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Abstract: Background: Earthquakes causing significant damage have occurred frequently in China,
producing enormous health losses, damage to the environment and public health issues. Timely
public health response is crucial to reduce mortality and morbidity and promote overall effectiveness
of rescue efforts after a major earthquake. Methods: A rapid assessment framework was established
based on GIS technology and high-resolution remote sensing images. A two-step casualties and
injures estimation method was developed to evaluate health loss with great rapidity. Historical data
and health resources information was reviewed to evaluate the damage condition of medical resources
and public health issues. Results: The casualties and injures are estimated within a few hours after
an earthquake. For the Wenchuan earthquake, which killed about 96,000 people and injured about
288,000, the estimation accuracy is about 77%. 242/294 (82.3%) of the medical existing institutions
were severely damaged. About 40,000 tons of safe drinking water was needed every day to ensure
basic living needs. The risk of water-borne and foodborne disease, respiratory and close contact
transmission disease is high. For natural foci diseases, the high-risk area of schistosomiasis was
mapped in Lushan County as an example. Finally, temporary settlements for victims of earthquake
were mapped. Conclusions: High resolution Earth observation technology can provide a scientific
basis for public health emergency management in the major disasters field, which will be of great
significance in helping policy makers effectively improve health service ability and public health
emergency management in prevention and control of infectious diseases and risk assessment.

Keywords: earthquake; public health emergency management; high-resolution remote sensing;
evaluation

1. Introduction

Earthquakes are among the most terrifying and destructive of all natural hazard-caused disasters,
which can arguably lead to incalculable environmental damage, construction damage, loss of life,
population displacement, overcrowding, propitious circumstances for an epidemic and threats to
health [1]. China, one of the world’s most earthquake-prone countries [2], has experienced significant
such damage events in recent years, such as the 2008 Wenchuan earthquake [3], the 2010 Yushu
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earthquake [4], and the 2013 Ya’an earthquake [5]. The Wenchuan earthquake in the Sichuan province
of China affected the most people [1].

Emergency management activities relating to earthquake include preparedness, mitigation,
response and recovery, e.g., the FEMA approach in USA, EU Civil protection in Europe, and Emergency
Management in Australia [6]. After a major earthquake, from the viewpoint of public health, timely
emergency response is crucial to reduce casualties and guide relief efforts [7]. A proper multistage
continuous assessment [1] to identify urgent public health issues is the most critical component of
earthquake response.

In the early hours after an earthquake, collecting information and evaluating the extent of damage
is essential for anticipating the healthcare needs of survivors, managing critical conditions [8], and
allocating limited resources. Casualties and injuries estimation is one of the most crucial processes
to measure the severity of damage [9]. The methods used to determine the loss of life caused by
earthquakes can be divided into two categories. In the first category, the empirical function is proposed
based on the relationship between earthquake parameters and the number of casualties reported
by historical data; In the second category, the research focuses on the relationship between building
damage and the number of casualties [10], which is more accurate and reliable as building damage is
main cause of earthquake casualties and injuries in China [11,12].

Earthquakes severely destroy or overwhelm the health infrastructure and medical service system,
which hampers disaster victims’ timely access to health services. Injury and soft tissue infections are
expected during the first few days after earthquake. In contrast, water source and foodborne diseases,
respiratory and close contact diseases, insect-borne and natural focus diseases are anticipated for up to
one month after an earthquake [13,14]. Identifying areas where medical services are deficient [15,16] is
important to ensure the most appropriate medical rescuers quickly reach the disaster area where they
are most needed.

The public health issues after an earthquake usually include the interruption of access to safe water
and sanitation facilities, increased exposure and susceptibility to disease, population displacement
with overcrowding, etc. Landslides triggered by an earthquake can cause the displacement of water
pipes and building damage, resulting in water supply difficulties [17]. The damage to drinking water
supply systems and sanitation facilities on a large scale can hinder disaster victims from accessing
safe water and food, which will increase the risk of waterborne and foodborne disease outbreaks.
Chaos caused by population displacement and overcrowding [18] is also associated primarily with
communicable disease outbreaks. The first response in preventing an outbreak is to provide adequate
shelter as soon as possible to the affected population. Emergency facility locations for earthquake
victims need to be well planned [19].

