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The Chinese Bohai Sea is a semi-enclosed, highly vulnerable continental sea that is exposed to the risk of oil spills due to offshore oil and gas activities. In this study, a geographic information system (GIS)-based “tanks–pipelines–platforms–ships–channels” (TPPSC) comprehensive framework, including a storage tank indicator, a pipeline indicator, a platform indicator, a ship indicator, and a channel indicator, was built to analyze the comprehensive marine oil spill risk in the Bohai Sea and to show the spatial differentiation of risk using GIS and the entropy weight method (EWM). The proposed method will overcome the shortcomings of the traditional statistical and scenario analysis theories. The results show that extremely high-risk areas are mostly located in Liaodong Bay and Bohai Bay; high-risk areas are located in the Bohai Strait and on the north side of the Shandong Peninsula; moderate-risk areas are mainly located on both sides of the Bohai Strait; low-risk areas are located on the south side of Liaodong Bay, in the middle of the Bohai Strait, and in Laizhou Bay; and extremely low-risk areas are located on the west side of Bohai Bay, the south side of Laizhou Bay, and the middle of the Bohai Sea. This framework demonstrated the applicability of the new risk assessment model, and the evaluation tests provided useful information for future research on marine oil spill risk management.
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1 Introduction

Marine environmental risks can arise from a variety of natural and anthropogenic sources. One typical marine environmental risk source is oil spill catastrophes, which occur frequently around the world. Today, oil spills are among the most serious challenges in marine environmental protection (Cirer-Costa, 2015; Girard and Fisher, 2018), and have also caused numerous deep sociocultural and psychosocial impacts (Gill et al., 2016). According to statistics, globally, almost 1.9 billion metric tons of crude oil were transported via channels in 2020 (Statista, 2021). These massive shipments indirectly reflect the increased risk of oil spills. Therefore, effective oil spill pollution prevention and control have become important measures used to minimize the impact of oil spill disasters. It is therefore important to assess oil spill risk when making decisions for resource allocation, contingency planning, and response (Lee et al., 2016).

The first step in risk assessment is risk identification. Hence, positioning where the risk resources are located is critical. Man-made sources for spillage can be sorted into the following four categories: oil storage tanks on land (Ikwan et al., 2020), oil pipelines (Arzaghi et al., 2018), oil production platforms (Valentine et al., 2014), and ships at sea (Amir-Heidari et al., 2019). The above sources have caused the overwhelming majority of oil spills.

However, few studies have focused on the comprehensive oil spill risk assessment model, let alone spatialized assessment results. How to analyze the risk resources comprehensively is a problem that needs to be solved, and determining the risk spatial differentiation is also important to scientific decision making.

In this study, the geographical distributions of risk sources, including storage tanks, pipelines, platforms, ships, and channels, were obtained firstly. By considering the wide application of GIS technology in risk assessment studies (Bing et al., 2019; Akinwumiju et al., 2020; Ali et al., 2020), the potential risk for each single spill source was estimated for the Bohai Sea area, and then the comprehensive oil spill risk was estimated using the entropy weight method (EWM) to determine their weight. Through the investigation of oil spill risk sources and comprehensive GIS analysis, this study aimed to establish a suitable and comprehensive risk assessment framework to evaluate the oil spill risk by combining resources from tanks, pipelines, platforms, ships, and channels (TPPSC), and then analyzing the spatial outcomes. The proposed framework will provide a quantitative and visual assessment of oil spill risk, helping to understand risk spatial differentiation and providing support for the government to reduce the risk of regional oil spills.




2 Data and methods



2.1 Study area and data

The study area in this paper is located in northern China and covers the entire Chinese Bohai Sea area (117.5–122.5°E and 37–41°N). The sea area is covered densely by storage tanks, oil pipelines, oil platforms, and ship routes. The Bohai Sea’s oil and gas production accounts for more than half of China’s offshore oil production, and oil spills have therefore become increasingly frequent in this area. Previous oil spill disasters in the Bohai Sea include the Dalian oil pipeline explosion on July 16, 2010, hereinafter referred to as the 7.16 accident (Chen et al., 2012), and the Penglai 19-3 oil spill in 2011 (Wang et al., 2017). Due to these factors, the Bohai Sea is a high-risk and sensitive area for oil spill stress (Wang et al., 2018), and the disaster prevention and mitigation of oil spills is a severe issue that requires special attention. Because the Bohai Sea is surrounded by different provincial administrative divisions, it was split into seven response zones by the Maritime Safety Administration (MSA) in order to respond to spill accidents as quickly as possible. For the ease of description, these regions are numbered 1 through 7 in this study (Figure 1).




