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ABSTRACT: The rural financial organization plays an
important role in promoting the healthy development of
the national economy especially the development of the
rural economy. However, the rural financial organization
risk especially the operating risk is still an outstanding
problem. It has become a big obstacle in new countryside
development. In this paper we analyzes the rural financial
organization operational risk index firstly, then use these
index as the input data for the BP neural network. After
that we modeling rural financial organization operational
risk early warning based the BP neural network. At last
we take an experiment on a rural somewhere, the result
shows that the BP neural network can reflect of the
operation risk of the rural financial organization quickly
and accurately.
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1. Introduction

With the deepening of reform and opening-up, Chinese
rural development present in a booming breath. As a core
of rural economic construction, rural financial organization
is one essential power of our new countryside
construction. Rural financial organization provides a
powerful financial support for rural economic development,
but the rural financial also caused the financial risk of
accelerating accumulation due to the history, the system
and many other factors at the same time [1]. The rural

financial risk has become a big obstacle of restricting the
rural economy healthy operation, and further led the ability
of financial supporting to new countryside construction
difficult to be promoted effectively [2].

Although rural financial risk problem plays a vital role in
the entire national economic health developing, few
researches have been done on rural financial risk. Zhao
Wei etc. adopted AHP (Analytic Hierarchy Process) and
entropy weight method to analyze the operational risk of
rural credit cooperative, then constructed early warning
mode [3]. Dong Aihua and Hu Xuhua used the BP neural
network to construct commercial bank liquidity risk early
warning model [4] - [5]. Zhou Zejiong studied on rural
cooperative financial risk monitoring warning index system
based on Delphi method and AHP [6]. Jie Sun etc.
researched on financial risk early warning through Group
decision-making method [7]. Ali Serhan Koyuncugil etc.
modeled the financial risk early warning system based
on data mining technology [8]. These researches are not
focused on the rural financial organization operation risk
evaluation.

In this paper we focused on rural financial organization
operational risk to study rural financial risk. Firstly we
analyze the characteristics of the rural financial
organizations’ operational risk and construct the rural
financial organizational operational risk early warning
system. Then explore the rural financial operational risk
early warning model. At last we will take an experiment
about it. In this process, the BP neural network will be
used.

2. Related work

BP neural network is a feed forward and multi-layer neural
network; it is the typical representative of artificial neural
network and the most widely used a neural network. BP
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neural network has some characteristics such as contains
hidden layer, activation function is the Sigmoid and back
propagation. A BP neural network topology structure is
shown as follows.
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Figure 1. BP neural network topology structure

BP neural networks are the most widely used networks
and are considered the workhorse of ANNs (Artificial
Neural Networks) [9]. Because of its simplicity and its
power to extract useful information from samples, the
application of BP model is very wide recently [10]. It allows
specification of multiple input criterion, and generation of
multiple output recommendations, and no assumption
regarding the form of the functions relating input and output
variables. BP model eliminates the limitations of the
regression method, and establishes the mapping
accurately between the input and output variables [11]. Due
to its strong learning ability and generalization capability,
BP networks have been used in a great deal of domains,
especially in classification and prediction. Researchers
had found the BP ANN model displayed more robust
performance than other models in classification problems
[12-13]. The BP net-works are also successfully used in
forecasting some financial problems, for example,
predicting stock market returns and price index [14-15], loan
risk warning [16], forecasting bankruptcy firms [17], and areas
of decision support systems and management science
[18].

3. Construct risk early warning index system of rural
financial organization operation

In fact, the rural financial organization operational risk early
warning index system focused on the monitoring and
warning risk problem of its internal operation. As the
particularity of the rural financial institutions risks and the
requirement of the rural financial risk early warning, we
divide the index system into five levels: capital risk, credit
risk, profitability risk, liquidity risk and market risk.

Capital risk, it means that the financial organization lack
of capital, so the organization have a poor ability to take
on risk and pay off the deposit and other debt, the safety
and security of financial organization have been threatened.