Valid and rapid information acquirement is critical to enable decision-making and resource
prioritization by health care providers and emergency management officials during the response
immediately after a disaster [20]. Geographic information systems (GIS) provide a useful tool to help
with this issue [21]. Gridded population distribution maps can be used in public health applications
and risk evaluation [22–24] to predict the affected population. Remote sensing images are an important
information source for an accurate overview of earthquake-induced damages [25] using optical,
LIDAR, or synthetic aperture radar (SAR) from satellite or aerial platforms [26]. In recent years,
with the development of a high resolution Earth observation system in China, high-resolution satellite
imagery has been used in disaster emergency monitoring and evaluation [27], which improves the
textural and spatial feature extraction to help identify damaged regions more accurately [28,29].

This paper aimed to build a framework for rapid public health needs assessment, which objectives
include: (1) estimating casualties and injuries; (2) identifying damaged medical facilities; (3) estimating
drinking water needs; (4) identifying areas at risk of disease; and (5) identifying temporary settlement
sites. This assessment will provide technical support for public health emergencies management
after earthquakes.
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2. Framework of Rapid Public Health Needs Assessment

In order to evaluate public health needs rapidly after an earthquake, an assessment framework,
shown in Figure 1, was established based on GIS technology and high-resolution remote sensing
images. Health losses, including casualties and injuries, were estimated with great rapidity. Health care
loss aims to identify areas where medical services are deficient. Then, the public health issues,
including water supply, infectious disease risk and settlement selection, were evaluated to improve
the management of rescue efforts, and organization of subsequent restoration activities.
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3. Materials and Methods

3.1. Study Area

The magnitude 7.9 Wenchuan earthquake which took place at 1428 h Chinese Standard Time
on Monday, 12 May 2008, in the Sichuan Province of China (Epicenter 31.0◦ N, 103.4◦ E) was the
most destructive in China since 1976 [3,30]. According to the national earthquake relief headquarters,
137 days after the earthquake, 69,227 people were confirmed to have been killed, 374,643 people were
injured, 17,923 people were missing, 46,240,000 people were affected, and 15,100,000 people had to
leave their homes to seek safer shelter [31]. This event caused huge damage and loss of life, and
a massive relief and recovery operation was mounted by the Chinese government [32]. The Sichuan
Province was the hardest-hit area, with the greatest number of casualties in 10 counties, including
Wenchuan, Beichuan, Qingchuan, Mianzhu, Shifang, Dujiangyan, Pingwu, Anxian, Pengzhou and
Maoxian [33], shown in Figure 2.

The magnitude 7 Ya’an earthquake took place at 0802 h Chinese Standard Time on 20 April 2013
in the province of Sichuan, China. In this incident 196 people were killed, 11,470 people were injured,
and more than 1,500,000 people were affected [5]. The epicenter (30.3◦ N, 103.0◦ E) was in Lushan
County. Lushan and Tianquan counties are two endemic areas for schistosomiasis with high historic
transmission levels, especially Lushan County where the Oncomelania snail distribution/ density was
the highest in Sichuan Province [34].
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3.2. Data Collection and Processing

3.2.1. Satellite Data

We collected pairs of pre- and post-earthquake QuickBird images on 26 June 2005 and 3 June 2008
to detect the damaged area in Yingxiu County (Wenchuan). QuickBird is a high-resolution commercial
satellite launched on 18 October 2001. It has been acquiring optical images of urban areas with
maximum spatial resolution of 0.6 m, which can be used to detect building damage after earthquakes.
Aerial images on 20 April 2013 were acquired from the Chinese Academy of Sciences Academy of
OPTO-Electronics (Beijing, China) for Longmen township, affected by the Ya’an earthquake.

3.2.2. Infectious Disease Incidence Data

Infectious disease incidence data were derived from the national web-based infectious disease
surveillance network maintained by the Chinese Center for Disease Control and Prevention
(China CDC, Beijing, China). Data used in this article included infectious diseases report monthly
statistics in Sichuan Province from 2004 to 2007.

3.2.3. Population Data

Gridded population data in China on 2000 were provided by the Chinese Academy of Sciences
Data Center for Resources and Environmental Sciences, (RESDC, Beijing, China, http://www.resdc.cn).
The gridded population data has a spatial resolution of 1 km, which was transformed from census
data based on the relationship between demographical data and land use types [35]. Demographic
data on 2008 was collected from the National Bureau of Statistics of the People’s Republic of China
(Beijing, China).

