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aBStract. in stark comparison to reductions achieved in the number of human casualties from 
disasters it is now evident that economic losses are increasing at a much higher rate. While several 
events contribute to economic loss from disasters, loss from built environment (property) damages and 
its consequential effects are significant. The overarching purpose of this paper is to systematically sum-
marise and synthesise literature, critically discuss issues, and identify methodological problems as well 
as research, practice gaps and potential solutions to matters relating to financing and investment in 
disaster resilience in the Built Environment. Literature materials used for this the paper were gath-
ered from reputable sources. as part of the findings of the study, a growing shift towards investment 
and enhancement of disaster resilience through the principles of corporate social responsibility and 
public private partnership was observed. however, many of the documented investments were made 
after disaster struck once or nearby.
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1. IntroductIon

Disaster refers to a “serious disruption of the func-
tioning of a community or a society involving wide-
spread human, material, economic or environmen-
tal losses and impacts, which exceeds the ability 
of the affected community or society to cope using 
its own resources” (UniSdr 2009), it is referred to 
as a natural disaster when the disruption resulted 
from a process or phenomenon that is regarded as 
a natural occurrence. Lawrence and Low (1990) de-
scribed the built environment as an abstract con-
cept used to depict the products of human building 
activity and that includes any physical alteration 
to the natural environment. The built environment 
should be able to absorb occasional disruptions but 
currently, the level of resilience in the built en-
vironment is insufficient as property damage is 
still among the major impacts of disasters. for in-
stance, the huge physical damage to infrastructure, 

factories, power supply, processing and storage fa-
cilities, markets among others prevented the Japa-
nese fishing industry from recovering quickly after 
the Great East Japan Earthquake (GEJE) (UndP 
2013). Similarly, asgary et al. (2012)identified the 
significance of damage done to properties as a re-
sult of the 2010 flood in Pakistan. Pitt (2008) and 
Wedawatta (2013) also acknowledged the impor-
tance of the disaster resilience of business premises 
to business continuity after a disaster, and the con-
sequence of the damages resulting from disasters. 
among the strategies available for achieving disas-
ter resilience in the built environment are: the use 
of disaster resilient construction methods, building 
codes, planning and construction considerations, 
disaster resilient design options, disaster resilient 
installations and construction materials (UnDP 
1994; rossetto 2007). focusing on the built envi-
ronment, the effective use of the above strategies 
is expected to help in achieving priority action 4 of *  Corresponding author. E-mail: o.adeniyi@northumbria.ac.uk
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the Hyogo framework for action (Hfa) i.e. reduc-
tion of underlying disaster risk factors (also in the 
built environment).

according to Kahn (2005) and Kellenberg and 
Mobarak (2008), increasing investments in dis-
aster risk reduction have led to a noticeable re-
duction in human casualties from disasters but 
economic loss. although, economic loss from dis-
asters are caused by several factors, among these 
are damages to properties, business disruption, 
and damages to stocks, the value of built environ-
ment damages and its consequential impacts are 
significant (Haigh 2010; UndP 2013). Therefore, a 
review of investment in disaster resilience in the 
built environment becomes essential. Obviously, 
government cannot make all needed investments 
but the private sector under-invests generally as 
a result of information asymmetry, myopic behav-
iour, excessive short term targets and cost cutting 
among others (neumayer et al. 2014; Warhurst 
2006).The above mentioned factors were referred 
to as “market failures” by neumayer et al. (2014). 
The study went ahead to suggest the use of in-
centives that are based on disaster propensity to 
overcome the failures.

since the attainment of resilience attracts ad-
ditional initial cost (Warhurst 2006; neumayer 
et al. 2014), a more systematic approach is perhaps 
needed to achieve a desirable level of investment 
in disaster resilience. although, disaster resilience 
as a theme has gained a significant level of popu-
larity and has attracted an appreciable level of 
debate among academic and practitioners across 
professions, no one has actually carried out a criti-
cal investigation and analysis into issues relating 
to finance and investment in disaster resilience in 
the built environment. This paper intends to fill 
this gap by highlighting and discussing issues re-
lating to investment in disaster resilience in the 
built environment, it identifies methodological 
problems as well as research and practice gaps and 
potential solutions.

The objectives of this paper are to describe 
and compare the options available for financing 
disaster risks for resilience in the built environ-
ment; review sample investment and financing ef-
forts made towards achieving disaster resilience 
in the built environment across sectors. The paper 
also discussed some strategic approaches through 
which stakeholders relate and invest in achieving 
disaster resilience; reviewed the barriers, drivers, 
benefits and incentives for investing in disaster 
resilience in the built environment; and identified 
key points that can benefit research and practice.

2. reSearcH MetHod

This paper is based on relevant literature mate-
rials gathered from leading depositories of dis-
aster resilience publications. Technical reports 
on investment- in disaster resilience related ac-
tivities were gathered from PreventionWeb – a 
United nations international strategy for Disas-
ter reduction (UnisDr) repository, launched in 
2007. The repository was established to serve as 
a storage and information outlet for the disaster 
risk reduction (drr) community. PreventionWeb 
allows all interested organisations and individu-
als to publish disaster resilience related docu-
ments and events, it also has capacity to search 
for documents in hundreds of other Drr websites. 
PreventionWeb can be referred to as a good pool 
of resources relevant to this work. other reports 
were obtained mainly from World Bank and asian 
development Bank websites. Journal articles were 
basically collected from leading journal databases 
among other sources. among the databases are: 
Taylor and francis, Emerald, science Direct, and 
Elsevier Journals. Preference was given to publica-
tions between year 2005 and 2014, this is because 
the most recent largely accepted framework for 
disaster management – Hyogo framework for ac-
tion – took effect in 2005 (now succeeded by Sendai 
framework 2015). it is believed that the framework 
has provided a structured approach to all disaster 
management activities including finance invest-
ments. Keywords were used for searches done in 
the aforementioned depositories and materials 
generated were refined, sorted and evaluated so 
as to have only the materials suitable for the focus 
of this study.