In order to monitoring the capital risk, two indexes can be
used: capital adequacy ratio index and core capital
adequacy ratio index. 1. Capital adequacy ratio index X

1
,

its value is equals to the capitalization divide the risk
weighted assets. According to the Basel Accords, it lowest
common denominator is 8%. 2. Core capital adequacy
ratio index X

2
, it means that the proportion of core capital

including paid-in capital, capital reserve and other capitals
to total risk-weighted assets. According to the Basel
Accords, it can’t lower than 4%.

Credit risk means that the possibility of one trader can’t
meet the commitment so that cause the other trader a
loss in trading situations. It mainly including following
indexes: 1. Nonperforming loan ratios X

3
, it presents that

the ratio of bad credit risk assets on total assets and
can’t higher than 4%. 2. Bad Loan Ratio X

4
, it reflects the

quality degree of loans of the financial organization and it
is a very important index to judge the quality of loans of
the financial organization. Its value should be under 15%
and the early warning value is not higher than 12%. 3.
Concentrate degree of loans, it including two indexes:
proportion of the same loan customer loans X

5
, it presents

that the proportion of the same customer loans on total
capital and its value should under 10%; proportion of the
largest ten loaners loans X

6
, it is equals to the sum of

largest ten loaners loans divide the total capital, its value
should lower than 50%. 4. Generalized correlation ratio
X

7
, it also called correlation trusted proportion, it is the

proportion between the generalized related credits and
the net capital, and shall not be higher than 50%.

Profitability risk is one evaluation of financial organization
profitability, it mainly including following index: 1. Return
on asset X

8
, its value should be higher than 1% and the

early warning value should lower 0.75%. The higher the
value is, the stronger profit ability of the organization. 2.
Profit on capital X

9
, it reflects the ability of organization

realizes profit; its specified value should be higher than
20% and early warning value should be under 15%. 3.
Cost-to-income ratios X

10
, its value should be not higher

than 45%; 4. Net interest margin X
11

, it refers to the ratio
of the bank net interest income to the bank all interest-
earning assets. 5. Non- interest income ratio X

12
, it means

the ratio of all incomes except interest incomes to general
income.

Liquidity risk, it means that possibility of payment crisis
the financial organization happens who has not enough
cash to pay for debts and ensure customer extraction
deposits. It mainly including following index: 1. Asset
liquidity risk X

13
, it is equals to the proportion of liquid

asset to liquid debts; its specified value should be higher
than 25% and early warning value should be under 30%.
This index reflects the withdraw ability of financial
organization for customer at anytime, the higher the index
is, the stronger payment and liquid ability of the financial
organization. 2. Excess reserves rate X

14
, it a ratio of
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cash for deposit payment and settle accounts to total
deposits. Its specified value should be higher than 5%
and early warning value should be under 7%. 3. Proportion
of deposits to loans X

15
, it can reflect the ability of

organization control the amount of money, its specified
value should be under 75% and early warning value should
be higher 70%.

Market risk including following index: 1. Interest rate risk
sensitivity X

16
, it means that financial organization interest

incomes and interest payment for debts influence by
market interest rate changes and adjusting speed for
market interest changes. 2. Proportion of accumulated
foreign exchange positions X

17
, it is equals to the bank

rate sensitivity foreign exchange assets minus sensitivity
foreign exchange debts.

According to the above analysis, we can construct the
rural financial organization operational risk index system
as follows:

