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Abstract: With the development of science and technology, the scope of marine 

resources(MR) is also changing and developing. MR are an important part of natural 

resources. The development of science and technology and the improvement of ocean 

exploration ability provide an important way to solve a series of problems such as 

population expansion, resource scarcity, environmental pollution and so on. In recent years, 

with the convenience of science and technology, human beings have been exploiting 

various land resources, which makes the increasingly scarce land resources appear to be in 

short supply under the huge demand of human development. The vast and resource rich 

ocean has gradually become the focus of future interest competition. Therefore, this paper 

analyzes the resolution ability of modern Satellite Altimetry Gravity(SAG) anomaly, and 

discusses its application in MR survey. The validity and feasibility of applying modern 

SAG technology to MR survey are verified by experiments. 

1. Introduction 

With the development of space science and technology, satellite observation has gradually 

become an important means for people to observe and study the ocean because of its superiority in 

space-time scale. Among them, compared with the traditional means of ship survey, altimetry 

satellites and gravity satellites have shown unparalleled advantages in the acquisition and research 

of ocean gravity field related parameters such as ocean geoid and vertical deviation, which 

effectively supplement the research data of ocean gravity field. At the same time, the classification 

of MR and the accurate and clear division of MR are of great significance to the control of the 

quantity, distribution and development and utilization of various MR, and are also the basis for 

targeted planning, development and efficient utilization of MR, thus effectively promoting the 
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sustainable utilization of MR. The classification of MR is of great significance to comprehensively 

measure the level of development and utilization of MR. 

Many scholars at home and abroad have studied and analyzed the resolution of modern SAG 

anomaly and its application in MR survey. The academic circles have been studying the ocean and 

MR for a long time, but they have not reached an agreement on the definition of its connotation. 

Geography studies believe that the ocean is a multi-dimensional ecological structure, consisting of 

marine water, marine organisms, the atmosphere over the sea area and the coastline. This 

description delineates the scope of MR from the perspective of geography, but neglects the 

interactive relationship between people and the ocean [1]. From the perspective of economics, the 

ocean is the treasure house of resources for human survival and development, and it is considered 

that the ocean is equal to MR. Chinese scholars have conducted a lot of research on the definition 

and division of MR from the perspective of the spatial scope, formation conditions and human 

relations of MR [2]. 

In this paper, modern SAG technology is introduced for MR survey, the resolution ability of 

modern SAG anomaly is analyzed, the basic theory of satellite altimetry inversion of marine gravity 

anomaly is discussed, and the gravity reduction, waveform denoising method, empirical mode 

decomposition method and singular spectrum analysis method are proposed and compared; Finally, 

through the application of SAG technology in MR survey, the MR of China are investigated and 

analyzed. The analysis results verify the effectiveness and feasibility of modern SAG anomaly 

resolution technology applied to MR investigation [3-4]. 

2. Analysis of Resolution of Gravity Anomaly in Modern Satellite Altimetry 

The marine gravity anomaly is an important basic data for the research of seabed terrain 

inversion. At present, the main means of marine gravity measurement include the fixed-point 

observation of seabed gravimeter and the sea surface measurement of ship borne gravimeter. 

However, due to the disadvantages of high measurement cost, sparse data points, long measurement 

period and poor repeatability, this measurement method is difficult to meet the needs of obtaining 

large-scale spatial marine gravity field information in a short time [5-6]. Usually, according to the 

relationship between the sea depth and the ocean gravity anomaly, the sea depth can be inversed, 

making satellite altimetry an effective way to obtain high-resolution ocean depth information. 

Although the accuracy of the sea depth obtained by altimetry inversion is low at present, the results 

still play a very important role in the positioning of obstacles in the ocean circulation and shallow 

seamounts [7]. 

