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Abstract
Background: Floods are the most common natural disaster which may have substantial impacts on the 
human health and life and the environment. In recent years, Iran have faced many floods and it seems 
that increasing impacts of floods in Iran are attributed to inadequate preparation and no well-established 
strategies and guidelines for response by health sector and other related response organizations. So, this 
study was conducted to review the current plans in the world to identify the required elements of the 
flood emergency response plan to prevent its consequences on the health sector in Iran.
Methods: A comprehensive review was performed through search on electronic data bases, including, 
Medline, Scopus, ProQuest, and e-journals which were accessible during 2010-2020. The keywords 
were response plan, flood, requirements, guidelines, and health sector. Data were collected using data 
extraction form and analyzed through content analysis.
Results: In the initial search, 960 possible sources of flood response were identified. After excluding 
duplicate papers and the documents that did not contribute to the flood response plan, 64 articles and 
programs or guidelines that all them has been reviewed, were obtained. The findings were divided into 
two groups, response prerequisites and response activities.
Conclusion: This review provided a complete view of the flood consequences for the health sector and 
allows professionals to incorporate facets of the health effect of floods into a flood response plan. The 
flood response plan was divided into two general categories: Initial and specific, each of which plays an 
important role in preventing the negative effects of the floods.
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Introduction
The phenomenon of climate change is one of the 
environmental problems stemming from the economic 
and technological growth of the last two centuries (1). 
Climate change may increase the probability and intensity 
of extreme weather, such as extreme precipitation events, 
which can contribute to more floods in some areas (2). 
Increased occurrence of severe precipitation events has 
significant impacts on urban environments as a result 
of flooding, and floods may have substantial impacts on 
the human health and life, properties, infrastructure, and 
the environment (3-7). Floods are naturally caused by 
an increase in temperature resulting in the heavy runoff, 
melting of the ice, and thermal expansion of the water, 
resulting in an increase in sea levels and inundation of 
coastal areas (8). The impacts on the human health and 
the environment arising from flooding vary from location 

to location, depending on the magnitude of the event, 
susceptibility, and exposure of the impacted population 
(9). Floods are the most common natural disaster in 
Iran. In recent years, different regions of Iran have faced 
many floods due to climate change and rain (10). In 2019, 
heavy rains and floods affected more than 2000 cities 
and 31 provinces in Iran. It is estimated that 10 million 
people have been affected, 78 people lose their lives, and 
more than 1136 injured (11). Iran is involved in many 
complex political, economic, and social circumstances, 
so such increasing impacts are attributed to inadequate 
preparation and inefficient use of modern strategies and 
planning. On the other hand, it is obvious that the current 
traditional planning can no longer overcome every 
complicated issue and change the environment in these 
events (12). Adaptation and dealing with this risk involves 
a mixture of policies or strategies that are used in various 
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locations and magnitudes of floods (13). Also, increasing 
readiness for effective response  is a significant topic that 
is strongly underlined by the Sendai framework (14). Iran 
is one of the few countries to have developed a national 
health disaster response plan with all-hazards approach 
(15). But planning for a particular event is important 
and can be very successful in the effectiveness of disaster 
management (12). Based on the lesson learned from 
Iran’s flood response in 2019, the National Health System 
Response Plan does not have the potential to provide a 
cohesive and proper response, so that despite the efforts 
made, much of the flood needs have not been responded. 
While floods are the most common natural disasters 
in Iran, few reviews cover the health sector’s response 
problems that arise afterward. So, for preparing the 
national response plan to flood, this study was conducted 
to survey the current plans in the world to identify the 
required elements of the flood disaster response plan to 
prevent its consequences on health sector in Iran.

Materials and Methods
A comprehensive review was performed to collect data, 
identify the criteria and the elements required for the flood 
response plan in the health sector. Context and subject 
matter of this research, was accomplished by a literature 
review to determine the dimensions and criteria of the 
health system’s flood response plan. For this purpose, 
all studies on the effects of floods on health as well as all 
studies on the flood response plan in the health system, 
from 2010 to 2020 were searched by keywords in Medline. 
A combination of terms defining: Flood and health, health 
effects, response plan, flood impact, flood response plan, 
disaster plan in PubMed, Springer, Emerald, ProQuest, 
ScienceDirect, Google Scholar, SID, and organization web 
site of FEMA, OCHA, JICA, NIDM, the United Nations, 
and the WHO, were scanned for further references. The 
abstracts of articles identified in this search strategy were 
screened. References from each relevant article were 
scanned for further relevant articles. Non-published 
papers, reports, thesis, and unpublished literature plan are 
among the items that are enrolled in the studies called gray 
literature. These literatures played an important role in the 
rapid and timely transmission of in-depth, new, scientific, 
and technical information. It was tried to balance the 
biases that may have been in the published material by 
searching the gray literature. These texts include reports 
related to flood response plans, national and international 
guides and programs among countries. In this study, the 
content was searched through two strategies. In the first 
strategy, keywords related to the purpose of the research 

in both English and Persian databases were searched. For 
this reason, studies, research papers and reports in the last 
10 years, experiences and challenges in various countries 
in response to flood risk were studied. In the second 
strategy, the following methods (Table 1) were used to 
identify gray studies.

