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Given that mankind has occasionally been exposed to the devastation of cata-
strophic proportions throughout its history (extreme weather events, natural dis-
asters, bioterrorism, and pandemics are having an increased global impact),
which are increasing in the 20" century due to climate change, the risk reduction
measures are being taken at the global level to reduce the severity of the conse-
quences. Natural and technological disasters in the European countries have
caused significant loss of life and damage to structures and infrastructure, which
has led to the ratification of conventions at the world level in the field of disaster
preparedness (Hyogo Framework for Action and Sendai Framework for Disaster
Risk Management). Hospitals and other healthcare facilities are amongst those
most jeopardized. The paper gives an overview of the methodology in the field of
defining the resilience of healthcare facilities through determining the hospital
safety index. Through the application of this and other methodologies in a case
study conducted in Serbia, the paper examines the direct correlations between
hospital safety index and climate change. Paper gives the results of hospital safe-
ty index calculation considering modules 2-4 and possibilities for the potential
use of the module 1 (research on hazards) in separate evaluation.

Key words: healthcare facilities, resilient city, climate change, safety evaluation,
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Introduction

Resilience in terms of cities generally refers to the ability to absorb, adapt and re-
spond to changes in an urban system [1-3]. The resilience and preservation of the social infra-
structure, within which schools and hospitals are of special importance, is an integral part of
city resilience [4, 5]. Hazards can be natural or man-made (anthropogenic hazards) and they
carry with them a high probability of causing socioeconomic consequences (possible human
losses, damage to property, and the economy including the destruction of infrastructure), but
also the probability of harmful effects on the environment (environmental impacts) [2].

The World Disasters Report 2010 warns that 2.6 billion people in urban areas in
low- and middle-income nations are susceptible to high levels of risk generated by rapid ur-
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banization, poor governance at the local level, unprecedented population growth, and poor
health services [6].

The Sendai Framework for Disaster Risk Reduction 2015-2030 was adopted in 2015
[7], which set long-term goals and assessed the effects of the previous Hyogo Framework
(168 signatories, including Serbia) [8]. Disasters that are often influenced by climate change
are even more frequent and intense, making the progress towards sustainable development
much more difficult. The Sendai Framework, together with the Action Plan, sets high targets
within three priority fields: understanding disaster risk, strengthening disaster risk governance
to manage disaster risk, and investing in disaster risk reduction for resilience [7].

Materials and methods

Hospitals as a part of the critical infrastructure

Population healthcare in special conditions caused by hazards is addressed through
the issue of critical infrastructure. The European Directive 2008/114/EC defines critical infra-
structure as an asset, system or part thereof located in the member states that is essential for
the maintenance of vital societal functions, health, safety, security, and the economic or social
well-being of people, the disruption or destruction of which would have a significant impact
on a member state as a result of the failure to maintain those functions [9]. Each country
adopts its own national regulations that define these issues in more detail.

Hospitals and other healthcare facilities play an important role during disasters, as
they provide /ifeline services to reduce the disaster associated mortality and mobility, and thus
minimize the impact of disasters on the community [5, 10-13]. Efficient hospital disaster
management is considered an essential way for hospitals to supply continuous health services
during disasters, even if the hospitals are directly affected by the disaster [14, 15].

Hospital safety index — methodology

Having in mind that hospitals represent more than 70% of a country’s public spend-
ing on health, it is important to provide continuity in their work during emergencies and disas-
ters. Consequently, it is vital to identify the level of safety and functionality a hospital will
have if an emergency or disaster occurs. Hospital evaluations aim to identify elements that
need improvement in a specific hospital or network of hospitals (healthcare facilities), and to
prioritize interventions in hospitals that, because of their type or location, are essential for re-
ducing the mortality, morbidity, disability and other social and economic costs associated
with emergencies and disasters [16].

In order to improve resilience of healthcare facilities in emergency situations, it is
important to implement a methodology based on the hospital safety index (HSI), proposed ini-
tially by Pan American Health Organization [17]. The check is carried out by determining the
HSI, which is a methodology for the fast and relatively economical evaluation of the func-
tional capacity of a hospital. The HSI not only estimates the functional capacity of a hospital
during and after an emergency, but it also provides ranges that help authorities determine
which hospitals most urgently need actions to improve their safety and functionality.