Figure 1 | Location of the Chinese Bohai Sea.



Indicators that contribute to the comprehensive oil spill risk were determined by combining empirical evidence and previous references. These indicators consisted of oil storage tanks, oil pipelines, oil platforms, ships, and channels. Details are shown in Table 1 and described below.


Table 1 | Overview of data obtained.



	Numerous ports are located in the Bohai Rim area, including Dayaowan Port, Yingkou Port, Panjin Port, Huludao Port, Qinhuangdao Port, Tangshan Port, Tianjin Port, Huanghua Port, Dongying Port, Yantai Port, and Weihai Port (Figure 2A). A large number of oil storage tanks are distributed in these 11 port areas, constituting an oil spill risk. To obtain the spatial distribution of tanks in a batch, GaoFen-2 remote sensing images were analyzed using the DeepLab v3+ deep learning semantic segmentation network. ResNet50 was used as the backbone for DeepLab v3+ to extract features from the image to obtain the oil storage tank distribution. Finally, the oil tank distribution for each port was obtained.

	Rice University’s Baker Institute for Public Policy has issued an interactive China Energy Map. Pipelines surrounding the Bohai Sea area were obtained from the issued map, which included refined product pipelines and crude product pipelines (Figure 2B).

	There are many oil fields in the Bohai Sea (Figure 2C). To identify the locations of platforms in the investigation area, images from the Landsat5/TM and Landsat7/ETM with a resolution of 30 m were used (Liu et al., 2015).

	Although ships are constantly in motion, the average annual ship density (represented by tonnage per unit area) can be used to determine the oil spill risk factor of ships. The 2018 AIS data (Figure 2D) were purchased from Shipxy and used to characterize vessel activities and the corresponding oil spill risk.

	China’s MSA participates in the International Convention for the Safety of Life at Sea on behalf of China, fulfills the responsibilities and obligations stipulated by the International Maritime Organization, and provides technical support for ship navigation and the service guarantee function of the shipping economy. The MSA is the official publishing and distribution organization for China’s maritime books and materials, and it is qualified to publish various navigational books and materials along the coast of China. The channel data used in this paper were obtained and vectorized from electronic navigational charts (ENC) published by the MSA (Figure 2E).






Figure 2 | (A) Locations of oil storage tanks. The zoomed-in image shows a schematic of the distribution of the large number of oil tanks in Tianjin Port. (B) Locations of oil pipelines. (C) Locations of oil fields. (D) Locations of ships (January 2018). (E) Spatial distribution of ship channels.






2.2 Data processing

GIS-based spatial analysis is one of the most important methods for assessing the risk of oil spills, and it integrates the latest technologies from many disciplines to provide powerful tools for spatial analysis. Spilled oil can strongly influence the surrounding environmental resources. To analyze the influence scope of various risk sources, buffer analysis, an important spatial analysis function of a GIS, is a useful tool. In buffer analysis, buffer distance is a critical factor that must be considered. However, the determination of the buffer distance of an oil spill risk is difficult, and there is no unified standard and method. This study referred to the influence scope of the Bohai Sea’s historical oil spill accidents and regarded them as the buffer distance, which was an acceptable method. Buffer analysis was therefore performed for storage tanks, oil pipelines, platforms, and channels with reference to historical records. The analysis of each risk source is discussed below.

	Buffer distance for pipelines and storage tanks: on July 16, 2010, a crude oil pipeline belonging to Dalian PetroChina International Warehousing & Transportation Co., Ltd. exploded and deflagrated, causing a large amount of crude oil to leak into the sea (the 7.16 accident). The accident site is located at the crude oil tank farm of Dayaowan Port, Dalian City, Liaoning Province. The accident was caused by the failure to follow proper procedures when the 300,000-ton VLCC tanker “COSMIC JEWEL” unloaded crude oil into the corresponding tank. On July 20, the combination of the southeast wind and sudden heavy rainfall caused oil pollution to reach the Jinshitan coast 35 km away. This famous beach had to be closed. On July 22, a nearly 400-acre shellfish farm in Jinshitan was affected, with some shellfish dying due to oil pollution. Since then, oil pollution has been observed in some sea areas far from the original incident. Considering the intervention of the oil spill emergency response force at this time, this study took a distance of 35 km from the oil spill site as the area affected by oil spills from oil pipelines and oil tanks.