2.1. Basic Theory of Inversion of Marine Gravity Anomaly by Satellite Altimetry 

The open sea area is an ideal observation object for satellite altimetry. The following takes the 

open sea area as an example to give the basic measurement principle of satellite altimetry. The 

satellite altimeter transmits pulse signals to the sea surface at a certain frequency along the vertical 

direction by the antenna. The pulse signals arrive at the sea surface and are reflected. The reflected 

signals are received by the altimeter and processed to obtain the satellite altimeter echo waveform 

[8-9]. The on-board processor on the altimeter satellite analyzes and processes the echo waveform, 

and accurately measures the time interval △ t taken during the whole propagation process from 

signal transmission to reception. The propagation speed of the signal in the vacuum is known to be 

c. the average distance L from the altimeter satellite to the instantaneous sea surface of the ground 

sub satellite point can be calculated by the following formula: 
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To obtain the height of the sea surface relative to a certain reference ellipsoid, it is necessary to 

determine the orbit position of the altimetry satellite, which is usually accurately obtained by 

several tracking means. The common means include Doris, prape, GPS and SLR. Among them, 

Doris and prape determine the satellite speed by the measured Doppler frequency shift, and SLR is 

mainly used for correction. 

The height h of the altimeter satellite relative to the reference ellipsoid is obtained by the 

tracking means, the distance r between the satellite and the sea surface is known, and the correction 

term △ lcor such as atmospheric refraction and instrument deviation suffered by the signal in the 

propagation process is taken into account. The sea surface height of the satellite altimeter halt 

(referred to as altimeter sea surface height) can be calculated by the following formula: 

coralt LLHh 
                   (2) 

In oceanography, sea level height h sea Can be expressed as: 

invtidedynsea hhhNh 
                   (3) 

Where n represents the fluctuation of geoid; Hdyn represents the sea surface topography, which 

includes static and dynamic parts; Htide represents tidal influence, which is divided into sea tide 

and solid tide; Hinv indicates the influence of reverse pressure. The correction term △ Rcor 

caused by atmospheric refraction is called the distance correction term, and the three terms hdyn, 

htide and hinv are called geophysical correction terms. The hsea can be obtained directly by 

selecting the calculation model. The difference between altimeter sea level height and ocean sea 

level height is generally called altimeter sea level height difference, while the halt obtains the 

commonly known sea level height through tide correction and inverse pressure correction [10-11]. 

2.2. Gravity Reduction 

Gravity measurement is usually carried out on the ground or sea surface. In order to directly 

compare with the normal gravity on the ellipsoid, it is also necessary to calculate these gravity 

observation values on the geoid. This calculation process is called gravity calculation. Gravity 

reduction includes three parts: spatial correction, Bouguer correction and local terrain correction 

[12]. Assuming that the geoid is a non rotating homogeneous spherical surface, the calculation 

formula of spatial correction is: 

271072.03086.0 HHK    (4) 

Where, the unit of H is m and the unit of K is MgAl. Since the spatial correction value is very 

small, the influence of this assumption on the calculation results can be almost ignored. 

2.2.1. Waveform Denoising Method 

The return waveform received by the microwave radar altimeter can be regarded as composed of 

two parts: one is the main waveform information including thermal noise, waveform leading edge 

and waveform trailing edge; The other part is noise information. Noise is generated by different 

reflection surfaces such as land and sea. The presence of noise affects the accuracy of height 

measurement waveform resetting, and further affects the height measurement distance correction 

[13-14]. In this paper, the altimeter waveform is constructed as a one-dimensional long-scale time 
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series, and the main waveform information and noise information in the time series are stripped 

away to achieve the purpose of denoising. Next, the denoising methods used in this paper are 

introduced in detail: empirical mode decomposition method, singular spectrum analysis method and 

combination method. 

2.2.2. Empirical Mode Decomposition Method 

The main working principle of empirical mode decomposition is to decompose the signal into a 

series of intrinsic mode functions (IMF) and a residual trend term that meet specific requirements 

one by one according to the interpolation method. Each IMF component represents the detailed 

information of the original signal on different time scales and generates different IMF components 

in order from high frequency to low frequency. The application of empirical mode decomposition 

method to waveform denoising is shown in Figure 1: 

 

Figure 1. EMD calculation flow chart 

The waveform denoising based on EMD method mainly takes the high-frequency IMF 

component as the noise information and directly deducts it without considering the possible noise in 

the low-frequency IMF. Its disadvantage is that it ignores the possible effective signal in the 

high-frequency IMF and the possible noise information in the low-frequency IMF [15-16]. 

