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Development of Design of New Shelters

28.  Onc of the objectives of this study is 10 preparc model plans and designs for muliipurposc shcliers,
which would form the basis of cost cstimates 10 be used in the economic analysis of the MCSP.
With this cnd in view, several preliminary designs have been prepared.

The design criteria for the cyclone shelicrs have been made on the basis of the following
considcrations :

- Functional Considcrations.

- Climatic Considerations.

- Layout and Spatial Considerations.
- Shape and Formal Considerations.
- Bchavioural Considcrations.

- Typological Considerations.

Two types of designs of school-cum-shelters have been prepared, viz. shelicr-on- killa (Fig. 8) and
frec-standing shelter (Fig. 9). The preferred design solution is a shelter located on top of a killa.
This would enable the people (o move in along with their livestock, rather than lcaving thcm
unaticnded in a remote killa. This also appears to be the least cost solution. Three heighis of killa,
viz. 3m, 4.5m and 6m have been used depending on maximum surge height in the location. The
land required for a typical killa (43 m x 43 m at top) including the borrow pit, varies from 0.84 ha
(3.0m ht) to 1.76 ha (6.0m ht.). The total tand arca required for the 2500 killas is 2867 ha (7084
acres), which is 0.35% of the High Risk Arca.

—ﬁultipurpose Cyclone Shelter Programme 17
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29.  Archilcctural conceptual designs have been prepared for typical 250-student primary schools. In the
first phase these schools, run on a double shift basis, would have 3 class rooms and a tecachers room.
These may later be extended to 5-class room schools. The class room dimensions formed the basic
modulc. The module has been taken as 6m x 6m (o accommodate 50 students in cach class, which
is closc to the standard of 0.74 m2 (8 sfi.) per student currently being used by the Facilitics
Department. Similar student number and space requircments for classrooms have also been
proposcd by other agencics.

Bascd on anulysis of sheller occupancy during previous cyclones, it has been assumed that, on the
average, cach person occupics  0.186 m2 (2 sft.) of floor arca; in case of other public/ private

bul!dmg‘sﬁ the corresponding figure is 0.372 m? (4 sft). Adequale storage area has been provided in
ihe verandah as well as inside the rooms.

Access stairs leading to roofs have been provided. Along the entire length of the parapet a canopy
has been extended upto Im within the roof for people (o take reluge inside the alcove spaces. In
determining shelter capacity, it has been assumed that some people will take sheiter on the roof; an

arca of 0.74 m? (8 sft.) per person has been assumed.

There are provisions for vertical exiension also, so that other public/community facilities (¢ g. Post
Office, T&T office) may be accommodated.

30. The structural design criteria for the ¢yclone shellers Lo be constructed under the Multiparpose
Cyclone Shelier Programme have been developed. These criteria should be followed in all fulure
shelters vrespective of design.

The shcliers proposed 1o be constructed on killas have reinforeed concerete beam and {loor system
on brick masonry walls. To minimisc the cffects of differcntial ccttlements, rcinforced concrete
strip foundation below the walls have been considered. This tyvpe of foundauon will also allow
unifomt settfement of the structure, if there is any, duc (o the settlement of the soil over which the
Killax will be construcled. In addition 1o such reinforced concrete foundation, the structural design
has been made considering reinforced concrete columns at cach comer of the rooms of the proposed
buildings. These columins with the minimum reinforcements as per codes of pracuice have been
considered as an integral part of the masonry wall. At the roofl level these e¢olumns will be
connected by beams in both the dircetions forming the frames with infill masonry walls.

Water Supply and Sanitation Facilities

3t Inthe design of a water supply system for new shelters, hydrogeologicdl conditions, water quality
constraints, source problem intensitics, present water consumption patterns and allemnative water
supply options in the coastal arcas have been given duc consideration In most arcas where deep
and shallow tubewells are successful due to availability of low-saline waler bearing aquifers, the
water supply for shelters will be developed through installation of manually operated deep and
shallow tebewells with a supplementary rainwaler cistem system. In few shelter locations,
community type Iron Removal Plants (IRP) attached 1o wbewells will be required o reduce iron
content of ground water 1o acceptable level. In the ground level 4 small sump is made near the
tubewelt with a manually operated pump (o raise water occastonally 10 1001 level water ank-cum-
rainwalter 1eservoir. In arcas where ground water of salinity lower than the acceplable level is not
available. Slow Sund Filler (SSF) units will be installed 1o treat avaitable low-saline surface water
to produce water of acceptable quality for water supply in cyclone shelters. In the supplementary
rainwer system, the rainwaier from the roof will be used for flushing toilets. The rainwaler from
the 0ol of the stair will be collected in water tank-cum-rainw ater rescrvoir for drinking purpose.

