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Abstract

:

In order to evaluate ecological technology scientifically, we constructed a modular “three-stage evaluation method” based on qualitative evaluation, semiquantitative evaluation and quantitative evaluation, and established the theoretical models of the four kinds of ecotechnology, such as soil and water conservation technology, desertification governance technology, rocky desertification governance technology and ecological restoration technology. We gave the quantification criteria of the first-level and second-level index commonly shared by four kinds of ecotechnology and defined the quantification criteria of the third-level index of reflecting the heterogeneity of soil and water conservation technology. An ecotechnology evaluation model combining Analytic Hierarchy Process and Logistic regression was established based on soil and water conservation technology. The rationality of the evaluation method and model were verified by field investigation data of soil and water conservation technology in Gaoxigou. The evaluation method and model could provide scientific basis for the effective introduction and popularization of ecotechnology.
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1. Introduction


For thousands of years, human activities have taken a tremendous impact on Earth’s natural capital [1]. Soil and water erosion, desertification, rocky desertification and other anthropogenic-induced changes or damage cause ecosystem degradation and unsustainable development, which seriously affects human health and survival [2]. At present, 65% of the world’s land area is affected by different degrees of land degradation. About 12% of the land area (115 million hm2) is threatened by water erosion and about 4% (42 million hm2) by wind erosion in Europe. About 95 million hm2 of land is menaced by land degradation dominated by soil erosion In North America. Since 1950, 500 million hm2 of Africa’s land has suffered from land degradation, including 65% of the region’s arable land. China is one of the countries with the most serious soil erosion in the world, and the types of soil erosion are complex and diverse. According to the results of the second national remote sensing survey, the area of soil erosion in China is 3.56 million km2, accounting for 37% of the total land area. Among them, the area of hydraulic erosion is 1.65 million km2, the area of wind erosion is 1.19 million km2, and the area of water erosion and wind erosion crisscross-section is 260,000 km2. From 1957 to 1990, the area of cultivated land reduced by land degradation in China was equivalent to the total area of cultivated land in Denmark, France, Germany and The Netherlands [3].



In order to improve this situation, many ecological governance projects have been launched around the world, a large number of ecological technologies have been developed, and rich experience in ecological management and restoration has been accumulated. Ecological restoration technology is widely believed to play a key role in increasing the provision of ecosystem services, reversing biodiversity losses and restoring degraded ecosystems [4,5]. Soil conservation in the United States dates back to the end of the nineteenth century. The main measures adopted for soil and water conservation are: soil and water conservation tillage method, combination of tillage measures, biological measures and engineering measures, combination of integrated governance and ecological balance, and combination of soil and water conservation benefits and the interests of land owners [6,7,8,9]. European countries have done a lot of research on damaged ecosystems, and have gained successful experience in the restoration and reconstruction of forest [10], river [11,12], lake [13], wetland [14,15], wasteland [16] and other ecosystem types [17]. China has made great achievements in rocky desertification governance [18], desertification governance [19] and soil and water conservation [20,21] in recent decades.



In recent years, many new ecotechnologies have emerged. Landscape ecology and industrial ecology applied to look at alternative ways of planning industrial parks have been produced many ecotechnologies [22]. Ecotechnology research in road construction is beneficial to protect the biodiversity, biological habitats, and species [23]. Two new ecotechnology variants were created to improve the degraded grasslands, and required lower fuel and labor consumption [24]. A novel hardy submerged plant-benthic fauna system was developed, and the new ecotechnology enhanced the nutrient removal performance of surface flow constructed wetlands [25]. Malesza et al. [26] focused on the ecotechnology of the high energy saving timber building to protect environment in civil engineering. Based on the perspective of source planning and management, Chen et al. [27] studied the ecotechnology model and path of the seaport reclamation construction to promote the effective protection and sustainable development of marine resources. Considering the intertwined linkages between ecotechnology and sustainable supply chains from a commerce and industry, Bergendahl et al. [28] proposed an integrative multilevel construction scheme of ecotechnology. Liu [29] clarified the application of ecotechnology in the traditional local-style dwelling houses building from the perspective of architecture. Kianpour et al. [30] proposed an ecotechnology of reverse supply chain management to collect the end of life products for reuse, recycle and refurbishment.



Each kind of ecotechnology and its combination has its applicable scope. Before introducing or drawing lessons from other advanced ecological technologies, the attributes of ecotechnology itself and its possible implementation effect should be evaluated. Therefore, it is necessary to construct an evaluation model of ecotechnology. Evaluating the ecotechnology and its combination can screen the technology before the implementation of an ecological management project, predict and judge its suitability before learning foreign advanced management experience, and provide support and basis for exporting our successful experience to the outside world.



There are a lack of reasonable scientific methods and models for a comprehensive evaluation of ecotechnology research [2,31]. Most of the studies evaluated the implementation effect of ecological engineering or ecotechnology, and even lacked a systematic evaluation system for some ecological engineering. The European Union (EU) had established a multi-objective decision-making analysis model for desertification governance engineering, evaluated the effectiveness of governance measures in 12 countries, and developed a dynamic tracking system [32]. The United States assessed the implementation effect of major ecological projects and their later management by the web distributed agricultural research database of earth watershed [33]. Mou et al. [34,35] studied the changes of ecosystem structure in Qinghai–Tibet Plateau ecological barrier area between 2000 and 2010. The results showed that a series of ecological protection projects, such as returning farmland (pasture) to forestry (grass), ecological public welfare forest construction, soil and water conservation, wind prevention and sand fixation had played a positive role in the restoration of grassland ecosystem, but no evaluation methods and models founded. Liu et al. [36] used various models and statistical methods to evaluate the ecological effects of a series of ecological projects (e.g., returning farmland to forests [grass], comprehensive management of small watershed in the Loess Plateau, etc.). Shao et al. [37,38] established target-based assessment on effects of first-stage ecological conservation and restoration project in Three-Rivers source region in China. Wang [39] pointed out that the existing desertification governance technology pays more attention to ecological benefits than economic and social benefits, and lacks a systematic comprehensive evaluation model for desertification governance technology. A Driving-Pressure-Status-Impact-Response (DPSIR) model was established to comprehensively evaluate the ecological protection benefits of grassland nature reserves based on the data obtained from grassland ecosystem in China [40]. The research foundation of rocky desertification governance was still weak, and the implementation effect lacked systematic evaluation method [41,42].