2.2.3. Singular Spectrum Analysis Method 

The main working principle of singular spectrum analysis (SSA) is to transform the observed 

one-dimensional time series data into a trajectory matrix, which is applied to the time series of 

altimeter waveforms. SSA constructs a multidimensional trajectory matrix for the waveform 

sequence, decomposes and reconstructs the trajectory matrix, and extracts signals representing the 
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main waveform information and noise information. The calculation flow chart is shown in Figure 2: 

 

Figure 2. SSA calculation flow chart 

The main problem of SSA method denoising is that there is still no clear standard for the 

acquisition of parameters in the grouping step, and the new waveform sequence reconstructed 

according to the parameters acquired by experience will have excessive denoising and insufficient 

denoising [17-18]. 

3. Application of SAG Technology in MR Survey 

3.1. Comprehensive Index Evaluation Index System of MR Development 

The resources in the ocean, in essence, are the marine land resources, and are also the MR 

frequently mentioned by people at present. Its scope includes all marine natural resources within the 

territorial sea, as well as all marine natural resources within its jurisdiction, such as the 200 nautical 

mile exclusive economic zone and the continental shelf. The MR endowment is different, so there 

are obvious differences in the comprehensive level of MR development. 

In order to more objectively and comprehensively reflect the comprehensive level of MR 

development, the following principles shall be observed in the process of selecting indicators: 

Scientific principle: each indicator in the indicator system of MR development comprehensive 

index should have its own scientific meaning in the process of selection. 
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Systematic principle: the marine resource system is a multi-level and open giant system. 

Therefore, in the design process of the relevant indicator system, each level should be composed of 

several indicators with the same level of function, similar position and mutually complementary 

contents, so as to avoid the occurrence of unclear indicator levels, chaotic matching and overlapping 

contents. Therefore, the indicator system constructed under the principle of systematization should 

reflect all the sub dimensional elements of MR development as orderly and coordinately as 

possible. 

Objective oriented principle: the specific design of the evaluation index system should not only 

be satisfied with the ranking of the development results of the current situation, but also reflect the 

guiding characteristics of serving the future development goals. The purpose of the evaluation of 

the comprehensive level of MR development in China is not simply to determine the advantages 

and disadvantages of the results. More importantly, on the basis of comprehensive measurement, it 

is to deeply explore the relationship and interaction between the comprehensive level of MR 

development and the development of marine economy, We will comprehensively improve the 

"quality" and "quantity" of marine economic development under the new normal. 

Principle of comparability and operability: compared with other natural resources, MR have their 

own characteristics in the process of development and utilization. Therefore, in the process of 

measuring their comprehensive development level, the construction of indicator system should 

highlight their comparability. For some indicators with poor comparability, they should be 

converted into indicators with greater comparability through relevant formulas and calculations to 

achieve objective consistency of evaluation results; At the same time, there are some relatively 

important indicators, but the actual operability of their statistics is poor. Therefore, the complexity 

and fuzziness of such indicators should be removed through corresponding tools, and they should 

be converted into numerical or qualitative indicators that can be measured as much as possible, so 

as to avoid the difficulty of handling them with traditional methods. 

Principle of comprehensiveness: MR involve different types, and different types of resources 

have different characteristics. Therefore, the comprehensiveness of indicators must be ensured in 

the process of constructing the indicator system. Therefore, in the process of indicator design, it is 

necessary to reflect different types of MR according to the connotation and classification of MR, 

and at the same time, the specific indicator selection of each type of MR should also be significantly 

representative. 

3.2. Quantitative Analysis of the Results of Modern SAG Technology Applied to MR Survey 

The signal-to-noise ratio, correlation coefficient and root mean square error of the denoised 

waveform sequence processed by EMD method, SSA method and EMD + SSA method are 

calculated. The results are shown in Table 1 and figure 3. The signal-to-noise ratio and correlation 

coefficient of EMD method, SSA method and combination method are gradually improving. The 

root mean square error of EMD method, SSA method and combination method is gradually 

decreasing. According to these three criteria, it can be judged that the combined method has better 

filtering and denoising effect. 

