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Abstract: With the publication of eight original research articles, four types of advances in 

the remote sensing of floods are achieved. The uncertainty of modeled outputs using 

precipitation datasets derived from in situ observations and remote sensors is further 

understood. With the terrestrial laser scanner and airborne light detection and ranging 

(LiDAR) coupled with high resolution optical and radar imagery, researchers improve 

accuracy levels in estimating the surface water height, extent, and flow of floods.  

The unmanned aircraft system (UAS) can be the game changer in the acquisition and 

application of remote sensing data. The UAS may fly everywhere and every time when a 

flood event occurs. With the development of urban structure maps, the flood risk and 

possible damage is well assessed. The flood mitigation plans and response activities 

become effective and efficient using geographic information system (GIS)-based urban 

flood vulnerability and risk maps. 
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1. Introduction 

Once water in a stream or river overflows its banks, the water submerges nearby dry uplands.  

A flood event occurs. The awesome power of the floodwater threatens human lives, damages 

infrastructure and buildings, and may trigger mudslides [1,2]. For example, the Yangtze River flood in 

China in 1931 was the most deadly flood event in the 20th century. The death toll reached ~3.7 million [3]. 

Today, floods still kill about 100 people and cause damages exceeding $70 billion annually in the  
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US [1]. Thus, floods can devastate socioeconomic activities of humans at local, regional, and even  

national levels. 

After the landfall of Hurricane Sandy near New Jersey and New York in the US in October of 2012, 

and a low pressure system stalled near South Carolina (SC) and North Carolina (NC) in the US in 

October of 2015, flooding and flood damage have been documented by ground pictures, aerial photos, 

and satellite images. The remotely sensed data have saturated televisions, computer screens, and social 

media. As observed in 2012, the mayor of New York City retracted his order in relation to Sandy from 

a “not a big deal” event to an extremely dangerous one in less than 24 h. His ultimate order to evacuate 

saved thousands of lives. Although SC citizens were warned that the flood was a 1000-year flood 

event, the death toll along SC roadways rose regardless. Therefore, it is important to quickly predict 

and to determine the extent of flooding and the land use type under the floodwater in a flood event. 

As humans are facing ever-changing environments and also advancing in science and technology, 

especially with remote sensing, we as scientists are obligated to predict and to capture the extent of 

flooding in an efficient and effective manner. This type of information is essential to decision-makers 

and emergency responders, as well as concerned citizens. Accessing, publicizing, and sharing such 

critical information can greatly assist comprehensive preparation, emergency response, and relief 

activity. Therefore, the objective of the Special Issue “Advances in Remote Sensing of Flooding” is to 

present advances in the analysis and mapping of flood risk and flood events using predominantly 

remote sensing techniques and datasets. Eight original research papers were published after a rigorous 

peer-review process. Their contributions are highlighted next. 

2. Thought, Knowledge, and Contribution 

2.1. Uncertainty in Precipitation Products Remotely Sensed by Ground and Satellite Sensors 

Water moves among the hydrosphere, atmosphere, and lithosphere of the Earth. When studying the 

hydrological cycle, one tends to start from precipitation. Precipitation can be in the forms of drizzle, 

rain, freezing rain, snow, sleet, and hail. Precipitation data are collected directly using rain gauges, and 

indirectly using ground- or satellite- based remote sensors. A rain gauge offers accurate measurements 

at a point for drizzle and rainfall. However, two issues exist with the gauge measurement. The density 

of the gauge stations is low worldwide. The gauge is ineffective or even not suitable to measure 

freezing rain, snow, sleet, or hail. Remote sensors can resolve the spatial coverage issue and measure 

the precipitation in all six forms. However, without the calibration using in situ data, there is the 

uncertainty of the remotely sensed precipitation data. The uncertainty can lead to not only erroneous 

results in scientific research, but also to mistakes in decision-making processes when emergency 

personnel is conducting rescue missions during the course of a devastating flood event. Thus, research 

related to the uncertainty of precipitation data is important. 

Chintalapudi et al. [4] investigated the sensitivity of a distributed hydrological model using 

precipitation datasets from rain gauges, NEXRAD (Next-Generation Radar) Multi-sensor Precipitation 

Estimator (MPE), Precipitation Estimation from Remotely Sensed Information (PERSIANN) 0.25°, 

PERSIANN CCS: 3 h, PERSIANN CCS: 1 h, Tropical Rain Measuring Mission (TRMM) 3B42V7, 

and Climate Prediction Center (CPC) MORPHing Technique (CMORPH). The hydrologic response of 
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the Guadalupe River basin covering an area of 1232 km2 in Texas was studied and cross-examined 

with storm events in 2007. They compared the direct and indirect measurements of the precipitation, 

and found significant biases in the satellite rainfall products and large variations in the estimated 

amounts. Caution should be exercised in the interpretation and application of simulated results that 

vary greatly using different datasets. After the calibration of TRMM 3B42V data using the rain gauge 

data, the simulated stream flows matched the observed ones of two storm events. Therefore, remotely 

sensed rainfall products coupled with rain gauge data were viable. More importantly, the estimation of 

the flood flow within a river basin was satisfactory. 