3.2.4. Geographic Information Data

The availability of appropriate and accurate topographic elevation data on the affected area is
of uttermost importance for image analysis and mapping tasks. The terrain group variables, digital
elevation models of the terrain and slopes were obtained from Shuttle Radar Topography Mission
(SRTM) digital elevation model (DEM) [36]. The elevation data with resolution of ~90 m is of very
high value for image processing and map generation. The DEM variable is given in meters and the

http://www.resdc.cn


Int. J. Environ. Res. Public Health 2018, 15, 1111 5 of 18

slope variable is given in degrees. Administrative division data used the 1:1,000,000 administrative
zone map.

3.3. Estimating Earthquake Casualties and Injures

In order to improve the efficiency of our estimations, we developed a two-step casualty estimation
method. In the first step, we combined the geomorphologic features of the earthquake zone, seismic
parameters and gridded population data [37,38] into Building Damage Evaluation Model [39] and
Casualty Estimation Model [40] to predict casualties in the disaster area very quickly. In the second
step, the high-resolution remote sensing data acquired pre and post-earthquake was used to extract
damage building information. The number of injuries caused by earthquake generally tripled from
casualties according to experience.

The Casualty Estimation Model in a 1 km grid is given as:

log(RD) = 9.0(RB)0.1 − 10.07

ND = ftfp(RD)P

where ND is the casualties, RD is the earthquake mortality, RB is the rate of building collapse, P is the
gridded population, ft is the correction factor for earthquake occurrence time, fp is the correction factor
for population density.

The Building Damage Evaluation Model is given as:

RB = RB[S|I]

where, RB[S|I] is the seismic damage matrix when seismic Modified Mercalli Intensity (MMI) is I and
the building class is S.

However, in the actual seismic damage evaluation, investigation and statistics of national housing
construction are not accurate due to cost, time and other reasons. Here, we divided the housing
construction into four types:

(1) Type A are a multi-storey reinforced concrete houses that have steel and reinforced concrete
structures, such as high-rise steel and reinforced concrete frame shear wall structures, reinforced
concrete shear wall structures, high-rise and multi-storey reinforced concrete frame structures,
etc. This kind of structure has the best seismic performance of all structures;

(2) Type B are multi-storey masonry buildings. They include brick structures, industrial buildings,
public buildings, etc. This kind of structure is the most abundant in cities and their seismic
performance is inferior to that of A class buildings.

(3) Type C are single homes; these structures mainly include the lime mortar masonry brick buildings,
the 24 cm thick brick structures of empty houses and classrooms, hollow brick wall structures, etc.

(4) Type D are buildings with adobe, earth-rock structure. These includes the raw soil structures often
found in the countryside, such as adobe, adobe caves, rock structures. The seismic performance
of these is the worst type of all types of structure.

Earthquakes can cause dramatically different casualty rates, depending on their location. In this
study, we defined the plains with the slope less than 5◦ and the height less than 700 m as the minor
damage area; the rest of the mountain area was defined as the major damage area. In the minor damage
area, housing construction is mainly of type C; in the major damage area, housing construction is
mainly of type D. Type C and D structural earthquake damage matrices are presented in Table 1.
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Table 1. The damage matrix of Type C and D structures (%).

The Damage Matrix of Type C Structures (%)

MMI Undamaged Slight Middle Severe Destroyed

VI 49 27.15 15.05 6.76 1.82
VII 28 21.29 22.07 20.27 8.36
VIII 12 16.33 23.09 30.22 18.28
IX 8 10.53 17.66 26.08 37.67
X 2.2 4.81 11.91 17.21 63.84

The Damage Matrix of Type D Structures (%)

MMI Undamaged Slight Middle Severe Destroyed

VI 32.5 26.5 22.5 16.5 2.5
VII 16.5 18.5 20 26 19
VIII 7 12 16.5 27 37.5
IX 2.5 8.5 14 25 50
X 0 1.5 7.5 17.5 73.5

For the same MMI, geographical conditions and structure type, the higher the population density
is, the greater is the number of casualties. Therefore, the influence of population density factors should
be considered in the evaluation. The correction factor for population density fp is presented in Table 2.

Table 2. The correction factor for population density fp.

Population Denstiy
(Person/km2) Less than 50 50~200 200~500 More than 500

fp 0.8 1.0 1.1 1.2

Earthquake casualties are related to the indoors population at the time of the event, which is
determined by people’s activities, so the correction factor is 1 in daytime, and the nighttime correction
coefficient under different MMI scenarios are shown in Table 3.