Sheliers on killas are designed with two attached toileis intended for exclusive use in cyclone time.
Ratn water from the rool will be collected in water tanks placed on the lower roofs of toilets and the
excess water will be used 1o clean the teilet in a continuous flow. Tubewell water stored in a
scparste tank shall be used for drinking purposc during and alter the cyclone period.

Design of New Killas

32, [n_ order 1o protcct the livestock [tom storm surge, killas or carthen mounds, with the 1op level
raised above maximum probable surge height, appear (o be the least cost solution. From planning

Multipurpose Cyclone Shelter Programme 19
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33.

point of vicw, an intcgrated solulion with 2 shelicr on top of a killa appears 1o be the best solution
The arca required for sheltering the caitlc and goat/sheep in the catchment arca of a shelier has been
calculated. The areas required for an average ovine and bovine have been assumed tobe 1.2 and 0.4
sq.m. respectively. For almost all the Unions, the nct arca available on top of a standard killa (1200
sg.m ) is adcquate to mect the nceds of livestock shelter. In some Unions, it may be necessary Lo
havc a larger killa, but the total number of such cases would be very small. In some ncwly accreted
land, where there is an influx of transient agricultural labour during harvesting scason, a small
number of killas may have to be built to protect human lives. The dimensions of all types of killas
proposcd together with dimensions of borrow pits are shown in Table 13.

Table 13 Killas and Borrow Pit Dimensions
(All dimensions in metres)

Killa Type Height | Dimensions of Killas Dimensions of f.and required
(Square in Plan) Borrow pit in heciares
(Squarc in Plan)
Top Bottomn (*) Top Bottom(*)
K-1 3.0 43 55 59 49 . 084
(Shelter on top) .
K-2 4.5 43 61 75 65 1.22
(Shelter on top)
**K-3 6.0 43 71 93 83 1.76
(Shclier on op)
K-4 3.0 38 50 54 44 (.71
K-§ 4.5 38 56 69 59 1.05
**K-6 6.0 38 66 87 77 1.56

= Side slope =12, depthof borrowpit=235m
**  Killas with Gm height will have a berm of 2m all around at mid level.

Considerable advantage in terms of cost and [unction can be achicved if cyclone shelters are buit
on properly compacted killas. In addition well-compacted killa would provide a stilf layer on
othcrwise solt soil and add 1o the stability and provide unifomily in scitlement of the constructed
structure.

Cost Estimates for Shelters

34,

Dclailed cstimates have been made of the costs of typical shelter on killa and shelter on stills.
Dcsigns have been prepared for there heights of stilts and three values of soil bearing capacity (viz.
37, 49 and 74 kPa). The cost per sq. metre varies [rom Tk. 8,829 to Tk. 9,943 of SOK and Tk.
11,719 to Tk. 13,959 lor shelter on stilts. In delermining project cost estimates it has been assumed,
based on ficld survey, that 60% of the shelters may be built on killas and 40% ol the sheliers on
stilts (with a killa built scparatcly). The cost of a killa varics from Tk. 0.51 10 1.11 million including
land cost (Table 19).

Table 14  Cost Estimates for Proposed Shelter on Killa

Shelicr | Bcaring capacity | Civil Engincering | Water Supply Total cost Cost/m?Z
Type of soil assumed, cost in Taka & Sanilation in Taka (Cosy/T2)
kPa (psf) cost in Taka in Taka
Al 37 (7150) 2.340.000 275.000 2,615,000 9,943
(924)
A2 49 (1000) 2,180,000 275,000 2,455,000 9,335
(868)
A3 74 (1500) 2,047,000 275.000 2,322,000 8.829
(821)

Multipurpose Cyclone Shelter Programme 20
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Table 15 Cost Estimates for Proposed Shelter on Stilts

