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Abstract. The risk factors influencing the analysis of power grid investment are complicated and highly
coupled. The analysis of the interaction of risk factors based on the traditional interpretative structural
model, using the expert score to form correlation matrix, which is subjective. To increase the quantitative
analysis and overcome the drawbacks of traditional model relying on experts’ experience, this paper
proposes a new method to construct the interpretative structural model. Firstly, the evaluation index system
of power grid investment is constructed, based on this, the collected history data of risk factors are

processed and analysed through the correlation analysis of SPSS and the quantitative correlation matrix of
risk factors is obtained, then the construction of interpretative structural model is finished. The constructed
model provides the basis for the analysis and management of power grid investment.

1 Introduction

With the insert of large distributed power, the use and
spread of smart grid, the risk management of grid power
faces a large challenge [1]. On the one hand, compared
with the single power of traditional energy like thermal
power, hydro power and nuclear power, the renewable
clean energy like wind power, solar power, tide power
have been switched in power grid in user’s end, which
makes the risk factors influencing the safety of power
grid increase and harder to forecast [2], on the other hand,
risk factors influence each other, with the increase of risk
factors, the possibility of risk factors influencing each
other and forming coupling risk is increasing. When it
occurs, it is more difficult to control and prevent risk,
moreover, the management of power grid becomes
harder and may bring inestimable loss. Therefore, the
analysis of the phenomenon of risk coupling is
significant in power grid [3].

Risk coupling is the phenomenon that two or more
risk factors influence each other through all kinds of
interactions in the risk chain [4]. The phenomenon of
interactions like offset and expansion may occur and
result in the change of risk size which deviate from the
expectation and cause loss. In the traditional
interpretative structural model [5], the method of expert
scoring is applied to consider the interaction of risk
factors, but the description of interaction between risk
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factors only have two values, 0 and 1, 0 means there is
no coupling between risk factors and 1 means there is
coupling between risk factors, ignoring the strength of
risk factors. The literature [6] proposes an improved
interpretative structural model to analyze the renewable
energy program, which uses the expert scoring to get the
strength of interaction between risk factors but ignoring
the quantitative analysis and not being objective enough.

In this paper, to avoid the expert scoring’s objective
analysis, an interpretative structural model based on
SPSS for the interaction analysis between risk factors of
power grid is proposed. The process and analysis of
history risk data are finished, to achieve the quantitative
analysis between risk factors.

2 Construction of risk index system

There are lots of risk factors influencing the power grid
investment, in order to make sure the comprehensiveness
and objectivity of the selection of indexes, in this paper,
firstly, according to the investigation, 28 uncertain
factors that may exist in the power grid investment are
recognized, based on this, the fuzzy theory [7] is applied
to recognize the 12 key uncertain factors, and then the
classification of factors is finished according to the
characteristic of uncertain factors. The BP neural
network model based on genetic algorithms [8, 9] is
applied to finish the filtration of key uncertain factors
and recognize the 10 factors that may turn into risk,
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which makes sure the selection of risk factors is feasible.
Finally the established risk index system is listed as
Table. 1.

Table 1. Risk index system.

First grade risk Second grade risk
electricity purchasing cost Al
Policy risk A average power price A2
new energy policy A3
] load demand B1
Economic GDP growth B2

development risk B i
loan interest rate B3

power supply capacity C1
Power grid grid structure C2

development risk C technological levelC3

power quality C4

3 Analysis of risk coupling

Based on the established risk index system, according to
the process of the collected history data, the error of risk
factor is obtained. The error of risk factor between actual
value and predicated value results in the risk value of
uncertain factor. Through the process of the collected
history data, the predicted value of history data are
acquired. The data processing means establishing the
Autoregressive Moving Average Model (ARIMA), and
the actual history data before the predicted data needed
in present year are as the input of ARIMA.

The formula of calculating the correlation coefficient
[10] between each two risk factors is as follows.

r = Z(xl_i)(yl_y) - (1)
J2(G-0) {5(0-9)
Where 7 is the strength of correlation between each

two risk factors, which ranges from -1 to 1. X; and Vi

are the ith sample value of two variables, X; and ), are

the average value of x and y respectively.

4 Construction of
structural model

interpretative

Through the correlation matrix of risk factors, the
construction of interpretative structural model is finished,
the processes of constructing the hierarchical structure
model are as follows.

41 Getting the correlation strength matrix B

Based on the selected membership function [11] and the
calculated correlation matrix, the calculation of the
correlation strength matrix is as follows.

b =1;/(ri +1j—1i)) (2)

Where 7; is the sum of the ith row elements in the
matrix and r;; is sum of the jth column elements in the
matrix.

4.2 Forming the adjacent matrix A

After the process of correlation strength matrix, the

of the selected threshold

nxn

adjacent matrix A= (al])

is calculated as follows.

_ 1 bUZA
aij_{O bi]'<A 3)

Where al.j is the element of adjacent matrix A4, bij is

the element of correlation strength matrix, /4 is the

threshold, # is the order of adjacent matrix.

In general, the threshold is smaller, the partition of
system is thicker, while the threshold is bigger, and the
partition of system is thinner. In the research of literature
[12], the whole property is the best under the threshold
between 0.05 and 0.08.