Capital adequacy ratio index X
1

> 12% 8 - 12% 4 - 8% < 4%

Core capital adequacy ratio > 6% 4 - 6% 2 - 4% < 2%
index X

2

Nonperforming loan ratios X
3

< 4% 4 - 6% 6 - 8% > 8%

Bad Loan Ratio X
4

< 15 % 15 - 20% 20 - 25% > 25%

proportion of the same loan < 5% 5 - 10% 10 - 15% > 15%
customer loans X

5

proportion of the largest ten < 30% 30 - 50% 50 - 60% > 60%
loaners loans X

6

generalized correlation ratio X
7

< 30% 30 - 45% 45 - 60% > 60%

Return on asset X
8

> 1% 0.75 - 1% 0.5 - 0.75% < 0.5%

Profit on capital X
9

> 20% 15 - 20% 10 - 15% < 10%

Cost-to-income ratios X
10

< 30% 25 - 30% 30 - 45% > 45%

Net interest margin X
11

< 20% 20 - 30% 30 - 40% > 40%

Non- interest income ratio X
12

> 15% 10 - 15% 5 - 10% < 5%

Asset liquidity risk X
13

> 30% 25 - 30% 15-25% < 15%

Excess reserves rate X
14

> 7% 5 - 7% 3 - 5% < 3%

Proportion of deposits to loans X
15

< 70% 70 - 75% 75 - 85% > 85%

Interest rate risk sensitivity X
16

100% 80-100,100-120 60-80,120-140 < 60, > 140

Proportion of accumulated < 10% 10 - 15% 15 - 20% > 20%
foreign exchange positions X

17

                       Risk situation

Low risk             Middle risk            High risk

Index                                       Normal
                                               situation

Table 1. Index system

4. Risk evaluation of rural financial organization
operation Based on the BP neural network

4.1 Data collection
Using BP neural network to evaluation rural financial risk,

we need collect relevant data. Through some works, we
collected financial organization risk index of rural Z in
recent years as follows table 2.

4.2 Data processing
As we introduced before the BP neural network have input
layer, hidden layer and output layer. In this paper we
assume that the hidden layer has one layer so that simplify
operation. In this paper the input data are above index we
describe before, in other word there are 17 input nodes in
the input layer. Input layer to hidden layer, BP neural
network uses the sigmoid function. So we must use the

formula

In order to make the output data in the same interval with
the input data, we need anti-normalization to the output
data, the anti-normalization formula is x

t
 = x

t
 (x

max 
- x

min
) +

x
min

.

x
t
 =

 x
i
 - x

min

x
max 

- x
min

to normalization the input data.’

’

For the output data should be reflect the risk classification.
As the risk classification is a kind of concepts of qualitative,
it can’t be express by simple data or math methods. In
order to express the risk classification in quantitative way,
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Capital adequacy ratio index X
1

4 8 12 14 9 6 11 7

Core capital adequacy ratio index X
2

2 6 4 8 7 9 6 5.5

Nonperforming loan ratios X
3

7 2 3 4 4 3 2 5

Bad Loan Ratio X
4

19 14 18 10 12 15 16 18

proportion of the same loan customer 18 5 12 3 4 7 13 16
loans X

5

proportion of the largest ten loaners 57 30 53 24 26 36 54 57
loans X

6

generalized correlation ratio X
7

35 20 33 16 18 21 31 34

Return on asset X
8

0.6 0.8 0.65 1.2 1.1 0.7 0.75 0.8

Profit on capital X
9

7 14 13 23 22 14 12 10

Cost-to-income ratios X
10

34 28 24 23 20 19 36 35

Net interest margin X
11

40 30 45 20 18 17 37 39

Non- interest income ratio X
12

4 10 9 17 16 8 7.5 10

Asset liquidity risk X
13

10 27 23 38 29 24 26 17

Excess reserves rate X
14

2.5 6.5 4 8 7 6 4.5 2.7

Proportion of deposits to loans X
15

85 76 75 63 62 70 73 78

Interest rate risk sensitivity X
16

42 90 112 97 96 89 106 57

Proportion of accumulated foreign 23 15 17 18 12 16 15 15
exchange positions X

17

2004        2005         2006     2007     2008       2009        2010       2011

Year
Index

Table 2. Index of rural Z in recent years

we adopt Delphi to evaluate the risk of rural financial
organization. So we invite 8 experts to give a score to the
organization on operational. Among them, there are two
senior researchers, two finance risk managers, two
business staffers and two finance staffers with rich
experience. We assume that they have equal weight of
giving a score, so we can calculate the average value  M
to measure the organization operational risk. At the same
time, we select four output nodes so we can get the result
easily and make the system stably. We set output node
[1000] as the normal condition, [0100] as the low risk
condition, [0010] as the middle risk condition and [0001]
as the high risk condition. These four risk conditions
corresponding to four levels of the expert scoring, so we
can divide M into four grades: M ∈ (75,100], M ∈ (50, 75],
M ∈ (25, 50] and M ∈ (0, 25].