To assess the quality of printed studies, each study 
was evaluated by at least two people. Studies in which 
the infrastructures, strategies, patterns, consequences, 
experiences, and challenges of different countries in 
response to flood risk were addressed, were included in 
the study and other studies were excluded from the study. 
Resources that have obtained the minimum necessary 
credentials were further examined to collect data and 
extract information related to the purpose of the research, 
and the information required for analysis was extracted. 

Data were collected using data extraction forms. These 
forms are used to maintain integrity, reduce bias, and 
increase the validity and reliability of the comprehensive 
review reference. 

The first author examined different articles in terms 
of characteristics, methods, and results. The main 
characteristics of floods, the affected area, and the 
health consequences of floods from different extraction 
articles were entered in data extraction forms. Data were 
analyzed using the content analysis method based on the 
dimensions of the flood response plan.

Results 
In the initial search, 960 possible sources of flood response 
were identified. After excluding duplicates, papers, 
documents and programs that did not contribute to the 
response process and the effects of the flood risk, 64 articles 
and programs or guides were obtained. The full text of 
all 64 papers, plans and reports and recommendations 
was reviewed. The findings were listed in two groups: 
Response prerequisites and response activity.
Response prerequisites

In this study, factors that influence the response 
to the floods were identified. These elements were 
described as the prerequisites for the implementation of 
a flood response plan. In this comprehensive review, the 
prerequisites include: Nature of hazard, population, time, 
and flood consequences. 

Nature of hazard: The factors related to the nature of 
the hazard in this comprehensive review include depth of 
flood (16), distance to the river, scope and duration (17), 
types of floods (17-20), and causes of floods (21) (Table 2). 

Population: The findings of this research showed that 
in addition to the type and manner of the event, the 

Table 1. Stages of gray studies extraction

First Step Second Step Third Step

Manually search for gray texts from 
primary sources (related organizations) 

Use keywords to search for web-based 
gray texts

Refine searches by identifying key institutions
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characteristics of the flood plain population (19,20,23), 
including population density, characteristics such as 
endemic diseases, age, gender, level of education, income, 
household size, diverse sources of income, housing 
ingredients, past flood experience and social networks 
(24), also, influence the impacts of the floods.
Time: It is one of the most effective variables in the form 
of response to post-flood conditions (25-28). In this 
comprehensive review, the effects of floods on health were 
recorded at various time intervals, short or immediate 
and long-term effects (29,30) or described in terms of 
immediate, medium, and long-term (21). However, no 
clear distinction was found between these terms. obviously, 
these courses overlap in several respects. However, this 
classification is useful for planning and implementation of 
management strategies.

Flood consequences: The findings of this research show 
that floods have a different influence on the health system 
(mortality, illness, and loss of health infrastructure). It 
seems that paying attention to these consequences may be 
the foundation for a thorough answer. These effects were 
categorized into two categories: Indirect (Table 3) and 
direct (Table 4) impacts.

Response activity
The response phase begins immediately after a disaster and 
includes both immediate response (relief) and medium-
term response. When a disaster has arisen, the priority is 
to offer effective relief to help those affected recover from 
the acute impact of the disaster. Such relief work includes 
providing food, clothing, shelter, and medical care to 
victims (57). The results of this research showed that two 
kinds of activity were taken in response to the flood, which 
was categorized into the initial and specific measures.  

Initial Action
The initial action taken in response to a disaster must 
be taken quickly and early to be most successful. It is 
necessary to respond as quickly as possible, even though 
we do not have a clear understanding of the epidemiology 
of its consequences until adequate data emerges regarding 
the effects of an accident. These acts can reduce and 
control the risk of consequences. They are more important 
because the potential consequences of implementing the 
initial measures are very small (58). The initial actions 
recommended below (Table 5) should be implemented 
at the appropriate level to respond to the disaster, then, 
the need for further actions is estimated and unnecessary 
activities are avoided. The results of a comprehensive 
review of these activities are given in Table 5.