3. dISaSter reSIlIence

among the several definitions of resilience, the 
UniSdr (2009) definition of resilience in the con-
text of disasters as “the ability of a system, com-
munity or society exposed to hazards to resist, 
absorb, accommodate and recover from the effects 
of a hazard in a timely and efficient manner, in-
cluding through the preservation and restoration 
of its essential basic structures and functions” ap-
pears to be among the most popular and perhaps 
the most acceptable in recent disaster literatures. 
However, Tainter and Taylor (2014) described dis-
aster resilience as the ability to recover from a 
setback. invariably, resilient societies must have 
appropriate problem-solving capacity to adjust to 
setbacks without distortion. as earlier mentioned, 
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the attempt to describe resilience has been greeted 
with several submissions from authors, this, cou-
pled with the interdisciplinary attribute of resil-
ience is nearly bringing confusion (Twigg 2009). 
however, except for the emergence of the princi-
ple of “bouncing forward” in the disaster resilience 
community (manyena et al. 2011), there is a high 
level of similarity in the practical implication of 
almost all earlier definitions. The “bounce for-
ward” paradigm still require further development 
as there is a cloud of ambiguity on the real mean-
ing and boundaries of the bouncing forward of a 
society after a disaster.

4. BuIlt enVIronMent (ProPertIeS) 
and deVeloPMentS

Generally, more investments in the built envi-
ronment and infrastructure are expected over 
the coming years. Global Construction Perspec-
tives and oxford Economics (2011) estimated 
project investments in urban areas to rise by 
67% – i.e. from about US$7.2 trillion in 2011 to 
around US$12 trillion by 2020. By the year 2020, 
about US$97.7 trillion is expected to be spent on 
construction globally thereby bringing the con-
tribution of construction to world GDP to about 
13.2%. However, as significant as the projections 
appear to be because of its tendency in expand-
ing existing business and creating new ones, the 
challenge it stands to pose to disaster risk reduc-
tion and disaster resilience of the society should 
remain an issue of utmost concern. This is be-
cause much of this development is expected to 
take place in disaster prone or vulnerable areas 
and some countries with relatively weak disaster 
risk management system; the developments will 
also increase the concentration of wealth in some 
areas. it should be noted that the magnitude of 
loss from disasters is a function of the wealth of 
the affected area (Bouwer et al. 2007; neumayer, 
Barthel 2011; Pielke et al. 2008).

according to iiHS (2012) much of the develop-
ments in Delhi, india occurred in hazard prone 
areas despite the knowledge and awareness of the 
risks of flood and earthquake. also, in the United 
Kingdom, despite the existence of policy frame-
works, regulations and monitoring agencies, the 
number of properties developed on flood plains 
are still increasing (Committee on Climate Change 
2012). in november 2012, many parts of the coun-
try were affected by flooding; this left about 1100 
homes damaged or destroyed. The flooding was 
estimated to cost insurers £500 million and esti-

mated to increase annual insured loss in the UK 
for 2012 to about £1 billion (about USd1.60 bil-
lion). The 2012 estimate ranks among the highest 
in terms of claims processed in recent times (aOn 
Benfield 2012). also, in Slovenia and Croatia, aon 
Benfield (2012) reported that excessive rain led to 
flooding along drava and Sava rivers and this re-
sulted to the damage of more than 4,500 homes 
and other buildings. This amounted to an economic 
loss of around EUr209 million (US$265 million).
The UK event eventually triggered some reforms 
in the management of flood risk though, much can 
still be done. if adequate consideration is given to 
the need for disaster resilient infrastructure and 
properties, and the needed resources are sourced 
and invested, the expected future development in 
the built environment will be a great opportunity 
for achieving a disaster resilient future. Presented 
in the next section are the options available for 
financing disaster risk and enhancing resilience. 
The options presented and the associated brief de-
scriptions provides for quick comparison.

5. fInancIng dISaSter rISK and 
InVeStIng In dISaSter reSIlIence

Beyond the potential use of the information pro-
vided in this section, a discussion on finance and 
investment in disaster resilience will be techni-
cally deficient if no reference is made to the prob-
able sources of investment. Priority action four 
(4) of the hfa is targeted at reducing underlying 
risks of disaster. one major task under the priority 
action 4 is to ensure the existence of appropriate 
risk management systems. it should be recalled 
that the ability of the built environment to with-
stand, absorb and recover from the impact of dis-
aster goes a long way in speeding up the recovery 
of an entire system from eventualities. Therefore, 
reducing the underlying disaster risk factor in the 
built environment will go a long way in ensuring 
the resilience of societies to disasters. Obviously, 
only little can be done in reducing underlying risks 
if suitable risk finance mechanisms or investment 
sources are not available. since it is practically im-
possible to completely insulate the built environ-
ment, community, and a nation from natural dis-
asters, pre-disaster investments made in the right 
direction coupled with transfer of risks to the party 
that can best manage them as well as a reasonable 
level of post-disaster response capacity is germane. 
a detailed comparison of the major disaster risk 
financing mechanisms is summarized in Supple-
mentary appendix a (available in the online ver-
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sion only). Each of the mechanisms is identified as 
a prevention funding mechanism (i.e. pre-disaster 
investment financing), loss financing mechanism 
(i.e. post disaster loss management mechanism), 
loss finance transfer or combination of prevention 
and loss financing.

The risk financing options presented in Sup-
plementary appendix a (available in the online 
version only) have their respective merits and 
demerits, from the categories presented; preven-
tion funding mechanisms allow for reduction of 
risks before catastrophes but on most occasions, it 
implies that the party that is exposed to the risk 
bears the risk eventually. also, the adequacy of 
investments needed is a function of the accuracy 
attained in estimating disaster risk; this brings 
the thought of whether the investments will actu-
ally prevent, mitigate, or fail to make any impact 
in the event of a disaster. Examples of prevention 
funding mechanisms are prevention and mitiga-
tion fund, mitigation loans, prevention loans. Loss 
financing mechanisms are available for financing 
losses after a disaster, by implication this financ-
ing mechanism are response options. There have 
been arguments on the logicality and appropriate-
ness of response to disasters rather that preven-
tion and mitigation. Examples of loss financing 
mechanisms are external borrowing, loan diver-
sion, calamity funds, and state sponsored loss 
sharing programmes. The third category referred 
to loss financing transfer provides the opportunity 
of transfer of losses resulting from disasters to a 
third party; examples are insurance and re-insur-
ance, and insurance for disaster reserves.