	Buffer distance for platforms: on June 4, 2011, floating spilled oil had been observed on the Bohai Sea surface near platform B of the Penglai 19-3 oilfield, which is the second largest oilfield in China. The spill was caused by a fault rupture due to the failure to follow proper procedures by ConocoPhillips China Inc. (COPC). As of June 17, the spread of the oil spill had reached 840 km2, and based on the statement released by COPC, there were approximately 723 barrels of oil and 2,620 barrels of crude oil spilled into the Sea. Taking the oil spill point as the center, according to its diffusion range, its diffusion radius was roughly 29 km. Hence, this study took 29 km from the oil spill site as the threshold of the area affected by oil spills from platforms.

	Buffer distance for channels: oil spills in channels usually originate from large ships. An accident that occurred in Chinese waters in recent years was used as a reference. On January 6, 2018, the tanker “Sanchi” and the bulk carrier “CF Crystal” collided approximately 160 nautical miles east of the Shanghai City, causing the “Sanchi” to catch fire. After burning for many days, the “Sanchi” ship deflagrated and sank. On the sixth day after the shipwreck occurred, remote sensing satellites detected many oil pollution belts on the sea surface. The largest oil-stained belt ever observed (15 km × 12 km) was discovered 12 km northwest of the shipwreck site. Because oil films move constantly under the action of ocean currents and the wind, 27 km was regarded as a rough buffer threshold for channel oil spills.

	Data processing for ships: the difference between ship data and channel data is that there are usually many working ships (such as fishing vessels) that are not on the channel at any given time. When ships spill oil, the spillage amounts are often related to the amount of fuel they carry. Therefore, tonnage is an important indicator to determine the scope of an oil spill from a given ship. The processing of ship data is different from the processing of data for tanks, pipelines, platforms, and channels. The data were sampled daily from January 1 to January 3, and the data for the first minute of each hour of each day were selected for analysis. Data with abnormal deadweight were eliminated. Finally, the deadweight data were imported into the GIS according to the latitude and longitude information of ships. The research area was divided into 1 km × 1 km grids to analyze the oil spill risk based on ships’ tonnage. Previous studies have demonstrated that using this method can produce reliable results, and more detailed information can be found in these studies (Liu et al., 2021a; Liu et al., 2021b).






2.3 Spatial normalization of risk value

As shown in Table 1, the oil storage tanks, oil pipelines, oil platforms, ships, and channels used in this study had different dimensions and orders of magnitude. To facilitate a comprehensive analysis of these parameters and ensure accurate comparison between them, after buffer analysis of the five risk resources, we normalized these parameters. The specific method by which this was done is as follows.

Rectilinear mesh was generated to cover the whole domain of the Bohai Sea. Each grid cell in the mesh was 1 km × 1 km (obtained by resampling). Every cell was then normalized for the individual indicator by allocating each cell a score from 0 to 100 according to the value corresponding with the grid cell. The corresponding values were the true values of the indicator obtained from various sources, as shown in Table 1. Formula (1) can be used for the normalization of each grid cell:

 

where K is the normalized value, x is the true value of the cell after resampling to 1 km × 1 km, i represents the identifier of the cell, Min is the minimum value in terms of a specific index after resampling, and Max is the maximum value in terms of a specific index after resampling.




2.4 Weight determination

The weight of each indicator determines its contribution to the comprehensive oil spill risk. The EWM is a common weighting method that uses information entropy to calculate the entropy weight of each index according to its degree of variation. Compared with methods such as the analytic hierarchy process (AHP), EWM’s biggest advantage lies in the objectivity of the empowerment process and its quantitative measurement of uncertainty. In this study, we used EWM to objectively determine the weights of indicators of various oil spill sources that contain a large amount of information. Its steps are as follows (Lu et al., 2017; Bao et al., 2020):

	Assuming that there are m sub-zones need to be evaluated in terms of n indicators, the initial decision matrix is constructed as follows:



 

where m is the number of sub-zones (m = 7, in this study); n is the number of indicators (n = 5, in this study); and aij represents the average value of the normalized cells for the entire sub-zone. For a specific indicator, aij can be calculated as follows:

 

where S is the total number of cells in a sub-zone, and Ks is the normalized value of the sth cell.