The check is carried out using a basic group of criteria that is diversified into two
forms: (1) general information on a hospital and (2) the safe hospital checklist, divided into
four modules: module 1: hazards affecting the safety of the hospital, the role of the hospital in
an emergency and disaster management, module 2: structural safety, module 3: non-structural
safety, and module 4: emergency and disaster management. Each of these modules contains a
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set of questions for evaluation, whereby the risk is quantified based on the magnitude of im-
pact on the safety and capacity of the healthcare facilities, as well as the probability of a risk
occurring. The structural safety of the hospital involves assessment of the type of structure
and materials, and the previous exposure to natural and other hazards. Non-structural safety
refers to architectural safety, infrastructural protection, access and physical security, critical
systems and equipment and supplies. The emergency and disaster management (the functional
capacity) considers the level of preparedness of a hospital’s organization, personnel and es-
sential operations to provide patient services in response to an emergency or disaster.

There are two models for weighting the modules to calculate the safety index. De-
pending on the hazards identified through the module 1, the research was directed to the use
of one of the following evaluation models (model 2):

— Model 1 (where there is a higher risk of earthquake and/or cyclones): structural safety has
a weighted value of 50% of the index, the non-structural module has a weighted value of
30%, and the emergency and disaster management is weighted at 20%.

— Model 2 (all the modules are given equal weight): structural safety has a weighted value
of 33.3% of the index, non-structural module has a weighted value of 33.3%, and the
emergency and disaster management is weighted at 33.3%. This model was used as a
base for the research, and some significant changes were introduced, having in mind spe-
cific conditions in the local environment which has been observed.

Case study of private healthcare facility in Serbia

The recognized hazards — Serbia

Serbia is exposed to the risk of disasters caused by natural and man-made hazards.
The disaster frequency is shown in tab. 1. As can be seen from this table, the damaging effects
of floods are the most pronounced. The recent experience with the floods that occurred in
2014 confirms both this trend and the severe damage caused by floods [18]. Table 1 provides
an overview of the specific disasters that occurred in Serbia in the period from 2000 to 2015.
Natural disasters prevailed in this period, while there were somewhat smaller technological
disasters (mostly transport accidents) with significantly fewer casualties. Furthermore, it can
be noticed that not many people were affected by technological accidents. The floods, ex-
treme temperatures and earthquakes affected the greatest number of people. Given that ex-
treme temperatures and earthquakes are less frequent, the floods can be considered the most
serious threat to people, infrastructure and buildings. The most frequent disasters were recog-
nized and they were taken into consideration in forming the module 1 in the case study.

Analysis of the hospital through modules 2-4

For the purpose of creating the model, the approach to the implementation of the
HSI in Moldavian, Croatian, Italian, and Iranian models [19-22] were used. The model has
been adapted and adjusted with significant, locally applied changes caused by the specific
conditions in the territory of Serbia.

This study is the first time in Serbia that the HSI of a healthcare facility has been es-
tablished. The research was carried out in the period November 2016-March 2017 on a private
hospital in Belgrade built after 2000. This healthcare facility has been chosen, having in mind
tendencies for the development of small-capacity hospitals on local and national level. In this
regard, such institutions will play an important role in the future development of health care
system in the next period in Serbia. Also, in the last decade there is huge development in the
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Table 1. Summary of disasters for Serbia from 2000 to 2015

Year Dgi:glslt;r Disaster type Occurrence iﬁils Affected |Injured|Homeless atr‘ltigct:?elz d er(r)l?ée

2000 Natural Extreme temperature 1 3 70 70

2000 Natural  |Flood 2 6000 6000

2000 Natural  |Wildfire 1 12 12

2001 Natural Epidemic 1 170 170

2002 Natural  |Earthquake 1 1 100 100

2002 Natural  |Flood 1 2400 2400

2002 |Technological | Transport accident 1 10 31 31

2003 |Technological |Miscellaneous accident 1 307 307

2004 |Technological | Transport accident 1 12 38 38

2005 Natural  |Flood 1 2 1945 1845 3790

2005 Natural Storm 1 8750 8750

2006 Natural Extreme temperature 1 3

2006 Natural  |Flood 2 36200 36200

2006 |Technological | Transport accident 1 46 234 234

2007 Natural Extreme temperature 1

2007 Natural  |Flood 1 12370 12370

2009 Natural Extreme temperature 1 500 500

2009 Natural  |Flood 1 3210 3210

2010 Natural ~ |Earthquake 1 2 25440 120 1470 27030 | 132260

2010 Natural Extreme temperature 2 5

2010 Natural  |Flood 3 2 4900 4900

2012 Natural Extreme temperature 3 25 88234 88234

2013 Natural  |Flood 2 3000 3000

2014 Natural Extreme temperature 1 3000 3000

2014 Natural  |Flood 4 56 59600 59600 |2048262
Total 36 167 | 255526 | 1093 3327 259946 | 2180522

Source: http://www.emdat.be/country_profile/index.html

private healthcare sector with the possibility for its inclusion in the existing national-funded
healthcare system.