Table 3. The time correction factor for an earthquake occurs at night.

MMI VI VII VIII IX X

ft 17 8 4 2 1.5

In the second step, the pre- and post-earthquake QuickBird images on 26 June 2005 and
3 June 2008 were used to extract damaged buildings. The high-resolution remote sensing data
was preprocessed, then collapsed buildings were interpreted using an object oriented extraction [41]
algorithm. First, the high-resolution images were classified with multi-scale segmentation technology;
then a CART decision tree was used to establish a rule set according to the features and threshold
selection; a fuzzy function algorithm was applied to classify the images after segmentation, thus to
extract buildings.

3.4. Rapid Medical Resource Damage Assessment

In the rapid medical resource damage assessment after earthquake, historical data and health
resources reports were reviewed, including distribution of medical institutions and number of beds.
In order to evaluate the damage condition of medical resources, the minor damage area and major
damage area was defined previously. When the seismic category is larger than magnitude 7.0,
the medical resources in a major damage area cannot work properly, while in the minor damage
area the damage rate was defined as 30 percent here.
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3.5. Public Health Needs Assessment After an Earthquake

Public health needs were evaluated on the basis of earthquake injures and medical resource damage
assessment, including water supply situation, outbreaks of infectious diseases and rescue layout.

3.5.1. Water Supply Assessment

A functioning water supply system is essential for health protection in cases of violent earthquakes.
A temporary water source will be needed until the water supply system resumes normal activity as
the water sources in a mountainous area could be completely destroyed. The temporary water source
setting selection must consider the distribution of water, housing collapses in the affected areas and the
risk of secondary hazards. A source should be near a river (200 m), near a road (200 m) and close to the
settlement (within 300 m) in order to access safe water conveniently. The minimum size of temporary
water source installations should be more than 50 m2. What’s more, the settings should be located in
the upper reaches of settlements to ensure the water quality and 200 m away from landslide areas to
keep them safe.

Drinking water demand was evaluated based on the minor damage area and major damage area.
In the major damage area, water systems would be seriously damaged and there would be a lack of
a centralized water supply which is difficult to provide in the short term, so the water supply mainly
depends on bottled water. In this extreme situation, supplying a survival level of safe drinking water is
of critical importance when there may not be sufficient water available to meet basic needs. According
to the minimum health need standards, average water use for drinking, cooking and personal hygiene
in any household is at least 15 L per person per day [42]. In the minor damage area, the water supply
system could recover in a short time; average water use is calculated as 7 L per person per day.
This assessment does not consider the additional safe drinking water demand for rescue workers.

3.5.2. Risk Assessment of Infectious Disease

The historical situation of communicable diseases was overviewed in Sichuan Province and the
severely affected areas. The infectious disease incidence data in the past 10 years before the disaster
was collected. Semi-structured interviews and discussions among subject matter experts based on
surveillance data were conducted to assess the risk of disease outbreak.

For natural foci diseases, such as plague and schistosomiasis, the destruction of the habitat
may cause the transmission or epidemics. Lushan County with the highest Oncomelania snail
distributions/densities in Sichuan Province and was affected in the Ya’an earthquake. Literatures were
reviewed to map the historic distribution of Oncomelania, the water distribution and the residential
distribution. Pairs of pre- and post-earthquake aerial remote sensing data images were acquired and
interpreted to detect the range of infected water. High-risk area of schistosomiasis was mapped within
500 m of river and within 500 m of residential area.

3.5.3. Settlement Selection after an Earthquake

Here, we considered the temporary settlements selection with regional medical rescue ability.
This selection follows several rules: (1) Nearest principle. The settlement should be close to the
disaster area, so the affected population should be easily transported to settlements; (2) Safety Principle.
High MMI earthquakes can result in a large number of casualties and infrastructure damage when
they occur in close proximity to the epicenter [9]. There is usually a long period of aftershocks and
a lot of secondary hazards. Thus, in the post-disaster resettlement plan, security of settlements must be
considered a priorty. Seismic zones, landslides and debris flows areas should be avoided, such as flood
areas of reservoirs and barrier lakes, major pollution sources, high pressure corridors, high-pressure
gas pipelines, etc. and they should be preferably near the main highway; (3) Convenient transportation.
Transitional resettlement sites shall be elected in areas where traffic conditions are convenient and the
people affected by the disaster can be restored to production and life; (4) Size limitations. The size of the
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site should not exceed the environmental bearing capacity of the site, and the destruction of ecological
resources should be minimized so as not to cause irreversible effects. One should try to occupy
not farmland, avoid nature reserves, drinking water source area protection area and ecologically
fragile areas. The guaranteed minimum per capita area should consider the residents’ birth and life
requirements, as well as the need for social interaction and psychological recovery [43,44].

