe Web-CRA using python
coding to provide all the lunclionalities.

245, Hazard and Risk Data

The development of Web-CRA was done using the hazard data and risk information
generated as part of fropical cyclone Hazard, Vilnerability, and Risk Assesement
(HVRA] for areas of 13 coastal States and UTs, which fie up to 10 m ekevation {with
reference lo mean-sea lavel along the coastine}, Web-CRA provides risk estimates
from cyclone induced strong winds, fleoding due to storm surge, and flocding duse to
cyclone mduced rainfall,

HVRA was done by applying scientific mathods that simulate the impact of a cyclone
in a computer based model, Fallowing modals were developed as part of HVRA,

*  ADCIRC boaed Cyclone wind and surge estimation medel — This was developed
fior entire coastine of India so that all oyclones could be modeled whether thiay
generate in Bay of Bengal, Indian Ocean or Arabian sea, The model was
calibrated against all major historical cyclones incduding Phailin and Hudhud
cyclones.

* HEC RAS based cyclonic rainfall induced flocd model - This model was
developed for all the basins akong the entire coastling, The model was calibrated
against all major historical floods that happenad due to cyclonke rains including
the 2015 Chennai floods.

The models were run for all historical events and the estimated wind, surge height

and flood heights at village level wers incorporated into the Web-CRA, W)



Exposure was developed for all the exposure elements, Vulnerability funchions were
developed for lypes of exposure. Both the exposure datase! and the wiilrsarabliby
funchions are incorporated in the Web-CRA.

Risk model was developed to estimate the Impact of all historical cyclones on (oday's
exposure by applying the hazard and associaled vulnerability to all exposurs
rlements. This risk information was generated for all historical eyrinmee  Aned
integrated into Web-CRA.

26. Key Features of the Web-CRA

Dashboard: The Dashboard provides a quick overview of the risk fo a senior level
adrministrator for histher state/UT. # summarizes the overall risk of the state using a
Risk Meter and then provides an idea of tofal exposure and exposure al risk to
eyclones incheding population. By clicking on amy of the above summaries the user
could view the detalls under the summary.

27, Key Components

The thres key components of Risk Atlas are:
1. Precompiled digital risk atlas
2. Risk Analyzer
3. Holbspot Analysis

@, FiiRa Cpoipn dandin K Hik Sigy
— mm——r= i T} |

Figure 3: Dashboard screen of Phase 1 Wab-CRA
The precompiled digital Risk Aflas is a ready reckoner 1o understand the &yclons risk

in any part of the study area of all the 13 coastal States/UTs. |t pmvidea;f;tik)a
i :
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in terms of population at risk buildings and infrastructure assets at risk and
estimated damage and koss from varous possible cyclone scenarios.

The Risk Analyzer provides capabifity to decision makers to update the risk atlas and
analyze regional district and tabuka level mitigation cptions. \Within the Risk Analyzes
he functionality has been implemented to update the exposure dataset and
estimation of loss to all exposure efements using the hazard and vilnerabdily
functions. It alse helps decsion makers 1o ponerale Fxpnaure Report and Riok
Analysis Report at State/UTs, District, Taluka, City and or Village leveal,

The Hotspot Analyser provides lie ducision makers tools to condict A macro-level
fah, unalysls of Conmimritlies at hgh nss’ al villagaiward loval and provide ofelivai
generale “Hulspot Risk  Analyais Report® thal helps in risk mitigaticn and
praparedness,

28. Methodology Development
This shudy has two main companents for which methodology has been described in

this section;

1. Probabilistic Risk Assessment Maps / Products

2. ReaHime Decision Support Tool {Web-based Dynamic Composite Risk Atlas)
As specified In the previous section, RMSI conducted the Hazard, Vulnerability, and
Rizsk Azsesament (HVRA) for areas of 13 coastal States and UTs as part of the
Phase 1 of the NCRMP project. As part of the HVRA RMSI team developed the
cyclone wind and suige models using ADCIRC for the entire coastline of India and
eyclone induced flood model using HEC RAS for all the basins along the Indian
coastline. Consultant team plans to reuse nearly all the models thal were developad
as part of the Phase 1 either as is or extend it to implement the capabilfies nesde:d
for the implementation of the current ToR

Far the HVRA, RMS| team ako developed a very detgiled Exposure dataset
covering Buildings, Essantial Facilities, Infrastructure (including coastal and marine
infrastruciure) and Demographics for all the coastal districts up to 10-mader
elevation, Consultant team plans to enhance the BAME exposure dataset wharever
more recent updates could be provided by the state of national agencies.

For all the exposure elements a detailed vulnerability analysis was also conducted
as part of Phase 1 using which Vulnerability functions were developed for all classes
of expasure, Consultant team plans to reuse the same Vulmerability funclions for
assessment of impact of probabilistic as wall as live events. Wherever wa could get
some mare information that requires updating the Vuinerability functions the same
willl be attempted.
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28. Methodology for Probabilistic Risk Assessment Maps and Products

RMS| understands that the aim of conducting a probabilistic risk assessment is i
tevelop nsk assessment scenarios for different probabilities of exceadance {also
known as return period scenarlos). Generation of these scenarios is impostant from a
cyclone risk mitigation planning perspective, since obsarvations suggest thal coastal
loeations and states thal ondy experienced low intensity cyclones earlier are now
being Impacted by higher intensity cyclones,

The 2014 Cyclone Hudhud is a classic example in this direction. It made landfall
nedr Vishakhapatnam at a wind speed of about 185 kim'h unknoawn hitherbo to the
city, and caused colossal socio-sconomic losses. The anatysis of cyclone history
sinca 1877 shows that Vishakhapatnam city had experienced maximum wind speeds
of only about 93 kmth {in 1983 and T8B5} In this long perniod.

This also implies that there is no guarantee that if a place has not experienced a
damaging cyclone in the past, it canns experience one such devastating cyclone in
the future. Thus, there i asways a probability of experiencing a higher intensity
cyclone than that experienced in cyclonic history, Such evenls are generally called
low-probabdlity-high-impact events.

This task is well taken care of throwgh stochastic modelling and our methadology
addresses this need significantly, thereby reducing future surprises to an extent. The
methodology is described forthwith in detail,

Fig. 4 shows the Modelling Framework that will be followed for the developmeant of
probabilistic cyclone risk model. The model takes inio acocount near-warst cass
scenanos of wind speed, storm surge. and inland flewding for each cyclone category
Viz. (Cyclonic Storm, Severe Cyclonic Storm, Very Severs Cyclonic Storm,
Extremely Cyclonic Severe Siorm, Super Cyclene). In general, this modelling
framework holds good far generating the probabiistic risk maps of worst case

scendarnos of each cyclone category. @'j
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Fig.4 Probabilistic Risk Modelling Framewark

wheve required, for the development of the probabifistic model in Phasa 2. The
Consuffant has a significant head start in these areas thus reducing ramg-up time
that would result in major savings as well as improving upon many of these already
developed datasets/components,

The subsequent sactions provide & more detailed explanation of the activities that
will be performed as part of Phasa 2 of this project and how Phase 1 actiities will be
reused in Phase 2, Two key activities that need lo be performed before Phase 1
components could be raused are:

* Generation of stochastic event sat uging histerical cyclone and rainfall data

# Analysis of climate change scenarioa to derive the extent of change in frequency
and severily of cyclonic events and incerporate these changes in the stochastic
vt zeq

The digital framework for probabilistic map generation for all the hazard components

(Wind, Surge and Cyclonic rainfal| induced floods) has been shown in Fig. 5 ;H:..") .
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The desired methodology for each of the components has been elaborated
subsequent sectians that follow.
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Fig. 5 Probabdlistic risk maps generation

30. Btochastic Event Module

Thousands of possible event scenarios will be simulated using Monte Carlo
simulations based on reakistic parameters and historical data. Each cyclone event
will be defined by a specific sfrength, genesis location and path, and probability of
eccurrence of evant rate. Each cyclonic rainfall event will be defined by duraficn of
the event in days (1- day, 2-day. d-day rainfall evenls...) and associated daiy
rainfall,

The detailed model will be based on historical cyclone track data from the MNedh
Indian Ocean, This data is already up and runming for the team since it was usad |y
phase 1 and other activities, The data consists of the location and the maximum
wind speeds of every known tropical cycione in that area from the period 18T7=2017,
recordad at intervals of & hours. The data set is a composite of best track data in the
Marth Indian Ocean of India Meteorological Deparment {IMD) and International Bess
Track Archive for Climate Stewardship (IETrACS). Fig.T shows the tracks of all the
oyclonic disturbances to be considered for siochastic modefing of cyclone fracks, =

£ 4
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Fig.6 Storm tracks in the Nodh Indian Ceean from 1877-2016

For stochastic rainfall modelling the rainfall associated fo all these cyclonas will be
used as a basis.

The main steps of this module can be elaborated as follows:

* Analyse historical eyclone tracks to exdract important characteristics. Therefore,
before creating a simulation from observed data, all the historical cyclones will be I
séparated Into more homegenecus classes and observation windows will be .
segmented into 34 zones. On the same lines, rainfall events of various
durationg will be identified using the historical data to ascertain he frequency of
varous duration rainfall events. This gives various rainfall duration events into
htﬁmﬂmanﬁehlstarymulﬁhemmgmﬂad. W
= MNext, the historical cyclones will be assigned to different classes according to the )
mnhfruﬂmuufmﬂmystmadnfaﬁad in or across which they moved
during their Ffe span. S
*  The model will nclude the fcdlowing characteristics:

= Paoint of genesis of storm within the observation window, they will be
modelled as random point processes, thersfore, an inhomogensous ,
Poisson point process will be used o model the distribution of genesis Y
paints

* Rainfall Event for every duration will also be modelled as random point
processes, therefore, an inhomogensous Polssan point process will ba :
used to model the distribution of rainfall avents

* Direction of storm movement and Translation speed: o model storm |
movement from the points of genesis. a ravelling direction and a
branslation spead are needed. A density for the initial direction of a storm I

¢ . "



will be astimated from the data using kemel techniques, The samea will be
done for the change in the cyclone's direction. An analogue procedure will
b= employed for madediing translation speed and maximom wind spaad,
* A probability of exceedance of any particular peak gust will be calculated
ucing o Paisson Maint Process
s The termination (or death) of a storm will akso be modelied a5 a8 random
varable. Depending on its lecation and maximum wind speed, the slom
will be assigned a certain termination probability according to the sloms
currend position
= Wih tha Maonto Coro lcchniqus, the diegudey Of the model lor the
simulation of the fracks can he testad by comparing tho point pettams af
e second points, third points, ete. of synthelic vyedaness with  the
cormesponding histonical data.
It is impartant to note that for oenerating the actual event sets of cyclone tracks, an
usnoplancasrajechon melhivd will be Used, Atter generating a storm Irack originating
from one of the Iniial points, the obtained track will be classified to determine
whether a track has been produced that matches the class of its initial point. I this is
nat the casea, the rack will be rejectad and a new frack will ba generated, untdl a track
with the correct classification is otlained,

Tha simulation paramelers in the case of cyclones are location of genesis, central
pressura, foraard velocity, and location of landfall. In the case of fioods, rainfall is the
primary parameter, A sample stochastic event sot of location of cyclone genesis is
presented In following figure.
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Fig.7 Sample output of stochastic event set of location of genesis, Shading indicates

annual exceadance frequancy where red is highest and dark biue is h?
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31. Climate Change Impact on Cyclone Hazard

Till date, very few models have simulated tropical cyclones in context with climate
change other than those simulafing temperature and precipitation changes and sea
leval rise. This is because the time scalke and mesolutions required - not only o
capture and underslond the characleisdivs of lroplcal cyclones by Mself are not easily
avaiable/ identifiahle In the present aesignmont, onalysis will be base un publighad
regaaroh rosults to assass e fopdicalions of climate change on cyclone severily.

The fulwre projections based an theory and high-resalution dynamical modals
consistently Indicate that greenhouse warming will cause the globally averaged
intensity of fropical cyclones to shift towards stronger storms, with intensity increases
of 2-11% by 2100 (Knutson & al. 2010}, In order to study the effects of climate
change, the pressure drop will be ncreased by 7 (An average valua) and by 119%
{exireme value) over the stochastic events. RMS| has already used these processes
in several recent projects across the Indian sub-continent to factor in climate change
projections for mid and late 21st Century.

32, Hazard module: Cyclonic Wind, Storm Surge and Flood Hazard Modelling

It is nateworthy that three out of four models to be used in the Hazard module have

already been developed, calibrated and vabdated as part of NCRMP Phase 1 by
RMSI team. These ane the Wind modal. Surge model, and the HEC RAS model for
flood inundation as shown by the highlighted boxes above, The only model that
needs to be developed in this project is the HEC HMH for modelling the flows. This js
because the siochastic events for flood will be based on rainfall. Thersfore,
significant lime and money savings are expected in reusing these with minor efforts
a5 reguirad

Continuing fram our discussion in the previcus saction, once the parameters of each
event in the stochastic set are defined, this module wil anahyse the infensity at a
location given that an event in the stochastic set has occurred. In the case of
cyclones, the hazard is quantified in terms of wind speed axpressed as Peak Gust,
This module will model the attenuation/degradation of the event from its location to
the site under consideration and evaluate the sffects of local site condilicns to
amplify or de-amplify the impact. In the case of fiood, the hazard madule will queaniify
the hazard in terms of flood flows! exdreme precipitation for flood risk modefing.

All the stochastic cyclonic event sets will be grouped according to thedr frequency
and severity, i.e., Depressions, Deep depressions, Cychone Storms, Savere Cyclonic
Storms, Very Severs Cyclonic Storms, Extreme Severa Cyclonic Storms and Super
Cyclonic Storms. The probabiistic worst-case scenarios aof cyclonic wind spead,
associated inland inundation due 1o surge, and cyclonic rainfall induced flooding will
be prepared using three different medels {developed during NCRMP Phase-1 as
shown by the highlighted boxes above) and the HEC HMS madel Detais of these

ﬁ are appended in Annexas,
X 51
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33. Cyclonic Wind Hazard Modelling

Since this model was already developed as part of NCRMP Phase 1, the
methodology used Ihere is highlighted here in briel

Surface winds assoclated with a tropical cyclone were derived using a dynamic
storm meodel (Jelesnianski and Taylor, 1973), Meteoralogical inputs used for this
model inciude positions of the cyclone, pressure drop, and radi of maximum winds
at any fived interval of times. The model was used for the computation of masimum
wind at each grid paint of the analysis area and retained these wind spesds for input
to the surge model The wind model was then calibrated and validated using
available observed data related to important historical cyclonas.

Further, the validated wind hazard model was used for the compuiation of wing
speads associated with historical cyclonic events that made landfall in and areund
the coast during 1877-2014. The Gumbel's7 extreme value probabilily distribution
was applied to the modelled wind speeds at each grid point of the model domain and
wind speeds for key refurn periods (2, 5, 10, 25, 50, and 100 yvears) were astimated.
The k=y oulput of the wind mode! Is a wind speed that provides peak gust at every
grid paint covaring the area of impact, This output of the cyclone hazard analysis has
been used to develop wind hazard mags at village el

3. Storm Surge Hazard Modelling

This model & also up for significant reuse and was akeady developed as part of
MNCRMP Phase 1. The methodology used there is highlighted here in brief,

Slorm  suge hazard modelling was pedormed using the ADCIRC-2001
hydrodynamic finile-slement modeld. A finite-element mesh for the study anea was
constructed  using the software package Surface Modelling System [SMS)
{Westerink el al. 1994)9, The maximum surge height computed with the model was
cakbrated and validated against observed surge heights, The validated storm BUTgE
model was then applied for historical cyclone events that made landfall and the
associated surge amplitude, velocity, and surge flood depths were computed
accordingly,

The Gumbel's extreme value probabily distribution was applied to the modalled
surge flood depths at each grid point and flood depths for key retum periods (2, §,
10, 25, 50, and 100 years) were calculsted. Finally, scenarios of storm surge
fiooding were prepared for all the return period events. These scenarias wers then
used to delineate the flood-prone extent along the coast. The framewark shows a
complete step-wise methodology followed for storm surge hazard assessment during
NCRMP Phase 1 praject.