	2. Data standardization for the decision matrix; the higher value, the higher the risk:



 

	3. Calculating the standardized value of the jth indicator in the ith zone:



 

	4. Calculating the information entropy of each indicator:



 

	5. Based on the calculated information entropy, the weighting factors of each indicator can be calculated as follows:



 




2.5 Comprehensive risk assessment model

This study created a comprehensive oil spill risk indicator based on the gridding score system established above and in accordance with various index grading criteria and corresponding weights. The formula is as follows:

 

where RISK represents the comprehensive oil spill risk, and the value ranges from 0 to 100; wj represents the weight of the index concerned; and K represents the normalized value of the index concerned.

The advantage of the multi-source risk assessment approach is that it can effectively understand each single risk source. On this basis, it can judge the integrated risk through comprehensive analysis and propose a clear numerical standard for the quantification of the risk level. In addition, the advantages of the EWM over a simple linear summation method are as follows: (1) It can linearly compensate for the effects of each evaluation index and ensure the fairness of the comprehensive evaluation index. (2) In this method, the weight coefficient has a significant impact on the evaluation results; that is, the index value with a larger weight has a greater effect on the comprehensive index. (3) This method is simple to calculate, has strong operability, and is easy to popularize and use. Figure 3 shows the technical roadmap used in this study.




Figure 3 | Technical roadmap.







3 Results



3.1 Risk caused by single-factor

Based on the GIS spatial analysis method, the spatially discrete data for each oil spill risk source were converted into spatially continuous data to analyze their spatial patterns. The five different indicators were further gridded and standardized for the entire study area (Figure 4). A GIS visualization method was used to analyze their spatial characteristics, in which blue colors indicated areas of low risk, and red colors indicated areas of high risk. The five indicators are described in what follows. (1) The potential oil spill risk due to oil storage tanks originates from nearby ports and is caused by the fact that oil storage tanks are mainly located in these sites. The port associated with the greatest risk is Dayaowan Port, followed by Tianjin Port and Dongying Port. (2) For the potential oil spill risks caused by oil pipelines, most of the high-risk areas are located near the shore. Among these areas, both sides of Liaodong Bay exhibit the highest risk levels, and northern part and western part of Bohai Bay also exhibit high-risk levels. (3) For the potential oil spill risk caused by oil production platforms, all high-risk areas are located near platforms because the spill risk is related to the distance from the oil wells. Because the Jinzhou 9-3 and Jinzhou 20-2 oil fields (shown in Figure 2C) are located in Liaodong Bay, the risk levels surrounding these two platforms are high. There are dense oil fields in eastern Bohai Bay and northern Laizhou Bay, and the risk of oil spills in these areas is high. As there are no oil fields around Laizhou Bay, the risk of oil spills in this area is low. (4) For the potential oil spill risk caused by ships, Laizhou Bay is less affected, while ships around the Bohai Strait, central Bohai Sea, and Bohai Bay are more densely distributed and more exposed to risk. (5) For the potential oil spill risk caused by the channel, the characteristics are similar to those of the potential oil spill risk caused by ships. The difference is that the risks posed by ships change dynamically in time and space, while the risks posed by channels are relatively static. Compared with the risks caused by ships, the risks caused by channels are more obvious in Bohai Bay, as shown in Figure 4.




Figure 4 | Normalized value in terms of each indicator for the Bohai Sea. (A) Risk spatial distribution according to storage tanks. (B) Risk spatial distribution according to oil pipelines. (C) Risk spatial distribution according to oil platforms. (D) Risk spatial distribution according to ships. (E) Risk spatial distribution according to ship channels.





3.2 Weight results

With the use of the EWM, the index weight is determined according to formulas (2), (3), (4), (5), and (6), as presented in Table 2. From the weight results, it can be found that storage tanks contribute the most to the oil spill risk, followed by pipelines. Oil production platforms, ships, and channels are similar.


Table 2 | Weight allocation results.