The issue of disaster risk financing and invest-
ment in resilience concerns both developing and 
developed nations since they are both affected 
by disasters. however, many fundamental issues 
have to be addressed alongside disaster resilience 
finance issues in developing countries. among 
these issues are lack of innovativeness, policy 
frameworks that guide developments and ensure 
that developments are built in ways that reduces 
vulnerability and not exacerbate them (mahul, 
Gurenko 2006). another issue is the existence of 
weak disaster risk management system. Mahul 
and Gurenko (2006) mentioned the low level of 
penetration of insurance in developing countries, 
but since a nation like Turkey can increase resi-
dential catastrophe insurance penetration from 3 
to 17% in 3 years, barriers to penetration in de-
veloping countries can be surmounted. some of 
the usual barriers to penetration are over depend-

ence on aid assistance, and poor state of domestic 
insurance markets. insurance remains one of the 
most popular disaster risk financing instruments 
for enhancing resilience, although it has its short-
comings too. a commentary on other risk financing 
options is presented below.

Micro-insurance is currently a funding op-
tion for poorer communities, since it is currently 
based on informal cooperative systems, a thorough 
research aimed at bringing a new generation of 
micro and macro-insurance system seems impor-
tant. Catastrophic bond (CaT bonds) which is 
also managed by insurance and re-insurance com-
panies is an option available for both developed 
and developing nations. But since the insurance 
market of many developing nations is weak, the 
ability of CaT bonds to thrive is slim. reserve 
fund is another instrument that provides liquid-
ity after a disaster (Miller, Keipi 2005; freeman 
et al. 2003) but since a lot of developing nations do 
not officially possess enough funds to provide basic 
amenities, it might be difficult to set funds aside in 
anticipation for disasters. This finance instrument 
is currently more useful for wealthier nations, it 
should be noted that the funds set aside also has 
a cost (i.e. returns from potential uses of the fund 
set aside).

External borrowing, loan diversion, emergency 
loan, reconstruction loans, mitigation loans, pre-
vention loans, reformulation of existing loans are 
all loans with consequential commitments. such 
loans are usually arranged by governments for cit-
izens. it is useful in both developed and developing 
nations, though developing nations depend more 
on such loans. formal and informal risk Coping 
through Self-financing, Transfers of Government 
Budget/budget reallocation, Tax increase and tax 
exemption reduction, and Government/state spon-
sored loss sharing and mitigation grants are used 
more in developed countries. Their use in develop-
ing countries is limited perhaps due to low level 
of awareness, rigidity of governance system which 
hardly brings about tax change, as well as the usu-
ally acclaimed low level of wealth in developing 
nation. above all, many of these finance mecha-
nisms have a long history of existence, it is time 
to develop new generation disaster finance systems 
that is country specific, and focuses more on miti-
gation and prevention rather than loss finance and 
even loss finance transfer. Presented in the next 
section are samples of investments made across 
selected sectors using some of the funding mecha-
nisms discussed above.
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6. InVeStMent In dISaSter 
reSIlIence In tHe BuIlt 
enVIronMent acroSS SectorS

Before the 1995 earthquake, Kobe port was among 
the busiest ports in the world. after the earth-
quake, the port which used to rank 6th in the world 
fell to 17th place in 1997 after two years of recon-
struction (Chang 2000); in year 2000, it became 
23rd and by 2013 it fell to 52nd place (Containerisa-
tion international 2013). The business disruption 
experienced by the port as a result of the earth-
quake remains the major reason for the sharp slip 
in performance. Business did not return to the 
level it used to be despite several efforts and in-
centives made available to port users. among the 
efforts are reduction of harbour dues, land rental 
fees, and 24-hour operation. This remains a valid 
example of the implication of damage to business 
premises and/or built environment by disasters on 
a typical system. The Kobe loss and delay in recov-
ery could have been significantly reduced if nec-
essary investments with respect to infrastructure 
strengthening and business continuity practices 
have been made.

neumayer et al. (2014) stated that two main 
strategies are available for the reduction of cost or 
impact of disasters. One option is to avoid settling 
or operating in high risk areas, the other option 
is to build properties that have little probability 
(if any) of being damaged by hazards. however, 
on most occasions, areas with high risk of disas-
ter have economic advantages such as low labour 
costs, access to export markets, access to materials 
among others. also, putting up disaster resilient 
structures attract additional costs. Therefore, the 
options attract costs, the former is opportunity cost 
and the latter is in form of direct investment. Un-
derstandably, investments in disaster resilience 
require adequate evidence of superiority of benefit 
to cost. in this regard, joint investments can en-
hance the business case of investments. a detailed 
look at examples of investments in built environ-
ment resilience and some related issues in selected 
sectors are presented below.

6.1. education

The term “hardening” is another term used for 
resilience building or the act of increasing the 
ability of infrastructure to withstand stress from 
hazards. in 1996, a middle school in Wisconsin, 
one of the 180 structures damaged by a tornado 
that struck the community was later “hardened”. 
after the tornado incident, the need for resilience 

of infrastructure was clearer and this led to the 
school being rebuilt to withstand 150-mph wind as 
against the 88-mph stipulated in the public build-
ing code for Wisconsin. This was however achieved 
at a significantly higher cost, the internal walls 
were hardened and the roof was bolted to wall sup-
ports. The investment made in strengthening the 
school amounted to $207, 260; the larger part of 
the expended cost was obtained from mitigation 
fund (WdEM 2001). This gave the school the abil-
ity to endure twice the wind that most others are 
built to endure thereby giving a greater sense of 
safety and security. The school can also serve as a 
community shelter in the event of another tornado.

6.2. Health

hospitals are critical to post disaster relief and 
recovery, damages to hospital structures, hospital 
equipment and surrounding facilities can lead to 
a big setback to the relief and recovery process. 
Geroy and Pesigan (2011) concluded that there is 
a gap in hospital infrastructure, emergency equip-
ment and capacity in the face of disaster emergen-
cies. The study emphasized the need to enhance 
the resilience of health facilities. also, in a study 
conducted by rautela et al. (2011) on seismic vul-
nerability of health infrastructure in india, it was 
found that 80% of the health facilities in one of 
the study areas is very likely to be non-functional 
in a post-earthquake situation as a result of dam-
ages. The study suggested improvement health 
facility’s post disaster capacity through invest-
ment in retrofitting. Towards enhancing facilities’ 
capacity, some organisations e.g. Pan american 
health Organization (PahO) developed a series 
of guidelines for assessing the probable response 
of hospital structure, equipment, and surrounding 
facilities to disasters (rossetto 2007). Hurricane 
ivan that struck Grenada in 2004 resulted to a 
major loss for schools and hospitals. Only two of 
the about 75 primary and secondary schools ex-
perienced minimal damage; the largest hospital 
on the island experienced about 70% damage. The 
second largest hospital was also physically dam-
aged and was not suitable for use; worthy of note 
is that the two schools that were left standing af-
ter the disaster were retrofitted before the disaster 
through a World Bank initiative (rossetto 2007). 
On a contrary case, Kobe general hospital in Kobe, 
Japan survived the 1995 earthquake; the hospital 
was still barely functional as a result of the col-
lapse of the bridge linking it with the mainland. 
Beyond hardening or strengthening of infrastruc-
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ture, adequately considering the possible impact 
of hazards in the design and siting of key facilities 
and the infrastructure serving them can largely 
improve their disaster resilience and post-disaster 
functionality.