Shelier Stilt Bearing Civil Water Supply Total Cost/ m2
Type height capacity of Enginecring & Sanitation cost (CosL/ftz)
m $oil assumed cost cost in Taka in Taka
kPa (psl) in Taka in Taka
D11 3.5 37 (750) 3,140,000 300,000 3,440,000 12.7{;11)
(1,184
D21 5.25 37 (750) 3,232,000 300,000 3,532,000 13,0861
o (1,216)
D31 7.0 37 (750) 3,469,000 300,000 3,769,000 13,959
(1,297)
D12 3.5 49 (1000) 2,951,000 300,000 3,251,000 12,0491)
(1,11
D232 525 49 (1000) 3,078,000 300,000 3,378,000 12.5131)
(1,16
D32 7.0 49 (1000) 3,342,000 300,000 3,642,000 13,489
{1,254)
D13 3.5 74 (1500) 2,804,000 300,000 3,164,000 11,719
{1,089)
D23 5.25 74 (1500) 2,964,000 300,000 3,264,000 . 12,089 -
(1,124)
D33 7.0 74 (1500) 3,229,000 200.000 3,529,000 13,070
(1,215)

Communications

33.

36.

37

The overall communication network in the study arca, mostly served by road and water transport, is
rclatively less developed compared Lo the rest of the country. The problems have been reviewed and
improvements in road network and construction ol jetlies have been suggested, The crilerion
adopted after consultation with local people is that the apmoach road should be of such standard as
to allow at Icast 3-wheceled Rickshaw Vans to ply over it. On the basis of ficld survey, it has been
estimated that an average of §0m of new road would be necessary for cach shelter.

On Lhe busis ol review of reports of carlier studics, examination of communication linkages in the
study arcq, discussion with concemed people and information obtained through field surveys
conducted for this study, a total of 1459 km of roads required in the RZ have been identified.

Most of the coastal istands (except Maheshkhali) do not have any acceptable form of port [acililics
such as jeilics. The movement of passcngers and [reight between islands and from island (o
mainland are constrained for want of such facilitics. Itis proposcd (hat jellies be constructed on the
islands ol Sandwip, Hatiya, Kutubdia and Bhola. A supplementary jelty may be constructed on the
mainland at Kumira. A minor jeily was also proposcd for the island of Manpura in Bhola district.
Location, Lype, eslimated length and bricl comments on respective jetlics are given in Table 16,

During the past cyclones, helicopters have been used extensively in post-disaster relicf works. By
FY 1990-91, construction of 190 helipads were completed and 96 others in various stages of
construction in the whole of Bangladesh. Among the completed helipads only 8 are in the study
arca. It is also reporied that the construction of onc helipad cach at Lalmohan (Bhola district),
Hizla and Mchendiganj (Barisal district) is nearly complete. In addition two airports in Chittagong
and Cox's Bazar can also be used by the helicopters.

Multipurpose Cyclone Shelter Programme 21
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Table 16 Proposed New Jetties

Location | Priority | Suggested Estmaled
Rating | Type of Jelty Length x Width Bricf Commenis
{m x m)

Sandwip 1 R.C. Deck 150x 4 Provides hink with Chittagong and Dhaka

west on Perm. route. Can service main town of Sandwip.
Supports Present aceess to island at this point is

very difficult

Sandwip 2 R.C. Deck 350x 4 Provides link with mainland and is shorest

caslt on Perm, route. Most convenient. East side of Sandwip
Supporls 1s less affected by crosion

Kumira 2 R.C. Deck 300 x4
on Perm,
Supports

Hatiya 3 R.C. Deck 200 x 4 Little access to any major city/town, Need
on Perm, to conncct with Dhaka-Chillagong roulc.
Supports Improves communications.

Kutubdia 4 R.C. Deck 150x 4 Provides link with Chittagong and Cox's
on Perm. Bazar Route. Economic need.
Supporls

Daulat- 3 R.C. Deck N x4 At Daulatkhan, very busy arca, large

khan on Perm. number of {ishing boats and ships anchor
Supports here. Exchange point for ships, pilot and

caplain.
Manpura 6 Wooden 10 x4 Smalier of the islands. Within large fishing
| arc. Necd 10 auiract commerce.

Source : SMEC, 1991

Plantation

38.