We proposed a rescue site selection indicator system to select the possible layout area of the rescue
point based on a spatial analysis method, as shown in Table 4.

(1) It should be within 50–500 m of the damaged residential areas to facilitate the transport of
the wounded;

(2) In order to ensure the smooth access of medical supplies and relief workers to the rescue point,
a road traffic area should be selected and be within 200 m of the highway.

(3) To prevent the secondary hazards such as landslides, debris flows, lake threats to personnel,
the selected area should be 100 m away from a river system, and any landslide area should be
200 m away from the secondary disaster risk area;

(4) To avoid high slopes, and the vegetation that is rich in mountains, the emergency rescue area that
refers to the smallest size square hospital, the emergency rescue point location area shall be no
less than 2500 m2.

Table 4. Indicators of rescue point selection.

Principle Indicator Calculation

Nearest principle Distance to the damaged residential area Within 50–500 m

Safety Principle
Slope Less than 15◦

Distance to river 100 m away
Distance to landslide area 200 m away

Convenient transportation Distance to road Within 200 m

Size limitation Minimum Size 2500 m2

4. Results

4.1. Earthquake Casualties and Injuries Estimation

In the emergency phase, the casualties and injures are estimated within a few hours after
an earthquake. The elevation and slope information of the terrain data were extracted. The study
area was divided into a major damage area and minor damage area, as shown in Figure 2. The major
damage area in the northwest is about 26,980 km2, accounting for 73.79%. The minor damage area in
the southeast is about 9581 km2, accounting for 26.21%.

Building collapse rate of 1 km grids was estimated based on the Building Damage Evaluation
Model. The seismic MMI and regional geographic features were taken into consideration. In the
mountain area near the epicenter, the collapse rate of buildings can reach 98.5%. The collapse rate of
buildings in the plain far from the epicenter was low, about 50.71%.

The average housing collapse rate in counties was calculated. Wenchuan County, Beichuan
County and Qingchuan County were the most severely damaged areas, with a collapse rate higher
than 88%. Pengzhou County has a lowest collapse rate of 74.21%. The death rate and the injury rate in
the study area were evaluated based on Casualty Estimation Model, as shown in Figure 3. According
to our estimation, the Wenchuan earthquake killed about 96,000 people and about 288,000 people were
injured, as shown in Table 5.

The interpreted collapsed buildings are shown in Figure 4. The infrastructure collapse rate in
Yingxiu Town of Wenchuan County was 91.93%.
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Table 5. Assessment of casualties, injuries, medical resources, and water supplies after the Wenchuan earthquake.

County 2008 Population 2000 Gridded
Population

Estimated
Casualties Estimated Injuries Major Damage Area

(Percentage)
Minor Damage Area

(Percentage)
Medical Institutions

(Number)
Damaged Medical

Institutions (Number) Water Supply Needs (L)

Anxian 476,072 497,308 12,275 36,825 44.2 55.8 24 15 5,239,637
Beichuan 157,341 159,098 9615 28,845 100 0 22 22 2,386,470

Dujiangyan 611,430 583,556 14,285 42,855 63.8 36.2 42 31 7,063,362
Maoxian 105,909 102,098 4399 13,197 100 0 25 25 1,531,470
Mianzhu 501,794 511,245 13,769 41,307 54 46 40 27 5,787,293
Pengzhou 754,925 773,772 9616 28,848 53.4 46.6 34 23 8,721,958
Pingwu 185,666 188,041 8557 25,671 0 0 27 27 2,820,615

Qingchuan 251,417 250,284 11,682 35,046 100 0 39 39 3,754,260
Shifang 420,225 400,650 6151 18,453 57.8 42.2 26 18 4,657,156

Wenchuan 114,138 109,523 5797 17,391 100 0 15 15 1,642,845
Total 3,578,917 3,575,575 96,146 288,438 294 242 43,605,066
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4.2. Rapid Medical Resource Damage Assessment

There were 294 medical institutions located in the study area, of which 242 (82.3%) were severely
damaged, as shown in Table 5. The major damage area in the northwest is deep in the mountainous
hinterland, and completely isolated from the outside traffic. The medical and sanitation equipment
is almost all completely destroyed. In the southeastern part of the country, health resources were
less damaged than in the northwest, and about 30% (114/166) of the medical and health facilities
were damaged.

