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Abstract 

This paper constructs an evaluation index system for the development of regional 
hydropower resources based on three subsystems: hydropower resource reserves, 
economic conditions and environmental conditions, and uses hierarchical analysis to 
calculate and rank the weights of each index. The importance of gross output value of 
primary industries (C24), water quality (C34) and water consumption per unit of GDP 
(C23) are the last three in this index system. Based on these results, it is possible to make 
a reasonable evaluation and judgement on the pre-development of regional hydropower 
resources, taking into account the factors with the highest importance. 
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1. Preface 

China's hydro energy resources are the largest in the world, but due to economic, 
environmental and technological constraints, only a fraction of the total hydro energy resources 
have been developed. This shows that China has a huge potential to develop its hydro energy 
resources. In particular, with the introduction of the "carbon peak" and "carbon neutral" targets, 
the importance of hydro energy resources in promoting China's energy restructuring and 
energy conservation and emission reduction has become more and more prominent. The key 
to the development of hydropower resources is to make a valid and reliable assessment of the 
development objectives, so as to determine the manner, intensity and input of development. 
Traditionally, the evaluation of water resources development and utilisation is mainly based on 
principal component analysis, grey correlation analysis, hierarchical analysis and material 
element analysis, as well as fuzzy integrated evaluation models.[1-2] For example, Wang 
Xuanxuan et al.[3] For example, Wang Xuan et al. used a fuzzy integrated evaluation model to 
quantitatively analyse the water resources development potential of five Central Asian 
countries by selecting eight important indicators, such as water resources utilisation rate, 
irrigation rate, surface water control rate, per capita water possession, reuse rate, domestic 
water quota, water supply modulus and ecological water use rate. However, with the 
development and maturity of related theories, in recent years, BP neural network model, 
extreme learning machine (ELM) model, variable fuzzy set theory[4-6] have also been used in 
water resources development and utilisation assessment. However, most of the research has 
been carried out on the extent of exploitation and the current situation in developed areas, and 
less research has been carried out on pre-development assessment models. In this regard, the 

In this paper, we use hierarchical analysis to assess the importance of the corresponding 
evaluation indicators in order to provide reference suggestions for the actual evaluation of 
regional hydro energy resources. Hierarchical analysis is a decision-making method that 
decomposes elements that are always relevant to decision-making into levels such as objectives, 
criteria and indicators, on the basis of which qualitative and quantitative analysis is carried out. 
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2. Establishment of the indicator system 

Firstly, the amount of regional hydro energy resources available determines whether they can 
be developed to maximise their social and economic benefits. If the reserves are not sufficient, 
it will be difficult to generate benefits that are proportional to the inputs. Secondly, the 
development of hydropower resources involves the initial investment in the construction of 
water conservancy projects and later maintenance and operation expenditure, which requires 
a relatively large amount of capital, therefore, the economic level of the region affects whether 
the development and utilisation process can obtain the necessary financial support. Finally, 
from the perspective of the external natural environment, it is important to consider whether 
the environmental conditions of the area to be developed meet the requirements of 
construction and development, and whether the project can continue to operate in a stable 
manner without unduly affecting the local ecology. Based on the above premise, this paper 
establishes an evaluation system with the evaluation of hydropower resources development as 
the target layer A, hydropower resources reserves, economic conditions and environmental 
conditions as the criterion layer B, and a number of evaluation factors selected on the basis of 
the criterion layer B to form the indicator layer C. The evaluation index system of regional 
hydropower resources development is shown in Figure 1. 
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Figure 1: Regional hydro energy resources development evaluation index system 

3. Determination of the level of importance of each indicator 

3.1. Construction of judgement matrix and determination of hierarchical single ranking 
weights 

As the target layer A has a dominant relationship with the criterion layer B, it is assumed that 
for the target layer A, Bi and Bj are taken as 1 when they are equally important, 3 when Bi is 

slightly more important than Bj, 5 when Bi is significantly more important than Bj, 7 when Bi is 

strongly more important than Bj , and 2, 4, and 6 when the importance between Bi and Bj  is 

between the above descriptions, respectively. Meanwhile, the importance of Bj to Bi is taken as 

the inverse of the importance of Bi  to Bj . The judgment matrices constructed are shown in 

Tables 1~4. After that, the square root method is used to find the weight ωi of the importance 
of the indicators at each level to their previous level. Let the n-th order judgment matrix X =
[Xij], Xij is the element of the i-th row of the j-th column. The specific steps are: 
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In the first step, the product of the elements of each row of the judgment matrix is calculated to 
obtain Mi=∏ Xij

n
j=1 (i=1,2…，n). 

In the second step, take the NTH root of Wi
̅̅̅̅ =√Mi

n （i=1,2…，n）. 

In the third step, after Wi
̅̅̅̅  is normalized by Wi=

Wi
̅̅ ̅̅

∑ Wj
n
j=1

（i=1,2…，n）, W =（W1 ,W2,W3…Wn） 

is the feature vector of the judgment matrix, and its component is the weight value of the 
corresponding index. 