Tﬂ.’rurlhcl.ElU‘!‘Sl-] Statisitos of extresurs. Mal Bureau of Siand. App. Math. Seriss 31, Washingoon DU, 6516)
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35. Cyclone Induced Rainfall Flood Madelling

The flood module, based on the historical datasets has heen already génerotod by
RMSI during NCRMP- Phase 1, and will be reused ta the benefil of Phase 2
implernentation. For the flood inundation and fleod depihs at coastal cities and
areas, the methodological framework based on the inlugration of hydrological and
hydrodynamic modeis, namely HEC-RAS and HEC-HMS, is used, Out of thass
HEC-RAS hag bean already formuiatas by BMSI during NCRMP- Fhase 1,

For Phase 2 implementation, only the HEC-HMS modal will have fo be created for all
the basins. The stochastic cyclonic rainfall events will be used to generate
probabilistic flood depth maps. The stochastic rainfall evant will be input to the HEC-
HMS model that will generate the flows assockated to that raimfall event. These fiows
will be input to the HEC-RAS model to generate the inundation and depth maps. The
updated stochastic flood inundation and flood depth mags generated based on the
slochastic events will be the part of updated Web-CRA.

The details on the HEC-HMS moded development has been explained in the digital
flood forecasting moduke in the follewing sections.

36. Calibration and Validation of Cyclone, Storm Surge and Flood Models

In NCRMP Phase-ll project, stochastic event sets of cychones and rainfall evends will
be generated as a part of storm surge and fiood modelling. However, for stochastic
events sel. the maodels will require further calibration and validation for preparing the
worst case cyclone wind speed and storm surge flooding vulnerabiity maps, The
criterion that will be used for calibration and validation of hazard models is described
below:

The calibration and validation process is intended 1o ensure that the model
parameters are well set to reflect the physical nature of each cyclone. A good fit
indicates a robust simulation, which can be used with reasonable confidence. A poor
fit, on the ofher hand, indicates low confidence. Model calibration consists of
changing values of model input parameters in an atiempt to match field conditions
within some accapiable criteria,

Walidation runs will be made with the selected “best fit" parameters without further
parameter changes. The validation process uses events that were not included in the
calibration to evaluate the reliability of the model far other historical events.
Therefore, an independent sample of events will be used to validate the cyclone
model in terms of pressure drop, which plays a fundamental role over the wind
speed for the episode, and surge height and associaled extent of inundation in the
coastal areas, an important factor owing o the high fiow velocities, The performances
of the model parameters (wind speed, surge heighl. and flood depth) simulations will
be checked by means of relatve emor againsl observed values, expressed as

percentage (%ERR); E-‘-
54
—1



l'l‘ i
sERn = 5 Y0)
Ve

100

Where Vo amd Vs are the cheerved and simulated parameters {8.0. surge height,
wind speed and flood depth). Therefore, KERR = 0§ and %ERR, =< 0 indicates an
over- and underestimation by the model, respectively.

AT, Expesure Modula

Exposure describes the absolute  amount of aseets (building, infrastructure,
agriculture and population) and economic activity that may experience harm due io
the effects of natural evenis. The Exposure module computes inventory of assets af
model rescdution.

Az suggested in above, this module i also up for significant reuse as this data has
already been developed as part of NCRMP Fhase 1 and will only require updating
rather than building fram scrateh and going through all the earfier steps once again,
The process of exposure data updating has akeady been discussed in Section o
abowe,

3B. Vulnerability Module

Based on our inleractions with key stakeholders during the Incaption mesting we will
reach out to them for enhancing vidnerability datasets. Based on the exposure data
enhancements made and Incorporated in Phase 2. the Consultant team will review
the vulnerability model implemented as part of Phase 1. Follewing para provides a
summiary of the approach used for development of vulnerability functions in Phase 1

Development of physical and social vulnerabiity functions for all the 13 States/UTs
were mainly, but not solely, based on demage data from historical events. An
analylical approach complemented by engineering analyses along with expert
judgment based on  pationalinternational experance  helped in davaloping
vulmarability functions with saund reasoning and these two approaches also filled the
gaps in the available damage data for various historical events. This methodology for
developing the wulnesabilty functions uses the inrea different approaches ie.
damage statistics of the past avents. analyticalisynthetic and or engineering studies

and the international experience. The following taske constitute ﬂww)
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Fig.10 Vulnerability Functions Development Methodology

238, Probabilistic Risk Assessment Products

Probabiliste Risk Assessment products will be derved from the outputs of the
hazard and vulnerability assessmemt models While hazard maodel provides the
intensity of the hazard at variows locations for all the events in the Stochastic evant
sel, the vulnerability analysis provides an understanding of the impact of the hazard
mtensity at a location on the exposure edements present there. The EXPOSLNE
elements could be populatian, buildings, essential facilities, and coastal & marine
Infrastructure, As part of posf-processing, metum perods associated to a0 the events
in the stochastic sel wil be aligned with the hazard intensity value by location, This
will hedp specily a refum penod of hazard intensify &l a localion, e.q., al & parficular
coastal village & 2-meter surge has a ance in 100-year chance of occumance

Following probabilistic rsk assessment products will be provided:

# FProbabilistic wind, surge and cyclone induced flood maps by return period

» Probabilistic wind, surge and cyclone induced flood maps by hazard valua, For
example, hazard map of 2-meter surge with a once in 100-year chance of
oooumance,

= Wind, surge and cyclone induced flood maps of worst-case scenarios for each

State/UT @"5’)

—



* Loss Exceedance Curve (LEC): LEC shows the probability thal a loss will
exceed a certain amount in a year, It is displayed as a curve, to illusirate the
probabily of exnceeding a range of losses, with the losses {often in millans)
running along the X-axis, and the exceedance probabéity running along the Y-
axie shows a sample EP curve.

|1 Fadualpibilyy il |..-:.. |
| T lsisimg Ex il |
[ [t gear ]

I |
| Leme Exoemilance Curvn (LEC)

- I

| o | H_‘-‘K‘_“'- |

kg o

| Avetage Aninual Lovs {AAL

Loss Exceedance Curve and Average Annual Loss
* LEC curves will be provided by;

* Exposure Typa (Residential, Commercial, Industrial, Essential Facilities,
Coastal Infrastructure, Marine Infrastructure, etc.)

*  SfateDistrict

* Combination of the above, |.e. By State by Exposure Type

* Return Period Loss: Retun penods  provide  another way 0 axpress
axceedance probability, Rather than describing the probability of exceading a
given amount in a single year, retum penods describe how many years gt
pass between times when such an amount might be exceeded. For example, a
A% probability of exceeding a loss amount in a year coresponds 1o a probability
of exceeding that loss ance every 250 years, or “a 250-year retum period loss *

* Loss by Hazard Intensity: A mentioned in case of return period hazard maps,
we will alse provide the view of the loss in relation to hazard intensity. Faor
axampfe.mssduemafar?ar}nﬂwmwhama}m

* Annual Average Loss [AAL): AAL is the average loss of all modelled events,
weighted by their probabifity of annual cocurrence. In an LEC curve, AsL
cofmasponds to the area wndemeath the curve (Errorl Reference source not
found.), or the average expected losses that do not exceed the nom. it provides
a8 Wsefl, normalzed melnc for comparing the nsks due to Wind, Surge and
Cyclone Induced Flood. AAL will be provided as Maps as wedl as Tables by

* Exposure Type (Residential, Commercial, Industrial, Essential Facilities,
Coastal Infrastructure, Marine Infrastructure, ele )

=  Siate/Dislrict

= Combination of the above, i e, By State by Exposure Type

» Coefficient of Variation (CV): The GV measures the size. or degrea of varlation,
of each set of damage outcomes estimated in the vulnerability module, This iz
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important because damage estimates with high variation, and therefore & higgh
CV, will be mare volatile than an estimate with a low GV, Mathematically, the GV
&5 the ratio of the standard deviation of the losses {or the "breadih” af variatian in
a sot of possible damage oulcomes) over the mean (o average} of the possible
bosges,

All the: above products will be provided as maps and tables by

* Exposure Type (Residential, Commercial, Industrial, Essential Facififtes, Coastal
Infrastructure, Marine Infrastructure, Population. Agriculture, eic.)

= SiateDistnict

= Comnbination of the above, | e. By State by Expoaure Type

* These key probabilistic risk assessment products will be made accesaible
through the Web-CRA as:

* Reports — Summary reports by coundry, stafe or disirict, Summary raporls
by exposure type as country/state/disirict kevel. These reports will includs
chars, maps and tablas of LEC, AAL, Return Period Losses and Losses
by hazard intanaity,

* Pre-complied maps - The Risk Allas within (he Weab-CRA will be
extended to show pre-compiled probabdistic hazard and loss NS,

= Query — A query capability o be added to Web-CRA where a User can
specify the exposure, locatllen of interest and type of result to generate a
dyramic tabular view of the risk.

* Probabilistic Risk Analyser - The Web-CRA Risk Anatysar will ba
enhanced to run probabdistic analysis. This will provide mitigation planners
with oplions to estimate the bensfits of mitigation options being planned.
Through this approach, the users will be able to compare the benefits
from multiple mitigation options and then fmplement the ones thai
give the best cost benefit ratio,

The various probabilistic risk assessment products dscussed shove will help
States/UTs  disaster managers not only in mitigation planning, bul also in
preparedness phases through the years. These products would also help disaster
managers in identifying the various exposure sfements at risk and priontizing various
risk mitigation options based on the principle of benefit-cost analysis (BOA)

. Real cyclone tfio

Consultart proposes fo use the ADCIRC model for the real time forecasting of
cyclone events as its robusiness In starm surge modelling has akeady been proven
in the NCRMP Phasa -1 project. This s another area where reuse is likely to play an
important role in executing NCRMP Phase 2 since the team proposes using the
ADCIRC madel for forecasting of surge inundation during the execution of this phase
alkso.

Fallowing are the ADCIRC capabilities, which are vital in foracasting of wind, storm
surge, and coastal flooding is vital to protecting lives and coastal infrastruciure:
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ADCIRC model applications  include modeling bdes, storm surges and  ihair
assodiated inland inundation. It has additional capabilly of wetling and drying
algorthm fo study inland penatration of water from stunn surge. FEMA (Federal
Emergency Management Agency) in 2002 accepted the robustness of ADCIRC, A
real time atnem sunge warning system shauld have [llowing potentialities:

= A high-resolution, physics based circulation model with flooding and drying
capabilities,

* A high resclution water depth (bathymetry) and land (topugraphy} elevation dala
oot

*  Accurate (time and apace) wind and pressure fields to drive [w moded,

= High reselution {variable grid resolution) mesh

= Advanced Decision Support System

The next section dercrihes the oparating procedures of e modol colipled to e

Web-DCRA, which will provide responders an enddo-end  salution o take

appropriate mitigation measwes to minimize the severe consequences of extreme

cyclone events,

41, Cyclonic Wind and Storm Forecasting for Real Time Extreme Event

Storm surge model (ADCIRC) coupled with a dynamic storm model, will be
imbedded within the web-DCRA and will be ren on a Server in an automated miode
for the computation of wind, and surge flood extents and depths along the coast. The
Phase 1 Vulnerability and Risk models will help identify the exposure and guantify
the iosses associated with axtreme cyclone events. The modal set-up steps are gz
follows:

Initially, surface winds associatad with real fime tropical cyclone will be derived using
a dynamic storm model {Jelesnianski and Taylos) along with setfing up Web-DCRA
for executing the appropriate window {forecast domain) based on initial and likly
final positions of eyclone tracks using a buffer of 100 km around it,

The Web-DiCRA will next aulomatically take model Input parameters from IMD
bultefing (characterstics of tropical cyclone) for computing the wind distribution.
Theze inputs will includsa:

1. Cyclone positions (latitude and lengitudea),

2. Pressure drop (HP&) and

3. Radius of maximum winds (meters} at any time interval {preferably six haurhy
observations), probable landfall location

These input data are provided by IMD from INSAT Imageries, cyclone detacting
radars, and surface synoptic analysis. The duration of the forecast will be perfarmead

for 48-72 hours as par IMD bulletins. -



The final step will be to run the storm model and the surge model, Starm model will
compute the required surface wind stress associated with the tropical cyclone in the
model domain for each time step. This goes as input to the Surge model. The autpi
af the surge moded will be sea-suface elevations, depth averaged current fiekds and
peak surge envelope. A proposed framework of a reak-time forecasting system for
storm surge hazard and risk assessment is provided in the figure below,

The cyclone features described ahove will then be dizplayed through an appropeiate
user inferface where the user may select any part of the coastal regian Lo gat more
detailed expected resultsfeatures, il neaded.

The web-WEB-DCRA will be designed in such a way that the whole process of
running the model for a 48-hour forecast will take less than 120 minutes.

One of the significant features of this web-DCRA will be s abifity ta Investigate
multiple forecast scenaros to be made In real time. Far example, as the cyclonk
storm moves nearer to the coast and India Meteorological Depariments forecast of
landfall become mose accurate, the track of the cyclone will be updated at regular
time intervals,

Following will be the model cutputs displayed on the screen:
Surge wave height and direction

Probable maximum surge envelope

Current speed and direction

Wind speed and direction

Surge inundation exdent and water degth
Assetsiexposure at riak

Suggested action'advica

Detalled event repart with maps

The overtay analysis will identiy the exposure elements at risk, The vulnerability and
risk mapping modules imbedded In the Web-DCRA will identify and guanlily the
losses in monetary terms due to all the three hazards,

Validatlon of Web-DUIA: In order Lo validale e models durng real-time events,
data from the field o olher nationalfglobal sources will be collacied and the modsl
will b nmn Again with updated information to redisplay the hezerd maps and
associated exposed assets and loss estimates. An atternpt will also be made 1o
compare the simulated sea surface elevations with observations from local tide
gauges whera ever possible or with post storm survay.

Wisb-DCRA will estimate, in this sequence of order, the lossas due fo eychanic wind,
storm surge flood, and cyclonic rainfall induced flooding from the event These
individual losses will then be combined lo obtain the composite loss from cycionic
wind, storm surge flood, and cyclonic rainfall induced flood. Losses aggragated af

administration level (village/citytehsil/ district/ state) will also be dhpﬂy&d@ﬁ
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Storm Surge Warning System i .

IMD Announces Obtain the forecasted Position of :
formation of Low —  track of the system  ——  Cyclene, Gusting i
Pressure System through IMD Bulletins speed, etc, .
l -
Bathymetry, zenerate Cyelone I
Topography, Pressure ——s  FOfcethe o Best Track and wind
field and Tide maodel (ADCIRC) forcing
| Modet Dutput
\ ' ! }
Surge Height Coastal Wind 5peed Inundation 2
Currents and Direction Extent & Depth
L I | |
'
Estimation of the impact aver the region B e —
Wind, Surge and Bl Impact on Population
Inundation maps
-1 Impact on buildings
Threat status T Imipact an essential facilities
[~ Impact on transportation systerms
o Impact an utilities
| ™ Impacton agriculture and livestock

Proposed framework of real-time forecasting system

42, Real-time Flood Forecasting

There are many ways in which recently observed storm flood flows and exirame
rainfall data can ba used for updating forecasts and various updating procedures are
available. They differ in detail or in their mode of operalion, but essantially, they
provide the hydrological simulation meded with feedback information from the most
recanily cbserved flows to estimate errars and thereby improve the accuracy of
forecasts. The updating procedures can either be continuous, that is, they can be '
apphead at each time stap, or periodic, which will invalve periodic recalibration of the
model. A dynamic web-enabled flaod forecasting module s proposed that is
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43. HEC-RTS Framework

While the HEC RTS model s a new addition in NCRMP Phase 2, Consultant is
already using it across river basing in India and therefore has sufficient prior
expertise in setling it up for Phase 2 raquirements.