Thus it can be seen that the existing evaluation method or model in different areas of ecotechnology research only aims at the implementation effect of ecological engineering or ecotechnology, and could not evaluate the self-attributes of ecotechnology and the coupling relationship between technology itself and implementation effect. There are still a lack of methods and models for evaluating the effectiveness of implementation in some areas. Therefore, at present, most of the evaluation models for the implementation effect are one-sided in the selection and recommendation of ecotechnology.



Starting from the self-attributes of ecotechnology and the coupling relationship between technology itself and implementation effect, considering the economic and social factors in the implementation area of ecotechnology, the paper establishes the scoring criteria of the index system, puts forward the evaluation methods and models of ecotechnology, and constructs the evaluation methods and models of soil and water conservation technology according to the field investigation data of soil and water conservation technology in the Loess Plateau. The method and model are verified on the spot at the end of the paper.




2. Evaluation Method and Model Design of Ecotechnology


Based on the self-attributes of ecotechnology, the implementation conditions, the relationship between technology and the implementation effect, combined expert experience with measured data, this paper adopts modular evaluation method to evaluate ecotechnology.



2.1. Index System and Quantitative Criteria


Ecotechnology can be roughly divided into four categories [2]: soil and water conservation technology, desertification governance technology, rocky desertification governance technology and ecological restoration technology. The evaluation of four types of ecotechnology has both generality and particularity. On the basis of comprehensive analysis of four kinds of ecological technologies, following the principles of scientificity, systematicness, hierarchy, independence and feasibility; through consulting literature and expert argumentation, a three-level index system (Table 1, Table 2 and Table 3) is established to evaluate them. The first-level and second-level index are the common indicators and serve for the establishment of public evaluation modules. All types of ecotechnology evaluation use the same first-level and second-level index. The third-level index is heterogeneous indicator according to ecotechnology. Different technologies could select appropriate third-level index to evaluate. The three-level index system embodies the unity of commonness and particularity of different types of ecotechnology, which could not only reflect the difference of technology, but also be used to establish a public evaluation platform. The third-level index of the four kinds of ecotechnology is not the same. The paper gives the third-level index of soil and water conservation technology and establishes the evaluation method and model on soil and water conservation technology according to it. The evaluation methods and models of the other three technologies are similar.



Table 1 and Table 2 give detailed descriptions and quantification criteria of the overall goal, a first-level index and second-level index of ecotechnology evaluation. Table 3 gives the third-level index and quantification criteria of soil and water conservation technology. The overall goal, a first-level index and second-level index (Table 1 and Table 2), is common to the four kinds of ecotechnology. The third-level index (Table 3), set up for soil and water conservation technology, could be different from the other three ecological technologies. The overall goal (y) is the evaluation score of the ecotechnology, which is between 0 and 5. The higher the score, the better the technology. xi (i is the serial number, i = 1, 2, 3, 4, 5) represents the first-level index used to evaluate an ecotechnology, 5 indicators included. xij (j is the serial number of the second-level index under the ith first-level index) and xijk (k is the serial number of the third-level index under the jth second-level index of the ith first-level index) indicate the second-level and third-level index, including 14 and 29 indicators respectively.




2.2. Evaluation Methods and Models


According to the index system established above, the three-stage evaluation method [43] is used to assess soil and water conservation technology. The first stage is qualitative evaluation. According to the first-level index, we can make a quick assessment on a soil and water conservation technology. Qualitative evaluation is applicable to the situation that we only have a macroscopic understanding on ecotechnology. The second stage is semiquantitative evaluation. According to the second-level index, we can get the score of the first-level index, and then could evaluate the overall goal. Semiquantitative evaluation is suitable for the situation that we have more knowledge on ecotechnology. The third stage is quantitative evaluation. We can use the third-level index to calculate the score of the second-level index, the first-level index and the overall goal. Quantitative evaluation can be used to assess the ecotechnology that we know in detail.



The core elements of the evaluation model are indicators and weights. The process of establishing evaluation model is the process of constructing index system and weight. After the establishment of the index system, there are several ways to determine weights in general:

	
Expert Scoring Method [44,45,46,47]. The disadvantage of this method is that the weight value is easy to be influenced by the subjectivity, but this method is simple and direct. The effect of subjectivity on weight can be reduced by increasing the number of experts.



	
Entropy Weight Method [48,49]. If the value of the index changes little or changes drastically, the method cannot effectively determine the weight of the index.



	
Fuzzy Mathematics Method [50,51,52]. The difficulty of this method is the construction of fuzzy membership function.



	
Machine Learning Methods, such as a neural network [53,54]. The accuracy of the evaluation results from these methods is high, and the weakness is that the evaluation results are difficult to explain.



	
Statistical Learning Method, such as logistic regression [55]. The advantage of statistical learning method is that it is not easy to be influenced by the subjectivity, but it is easy to delete the index whose variance is small, resulting in the omission of important variables. At the same time, the weights obtained by regression analysis are easily affected by samples, and the weights derived from different samples may vary. We can increase the sample size to compensate for this shortcoming.








