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Wetland health assessment provides important basis for wetland restoration and management. However, it is quite tricky to select proper indicators from multiple assessment indicators that can truly reflect the health state of urban wetlands. In an attempt to address these problems, a pressure-state-response (PSR) and back propagation artificial neural network (BP) conjoined model was established for health assessment of several plateau urban wetlands in Xining City, China. The model was driven and verified through field monitoring and social questionnaire data for 4 consecutive years from 2016 to 2019. Results indicate that: (1) Eight health evaluation indexes, including population density, eutrophication level, increasing humidity, carbon dioxide absorption, air purifying, recreation, wetland management level and investment in ecological construction and protection were selected from 45 input indexes. (2) The health index of Huangshui National Wetland Park has been increasing year by year, with an average of comprehensive health score of 0.746, 0.790, 0.884, and 0.877, respectively. The indicators that contributed the most to the restoration effect were leisure and entertainment service value (2016), carbon dioxide absorption service value (2017), eutrophication (2018), and wetland management level (2019), respecially. (3) Compared with the single PSR method, the advantages of this method include; There are fewer evaluation indicators, more accurate results (excluding the interference of some highly variable indicators) and more sensitive to environmental changes. The current study proposed a novel method that may provide additional accurate and refined indicators for urban wetland health assessment.
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INTRODUCTION

Urban wetlands refer to wetlands distributed in cities and towns (Sun et al., 2004; Robert et al., 2021). As an important part of the urban ecological environment, urban wetlands are public open space dominated by natural landscapes (Bolund and Hunhammar, 1999; Wang et al., 2006). They present many advantages, such as controlling flood and waterlogging, providing leisure and entertainment environments, and fulfilling scientific research and education purposes with their ecosystem-managing and cultural services also playing relatively important roles (Boyer and Polasky, 2004; Ho and Richardson, 2013; McInnes, 2014; Wahlroos et al., 2015; Jonathan et al., 2019; Stefanak, 2019; Wei et al., 2020; Liu et al., 2021; Li et al., 2022). Rapid urbanization has made urban wetlands one of the fastest shrinking ecosystems (Holland et al., 1995; Cui et al., 2004; Lee et al., 2006; Asomani-Boateng, 2019; Jing et al., 2020; Wang, 2020).

People are gradually realizing the importance of wetlands in urban ecological security and ecosystem services. Different scales and types of wetland ecological restoration have been carried out (Asomani-Boateng, 2019), such as the ecological restoration of Xixi National Wetland Park (Liu and Lu, 2021) and the functional restoration of the Yellow River wetland ecosystem (Xia et al., 2006) in China. Traditional wetland health assessment methods mainly include grey clustering analysis (Zhou and Xu, 2006; Zhang et al., 2013; Zou et al., 2013; Jiao et al., 2016; Wang et al., 2018; Asare et al., 2021), comprehensive index analysis and fuzzy comprehensive evaluation analysis (Zhang et al., 2010; Zhang and Yang, 2012; Wu et al., 2015; Sutton-Grier and Sandifer, 2019; Fang et al., 2021). Due to the existence of certain supervision in the weight and weight functions of each evaluation indicator, whether such health evaluation results truly reflect the health situation needs to be further explored.

Huangshui National Wetland Park, located in a plateau city in China, consists of rivers and artificial wetlands. Since a pilot scheme was launched in 2013, a series of restoration projects have been carried out. The transformation of sponge city, that is, the combination of wetland natural ecology and green technology to form a rainwater and flood control and utilization system (Hu et al., 2017; Ahn and Schmidt, 2019), has improved the hydrological cycle and water ecosystem, and the CHI (comprehensive health index) has increased from 0.568 in 2018 to 0.620 in 2019. Bird habitat islands and wetland plant plantings have put in place to create habitats for wild birds. The species of wild birds has increased from 89 in 2017 to 116 in 2019 (an increase of 27 species) at a rate of 30.33% (Mao et al., 2019); Biological monitoring technology, isotope analysis technology, and ecological network analysis technology have been adopted to create large enclosure systems for continuous monitoring, and build a quantitative lake ecological network model. Treatment of algal blooms facilitates the improvement of water quality, and the total phosphorus in water quality has improved from class V to class II and III during the treatment period (Mao and Wei, 2015; Mao et al., 2019; Wu et al., 2021). However, because restoration projects are often carried out with a specific goal, the final restoration effect exhibit significant differences. These differences include (1) time difference: while the initial effect of the restoration project was good, the effect diminished due to a lack of maintenance and investment in the later stage; (2) spatial difference: the effect of the restoration area was superior, but with unacceptable effect of the unrestored area; (3) differences in response indicators: for example, while dredging may bring about an improvement in water quality, it may also have a negative impact on benthic organisms. Thus, eventually, the health evaluation results document significant differences and variations, and it is difficult to find indicators that truly represent the health of wetland ecosystems (Mao et al., 2019).