Private hospitals are generally more co-operative and open for the collaboration in
the scientific research, and the procedure for obtaining approval and permits for research is al-
together more efficient. Also there is greater possibility of benefits and direct application cal-
culations of the HSI index in practice of such heath care facilities.

The healthcare facility is made up of two buildings (one new and one old). The old
building has a ground floor, two upper floors and a gallery, while the new building has three
lower floors, a ground floor and two upper floors, with a total gross building area of 2042 m”.
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The healthcare building 1 is older, and it has all
technical documentation regarding its present state,
while the healthcare building 2 is newer and has a
complete project documentation. The ground floor of
the building one becomes floor 2 in the building 2
and they act as one area in the healthcare center. The
capacity of the healthcare facility is 8 apartments
(about 16-24 beds/patients), figs. 1 and 2.

The HSI questionnaire was filled out through an
interview with the technical staff from the healthcare
facility. They mostly completed questions from
modules 2-4. The healthcare facility’s technical doc-
umentation was used to fill in modules 2 and 3. It in-
cluded architectural plans and sections, technical de-
scriptions of the buildings, the electrical scheme, and
plans, efc. During the research, the data and inter-
views showed that the healthcare center has not been
at risk of such hazards so far. The model 2 was im-
plemented for the calculation of the HSI.

The checklist for the module 2 was used to
evaluate the structural safety after examining the
technical documentation and interviewing the tech-
nical director and the staff. The module 3 and mod-
ule 4 were most important for the risk management
of this facility because improving the health center’s
function directly depends on implementing the risk
management measures in those areas. The evaluation
of the module 4, the emergency and disaster man-
agement, was mostly positive because the healthcare
center has the risk management strategic documents
and an action plan in case of mass accidents and ac-
cident situations.

Results - resilience of hospital capacities
in Serbia

The final part of the research included the
resuming of calculation within the Summary of Safe-

Figure 1. Site plan of the buildings
Source: https://a3.geosrbija.rs/

Figure 2. Ground floor elevation of the old
building (southern part) and the new
building (northern part). Source: Technical
documentation of the private health care center,
2016

ty Ratings, tabs. 2 and 3) given the percentage of risk for each element of the structural and
non-structural safety of the healthcare facility. This table consists of 3 modules (module 1 was
not included in the initial evaluation process, but it was elaborated as a separate part of the re-

search).

The results were summed according to the given marks and then combined together
using the corrective factors from the model 2 (equal percentage of importance 0.33 for each

module).
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Table 2. Calculation of the hospital safety (HSI checklist) by the separate modules 2-4

Module 2. Elements related to the structural safety of the hospital

Number of items Weighted contribution to module [%]

Low | Average | High | Low |[Average| High Total

2.1 Prior events and hazards affecting building safety 0 0 3 0.00 0.00 25.00 25.00
2.2 Building integrity 1 4 10 225 12.75 60.00 75.00
Total 1 4 13 225 12.75 85.00 | 100.00

Module 3. Elements related to the non-structural safety of the hospital

3.1 Architectural safety 2 3 9 2.30 6.90 13.80 23.00

3.2 Infrastructure protection, access and

physical security 1 1 2 2.50 2.50 5.00 10.00
3.3 Critical systems 5 11 37 3.50 9.98 36.53 50.00
3.3.1 Electrical systems 2 3 5 1.30 3.60 5.10 10.00
3.3.2 Telecommunication systems 1 0 7 0.40 0.00 4.60 5.00
3.3.3 Water supply system 2 0 4 1.80 0.00 8.20 10.00
3.3.4 Fire protection system 0 0 5 0.00 0.00 7.50 7.50
3.3.5 Waste management systems 0 2 3 0.00 1.38 1.13 2.50
3.3.6 Fuel storage systems 0 0 5 0.00 0.00 5.00 5.00
3.3.7 Medical gases systems 0 6 0 0.00 5.00 0.00 5.00