HEC-RTS is an all-inclusive system that picks up precipitation data, simufates a
rainfail-runcff model, runs a hydraulic model and makes available inundation maps,
stage and plots. Once the models have been calibeated and validated to reflect
current hydro-meteorological conditions, they can be executed to produce forecasts
of flood characteristics. That will assist the concemed agencies to evaluate the
effects of their operating decisions in the near fulure. Reservoirs, bridges and other
data from the field will be incorporated in the model to make # robust. The ability of
HEC-RTS is to forecast floods with a sufficient lead-time for earty flood waming
dissemination and to take timely protection measures. This will also halp in
effectively undertaking flood mitigation measures and minimizing damage during
fleods in coastal cities. It will specifically address fiood risk management and losg-of-_
life concerns in the coastal cities,

[
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The inftegrated hydrological-hydrodynamic modefling framework HEC-RTS will be
capable of providing probabiistic flood details nsing stochastically gone raled
cyclonic rainfall as well g5 fiood forecaating,

The flowehart of the flood farecasting model has been shown above, The flood
forecasting model can be viewed as having fallowing major components

1. The HEC-RTS framewark mCorparates hydrodogical modedling wsing HEC-HMS
and hydrodynamic flood miodelling using HEC-RAS. The HEC-RTS migdal for
this project will use the same HEC-RAS based basin modals that were
developed as part of NCRMP Phase 1 The HEC-HMS models will be created
for all the basins involved in the Sludy.

2. Both the key components of HEC-RTS framework, HEC-HMS and HEC-RAS,
Can fun independently. However, in HEC-RTS they are combined to provide a
comprehensive watershed forecast that incledes river atages and fleading
extents.

2. Probabilistic Flood Modelling

* The above HEC-RTS framework will be used for the generation of stochastic
fiood flows using stochastic rainfall avents, integration of pluvial floods, and
generation of probabilistic flood depth maps and inundation M.

* The slochastic flows generated from HEC-HMS will be faken a5 Input mto the
HEC-RAS modube to generate the various probabilistic seenarios of floods.

» Varous components of HEC-RTS contain, fo some extent, some uncertainty in
their outputs. Therefore, an uncertainty analysis of stochastic rainfall will be
done prior 1o probabilistic analysis of flood,

» For model calibration and validation flood flows, extents and depths of
historical floods would be used. Global mapping agencies, such as the
Dartmouth Flood Observatory (DFO), and government agencis recornd [he
behaviour of historical flood events and provide foctprints of recent floods. (MO
hag hisforical storm event datasats. AN these will b utilized for the validation
aof the flood inundation maps

4. The same framework will also be used real time flood forecasting from tha
eyconic rainfall from a live cyclone. For this analysis, the rainfall forecasts
associated 1o the lve cyclone from various sources will be used as input.

PluvialiFlash flooding, as a3 result of exirema rainfall event due to their stom
characteristics, accumulate farge amounts of water aver the ground befose it enters a
natural or man-made drainage system. Pluvial floeding is associated with short
duration with high intensity rainfall, It includes different dynamic processes such as
flow paths and ponding, stespness, barmiers o fiow, walness, permeability and
antecedent soil conditions, For Pluvial floading the road network and canal netwiark
will be used as water channels. PluvialFlash flooding will be incorporated in the
present framework and will be used for both probabilistic food modelling as

well as flood ferecasting in cities. e



44. Data inputs for Flood Forecasting

For the real time flood forecasting, the forecasted precipitation data, available fram
different sources (IMD WRF, IMD GFS, Global GFS), will be used. and the real time
obsened rainfall data from IMD, JAXA and TRMM will bez usad.

The forecasted and real time cbserved data availability is specified in the tables
bedow,

Table 1: Real time rainfall data

= REALTIME RAINFALL
Source Resolution Filetype | interval
TRMM 0.26deq X 0.25 i [ 3hr
deg.
JAKA 0.1deq X 0.1deg. | i 1hr
JAXA 0.1deg X 0. 1deg. | tif 24hr |
IMD Station Data ( Excel 24hr
Paint Rainfall) .

Table 2: Forecasted rainfall data

[ FORECASTED RAINFALL i
Source | Resolution | File type Interval Forecast
S : . ek Bitiod
IMD-WRF 2km X Skm .dat Ehri24hr d-days
IMD-GFS 0.25deg X it 24hr T-days
025deg. |
Global-GFS 0.25deg X tif 3hr T=days

The user would be able to forecast fleads in every 3-5 hours for every rainfall
forecast input to the model, The model would take about an hour 1o forecast the
exbants and depth,

45. HEC-RTS Modelling Framework for Real Time Flood Maps Generation

The dynamic maps generation and fiood inundation will be created at smaller scale
{e.g. focus will be on exposure area) for all coastal cifies. The flood dischange will be
generated in HEC-HMS module utikzing real time physical and meteorological dats
mputs. The main dynamic real timeforecasted metearciogical variable, namely
rainfall, will be input to the model to generate real timeforecastad fiood flows. Tha
real timeforecasted flood fliows will be the main input to the HEC-RAS module to
generate fiood depths and inundation maps, which will be able to ilustrate the effact
of cyclonic extreme rainfall events. Pluvial flaoding will be incorporated in the present
framework by incorporating extreme rainfall events that ocour with real fime and
forecasted precipitation data. The inundation from the pluvial mpact will be assessed
and then incorporated with the rivering floods. The HEC-HMS module of HEC-RTS
will be updated based on pluvial and riverine fioods.
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Calibration and validaticn of a flood forecasting model nequires flood extent andfor
depth measurements {spatial distiribution) for particutar events based on the real Himae 0O
obzarsed and real lime flood forecasting. The real time high fliood marks will be used
fo calibrate and validate the hydraulic modal for the flood svent, The real tme and
forecasbed scenarios of flash floods and Rood depth maps would be a great asset for )
the user prior to esfimating the severly of fulure cyclonic events. The RAS Mappar
teal in HEC-RAS enables the modeller to visualize the flood mundation areas,
Computed model results can be displayed dynamically on the fiy. A sample of RAS

output flocd map for Rapti iver has been shown below! P
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A sample of RAS output flood map. O
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46.Real Time Cyclone Hazard and Risk Model Automation and Impact o

Forecasting

Iy

As per our understanding of the reguiremants, the propesed WEB-CRA will be an -
anhanced warsion of the present WEB-CRA, which was developed as par of i
HNCREMP phase = | project. The proposed enhanced WEB-CRA functionalities can be )

divided undar three maln heads:

1. Enhance Web-CRA
2, Offine Web-CRA [Desktop version)

3. WEB-DCRA App - Android based mobile phone application W) .
&5 !
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47, Enhanced Wob-CRA
The below mentioned enhancements will be done i the engisting WEB-CRA

» The propesed enkanood Web-Cra should be abiks lu peifarm prababdistic iak
analysis For cyclone risk and storm surge flooding / coastal flooding and should
be able o generate vulnerability maps for the coastal line of India. Thie will nat bo
o resl e product. but ex {not a real-time product)

+ [ntegrate a Dynamic Cyclone Risk Assessment capability (WEB-DCRA) to Web-
CRA,

= The Web-CRA should be enhanced further into an open source web G5 based
decision support system {DSS) for Matural Disaster Management for coastal

#lales of India, The key features of the DSS are as givan below.

o Providing vital information of exposure at risk on real time basis for an
impounding cyclone at the State/District and Local-level Support response
and recovery operations.

o A decision support system for planning and to calalysa the process af
preparedness, response and mitigation.

o Early waming dissemination through e-mail and SMS imobile based
application)

o Emergency communication for timety relief and response measures,

o Building Knowledge base to facilitate planning and policy making,

48.WEB-CRA- Probabilistic Risk Assessment

The existing WEB-CRA can perform deterministic risk assessmant. This functionaliy
will be enhanced lo perform probabilistic risk assessment. The syslem will utilize the
stochastic events sets generated as part of modeling enhancement dane in this
phaes o perform probabilistic risk sssessment

@ Wik Cipcicns Humand & Ak San
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Enhancement on Risk Analyser Module to Perform Probabilistic Risk
Assesament

This option will allow user o perform probabilistic risk analysis on base and the user
defined data. Users can aiso view the status of the various analysis job submitted
The three hazards fisted for Risk Analysis are:

= Cyclne
* Flood

DU

To perform the Probabilistic Risk Analysis user has to select Probabilistic Risk
Analyeis aption from the drop down of Mnide| Type on tho Rial Analysis Dialuy Buy.

The dialog box below shows the sample user interface for rigk analyzis menu and
fisk analysias options:

Pk Lraksme Rusk Rdpgre=
LT, FHEE

Anelyed Siafus

Risk Analysis Menu ?,(j?
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The sample report generated by the WEB-CRA for probabilistic risk anakysis is

showm balow:
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48, Dynamic Cyclone Risk Assessment (Web-DCRA) - Decision Support
System for Disaster Managemant
The dizaster managemeant activities mitigte. immediately at the onset of a disaster
event such a cyclone and flood in terms of immediate response, slowly transitions
Into recovery activities which lead to identification of mitigation measures for bettar
preparedness. The emergency fesponse activities can only be successful oy
through multi-depanmental coardinalion,

Thiz demands for the avaitability of spatial and nen-spatal data of various
departments in single platform Effective emesrgency information managament
rediiires concerted planning, organizing, controfling, and influencing of human,

material, and nfarmation resaurces 1o endure that information 1s disseminated y



- D000 Q0CCOODOCEOE®

tight decislon-makers at the rght time to satisfy those nooda. The high leval design
of the proposed WEB-CRA DSS is given the Figure balow,
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The propesed WEB-DCRA will be open scurce web GIS applcation that will be
based on exsting WEB-CRA platform, It will provide information about exposurs,
hazards and vulnerability from an impending cyclone, to support for planning,
coordination, response, guidance and decision making for emergency management
personnel.

Tao perform this analysis on real-time basis, existing WEB-CRA analysis engine will
be enhanced so that below mentioned tasks will run on automatic mode:

= Fetching cyclons information from IMD in automatic mode
* Running hazard models viz. — Flood, Cyclone and Storm

= Running vulnaerability madule (E'AS';'
=  Rumning loss module
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Process flow of WEB-CRA dynamic analysis engine

The foflowing five are the magor eomponents will be added in the axisting WEB-CRA,
analysis anging:

1. Real ima input data collection: This module will fetch the input data such as
cyclone track detads and rainfall from the various sources (IMD, JXXA,
OpenWeatherMap, Weather Underground etc.} finalized for the moded on real
time basis through RSS feed, web services and SMS and store that in FTP
senver located at data cenirs,

2. Wind and Surge Module — This module will use ADCIRC model 1 generate wind
and storm surge hazard maps using IMD's cyclone track details on real time

* Send event situation repon to pre-defined Individuals via email
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* The system will send SMS and pre-recorded voloe alerls to all mobiles in
the coastal areas, near airponts, train stations, et

* The system will send SMS and pre-recorded voice alers to haomes that
have potential for impact on what they can do to reduce losses
Fegister missing people information

SME alert fo mobiles in the a

rea regarding missing people

Reporting of missing identified
The sample user interface of WEB-DCRA Dashboard i shown below. The user can
whew results on maps, graphs or tables, The system wil dispiay the following layers

by defaull as the application is loaded:

Cylons frack

River network with basin boundary
District, state and country boundary
Basic GIS tools like zoom, pan, Zoo
attribute information and calcukate o

map
m iz selection, zoom fo entire layer, location
istance,

* Observed and forecasted flow levels from various hydrologicalthydrodynamic

moded as table and chart in map
s Wind hazard map

@ Indlia Cyclane Mazard and Rish Ports
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Sample user interface - WEB-CRA DSS

Clicking the Detail hyperlink in the table (to the right in above figure) will allow users

1o navigate to detailed modelled resu

Itz at & more granular level of the selectad

parameter, A sample screen shal is shown in below;
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Details scroen of Max wind speed
The application will ganerate a sityation "eport based on moded cutput, A sample
reporn i given below:
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Cyclone Situation Analysis
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Sample situation analysis report

The information provided by this report will be updated on real time based on
information received in the sarver through WEB-DCRA App (mobile application).

50. Offline Web-CRA (Desktop version)

We propose to develop a smarl client based application to update exposure
database. The Smart Client Application has a desklop based client that can connect
to & database that is on the desktop of somewhere on the LAN. Following ara the
key capabilifies that will be made available through the Smart Clhient based Offline
Web-CRA

# A user interfaca that has all the expozure editing capab@ities as are available on
WebCRA

* A Map based user interface to insert new paint type expasure slements (like
hospitals, Fire stations bridges, airports, communication facilities, atc.) and
polyline type exposure elements {like roads, ppelines, etc.). A tood will ba
provided in the tookbar for respective editing types. The user can sebect the tool
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andhanﬁpalﬁyﬂmhmﬁﬂnanﬂmnmpuning
Iocation is provided, the application will show a
A separate interface io insert detais of ports asg
elruciurna,

Person with data update privilege 1o the system will be able o
updateimodifyidelets the exposure daiabases.

A data approvai Cytle where the exposure data creatad of ypdated by aperataors
i reviewad by pradefined iewers, and approved far update fo central serves,
Raeviewer privilege will be provided to support this functionality,

Ao synchronize capability in the database to updated all the approved EXPOEUNS

data changes fo the central server whenewear internet cannectivity becomes
available,
|

the mouse pointer, Once the
fable to insart the allributes,
a aroup of huidings and

0008

e 0

™
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WEB-CRA - Layout of web and desktop application of WEB-CRA

This deskiop application will be connected to centralized database server of WEE-
CRA over internat. Figure below shows the layout of the proposed solution,

e
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Layout of the proposed WEB-CRA desktop smart client application

51. WEB-DCRA App - Androld Based Mobile Phone Application

Consultant proposes a mobile-based WEB-DCRA App application that will provide
balow mentioned funclionalilies on smart-phones:

8. Simple registration process 1o receive alers in case of an impending disaster

event like SMS and pre-recorded voice alerts regarding potential for impaci,
what they can do fo reduce losses, eic,

Figure 1: Sample user interface (Mobile application) for WEB-DCRA App

7. "1 AM SAFE" feature: By clicking ‘| AM SAFE' bulton the system will sand SMS
alert o predefined numbers. This will help the user relatives that the user is safe

and a considerable effort will be reduced 1o search these pesphe.

& Crowd Sourcing feature to get feedback from people, who wants to submil

infarmation related to event such as; @r"}
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* Status of floeding

*  Approximate wind speed, surge height
* Damage description

* Need fo be evacuated

* Need Emergency Medical hedp® ete.

WEB-DCRA APP will also be developed using Open Source Technologies for mobile
development  Android SDK will be used as the development platform, ang
PostGre/PostGs will be ysed lo store data on mobile device, The Android SDK
provides the tools and APls neerssa

¥ lo bogin developing spplications on the
Andraid platfarm using the lava programming language,

using native-code languages. Hence, Consultant Proposes to develop modules

(described below) on the top application frame work. @“)
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O 52. Proposed Physical Architecture WEB-CRA
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Schema showing physical architecture
! Security

53. Integrated Authentication and Authorization

The authentication strategy will be implemented for the security and relabiity of the
web applications. Since the presentation and business favers are deploved on the

i game machine, resources will be accessed based an tha original caller's Acoess
Controd List (ACL) permissions. The services will be secured by authenticating usars,
taking advantage of the features of the underlying develapment platform. Securma
protocols such as Secure Sockets Layer (SSL) will be used during Basic
authentication or when credentials are passed as plain lext. Message-level sacurity
mechanisms supported by the WS® standards (Web Services Security, Web
Servicas Trust, and Web Services Securg Conversation} will be implemented with
SOAP messages.