The BP neural network is a non-linear dynamic system built on artificial intelligence (Rheinhardt et al., 1997; Cao et al., 2006; Bian et al., 2014; Wu and Feng, 2018; Wei et al., 2021). Due to the characteristics of self-learning and self-adaptation, the weights and thresholds of the network are transformed according to the existing information in the data to reduce artificial factors and better fit the relationship between evaluation indicators and wetland health (Kuo et al., 2007; Hanbay et al., 2008; Ferreira et al., 2011; Han et al., 2021). On one hand, if pressure-state-response (PSR) with BP artificial neural networks are combined, the pressure, state, and response indicators are to the greatest extent incorporated into the health evaluation indicators; on the other hand, the self-learning and adaptive ability of the BP artificial neural network are utilized. This indicates the advantage of a stronger and better fitting ability of the relationship between evaluation indicators and wetland health. This strategy may be part of the measures to screen for indicators that truly reflect the health of urban wetland ecosystems. Taking Xining Huangshui Wetlands as the research areas, supported by field plant quadrats, environmental monitoring data, and social survey data from 2016 to 2019, this study used the Analytic Hierarchy Process (AHP) method to provide comprehensive index weight, and construct a comprehensive health evaluation model suitable for plateau city wetlands based on the PSR-BP neural network model. This is aimed at finding the evaluation factors suitable for plateau city wetland health, evaluate the health status of wetland restoration, find the synergy and trade-off relationship between wetland ecosystem evaluation factors, score the key influencing factors of national wetland health in plateau cities, and provide key methods and theoretical support for wetland improvement and protection projects in plateau cities.



STUDY AREA

The study area is located in the urban area of Xining City, Qinghai Province (Figure 1). It is located in the eastern part of Qinghai Province and the middle of Hehuang Valley, with an average altitude of around 2,261 m. The terrain is high in the northwest and low in the southeast, belonging to the plateau cold temperate semi-arid climate zone, with low air pressure, long sunshine, and large temperature difference between day and night. The annual average temperature is 5.0°C, and the average precipitation is 506.4 mm. The annual sunshine time is 2,390.1 h, and the annual average wind speed is 2.0 m/s.
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FIGURE 1. The location of the Huangshui National Wetland Park. Haihu wetland (36° 38′ 57″–36° 39′ 29″ N, 101° 40′ 24″–101° 43′ 24″E). Huoshaogou wetland (36° 38′ 15″–36° 39′ 01″ N, 101° 42′ 40″–101° 43′ 55″ E). Beichuan wetland (36° 40′ 40″–36° 43′ 32″ N, 101° 45′ 41″–101° 46′ 11″ E). Ninghu wetland (36° 34′ 12″–36° 33′ 48″ N, 101° 52′ 43″–101° 54′ 27″ E).


The Huangshui National Wetland Park is located in an urban area. The surrounding residential areas, commercial areas, and roads are dense, with several sources of pollution and poor water quality. Among them, the Haihu wetland and Huoshaogou were transformed into sponge cities in 2016. With purification capacity of the wetland ecological treatment system and the restoration capacity of the water ecosystem, the functioning of the bird habitat strengthened, and the functions of science popularization, publicity and education, leisure and entertainment further improved, wetland ecosystem services have gradually stabilized. Beichuan wetland has a large water area. Ninghu wetland is an artificial wetland. In 2017, wetland vegetation ecological restoration and bird habitat restoration were undertaken for the two wetlands simultaneously, so that the water quality was purified and the biodiversity was improved. However, in this process of sponge city reconstruction, wetland vegetation restoration and bird habitat restoration, along with other ecological restoration projects such as water quality restoration, there are temporal and spatial differences in the effect of ecological restoration. Further impacts of the performance of different indicators may also be good or bad, making it difficult to carry out a scientific evaluation of the effect of wetland restoration.