 

Table 1: Judgement matrix for A-B 

A B1 B2 B3 Weightingωi 

B1 1 5 3 0.6370 

B2 1/5 1 1/3 0.1047 

B3 1/3 3 1 0.2583 

 

Table 2: Judgement matrix for B1-C 

B1 C11 C12 C13 Weightingωi 

C11 1 2 5 0.5816 

C12 1/2 1 3 0.3090 

C13 1/5 1/3 1 0.1095 

 

Table 3: Judgement matrix for B2-C 

B2 C21 C22 C23 C24 Weightingωi 

C21 1 1/2 5 3 0.3342 

C22 2 1 4 3 0.4469 

C23 1/5 1/4 1 1/2 0.0803 

C24 1/3 1/3 2 1 0.1386 

 

Table 4: Judgement matrix for B3-C 

B3 C31 C32 C33 C34 C35 Weightingωi 

C31 1 1/5 1/2 4 1/3 0.0965 

C32 5 1 3 7 5 0.5055 

C33 2 1/3 1 4 1/3 0.1411 

C34 1/4 1/7 1/4 1 1/4 0.0426 

C35 3 1/5 3 4 1 0.2143 

 

By calculating the single-level weights, it can be concluded that: hydro energy resource reserves 
(B1) is the most important for target layer A with a weight of 0.6370, river runoff (C11) is the 
most important for criterion layer B1 with a weight of 0.5816, hydro energy development input 
(C22) is the most important for criterion layer B2 with a weight of 0.4469, and rock quality 
class (C32 ) is the most important for guideline layer B3, with a weight of 0.5055. 
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3.2.  Consistency tests for hierarchical single ordering 

Based on the eigenvectors derived in 2.1, the maximum characteristic root of each judgement 
matrix was continued to be foundλmax , using the consistency index CI and consistency ratio CR 
to test the consistency of the judgement matrices. The average random consistency index RI 
was taken according to Table 5. 

CI =
λmax−n

n−1
                                              (1)    

CR =
CI

RI
                                                 (2) 

and when CR<0.10, the constructed judgment matrix is considered to have satisfactory 
consistency; otherwise, adjustments are made until the matrix satisfies consistency. For the 
judgment matrices in Tables 1 to 4, their consistency test results are shown in Table 6 

 

Table 5: Average random consistency index RI 

Matrix order 
n 

1 2 3 4 5 

RI 0 0 0.52 0.89 1.12 

 

Table 6: Consistency test 

λmax  
A-B B1-C B2-C B3-C 

3.0385 3.0037 4.0957 5.4005 

CI 0.0193 0.0019 0.0319 0.1001 

RI 0.52 0.52 0.89 1.12 

CR 0.0371 0.0365 0.0358 0.0894 

Consistency test 
results 

Satisfactory 
consistency 

Satisfactory 
consistency 

Satisfactory 
consistency 

Satisfactory 
consistency 

 

3.3.  Hierarchical total ranking and consistency tests 

The importance weight value of each indicator in the indicator system to the corresponding 
element in the previous layer is obtained through hierarchical single ranking. If the importance 
weight value of the indicator in the indicator layer C to its upper layer isCi ,the importance 
weight of the elements in criterion layer B to the elements in target layer A isBj ,then the weight 

values of the indicators in the indicator layer C to the total ranking of the hierarchy of the target 
layer A areCi  * .Bj  . The results of the hierarchical total ranking are shown in Table 7. a 

consistency test was conducted on the hierarchical total ranking by the same method as the 
single ranking consistency test. In this paper, CI=0.03,RI=0.71,CR=0.04<0.10. Therefore, the 
hierarchical total ranking has satisfactory consistency. 

 

Table 7: Total hierarchical ranking 

Level C 

Level B 
Hierarchy C 

total ordering 
B1 B2 B3 

0.6370 0.1047 0.2583 

C11 0.5816   0.3705 

C12 0.3090   0.1968 
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C13 0.1095   0.0697 

C21  0.3342  0.0350 

C22  0.4469  0.0468 

C23  0.0803  0.0084 

C24  0.1386  0.0145 

C31   0.0965 0.0249 

C32   0.5055 0.1306 

C33   0.1411 0.0364 

C34   0.0426 0.0110 

C35   0.2143 0.0554 

 

4. Conclusion 

The results of the hierarchical analysis indicate that river runoff (C11) is the most important 
factor to be considered when evaluating the development of water resources in the area to be 
developed, followed by topographic relief (C12) and rock quality class (C32). The results are 
consistent with the factors that are considered in the actual development of water resources, 
and therefore provide a basis for the assessment of water resources in the early stages of 
development. However, the actual evaluation process often requires more factors to be 
considered and is more complex, so more indicators can be introduced during the construction 
of the initial index system in order to make the evaluation results more comprehensive and 
cover a wider area. 
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