[ The authorization strategy will provide the security and reliabilty to the web
applications. Resources will be protected by applying authorization to calers based
on their identity, Account groups, roles, o ather contextual information. For roles, s
] granutarity of roles will be minimized as far as possible to reduce the number of
permission combinations required. Role-based authorization will be implementad for
business decisions, resource-based authorization for aysiem auditing

The authentication, authosization, and profile provider web service will provide
secunty services to the web apphications with central web based management
application to manage users, roles and users in roles.
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54, Audit Trail

The audil frail mechanism will track af changas fr the systems undarlying date sa
that an auditor can examine these at any later paint in tima,

Fui each database table that requines an audit trad, another table will be created that
will have the exact same schema as the parent table with fowr additional fields:

1. AuditlD - a primary key, IDENTITY field

£, Deleted - a bit field that defaults to 0 that indicates if the record has been defetad
d. Created On - a date time fizld that defaulls fo the current date and tima.

4. Created By - a field that recards wha changed ihe data,

A trigger will be created on the parent table for UPDATE and INSERT that ingers the
contants from the insered tabde into Audit tabe,

Simitarly, a trigger on parent table will be created for DELETE that iserts the
contents from the deleted table inlo Audit tabla, pulting in a value of 1 into the audit
table's Deleted field,

55, Passwords Encryption

For Password Encryption, develaprmant framework's inbuilt suppost for encryotion
will be ulifized. The following encryptions are part of the davelopment framework
such as Hashing, and Symmetric and Asymmetric Encryplion.

The Hash based encryption will be implementad by adding a sait [unigque stning) to
ewvary password bafore hashing it. Hash based encryption is oplimized for spead.

Database Mirroring: The proposed deployment will consist of database mirroring,
Database miroring maintaing twe coples of the single application databass and will
reside on different server Instances of PostGRES/PostGIS Server Database Engine.

Dl of the two databases, one database server instance will serve the database 1o
clients {the primary server). The other secondary instance will et as a hot or warm
standby server (lhe miror server), depending an how it is configured as well as the
state of the mirroring session. The database mirroring provides a hot standby server
that supports quick failover without any loss of data from commitied transactions
when a databasa miroring session s synchronized. \When the session s not
synchronized, the mirror server is typically available as a warm standby server (wilh
possible data loss), The technology, which will be used fo develop ﬂve;;;

application, iz given in Table 3,



iDiatabase

Gangarvar

Geoweboache

Apache Tomcsl
(Weh Servar)

st - SETRMIRE T D
Postgra54L is 8 powarfid, opan sownce objecl-raiational
datebase syetam. || has mona than 15 yeare ol active
develapmant and 8 proven archilechse thal has carned L a
ctrong roputation for refakility, data mtegrity, and corroctnoos, 1
runs on &l major aperaling systems, including Linus, LMIX
(ALK, BEO, HP-LIX, SGI IREX, Mac Q5 X, Salaris, Trebd), and
Windows. Itis fulty ACID compitand, has full suppost for foreign
kaya, |oins, views, Inggers, and stored prosedures (in mulipla
languages ). || inchaies most of 3012008 dala types, including
INTEGER, NUMERIZ, BOODLEAN, CHAR, VARCHAR, DATE,
INTERWAL, and TIMESTAME. |t also supports sforage of
Linary large objecls, including pictures. sounds, or video, 1} has
nativa programming interfaces for CIC++, Java, MNet, Perl,
Plliui, Fuby, Tol, SOBC, ooy ollises, ol exceplon)
documentation.

| GenServer is an open sourca software server writlon in Java |

that allows users 1 share and edit geospalisl data. Designied
for interogarability, il pubfshes dala from any major spatsal dala
source using open standards. GeoServer is the refarence
implermantation of e Open Geospatial Consortium (DGC)
Wab Feature Service (WFS) and Web Coverage Sarvice
WCS) standards, as well a5 a high parformance cardified
compdiant Web Map Sendce (WWS). GeoServer forms a cora
companinl of the Geospalial Wab,

| GecWebCache is a Java wab application used to cache map

tiles coming from & wamety of sclrces such gs OGE Wab Map
Servios (WAS), | implements vanous serice mlefaces (such
as WMS-C, WMTS, TMS, Google Maps KML, Virbua! Earth) in
order 1o accelerate and oplimize mag image delivary. It can
also recombing Liles 1o woark wilh regulan WS clients,

| Apache Tomcat is an open source software implementation of

the Java Serviel and JevaSanver Pages fechnologles. The Java
Sarviel and JavaServer Pages specifications are devaloped
under tha Java Communily Process. Apache Tomead powers
muemercus terge-scale, mission-cribical wab applications across

a diverse range of industries and organizations.

56. Experimental Phase

Before exposing WEB-CRA o farget users, a team of key experis nominated by
client and Consultant expars will work togather 1o analyae the owicoms of the WEB-
CRA for sbout 18 monihs by considenng real cyclone risk assssement and related
product dewelopment, finalizing the interactva map viewer platform, probocol

davedopment for warming aic.
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57, Quality Assurance

System Tesling - The objective of system testing exercise is to validale that the
sofvare ol conforms to functional and nondunclional requirgments  spocdind
Soltwaie Reyuiremen! Speciications so that it works as expected. Thus softwars
lasling ensures the quality of produd Built.

To enszure thal adequate effort is made towsrds producing qualty software, a
separale team for system besting comprising of full-time {est engineers wil be
formad. lierative builds will be released io testing team

Consultan! will carry oul the fefiowing actvities in this step:

Test Case Preparation: The purpose of preparing ftes! cases & o have a
docurnended way of validaling specified funclionality in & struclured and exhaustive
manner, Test case preparation will involve the following activities:

» Study of Software Requirerment Spaciications documant

= Docurnenling test cases detailing the steps 1o carry out 1o validate specified
Tuncdionalities

* Ruview of test cases lo ensure adequate coverage

Test Environmant Preparation: The cutpul of this step will be & well-isolatad

environment suitatle for systemn testing.

Test Case Execution and Defect Tracking: This step involves perfarming the
actual testing of the system and includes parforming the Tollowing activities: Test site
Fnks, oxacute test cases fo teat Business logic and funclional requirements, Test
overall sie, Test lemplate with tarnget browsers, and Logging of defects found in a
defect tracking fool and assignment of defects o aporopeiabe daveloper far
rectification. The culput of Ihis slep will be & test report giving details on defecls
validated and new dafacts found with thelr severity and priorty.

Non-functional testing: The purpoae of his slep is to les] whathar the porial meats
the non-unclional requirements including response fime, rroughput and koed. It may
imvolwe one of maora of the fallowing acibities: Recording of lest scripis, aimufating
load on system using the tes! scripls, and Taking measuremerits of response b,
The aulput of this Step will be a5 report detading the messurernents recorded and
identification of pofential arsas of baltlenecks.

User Acceptance Testing: The purpose of Liser Acceplance Testing is to establish
whather the system developed masis the expectations of the sysiam w=ers or not,
This will involve carrying oul of following activities: Dapioymen] of systom at the
operalion ervironment for tesling by its users, Execution of user Accepiance fest
cases by the users, and Reporting of defectafissues by usars and fixing of the sarms
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by Comsultant. The ouiput of this step will be issuance of acceplance cerlcale by
the client,

58. Training and Capacity Building Support

Coansultant feam understands the importance of training and capacity building
support at al levels and hence devise an mclusive training program to ensure
knowledge transfer, capacity bullding and projedt sustalnabllity, As mentioned, with
the help of NDMA, we will be involing disaster managers from all the 13 coastal
states/UTs from the incaption phase of this assignment Accosdingly, Consultant
tearm will map the key stakeholders, enderstand their requirements, capacity and
accordiegly will develop a detalled training and capacily buiiding plan. The fraining
and capacity building plan inclede content, schedule and plan of actons for
implementation and this wil be finabzed in consultation with MDA

Diur propaositian for training and capaciy building is to invohe identified stakeholders
from all the 13 States/UTs:

» |n key prodect activities incleding exposure data updation of Waeb-CHA and its
usage till Beta version of Platiorm (WEB-DCRA, Updated Web-CRA, Offline
Exposure Managemsant and Mobile APF).

¢ In tasting once Beta version of the Plalfonm & resdy

o In naticonal and state level trainings and capacity buildings activities.

The training and capacity building activities will be camied out o phased manner and
at differard lavels. This included 2 national level workshops and traimngs and 14
State/UT leve! ouireach fraining and workshop (twice in 7 identified and agresd
locations in different States/UTs with the halp of NODMA). The stakeholders for these
actities will e carefully identified at two levels.

#  Senicr OfMcers from each State and UTs who wall attend two high lewvel
warksheps at NDMA in addition to project Inceplion meeting.

= Middia level officers (who have a basic background on DRRE and who will be
carmying out the operational activities in the various State/lUTs), who will atlend
wi frainings of two days each at MODMA (in the developmental phase of lha
profect in consultation with NDMA) and fwo trainings during experimental phass
throwgh 14 Siate Oufreach Traiming and capacity Plan, This would provide
opportunity to middle level officars to attend at least 4 trainings (2 at NOMA and 2
at StatefUT levels g5 TOT (Traiming for Trainers), a total of B days training and
hands on sessions) and paricipation in the modal cutputs verifications through
companson af modaling outpuis of ve cyclone(s) to field outpute during the
expermental phase of project, This approach will also ensure ownership amang
stakehalders in addition 1o capacity building and knowledge transfer.

The details of the training and capacity bulldings and cutreach activities are provided

below, g,p»‘f)



59, Mational Level Workshops

The objectives of the national level workshops are to familiarize the key stakeholders
are NDWA, Mational Agencles and Senior Level State Officials and key Middle Lewvel
State Officials WEB-DCRA, Updated Web-CRA, Offline Exposure Management, and
Mobile APP. The idea i to start with these selected audience, make any suggested
changes and subsequenily take platform 1o the wider audienca.

Consultant propose 2 national workshops of 3 days each for this, Whike the first
day workshop would cater to Senior Level Officiaks, the naxt two days training woulkd
ber focused on ToTs.

Testing beta version of Platform: Once the beta varsion of the Platform (WEB-DCRA,
Updated Web-CRA, Offfine Exposure Managemen! and Mobile APP) and thair
respective Technical User Guides are ready, Consultant in coordination with MDA
will conduct first 3 days Mational Lewel Waorkshop-cum-Training Program to present
the functionalities and capabilities of the Platform to Senior Level Officers and
Training and hands on sessions to ToTs. The attendess of the 1-day workshop
mostly will be policy makers and selected representatives from 12 SiatesiUTa,
NOMA, the Warld Bank, IMD, and any other stakeholdess that NOMS, would like
invite, The team will damonstrate the funclionalities and the Base data available m
the systern and its application.

To the attendees of the 2 days TOTs, development of cyclonic disaster scenarios
and assessment of vulnerability and rigk assessment specific user cases based on
some of the low-probabity-high-impact evenis will ba demonsirated, As the
stakehoddars will have on-ground expenence dealing with these past events, the
specific use case scenarios of these events may be used for bench marking and
wverifiying the capability and authanticity of the system. The team beforehand explains
the data layers involved in the analysis and s limitations i any for building the
stanarics. The opinion and suggestion of the stakeholder will be documented and
will b considered for nafization of the WEB-DCRA (Web and deskiop versions) and

App.

Uemonstratron of Platferm: |he second natonal workshop will be conducied in
coordination wih MLIMA after we address the suggestions and recommendations of
the stakeholders. MNow the applicalion will be ready to open to wider audience
accommodating the requirement and expectations of chent and users. The same
stakehalder mvited for the first national workshap will b= invited far this workshop
and present the risk atlas again to ensura that all the comments and suggestions
were addrassed satisfactorly before apening to wider audience.

Second national level workzhop:! This naticnal level workshop will be conducted
a3 parl of the closure session and demonstrating the fully opesational Platform

B3



(WEB-DORA, Updaled Web-CRA, Offine Exposure Managemen! and Mobile APP)
A larger sudience including senior and middie level officers (participants of first
matnal waorkshops), policy makers both at siate and national kEvel from all 13
Cimtma/UTs, other stakehodders ke IMD, INCOIS, RR3C, NDMA, ha Woikl Dank will
by inviled. The team will explain the study in details and further present ihe WEB-
DCRA (Web and deskiop werslons) and App, capabilibes, The second and thisd day
of tha workzshop would focus on hands on to ToTs. For this, we would form amaller
groups 0 which the ToTs will have hands on fraining s=essions  including
demonsiration of the software developed. Consullard team will actively suppor the
froups in exporing and understanding the WEB-DCRA (Web and desktop wersions)
and App. capabilifies.

Tha agenda for these two training and workshops will be designed carefully in
congultation wilh NDMA, Key principle for developing the agenda would be fo
ensure active involvement of siskeholders and provide opportunities fo
stakeholders fo contribute in finalizing the betfa version and understand the
capabilities in full pofential

Consultant will take the support of NDOMA fo dentify and invite the stakeholders,
reguired kogistics for the parlicipants, venue location and facilities required for the
waorkshop and franings, Consultant will prepare presentation malerias, hand-outs,
workbooks, reference shests efc, that will be provided to the paricipants during
thasa frainings and workshops, Thasa will nod only facilitate the dissemination of the
findings af the study bul will atso keep all the stakeholders informed and be at the
same level of understanding regarding the process'methodology as a result of which
il would pawve the way to develop a road map for Disastar Risk Reduction in all the 13
coastal State/UTs.

0. State Level Training

The objective of state level cutreach is to provide comprehensive hands on training
o as many the state level stakehalders as possible on use of WEE-OCRA, Undaled
Web-CRA, Offline Expozure Managemeani and Mohils AER,

Tha siate oulreach trainings will be camied out twice in axperimental phase fa tofal
of 14 State Quitreach trainings covering all the 13 States/UTs) starting from the
demonstration of fully operational WEB-DCRA, Updaled Web-CRA, Offine Exposure
Managamen! and Moblla APP. The dates and schedules of these trainings will be
decided in consuttation with MOMA and concerned state stakehalders.

The broad oulline of tha training aclivities at the state level will follow the same
agenda that will be followed in Mational Level trainings; however, the data discussion
and analysis will be more focused fo the participating StatesfUTs. The use case
scenarios demonstrated in Technical User Guides will alse considered with

= B4 Mﬁ
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reference fo that particular state. We propose a 2 day focused interactive Training
Program with a total of 14 such Training Programs in different States/UTs. All the
siates will have separate sassions according to the category they are grouped into,
The UTs will be invited fe the nearast etate for the scesions. However, this tentative
plan will be further discussed with NDMA to see the modalities and feasibility of
grouping 2 states logether for outreach activities. It is logical to consider adjoining
stales together as it is essential fo have coordination between states for any
mitigation and adaptation actiiies particularly for hazard like cyclone which will
aften hawve regional impacl
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&1. Deliverables & Schedule for Completion of Tasks and Services

Az per requirernent of ToR, Consultant would adhere to the reguirements ol
fimalines for varouws deliverables as shown n the table below

Table 4: Deliverables and Schedula

SMNe.] 7 Deliverables Duration (from date
of signing the
___contract)
Project Inception Repart 2 weeks
2 Development of probabdiste risk assessment 3 manths

Mapsiproducts for Cyclondc wind, starm sunge and
rainfall induced flooding and demonstrate them
throwgh interactive map viewer

3 1. Alpha verssan of S manths

= WEB-DCRA,

+  Updated Web-CRA,

= Offline Exposure Managemsnt and
= Mobile AFP

2, Demensiration and Presentation to key
slakeholdens,

3. Draft Technlcal User Guide

4 Demonsiration of Beta version of T monthe

» WEB-DCRA,

¢ Updated Web-CRA,

s Difline Exposure Managermeant and
= Mabilz APP

=] 1. Fully Operational T months

« WEB-DCHRA_

s Lpdated Wab-CRA,

= Offfine Exposure Managament and
& [loblle APP

2. Chusure Rigpil
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B1. Project Planning and Management
Koy Features

For the successful implementation of a project, it is important to follow standard project
management prachces. As a first atep, during the project infliation mesting, we will defing
the project communication profocol batweean Consuliant and PMU-NCRMP by defining
single: point of contact on both the sides. The key activities under project management are
Turliver elaborated beslow; -

1. Project thitiation - The Project Manager will undertake a detailed discussion during the
project Indiation meeting and finalize core team, and roles and respansibilites, and
discuss tha project plan with the PMU representatives.