MATERIALS AND METHODS


The Pressure-State-Response-Back Propagation Neural Network Assessment Model

Pressure-state-response-BP neural network evaluation model is a model established by the combination of PSR model (Zhang et al., 2010) and BP neural network assessment model (Han et al., 2021). According to the PSR model, we selected the pressure-state-response index, a total of 45 wetland evaluation indexes, and gave the index weight according to the AHP method and Delphi method, and established the general PSR wetland health evaluation model to evaluate the wetland health status. 45 indexes selected based on PSR model were used as the input layer of BP neural network model to output the weight of 45 indexes. Finally, 8 wetland evaluation indexes with large weight were selected to establish PSR-BP neural network wetland health evaluation model.



Methods


Normalization Treatment on Pressure-State-Response Indicators

We used the 2016-2019 field monitoring, experimental, and social survey data, as well as Qinghai Provincial Statistical Yearbook data as the basis, and converted them into the pressure, state, and response indicators (Supplementary Table 1). According to the above pressure state response index and index scoring standard, data were standardized in combination with the formula (1), so that the value was between 0 and 1.

[image: image]

Where m is the number of samples.



Analytic Hierarchy Process and Delphi Method

Specific evaluation methods: Based on the combination of AHP and Delphi, the judgment matrix of the relative importance of the criteria layer indicators was constructed (Table 1). After the consistency test formula passed (CR = 0.03319 < 0.1), the weight of the three-criteria-layer indicators of pressure index, state index, and response index was calculated as 0.258, 0.637, and 0.105, respectively.
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TABLE 1. Relative importance judgment matrix and ranking.
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Back Propagation Neural Network Methodology

The Huangshui wetland health assessment network model was formed by the Levenberg Marquardt algorithm. The network used the mean square error algorithm to compute the error, and the maximum allowable number of iterations was 1,000. (1) Input layer: the health evaluation indicators of the Huangshui National Wetland Park served as the input layer of the model, and there were 45 input nodes. (2) Output layer: the comprehensive health evaluation index of the Huangshui National Wetland Park was invoked as the output layer of the model, and there was one output node. (3) Hidden layer: as the calculation method of the node number of this layer has not yet displayed a definite regularity, the empirical formula was used. (4) In the formula, the number of hidden layer nodes is n; the number of input layer nodes is m; the number of output layer nodes a; l is a random integer from 1 to 10. The calculated number of hidden layer nodes varied from 7 to 16. When the mean square error (MSE) reached the minimum, the corresponding optimal number of nodes was [image: image](Mo et al., 2009). (2) The average value and standard deviation of the eight selected evaluation indexes are presented in the Supplementary Material.



Comprehensive Health Index

Combined with the results of wetland monitoring data from 2016 to 2019, the scoring criteria for the restoration effect of each evaluation index of wetland were probed, and Comprehensive Health Index (CHI) was used for wetland health evaluation. After the BP neural network model determined the index weight of the sub criterion layer, the expert scoring method was used to identify the pressure, state and response index weight of the criterion layer, and complete the weighting of all standardized index values. The CHI of each wetland park was obtained according to the calculation formula (4)

[image: image]

Where Wi is the comprehensive weight of each indicator, and Xi is the health index.

A three-layer BP neural network model was established based on the Neural Net Fitting toolbox in MATLAB, and a PSR-BP neural network-based wetland health assessment model was constructed (Figure 2).


[image: image]

FIGURE 2. PSR-BP neural-network-based wetland health assessment model.




Trade-Off Analysis and Driving Factors Analysis

The trade-off analysis of urban health assessment indicators mainly adopted the Pearson correlations correlation analysis method. This analysis is primarily used to assess the correlation degree between multiple index factors. SPSS27 was used to analyze the correlation of the weight of Huangshui humidity health assessment index of 45 plateau cities extracted from the BP neural network model.




Data Sources

The monitoring data were collected from March to October every year from 2016 to 2019, and the wetland restoration area was monitored and sampled for details (Supplementary Table 1). Remote sensing data were obtained from the Geospatial Data Cloud website. After interpretation of remote sensing images in 2021, the land-use map was obtained. It was split into cultivated land, forest land, grassland, wetland, residential land, unused land and other types of land, and a general map of the study area was drawn (Figure 1). Bird data were obtained from the Huangshui National Wetland Park Management Office and their the Shannon-Wiener index and the evenness were calculated (Jiang, 2001). Wetland Park Management Office. Based on PSR wetland health evaluation system, 45 evaluation indexes were passed through MATLAB software when the error value is 2.635 × 10–11, extracted the weight and threshold vector of the index. After Origin21, the average weight of 45 indicators is presented in the order from large to small, and the weights of pressure, state and response indicators were presented in a comparative bar graph; Based on PSR-BP neural network model, the comprehensive health score of Huangshui wetland were presented by superimposing columnar statistical chart with Origin21 software, and the scores of five wetlands were presented by broken line chart. The evaluation results of PSR model and PSR-BP model were presented by the standard variation curve function of Origin21 software.