Among the four kinds of ecotechnology evaluation problems, the first-level and second-level index, which play a controlling role are the same, and the third-level indicators are different. Therefore, as an issue of ecotechnology evaluation, the weights of the first and second level indicators should remain unchanged. The weights of the third level indicators can be changed because of the different selection of indicators. In this paper, the evaluation of the overall goal and the first-level index uses the analytic hierarchy process method, and the evaluation of the second-level index uses the logistic regression analysis method. In this way, the evaluation model not only overcomes the shortcomings of too strong subjectivity of Analytic Hierarchy Process, but also ensures that the first-level and second-level indicators shared by different types of ecotechnology will not be omitted, and the weights are consistent.



2.2.1. Analytic Hierarchy Process


Analytic hierarchy process (AHP) is a practical multiproject or multi-objective decision-making method proposed by Professor Thomas L. Saaty in the 1970s. This method can solve the problem of linear weighted evaluation with insufficient objective information and subjective decision-making [56]. Expert scoring method, entropy weight method and fuzzy mathematics method can be used to determine the index weight in the AHP. In this study, the expert scoring method is used to determine the weight. The influence of subjectivity on the weight is reduced by increasing the number of experts.




2.2.2. Logistic Regression


Logistic regression model [55] is in the form of:


logp1−p=β0+β1x1+β2x2+⋯+βmxm+ε



(1)




where p is the probability of being evaluated as the highest score (5 points) for ecotechnology, x1,x2,⋯,xm are evaluating indicators, β0,β1,⋯,βm are regression coefficient. The probability value is between 0 and 1, which can be converted into a score value (probability value multiplied by 5). Model (1) can be rewritten as follows:


p=eβ0+β1x1+β2x2+⋯+βmxm+ε1+eβ0+β1x1+β2x2+⋯+βmxm+ε



(2)







Model (2) can be regarded as a non-linear regression of evaluation score on m indicators, and 0≤p≤1.




2.2.3. The Structure of the Evaluation Model


According to the established evaluation index system (Table 1, Table 2 and Table 3), a three-stage evaluation method is used to evaluate the soil and water conservation technology and the evaluation process is shown in Figure 1.



Under the framework of the “three-stage evaluation method”, according to the idea of “using AHP in the evaluation of overall goal and first-level index, using logistic regression in the evaluation of second-level index”, the ecotechnology evaluation model is composed of the following models:



1. The First Stage: Qualitative Evaluation



In this stage, the ecotechnology is evaluated directly according to the value of the first-level index. The model is as follows:


y=∑i=15βixi



(3)




where y is the score of ecotechnology to be evaluated (target index, 0 ≤ y ≤ 5); x1~x5 are the first-level index of technological maturity, technological application difficulty, technological suitability, technological benefit, technological popularization potential, respectively; β1~β5 are the weight obtained by AHP.



2. The Second Stage: Semiquantitative Evaluation



In this stage, the ecotechnology is evaluated according to the value of the second-level index. The model is as follows:


y=∑i=15(βi∑j=1niβijxij)



(4)




where i and j are the serial numbers of the first-level and second-level index, respectively, i=1,2,⋯,5, j=1,2,⋯,ni, ni represents the number of second-level indicators under the ith first-level index. For example, there are three second-level indicators under the first first-level index “technological maturity”, then n1=3. xij is the jth second-level indicator under the ith first-level index. βi, βij are the weight calculated by AHP.



The value of the first-level index can be calculated by the second-level index. The model is:


xi=∑j=1niβijxij



(5)




where xi is the first first-level index. We can get five evaluation models of first-level indicators according to the model (5).



3. The Third Stage: Quantitative Evaluation



In this stage, the ecotechnology is evaluated according to the value of the third-level index. The model is as follows:


y=∑i=15{βi∑j=1ni[5βij×exp{∑k=1nij(βij0+βijkxijk)}1+exp{∑k=1nij(βij0+βijkxijk)}]}



(6)




where k is the serial numbers of the third-level index, k=1,2,⋯,nij, nij represents the number of third-level indicators under the jth second-level index of the ith first-level index. For example, there are two third-level indicators under the second second-level index of the fourth first-level index, then n42=2. xijk is the kth third-level indicator under the jth second-level index of the ith first-level index, βijk is regression coefficient.



The value of the first-level index can be calculated by the third-level index. The model is:


xi=∑j=1ni[5βij×exp{∑k=1nij(βij0+βijkxijk)}1+exp{∑k=1nij(βij0+βijkxijk)}]



(7)







We can get 5 evaluation models of first-level indicators according to the model (7).



The value of the second-level index can be calculated by the third-level index. The model is:


xij=5×exp{∑k=1nij(βij0+βijkxijk)}1+exp{∑k=1nij(βij0+βijkxijk)}



(8)







We can get 14 evaluation models of second-level indicators according to the model (8).



According to the established evaluation index system, the three-stage evaluation method is adopted to assess the ecotechnology. The evaluation of the three stages is proceed in an orderly way and step by step, from rough assessment to in-depth evaluation, from qualitative assessment to quantitative evaluation.



Qualitative evaluation uses the first-level index to assess the ecotechnology. The weight of the first-level indicator is determined by AHP and is applicable to all types of ecotechnology. The first-level index and its weight are same so as to facilitate comparison between different types of technologies. This stage is suitable for only macroscopic understanding on ecotechnology. After scoring the first-level indicators, professional technicians can make overall evaluation quickly.



Semiquantitative evaluation assesses ecotechnology according to the second-level index. Similar to the first-level indicator, the weight of the second-level index is determined by AHP and is applicable to all types of ecotechnology. Second-level indicators are more detailed than first-level indicators, which include both comprehensive indicators and objective indicators. The value of comprehensive indicator is scored by professional technicians according to the quantification criteria given in the paper, and objective indicator is obtained through investigation or calculation. This stage is suitable for when we have more knowledge on ecotechnology.



Quantitative evaluation uses the third-level index to assess the ecotechnology. The regression coefficient of the third-level indicator is determined by the logistic model. The third-level index is objective indicator, the value of which is obtained through investigation or calculation, so as to avoid the subjectivity caused by comprehensive indicator. This stage is suitable for when we know the ecotechnology in detail.