2. Development of Project Plan - Consultant Project Manager will develop a project plan
defining roles and  responsibilities, communication  protocol, key  milestones,
assumptions, constraints, task dopendencies & budget; listing the anticipated riske and
Consultant risk mifigation plan; project monitoring proftocel including the monitaring
team; project status reporting; quality objectives and management plan.

3. Project Monitoring and Control - The project monioring procedure will be defined, in
cloge consultation with the PMU-NCRMP, to regulary measure project progress and
refurbish the execution plan, If required. The project menitoring team will consist of
Consulant Senior Management, Project Manager, and key client representatives. This
will ald in identification of problens and laking cormective action In a imely manner,

4. Project Status Reporting - Consultant team will undertake reguiar monthly project
stalus discussions and subsequent reporting. Along with status reporting, the team will
also maintain regular communication betwean Consultant and PMU-NCEMP. and within
the project implementation team. The reports and other outputs generabed as part of the
project will be shared with the key stakeholders for review, While regular
cormespondence  will ke through e-mail, other modes of communication ke
teleconference, video-conference, and site visits will also be undertaken.

3. Communication Plan- The project taam will follow a defined communication profocol to
ensure regular communication with PMU-NCRMP, This will hefp us ensura prompl
issus resolution, feedback attraction, manitoring and evaluation of the projact against
set targets, and refurbishment of workplan' methodologies for effective implementation,

6. Risk Management - Consultant Project Manager will develop a project-specific sirategy
for identifying, analyzing and mitigating risks, and also set up an escalation mechantsm
with the client during project initiation meeting, This will consist of preparation of a list of
amtinipated Asks and ther sources; Pnonlizalion and categorization; and Risk Miligation
Plan for mopor onticipatod riaks including contingency plans. A spieddsisel wil be
shared every month with the client highlighting all the risks faced and mitigation

measures adopled.
(e



64, Project Meetings
We propose the following meetings as part of our effective project implementation plan,

Hame Purposze Location
Method
Project Initeatinn » To identify the points of contact, | = PMLU, NCRMP
Meeting and finalize the project approach,
deliverahles, work scheduls,
communication protocol, project
team and roles and
responsibilities.
Stade iraining o To demonstrate the web-DORS # States as
workshops and the app o state stakeholdars dizcussad with
= To share results of state-level PR, WCRBAF
assessmant s
Mational training = To share the assessment and # 2 locations as
workehops result information and discuss the | discussed with
recommendations PR, NCRMP
» To demonsiraie the web-DCRA
and the app

a5

A

L e L L B B K

[

L L o L L C L

i

L od g



L

=q o Buppne funags pue Eumoy [eul | proig “zm) puewuosws uswiodep Joj suswsdnbal
UL B JEym ‘sappeq Ag paunoodd BQ g B ) @SED g VT TN
Arenu ey rsuog | up ssappiq @yl Ag pamooud 8g o) s YINON AQ peuDisAosd 10 BULS]
By} Ag Jawass umo je padopmaep 8q o 1 | (ewyos § smespied) juswuonses uawdodep oy 5| o uofisas ‘go afey ¥
“Buj#Sil pg-ed BULTP pepinGiad ‘|-38BUd Joy pasn
(dINHON jo 1-eseyy Buunp padoesap | simpapyoie so wBisep [@na| yBey ayy apwvoud Apury o nod
) WHO 98 40 oclweq Aesseaey | sanbay j-eseyg 0 sjuawannbay ey ssmppe o) wwoge)d
Jay0 AuE @E0OUD O] SaN Bl JUEINSUOS &4 Jo uopeodde ‘BOURISjR
@SBl Cwiopeyd | ||-eseyd o jewdomasp oy |-eSBUg Jop  pejuawsdul 40 sulm )
Bupsme su) ssn af paanbay s 3] 'sa) | wwoyeid Bulsike syl 9sn o pannbal s 1 JEU LUKUCD AipuD A R
-eseyd JWHON Buunp padojenep
uoiedldde wyI-O0eM ©f PRIEIR) THN F SIEISD (Edluyom
"SUBLUINICD SSE0DE ) sgEscd ) S CJUsWSE)s  wejgold
‘Bunaaw pig-aed Busn 3 papisoud | aug 4o} uoqnios ewndo @sodoud o) Jepio u) ‘jng ‘uopnoaxs ‘Boualapay
{dNEON 4o |-eseyd Buunp sadosasp | |aseld Jo ped se 1Bl $=2|ungoe aapexpu [0 ued 81 sanpow 0 suE |
[} WMO g o owsg  Alesssosi | pue weo-gap Suisom Bupuerssapur), 18yl puesispun ops | 2 uogoes 'go abieg Z]
FLGE
uod gng ‘jusjusn
PUE JELLIOY
Bsodoly EMUSa )
‘§1 WS eeg
Sgeieaid £ 71, 8 |Buy PUe SUBjEUOT
UD "pamo||o) Bg o} JeULc) poEEUEES S cpapuord aq spun afed pue {4 me ‘sufiew ‘s 0} sLaonsy| ‘g
€ (8 £ UO|RSG) JUBINIcD d- 3 Jajan M ssweaanbay) 'Aue g el jo Aeununs jaug B UES) | umijoag 'nF-g) =bey g 1
oM
YINaN A5 uo EhLED SI0pPIg o s8N oy esne|g | g
sioeduw) paie|sossy g sauojalg 404 SEY Y&y Aisodwon paseq-gaps Jweuln
18 s83lnlag Bunnsuog Jo Buliy Jo) £10Z°LL'20 PSIBP LI LOZ/AHIMING “ON d4M 1sutebe £L0zZ°LL0g 4
Uo pley assuasaiuog |esodosd-ssg Buunp PasIBYy saueny o] SUoNEDlUE|D pajeplosuU0n gng W
Y-Xipusddy 0] = asnxeuuy
CC oLt LEDBDLCE L

(£

| MESS333U UWA JUERNSUG] 4G suop

“(Aursuaoy g jusw/foydep eojsfyd | paseq |

& L 0L O L O

Lo B L Lo



@ e Q

Ol -
HIER SUDIs 3y} o Bus) ey uzdn
Buipuadep paLuoyad sEm UCHEN 5S -3
SJUBNHLEL0D
[epy  pue C‘ueipedf sunssaud
exzen QWi puw jo uopedydde
Byl Wy pagnsa udpEnd § ofing -p
UOHEWIOL [BRY) [RQD|E =D
CHM =9
@R AL udn
Bupuadsp :Eyg yooe Joj JuBEID
2UaM SIUSLISE pUBE S300U J0 JBGLINU
o= agnads  JogEso) ses  japow
B Sy CSMOUSHO un Of-0f nege
PUE 1502 8L} JESU W J01-0R UaaNIaq
saueh @E)s puilb ‘pepow  OMITaY

.hm_._wﬁd MBS Yses 1o} pESiUC]EnD

BEM  |[BpOW  Suoeds uoneso -e

ESUWRDLS Uajum 'OS J| Lised B Jo SWars
JUCHSIY JO§ SUOHEMUWIS JSBD Uy SS50Y] auspy JEIEP (|BJNE
0-80inos 8yl ses Jeyss 0 Jwsed auesaliny o ecsnos el
SEM JBUNY ) JEucHEINUAS auy) ssam Buo moH 8 Juopipuoo
(Bl Jof SUNaS BUYL SBM JBUN, P LSUOEHPU0D AIEPUNGY
|BFe) 40 BUNCS By SEM IBUAY D LEIED ARSWALIE] j0 S0Inas
SY3 sEM JBUYAN “q Lsiuawsgs ‘sepou jo Jequnu) azis pull sy
EEM JBUML B L-BEEL U] SU0p SUCIE|NWIS PUBTEL Suopss
JpS|ULWIMED BL Jo F|eep 2y Buipinoad sop nod of psenbay

B s M e il B 0 TR U B M W s T TR T W 1 B T T PEFZEIDRY YT
u padojessp [ppoul ABCOIBAY B JeYIBUM 2 L1 S5 j0 | eousiajay O SuUa]
58 | 4ed 58 padojassp [@pow ABojoipdy suj jo smims sy st ey | o uooag ‘gaafied |
‘0wl '3 om0 B

Er I ETE TN
(e -TET
1 UOag ‘g abe

PEsn SUE sjon] D3Y ‘Bugspow
pocy pue safleyosip seau so4 efing
Wials pUE puipg ) pEEn 81 DMIDOY

4SUD1535 [BUUELD By
SS00E UCNQIASIP [BPOU 2U) DUE 'SUDBEASES YUBq auy] “Jeall
By} U} pauyep sem Bamjewyl 8yl Moy 'ucynjosal ERUCZHOL
s U papsausul Apeinojued aue apy jsebBleyosip saau
w=oe o) peanfiyuos § OUIDOY JBUIBYM 1Byl Aluep ssesy

‘eouasagay
40 Ba ]

'4 Uogaag "gg afied

“J5C3 UMD

Jiau) 1 (Uoisiaa pesuadl) pub Ow|oOv
UMo 8sn o) 8ABY  JUBYrEsUoTy 8y

sll-a5eild
U @sn Joy Juensuos ety of peplaced Bq |Faseyd Buunp
FONRUSDS MUEZRY JQIUILLS)ED sy Joy pasn pue padopsep
SBM eyl puB DuID0Y ue suyeuym Byl Auep  esealy

“EauslapEy
) sWay oy U
'z BIRd | ag abeg

‘(9 eied " unhoes) 44y
Ul S|GBISA|IED ./ IO} PRLOQUALL SLLUS)

| By sad &8 JaMBS pRod Ajp 01 uosEfpw

o T
_U. W W P W W

Ay



LS [ 1

i5

_ Aqi=sod JuspE B4 0] 53, | BULND pedomrep [Bpow DEIDTY B JsEum Rjies ssead | ./ USioes Go ebeg | o1
‘wouadd Bursn Jpng uoisuBXe | EnUSEEN 10 SLLLE |
S84 | U Lopie)d SpONCSD Byl U0 pesEq S| wuD-GaM, eyl | g uoppag ‘ggefed | gL
“Bulraaul pig-aid Bopnp papivold
(dWYIN o -eseud Suunp padojanap
P wHo gam o oweg  Aessaoey
‘pe1sabling ag
asea|d Aew voREdjjIpow quBLUSALIdLY )
Auy  slswea mnsodxe  snopea LIFSSELUL W) PAdo|Snap BIE YoM | SOUSREEY O SUUS ]
10) padosrap eue suonouny Angeisun, | susisun MipgeiBUINA JO 'OU S JNoge |ejep spivosd Ajpupy | 2 vonoes 'og aBed | CpL
LI=0pig
ABPPEQ | [ UERnEUCD 8] o) pepnald Bg pinom |-SsBlyd U] padojasap | ecususiey jO BuLE |
INJSS83INe WM paseys o g siy) | elep ainsocdws ey Jsgeym wiyuos o nod ssnbey | oy uonoes ‘egebed | gL
“Buiesw peg-aid BUnnp papinald £
{dWNHIN 2 |-eseyg Buunp padojanap) ES10C-03H PUE DHIDaY Buisn |-eseuy u) pedojenep | eoussaay Jo suus)
WHD 98M /0 owen Aessecey | soueusss pUEZEY OISILLLEAP o 'ou aui epaoid oseay 4 vonoeg ‘gg efied | 'ZL
13ppiq |njEEa0ong
Qi pasegs eq  m siy)  ‘sjans| al-eseld
BES MOEUS J0) siqefene uonfosa | weouj eep Lepunog BUligeca pue ABWAYED UBADD (#5800 BOLEMES J0 FWe |
ubly uuw ElEp Anewdyeg Apeoug | Bupsia sy o ElEBn 2y spacsd Apuy o nof jsenbay | o2 uopoes ‘g sfed | 11
fEC=OT BaUAITY
dElpoepon. Afocgupdy sy w pepnjou LIFPOLL 8U3 Ul pBpMoUl 5q of paeu 1o |apow ABosoupdy ey 10 swia) g
93 01 B ea® fpris u sisny 1Y | u) pSPNEU UBSq SABY EXU UKW SISAL BU) o ALEw Mo | uonsas 'pg-ag sbey | gL
AISPOL BUY SEIGHES pUE
EIER|BA 0] EJUBWBINSESIL MOl WESNS « pue 'sdell Janoo
PUB|fEsn puey uonniesal-ubly « ‘Biep uonesodess jelus)od
« "sew aungxe) 108 « Sdel sunsIoW Ios . ‘uofELLajn yydep
Jan - g3 vopnosal-yBly « Jepol ABojiospdy e dnjes o ‘
FERDIY INESAIINSG UM PRIRYS | pepeaU UogeEUUn Jajswaed AUl 0 ESE0E SNEL BM (W | | Bousiaay 0 suwe ) ﬂf ¥
99 E EEp Juenspayfiessecel 'sey, | eseyd uBnouy) sqepeae ApusLung ou 5| [@pow ABojospdy & ) | 1y uonoss ‘oo efiey B
i

L

ASIBAL BU) J0 YIES S0 PR{RIGIED pUE PIIEDIEA S | a5Ey

VB L DL L

CRuL L Law oL 4oL d

L oL

L o oE L



L]

@000 C Q0O OGO

5 B B T M I

| #tunz uoois Ag pesnes Bulpooy pus|ul
{ % Bupooy pEjUE: pasnpul  auopdn

‘Apms

[0 2000E pUOAS] 5| [EjUMEl LODSUON

“PE§apo 3G 0 SREY |

: Tl O T T T N Tl e A [N, R L T T |

Eh

A s e B T |

[J0 151 ) Ul Fasamol | AiobEes auopio Lo 40 Bulpooy
puejul pue afns LUDIE "UOHEWLOU PRACS-pUM O oueLE0S
SSED JRIOM-JESU BYl BIBWNSE O} IBUOERAY |esnsyiodfy
o edwes asjejussauday B asn e Jsdoud  eoansas
ayl, ey ssqedpu ydeiBeied jsiy su) ‘69 pue pg sebed uo
UOIaES SaNpold/sdep luswssessy YSIY dSMOEY0Id AU U]

sBoIMES jo adoog
‘G aENe|D 'L uopdeg
‘69 seled

‘L

dWHON A swiog 5q o) {Ave y) =1Ep 0
150 s28a0ud 0] SlERDE) M JHDN
Thd)  pun  wswsbevey peloig

el 0 waliwanab sieycuonesuEBio
PaLEau0a (FITITY LIOOEL DUOoD
jdn Moo} op pug SOUBIENESE [RIILULDE)
AEZSBIaU apAad FELS OUM JUBYNEUDT)
sy} Ag pejaabbng eg Az safe) mau fuy