3.3.8 Heating, ventilation, and

air-conditioning (HVAC) systems 0 0 8 0.00 0.00 300 300
3.4 Equipment and supplies 2 6 13 1.62 4.59 10.80 17.00
34.1 Ofﬁ.ce and storeroom furnishings and 1 0 | 0.85 0.00 085 170
equipment (fixed and movable)
342 Medl;al and labora}ory eqmpment and 1 6 12 0.77 459 995 15.30
supplies used for diagnosis and treatment
Total 10 21 61 992 | 23.97 66.12 100.00

Module 4. Emergency and disaster management

4.1 Co-ordination of emergency and

disaster management activities 0 3 3 0.00 4.80 1020 15.00
42 };‘i)ssj’si:é‘rl f;;‘;gizzzyl:;ing 0 0 5 | 000 | 000 | 1800 | 18.00
4.3 Communication and information management 0 0 4 0.00 0.00 7.00 7.00
4.4 Human resources 0 0 5 0.00 0.00 20.00 20.00
4.5 Logistics and finance 0 1 3 0.00 2.00 6.00 8.00
4.6 Patient care and support services 0 1 8 0.00 5.00 20.00 25.00
4.7 Evacuation, decontamination and security 0 1 4 0.00 1.05 595 7.00
Total 0 6 34 0.00 | 12.85 87.15 100.00

Source: Authors
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Table 3. Summary of the results of the calculation of the HSI by the separate modules 2, 3 and 4

Module Unlikely to function Likely to function Highly likely to function Total
(Safety level =low) | (Safety level = average) (Safety level = high)

Structural safety
(module 2) 2.25 12.75 85.00 100
Non-structural safety 9.92 23.97 66.12 100
(module 3)
Emergency and
disaster management 0.00 12.85 87.15 100
(module 4)

Source: Authors

Also, local hazards that are specific to Ser- g ergency and
bia were mentioned in tab. 1, but were not eval- disaster Structural safety
uated since this healthcare center was in no way '?:A":(fjg"z;‘t 0.09 0.1 ), Module 2)
at risk of any of them, as it is not situated in the
risk zone. Also, the anthropogenic hazards were
observed only in the field of technical hazards.
The group of social hazards (protests, migrants,
efc.) was also not evaluated as crucial to this
specific case study, since it was not the research
topic. .The corrective factors used in the HSI T ——
study in Serbia correspond to the given factors (Module 3)
defined by the World Health Organization Figure 3. Results of the calculation of the HSI of
(WHO). In a specific case, the changed factors  ¢he yulnerability by the separate modules 2-4.
(model 1 or model 2) would not have significant  Source: Authors
consequences on the outcome of the study, since
the results in all categories can be considered as favorable. On the other hand, having in mind
that in Serbia the safety structure of health facilities is generally good, and the risk manage-
ment is at a low level, it is important to reorganize priorities when calculating the HSI as fol-
lows: the highest priority should be given to the emergency management (promoting the pre-
paredness of hospital staff), then to the non-structural safety, while the structural safety can
have a value of 0.2 (possibly 0.3). Namely, during the study it was established that the greatest
range in scores for individual categories was in the context of emergency risk management. In
this way, a more precise assessment of the shortcomings in the safety structure of health facili-
ties can be made. Considering the present state of the health center, the evaluation of module 2
is mostly good or excellent. The main problems are observed in modules 3 and 4, so they have
a need for the re-evaluation in the final recapitulation. These results actually show the real vul-
nerability of health facilities. Evaluating the healthcare center with the given data (and based
on the methodology of the World Health Organization) showed that it has a safety index of
0.85 (from max. 1) (Model 2 — module 2-4: 0,33) and 0.86 (Model 1 — module 2: 0.5; module
3:0.3; module 4: 0.2) — which puts it in category A (values from 0.66 to 1.00). This means that
the facility will probably function without problems in the emergency and disaster periods, but
it also needs to be monitored further. The results for this case study are mostly positive (the
evaluation scores were high) and, because of that, the final result does not change if we change
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the corrective factors of the modules, fig. 3. In further research (regarding healthcare facilities
in Serbia), the corrective factors of structural safety should have a lower value than the others.

Discussion on module 1 - direct correlation
between climate change and HSI

After the evaluation of the building safety according to modules 2, 3, and 4 it was
recognized that it is necessary to use the module 1 not only as part of descriptive data (alt-
hough represented in a table) but also as an additional parameter in assessing the hospital
safety. This part of the HSI evaluation is closely related to the specific hazards (in the territory
of Serbia). Thus, this module is not determined in the research, but the paper gives recom-
mendations for its integration into the evaluation of hospital safety with a view of specific
hazards in the local context.