3. Ecotechnology Evaluation Model


3.1. Ecotechnology Evaluation Model Based on First-Level and Second-Level Index: AHP


We distributed 120 questionnaires to the expert of the four fields: soil and water conservation technology, desertification governance technology, rocky desertification governance technology and ecological restoration technology, in March 2018, in order to get the weight of the first-level and second-level index. 112 valid questionnaires were collected and 83 questionnaires were passed through consistency test.



After calculation, the evaluation model of overall goal is as follows:


y=0.2241x1+0.1499x2+0.2983x3+0.2292x4+0.0985x5



(9)







Therefore, the most important indicator in the first-level index to ecotechnology is technological suitability, followed by technological benefit, technological maturity, technological application difficulty and technological popularization potential.



The five evaluation models of the first-level indicators are:


x1=0.3665x11+0.3944x12+0.2391x13



(10)






x2=0.4818x21+0.5182x22



(11)






x3=0.2821x31+0.3649x32+0.1847x33+0.1683x34



(12)






x4=0.4232x41+0.3591x42+0.2177x43



(13)






x5=0.6578x51+0.3422x52



(14)







The models show that the second-level indicators affecting “technological maturity” are in a descending order as: “technological stability”, “technological integrity” and “technological progressiveness”. “Technological application cost” is more important than “skill level” in the impact of “technological application difficulty”. The four second-level indicators affecting “technological suitability” are in a descending order as: “site suitability”, “target suitability”, “economic development suitability”, “policy and law suitability”. “Ecological benefit”, “economic benefit” and “social benefit” have significant effect on “technological benefit” in descending order. “Correlation between technology and future development” has a great effect on “technological popularization potential” than “technology substitutability”.



The AHP evaluation model of overall goal according to the second-level index is:


y=0.0821x11+0.0884x12+0.0536x13+0.0722x21+0.0777x22+0.0842x31+0.1088x32+0.0551x33+0.0502x34+0.0970x41+0.0823x42+0.0499x43+0.0648x51+0.0337x52



(15)







Therefore, the influence of the second-level indicators on the ecotechnology are in a descending order as: “site suitability”, “Ecological benefit”, “technological stability”, “target suitability”, “economic benefit”, “technological integrity”, “technological application cost”, “skill level”, “correlation between technology and future development”, “economic development suitability”, “technological progressiveness”, “policy and law suitability”, “social benefit”, “technology substitutability”.




3.2. Soil and Water Conservation Technology Evaluation Model Based on the Third-Level Index: Logistic Regression


The paper established the evaluation model on soil and water conservation technology according to the third-level index. The evaluation models of the other three technologies were similar.



In July to August 2018, we carried out soil and water conservation techniques survey in Changwu County [57], Ansai County [58], Mizhi County [59] and Hengshan County [60]—typical soil erosion areas in the Loess Plateau [61,62]. In these four counties, 87 small watersheds were selected to investigate and obtain technical data of soil and water conservation.



According to the 87 sets of sample data obtained from the survey, we established the logistic regression model of the second-level index on the third-level indicators. The data of Gaoxigou watershed in Mizhi County are used to verify the model and do not participate in the establishment of the model. In the other 86 samples, 60 samples were selected by random sampling to form training set and 26 data to form a test set.



Since the value of the dependent variable is between 0 and 1 in the model (2), the score of the second-level index should be divided by 5, before the establishment of the regression model, so that the score of the second-level indicators can be standardized to the range of 0 and 1. According to the model (8), we got 14 evaluation models of the second-level index by SPSS21. Table 4 lists the regression coefficient and the R2 of training set and test set.



The 14 evaluation models of the second-level indicators are:


x11=5×exp{−2.52+0.529x111+0.453x112}1+exp{−2.52+0.529x111+0.453x112}



(16)






x12=5×exp{−2.852+0.567x121+0.529x122}1+exp{−2.852+0.567x121+0.529x122}



(17)






x13=5×exp{−2.2+0.475x131+0.405x132}1+exp{−2.2+0.475x131+0.405x132}



(18)






x21=5×exp{−3.978+0.707x211+0.725x212}1+exp{−3.978+0.707x211+0.725x212}



(19)






x22=5×exp{−5.807+0.871x221+0.763x222}1+exp{−5.807+0.871x221+0.763x222}



(20)






x31=5×exp{−2.828+0.39x311+0.382x312+0.311x313}1+exp{−2.828+0.39x311+0.382x312+0.311x313}



(21)






x32=5×exp{−8.174+1.147x321+1.173x322}1+exp{−8.174+1.147x321+1.173x322}



(22)






x33=5×exp{−2.368+0.516x331+0.427x332}1+exp{−2.368+0.516x331+0.427x332}



(23)






x34=5×exp{−2.599+0.523x341+0.475x342}1+exp{−2.599+0.523x341+0.475x342}



(24)






x41=5×exp{−7.384+1.1x411+1.052x412}1+exp{−7.384+1.1x411+1.052x412}



(25)






x42=5×exp{−2.413+0.503x421+0.452x422}1+exp{−2.413+0.503x421+0.452x422}



(26)






x43=5×exp{−2.242+0.452x431+0.462x432}1+exp{−2.242+0.452x431+0.462x432}



(27)






x51=5×exp{−3.566+0.673x511+0.586x512}1+exp{−3.566+0.673x511+0.586x512}



(28)






x52=5×exp{−2.489+0.613x521+0.37x522}1+exp{−2.489+0.613x521+0.37x522}



(29)