6.3. tourism/business sector

The resilience of the supporting facilities of a busi-
ness has a lot to do with the resilience of the busi-
ness and of course a nation at large. Tourism is one 
of the major sectors in a number of economies. On 
most occasions, tourist attractions or destinations 
are located at vulnerable sites. This is understand-
able because some of these locations are either 
pleasant to sight or possess facilities that are very 
important to tourism service delivery. in order to 
ensure a suitable level of resilience, UnisDr and 
Global initiative for disaster risk Management is 
about to commence a hotel disaster resilience level 
certification programme (Edo et al. 2014). This is 
to achieve a reduction in risk to premises, busi-
ness risk, sustain service provision as well as pro-
vide safety guarantee to all stakeholders. UniSdr 
(2013) reported that orion, a new Zealand Com-
pany invested US$ 6 million on seismic protection; 
as a result, the investment saved the company up 
to US$ 65 million. This example among others is 
a good reference for other businesses.

6.4. Housing

in the United Kingdom, as time went by, the need 
for households and individuals to protect their 
properties against flooding became more impor-
tant (Pitt 2008). Eventually, organisation and 
household led flood risk management gained more 
prominence as opposed to the traditional state cen-
tred approach (Johnson, Priest 2008). in order to 
encourage investment, the Department for Envi-
ronment, food and rural affairs (DEfra) in Eng-
land introduced a £5.5 million grant scheme called 
Property Level flood Protection Grant Scheme in 
december 2008. Under this scheme, local councils 
were expected to apply for funding and thereafter 
subsidise the cost of resistance and resilience in-
stallations for interested property owners (DEfra 
2009). The scheme ended in 2011, but an addition-
al sum of £3.4m was allocated by the government 
for Property level flood Protection in 2011–2012. 
a promise of future support to the scheme was 
made under the succeeding flood and Coastal re-
silience Partnership funding (dEfra 2012). The 
flood and Coastal resilience Partnership funding 
scheme is meant to encourage investment in flood 

risk management measures by communities. it 
provides funding for flood and coastal defence pro-
jects as well as property level protection assistance 
that are to be executed in conjunction with com-
munities. it is part of government’s strategy for 
disaster prevention and mitigation and also part 
of funding strategy for building property resilience, 
since total prevention of flood events is perhaps 
practically impossible. The UK Government is also 
investing in review and implementation of revised 
building regulations and surface water drainage, 
sewage system and back garden management 
among others (dEfra 2012).

6.5. Power

a level of risk can be managed via proactive use 
of prevention, mitigation and existing disaster 
resilience measures. for example, international 
development Bank financed the strengthening of 
Sabaneta dam in dominican republic in 1998; this 
eventually mitigated the risk of flood to the extent 
that when Hurricane George struck in the same 
year, there was no significant damage to the power 
plants. also, no potential downstream damage was 
recorded (Keipi, Tyson 2002). resulting from pre-
vious experiences with flood, yorkshire Electricity 
distribution Ltd. (yEdL) invested in making its 
infrastructure more resistant to flood risks. yEdL 
built defences at its high risk electricity sub-sta-
tions after the year 2000 flood events and this is 
believed to have helped the company to reduce the 
impact of flooding on its assets (Pitt 2008). in the 
year 2007, there was a massive flooding in north 
East England, the investment made by yEdL paid-
off, as the Blackburn Meadows electricity substa-
tion protected by flood defences was not significant-
ly affected. The sewage treatment plant that shares 
the same site with the power sub-station was with 
no form of protection from flooding; consequently 
the treatment plant was significantly damaged and 
cost £17 million to repair.

from the examples above, it is clear that stake-
holders in the disaster resilience theme have been 
making frantic efforts to curtail the impact of dis-
asters on the society. noticeably, changes in dis-
aster related policies worldwide are also affecting 
the area of finance and investment in disaster risk 
reduction and disaster resilience. for instance, a 
major shift was observed when dEfra (2011) rec-
ommended that property owners should take the 
responsibility of adapting their properties to flood 
since the total prevention of flooding is seemingly 
impossible. This brings to prominence the need to 
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invest in enhancing coping and adaptive capacities 
for operations as well as resistance and resilience 
ability of properties to disasters. also, the recom-
mendation dEfra (2011) technically emphasise 
the shift in the responsibility for funding of build-
ing resilience from the government to individuals, 
businesses and the private sector at large. it is 
ideal to say that this is connected with recent cuts 
in government spending in the United Kingdom 
(Crawford, Phillips 2012; Committee on Climate 
Change adaptation 2015) and the identified ca-
pacity of the private sector worldwide in building 
resilience (adPC 2013).

The change in policy raises the question of 
whether property owners have the resources re-
quired to achieve this. if government interventions 
in developed countries (dEfra 2015) can help in 
achieving this, it is definitely going to be a prob-
lem in poorer or developing nations. These nations 
are largely dependent on foreign assistance and 
guidance in terms of capacity building and infra-
structure finance, and they have relatively weak 
disaster risk management systems. Some strate-
gic approaches through which stakeholders relate 
and invest in achieving disaster resilience are 
discussed in sections 7, 8, and 9 below. The ap-
proaches have been adopted in many sectors and 
seem suitable for use in many others.