‘paumbes 8q [BYS Lonepdn sunsodxg

o ST T

4Psppe o0 O Spesu sseqeep
pnsocde o) BoNEE U Alpgeden jeus AQUED nok ueD) ‘ased
SI) Ul Juswdomasp awn esU pue ogspgeqoud & j-eseud
jo ued se paonpoid @9 o) papadis 5 Bjep sunsodxe op "ol
‘gau) Aumn ‘speos “sBusping ‘uogendod se yons eseqejen
BU] Ul UofELLoym ype [Feseyd ul pedojaasp 5| 8SEQEIED
engodes IeAamoH  BSEqERR aunsodxs Bujepdn oy apow
BUIMC ) s OF wHO-gam Ul Aigedes ppy, o) SYsE g4

"BANEY 10U 8||GOLU
Uo cdde pioopuE o B JuBESnbay

Tlwoye|d dde epgow "ZjA) ‘sjuswalinbes
awdoEasp dde ajgow smouy a0 e asesid 'paunbea
dde ajigow saey §j dde-gew Appusiy a)gow apmosd 0] Seyo
1l 51 o dde spqow SAlEU J0p Buryoo) (yNaK) Ausyine ayj 5|

BOUIBJEY JC) SUIS)
-4 ueqaes gy alieg

‘Baualaay
JO1 SIS |
14 uogoag 'gg afieg

§:13

‘PR NSNS a4 9 pepinasd

| 89 [BM EjEp RS ESEa08U BY| 'SaL

4 S0BW YEU POO[| CUBEIE SEBT-12I0M U SjReuab
o} SULCIS [BMSOAY Jo s)rs Bu o uewdoaasn By} Joj
WENELCS SU) O) papivoid 89 § PINON, PUR ‘|-SsEyd jo ped
58 PELos||0 ESIE SU) L) SULOS JO BIep |Eagsaels Aue wis) §)

anuale ey
JO sULE) L
uoyoes ‘Lg-5g sbed

‘L

IBpEq njsEasone
s PRIBUYS B9 [ SIEI8P sSuung

Buti@a pig-a.d Buunp paposd
{dNEON 0 Feseyd Suunp pedoasep
YWD e jo olwag  Aesseosy

AUBNNSUOD Buj o vowgfyd
Buisn Ul ping uoisuaixe Y wuoped spoyoen UD paseq
WHD-99N, BU J0 SNSEQ AU BUBYS O] waN 0 1sanbay

mﬂa—m._m.._._m.w_..—ﬂ Suaeg |
4 uonzas ‘ga abed

£EIPL O 1SR

au Buole seaus Su| 48 10} PSIEIGIES PUE PSIEPYEA S1 | 48

SOUSIBEN JO BUUE |

@)
O
)

ol




PaENWS 8q Aew suopda sedns e
B8 104 ‘SOLEUSSE SHOUEN U| SHGE|IEA
JUSIEEE LUIM JUSnE UB YOS Senwrs
¢ sey Juepnsuo] Jease joedwl ybiy

dHopa ms|pgegod e aq
10U v Bupsessusg pedus ey} Buusp|suoa SUESLY 218y BSED
J8iom, SBOP JEUN) SEAIE DUEB|W PUE SUISB00 J0j pajRlaust

NS sjEodwon
el paseq
Gap |oo | poddng
U0ISIDa0] BLLUn-ESY
'T BB 'S8OMEg

Apgeqoud mop B § OiSEUSS SSED JSION, | 29 ||IBYS UONBWNSS afins waois 98B jSioM B, shes g4y | joadoog fgp eBeg | oz
Wlie] [EEp
PEOIAVCIG 50 ued EJED Soydeul Aysusq
BUZ YOIEJ] Jo UOiESD 104 'jeulsy Bud ' ‘SalEEE
uanl ase soydein ayy jpd pue sy pios | Aipousd * siewwsy eSueyos ejep 2 vogeodde pasodoud 10y sua |
E 5B |[Bwe AQ pepuoud @ BjEp Aguaunt) | pue O] ueesgaq afiueyaxs B1Ep o apow apjacd nod ppnon U .n._.__n.lm_mmn_ W
‘BayzEne =) ugagng [eaguy
Y (sudmerdesqo D00 91 F 9 ZL ‘B0
‘90 'EC 00 vo peseq) Aunoy ssuy Aans
PANSS| S/8 BURGING SADOE PUB WUOKE
UMD Jo SEED U pue [SucnEAsESqO
{DLN) S| Eeieaun pajeuipocg g SE0IMEE |0 adadg
® 21 00 '£0 '00 ue paseq] Aep e sewj) Papanoad Bq pm vopewopl EnBojoioaaw | | Bled [ sousiagEy
SAL SWIRING sanss Q) ‘uossaidep | leyps ¢suogeodde swy-eer Buunp pesn 5q o) woREWIO IO slE] ©
desp pue uomsesdep jo sEes uj | meu spinaud e aWI Apusnbay moy pey) AuBs esedlg | ; uogoeg (o afed | BT
janpodd
"SOUEUEIS eses-jaiom Bupnu) ‘PEULER IayUny 2q juswealinba jdsouns dew | sdeyy uewssassy
Pedoj@isp 8 o pseu  SOUEUSOS | pajelausbal Bl UED LBUDP B 0) SUCHEINUS JO JBgumy HEI SR
B|qEqoud B SUBBW Si)| BOUEPSRINS | WNUNBLUALNLIIWW Y] ue Asuemeds flayl ) "BOLBUEDS | ‘EBDIGS Jo sdoog
o AlEegoid quassyp Joy soueusos | BSED JaIcM-ESU By slewnss o sauopis eoneyiodiy | ) BBy ; scusisEy
SNOUEA dof@nap o) spasu UEnSUeD | o ejdiies sajEjuesaudal B EuORUALY =gy sjonpoid 0 sua ]
Bugiepowl  sgseysols  wBnosyy | snspgeqesd o juswdojaasp BUYi SUCHUSW ddW @yl sy | J ucgasspgebed | 2z
dAjue sbing wums au wouy pasnes 1By e Buryea ,__

fuo sauesu) syl v Buipooy puep euy s1 ‘snyy ssBieyssp
UUBAL  pUe  jEpsel woy Gupooy HERMLSSy 851 sdeil
ayy Buidop@aap u UDHEIBDISUCD OQul UBYE] A0 ) jou Sweag)

L P 28 TR VRN W RN SO S S S )

COLEeEL LoD E UL

[T I S S




e Qe

DDA IRAADIAIDIAIDIDNTIDNIAETIDIAIAES NN D VY
_ 3PP ryssacons of peplaoid aq [ Analifgeq SUOH0SE-E5010 'SeUBpUNOG Janl 5B UonE BIpl) | SOURISEY JO BUUA]
[l EjEp Alswdyieg 9 mm.qm_._n_m_n @y | Ul SERUE BULSAL BY) Joy uaeuuopl spsoed of nod jsanbey | o) uogoeg ‘L abed | CLE
FOOIIEEY T U919 (NS
‘NI-L¥30) ecuesdwes ypne pefeswus pue spuswwsalnbal
egnsuay sy Ag pasalifine 2q o)z | Qunoeg (g ucamos 8yl oy uawslnbes Uanooey Je|sesig
7 Aupgenese UBiH (2 wyO-geaA jo uomian dolsag (o
"AISEn dy Y00 (0 WHIa-gen (1 0) SISSN JUSLINDUOD JO JSqWINU | SoUMRRY JO) SUWIEL
00} WnUNEW ag || =gl i g 1 ° | | sjewieouddy’ (| - sgEep Suimogoy apwnoud o] nod jeenbey | s uopsas ‘L. sbeg | og
48BDE|P SULEAU By} pUE [[Ejljel Wod) Buipooy e
IBjRASal) U UOBISEEL0D ClU| 8B} O] SORLU ) 2ue ‘sny) ooy, yoddng
UCEAIRSUOD ol UsiEl g pinoys sBURYIS|p auuaAl sy OIS0 e
PUR [[Rjul Wod BUIpooy Jejemysay JBU) MIBPU| JOU S20p )1 | [Bay 'Sa0ag o
u L2 D egey | 1) efied uo Uogoes sdew ey jo uoneiedasd syl u) Jasamoy | edoog g0 9By | B2
ool
yoddng uosoaq |
A0 241 Ag (sinoy g fiana | sus | (eay ‘saoimeg
EZ D iejey | a)) s2fo ssesiss uogeuuol eyl Jnoge [elep o jsenbey | jo adoog s oBed | Bz
"dINHIN
Ag swea ag of (Aue g) =Ep o js00)
"dNEHIN
MMd Ag suop =g | uonesiuetio
fIMOD SRS UM uonesoe) Aessaoay
Juegnsuo: Ag parse||ca aq
o} Eeg Juswwasol aeisuonesicetn Aunsledwon
PRUISOUD Upa LOMEUIRIO0D jdn mofio) | ysns Joj pepiaosd B4 |||m 8y} EIEP JO 180 B aualy] 5| spapiansd
Op puB SIURISISSE |Bdjuyos) AUESsaoeu (8q Aew ucheuuoiy) jeiy Apnb wop Awsisds poddns
apinaid  [IBUE oM JUEYNSULOD Byl | LO|SINBD BY) UIYEM [SE3SI0) SUL UNM BIBGLWSD o) BiEp P2} ¥ BiBd 'sa@oMeg
Ag pasjsaBine eq Aew jafe] meu Ay | wng puncufl ey epaosd e oym jE lwijuoa oy jsanbay | jo sdoog joy abeg| 7
e LULCKS pRISEIRI0) BU JO UOHEDD| [EPUE| [ElUajod |
auly 'Aoe.nooe Jsedaio) uodn Bulpuadsp | ey Aduy j=uy ss0p a0 jsaEU) o sSUDHEID| Jepnoped o £ BB ' GBS
fuen fBW 3 uoperps cweulp e S| 1| JEN B 2y 5| JSUBSL LONBAGY jIBjpUE Jeinalued seop eyy | o adoog oy efiey

]
e

EENY

e R R e T o T =
..l.r.._...l“__nﬂ..l...r..r.

-
L



v ow W

LS S 3

96
UDISISBp BLUI-E8d BY) Uil SUCHENWES ayeaxa 0] (SWBjahs T SeOE@Aa0
PE ¥ ¥ D 0] Jajsy | pue yBiy) seunosal jeuonepndwon Bugsixs sy aieys asea)d oes alied | e
"o} yoddns uomep 1efoud au) jo pue &l je j00] poddng Golsep awy
BUE 8BS WEUE SRS B dWHON TG | -esu peuy sy Buwsaoay Jaye asn oy ueid (yWON) Aluogne
_ aul ssop (o9 ‘s|iEjep We)sis ‘srossaonid 'sapou o ISquinu)
FE DO} ey | s20un0sed [BUCHEINGWOD Jo DU BU) NOGE WULDD BSERlg gszsefieg | 'pe
E301ABE pUE
S3EE] Jo Uogadwog
“Burujeq TeucHippE oy enpeyos
Bupniow siguow gz ¢ josioud eu | &y o Buspling Aedes pue BuIER B4 O SISO SUIUOW T S8|0RIBN|E])
§0 UGfledng ') O WeUIpsEWY o) My | bz 5 Ppeloid Ay 0 UogEIND By JBISUM LLyLoD SSeal o'z obed | ig
“AESENs BUjLeny o
aagoese) UBsep of sBYy Juepnsuon £ ssne|] ‘oo
guosiad-u) uely Jsues Hoddng uoissag
‘wosiad W aq o) sey Bujwes) | su)jwo sq sapoe Buippng Ajoedes pue Buuiesn, auyp feyy | awn) eay ¢ 77 abey ‘BE |
Ydo
WHD 930 LBUIYD BT Y uaym/l [00) Joddns usisnan S.u-feal By =08 Jo uoisse,
dopisap aunyo wey SHSWOINE &4 (i J | W) sinsal suinboe wD-QaA JO UoIsIEs BULYo syl || M moH | dopsag b 'z abey 'SE
[epO SweUip
aU1 slesdwos o) pannbal sUonenuss o
Jagquinu uo puadap |m poya BulEpow
#l pepimosx owsep fAessaoep
SRSEE PN DN U PRS0Y | AYHD-G8M SU) O) UoheLLC Bu) spinoid of poje BuljEpow BEIIEG
VHD 980 - Wyd 89 o ‘sbewls | sy pue 00 Noddng uoisman sl B8y SU) UM o) SIqEREAE jo adaog ‘g asnen
811 8 uvojembyuco sswes juessud | senosal (eucoEndwon jo spEep eyl sueys esERld | /zZ) pueggeaBey | pe
‘Eunsew pig-aid Bulnp papiaoid EMIOM [-ESEUL WOl | wiD0ens BujsiE
(dWHIN J2 |esByd Buunp PRODiEAED | B|QEIEAE 91 JEUM S98 0] EJLSILOSD Sl SUNUENS pUR [-S8EYd4 Buipuesiapury
] WHD G8M 0 owsg  Aesssosy | padojmmep wHo-gEn B jo SEISp 8yl asms SsEaly [Liobeg | g
JRAE oS40 SIMUB Bu)
Buunp paicliuaw aq o 1seasuny edw) | JAosIpe ai) Buisol|o) seanuil (07 | ¢SUCISSIap UONENDRAD TS ﬂ ;
sispuodsas Aousfiswa | ayew o Gupseoaloy joedus woy uogeuwsen eanbas | o sdoss g aEnE|D) I\
0] pannbau eq W wnay  Bi-pe | wiepuodsa Asuzblawe sy pncwm yaink moy pue uayo Moy | 'p uonogs | efey mm,,
g LIUEIINSUST 8u) 0] pepinead o8 |
LB REBLLLlPopoLiLLvoeteLlLoeDEeEL LLGEBE L 1



220 9% D

« s RN T S T M TR, T R M T T A T

LB

]

e I DL S

W) JusLEUnba) (AR S5q | BL ]

[=hedl uelaa aq ol Bwob amy) s 'Sdwexe Jog Sawg o

SY5E] Jo v dwIng

Tusaantal us } Lnad== BuySpow ey pue i5)|SpoLl ¥512 pooyABo|oIpky Buiges
PR5EY 1500 4ay) 1B say UEd JUEYNSUGT) | Syl O} uoilippe U) pasy aq yeis Bugepow jeuopppe uen Lvi-pe ebegd | op
1osfoud syj josisamau) JeRaq el | ETETET =)
(1 FL 98N8 Bsys Bieg | Ul “espuedxe WBWop Ay aueys of Buspm sspnnsu) yoieasa Buyes
£ LOnoas) SENER ddy o) JeEy ‘oM |/ jSuopEdnpe uwe dn 8y SJOQWSW WNLOBUDD B UED el eliegd | oy
‘qol a
apa|dwod O} JUBynsu0D 10 juewiannbay sjuawwannbay
iad s Aes few sy suswmbas Lioaloud aup jo vale)duwoD NSSRIINS ) 10 papasu Buwelg
| PHIEWNSS) aMElUS] SIE @SBl| 8B 'SaA | 4 syuow u) Ucys aadexpu ayj seno of suadxa-fay ay ueg L 'wi-gLE6EY | b
‘SQUOLL OF jo popad B uym padxe | N m, sliawalnbay
Ag and g oy poye ey Joy juswaunba ESUILIOW FZ JBA0 LOYS [EI0] 1ISU) JO SUOLS [BNULE Bujyers
LJUoL UBW @AREUE) pajewnes 81 g | Bupeoipu) spede-Aey JO) SUILIOW Ul Spoys SAREDIDUL 8L ey L'pigl sbed | oy
WERTSUOTY B4 AQ BU0G 3G O] S )50
WERNSUSD 1o juswanDa) widn paseg SUBLLISI|NE
isuedea-Aay auj sap|saq yers poddns saeqsiwpe Buiyers
‘o | Eoiuyzer ‘pedda ABN-U0U jO JSGUINU SU] UG W) B ausL) 5 wiept abed | e
PENUGS LN thny B 5 814 B
1500 umo 53| 12 sSiE)S O} susdes spndep
o) $2y JUeynsuUCT pannbal usym § sy
W ELOD AG BULI0Q G (I JS0D LT
Joj paantE UBym pue sB ae shujasw APaptanud SpUnj [aARL sjuswannbay
apousd io) spadae sEo uapes wes) | fue g sweyl A LEIPU| u) sfiupsew palosd Aue Jop suadis Buiyeys
Wl uSLsInbas BaRg Sq v 2uay | -fey ey Jo suo pue wou) sjuSwannbas el Aue asay) any L'rgLoled | Ly
eYn=U0D Ag SUICK 30 (1M 1503 YD)
50y paUNDAY uaym pue = me shulesw LBIpU|
Jipoued so) 0@ syadiesepesT WeB| u sfunaaw oipousd o) japes) WED] Sy} waly sjuswammba) E30lAlSE puUR

iUl g sy) Buunp Jepes) Wes) syl woy pejoads §iom jo oy enpaos

PSAI0AL QO] JO SUMIBU [EQLLDSY | PUTY D0adE SISy S| "SLORNGUILDS JSqUSL WEH JayD Aus 7 S8|QRIANa0

of Gupool spessid  wompuoo  diy | UBY) 810U 51 JSPES) WES) AUl WOl JUSLRIWLIGS SLILOW § . B 'es sbed
[ SE0LUEE PUE