The five evaluation models of the first-level indicators according to the model (7) are:


x1=1.8325×exp{−2.52+0.529x111+0.453x112}1+exp{−2.52+0.529x111+0.453x112}+1.972×exp{−2.852+0.567x121+0.529x122}1+exp{−2.852+0.567x121+0.529x122}+1.1955×exp{−2.2+0.475x131+0.405x132}1+exp{−2.2+0.475x131+0.405x132}



(30)






x2=2.409×exp{−3.978+0.707x211+0.725x212}1+exp{−3.978+0.707x211+0.725x212}+2.591×exp{−5.807+0.871x221+0.763x222}1+exp{−5.807+0.871x221+0.763x222}



(31)






x3=1.4105×exp{−2.828+0.39x311+0.382x312+0.311x313}1+exp{−2.828+0.39x311+0.382x312+0.311x313}+1.8245×exp{−8.174+1.147x321+1.173x322}1+exp{−8.174+1.147x321+1.173x322}+0.9235×exp{−2.368+0.516x331+0.427x332}1+exp{−2.368+0.516x331+0.427x332}+0.8415×exp{−2.599+0.523x341+0.475x342}1+exp{−2.599+0.523x341+0.475x342}



(32)






x4=2.116×exp{−7.384+1.1x411+1.052x412}1+exp{−7.384+1.1x411+1.052x412}+1.7955×exp{−2.413+0.503x421+0.452x422}1+exp{−2.413+0.503x421+0.452x422}+1.0885×exp{−2.242+0.452x431+0.462x432}1+exp{−2.242+0.452x431+0.462x432}



(33)






x5=3.289×exp{−3.566+0.673x511+0.586x512}1+exp{−3.566+0.673x511+0.586x512}+1.711×exp{−2.489+0.613x521+0.37x522}1+exp{−2.489+0.613x521+0.37x522}



(34)







The evaluation model of overall goal according to the third-level indicators is:


y=0.4105×exp{−2.52+0.529x111+0.453x112}1+exp{−2.52+0.529x111+0.453x112}+0.442×exp{−2.852+0.567x121+0.529x122}1+exp{−2.852+0.567x121+0.529x122}+0.268×exp{−2.2+0.475x131+0.405x132}1+exp{−2.2+0.475x131+0.405x132}+0.361×exp{−3.978+0.707x211+0.725x212}1+exp{−3.978+0.707x211+0.725x212}+0.3885×exp{−5.807+0.871x221+0.763x222}1+exp{−5.807+0.871x221+0.763x222}+0.421×exp{−2.828+0.39x311+0.382x312+0.311x313}1+exp{−2.828+0.39x311+0.382x312+0.311x313}+0.544×exp{−8.174+1.147x321+1.173x322}1+exp{−8.174+1.147x321+1.173x322}+0.2755×exp{−2.368+0.516x331+0.427x332}1+exp{−2.368+0.516x331+0.427x332}+0.251×exp{−2.599+0.523x341+0.475x342}1+exp{−2.599+0.523x341+0.475x342}+0.485×exp{−7.384+1.1x411+1.052x412}1+exp{−7.384+1.1x411+1.052x412}+0.4115×exp{−2.413+0.503x421+0.452x422}1+exp{−2.413+0.503x421+0.452x422}+0.2495×exp{−2.242+0.452x431+0.462x432}1+exp{−2.242+0.452x431+0.462x432}+0.324×exp{−3.566+0.673x511+0.586x512}1+exp{−3.566+0.673x511+0.586x512}+0.1685×exp{−2.489+0.613x521+0.37x522}1+exp{−2.489+0.613x521+0.37x522}



(35)









4. Soil and Water Conservation Technology Evaluation of Gaoxigou in Mizhi County


4.1. General Situation of Gaoxigou


Gaoxigou [63] is located in the northeast of Mizhi County. It consists of 40 hills and 21 trenches. It belongs to the typical hilly and gully region of the Loess Plateau. It covers a total area of 4 km2, and the total cultivated land area is 3.04 km2, including 1.5 km2 woodland, 1.02 km2 grassland, and 0.52 km2 basic farmland. The annual average temperature is 8.4 °C, the annual average sunshine is 2761 h, the frost-free period is 162 days and the annual average rainfall is 451.6 mm.



In 1950s, Gaoxigou established the “one-third system” mode of land use: agriculture, animal husbandry and forestry accounted for one third of the total land area respectively. After decades of soil erosion management, Gaoxigou has become a model of ecological construction in the Loess Plateau from the former barren hills, which has achieved the goal of the harmonious development between human and nature, and the coordinated development of economy and society.




4.2. Soil and Water Conservation Technology Evaluation of Gaoxigou


4.2.1. Qualitative Evaluation


The investigation data of soil and water conservation technology in Gaoxigou show that the true value of “technological suitability”(x3) is 4.597, which is more than 3, so it can be qualitatively evaluated. We assess the ecotechnology based on model (9) in qualitative evaluation stage. The first-level index value obtained from Gaoxigou is substituted into the model (9), and the estimated value of the evaluation score is obtained:


y=0.2241×4.352+0.1499×4.587+0.2983×4.597+0.2292×4.497+0.0985×4.515=4.5096











The true value of the investigation is 4.513, and the absolute value of the difference between the true value and the estimated value is 0.0034. It shows that the model (9) obtained by AHP is suitable for qualitative evaluation.




4.2.2. Semiquantitative Evaluation


The investigation data of soil and water conservation technology in Gaoxigou show that the ture value of “site suitability” (x32) is 4.597, which is more than 3, so it can be semiquantitatively evaluated. In the semiquantitative evaluation stage, the estimated value of the overall goal is calculated according to the model (15), and the estimated value of the first-level index is calculated according to the model (10)~(14). The calculation results are shown in Table 5.



Table 5 shows the absolute value of the difference between the true value and the estimated value is less than 0.1. The model (10)~(15) obtained by AHP is suitable for semiquantitative evaluation.