On the basis of review of coastal afforesiation programmes, the Consultants have recommended
planting of various types of trees along coastal embankments, around homestcads and cyclone
shelters and killas (Table 17 and Figs. 10 to 11). These would not only help in reducing the fury of
cyclones and storm surge, but also lead to overall improvement in the environment. The Cyclone
Shelter Master Plan (CSMP), being primarily concerned with sheliers and killas, includes only the
part of tree planting around shelters and killas. Coconut and Jhau (Casuarina equisetifoila) could be
planicd in large scale around shelier; shrubs (e.g. Dhol Kalmi, Sada Akanda, Kcya and Hoglapala)
and trces (c.g. Babla, Shonboloi, Akashmoni, Ipit-Ipil and Coconut) would be planied around the
edges of killas.

Lighting

39.

The stationary lighting needs for shelters as well as mobile lighting nceds for movement and rescuc
operation have been investigated. While the present practice of use of dry cell battery-operated
torch lights by CPP voluntcers may continue for meeting the necds during movement to shelters,
diffcrent solutions, c.g. solar photo-voltaic (PV) sysiem and kerosenc generator, may be adopicd
depending on the normal time use of the shelter facilities at night . An approximate indication of
cost is also included. A solar PV system may be used for shelters which have normal time use at
night (c.g. as community centres, adult literacy centres). The estimated cost for provision of
lighting in all the shelters is Tk. 273 million; this has been included in the project cost estimale.

Muliipurpose Cyclone Shelter Programme 22
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Telecdmmunication

40. The cxisting telecommunication network of BTTB, implemented under a sub-project of the IDA-
financed Coastal Arca Rehabilitation and Cyclone Protcction Project during 1972-79, 15 primarily
bascd on VIHIF/UHF nctwork ot 12 UHF 24-channcl sysiem, 16 VHF base stations, 67 hixed VHF
PCOs and 40 martime mobile PCOs. Apart [rom these, S more VHF bases with 30 more PCOs
hwe been added to this neiwork 1n receat years. Cox's Bazar-Chillagong and Barisal-Khuina
microwave links connected with Dhaka, scrve as the back bone of the existing tcleccommunication
lacilitics in the coastal region of Bangladesh, A preliminary review of the various available wircless
tcchnologics e.g. Satcllitc Technology (with VSAT) VHF/UHF communication and HF
communication has been carricd out 10 recommend a suitable telccommunication network for the
coastal region. The network should be capable of providing normal teleccommunication scrvice 10
the arca as well handling disaster-time emergencics. The preliminary studies show that the most
Iikely network for this coastal arca would be a VHE/UHF fixed ccllular type of nciwork A ccll
around a Thana arca having a Thana Basc Station (TBS) will consist of about 1{}0) or so lcrminals
dcsignated as _PCOs/subscribers situated at the cyclong shelters. These terminals would be
connccted by VHF with the TBS while the TBS would be connected by UHF link with a Zonal
Station situated on the mainland connected with the natonal microwave link. The network would
thus represent iwsell as o double star network, By increasing the cell radius the number of cells
could be reduced

The approximate cost of a ccli with 100 cell icrminals, a TBS and a UHF link wilh the zonal station
is about US § 7,83,000. The total cost for the whole sysiem in the region would depend on-the
number of cclls and terminats. The Consultants recommend that a VHF/UHF lined-cellular type
communication  netwotk, with around 50 cells may be adopled in the Study Arca The cost of
clccomumunication has not been included m the Project cost estimaies.

Communine Development

41, Inorder to make the use of cyddone sheliers (CS) more eriecuve during normal time, ~o as to ensuie
better maintenance and grealer emergency bime use. community development actisics, meluding
imvolvement of women, have been proposed The acuvities proposed for g shelhier include
wlentitication of Catchiment Arca (CA), lormation of a Community Development Commilice
(CDC), preparation of a Community Emcrgency Pian. awareness creation and cducation, training of
volunteers and an annual drill. The CA concept is central o the planning and ¢xecution of the
Community Development Programme. The definttion of a CA will have 3 steps

4) Enumeration
b) Declincation
ch Designation

In the Enumcration step the list of Primary or Sccondaiy school students will be used (o locate and
cnumerate their family members and dependents.

The next step will be to delincate the boundary of the CA thiough a simple sketeh map. The map
wHl show the location of the school, the 1oads and paths giving access Lo it and the approximale
location of the houscs of the famihies of the students. The third step will be 1o designate the persons
within a specific CAL This list may include not only family members of the schools students but
also familics without any school-going children and merchants, officials and resident workers who
mity be living without family members i hats and bazars within the CA.