3.3 Comprehensive assessment results

The comprehensive risk result was obtained through the weighted calculation, and the comprehensive spatial distribution pattern of oil spill risk was visualized based on the GIS (Figure 5A). The comprehensive risk spatial distribution pattern revealed that the high-risk areas were all centered on risk sources. Generally, among Laizhou Bay, Liaodong Bay, and Bohai Bay, the oil spill risk in Laizhou Bay is relatively low because it is located far from large ports, oil wells, and dense shipping routes.




Figure 5 | (A) Spatial pattern of comprehensive oil spill risk. (B) Five grades of oil spill risk status. (C) Area of different risk levels in each sub-zone.



There is no unified standard for the classification of the risk status. To show the risk distribution more clearly, this study classified the oil spill risk status into five grades using the quantile method, as shown in Table 3: extremely low-risk areas, low-risk areas, moderate-risk areas, high-risk areas, and extremely high-risk areas (Figure 5B).


Table 3 | Risk values in the Bohai Sea.



Extremely high-risk areas are mostly located in Liaodong Bay and Bohai Bay; high-risk areas are located in the Bohai Strait and on the north side of the Shandong Peninsula; moderate-risk areas are mainly located on both sides of the Bohai Strait; low-risk areas are located on the south side of Liaodong Bay, in the middle of the Bohai Strait, and in Laizhou Bay; and extremely low-risk areas are located on the west side of Bohai Bay, the south side of Laizhou Bay, and the middle of the Bohai Sea. If described by sub-zones, extremely high-risk areas exist in each sub-zone, but their areas vary greatly. The sub-zone with the largest extremely high-risk areas is zone 1; its area spans 29,510 km2. In contrast, the sub-zone with the smallest extremely high-risk areas is zone 3, with an area of 2,955 km2. The sub-zone with the largest extremely low-risk areas is zone 5, while the sub-zone with the smallest extremely low-risk areas is zone 3. More precise statistics are presented in Figure 5C.




4 Discussions


4.1 Methodology of oil spill risk assessment

In the current research, oil spill risk assessment is usually based on the following theories: (1) Probability and statistics theory: The probability of an oil spill scenario is usually estimated based on historical data and/or expert judgment, and the consequences of oil spills can be quantified by simulation (Etkin et al., 2017). However, both spill probability and spill consequence have some degree of uncertainty, which leads to uncertainty in the final risk value of the oil spill (Amir-Heidari et al., 2019). (2) Disaster system theory: this process can be summarized as the establishment of an evaluation index system that combines hazard, exposure, and vulnerability, after which fuzzy mathematics is used to calculate the degree of disaster risk to achieve risk level evaluation (Yang et al., 2021). However, this method can only roughly reflect the risk level of the study area and does not provide a quantitative analysis in the sense of uncertainty. (3) Scenario analysis theory: this method describes a series of possible future scenarios using a computer simulation model, obtains a forecast set of future states under a series of scenarios, and formulates an overall comprehensive oil spill risk evaluation (Yu et al., 2018; Guo et al., 2019). The disadvantage of this method is that the assessment process is based on what-if scenarios, which can only approximate the true risk profile, and the modeling process is highly demanding (Spaulding, 2017).

Therefore, if the oil spill risk can be analyzed based on the existing risk sources, it will help to overcome the shortcomings of the above methods and help achieve a better understanding of the risk of regional oil spills. This is the solution proposed in this study: through the investigation of the existing risk sources, the location of the oil spill risk sources is clearly shown, and all risk resources are analyzed by referring to the evaluation index system in disaster system theory. The difference from disaster system theory is that the spatial analysis of various risk sources is carried out by the means of GIS in this study. Finally, EWM is used to make a comprehensive decision on the oil spill risk caused by the five types of risk sources, and the spatial characteristics of the oil spill risk are analyzed based on the GIS.

The advantage of this research is that the analysis of oil spill risk is based on the actual risk source, and combined with the spatial analysis function of GIS, it can effectively reflect the objective oil spill risk and show its spatial differentiation.




4.2 Assessment results

As mentioned previously, the research method adopted in this study is a simple linear summation method based on GIS and EWM. The combination of GIS and EWM is widely used in various fields for spatial analysis and index weight determination (Hu et al., 2019; Vagiona et al., 2022). Furthermore, in this study, the results obtained through this method were reasonable.

From the integrated assessment results, it can be found that the high-risk areas of oil spills are mainly located near large ports and oil production platforms, and the spatial analysis of GIS effectively reveals the spatial differentiation of risks, which is consistent with common sense knowledge. The results of this study were characterized by spatial differentiation. It can be seen from the final display that the spatial differentiation of risks is obvious, and the oil spill risks faced by each sub-zone are quite different.