7. dISaSter reSIlIence In tHe BuIlt 
enVIronMent and PuBlIc PrIVate 
PartnerSHIP

Public-private partnership (PPP) can be described 
as a contractual agreement between a public sector 
organization and a private sector entity, this con-
tractual agreement allows for an improved private 
sector involvement in the delivery of public infra-
structure projects (deloitte 2006). Just several oth-
er technical terms, public-private partnership has 
been given various definitions by several authors, 
sometimes based on respective author’s context of 
interest. after considering a number of definitions, 
Leiringer (2006) described public-private partner-
ship as “an arrangement between public sector and 
private sector investors and businesses whereby 
the private sector on a non-recourse or limited re-
course financial basis provides a service under a 
concession for a defined period that would other-
wise be provided by the public sector.” The content 
of the partnership is practically a function of what 
the parties to the contract decide to include. it has 
been argued that the private sector has some qual-
ities and capabilities that are not easily found in 

government agencies. These qualities can also be 
exploited in the context of disaster resilience in the 
built environment through public and private col-
laboration. Beyond exploiting the capabilities, the 
private sector occupies a significant position and 
stands a good chance in influencing disaster risk 
accumulation. Worthy of note is the fact that the 
private sector owns much of a country’s infrastruc-
ture. for instance, 85% of the critical infrastruc-
ture in the US is privately owned (Miler 2013). 
Therefore, there is the tendency of high loss on the 
part of the private sector in the event of disaster. 
Private sector’s readiness to build-in resilience in 
partnership with the government with respect to 
the infrastructure it provides is a great opportu-
nity to explore. Opportunities to enhance disas-
ter resilience through public-private partnership 
seem under-utilized because building resilience is 
largely perceived to be a public sector responsibil-
ity (PwC 2013). Zhang and Kumaraswamy (2013) 
explored PPP as an innovative post-disaster re-
construction approach using a china case study, 
the study thereafter emphasized the importance 
of engaging ‘people’ in post-disaster reconstruction. 
also, ingirige et al. (2015) made a strong case for 
the full use of public private partnership (PPP) in 
the delivery of selected infrastructure projects dur-
ing post-disaster reconstruction and recovery. The 
study however pointed out some of the merits and 
demerits noticeable from the application of PPP in 
the delivery of conventional public infrastructure. 
it was also clearly stated that PPP or 3P might not 
be suitable for all disaster risk management/resil-
ience related projects. many of the demerits and 
pitfalls can however be surmounted by adequately 
embedding ‘People’ in the 3P to become 4P through 
pre-disaster planning.

a suitable case of how PPPs can help reduce 
disaster risk and enhance resilience is the case 
Christ Church Earthquake, new Zealand in Sep-
tember 2010 and february 2011 which led to a 
loss of about US$4 billion and US$12 billion. Prior 
to the event, Christ Church Engineering Lifelines 
Study (Christchurch Engineering Life lines Group 
1997) conducted a study to address a range of 
hazards including earthquakes, snow and wind-
storms, flooding and tsunamis. Engineers and 
managers from local authorities and utility organ-
isations as well as public and private companies 
were engaged in the project. after the study was 
conducted, Christchurch’s utility companies led 
the building of disaster risk management in daily 
business practices. There were inter-organisation-
al collaborations facilitated and formalized by Can-
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terbury Lifeline Utilities Group. The investments 
and efforts paid off after an earthquake struck 
afterwards, Port of Littleton resumed operations 
few days after, although a level of damage was 
recorded on the ports commercial buildings and 
some other physical facilities. Telecommunications 
buildings that was reinforced before the event 
was not affected by the disaster and therefore 
remained in use, a number of bridges that were 
retrofitted by the City Coun cil and new Zealand 
Transport agency survived the quakes, the US$6 
million invest ment in seismic protection by Orion, 
the local electricity distribution company, report-
edly saved the company about US$65 million in 
direct losses.

sadly, housing losses were high as a result of 
the historic poor land use decisions; a number of 
residential apartments were developed on lands 
that are susceptible to earthquake impacts. The 
public private people partnership (4P) framework 
presented by Zhang (2012) and ingirige et al. 
(2015) will serve as a good foundation for a struc-
tured use of 3P and 4P in disaster resilience and 
disaster recovery related projects in the built en-
vironment. Testing and further developments is 
very necessary. Legislative changes will however 
be needed to enhance the current approaches and 
to effectively embed the community. rotimi et al. 
(2009) discussed the need for legislative changes so 
as to effectively achieve post-disaster reconstruc-
tion. alongside relevant legislative changes, effec-
tive use of knowledge from previous experiences is 
essential (Kaklauskas et al. 2009). in respect of the 
need for policy changes, the government of Eng-
land introduced a central government’s funding 
structure for flood and coastal erosion risk man-
agement in 2011. Under a scheme called flood and 
Coastal Erosion resilience Partnership funding, 
the central government can now fund an array of 
valuable projects rather than bear the full cost of 
few projects (dEfra 2015). The remaining costs 
of such projects are provided by local communities 
and environmental agency while administrative 
responsibilities are handled as agreed. The power 
of the local authority to carry out risk manage-
ment works on regular water courses remains. 
although the mode of public private partnership 
in developed countries may differ a bit between de-
veloping countries and developed countries as a re-
sult of peculiarities in economy, culture, legal and 
administrative structure of these nations, the un-
derlining principles of PPP remains across board. 
The partnership funding scheme in England and 
the Christchurch’s utility companies led interven-

tion that engaged public and private companies 
in new Zealand among others are all varieties 
of partnership. Presented in the next section are 
benefits of investing in resilience. all stakehold-
ers in both developing and developed nations can 
benefit by exploiting any of the opportunities that 
relate to the benefits discussed below. developed 
nations can lead the implementation of some of the 
PPP initiatives that are applicable in the devel-
oping nation context, for example safaricom/GE 
and Kenyan government’s partnership and swiss 
re arrangement in Ethiopia (PwC 2013). a modi-
fied version for application in a developed country 
context can be an agreement that permits private 
sector companies to provide resilient materials to 
home builders with defined government support. 
another example is an agreement that permits pri-
vate sector companies to invest in the strengthen-
ing or hardening of critical infrastructure in flood 
prone areas (dEfra 2009).

8. dISaSter reSIlIence In tHe BuIlt 
enVIronMent and corPorate SocIal 
reSPonSIBIlIty

Corporate social responsibility (Csr) is fast be-
coming one of the factors that contribute to the 
development of a business (Zhao et al. 2012). Mo-
neva et al. (2007) submitted that strong corporate 
structure and commitment to social and ethical 
values can increase productivity and prevent le-
gal issues, it implies that such commitments will 
enhance the financial performance of such compa-
nies. iSo (2010) defined corporate social responsi-
bility as the “responsibility of an organisation for 
the impact of its decisions and activities on soci-
ety and the environment, through transparent and 
ethical behaviour”. Businesses participate beyond 
the protection of their own human and economic 
assets at the response phase of a disaster; this is 
usually done as part of their Csr activities. it is 
indeed important for organisations to expand their 
Csr activities beyond response stage, currently, 
much of their activities are about cash donations, 
debris clearing, use of employees as volunteer, 
lending of machinery/equipment etc. The involve-
ment of organisations in disaster risk reduction is 
important as the world is moving towards risk pre-
vention and mitigation rather than response and 
relief. The paradigm of Csr in disaster resilience 
should also change as the approach of the world to 
disaster risk changes.