A source of complication present is the presence of large number of migrant lubourers during the
liest cyclone scason (April-June). Over time this influx may be reduced due 10 population growth
in the HRA itself, bul over the next decade their numbers may be substantial, A cost effective
solution may be to designale certain killas for their refuge during cyclonces.

A numbcr of sheller-based community development activitics have been identificd, with particular
cmphasis on participation of women. Non-formal educanion and other training programmcs may be
run by NGOs using the shelter facilities. There is also the scope o introduce many dilferent Lypes
of income gencrating activitics ceatred in and around the CS. This will perforce have to be a
gradual development and has to be Ied by BRDB and NGOs (e.g. Gramcen Bank, BRAC or other
local NGOs). The borrow-pits adjacent to killas can be used for organized pisciculture and the
Income generaled may contnbute towards maintenance of the shelter facility. The formation of a
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Community Development Commitiee (CDC) in cach CA will be the first siep towards butlding a
sense of community between the families in the arca.

The CDC will consist of three Sub-commiltees as follows -

1) Shcliter Management
2) Community Devclopment
3) Post Cyclonc Relicf and Rehabilitation

It is proposed that Sub-committee (1) be headed by the Head of the Institution which is the main
uscr of the building (c.g. the head (cacher of the primary school if the cyclone shelter is a primary
schoo]) The Sccretary of this Sub-commitice will be chosen by the commiltee.

Sub-committee (2) majr be headed by a local clite who 1s also in the CDC as representative of the
guardians, The CPP voluntcer in the CDC will act as the secrctary of this Sub-committee.

Sub-commiltee (3) may be headed by the Ward Member of the Union Parishad. with the CPP
volunteer or onc of the school tcachers as the Sceretary.

Shelter Management

42,

The responsibility of Shelter Managemenl may be cnirustied with Community Developniant
Committee, who will also co-ordinate the plans for evacuation along with CPP valunicers. The
Headmasters of the cducalional institutions. who arc responsible Tor operation of the facilitics
during normal time, would also be designated as Shelier Managers. This would be included in therr
chaner of autics. Aaditional  remuncration may be provided 10 them for this addiuonal
responsibility, Where Primary School or Madrazas are designaled as CS, the CDC will consist ol
the School/Madrasa Management Commitiee and four other members. I the CS is in a collcge or
Govermment Institution other than a Primary or Sccondary School the CDC will consist of scven
members. In both cascs there will be representative of CPP and BRDB. Management Committecs
should include local NGOs and at least two members of their CDC should be women. As for CS
managed by NGOs, it is rccommended that their CDCs include represcntative of CPP and 1he
Umon Parishad.

Warning Systemn

43,

The Consullants have revicwed Lhe present cyclone warming sysiem  Responses received during
ficld survey indicate that local people have dititcultics in inlerpreting the present signals. The
systems used in other countries have been revicewed and suggestions for improvement have been
made. The olficials and volunteers of Cyclone Preparcdness Programme (CPP) rendered valuable
scrvice in dissemination of waming and assisting pcoplc to move Lo saler places during 1991
cyclone. The cxpansion of the CPP activitics 10 all the arcas under HRA and sirengthening ol their
facilitics have been recommended.

Implementation of Multipurpose Cyclone Shelter Progranune

44,

45,

46.

Detailed cngincering specilications for construction of new shellers have been prepared. A
combinalion of Lump Sum and ‘measure and valuc' contracts has been recommended. Based on
detailed asscssment  of capability of local contraciors, the consultants have concluded that the
construction of the shelters and killas may be undertaken by the local contractors, LCB (Local
Compctitive Bidding) procedure, alier proper pre-qualilication of contractors, is recommended
However, in order 1o attract the more compelent larger comtractors, the bid-packages should be
basced on a cluster of shelters.

The implementation of the Master Plan may commence in FY 1994-95 and it should be possibic to
complcte the construction of all the shelters and killas by the year 2000. Bascd on a prioritisalion
cxereise, it has been proposed that 1250 shelters would be in Priority 1 (i.c. most severy affected
areas) and 1250 shelters would be in Priority 2 (i.e. severely affected arcas).