4.3 Calculating the reachable matrix

Through the operation of adjacent matrix, the reachable
matrix is calculated. The reachable matrix reflects the
direct and indirect relations of factors.

Confirming reachable set Si and leading set Bi and
calculating the intersection of Si and Bi. If there is

R(Sl.)nA(Si) = R(Si) [13], then the risk factor i

is in the highest level, on the basis of this, all factors in
the highest level are picked up. In the reachable matrix,
getting rid of the column and row elements
corresponding to the risk factors in the highest level,
accordingly, other levels can be acquired in the same
way.

4.4 Constructing the hierarchical structure
model

After the distribution of each level, all factors have been
put in the corresponding level. According to the adjacent
matrix, the directed line segment is used to express the
relation between risk factors in the same level or in the
neighbouring level, the hierarchical structure of system is
expressed by the digraph. Through the construction of
hierarchical structure model, the relation of risk factors
can be determined. The risk factors in the highest level
represent the main risks influencing the power grid
investment, and the risk factors in the lowest level
represent the risk source influencing the power grid
investment, the risk factors in the middle levels form the
risk chain to finish the conversion and transmit of risk
factors in the highest level to risk factors in the lowest
level. Through the construction of hierarchical structure
model, the interaction between risk factors can be
explained.
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5 Case study of Hunan power grid, the correlation matrix R of each
two risk factors is listed as Table. 2.

As an example of Hunan power grid, based on the

established risk index system, through the data analysis

Table 2. Correlation matrix.

Al A2 A3 B1 B2 B3 C1 C2 C3 C4
Al 1.00 0.54 0.41 -0.63  -0.88  -0.41 -0.85 0.67 0.88 0.82
A2 0.54 1.00 -0.45  -091 -0.16 0.53 -0.11 -0.12 0.52 0.03
A3 0.41 -0.45 1.00 0.39 -0.78  -095  -0.75 0.93 0.26 0.86
B1 -0.63  -0.91 0.39 1.00 0.27 -0.11 0.24 0.05 -0.44  -0.31
B2 -0.88  -0.16 -0.78 0.27 1.00 0.77 0.87 -094  -055 -0.72
B3 -0.41 0.53 -095  -0.11 0.77 1.00 0.70 -0.87  -0.17  -0.55
C1 -0.85  -0.11 -0.75 0.24 0.87 0.70 1.00 -088  -0.19  -0.85
C2 0.67 -0.12 0.93 0.05 -094 -0.87 -0.88 1.00 0.48 0.96
C3 0.88 0.52 0.26 -044  -055 -0.17  -0.19 0.48 1.00 0.55
C4 0.82 0.03 0.86 -0.31 -0.72 -0.55 -0.85 0.96 0.55 1.00

Based on the SPSS, the correlation matrix between the experimental analysis is adopted to determine the
each two risk factors is calculated, after the conversion threshold, and the value of A is 0.07, therefore, the
of correlation matrix by choosing the proper membership corresponding adjacent matrix A4 is listed as Table. 3.

function, the correlation strength matrix is acquired, and

Table 3. Adjacent matrix.
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According to the acquired adjacent matrix, the
reachable matrix is calculated as Table. 4.

Table 4. Reachable matrix.
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According to the analysis above, the six-level
hierarchical structure model is established, which can be
seen as Figure. 1.
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Figure 1. Graph of hierarchical structure model.

Through the established hierarchical structure model,
it can be seen that the risk factors in the first level are B1,
C3, C4, which represent the uncertainty of load demand,
technological level and power quality of power grid
investment respectively , the risk factors in the second
level are A2, C2, which represent the average power
price and grid structure, the risk factor in the third level
is Cl1, which represents the power supply capacity, the
risk factor in the fourth level is B3, which represents the
loan interest rate, the risk factor in the fifth level is B2,
which represents the GDP growth, the risk factors in the
sixth level are Al, A3, which represent the electricity
purchasing cost and the new energy policy.

According to the Figure 1, it can be seen that the
uncertainty of load demand, technological level and
power quality are in the top level, which shows that they
are the direct and key risk factors influencing the power
grid investment, and the electricity purchasing cost and
the new energy policy are in the bottom level, which
shows that they are the basic and key risk factors, the Al
and A3 influence the B2 directly, which is the risk factor
in the fifth level, B2 influences the B3 directly, which is
in the fourth level, B3 influences the C1 directly, which
is in the third level, C1 influences the C2 directly, which
is in the second level, C2 influences the C4 directly,
which is in the top level, and A2 in the second level
influences the B1 and C3 directly, which are in the top
level. Through the 6-level hierarchical structure model, it
forms the interaction process of risks from the original
risks to the direct and key risks. Based on the process, by
avoiding the production of risks in the bottom level and
blocking the spread of risks in the middle level, the
influence of risks can be decreased in the process of
origin and spread.

6 conclusion

The interpretative structural model based on SPSS
proposed in this paper, taking the strength of risk
coupling between different risks into consideration, and
achieving the conversion of interaction between factors
from qualitative analysis to quantitative analysis by the
application of the correlation analysis, which decreases
the subjectivity of the expert scoring method and ensures
the rationality and accuracy of the analysis results. The
established hierarchical structure model reflects the
mechanisms of interaction between risk factors, which
lays the foundation for the decoupling and
dimensionality reduction of risk factors and provides the
basis for risk quantification and risk protection.
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