Specific Action
The phrase “specific action” was used to include all 
operations of medical and public health services impacted 
by the floods. These actions including treatment of 
existing casualties and prevention and treatment of future 
casualties are categorized in Table 6.

Discussion 
In the present study, the factors influencing the flood 
response with a comprehensive study in the health 
sector were studied. Finally, 39 key studies and 25 gray 
documentaries were identified as the prerequisites for 
response and response activities to floods. Flood risk 
impacts and plans identified in this review can potentially 
be used to help the decisions of disaster management. It 
was found that multiple interdependent systems can be 
impacted by flood disasters (Tables 3 and 4), so there is 

Table 2. Causes of floods (21, 22)

Category of Causes Underlying Causes Comments and Examples Type of Flood

Precipitation
Rain The impact is dependent on the size and rapidity of the rain Flash flooding

Snow
Immediate impact from the snow and its impact and delayed 
impact from melting of snow and ice

River (fluvial) flooding

Rising water level

Sea water

Sudden rises associate with tidal waves, tsunami, and storm 
surge Coastal flooding
Long terms rise due to global warming

Fresh water 

Rising levels associated with planned or unplanned damming 
of waterways River (fluvial) flooding/

Groundwater flooding
Rising subterranean water

Structural failure

Failure of the dam
The collapse of water retaining structures with a sudden 
release of stored water

Groundwater flooding
Relocation of the 
stored water

Landslide into a reservoir displacing large quantities of water

Breaching of sea 
defenses

Breaching of dykes in New Orleans

Reduced natural 
drainage

Prevention of natural 
absorption

Development of wetlands, which reduces the absorption of 
rainfall

Groundwater flooding
Blocked drainage

Poor planning of water drainage infrastructure or through 
blocked drainage due to debris or trash
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Table 3. Indirect impact on health

Category Sub-category

Social
Migration due to flood (31,32)/displacement (33)/negative health effects linked with overcrowding/livelihoods 
(34,35)/vulnerable groups (36)/communication networks (18,34,37)

Economic Disruption of food supplies/property (34)/livestock

Environment
Destruction of houses (34,38)/remote and hard to reach areas (37)/disruption infrastructure (34,38,39)/dysfunction, 
service interruption/power and energy (34)

Industrial
Exposure to mold and industrial and household chemicals (17,35, 40)/industrial center (34,40)/Accompanying 
events  (38)

Agriculture Toxic agriculture/healthcare of animals (37)/fisheries/damage to crops (35)/Livestock (34)

Table 4. Direct impacts of flood on health

Category Consequence Example

Disease 
or acute 
emergency

Injury (injuries from contact 
with debris and submerged 
objects in flood water; falling 
into hidden manholes; trying to 
move possessions during floods; 
building collapse and damage; and 
electrocution (35))

Rash (19,35,39,41-43)/electrocution (17,19,35,40,41)/fractures (19)/falls (31, 40)/cut 
(19,31,40,41)/lacerations (19, 29, 31)/car crash (19,31)/ chemical injury (41)/disabilities 
(19,37,44)/traffic injuries (45)/sprains (19)/injury (19,29,31,34,41-43,45)/carbon monoxide 
poisoning (19,29,40-43)/burns (19)

Drowning Near drowning (19)/drowning (17,19,29,31,35,40)

Deaths Deaths (19,31,34,35,45)

Uncommunicable disease

Infant pneumonia/aspiration pneumonitis (29)/pneumonia (34)/cardiac events (35,41)/ parasitic 
disease (43)/high blood pressure (19)/headaches (19)/ rheumatism (19)/chronic conditions (40)/
long-term treatment for chronic infectious disease (37)/heart attack (17,19,35)/infant meningitis 
(34)/mosquito-borne illnesses (29)/malaria (34,39)/snake bite (35,39)/vomiting (41)/common cold 
(39)/noxious inhalation (41)/worsening asthma/hypothermia (19,29,31)/earache (19)/malnutrition 
(25,34)/maternal hemorrhage (34)/maternal and neonatal sepsis (34)/worsening asthma (19)/
increase in medication usage (46)/conjunctivitis (47)

Communicable disease (25)

Poliomyelitis (34)/typhoid fever (19)/gastrointestinal illness (19,29,42,43,48)/hemorrhagic fever 
(CCHF) (34)/leptospirosis (29,42,43)/typhoid fever/schistosomiasis/vector-rodent-borne diseases 
(35,42,43)/water-borne diseases (17)/leishmaniosis (29,34)/measles/hepatitis B and C/E (17,29,34)/
tuberculosis (34)/diarrhea (19,34,35,37,39,41-43,47,49)/febrile illnesses (37)