2.2. Better Remotely Sensed and Geospatial Datasets for Flood Risk Analysis, Mitigation, and 

Response Activity 

Great attention is paid to assessing the extent of a flood using remotely sensed optical, radar, digital 

elevation model (DEM), and river gauge data. The popularity of algorithms that use these datasets 

increases due to efficiency and effectiveness, availability, and low cost [5]. As more and more 

satellites are launched into space to collect data globally, and countries one after another implement 

the open and free data policy, the concern of data availability decreases greatly. Additionally, the US 

National Research Council (NRC) in 2007 stated that the nation’s elevation data were inadequate to 

support the Federal Emergency Management Agency (FEMA, US)’s floodplain mapping. New 

collection of national elevation data was needed. LiDAR should be the primary technological means [6]. 

In response, the United States Geological Survey (USGS) has led the effort to create the nationwide 

LiDAR dataset since 2008 [7]. With the LiDAR data, a better national elevation dataset could be 

produced. Initiated in 2012, the three-dimensional (3D) elevation program further responded to the 

growing need for high quality topographic data and for a broad range of other 3D depictions of the 

natural and man-made features in the US [8]. That being said, articles in which researchers explore the 

new technologies and datasets are summarized. 

Jalonen et al. [9] used the terrestrial laser scanner technology and its data to determine the 

characteristics of vegetated areas. Thus, an improved accuracy level in the modeling of floodplain flow 

was achieved. Turner et al. [10] developed procedures to combine the ground-based terrestrial laser 

scanner and airborne LiDAR data properly. As compared to a flood event and with the combined 

datasets, they increased the accuracy levels in flood extent, volume, and maximum flood height than 

those if the airborne LiDAR data were used alone. Owing to the penetration ability of microwave 

energy through vegetation canopy, the flood extent especially under the canopy was assessed [11]. The 

decomposition of polarimetric synthetic aperture radar (SAR) data greatly affected the robustness and 

reliability of the change detection method in wetland mapping. Taking advantage of the HEC-RAS 

(Hydrologic Engineering Center-River Analysis System, US Army Corps of Engineering, [12]) model 

development, and of the advances in data acquisition and GIS, Jung et al. [13] reduced the uncertainty in 

the estimation of the flood discharge. Therefore, the exploration of the technological means and 

combined use of multiple remotely sensed datasets improved the mapping results of flood events, and 

advanced our understanding of the flood vulnerability in local communities. 
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2.3. Unmanned Aircraft System (UAS) 

An unmanned aircraft system (UAS) is an aircraft that is operated without direct human 

intervention from within or on the aircraft. The UAS consists of elements required for the pilot in 

command to operate safely and efficiently in the airspace system of a nation. The elements include 

communication links and components that control the aircraft. As the technology continues to improve 

and the cost to operate drops rapidly, the UAS is performing a variety of tasks with greater operational 

flexibility and at a lower cost than comparable manned aircraft. Under the current FAA (Federal 

Aviation Administration, US) rules, a person can operate the UAS five miles (8 km) away from an 

airport and with an altitude not exceeding 400 ft. (120 m) without permission. Further relaxation of the 

rule is anticipated to expand the operational airspace. Thus, when a flood or disaster event occurs, a 

team of personnel equipped with an UAS can be assembled and deployed on the spot immediately. 

After the establishment of a launch site, the team conducts flight operations and provides high 

resolution data to emergency responders on the site and to a command post or center where it is further 

analyzed to assist in rescue efforts. Due to rapid deployment, the temporal constraint affecting the 

application of satellite observation in flood mapping (e.g., [14,15]) does not exist. Of a low flight 

altitude, the UAS typically flies under clouds if they exist. Optical sensors onboard the UAS are not 

affected by cloud cover. Therefore, the UAS attracts attention in data collection and application from a 

wide spectrum of users, and plays a transformative role in urban infrastructure management, farming, 

public safety, national security and defense, military missions, and disaster response. 

Using high resolution optical data acquired by an UAS, Feng et al. [16] studied the potential for fast 

and accurate detection of inundated areas under complex urban landscapes in Yuyao, China. The 

inundation was caused by waterlogging. Texture features and spectral signatures were derived from the 

high resolution data in the separation of different ground objects and delineation of flooded/non-flooded 

areas. The overall accuracy for the flood mapping was 87.3%, and the Kappa coefficient 0.746. Their 

results demonstrate that the UAS is an ideal platform for remote sensing data acquisition and 

application in urban flood assessment. The developed method is able to extract the inundated and  

non-inundated areas satisfactorily, which in turn results in additional applications of remote sensing 

technology to aid emergency responders and decision-makers. 