The organizational structure and capabilitics of the three major agencics of the Governmcent
currently involved in building construction (viz. PWD, Facililics Depariment and LGED) have been
analyzed. To undertake implementation of the proposed programme, sciting up of a scparate
organisation, namely “"Cyclone Shelicr Construction Organisation” (CSCO) is suggesied. Since
implementation of the programme requires coordination among a number of agencics, CSCO may
be placed under the Prime Minister's oflice or at a central location. An alticmative may be having a
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lcan CSCO responsible for co-ordination and monitoring, with PWD, LGED and Facilitics
Department acling as the exccuting agencics. The repair and rchabititation of existing shelters and
killas may be undertaken immediately and the Consultants rccommend that LGED (which has
cngincers already posted at Thana level) should be entrusied with this responsibilily.

Eunvironmental Studies

47

The coastal environment of Bangladesh is very sensitive 1o human inlervention, The ecological,
physico-chemical and human interest components of the environment and the likely impacts of
MCSP on them have been cvaluated through extensive cnvironmental rcconnaissance and
summarized in Table 18, The Initial Environmental Examination shows 110 major negative impact
and in general most of the impacts are positive in nature. Mitigation mcasures have been identificd
for incorporalion in planning, design and implementation phases of the programme to climinate,
rcduce and offscl the negative impacts of MCSP.,

Table I8 Environmental Impact of Multipurpose Cyclone Shelter Programme

SI. No. Environmental Parameters Degree of Impact
Positive Negative

ECOLOGICAL

1 Forcst/Plantation Low Low

2 Fish Cullure Modcrate

3 Livestock High
PHYSICO-CHEMICAL .

4 Environmental Poliution Modcrate Low

5 Drainage Congcstion Low

6 Storm Surge Reduction Moderatc

7 Construction Hazards Low

3 Erosion and Accrelion Low
HUMAN INTEREST

9 Employmcent Modcrate

10 Agricultural Land Loss Moderate

1] Community /Social Benelils High

12 Setilemient on Newly Accreted Lands Modcrate

13 Water Supply and Sanitation Modcrate

14 Coasltal Fishing Low

15 Landscape Low

Economic Study

48.

49,

50).

For cconomic analysis the MCSP is divided mito two components, viz., cyclone shelters and kitlas
Since the benefits and costs of killas, which aim at saving livestock during storm surges, can be
valued in terms of moncy, the wechnique of benelit-cost analysis can be lollowed to cvaluate that
component ol the project. In case of cyclone shelters, the principal aim is 1o save life which cannot
be assigned any monclary valuc. The present consensus among the ccononists is that cstimating the
value of life by cither productivity or insured sum is misleading. In such a situation, the technique
of cost-effectiveness (C/E) is the appropriate technique  The C/E ratio used in this study is (present
valued) cost per life year gained adjusted by the quatity of life.

Since major storm surges occur very inficquently, the cyclone sheliers are planned 1o be used as
primary schools. hecalth care cemres ete. during non-cyclone period. As a result benefits from
constructing, repairing and rehabilitating shelters will Now from 1wo sources : (i) usc during storm
surges—the benelit includes lives saved; and (1) use during non-cyclone period—the benefits
tnclude primary education, heatth care services, community development activities elc.

A lechnique which may be called “residual cost-cffectiveness approach” has been followed. In this
approach, the principal goal of the programmc is identificd as adding quality adjusted present
valued life years. To deal with the other benelits from the project, say primary education, the cost 1o
construct a primary school building is calculuied. Assuming that primary cducation is cconomically
viable, this cost is then subtracted from the total project cost. This residual divided by the quality
adjusted present valued life years prolonged is the residual C/E ratio.
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51. In conformity with the current practice, all benefits and costs arc valued at border prices for
cconomic analysis.  The conversion factors used in this report have been worked out by the
Planning Commission and arc used in the GOB approved projects. The rale of discount uscd in
cconomic analysis is 12 per cent.

52.  On1nc basis of a sct of rcalistic assumplions, three scenarios . high, medium and low estimaie of
loss of lives and livestock have been constructed. These numbers have been used in the sensitivity
analysis to cstimate the cost per life year prolonged and IRR.