RESULTS


Screening of Health Evaluation Indicators Based on the Back Propagation Neural Network Model

Based on the trained PSR-BP neural network model, the weight and threshold vector when the error value is 2.635 × 10–11 was extracted using MATLAB, and the weight mean values were presented in descending order using Origin21 (Figure 3). We observed that among the 45 Huangshui national wetland health evaluation indicators, the average weight of 21 indicators was positive, indicating that there were 21 evaluation indicators suitable for evaluating the health status of plateau urban wetlands. According to the average weight of the Huangshui national wetland health evaluation indicators from 2016 to 2019, the top eight indicators were identified as increasing humidity > wetland management level > eutrophication > absorption of carbon dioxide > leisure and entertainment > population density > investment in ecological construction and protection > air purification. (1) Pressure indicators: compared with natural pressure, anthropogenic pressure (population density, W = 0.083) had a more marked effect on the plateau wetland ecosystem. (2) Wetland state indicators: increasing humidity services (W = 0.110) played a positive role in promoting the healthy and sustainable development of the plateau urban wetland ecosystem, and this indicator acts jointly with carbon dioxide absorption (W = 0.093), purifying the air (W = 0.065), regulating services and entertainment (W = 0.088) to promote the healthy development of wetlands for cities with arid climates on the plateau. The improvement of water eutrophication (W = 0.093) greatly affected the evaluation index of the wetland. (3) Response indicators: obviously, the management level of wetlands (average weight = 0.107), ecological construction and protection investment (W = 0.071), and other response indicators are positively correlated with the health of wetland ecosystems. Therefore, to improve the management level of wetland factors, it is necessary to increase investment in wetland ecological construction and protection to improve the wetland ecosystem, and to promote sustainable development.


[image: image]

FIGURE 3. Weights of National Wetland Assessment Indicators in Plateau Cities. For the meaning of EI, please refer to the table notes.




Health Evaluation Results Using the Pressure-State-Response-Back Propagation Neural Network Method

From the health evaluation results using the PSR-BP artificial network, it can be seen that (1) the health index of the Huangshui National Wetland Park has been increasing year by year, and the comprehensive scores were 0.746 (2016), 0.790 (2017), 0.884 (2018), and 0.877 (2019); (2) the spatial variation of PSR-BP neural network health comprehensive score was Beichuan Wetland > Haihu Wetland > Huoshaogou > Huangshui River > Ninghu Wetland (Figure 4); (3) among the three PSR types of indicators, the state indicators had the best recovery, while the comprehensive score of the response indicators increased year by year, showing a gradually increasing impact on the restoration of the Huangshui (Figure 5); (4) The top indicators with a major contribution to the restoration were leisure and entertainment service value (2016), carbon dioxide absorption service (2017), eutrophication (2018), and wetland management level (2019).


[image: image]

FIGURE 4. Spatial distribution of the comprehensive health score of the Huangshui wetland based on the PSR-BP neural network. Hh (Haihu Wetland); Hsg (Huoshaogou Wetland); Bc (Beichuan Wetland); Nh (Ninghu Wetland); Hsh (Huangshuihe Wetland). Yellow represents 2016; pink represents 2017; green represents 2018; blue represents 2019.
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FIGURE 5. The comprehensive score of Huangshui wetland health based on the PSR-BP neural network. Yellow represents 2016; pink represents 2017; green represents 2018; blue represents 2019. P (Pressure); S (State); R (Response).




Comparison Between Pressure-State-Response Based and Pressure-State-Response-Back Propagation-Based Evaluation Results

Compared with the general PSR evaluation results, the PSR-BP neural network evaluation results were found to be parallel. For comparing the scores of the three comprehensive indicators (Figure 6), based on the results of the general PSR health evaluation, the weight of the stress, state, and response indicators was 0.258, 0.637, and 0.105, respectively. The status indicators were the most important ones for the health restoration of the Huangshui wetlands (Figure 6). The comparison of comprehensive health scores was consistent with the evaluation outcome of the previous result documenting an increase year by year (Figure 7). For the comparison of restoration contribution indicators, in the general PSR evaluation results, the indicators that contributed the most to the restoration were leisure and entertainment service value (2016), cumulative soil erosion area, land-use intensity (2017), eutrophication (2018), and plant height (2019). In 2016 and 2018, the indicators with the largest contribution to the annual recovery were consistent.