The methodology for the HSI, in the final stage of the calculation, does not consider
sufficiently enough climate change impact on the increased risk of natural disasters (flood,
windstorm, drought, fire, efc.), which is necessary for further evaluation of resilience of cer-
tain buildings. In this case, based on the research conducted for the needs of this case study, it
was concluded that the further research should be also extended to surrounding built area. In
this way, the direct causes of hazards would be determined and evaluated.

This problem was treated only through the module 1, hazards affecting the safety of
the hospital and the role of the hospital in emergency and disaster management. It is used to
determine the hazards that may directly affect the safety of the hospital, as well as those for
which the hospital may be expected to provide health services in response to emergencies and
disasters, which directly determines hazards that are not included in the calculation of a hospi-
tal’s safety index.

The module 1 is an initial recommendation on hazards in relation to which the vul-
nerability/safety is assessed, and it is necessary to carry out its further evaluation at a specific
example and to include information and potential warning about the surrounding context of
the building. In addition to not being evaluated in a single evaluation, there is also a lack of
correlation between this and other modules.

This paper gives methodological recommendations for defining the method of as-
sessing the parameters of the module 1, as well as for its direct integration into the evaluation
given through other modules. The group of hazards directly conditioned by climate change is
marked in the module 1 in the sub-chapter on hydro-meteorological hazards as follows: mete-
orological hazards (windstorms, etc.), hydrological hazards (excessive flooding, flash floods,
etc.), as well as climatic hazards (temperature extremes, wildfires, droughts, ezc.).

For the needs of this paper, all mentioned parameters herein were chosen as rele-
vant, considering the local conditions given through this case study. The meteorological haz-
ards were weighted at 30%, hydrological hazards were weighted at 20%, and climatic hazards
were weighted at 50%. In this way, a significant contribution was given to a comprehensive
evaluation of the HSI because the parameters that were not included in the standard evalua-
tion were also taken into consideration. In addition, in order to establish a direct correlation
between the HSI calculations, within the research were used the guidelines given in the Ac-
tion Plan of the Republic of Serbia [23] and those contained in the Sendai Protocol [7] which
should be implemented in the local HSI:

— establishing a set of measures within designing of buildings that would ensure the con-
struction in accordance with: temperature conditions through a control of internal temper-
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ature, the improvement of thermal insulation of buildings, passive cooling, i. e. enabling
the natural ventilation of buildings, strategic designing of green areas, etc.

— establishing a set of measures within urban planning which would prohibit the construc-
tion of buildings in the areas that could be threatened by flooding, landslides, flash floods,
and other natural hazards.

Conclusions

The conducted HSI analysis that was applied in the area of a private health care fa-
cility in Belgrade indicated the area for possible improvement of the methodology for the HSI
developed by the WHO.

Namely, considering the fact that low indices of vulnerability of the healthcare facil-
ity were obtained through the results of the standard evaluation (modules 2-4), it is possible to
conclude that the building belongs to category A, which means that it is likely that the hospi-
tal will function in emergencies and disasters. It is recommended to continue measures to im-
prove emergency and disaster management capacity and to carry out the measures in the me-
dium and long term to improve the safety level in case of emergencies and disasters.

On the other hand, the assessment of the safety of modules 2-4 showed a high-level
safety, but the impact of hazard in a certain local context was neglected. For this reason, the
paper suggests that additional criteria for the evaluation should be introduced, given through
module 1. Although they were given in the standard HSI checklist, they are not valued in the
overall evaluation of the building.

In order to establish a direct correlation between hazards affecting the safety of the
hospital and the role of the hospital in the emergency and disaster management, on the one
hand, and the structural and non-structural safety and the emergency and disaster manage-
ment, on the other hand, the parameters not included in the standard evaluation were also tak-
en into account. In addition, the guidelines given in the action plan were also used in the re-
search to establish direct correlations between the HSI calculations.

In addition to the technical documentation which must be a part of the standard set
of data for the analysis and assessment, it is also necessary to obtain data related to the hazard
risk maps and other relevant documents that may be of importance for risk assessment (action
plans for the adaptation to climate change, national action plans related to the natural hazard
risk assessment, action plans for the responses of public buildings to risk, strategies, spatial
and urban plans for the area, etc.).
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