53.  The costs of the project have been divided inlo four broad groups . (1) Construction of new sheliers:
(i) Construction of new killas: (i) Repair and rchabilitation (R & R) of existing shellers; and (iv)
Repair and rehabilitation (R & R) of existing killas. The cconomic cost of these categones has been
csumatced scparately. The unit financial and economic costs of killas and shelters are shown in
Table 19. In cstimaling the economic cost of Shelier on Killa (SOK) type shelter, a portion of the
cost of killa on which the shelters will be constructed has been included in the cost of SOKs. This
adjustment reduces the cost of sheltering livestock and increascs the cost of sheltering population.

Table 19 Unit Financial & Economic Cost of Killas and Shelters
{Thousand Taka) --

[ Type of Killas and shehers Numberofl Unit tinancial cost | Unit cconomic cost
units
K1 3.0 mht, 43x43 m on lop 590 506 539 311.080
K2:4.5mht, 43x43 mon lop 518 825.878 512.260
K3:6.0m ht, 43x43 m on top 392 1,.273.939 §31.870
K4:3.0m ht, 38x38 m on lop 394 413.258 311.080
K5:4.5 m ht, 38x38 m on top 345 682.678 512.260
K6: 6.0 m ht, 38x38 m on lop 201 1,111.287 §31.870
S O K: Shelicrontop of Killa 1500 3.285.000 2,535.000
D12: Shchieron 3.5 m stilt 394 4,266.000 3,094.000
D22: Shelteron 5.25 m slilt 345 4,427.000 3,208.000
D32: Shclteron 7.0 m stilt 261 4,748.000 3,436.000
Existing Killa 146 59.521 43.431
Existing shelter 226 671.493 505.833

Newe. The financial cost includes the cost of materials and labour, water supply, sanuaion, lighting,
trunsporiation, supervision and aceess read. Unit econonmue cost has been derived from financial cost
using conversion factors estimated by the Planning Commission. The basic cost of construction of
shelters includes cost of water supply and sanitation and lighting. This has been enhanced by 10% to
cover cost of transportation to the project sites.; 12.5% of the total cost upto this stage has been
added as cost of supervision. Finally, cost of access road at the rate of Tk. 0.12 million per shelter has
been added.

Considering the time required for pre-construction aclivitics, the construclion of ncw shelters and
kilias and R & R of cxisting shelters and killas have been phased and the financial and the
cconomic cost of construction as well as R & R of killas and shelters have been worked oul.

The total financial cost of construction and R & R of the project has been estimated at Tk.
11,454 million at 1992-93 prices (or US dollar 286 million). This includes Tk. 9,379 million for
new shelters , Tk. 152 million for existing shelters, Tk. 1,914 million for new killas and Tk. 9
million for existing killas. (The costs of new roads, jetties and telecommunication have not
been included).

54.  The average annual financial cost of maintenance of shelters and killas comes to approximately Tk,
24,840 and Tk. 9,050 respectively. Funding for maintenance of cyclone sheliers may originate
{rom three sources: (i) grant from the central government; (i) contrbution of local govemment
(Union Parishad); and (iii) caming from shehier-based income gencrating activities. It appears that
the major share of the cost of maintenance ol sheliers will have to be bome by the central
govermment.

55.  The valuation of bovine and ovine animals saved can be made in lwo ways ; direct and indirect.
The dircct method is 1o value the bovine and ovine animals saved with world (intemational) import
prices of live bovine and ovine animals. The indirect method is to valuc the compencnts of loss by
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56.

world import / cxport prices. These componcenis are : i) meal, i) hides and skin, iii) milk, iv) loss of

agricultural oulpul.

Table 22 presenis the economic IRR and NPV of the new and cxisting killas. Benefit-1 and
Benefii-2 represent dircet and indirect method of valuation respectively.

Table 20 IRR and NPV of Existing and New Killas

(NPVs in million taka)

F Benelit -1 Benelit-2
Low Medium High Low Medium High
New - IRR 3376 38.99 45.73 22.30 24 48 27.20
NPV | 1714.645{ 2048.117| 2447.815] 891.243| 1059 885| 1262.030
Exisling-IRR - - - 164.45 238.31 414.33
NPV | 180.583| 205.345] 235.042( 119.408 131.917 146.921

It can be seen from Table 20 that the killa component of the project is cconomically viable. Whilc
the “cut-ofT™ discount rate is 12 per cent the lowest IRR comes to 22 3 per cent.