The rana Plaza building collapse in savar, near 
dhaka, Bangladesh reportedly has about 1,100 
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victims, this has led to a shift in the traditional 
company resilience thinking pattern to world-
wide value chain order. The incident emphasized 
the need for attention on supply chain, especially 
when developing countries are involved. This is be-
cause many of these countries do not have strong 
disaster management systems and when unpleas-
ant events strike, the whole supply chain will be 
affected. Blowfield (2000) while discussing ethical 
sourcing emphasized the need for a comprehensive 
set of codes that brings all stakeholders together to 
address issues that affects the entire value chain. 
Similarly, Preuss (2009) examined codes on CSr 
in supply chain through the lens of sustainability. 
it is time to place better attention to the link be-
tween disaster resilience and codes on Csr in sup-
ply chain. for example, after the incident in Bang-
ladesh, Primark, a garment sale company, along-
side other organisations undertook building safety 
survey for factories from which it source garments 
and became a signatory to the accord on fire and 
building safety. it also revised its sourcing policy. 
Organisations should learn to bear the responsibil-
ity of applying best practices in their supply chain 
through the principle of Csr. Organisations can 
audit disaster resilience ability of their network of 
stakeholders for satisfactory performance as part 
of their CSr (Wieland, Handfield 2013).

9. dISaSter reSIlIence In tHe 
BuIlt enVIronMent and BuSIneSS 
contInuIty ManageMent

Providing protection for all assets might not be 
practical or economical. Even if all necessary ef-
forts are made to achieve this, preparations or ef-
forts can get overwhelmed. This therefore under-
lines the need for Business Continuity manage-
ment (BCm). The British standards institution 
defines BCM as: “a holistic management process 
that identifies potential threats to an organisa-
tion and the impacts to business operations that 
those threats, if realised, might cause, and which 
provides a framework for building organisational 
resilience with the capability for an effective re-
sponse that safeguards the interests of its key 
stakeholders, reputation, brand and value-creating 
activities” (British Standard institutions 2007).

Tierney (2007) among other authors have clear-
ly discussed the existence of direct and indirect im-
pacts of disasters on businesses. ideally, organisa-
tions should make all necessary efforts to avoid 
significant losses from disasters. However, several 
barriers as will be discussed in the later part of 

this paper are militating against wide and effec-
tive use of strategies available for resisting, with-
standing and absorbing stress from hazards. from 
the definition of Business Continuity Management 
(BCm) given above, BCm practically goes beyond 
the act of ensuring the resilience of the immedi-
ate premises of an organisation. it extends to the 
attainment of the resilience of an organisation’s 
process, supply chain, customer preservation, and 
public image among others. however, since an 
organisation’s processes depend on the function-
ality of infrastructure and business premises, the 
resilience of infrastructure is therefore a strong in-
fluencer of business continuity and loss reduction. 
Then, the importance of the resilience of the built 
environment in the overall resilience agenda can-
not be overemphasized (UndP 2013).

10. BenefItS of InVeStIng In 
dISaSter reSIlIence In tHe BuIlt 
enVIronMent

10.1. Market opening, market expansion, 
market stabilization and other benefits

Economic loss from disasters will continue to in-
crease unless drastic control measures are taken 
(Bouwer et al. 2007; Ki-Moon 2013; Pielke et al. 
2008). Beyond the tendency of reducing economic 
loss from disasters through improved investment 
in built environment disaster resilience, some oth-
er benefits abound. Market opening, expansion and 
stabilization potentials of investing in resilience 
refers to the tendency of a new product/service be-
ing created, or existing ones expanded or existing 
ones made established. This will be achieved as a 
result of innovations towards enhancing resilience 
of enterprises.

The opportunity to develop and distribute new 
resilience enhancing products and services is a 
worthy driver of investment in resilience. This op-
portunity brings the benefit of a competitive mar-
ket advantage alongside the creation of a new in-
come stream for a typical organisation. it is also a 
chance to diversify risk portfolio. The market open-
ing and expansion ability of investing in disaster 
resilience was explored by swiss re in Ethiopia. 
PwC (2013) reported an arrangement made by 
swiss re (and partners) in Ethiopia whereby farm-
ers pay their insurance premium by working on 
community-identified projects to build resilience. 
in the illustration above, the farmers were indi-
rectly contributing towards building resilience, en-
hancing their own resilience while swiss re (and 
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partners) expanded their market and were also in-
vesting in resilience. Being able to introduce new 
products and services to the market or expanding 
existing products and services also increases a 
company’s revenue and market share. it also has 
the ability of enlarging and extending a company’s 
relevance, success as well as competitive advan-
tage. Cost savings can be referred to as one of the 
drivers for investing in resilience; the actual ben-
efits of all cost saving efforts are some or all of 
the following: reduced operational cost, security of 
profit, reduced cost of raw materials, and enhanced 
resource efficiency (PwC 2013). The image of an 
organisation speaks a lot about the potential suc-
cess of such organisation. Therefore, the need to 
build brand value and reputation cannot be over-
emphasized. an organisations brand value and im-
age can also be boosted through investment in re-
silient activities. Beyond the benefit of a pleasant 
social image, it is an opportunity to display market 
leadership and prowess (UniSdr, Gfdrr 2012; 
PwC 2013). This will increase the confidence of all 
stakeholders especially that of consumers and in-
vestors. in addition to the aforementioned benefits, 
UniSdr and Gfdrr (2012) stated that investing 
in disaster risk reduction and resilience guaran-
tees the safety of lives and properties, it helps to 
reduce the diversion of resources to response and 
recovery, increases investors’ assurance, creates 
business opportunities, secures economic growth 
and makes employment safer and also help cities 
that have invested in resilience and even organisa-
tions to attract investment. other benefits are re-
duced failure probabilities and/or time to recovery, 
and community wellness.