[image: image]

FIGURE 6. Comprehensive score of health evaluation index of urban wetland. The black trend line A represents the health score of the Huangshui wetland obtained from the PRS-BP neural network model. The red trend line B represents the health score of the Huangshui wetland obtained from the ordinary PRS model. P (Pressure); S (State); R (Response).
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FIGURE 7. Interannual variations of health score of wetlands in Huangshui. A represents the health score of the Huangshui wetland obtained from the PRS-BP neural network model. B represents the health score of the Huangshui wetland obtained from the ordinary PRS model. Hh (Haihu Wetland); Hsg (Huoshaogou Wetland); Bc (Beichuan Wetland); Nh (Ninghu Wetland); Hsh (Huangshuihe Wetland).





DISCUSSION


Advantages of Pressure-State-Response-Back Propagation Neural Network in Wetland Evaluation

The advantages of this research method lie in (1) giving the index weight: the PSR-BP neural network wetland health evaluation model adopted the combination of AHP method and BP artificial neural network to give the index weight. Compared with the single PSR model, the index weight reduced subjectivity and was more objective and accurate. (2) screening of indicators: This model was fitted with the indicator data for four consecutive years, so that the selected evaluation indicators were more in line with the recovery characteristics of the study area. (Figures 8, 9) show that the trend of A curve is more in line with the wetland health status, and the evaluation indicators are more targeted and representative; The representative indicators suitable for evaluating the health of plateau urban wetland ecosystem were found: population density, eutrophication level, increasing humidity, carbon dioxide absorption, air purifying, recreation, wetland management level and investment in ecological construction and protection.
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FIGURE 8. Annual changes of eutrophication in Huangshui wetland. TP (Total Phosphorus), The unit of concentration is mg/L; Hh (Haihu Wetland); Hsg (Huoshaogou Wetland); Bc (Beichuan Wetland); Nh (Ninghu Wetland); Hsh (Huangshuihe Wetland).
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FIGURE 9. The red trend line indicates the health evaluation results of the ordinary PSR model. The black trend line represents the health evaluation results of the PSR-BP neural network model.




New Insights Into the Wetland Management Based on Spatial Distribution of Pressure-State-Response-Back Propagation Neural-Network-Based CHI and Trade-Off Between Indicators

The ecological environment of the wetlands in Huangshui National Wetland Park is divers, and the objectives and effects of restoration projects are different. The bird habitats and the four wetlands vegetation were restored, and the number and diversity of wild birds in the wetland were significantly improved. Among them (Figure 10), Beichuan, with the largest water area, had the highest Shannon-Wiener index (H = 2.91). Through the construction of constructed wetland, vegetation ecological restoration combined different vegetation reasonably (merged plants, floating plants, and floating left plants). The average richness and coverage of wetland plants increased dramatically. The average coverage of the four wetlands was up to 81% (Mao et al., 2018), and the vegetation biomass of Ninghu wetland increased significantly; The restoration projects from 2016 to 2017 mainly focused on the water purification project of Haihu wetland, and carried out external pollution control, constructed wetland construction and wetland desilting. The total phosphorus pollution of water quality was decreased, the phenomenon of eutrophication was considerably improved (Figure 8), and the improvement rate of wetland score was arrived at 22.10% (Figure 4).
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FIGURE 10. (a): “H” is the Shannon Wiener index of birds in 2019. “J” is the Pielou uniformity index of birds in 2019. “a”: Haihu wetland. “b”: Beichuan wetland. “c”: Ninghu wetland. “A”: Increase rate of wild bird species in 2018-2019. “B”: Increase rate of waterfowl in 2018-2019. “C”: Increase rate of waterfowl in 2018-2019.


Analyze the spatial differences of PSR-BP neural network based on artificial neural network, and draw new the implications for more accurate management, and conservation of alpine urban wetlands:

(1). There are significant differences in the spatial distribution of wetlands. The selection of evaluation indicators should consider the characteristics of wetland ecological environment, regional development status, risks and pressures faced, so as to improve the accuracy of the health evaluation results.