Cost-cffeciivencss (C/E) ratios of various lile saving programmes have been estimated on the basis
of govermment expenditure. Lile saving programmes studied include health care (preventive and
curative), provision of salc drinking water, improved sanitation and road transport safety. The C/E
ratios of various Lifc saving programmecs at cconomic cost arc shown in Table 21.

Table 21 Cost-Effectiveness Ratios of Various Life Saving Programmes

(taka)
C/E ralio at C/E ratio at
Programme CCOnomic Programme CCONOMIC COsL
cost Scenarig-1 Scenario-2
1. Eapanded Programme on V. Discase-specific
Immunization (EPI) 36.82 trecatment
1. Tuberculosis 1228.41 147409
2. Cancer 939718 11276.62
3. Bronchius 273,35 328.01
II. Safe drinking water 4. Diarrhoeal discascs 31.22 37.44
1. Shallow wbe-well 49.75 5. Bone-fracturc 163.33 195 98
2. Tara tubc-well 104.53 6. Eyc discase 295.90 355.07
3. Deep tube-well 221.99 7. Hypericnsion 129216 1550.60
8. Jaundice 40939 491.27
HI. Improved sanitauon 9. Ulcer 1n abdomen 1058.60 1270.31
1. 1 slab & 1 ring latrine 38.22 10. Gallbladder stone 157.97 189.58
2. 1 stab & § ring laurine 92.79 11. Kidney disease 12042.00 14450.40
12 Lcprosy 124660 1495.92
13. Gynae discase 244 97 29396
14. Asthma 1558.69 1870.42
1V, Roud transport safcty 370.36 15. Cardio-vascular disease 35943 431.32
16 Schizophrenia 849.12 1018.94
17. Diabcics 807.08 968.49

Note : Scenario-1 - Considering fixed cost as 25% of operating cost

Scenarin-2 . Considering fixed cost as 50% of operating cost

C/E ratios of ncw and cxisting shcliers have been estimated separately. In estimating the residual
C/E ratio, only the cost of construction of a pnmary school has been subtracted from the weighted
average cost of a ncw shelier although the shelter is likely 10 be uscd for other purposces as well
during normal time. The residual C/E ratio thus over estimates the cost of saving lives.

The cost-clfectiveness ratio for the cyclone shelters is sensitive lo the cost of construction of
primary schools in the coastal areas. The Facilities Depariment of the Ministry of Education follows
a numbger of designs for the construction of new primary schools in the rural arcas throughout the
whole country. These schools are not designed (o withstand cyclones and surges. The Consultants
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have devcloped a design for primary school which is suitlable for the High Risk Arcas. The financial
cosl of constructing these type of schools is estimated at Tk. 1 84 million. The adjusied C/E ratios,
bascd on consuliants design, arc presented in Table 22. The C/E ratios show that i the adjusicd C/E
ratios for the new cyclone sheliers are lower than or closc to that of a2 number of life saving
programmes the government.

Table 22 Adjusted C/E Ratios for New Shelters

Estimate -1 Estimalc - 2
Medium* High* Mcdium*® High*
50% 1 100% | 90% [ 100% |f 50% | 100% | 90% | 100%
Without adjustment 7,082 |1 60374 | 3219 [ 2,897 || 5,089 [4,580°) 2,171 | 1,953
With adjustment ** 3,187 {2,868 1 1,449 | 1,304 [ 2290 | 2,061 | 977 879
* 90% and 100% indicate the probability of survival of those persons who are likely die without cyclone

shelter.

**  Net cost-effectiveness ratio for saving life, ie., {10tal cost - cost of school ) + PV of life years
prolonged.

In addition (o providing shelter, loss of life (and properiy) can be reduced to a considerable exient
by constructing coastal embankment and aflorcstation and by cnhancing amount of investment in
transportation [lacilitics including roads, culverts, bridges, which would facilitatc movement of
people during storm surges and thus reduce the extent of Toss of life, Among the policy of direct
infcrventions, the government may consider 4 programime of subsidizing construction of shelier
quality private housing. The govemment may decentralize location of government buildings as well
as redesign and reinforce the existing public/community buildings located in the HRA. In the shon
run, however, construction of ncw shelters and killas may be the only option available to the
govemment for providing shelter 10 human beings and hvesiock during storm surges. It would be
risky to keep the coastal population exposed (o surge hazard while pursuing the other alternatives.
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