11. BarrIerS and drIVerS for 
InVeStIng In dISaSter reSIlIence In 
tHe BuIlt enVIronMent

11.1. Barriers to investment in disaster 
resilience

While discussing issues relating to the use of re-
sistance and resilience measures, (Bichard, Ka-
zmierczak 2012) mentioned poor attitude and 
wrong perception of property owners as one of 
the barriers to investment in flood resistance and 
resilience measures. The study stated that many 
people are aware of living in risk areas but they 
seemingly underestimate the risk. Many property 
owners simply do not see the reason to spend on 
flood proofing their properties. in a similar vein, 
Kenna (2008) decried the availability of just lit-

tle incentive for installing resilient measures. it 
opined that risk-based insurance system is a via-
ble incentive for enhancing investment in property 
resilience. although, the use of incentives remain 
a viable means of encouraging the adoption of re-
silience, efforts toward the realization of the full 
cost of direct and indirect impacts of disaster re-
mains germane. This is because the underestima-
tion of the impacts of disaster by businesses limits 
the adoption of property level resilience measures, 
since a convincing picture of benefits to cost of in-
vestments in resilience cannot be seen (Wedawatta 
et al. 2014). While discussing barriers to invest-
ment and actions in enhancing disaster resilience, 
(PwC 2013) mentioned the difficulty in engaging 
businesses on issues that go beyond their operat-
ing boundary. it is believed that a strong business 
case with adequate awareness and interest build-
ing efforts is the potential solution to the identified 
barrier.

a lot of businesses are driven mainly by profit 
and are unwilling to venture beyond their tradi-
tional scope of operation. investment in resilience 
should however be seen as a way of making all in-
vestments attractive and secured (United nations 
2013). although, some organisations have accepted 
the need to build resilience, limited in-house ca-
pacity and leadership to assess risks, understand 
risks and thereafter implement necessary actions 
remain a challenge (PwC 2013). The broad list of 
barriers provided by PwC (2013) are risk manage-
ment capability and maturity – internal buy in, 
awareness, facilities; technical barriers – work-
force capacity, technology, knowledge sharing, and 
access to early stage capital; financial – technol-
ogy risk, incentives, technology cost gaps; local en-
abling environment – policy, infrastructure, politi-
cal and governance risks. in addition, Pitt (2008) 
canvassed for the revision of regulations so as to 
make all new and or refurbished buildings in high 
risk areas resistant or resilient. This simply im-
plies that the lack of regulations that are meant 
to ensure the provision of resilience is a barrier.

11.2. drivers for investment in disaster 
resilience

There are a number of drivers for investment 
in disaster resilience as seen in literature. PwC 
(2013) mentioned the opportunity to develop and 
distribute new products and services as one of the 
drivers. Expanding a company’s range of products 
and services in the market does not only increase 
a company’s revenue and stake in the market but 
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also gives the company a strong competitive ad-
vantage. The products and services are basically to 
be used by others to enhance their own resilience. 
also, the opportunity to expand markets for ex-
isting products and services is a viable driver for 
investing in resilience (PwC 2013). for example, 
safaricom/GE is a partnership that supports the 
expansion of low carbon telecommunication infra-
structure in Kenya; this is done through the use 
of solar-powered base station units. This project 
ensures continued communication since the base 
station units are resilient to power cut. Cost sav-
ings is another driver for investing in resilience 
(UniSdr, Gfdrr 2012). Ensuring the continual 
availability of raw materials from resilient suppli-
ers will definitely lead to cost saving for a manu-
facturing company, non-resilience of supply chain 
will lead to increased raw material operational 
cost. reputation and brand value is another driver 
for investment (PwC 2013), for instance, Siemens 
Company developed a low-cost portable water pu-
rification system that does not require chemicals 
and does not depend on electricity. it can be used 
to meet the post disaster needs of communities. 
This development has boosted the reputation of 
the company not just with in respect of other busi-
ness they are into but with regard to their capabil-
ity in offering technologies that can help overcome 
post-disaster challenges. in the writings of Edo 
et al. (2014) companies engage or invest in resil-
ience activities for three main reasons: (1) Legal 
compliance (2) Social responsibility (3) Economic 
benefits, the three reasons but legal compliance is 
not far from the submissions of PwC (2013) as re-
gards the drivers of investment.

it should be noted that social responsibility and 
economic benefit can be satisfied through any of 
the ways earlier discussed. The decision to invest 
in disaster resilience depends on the size, sector, 
current capability level of the party involved and 
the jurisdiction in which investment is needed. 
some of the incentives that are already in use or 
recommended for use by nrMCa (2013) are pre-
mium incentives or income tax credits for building 
to code, fOrTifiED standards or using robust 
materials. others are: making incentives avail-
able to organisations rendering key services dur-
ing disaster events, expansion of the coverage of 
sustainability certification to include resiliency 
and running a lesser mortgage rate for building 
to disaster resilience standards. Even if incentives 
are not readily available, potential benefits should 
be sufficient to convince governments or organisa-
tion to invest in resilience. in fact, business organi-

sations that decide to invest in risk management 
stands the chance of financially outperforming 
their peers (UndP 2013).

12. SuMMary and concluSIonS

The summary of some gaps and challenges identi-
fied from the case studies of investments and the 
review carried out on issues associated with in-
vestment in disaster resilience in the built envi-
ronment are hereby presented.

The existence of weak institutions and non-
implementation of good developmental policies 
hampers resilience and accentuates the problem 
of financing and investment in resilience in de-
veloping nations. also, after examining the case 
applications presented in supplementary appen-
dix a (available in the online version only) and 
other parts of this paper, it is rational to conclude 
that both developed and developing nations are 
striving to reduce the cost of disaster and improve 
investment and finance for resilience. developed 
nations are leading the drive, not because they 
are financially buoyant, but because there are 
stronger institutions and drive to maintain global 
influence. These nations develop strategies and 
concepts, draft policies to address challenges, 
help developing nations, and technically expand 
markets. Literature revealed that many of the ex-
isting financing options and approaches of invest-
ment emanated from developed countries. also, 
international non-governmental organisations and 
governments of developed countries lead the drive 
for disaster risk finance for resilience while the 
private sector largely invest in resilience through 
self and supply chain continuity management, 
aids, corporate social responsibility and some 
forms of partnership.