4.3. Public Health Needs Assessment after Earthquake

4.3.1. Water Supply Assessment

For the major damage area, temporary water source setting was selected based on the indicators
discussed previously, as shown in Figure 5. According to our estimation, in the 10 counties severely
damaged by the Wenchuan earthquake, there were about 3,500,000 people that needed about
40,000 tons of safe drinking water (Table 5) every day to ensure their basic living needs. In addition to
the self-provided wells and stored bottled water, the demand for drinking water needs to be solved.
The assessment of water requirements is aimed at identifying the availability (quantity and quality) of
water related to demand and providing decision support for the development of relief measures and
public health services.
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4.3.2. Risk Assessment of Infectious Disease

Risk assessment results of infectious disease after the Wenchuan earthquake (Table 6) shows that
the risk of water-borne and foodborne disease is high, with the greatest potential risks corresponding
to bacillary dysentery and other types of infectious diarrhea. At the same time, the risk of cases
increasing or even local outbreaks is high for cholera, hepatitis A, typhoid and paratyphoid. The risk
of respiratory and close contact transmission diseases is high too, especially for acute respiratory
infections, mumps, tuberculosis and acute hemorrhagic conjunctivitis. The risk of insect-borne disease
and natural focal disease is considered low [45].
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Table 6. Risk assessment of infectious diseases.
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4.3.3. Settlement Selection after an Earthquake

Passable roads, river systems and landslides were interpreted based on before-after earthquake
satellite image pairs, then the rescue point selection indicators were calculated. According to the
principles of settlement selection, the scope of the disaster relief point layout was determined, as shown
in Figure 7.
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5. Discussion

This paper discussed a framework of rapid public health needs assessment after earthquakes using
GIS technology and high-resolution remote sensing images. In post-disaster situations, this assessment
is essential in the rapid implementation of control measures through re-establishment and the
improvement of primary healthcare delivery [46]. Remotely sensed data have been increasingly
used for monitoring, surveillance, or risk mapping. Capabilities of geographic information systems
extended its use into operational disease surveillance and control. This high-resolution image solution
would guide the application of Chinese satellites in public health.

Casualties and injuries estimation after an earthquake is crucial to support the design of the public
health emergency response and needs to be evaluated as soon as possible. The casualty estimation
model depends on the building damage situation, because in China, buildings and infrastructure are
mainly responsible for the loss of lives and injuries [47] and therefore important factors of vulnerability
to earthquakes [12]. Population distribution and its variations are another factors that influence the
casualty rate. Thus, the proposed two-step estimation method considering both building collapse and
population distribution could be completed in several hours accurately. The number of injuries in the
10 districts and counties affected in the Wenchuan earthquake was estimated by this paper as 288,438,
compared with the injury census of 374,643 [31], so the accuracy of our estimation is about 77%.

Damage to public infrastructure often leads to disruptions in medical care. In our evaluation,
the collapse rate of medical buildings was 82.3%, while in the investigation it was 67.5% [1].
This serious event on such a scale needs extraordinary efforts to cope with it, often with outside
help or international aid.

The earthquake damage of the water supply system causes great difficulty and influences the
survival of the victims. In most cases, the main health problems are caused by poor hygiene due
to insufficient water and by the consumption of contaminated water. The effect on water quality
of an earthquake is mainly manifested in the following two aspects: on the one hand, the direct
impact of the ecological balance breakdown causes a great change to the water environment; on the
other hand, damage to the industrial infrastructure and mining enterprises can result in a large
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number of pollutants being released into the local environment which can have a serious influence [1].
Temporary water source setting assessment considered safety and convenience, which would further
guide post-earthquake recovery and reconstruction. Actually, after the Wenchuan earthquake,
the water sources were capable of meeting the demands of local residents [48], but the destruction
of water systems limited the supply of drinking water. What’s more, in the extreme cases after the
earthquake, victims did not trust water supply, and lacked knowledge of water purification treatment.
Thus, basic water demands should be estimated according to the minimum health need standards.
The assessment of water requirements is aimed to provide a reference for the storage and transportation
of relief materials. In addition, more than 20,000 medical and health workers participated in the
earthquake response, as well as emergency workers from other departments, such as electric power,
water conservancy, traffic, and for these there was a lack of statistics. Thus, this assessment does not
consider the demand of safe drinking water for rescue workers.