£1naloud sun jo ped se wely Ajddns o) papadys

S Joppq Sy WO ‘I-BSEud U padoasp ooy uoddis

E¥Ee] Jo uopadwoo

16} EjnpaLaS

=




BB

L R TR N SR

IEIURIEIY L0 PSSBG |Spow JpsiuiuuEeq) | o) S|Spow (JEonsnels] Ayqeqoid e B0 pelrssE & § L L UcRoag |G |
'I5ppia jysea0ons o papwioid aq |
Bys Lonnioss) sgeEresREgissod jseg ULLoD) ased AN3d |
uofiyasas ybiy su epsoud |im YIAON JEY) SWASEE 088 Bp8 ga op abed
54N f9 w3g W30 jo suncs ay Apads nof jsenbay apy | sopueg jo adosg g | 'es
"dWHIN Al aUIog
aq M 'Aus §1 ‘Elep Jo jsog ssedcud sy
SERIDE (M dNHIN TING swes sy
1Bb o wawwsesob aiEjgyuojezuebic
pauwssouoo s UleupuooD
AN MojIDy Op puB BOUESISSE [EXULDS) LuuoT) sEEa|d Josloud
Alesssasu spineud |[2ys oy JUENRsUOD | Sy Jo adoss o Hed jou & Blep B Ul UDIDPE AuS pue YYD 85 ou afied
su} Ag pegsalifng aq few sade) mau Auy | —gans Ui SjgE|EAR sjUSWalR aunsodis jo ejep ansodys | soussapay o sULS)
EjEp anzadya sqepdn jim JuEsnsuc U0 paseq &g |1k ndino ainsodxa ayl rJuoges | ‘7
WLLIOD BEES|]
UUuSD esREd Jaaioud juains
140 80035 jO N0 S| SuOfaUNn; AEQESSUINA LIS Jo Uoppe oo ou afed
“Bunpauny Apjcesauns | pue | eseyd ey Buunp pezieuy sue suogoung Argeisang, | eoussaiay jo suua)
8yl ajepdn pue ppe ABW Juegnsuon [EoisAyd eyl pawnsse 5 g :juogoeg | ‘Lg
ULUGD aEEa)g
‘Bupeaw prg-aud Bupnp epuoud I-eseyd uj fodas sy w pesnbes EALBIUBLUS |10 ajdwexs oo ol afed
(dWHON 4o reseuy Buung padojesep) | ue pue (] aseyd sg Buunp psubisep) suodal Sfdwes | sausieyey jo SULE |
WHO 988 0 owaQ  Asssasap AU AlBeys wmmm_n_ﬂsuimmn_uw__&.____ ‘4 Uogoeg | 0g
LU SEEa|g
‘UDYih S UDISUAKS sof pasn og ou abed
ABoyouyos) sayeq | Abojouysy Ajuo syl pue wioped eponoss & YHI-GIM | souaey jo sula |
esodnd Aew Jueynsuco iAoy 'say | 1o jueswdojanap Jof pasn wuayeid Ajuo By} 1By pawUNsse 9| )3 Dlunipen | R
WIHLIOD BSEa ‘([-BsEUd Uy LojBjUSLIs| a0 Joj g% ol ebed
SEPIG | QBYEAE BG (I APNYS [-BSEYY dINHON B Buunp paiayies | sousseyey jo swe |
B3NS uiM_podeys =0 of ‘S5, | EJEp |2 pue wiD -Gon Pedoensp BuY JBY) PSLLNSSE IR Luonoag | ap
Y 65 oN abed 1
‘uonEdgdoe Si5) gaps JO $I9En | BouRISEY 4O SULE |
00- WFLLIXERY | WW2unoued 6 Jsqwnp ey Agosds esesid o) nod 1senbay M Viuonge | ¢
- — UGN %
vvevwv L uwueeeedvogoelLLveDDLELE L LE &



30 D

T T XFIATAIAIEDN DT

Gh

p A B - A

pejElaual |
Eep Aiesssasu jo Bupeys sieyoey Im |
TN NG IUEYRELG) pejoses au

“ULBUOS BSES|d (5230008 JUaIayiE W) B2 padnba
BUL 128102 O} BBY JOpUSA S| 1O B Rsu0D Bg O) A|qe) e
80 M BSIEIE |EJSECT) AU @ Jo) eppu| ‘o Jepun paekd

A4 PRUSIGEISS BIRR 4O AN o) 18NS | W20 PSPNPUDO AUSda) WoK PeIEisUSE BIEp BU SISy | uswB soumieg oy | (10
-]
“fue j poyed papuapxe BuipnEu) pouad ‘o afied peiguos jo
vofisidwon pelmd o dn Aiessaoen suoippuc Eneds |
‘aseld soususpERy pue JUEmESULA
LPE #sne| D) pegues | suoeisdy syl Buipnoxs ‘eseyd uonnsexs joalad ey oy auyj Aq o usye)
JO SUOpUDD [BR8dS “d4M O sBjEY | 9q Jeys ysu sy jsuiebe sBrienon FIURITTEU] JEL] SILINSSE app 20 O eoUeInEdl | )9
T WIYUOD SSES | JUSUPEST AL LM @|qEIEAE g0 ou efed
JEPEK] | Bl 30BN SUCEAD [EDJNOISY pUE S3PG [EJIUDUONSE [BULOU | SoUsuByey JO SuuE)
IMSSIIDNSG WM PRUBYS 89 M 1 'S8 | 'uoiessie pueT fewep Aydesfiodo) sy ep=p jey) awnsse & | Ll uonoeg | CEG
‘Bl DoeEy | RIARSE (9N% Joj 9d00s pa|Elep @i} UoQUSLI aseeyd s | B9 ou ebed
gralud | soussapey jo suus)
Eap [ Syl 0 2doos o yed e dde ejqow B o juswdogrep S| D puonaes | gg
UC{iEn|EAs 10y JajaLleied
[B3IUYDS) B OB $1 1) $S)E1G JBIER0
wawuw=nob Juess wiel o 51 nEEElS ‘uofleinp Guiuren pue paujen ac o g9 ou ated
|B15805 gL (B Supsnos ueynsuog | seRiEo jo 1equnu jo suue u) Buipgng Aoedes pue Buumn | sauassjey Jo Suus|
Aq pauBsssp eq o) ABalens Bues) | jo adoos angesipul ue aueys asesid of ncA senbas apy fucgosg | Jg |
£ B3O8 BIBELAC j3
ved S|spow [ESsTElS Jo juswasoidw 8 ) Apsads esealy
) LEUELIBALICIE g ou abed
WEINSU0T 2Ul Ag pajsaBins/pesin | uonElUSWAIOUW 0 SISPOW  [EORSHEIE I JUSLLBNGUCLE | SSUBKJaY O SLLA]
59 O senseaw  sjqissod Iy (uo paseq eq o) Amgedes uogoipesd u) Bupueyue g L uopoeg | 'gg
g9 ou sbed
‘epoiy (dopssp) sulgjo | soualsiey Jo SUUa)
“JEn ejbus e ag (M | Joy sissn jo sequinu ey) bafjusw asesqd o nod jEanbas Dl ugas | oo
Felo.d sy jo adcos HE
pauedead &g o) 5| uogedde | jo ped s SHpOW wns Jo Juawdo@aep ased w Ajoads aseey
BUE] (B3 J0) |BPOW JfisjEqoidueug “Sapoau Asiqeqod Byl jo uolieuswaidu o) pEw) S|
-aEEud IBpun paledesd | 1oaford iy o adoos Byy pue padojsnsp dpes. (e ae Buipcop A9 ou abed
USEg APESUE Bey SONSHELS pue Eluare | secyybupcoy sBins UUOIS pue weu BLORAD jo uopdep | eoususey 4o SLB |

000000000 0DOCEQC



|- d
L

Ik

-

L

0t

Ui 8020 BU} 8pnjou| JAppig [Im ‘Sucipsod Asy-uou sIe asail) |
L% 9 oN g uedxa o) siew Aue awmy) | uawesnnbay
AJiega asial4 Ajuo suomsod any Joy go abed Buies ‘gig
PEIENEAD B0 (I} | 1B PajEIS (0G) SWEW |Ei0) Byl sEsuaym Wadks Aoy BB pig afied ‘soualajey
sjeuoissajoid dsy 5 Aug seeaaid d4Y | eBed je usnB =081 Ayl o pesl| spadxs usaeg aue sy | jo suus) ‘s vogoes | ag
) ‘aep Bujuads 3U) ajEcipu esea) paUORLEW
‘wdgie | jou s ejep sy ‘pg sbed uo jesys ElEQ Syl W PaLORUSL ¥
LLOZRELOE uo psuado aq |iw Spig sy) | =1 Buuade esodoud 1op enuen pue #uwg =y ybBnoyy | ebed voesus Beg | g
[ = USLWUESSE BIL) 10} S)uane |E31b0|0aD J0 eouEsyIubE S
& leym ‘(gejuier pue efing ‘auopdg) Auo spETRY [RINpEU
pejggas-alewo Buuspisuco sse am sy ABopuios) poseq
uogero] ySnouyl esue Apmis o) opoads muass [BoBojosh
‘APNIE BIY) 0 | pUE wHOO JO SRINER} $53008 0] S19Sn B|gEUS jiwaa “didhy
54005 2y SpISIN0 aue sjuana [E9iBojoes | sy ddy vio0 B do@sap o), peuoquew $i | ‘g sbed ug goabed | oy
‘FjE[D 8sea)d |-es8yud DULNp paIepisuss =
Sias  asayl puelsiepun am  Janamoy fpmis s o
HEd B 9 jou ||iM SpUB|s] 559U} 1L} SeRdul) Upiym pauopusw 1+ abed
‘Aprs sy jo yed aue (o0 @e SPUBLS| JBQODIN F UBWEPUY pug doampeysyen uo (ease Apms)
IEQoN B UBLIBRUY puB deampeysye | 'diy oyl jo o sbed uo (esue Apmig) £ uonsas sy sepur) | ¢ uagoss ew sepun | ‘oo
UGS G5e Sabe)s DUUBIS BRIUCS puB
‘afiuveys | uopeqobsy Buninp jussuoa (ENIRW ik asnes Aue uj sbueyo
0L B9 g 2uBy) SjiEreid UDRPUSD dJu | PUB WIS Jo uoiswoud deey OF wWON ‘NiNd jsanbas ap usnll Bousimgal o | D
“WIjUCS s5ead Sebes B
#iesud 009 | Buufis pequos pue uopegofieu Buunp Juesuco [EMMW
Ui ssneps Aue vl ebueys pue (9o09) uojsenosip sasnes
Sbueya op | [Eroenuo jo voisiacsd deay o) WWAN ‘nited 1senbas ap 029 | gg
uopduwEka oy
‘JUnaLLE ||ig
alg m Buoie winan £g pred 2q ) ‘e g ‘suopdwsxs pue eigexdde ee | ;g ou ebied sagng
#qeaydde se Jed 5q o) aney |Im 1SE) | sapng pue sexEL JO SEep eu Aoads asesd o) jsanbay ) PUE SEME) BE | 70
"IN
Ag ewon ag gm ‘Aue p ejEp 1o Jsoo
PUB palnbas ag |m juegneuo ol : _f_h_
| BIUEISISSE (BOWY0a ) (JF0W)dWZ oI 24 5
VR EBELLUUCLORDCLL UL E LU EROULULEDLLL LEE



@ 00 00 O

1 P FDFRYAXEDIIVNDIFIFEIIIIAISADY DO b
T
IHWEIN o FesEud Bulnp pSdoiEnen) | JIWHON 89 Jo Ied B SE padojanap ApESIE SIE WEid puE
WHI  98M 0 ocweq  Aesssoay | sunsodxg Apgessgng, 'DIEZEH wo SI@SEiEp jo puny FRUMA | uenB sousssiaion | 7S
‘Buifasw pig-aud sy) BUUND SHUEINSU0S B4} W, paleys ag
I JAHDN 243 W BUop Lodal JUBIISSASSE M) 10 BIED Bu
‘Bun=aw pig-aud Buunp papivoud | 1suagm mouy F 33| PINOM NEYL 'L 9SEUL dIHON Jo ped
(dNHON 2 [-aseyd Bupnp padomasp | B S8 pado@aep Jualssssse ysu Bujise au) pusjsiapun o)
) WHD O08p J0 owag Aessaoap "1=8%8Ud JINHON Jo ped se padojassp Jusussasse
¥81 puR siapow Bujiside =g puelsiapun pinoys JueynsLos
‘SRADQG NISSSI0NS )M pRBuS S0 0L eyl s@pop  pue THO-GIM Bugsixs  BuipuEaapan uen B sousiaEl on | 1L
- )
|ﬂ.m__.5_h._u LIS aaA,
dosaq, ‘2o
“fjlaej2 aEEBld B NSV Bu Ag efed 'souaiajay
b D 8jsy | peaddns Sq 0; 81 Semos/BEMAIBY OU JBY) POSISISRUN S11) | 0 SuBa) 'L LOdRS | DL
SEISIdINE DN
TG Ag papitesd &9 eys Juswidinba
o BAIS MU Bumeaydoysyion
B]E]S f LRl = | oy SNuUss,

eeoding 2] o) pannba e Eusde
usmo  a=g o me Gufipoyanen
§9J500 1BEG O] SEY JUBYNSUDD JaASMOH
. "dINHIN "Nnd £q pativevs
@9 o) Buied aue sdoysiop eucqey su
Jog S|EDIY0 USLLLISADD) eSS
oy swawabuens ear) pue opsiBon

“dIRON
MG YuM uogEYRSUCS W euDD aq
U4 PRUIRL 5 O) SIBISIO JO LONEUSD
pue soeyd ‘sBumies 'doysom o oy

"SEUIIEL [ana) SIS 'SlE)s 1B sdoysHIomn

sy us pasnbay spadxy Bulepopy $e yons spadee Aey e

®IE '8[00) S50 20 Aujew 1 sdoysyiom pue eBumsen @S
BRI [BMOE J0 UDIESSILgNS Uo
I9E] PASINOUISS 24 |\ 20 [ES0d0id |BIoUBw U] paphDLU

3G o) 8l smuEs 8yl jo 1500 BuiBpo pue (seeg ay) (3}
lesodoud a4 oju) pepniaw JON

& sdoyssiom pue sbuimen ey Buzuebio jo 100 sy (g)
|@AaT U0 PUE MBS "jeuotel je paziuetio

eq o] dousyony pue sBujuel) o BQunu (Elog (E)