4.3 Potential issues and future prospects

Although the results of this study were reasonable, some potential issues remain in this study, especially in the details of technical methods.

First, it is difficult to determine the scope of influence of various risk sources, because for a specific oil spill accident, the amount of spilled oil is random, and the external environment (such as ocean currents and wind directions) is constantly changing. Therefore, the historical accident information in the Bohai Sea is used as a reference to determine the buffer distances of different risk sources for space analysis. As a result, the determination of the buffer distance is subjective. Hence, how to objectively determine the buffer distance is one of the issues to be discussed in the next step.

Second, the five indices were selected according to the existing distribution of oil spill risk sources in the Bohai Sea area. However, this may not apply to other seas. This is because some sea areas may have other spill risk sources, such as natural seepage points. If this method is to be transferred to other areas, the selected indices need to be considered according to local conditions.

Third, in order to solve the problem of unstable weight determination, the weight determination method used in this study is the EWM, which is different from objective methods such as the analytic hierarchy process (AHP). By comparing the results from the EWM with those reported in a previous publication (Wang et al., 2023), the weight results for oil spill resources produced by different methods have obvious differences. For AHP, the published results show that ships and oil production platforms are the two indicators that are most likely to cause oil spill risks. This is because when experts make decisions, they might be influenced by historical accidents, and most accidents in the Bohai Sea have been caused by ships and oil production platforms. However, as an objective weight determination method, the EWM bases its analysis on the provided data alone, so it will produce different results. In future research, the subjective method and the objective method should be combined to make full use of their advantages and compensate for their disadvantages so that the weighting results are both subjective and objective.



4.4 Theoretical significance of the results

The Chinese government has done extensive work in the prevention and control of oil spill incidents. Currently, the measures taken by the Chinese government include the following: drafting relevant laws and regulations, formulating oil spill response plans, innovating oil spill response technologies, and improving oil spill response capabilities. All this work will underpin efforts to minimize damage from oil spill incidents.

To improve oil spill response capabilities, the Chinese government has made significant investments in oil spill emergency equipment. Furthermore, China’s equipment warehouses are divided into the following categories: central government equipment warehouses, state-owned enterprise equipment warehouses, local government equipment warehouses, and private equipment warehouses. The scientific deployment of emergency facilities in different locations is a problem that decision-makers need to consider. At this point, risk maps have a reference value.

Specifically, from the above risk distribution map, it can be seen that the Bohai Sea faces obvious oil spill risks and requires special attention from the government. Hence, it is necessary to comprehensively analyze the oil spill risk in combination with the actual situation in each sea area and improve the oil spill emergency response capability in a targeted manner. The results of the spatial differentiation of oil spill risk caused by each single risk source and the spatial differentiation of comprehensive risk will provide information about high-risk areas that require oil spill responses, such as deploying more oil spill emergency facilities. For small oil spills, the preparation should at least ensure that the local oil spill emergency equipment is sufficient. For medium- or large-scale oil spills, it is necessary to plan the deployment optimization and transportation capacity of oil spill emergency equipment to ensure that oil spills of any level can be effectively dealt with.




5 Conclusions

Conducting comprehensive risk assessments is a major challenge for oil spill disaster prevention and mitigation around the world. This study evaluated the comprehensive oil spill risk in the Bohai Sea by building a TPPSC framework. The main conclusions are as follows:

	Oil spills caused by ships may be the main factor contributing to the comprehensive oil spill risk in the Bohai Sea. Oil spills caused by platforms aggravate the oil spill risk markedly. Liaodong Bay and Bohai Bay are beset with extremely high oil spill risks and high oil spill risks, while Laizhou Bay is subject to low and extremely low risks due to the sparse distribution of risk resources.

	It is feasible to spatialize oil spill risk assessment results using GIS. All five indicators used in this paper were obtained from investigation data, but the risk caused by ships was dynamic in space and time, which cannot be ignored. In a future study, how to more accurately reflect dynamic risks will be investigated.

	The Chinese government has carried out extensive work in improving the oil spill emergency laws and regulations, oil spill emergency plans, oil spill emergency response technical level, and oil spill emergency response capabilities, and risk maps could be a useful reference for policy making.
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