4.2.3. Quantitative Evaluation


The investigation data of soil and water conservation technology in Gaoxigou show that the ture values of “topographic condition suitability” (x321) and “climatic condition suitability” (x322) are 4.941 and 4.878 respectively, which all met the requirement of greater than 3, so it can be quantitatively evaluated. In the quantitative evaluation stage, the estimated value of the overall goal is calculated according to the model (35), the estimated value of the first-level index is calculated according to the model (30)~(34), and the estimated value of the second-level index is calculated according to the model (16)~(29). The calculation results are shown in Table 6.



Table 6 shows the absolute value of the difference between the true value and the estimated value is less than 0.1. The model (10)~(15) obtained by logistic regression is suitable for semiquantitative evaluation.




4.2.4. Analysis of Evaluation Results


As a case study, we obtained all values of the three level indicators of water and soil conservation technology in Gaoxigou, where the value of comprehensive indicator is scored by professional technicians, and objective indicator is obtained through investigation or calculation. According to our understanding degree of ecotechnology, we decide which type of three-stage evaluation method should be adopted in real assessment.



If we only have a macroscopic understanding on ecotechnology, we could substitute the value of the first-level index into the qualitative evaluation model to assess the technology, and the value of index scored by professional technicians should be credible in such a situation. Although the weight of the first-level indicator is obtained by AHP with a certain subjectivity, the effect of subjectivity can be reduced by increasing the number of experts. The facts of qualitative evaluation of ecotechnology in Gaoxigou show that the method is reliable.



When we have more knowledge on ecotechnology, the semiquantitative evaluation method could be used to assess ecotechnology. Some of the second-level indicators are objective, so this method is more objective than qualitative evaluation. This method can not only evaluate the overall goal, but also calculate the scores of the first-level indicators by using the second-level indicators and compare the differences of the values of the first-level indicators among different technologies.



If we have a detailed understanding of ecotechnology, we can use the quantitative evaluation method. The third-level indicators are all objective, which avoid the subjectivity caused by comprehensive index. The third-level indicators of four types of ecotechnology are different—such as soil and water conservation technology, desertification governance technology, rocky desertification governance technology and ecological restoration technology—but their first-level and second-level indicators are the same. Therefore, we can use the third-level index to calculate the score of the first-level and second-level index and compare the differences of the values of the first-level and second-level indicators among different technologies.



The results of ecotechnology assessment by three-stage evaluation method in Gaoxigou show that the absolute value of the difference between the true value obtained from the investigation and the estimated value calculated through the model is less than 0.1. Therefore, the three-stage evaluation method is feasible and the evaluation results are reliable.






5. Conclusions and Discussion


In order to carry out a scientific, reasonable and comprehensive evaluation of ecotechnology, the paper establishes the quantification criteria of ecotechnology evaluation index system and constructs the evaluation method and model of ecotechnology.



(1) The evaluation method and model includes not only the evaluation of the self-attributes of ecotechnology, but also the evaluation of the coupling relationship between technology itself and the implementation effect, which is the comprehensive evaluation of ecotechnology and its implementation process.



(2) In view of the commonness of four kinds of ecotechnology such as soil and water conservation technology, desertification governance technology, rocky desertification governance technology and ecological restoration technology, the quantification criteria of first-level and second-level index was established, and the quantification criteria of third-level index of soil and water conservation technology was discussed specially.



(3) The evaluation model combined with AHP and logistic regression not only overcomes the shortcoming of the subjectivity of AHP, but also avoids the omission of important variables by the statistical test of logistic regression.



(4) The modular evaluation method enables people to get the same effect in different stages of understanding the ecotechnology so as to provide a better, effective scientific basis for the introduction and popularization of ecotechnology.



(5) The paper only discussed the third-level index of soil and water conservation technology and the quantitative evaluation model based on it. The third-level index and quantitative evaluation model of desertification governance technology, rocky desertification governance technology and ecological restoration technology need to be further studied.
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Figure 1. Evaluation flow chart of soil and water conservation technology. 
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Table 1. The overall goal and first-level index of ecotechnology evaluation and its quantification criteria.
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	Index Name and Symbol
	Index Specification (IS) and Quantification Criteria (QC)





	The overall goal

(y)
	IS: Comprehensive evaluation on the self-attributes of ecotechnology and its application effect.

QC: 1–The technology is immature, difficult to implement, poor benefit, unsuitable for local conditions, difficult to popularize; 2–The technology is mature, difficult to implement, poor benefit, suitable for local conditions, difficult to popularize; 3—The technology is mature, convenient to implement, poor benefit, suitable for local conditions, difficult to popularize; 4—The technology is mature, convenient to implement, mediocre benefit, suitable for local conditions, easy to popularize; 5—The technology is mature, convenient to implement, good benefit, suitable for local conditions, easy to popularize.



	Technological maturity

(x1)
	IS: The measurement of the integrity, stability and progressiveness of the technology.

QC: 1—The structure of technology is incomplete and unstable; 2—The structure of technology is complete but unstable; 3—The structure of technology is complete and stable; 4—The technology is advanced, whose structure is complete but unstable; 5—The technology is advanced, whose structure is complete and stable.



	Technological application difficulty

(x2)
	IS: Requirements for users’ capabilities and application costs in the process of technology implementation.

QC: 1—High capability requirement and high application cost; 2—High capability requirement and moderate application cost; 3—Moderate capability requirement and moderate application cost; 4—Moderate capability requirement and low application cost; 5—Low capability requirement and low application cost.



	Technological suitability

(x3)
	IS: The suitability degree of technology for regional development goals, site conditions, economic needs, policies and laws.

QC: 1—Very unsuitable; 2—Unsuitable; 3—Common; 4—Suitable; 5—Most suitable.



	Technological benefit

(x4)
	IS: Promoting effect of technology implementation on ecology, economy and society.

QC: 1—Not obvious; 2—Common; 3—Obvious; 4—Quite obvious; 5—Most obvious.