2.4. Risk Analysis and Information Dissemination 

In flood risk analyses, mitigation plans, and response activities during the course of a flood event, 

one is constantly concerned about the socioeconomic damage and loss potentially caused by the flood. 

Although remotely sensed data have been used to assess the damage from local to regional extents  

(e.g., [2,14,15,17–19]), estimates of possible structure damage and monetary loss, which are two key 

components in the flood risk analysis, are still a challenge. Using high resolution optical satellite data 

and airborne LiDAR data, Gerl et al. [20] derived a land cover classification and map of urban 

structure types, and then input them into their multi-parameter flood damage models including 

regression tree models. The damage models were for the pre-hazard modeling and estimation of flood 

losses in flood risk mitigation, management, mapping, and financial appraisals. They evaluated the 

models against the 2002 Elbe flood in Germany. The modeled flood losses were in the same order of 
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magnitude as the official damage data. In addition, single-family houses suffered significantly higher 

damage than other urban structure types. Therefore, better delineation of the houses using very fine 

resolution remote sensing data that may be collected by UAS flights before, during, and after a flood 

event should improve the damage modeling results substantially such that the accuracy level of the 

flood risk assessment could further increase. 

Ouma and Tateishi [21] offered their expertise for preparing public-based flood mapping and 

estimating flood risks in growing urban areas in the Eldoret Municipality, Kenya. An integration of the 

Analytical Hierarchy Process (AHP) and GIS analysis was used to model the magnitude of flood risk 

areas with rainfall, elevation and slope, drainage network and density, land use and land cover types, 

and soil type considered. An urban flood risk index was developed to quantify the degree of 

vulnerability and exposure to the flood danger such that researchers, personnel in governmental 

agencies at different levels and in private sectors, and the general public could be well informed. 

With the post-flood recovery efforts in the New Jersey and New York areas after Hurricane Sandy 

in 2012, and the South Carolina flood in 2015, as well as other flood events around the globe, a new 

level of awareness and understanding of the vulnerability in local communities and businesses is 

reached. Actions taken to reduce or eliminate long-term flood risk to people and their properties as laid 

out in the flood mitigation plans are increasingly recognized as the basis for the long-term resilience 

and sustainability of communities and as integral features of community planning and decision-making. 

Therefore, if we want to make significant progress towards reducing flood vulnerability, a pivotal 

belief and unifying theme is that not just governmental agencies but citizens and communities need to 

be effectively engaged and informed in mitigation planning. They need to be empowered to adopt and 

implement appropriate measures. Consequently, lives are saved and properties/assets spared. 

3. Conclusions 

Since the first acquisition of aerial photography from a hot air balloon in 1858 over Paris, France, 

humans have made great progress in the acquisition of remotely sensed data using platforms of 

aircraft, satellites, space shuttles, model aircraft, and unmanned aircraft systems. With the analysis of 

remote sensing data, humans obtain information to parameterize flood models, delineate flood extent, 

and estimate flood damage. We now can not only be reactive during the course of a flood event, but 

also proactive through flood risk analysis and mitigation. Flood hazard, exposure, and vulnerability 

modeling at local and regional levels, as well as at a national level, can be supported by remote 

sensing. Therefore, the fundamental objective of the Special Issue is to solicit studies that document 

advances in flood risk analyses and mapping as well as event modeling using primarily remote sensing 

techniques and datasets. 

The objective has been met with the publication of eight original research articles. The articles or 

studies furthered the understanding of the uncertainty of modeled outputs using the precipitation 

datasets derived from in situ observations and remote sensors. With the development and availability 

of terrestrial laser scanners and airborne LiDAR coupled with high resolution optical and radar 

imagery, researchers characterized vegetated areas, depicted topography, and detected the absence or 

presence of water under vegetation canopy so that accuracy levels in the estimation of flood flow, 

extent, and surface floodwater height were improved. The use of an UAS was seen as the game 
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changer in the acquisition and application of remotely sensed data. The UAS can fly everywhere and 

every time when a flood event occurs. Based on remote sensing datasets, multi-parameter damage 

models and regression tree models were capable of estimating the potential flood risk and damage for a 

modeled flood scenario in advance of an event. Humans were well informed with GIS-based urban 

flood vulnerability and risk maps. Our flood mitigation plans and response activities would become 

effective and efficient as well. 

Nevertheless, two fundamental factors existed yesterday, exist today, and will exist tomorrow.  

Areas such as floodplains and coastal plains that are flood-prone are unfortunately experiencing rapid 

population growth and social and economic development. The flood hazards will unavoidably 

continue. Therefore, our society, socioeconomic activities, and daily life will be impacted by a flood 

event one way or another. Humans will continue to experience costly damage caused by floods as well 

as other nature- and human- induced disasters. Advances and knowledge in remote sensing for flood 

studies should be one of the assets to minimize vulnerability, to foster sustainable growth, and 

eventually, to achieve balanced risk reduction and socioeconomic development. 
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