Psychological distress

Digestive problems/conjunctivitis/substance use (41)/anxiety (46)/stress (35,50)/post-traumatic stress 
disorder (PTSD) (46,51,52)/psychological distress (17,19,25,31,37,46)/depression (17,46,51,52)/
suicide (46)/psychological well-being (29,51-53)/psychosocial distress (35,41,52,53)/increase in 
tobacco, alcohol, and other substance (46)/development of acute mental health symptoms (37,40)/
violent behavior (41)

Infections
Fungal infections (47)/skin infections (35)/eye infections (35)/dermatitis (47)/kidney infection (19)/
cutaneous infection (29)/infection/viral infection (39)/respiratory infection (29,34,41,42)

Violent Sexual assault (25)/violent behavior (41,45)

Impact on 
health facility

Primary health care system 
dysfunction (17,31,35,39,47,54)

Loss of paper-based medical records and inaccessibility of electronic medical records and 
laboratory information systems (29)/hospital functions affected by water supply issues, including 
the recovery of sterile processing for surgical equipment's (29)/hospital disruptions (54)/loss of 
access to essential care; or loss of access to and failure to obtain continuing health care (35), 
negative health effects linked with overcrowding (35), inadequacy of professional staff (47)

An increase in medication usage
Increases in emergency department visits (29), long-term treatment for chronic infectious diseases 
such as tuberculosis and HIV/AIDS (31,37)

Contamination of floodwaters, and 
damage to water and sanitation 
infrastructure (17,29,34)

Water shortages and contamination due to loss of water treatment works and sewage treatment 
plants (35)

Birth outcomes
By affecting the physical and mental health of pregnant mothers and their ability to access health 
services, floods may affect the health of newborns (55)  and negative health outcomes in children, 
including behavioral problems and psychiatric disorders (56)



Environmental Health Engineering and Management Journal 2021, 8(3), 169–178 173

Mohajervatan et al

a need for coordination (26,27,37,63,68-70) between 
decision makers, first responders, and the community (18). 
It was also found that flood health impacts are well known 
(29) but it needs more understanding to incorporate them 
into the specific response program. The findings of this 
study showed that direct and indirect consequences of 
floods depend on the context in which the floods occur. 
Factors such as the type of flood, population density, time, 
and endemic diseases of the region affect the vulnerability 
and exposure of people to different health outcomes and 
their long-term medical needs (17-20, 23). For example, 
in a flash flood in Nepal, the risk of fatality increased 
among people living in houses constructed of thatch as 
opposed to brick (75). The findings of the study of Zahran 
et al showed that the risk of fatality increases with the level 
of precipitation on the day of the flood, flood duration, 
property damage caused by the flood, population density, 
and social vulnerability (76). Also, flash floods, as 
opposed to slow rise floods or riverine floods, can cause 
considerable damages to lives, communities, and property 
as they can present suddenly and without warnings (77). 
The response seems to be directly related to the kind of 
event, and even the time after it happens (21,78). The next 
steps can be predicted by learning them and provide an 
efficient answer. Other sources confirm that the response 
is also affected by the following characteristics, including 
the type of disaster, the severity and extent of disaster, 
the ability to take pre-impact action, the capability for 
sustained operations, and identification of likely response 
requirements (79). The findings of this comprehensive 
review showed that floods have multiple effects on the 
health sector. Knowing any of these consequences can 
be a good basis for a response plan for future events. In 
the present research, the health effects of floods can be 
categorized into short-term and long-term effects (21,25-

28,30). The health consequences of floods are caused by 
contact with flood water and disruption of the health 
system (17,31,35,39,47, 54). Among other factors, these 
factors reduce people’s access to health care, and thus, 
increase illness and death (80). Another important thing 
is that the availability of health services is an important 
aspect of the proper functioning primary healthcare 
system and the requirements of appropriate response 
(81,82). The results of the study of Ahmad  et al showed 
that communities that had more health facilities damaged 
by the flood were more vulnerable (77). The health 
response to a disaster should be driven by the identified 
and expected needs of the affected population. It should be 
prepared for needs created by direct results (Table 4) and 
indirect consequences (Table 3) of the incident. The results 
of examined studies also indicated that response plans 
should use the best available data to consider the acute, 
short-term, and long-term results of health following an 
event (43). The findings of the present study showed 
the outbreaks of gastrointestinal illnesses, leptospirosis, 
mosquito bite diseases, and chemical toxicity occurred after 
flooding (29,42,43,83). Public health interventions (direct 
and indirect impact) can be targeted to these outcomes to 
prevent negative consequences. Increased treatment for 
poisoning and diseases found after floods is likely to result 
from extreme flooding of water and associated material 
flooding. Increased demand for treatment should during 
be accounted for during flood responses. This observation 
is supported by other published research and programs 
(27,62).  The findings of this research have shown that 
the occurrence of direct and indirect effects on flooding 
is well known, but no concrete plans has been identified 
to address these needs. A study on the conditions for an 
effective response to flooding from the viewpoint of the 
operational teams participating in the relief operations 