	Technological popularization potential

(x5)
	IS: Possibility of continued use of the technology.

QC: 1—Impossible; 2—Maybe; 3—Could possibly; 4—Be willing; 5—Very willing.
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Table 2. The second-level index of ecotechnology evaluation and its quantification criteria.
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Index Name and Symbol

	
Index Specification (IS) and Quantification Criteria (QC)






	
x1

	
Technological integrity

(x11)

	
IS: The integrity degree of technical system, standards and function.

QC: 1—The technical system is incomplete and cannot function effectively; 2—The technical system is complete but cannot function effectively; 3—The technical system is complete and could function insufficiently; 4—The technical system is complete, could function effectively, but without technical standards; 5—The technical system is complete, could function effectively, and has technical standards.




	
Technological stability

(x12)

	
IS: Could the technology function stably in the long run?

QC: 1—Cannot; 2—Uncertain; 3—Moderate; 4—Relatively stable; 5—Extremely stable.




	
Technological progressiveness

(x13)

	
IS: The level of technological advancement

QC: 1—Primitive; 2—Simple; 3—Regional leading; 4—Domestic leading; 5—International leading.




	
x2

	
Skill level

(x21)

	
IS: Requirements for the educational level and ability of labor force in the process of technology application.

QC: 1—High skill requirement and high collaboration requirement; 2—High skill requirement but moderate collaboration requirement; 3—Moderate skill requirement and moderate collaboration requirement; 4—Technology requires moderate skills, and can be accomplished independently; 5—Technology requires low skills and can be accomplished independently.




	
Technological application cost

(x22)

	
IS: The cost of R&D and application of technology, the loss of productivity caused by technology application

QC: 1—Extraordinarily high; 2—High; 3—Moderate; 4—Low; 5—Very low.




	
x3

	
Target suitability

(x31)

	
IS: The achievement degree of natural, economic and social goals set by ecotechnology.

QC: 1—Failure to achieve goals; 2—Achieve minority goals; 3—Achieve partial goals; 4—Basically achieve goals; 5—Completely achieve goals.




	
Site suitability

(x32)

	
IS: The suitability degree of ecotechnology with site conditions.

QC: 1—Extremely unsuitable; 2—Relatively unsuitable; 3—Moderate; 4—Relatively suitable; 5—Ideally suitable.




	
Economic development suitability

(x33)

	
IS: The suitability degree of ecotechnology with local economic development.

QC: 1—Extremely unsuitable; 2—Relatively unsuitable; 3—Moderate; 4—Relatively suitable; 5—Ideally suitable.




	
Policy and law suitability

(x34)

	
IS: The suitability degree of ecotechnology with local policy and law.

QC: 1—Extremely unsuitable; 2—Relatively unsuitable; 3—Moderate; 4—Relatively suitable; 5—Ideally suitable.




	
x4

	
Ecological benefit

(x41)

	
IS: The improvement of local ecological benefits by implementing ecotechnology.

QC: 1—The effect is not obvious; 2—The effect is limit; 3—The effect is common. 4—The effect is well; 5—The effect is very well.




	
Economic benefit

(x42)

	
IS: The improvement of local economic benefits by implementing ecotechnology.

QC: 1—The effect is not obvious; 2—The effect is limit; 3—The effect is common. 4—The effect is well; 5—The effect is very well.




	
Social benefit

(x43)

	
IS: The improvement of local social benefits by implementing ecotechnology.

QC: 1—The effect is not obvious; 2—The effect is limit; 3—The effect is common. 4—The effect is well; 5—The effect is very well.




	
x5

	
Correlation between technology and future development

(x51)

	
IS: The degree of correlation between ecotechnology and future development.

QC: 1—Unrelated; 2—Low; 3—Moderate; 4—Relevant; 5—Highly relevant.




	
Technology substitutability

(x52)

	
IS: Could the ecotechnology be replaced by others.

QC: 1—Extremely easily; 2—Relatively easily; 3—Easily; 4—Difficult; 5—Cannot.
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Table 3. The third-level index of soil and water conservation technology evaluation and its quantification criteria.
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Index Name and Symbol

	
Index Specification (IS) and Quantification Criteria (QC)






	
x11

	
Technological structure

(x111)

	
IS: The integrity of technical elements.

QC: 1—The main factors of technology are incomplete; 2—The main factors of technology are complete, but no supporting facilities; 3—The main factors of technology are complete, but the supporting facilities are not complete; 4—The main factors of technology are complete and most of the supporting facilities are ready; 5—Both the main factors of technology and supporting facilities are complete.




	
Technological system

(x112)

	
IS: The coordination degree between technological elements

QC: 1—Technology system cannot work; 2—The uncooperation between technological elements leads to inefficiency work; 3—The main factors of technology and supporting facilities could cooperate together; 4—The main factors of technology and supporting facilities cooperate well; 5—The main factors of technology and supporting facilities cooperate perfectly.




	
x12

	
Technological resiliency

(x121)

	
IS: The ability of technology to resist risk.

QC: 1—Particularly weak; 2—Weak; 3—Moderate; 4—Strong. 5—Particularly strong.




	
Service life

(x122)

	
IS: How long could technology function steadily.

QC: 1—Less than 5% of planning service time; 2—Less than 25% of planning service time; 3—Less than 50% of planning service time; 4—Less than 75% of planning service time; 5—Achieve the planning service time, or even exceed.




	
x13

	
Innovativeness

(x131)

	
IS: Degree of technological innovation

QC: 1—No innovation; 2—A few innovations; 3—Partial innovations; 4—A majority of innovations; 5—Entire innovations.




	
Superiority

(x132)

	
IS: Degree of technological superiority.

QC: 1—Primitive; 2—Simple; 3—Regional leading; 4—Domestic leading; 5—International leading.




	
x21

	
Educational level

(x211)

	
IS: Educational level of labor force needed for technological implementation.