(2). The bird habitat restoration project is appropriate for wetlands with large water area and sufficient living space to ensure the safe distance of birds. At the same time, in order to prevent habitat destruction, it is necessary to reduce the Land use intensity (P < 0.01) and limit the water consumption for irrigated agriculture (P < 0.05, Figure 11) in the wetland, so as to improve the survival rate of birds.
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FIGURE 11. Correlation analysis of the evaluation indicators for the plateau urban national wetland in Huangshui. Population density e1; green coverage rate of the built-up area e3; cumulative area under soil erosion control e4; number of tourists e5; sewage treatment e6; land use intensity e7; sewage discharge e8; ecological environment hydration e10; low temperature e12; wildlife survival rates e15; dissolved oxygen e21; total nitrogen e27; absorb carbon dioxide e30; oxygen release e31; disposition of surrounding population e42.


(3). While considering the specific water pollution indicators, the water purification measures should strengthen the external pollution control (domestic sewage, urban road surface rainwater and industrial sewage) to control the source and intercept the sewage, so as to ensure the improvement and play of the ecological purification function of the wetland.

(4). Considering the characteristics of wetland environmental pollution, the vegetation reorganization of constructed wetland fully combines the purification function of wetland on the botanical characteristics of plants. Targeted plant reorganization can purify the main pollutants, improve the green space coverage and improve the carbon dioxide fixation of wetland (r = 0.746, P < 0.01).



Uncertainty or Deficiency of the Model

Effective evaluation results require accurate analysis and evaluation of the sources uncertainty (Hines et al., 2018). Here we calculated the average values of three secondary level indicators (Pressure, State, and Response) and their standard deviation (± SD) to evaluate the potential uncertainty of the assessment affected by time and space (Figure 12).
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FIGURE 12. Uncertainty analyses of assessment of four wetlands. “a”: Haihu wetland. “b”:Huoshaogou wetland. “c”: Beichuan wetland. “d”: Ninghu wetland. “e”: Huangshuihe wetland. “S”: Average score of state indexes. “R”: Average score of response indexes. “Cs”: Average score of comprehensive health score.


Time and space lead to the uncertainty of indicators, resulting in the difference of model evaluation results. Because the average uncertainty of spatial distribution index is so 0.5, which is about 4.26% of the average comprehensive score of the study area, the average uncertainty of status index (4.48%) > the average uncertainty of response index (2.51%); Under the influence of time change, the average uncertainty is nd play of thnting for about 6% of the average comprehensive score of the wetland in the study area. The average uncertainty of state index and response index is 6.94 and 2.83% respectively; the error caused by artificial selection of neural network nodes increases the uncertainty of index weight.

Taking Beichuan as an example, its CRS ranges from 75.64 to 91.11, which is owned by a fairly good level. The pressure of traffic and population around the spatial distribution increases gradually, and the average uncertainty is 7.73%. The climate change over time has an effect on the wetland evaluation results. Owing to the uncertainty, the uncertainty of different evaluation indicators of wetlands with different temporal and spatial distribution is different. In general, the uncertainty of state indicators is the largest.




CONCLUSION

Given China’s fast urbanization and eco-desires under the latest discourse on ecological civilization, the exploration focus of researchers is to find suitable ecological evaluation methods for urban wetlands (Wang, 2020). By combining PSR and BP artificial neural network models, a health evaluation model of plateau urban wetlands was built by using AHP and other methods, and a health evaluation model of plateau urban wetlands including 3 comprehensive indices and 45 evaluation indicators was constructed. The fitting results were of high quality, revealing the weight of the evaluation indicators of plateau urban wetlands and their synergy and trade-off relationship, and finding the evaluation factors that can truly evaluate the health of plateau urban wetlands. We used model to evaluate comprehensive health of wetlands from 2016 to 2019.

(1). The proposed method selects seven effective evaluation indexes, including the pressure index in PSR model: population density. Status indicators include humidity, eutrophication, carbon dioxide absorption and entertainment. Response indicators include wetland management level, ecological construction and protection investment.

(2). The evaluation results show that from 2016 to 2019, after taking wetland ecological restoration measures, the interannual comprehensive average score increased from 0.746 (2016) to 0.877 (2019). The overall health index of urban wetlands in the plateau has increased, indicating that ecological restoration has played an active role.

(3). Compared with the single PSR method, the PRS-BP model selects 8 indicators suitable for evaluating the health of plateau wetlands. Therefore, this model only evaluates 8 evaluation indicators, which is simple and operable. The time span of BP neural network model fitting index data is large. According to the output weight of the model, interference of highly variable indexes is eliminated, and the evaluation result is more accurate and reasonable. “
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