Table 1. Table of different calculated denoising signal-to-noise ratio, correlation coefficient and 

root mean square error 

Method EMD SSA EMD+SSA 

Signal to noise ratio 16.85 20.17 40.19 

Correlation coefficient 0.97 0.98 0.99 

Root mean square error 16.39 11.19 0.70 
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Figure 3. Comparison of results of different calculation methods 

The value evaluation of MR is necessary to achieve sustainable development, which further 

proves that it is very necessary to evaluate the value of MR. At the same time, on the other hand, it 

is feasible to evaluate the value of MR, and the analysis of the value of MR must be measured from 

both qualitative and quantitative perspectives. Some things are of great value from a qualitative 

perspective, but not necessarily from a quantitative perspective. The qualitative analysis of MR in 

this paper is mainly from the perspective of contribution. Whether MR contribute to national 

economic development, including structural optimization, whether MR contribute to national 

economic security, and what impact MR have on national opening and development strategy. These 

contributions are also an aspect of the value of MR. However, these values are difficult to express 

in terms of quantity, so only qualitative analysis can be made. 

4. Investigation and Analysis of MR in China 

From the regional point of view, the distribution of MR in China shows a large imbalance. There 

are great differences in the types and quantities of MR distributed in various regions and sea areas. 

The pace of comprehensive utilization of various MR has gradually accelerated. In recent years, the 

pace of comprehensive utilization of MR in China has obviously accelerated, and the level of 

comprehensive utilization of various MR has been greatly improved. For example, the crude oil 

output of China's offshore oil is constantly increasing. At the same time, China's total output value 

of offshore oil and gas is also increasing year by year, more than doubling in three years. Moreover, 

the growth rate of its output value is obviously faster than that of its output, as shown in the 

following figure: 
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Figure 4. Offshore oil and gas production and oil and gas output value 

The above figure shows that the crude oil output of China's offshore oil is gradually increasing, 

which reflects that China's ability to develop MR is constantly improving, and the offshore oil and 

gas is also growing year by year, which also reflects that China's ability to comprehensively process 

and utilize MR is constantly improving. In the past three years, the output of offshore oil and crude 

oil has increased by 23.2%, while the output value of offshore oil and gas has increased by 57.6%. 

The latter is obviously faster than the former. This further reflects that China has made remarkable 

achievements in the utilization of the sea and other MR. For example, in the development of 

modern marine economy, deep-water ports, a unique resource, are playing an increasingly 

important role, and China's ability to develop marine shoreline resources is also gradually 

improving, which is reflected in the rapid development of China's marine transportation industry 

and the continuous and steady increase of the throughput of Coastal Ports. 

In this paper, MR are estimated separately. In the process of estimation, a typical resource is 

selected from each type of MR for simplification. The estimated results are: the balanced value of 

China's marine fishery resources is about 1.8-2 trillion yuan, the value of marine oil resources is 

about 205 trillion yuan, the direct economic value generated by seawater desalination is more than 

300 billion yuan, and the potential profit space can reach about 80 billion yuan. In terms of offshore 

wind power, the offshore exploitable wind energy resources in the east coast are about 750 million 

kilowatts, The direct losses caused by the reduction of environmental pollution are more than 6 

billion yuan. 

5. Conclusion 

In this paper, the resolution ability of modern SAG anomaly is analyzed, and its application in 

MR survey is discussed and studied, and good results are achieved. But there are also shortcomings. 

Certain policies and measures should also be taken to ensure the full realization of the resource 

value of the four categories of MR, including marine life, marine chemistry, marine power and 

marine minerals, which are subject to value assessment: further clarify the ownership and intensive 

management of marine living resources; Improve the compensation mechanism of marine mineral 

resources; Actively guide and encourage the development of marine power resources; Pay attention 

to improving the technological innovation of marine chemical resources development. The MR 
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investigation of modern SAG technology needs further study. 
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