In the BP neural network, the number of hidden layer nodes
will influence the quality of algorithmic. The greater the
number of nodes, the more finely tunable the network
becomes, but the complexity will increase. The fewer the
number of nodes, the easier we can understand the
network, but the expression and fault-tolerance ability will
decline. According to the practical experience and features
of BP neural network, we usually use following formula to
determine the number of hidden layer nodes:

h = √n + m + a (1)

where m is the number of the input nodes and n is the
number of the output nodes, [1,10]∈a . In this paper, we
determine the best number of hidden layer nodes through
a series of experiments, it should be 10.

Parameter design is an anther key point to neural network
application. Only choosing the correct and appropriate
parameters can make the network convergence quickly
and efficiently with a smaller error. For the learning rate,
as a parameter, if its value so greater that will make
network unstable and begins to divergence when doesn’t
convergence to the regulation range of error; otherwise, if
its value too smaller it will prolong the training time and
slow down the convergence rate, it also can’t reach the
regulation range of error. Normally, the learning rate is
ranging from 0.01 to 0.08. In practice, a smaller learning
rate can help system keep stable. In this paper, we have
several experiments and determine the value of learning
rate be 0.013.

Another important parameter is momentum factor, it also
inertia coefficients. It determines the influence degree of
the variation of the learning rate to the update weight; its
value is ranging from 0 to 1. If the value is 0, that algorithm
will be standard BP neural network; and if the value is 1,
the new weight increment will set to last weight increment.
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In this paper, we have several experiments and determine
the momentum factor be 0.9.

The normal condition, it means that the financial
organization operational stays a safe place, it is not in
danger almost. At this time, the organization could operate
boldly. But it requires paying attention to the potential
risk and sudden-happened risk.

The low risk condition, it means that there are something
wrong on the operational of tissue, but not great loss and
have a little influence on trading activity. Under this
circumstances, only a litter influence or localized affect
on the organization.

The middle risk condition, it means that the tissue have
arise some obvious questions and caused a great loss,
the result are serious but not deadly.

When the organization in the high risk condition, the risk
have a great affect on the organization and the result are
extremely serious. The risk often threatens to the
foundation of development and survival of the financial
organization and make the organization can’t recover in a
short time or even led to the bankruptcy directly.

We get the score which giving by the eight experts on the
tissue operational condition for recent years as follows:

4.3 Construct the BP neural network
When we use the BP neural network to evaluation the
operational risk, we select the data from 2004 to 2007 as
the training samples and others as the test samples.
Expected outputs from year of 2004 to 2007 are: [0001],
[0100], [0010] and [1000].

2004 17 20 15 23 18.75

2005 72 68 70 71 70.25

2006 32 35 38 35 35

2007 83 76 85 78 80.5

2008 79 77 83 73 78

2009 65 67 63 65 65

2010 42 47 48 43 45

2011 20 25 19 16 20

Year                Researchers            managers              Business            Finance           Comprehensive
                                                            staffers               person scores

Table 3. Experts scoring table

2008      1000              0.5996            -0.9873          -0.9988          -0.0035         normal

2009 0100 0.0464 0.3502 -0.1333 0.0780 Low risk

2010 0010 0.4335 0.5025            1.5324           1.4366         Middle risk

2011                            0001                        0.3345     -0.1716            0.6377           1.0624         High risk

year  Expected                                               Actual output                             Risk level
   output

Table 4. Expected output and actual output

We construct the index data from 2004 to 2007 as the
input matrix firstly, and then construct the BP neural
network through Matlab. At last, we use the index data
from 2008 to 2011 as the test samples. We get the result
as follows table 4.

As we know from the result table, the result of the BP
neural network prediction very coincides with the result of
the expert scoring.

5. Conclusion

In this paper we used the BP neural network to evaluate
the rural financial risk and construct the model
successfully, it illustrates that the BP neural network can
be feasibly used to building rural financial organization
operational risk early warning. In the same way, we can
use it to other rural financial corpus such as township
enterprise, rural government and other rural financial
management organizations to guide rural financial subject
to take measures to control the risk in advance and reduce
loss of the risk.
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