The primary driver to influence the risk for communicable diseases after natural hazard-caused
disasters is the interplay of safe water and sanitation facilities, the degree of crowding, the underlying
health status of the population, and the availability of healthcare services [49]. There could be outbreaks
of infectious diseases after an earthquake, such as acute watery diarrhea [50], hepatitis E [51], and
coccidiomycosis [52]. Epidemiological studies of disasters have led to important environmental
and policy changes [53]. However, natural hazard-caused disasters do not import of diseases [54].
Thus, the prompt assessed the risk for different contagious diseases after the Wenchuan earthquake
through historic surveillance data would be helpful for situation awareness. Delay in public health
assessments will decrease the efficiency of disease prevention efforts [55]. The incidences of water-borne
and foodborne disease, bacterial dysentery and other infectious diarrhea disease were higher than
those of the unaffected area in the first four weeks. Factors contributing to disaster severity include
environmental damage, seasonal variation and crowded conditions. No outbreak of infectious disease
or other public health emergency was reported in the Wenchuan earthquake [56].

For natural foci diseases, schistosomiasis was selected to be evaluated. After the Ya’an earthquake,
the damaged streams and ditches caused a widening of the water surface which would potentially
leading to the spread of Oncomelania snails. Meanwhile, the people who were relocated due to the
earthquake may have higher exposures to the contaminated environment. High risk areas were
mapped to provide clues to guide disaster management.

For impacts on public health, injury and psychosocial damage are important effect [57],
while an indirect threat to epidemics comes from possible disruption of food and water security
and environmental safety. This threat is increased by the displacement of populations as a result
of damage to residential buildings. In China, measures generally are in place to prevent this from
happening [58]. The quality of earthquake response depends on the settlement selection strategy.
Here, indicators were selected following several principles. Through the comparison of remote sensing
images, we can see that the location of our site is consistent with the distribution of relief tents set up
after the actual investigation.

This methodology is useful for ex post evaluations, some application could provide suggestions
for ex-ante evaluations, which would be significant to strengthen national emergency preparedness
capacity [59]. In emergency management information system, the GIS package should be emphasized
to integrate and analysis multi-source data timely.

In the further post-earthquake recovery, the quality of construction should be emphasized.
Especially in urban areas, where most residential buildings are made from concrete and brick, the main
danger comes from collapsing buildings and falling debris. This threat is increased by the fact that
many buildings in Chinese cities are high-rise. However, since the 1990s codes for construction and
planning have been specified, which has led to higher levels of earthquake-resistance and better
construction standards. The danger posed by earthquakes can be limited by building structures that
can withstand earthquakes and will retain sufficient structural integrity to avoid collapse [60].



Int. J. Environ. Res. Public Health 2018, 15, 1111 15 of 18

Disease surveillance systems should be strengthened, which is generally sufficient for controlling
transmission of epidemic diseases. Usual post-disaster sanitation measures should be taken, especially
the cardiovascular disease prevention [61] and mental health awareness [62]. Early implementation of
immunization campaigns probably has a protective effect, and vaccination is recommended each time
non-immunized populations are moved to camps.

All natural disasters are unique in that the affected regions have different social, economic, and
health backgrounds, but many similarities exist, and knowledge about these can ensure that the health
and emergency medical relief and limited resources are well-managed. Good disaster management
must link data collection and analysis to the decision-making process [63]. How to use this rapid
assessment in emergency management needs further discussion.

6. Conclusions

High resolution earth observation technology can provide a scientific basis for public health
emergency management in the field of major disasters in the health and epidemic prevention. In the
framework of rapid public health needs assessment: (1) casualties and injuries, (2) damaged medical
facilities, (3) drinking water needs, (4) areas at risk of disease, and (5) temporary settlement sites were
estimated after an earthquake using GIS technology and high-resolution remote sensing images in
several hours, which is essential to improve the emergency response and primary healthcare delivery.
Furthermore, this high-resolution image solution in disaster emergency monitoring and evaluation
would be the demonstration of Chinese satellites application in public health. This article will be of
great significance in helping policy makers effectively improve health service ability and public health
emergency managers in prevention and control of infectious diseases and risk assessment.
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