:Ajuepa asealy

~Buip)ing Ayoeden
pue Bupmes g, ‘zo#
afieyd ‘sousiajay
10 BuLE] Y uohoes

| ussnbay
Buyeg ‘ci# afed ‘souaisey o suwe| ' uopseg)
Aleeadoud nay

Qo Q

o

(8}
o
&



Ll B L o

L4

TR T (VLTI
51 Joaloud 1o uopeinp se paueya 8q os|e
ARl 10N Wolpusury spesad 44y

184 850doud O} S| PIROM 8M SLUGLL vz Jo Loqeinp el
B URJRAS SNOGIGUE ool 81 ddy pue sjoo paseq-gem au)
PUE JUBWsEsEe Yeu onsiigeqosd sjedwos of suewwy say)

umhE aousiagel o

*Bunepdn sog
BE |24 S8 MSiA J0f 8| Usislan dopysan

001 wnLupEgy

‘Asuerz sseald ¢Bugepdn e1ep so mam sop 51 usIes dopEag
sbE|n pue Mo LAIID  (ENniEL)  [RpuEp|sySLEmEL
s 'eEg BUen Jpepedie e sia9n AuBw moq

uamb Eauousal oy

‘oL

Joaloud Jjo vonsdiuss

Inysssaans | Ageucdsa sueynseon
=9 [ Bunepdn cpesjoal 8g |Eus
YIWODAJNKDINYINOS/BNUESaL/ NG
24| S rrEsEE feseog
£1 0 susugedan Juawuenal jJuia)sy

dswspshs poddns vorsioep an pue
ejep o Suepdn siweufp Joy uonesidde pus swesds ey
je Amgnedwos aunsse o) sesuslie Ssay) o paB U 1B HIOM
o} Auvedwesy Bupinsuos eu jo Apjgrsuodsss B )1 S| LPRAIGAL
BQ | SjualUedsp 00 YIUM 'WHD ga Swewdp Jog

uanli eaualajEl ‘op

L

¥E D 0 Sy

oSy

1B0PIG [NJSS800NS 0] pap|ac:d

B9 M S0 dINHON TING jo Jenas
PROIY SIN LD PSOY 81 Wy Jussaig

‘Bugeaw pig-aud Buunp papiaoad
(dWHON 10 Feseyy Buunp pedoanep)
YHdO  Gaps o owsg Eﬂmmﬁwz

WHD
q8ph 8yl jo uopeluawlne sy sop ueid Budojsasp w day
W sy “ead g ceseyd pg-asd ey u) selep aEys UBD WES)
eld dWHON JBWaYs  CIUSWINDOD 4.3 W pEUORUSL
SE SSAAR| JBIE BE WHO-USAM Ul SIOEEAR 2B SOUBUEDS
PIEZEY MSIILUSISP 8584, JHIWHON JO Raes pajeapep
AU IO JaABS DIN W PRISOY ) S| SABUD S|EjEAE
51 SEIBIS £ JOJ ISIY A pedopanep sey ySiy pUE pEzey
sucpds eipuy s 8 Buuueid vogeBiw 13 sirysalelg
asal] Ag pasn 24 PNOM JEy; SOUBLAOS [UETEY MS|WLLSIER
Bussy pedonap usag sey (wuo-gera) sy Neiy
Siscdwo] peseq-gspy B OPUB PRIONpUDO Ueag sBy Apnis
(YuAH) Juswssassy xeny pue Ainqessuin, ‘piere 'Feseyy
JWHIN §0 Ved Sy, 18] JUBLINDOD 444 8U) Uj pauomusw i j|

uanib azusiapns as)

EL

IBpE [NseR00ns 0] Sa

LIELLLIOY YoM U 4 pepuese §t alond Bu eouo Auedusos

funesw pig-aud Buunp pamacsd | Bunnsuoa eyl o BIOEURAR SpEL 8] ||W BIER S &) 4 [L9seyd

LoboE B U L g

CERELOULULULEOECL L LI

e L L e

i
%)

L & £ L



»

__quuuu._...._,Jd_u.___a.....-JJJ__,__._.,..“.;__J._J_,"_."__..__..”..H___.*.-.._..
EOT
"POCY pEONDU| BUD[AAD JSABMDY JJEjUIE) g
Ly POOR DUB  BABM  UOEISDISUCD " 2EUBYDEIp BULIBAN °|[BJUIES LG PODY) "BABM
DU @El cou g dew o uojimedaly | UONESMSL0D OJU| BYE] [ON M sdew jo uogeredasd o) g9 Bd Lg
JEREG USER30NS i paselys JIEU) LA B|gB|IBAR SUR SS{0B] JEUM DUE DASN 5| SsqEjEp
3 ||w NUBg eiEp JUEABRLAUESSEIAN | JEUM 'S|QE|JEAE JUSlUndop |[Exuyos] Sue Ay nok og | uvamB aoususial ‘O 08 |
‘718 SSEUSCXA
Uiupe  sAylc junodog  oju)  Gusdescy
PUE d4y LI PEIEMpU) Suadxs jo Yuow
UBLL asiEue)  panoay)  adoosmiom
o wnienk  ‘aoususede=a el Alsalosd
uodn paseq sgonb ap sey HENSU0T | syl Joj sbues 19Bpng aAnen|pU) S weywoo nof pnoa SRS usail aouRIBER Ol L
"dWEHIM
AQ Bwoq 39 O BER JO 1500 dWHON
N4 &g suop =g |Bys uoinel e
AjEszadaN  meg  pbes  Bupneygo
[iof  qEsLWEME eEpguonesueio
PaLLURELG L uSijEupocD
AON MO0} 3P PUE SOURSISSR [EDIUyDaS) ALIDUDIB)0D BIER GYEY((DE UBID BUY AR
AIERSaTY Spinoad [BUS OUM IUBYREUCT | "SaAR SAIRASIILURE JSM0) UBhe DUE SRS S 18 'Ajenm) el
24 Aq pe1s386ns aq Aew sade) meu Auy | INg '[aAs) [BUCEY BUL 1B J5IX8 ABwW JBU) Biep o Jaqunu abe
B SeuINba) SIS [BISS00 Sy) J0 JUBLISSASSE Y5 JBNGEgod | uensd esumisgss en | B

05|E gF D mEy

JUENPEUDS A NG pELLED
a0 0} SEY WBYSAS S4) alul BEn Joj Jewa)
PRISEp Y. U aw w eep Bupsixs
12 UDIERSALDD ] uEINSUDD ey Ag
padojanap ag o) sey yaN W Wajsds
pasodosd i) pue O usemisq EEp
1? sbusysss Jop uchewone painbey
3N (eal U0 pepinud B0 UBD EjEQ

LEISEG HIEUNE GU-Ba B U g)ep apaosd
o} sapusbe ssou uw sjuswssibe BaBy usys By S307]
‘sajouale Jayio pue ) g pepaosd mep sy uo Ainesy
SI191 100} podans woiSiasp awn-Ea ayl Jo Apevonoung sy )

il BouaragEd op

boga Guipng Aoedes sy yim Buiddepsno
‘Sltuow | o papusixe & ddy pue spoo ey jo Asajep ey

-



T

SR ' T T TR

‘d4H Ul pagou syuoi g o) paredwes se asayd

‘abiueys op speased uohPUCD G4y | jususdo@Esep 10 BWE SLIUOW i WNWILIL JSMSUC SSEEIY uanB sousapl o | gg
LSFIDOL UONNCES JSRIETD Iy o
[epolw Meudoidde | esn ey o) vado aue Aau) I Jo (|-aSElYd W pasn) JYI00Y Ue

oW 1s=BBns  Aew  Jepply  ay) | peseq weisds (epow pajdnon B JUem ASy §i ¥SE nod pines | ues eousiapes en | 48
"SS{EIEN[BD B K|
pepwnoid 9 AR SUE SH0W O5)@ B0 SUUDW-F7 peeoxs ABw
‘BYjuow OF 0} SYUcW {7 Wwal peiveys | vonenp oy Jagieuns iaqenobsu $ swgswn Byl 1 ¥sB nok
Usag sey joelud el jo udjieinp | Moo 'SYNSAI SEMIOE Ao o) (THID0Y Uo peseq) WwWeaks

U 'ddd o L'oN uswpuawy sd sy | epow pejdnos ‘wopniosad by e sjues Asusbe Buipung ey j | uenB sousies on | BB
Jajn saeduwos jo uogeiedaud 1oy SeaAES

b4 T J5y=s 35884 | ASUBNSUGD SSAU] J0 SNjEA PSIBUWNSE BUYl BSINE BIED|Y uenll eousseyal 'op | 6B
‘whopauyos) 1eneq 1sebfing dew 1| J8pisuan sseald ASO|cUYaE] MaU oJU) Wejeds po o)
1=ppig e uadojsasp  Bunuelal | spesssal o pasessoul B PINoYs Sum JuslidaiBnep JULY | 05

siueys oN sl|esaud wogpuod  4Jy | ABojouyoe pio Aes B Bupjoo] 5| WalsAs peseq qap JwaLng uaaiE aausuEian o 2
, : 1esodoud Ayjenb jo voneiedesd Jo) Sysam

| afbuEyo op 's|ieasud UOQIPUDD 44y | owg 0 dn woESILIGNS o SEp 1EE] ) pusoe o) jsanbar s uanE ajusiapss o Eg
JIsELICD SSEEH AAUA
{aimons sagyio AuE 1o sjuswNUEgWS Woy sejem Burpoog

jo Bujddoy ‘syduwiexs 1oy} spedw) Gupooy so sBins Enpe "
Gupuisiep vl spou (Eonn B Aejd jey) smoe) [eao . Y
SjiEnad 4 | UORISMEU0D Ul SYEL 10U (i SdRW S Jo vogeiedead @y, ered af kL id| z

TGS 10 BaUE BL) U] UoReIepE00n |

0jul usyEl 20 g BOIEYISIP suueas puk

N

L TR R SR

CL UL LOeOE €L

Ce oLl ot

& € €



¥ r ERX R DDIFTESEIDADADTDXITEINTIADI LN D YD

0T

0000000 o00@0ecC - DO O0C OO0 G007



"I-

YT AEIIDIITDIASIDIIRNSISADND

¥ 30809 0

YA a0

T

APPENDIX B
I
Key Experts
i
5.Mo. | Name Designation Qualification Experience !
1. | sh Team Leader « B.5c (Computer | Morethan 20 yrs in
Pushpendia Scienon) Risk Hazord,
Jotari = M.So (Computer | Vulnerabillities
Applications) Assessment & Risk
: ; Insurance
z Dr. Sushil Dy. Team Leader |  « Ph.0 (Civi More than 25 years in
Gupta Engg.) rmulti-hazard Hazard, |
» M.Tech, (Applied | Vulnerability and Risk
Geophysics) Azzessment and Risk
s MBA (Insurance | inswanoe, and DRR
5 i i Mgmi.) refated Assignments
: . Fra ydrofogistFlood |« ME (Civil Engg.) | More than 10 yrs. in
Srivastava Risk Modaller madelling & E;mle
Reszilience, HR& WA
4. . Indu Jain | Cyclone & Starm s« PhD Mare than 20 yrs in
Surge Riak {Oceanography) | Hydro Risk Modalling
Modelling = |IT, Dethi & HR &\,
= MA (Maths.) I
5 Mz, Niva GIS Exper = MSc. (Gaclogy) | More than 15 yrs
Srivastava axpariance in !
mapping GIS,
B HRE&VA
B, 5!1._Lnk¢ndm IT Exper = MMOA More than 8 yrs, in
Dixcit soflware
Development in DR,
- HREVA
7. Sh. Ashutosh | IT Expent » M.Sc {IT) More than 18 yrsin |
Singh goftware !
Development Arc
GIC, and Web bazed
e Applications,
B. Sh, Rishi QA Engineer « MCA More than 13 yre
Chugh Software Project Lead Cuality
Asawrance , Tesling
of Apps, Review of
test Data and Defect
Tracking |
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APPENDIY
BREAKDOWN OF CONTRACT PRICE
Cost
ltem ey
INR
Cost of the Financial Proposal
Including:
(1} Remuneration
1,141,468 750
{2) Reimbursahle
30,786,700
Total Cost of the Financial
Proposgal: 1,42,23,450 + GST (as
applicabla)
‘%ﬂ
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Appendix-I»

Minutes of Mecting Between PMU, NCRMP, NDMA and M/s RMSI Pvi. Lid.,
Noida for Negotiations on Draft Contract on Consulting Services for Developing
Web-based Dynamic Composite Risk Atlas for Cyclone & Associated Impaeis
Held on 00.03.2018

As Mis RMSI Pyvi. Ltd, Noida was selected on the husis of QCBS for the abave-mentioned
consultancy services; the fimm wis invited for negotiations on draft contract by PMU, NCRMD,
NOMAL

4, The: negotlaion meeting took place on US4201H at 1500 hrs NOMA BHAWAN. The L T
wiag atbended by the following;-

MU, NCRMP

. Sh. 8.8 Jain Dy.PD, NCRMP- Membes, CEC

il. 8h, Narayanan P.E., Project Manaper- Mernber

i, Gp Cape(R) Chandm Shekhar, Proe. Spl.- Member
i, Sh, Girecsh Kumar, Fin. Spl.- Member

¥, M. Minati Sinha, Member

vi. Bh Sanjay Sharma-Env. Spl,

fvl's Lid.

i Sl Pushpendra Jolari, Team Leader
ii, De. Sushil Gupta, D, Team Leader
. Bh Sameer Migam, Head Bidding Division

3. During the negotintion meeting, following decisions’confirmations were muacde:-
(&) M5 RMS] confirmed the availabifity of all key experte as stated in their Technicnl Bid.

(b} M's RMSI also confirmed conducting 14 State Outreach Training Sessions in two
phases and 02 Mational Workshops.

(e} Mi's RMSI informed that development of probabilistio tools will be done at one stroke
for the complete area of stwdy giving priority 1o highly vulserable reglon indtially is not
possible,

(e} PMU, NCRMF confirmed that if any new data eet is required’ sugpested by RMSI for
updation ete., same will be facilitated from relevant data sourcing organization hased upon
review of necessity of the same. MU, MCRMP will bear the cost. The Consaltant will
have to de necessary linison providing technical assistance, RMSI also confirmed that such
received data may be incorporated into the system during developmental’ experimental
phase fo.avoid delay in development af 1o,

i) It was also agreed that clarifications issued prior to submission of bids will form an
Annexime fo Appendix-A {Terms of Reference & Description of Services) to the Contract.
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(£ Belis BEMST nlse informed thal aller required testing Svalkdation, the Dysamic Wl el
Composite Risk Atlas (CRA) may be made available for public viewing. Mfs RMSL also
canfirmed 1o provide the Bmied viewing rights of CRA developed under WO P o e
public by 15" April 2018,

(g} PMLI, MCRMP asked b5 EMS] o cnhances the sccess speesd of CRA developad under
MNCRMP Ph L M RMS1 informed (hof they will again put the CRA an aloud to check the
performance, as Web-CRA performance iz also dependent on the KIC server configuration,
uvailuble memory (RAM and hard digk space) and is' maintenonce e regular inlervals.
s BME] promised o look into this within a shoet timefrums,

(It} Based upon specific request of BMEL, it was ngresd that deliverables afier submission,
will be reviewed by the PR within & month's time inslead of the present 02 months.
Acceplance of deliverables will be done at an nppropriste level os decided by the Compelen
Authority.

(i) b's BMBEI also confirmed that Dypamic Web CRA will include all parameters related 1o
Tracking, Intensity, Balloon' Cone forecast pertaining to Wind, Surge ete. for impending
oychome,

The meeting came b an end at 1830 hrs with thanks to the panticipants.

(Gp Capt (R)Chandra Sheklar)
Procurement Specinlist
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