an in-depth research is needed to establish 
funding gaps across nations and this should lead 
to the development of new generation disaster 
funding systems. With regards to funding sources, 
analysis by hochrainer et al. (2013) shows that 
government as well as other stakeholders depend 
so much on traditional sources of financing losses 
from frequently occurring small to medium-sized 
disasters. The study expressed serious concerns 
about the sustainability of the approach and called 
for increased investment in mitigation, either from 
public or private sources. Developments on exist-
ing risk financing systems earlier discussed in this 
paper (see supplementary appendix a – available 
in the online version only) to reflect present day 
demands will be a right move in a right direction.
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also, many of the documented investments 
were made after disaster struck once or after it 
struck at a nearby location. This is obviously in-
adequate, it is ideal to assess risks independently 
and make all efforts to mitigate the ensuing risks. 
it is always more economical and logical to miti-
gate than to spend on post disaster reconstruc-
tion. Ultimately, it is a business decision made on 
an evaluation of business risks. also, cost-benefit 
analysis of investments in built environment re-
silience is still unclear. although, there are case 
studies showing how benefits of investment in re-
silience outweighs its cost, no definite figures for 
cost-benefit ratio were available for most of other 
investments. it was found in literature that it is 
currently difficult to measure the actual costs and 
benefits of disasters accurately; this has been af-
fecting the computation of a convincing business 
case for investment in resilience on most occasions.

additionally, Built Environment resilience to 
disasters is not totally a function of the volume 
of investment made on hardening or strengthen-
ing properties, but also the extent of consideration 
given to design and siting of facilities as well as 
the level of interconnectivity of facilities. adequate 
consideration for resilience while designing and 
siting properties coupled with huge investment 
in hardening/strengthening will perhaps yield a 
better result. in a similar vein, investments in 
disaster resilience in the built environment are 
not currently being documented like investments 
made in humanitarian and relief services. reports 
on investments in relief are readily available but 
records and clear figures on disaster resilience in-
vestment in the built environment are scant. al-
though, information on general expenditures on 
disaster risk reduction and post-disaster recovery 
exists, better analysis of the return on investment 
in resilience in the built environment can only be 
carried out if adequate information is available.

from the analysis of Kellett and Sparks (2012) 
a high level disproportion of investment in the 
re duction of disaster risks and enhancement of 
disaster resilience can be observed. Between year 
2000 and year 2009, investment in disaster risk 
reduction and resilience enhancement amounts 
to only 1% of the entire official development as-
sistance (ODa) to forty countries. humanitarian 
assistance has been given so much priority over so 
many other possible focuses; even though, it is cur-
rently being regarded as a disincentive to invest-
ment in disaster resilience by some stakeholders. 
for instance, the impact of a disaster on the sup-
ply chains of an affected business is multi-faceted 

but it is hitherto not adequately researched, espe-
cially, with adequate reference to the influence of 
premises damage and associated issues.

a growing shift in the approach to disaster risk 
reduction and enhancement of disaster resilience 
was observed. This is with respect to the utiliza-
tion of the principles of corporate social responsi-
bility, business continuity management and pub-
lic private partnerships even in the built environ-
ment. But, since the application of these concepts 
in disaster resilience is still emerging, much is left 
to be done in terms of technical structure of the 
patterns of interaction and best practices among 
stakeholders. The summary of key issues identi-
fied for research and practice are as follows:

Methodological issues
1. fundamental issues relating to institution, 

governance and policies must be at the cen-
tre of all disaster resilience finance and in-
vestment discussions especially in developing 
countries. The existence of weak institutions 
and non-implementation of good developmen-
tal policies can frustrate disaster risk finance 
efforts, accentuate low level of wealth and 
jeopardise resilience for more years.

2. Developed and developing nations are striv-
ing to enhance investment and reduce dis-
aster cost but developed nations are ahead 
because of stronger institutions and global 
influence not really wealth.

3. Governments and stakeholders largely depend 
on traditional sources of finance. Quicker pro-
gress on the development of country and even 
business specific mechanisms is necessary.

4. many of the documented investments were 
made after disasters struck once or at a near-
by location.

5. Cost benefit analysis of investment in resil-
ience in the built environment remains un-
clear; no clear figures are available for major-
ity of investments.

6. adequate consideration for design and siting 
of properties alongside hardening is germane 
for future developments.

7. There are reports of insufficient support for 
Drr and resilience. humanitarian assis-
tance has been receiving better attention.

8. There is a growing call and attention for 
the financing of resilience through corporate 
social responsibility (Csr), public private 
partnership (PPP), and business continuity 
management (BCm) decisions. standardiza-
tion of these strategies in the disaster theme 
will be ideal.



O. Adeniyi et al.236

Practice and research gaps
1. in-depth research is needed to establish fund-

ing gaps across nations and this should lead 
to the development of country/region specific 
new generation funding instruments. This 
step among others can redirect the percep-
tion of some nations on how best to manage 
funding for building resilience.

2. investments in disaster resilience in the built 
environment are not clearly documented un-
like investments on humanitarian interven-
tions. There is need for clear documentation.

3. There is need for the preparation of a bet-
ter structure of relationship and outline of 
best practices for Csr, BCm and PPP in re-
ducing disaster risk for resilience in the built 
environment.

issues relating to investments in disaster re-
silience in the built environment have been dis-
cussed in this paper; this led to the identification 
of gaps and other issues that require attention. 
major investment sources, usually referred to as 
major disaster risk financing mechanisms were 
identified and compared. Some probable sectors 
of investment and samples of efforts or expendi-
tures on resilience in the built environment were 
discussed. also, current practice paradigms in 
the principle of business continuity management, 
corporate social responsibility and public private 
partnership were also highlighted. Other associ-
ated issues – barriers, drivers and benefits of in-
vesting in resilience were also described. it can be 
concluded that efforts are being made to achieve 
disaster resilience in the built environment but 
more efforts and clearer documentation of efforts 
is indeed important. Learning from experiences of 
the business community in their disaster resilience 
related investment decisions can help other busi-
nesses, the broader community and, of course, all 
stakeholders. This paper has set the agenda for a 
grave need for pursuance of research in investment 
in disaster resilience in the built environment. it 
has identified the need to build a body of literature 
in the area of investment in disaster resilience in 
the built environment. The methodological issues 
as well as practice and research gaps identified by 
this paper among other issues discussed are rec-
ommended for attention and immediate research. 
This is needed for the advancement of built en-
vironment resilience through efficient finance and 
investment.
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