Table 5. Initial actions

Type of action Example

Early warning
Ownership and audience/declaration/criteria/warning (15, 29, 42, 59-63)/evacuation of population and 
facility (15,18,32,38)   

Information management
Data collection (25,35,45,63)/initial damage assessment (27,64)/rapid needs assessment (64-67)/
assessment (25,34,38,62,63)/public information (27,37,39,63,65)/performance monitoring and evaluation 
(63)

Management/command Incident command system (ICS) or incident management system (26,27,61,63,64,68-70) 

Coordination International coordination (63,69,71)/coordination (26,27,37,63,68-70)/private-sector coordination (71-73)

Incident action plan
Operational plan to protect public health and workers' safety and health (71)

Plan activation–thresholds and triggers (63)

Safety/security Household action and safety/security/relief camps (37)

Logistics

Volunteer management (35,37,71,73) 

Displaced population health protection/relief shelters and temporary health facilities (64,70,71) 

Logistics management (70)

Financial management (71)

Transportation of patients (71)
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Table 6. Specific actions

Specific Function Sub-category

Continuity of health care

Child health (62)

Immunization programmers (62)/vaccination during flood events (47,35)

Sexual and reproductive health (62)

Mental health (46,62,64)

Non-communicable diseases (62,64)

Continuity of the hospital supply and delivery chain (35,62)

Sanitation and hygiene in healthcare facilities during and after flood events (35,62,64) 

Emergency care

Rescue (25,73)

First-aid at site (25)

General clinical services and essential trauma care (70)

Emergency maternal and neonatal care

Surge capacity (17,25,35)

Mass-casualty triage protocol (35)

Availability of essential services (35)

Effective management of human resources (35)

Health of relief workers (37)

Temporary health facilities (64)

Public health services

Health education and promotion (15,37,62,70,74)

Control of communicable disease outbreaks (25,35,62,70) 

Disease surveillance (25,35,37,62,70) 

Management of dead and missing people (62)

Environmental health (62,70)

Water, sanitation, and hygiene (35,62,64,70,74) 

Vector control (35,62,70)

Waste management/Moulid clean-up and removal (62)

Chemical hazards and toxins management (35,62) 

Radiological hazard (62)

Management of chronic disease (29,37)

Transportation of casualties to designated hospitals (25,70)

Sanitation and hygiene in healthcare facilities during and after flood events (35,70)

Hospital care (35,70)

Displaced population health protection (70)

Snakebite (35)

Rodent-borne diseases (35)

Food security, safety, and nutrition Nutrition (35,37,62,65,70,74)

Health security

Societal measures (e.g. quarantine, school closures, cancellation of mass gatherings) (62)

Prevention and control at points of entry (62)

Operational plan to protect public health and workers' safety and health (71)
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of the health sector may be a valuable addition to these 
findings. The results of the present study showed that most 
of the response activities in the flood event (Tables 5 and 
6) are related to the needs created by its occurrence. These 
needs are listed in Tables 3 and 4. The available evidence 
also confirms these findings (3,59,74). These activities 
were divided into initial and special actions. Initial 
activities (Table 5) identify the need for special activities 
and prevent the wastage of resources. For example, rapid 
needs assessment refers to a collection of epidemiological, 
scientific, and anthropological tools that provide accurate 
and population-based knowledge to decision-makers in a 
simple format that can be used in floods to provide rapid 
and low cost decision, which is consistent with the results 
of other studies (84). Various components are required for 
flood response plan, some of which can be extracted from 
previous and recorded flood information. This knowledge 
makes the necessary projections for the various aspects of 
the application. On the other hand, in a comprehensive 
response, interventions since the beginning of the event 
begins when we do not have sufficient details of the 
incident and the response continues until we have the 
necessary resources.

Conclusion
This review provides a complete view of the health 
sector’s flood consequences and allows professionals to 
incorporate facets of the health effect of flooding into 
a flooding response plan.  Using these data, the flood 
response plan was divided into two general categories: 
Initial and specific, each of which plays an important role 
in preventing the negative effects of the floods. 
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