QC: 1—Bachelor degree or above; 2—Senior middle school; 3—Junior middle school; 4—Elementary school; 5—Illiteracy.




	
Degree of labor cooperation

(x212)

	
IS: Coordination degree of labor force needed for technological implementation.

QC: 1—Full staff cooperation; 2—Majority cooperation; 3—Minority cooperation; 4—Pairing cooperation; 5—Independent completion.




	
x22

	
R & D or implementation cost

(x221)

	
IS: The cost of R & D or implementation of technology (Unit: RMB Yuan).

QC: 1—More than or equal to 1,000,000; 2—More than or equal to 100,000 and less than 1,000,000; 3—More than or equal to 50,000 and less than 100,000; 4—More than or equal to 10,000 and less than 50,000; 5—Less than 10,000.




	
Opportunity cost

(x222)

	
IS: Loss of productivity caused by technology application (Unit: RMB Yuan).

QC: 1—More than 10,000; 2—More than or equal to 5000 and less than 10,000; 3—More than or equal to 3000 and less than 5000; 4—More than or equal to 500 and less than 3000; 5—Less than 500.




	
x31

	
Effective realization of ecological objectives

(x311)

	
IS: The achieved extent of the planned ecological objectives.

QC: 1—Failure to achieve the planned objectives; 2—Achieving a few planned objectives; 3—Achieving partial planned objectives; 4—Almost achieve the planned objectives; 5—Fully realized the planned objectives.




	
Effective realization of economic objectives

(x312)

	
IS: The achieved extent of the planned economic objectives.

QC: 1—Failure to achieve the planned objectives; 2—Achieving a few planned objectives; 3—Achieving partial planned objectives; 4—Almost achieve the planned objectives; 5—Fully realized the planned objectives.




	
Effective realization of social objectives

(x313)

	
IS: The achieved extent of the planned social objectives.

QC: 1—Failure to achieve the planned objectives; 2—Achieving a few planned objectives; 3—Achieving partial planned objectives; 4—Almost achieve the planned objectives; 5—Fully realized the planned objectives.




	
x32

	
Topographic condition suitability

(x321)

	
IS: Suitability of technology for topographic conditions in the implementation area.

QC: 1—Very unsuitable; 2—Unsuitable; 3—Common; 4—Suitable; 5—Most suitable.




	
Climatic condition suitability

(x322)

	
IS: Suitability of technology for climatic conditions in the implementation area.

QC: 1—Very unsuitable; 2—Unsuitable; 3—Common; 4—Suitable; 5—Most suitable.




	
x33

	
Correlation degree between technology and industry

(x331)

	
IS: The correlation degree of technology and regional industrial development.

QC: 1—No correlation; 2—Poor correlation; 3—Moderate; 4—Good correlation; 5—Promoting the rapid development of industry




	
Coordination degree between technology and economic development

(x332)

	
IS: The coordination degree between technology and regional economic development.

QC: 1—Inhibits economic growth; 2—Slows down economic growth rate; 3—Economic growth rate remains unchanged; 4—Accelerate economic growth rate; 5—Makes the economy grow at a high speed




	
x34

	
Degree of policy support

(x341)

	
IS: The policy support extent of technology.

QC: 1—Nonsupport; 2—Hardly support; 3—Partially support; 4—Almost support; 5—Fully support.




	
Degree of law support

(x342)

	
IS: The law support extent of technology.

QC: 1—Nonsupport; 2—Hardly support; 3—Partially support; 4—Almost support; 5—Fully support.




	
x41

	
Soil erosion reduction degree

(x411)

	
IS: Reduction degree of soil erosion after application of technology.

QC: 1—Less than 20%; 2—More than or equal to 20% and less than 40%; 3—More than or equal to 40% and less than 60%; 4—More than or equal to 60% and less than 80%; 5—More than or equal to 80%.




	
Degree of soil and water loss governance

(x412)

	
IS: Governance degree of soil and water loss after application of technology.

QC: 1—Less than 20%; 2—More than or equal to 20% and less than 40%; 3—More than or equal to 40% and less than 60%; 4—More than or equal to 60% and less than 80%; 5—More than or equal to 80%.




	
x42

	
Per-capita net income

(x421)

	
IS: Per-capita net income (Unit: RMB Yuan).

QC: 1—Less than 3000; 2—More than or equal to 3000 and less than 6000; 3—More than or equal to 6000 and less than 9000; 4—More than or equal to 9000 and less than 12,000; 5—More than or equal to 12,000.




	
Grain yield per unit area

(x422)

	
IS: Grain yield per unit area (Unit: Kilograms per hectare).

QC: 1—Less than 2250; 2—More than or equal to 2250 and less than 4500; 3—More than or equal to 4500 and less than 6750; 4—More than or equal to 6750 and less than 9000; 5—More than or equal to 9000.




	
x43

	
Farmers’ application and development concept in the area

(x431)

	
IS: Changes of farmers in production and operation after using technology.

QC: 1—Almost unchanged; 2—A little changed; 3—Changed; 4—Partially changed; 5—Tremendous change;




	
Degree of influence and drive

(x432)

	
IS: The improvement of economy, culture, education in surrounding areas after the implementation of technology.

QC: 1—The effect is not obvious; 2—The effect is limited; 3—The effect is common. 4—The effect is good; 5—The effect is very good.




	
x51

	
Demand for ecological construction

(x511)

	
IS: Possibility of continuing implementation of this technology in the future for ecological construction.

QC: 1—Impossible; 2—The probability is low; 3—Perhaps; 4—The probability is high; 5—Continue to implement.




	
Demand for economic & social development

(x512)

	
IS: Possibility of continuing implementation of this technology in the future for economic & social development.

QC: 1—Impossible; 2—The probability is low; 3—Perhaps; 4—The probability i