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ABSTRACT

In this paper we report on a utility function (loss function) and model that we designed by using optimal control theory
based on previous studies. we found that: 1) the Hamiltonian multiplier of the bank NPLs growth rate in the model was
obtained using the negative derivitive of the utility (defined as loan function minus non-performing loan function) with
respect to the NPLs multiplied by a factor which expresses the rate of change in NPLs over time with respect to the

NPLs, the formula is 4, =(1/6 )(—vm N™! ) =(1/6)U}; 2) the model determines the equilibrium value of the saddle
point of the bank NPLs; 3) the model can explain the NPLS phenomenon in the Chinese banking system as mainly sig-

nificant in the state owned banks (SOBg); 4) The paper supports the following hypothesis by considering the situation in
China: the equilibrium value of the bank NPLs is dependent on micro-economic factors but influenced by macro-eco-

nomic factors.
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1. Introduction

The reason that we researched bank NPLs is straightfor-
ward: They are “financial pollution” and may be harmful
to economic growth and social welfare when present (Min-
sky 1964 [1]; Minsky, 1995 [2]; Stiglitz and Weiss 1981
[3]; Mankiw 1986 [4]; Gonzales-Hermosillo 1999 [5]; Le-
von Barseghyan 2010 [6]). Ramirez (2009) [7] reported
that the US financial crisis of 1893 affected state output
growth: a 1% increase in bank instability reduced output
growth by 2% - 5% between 1900 and 1930.

Financial fragility emerged during the reform period as
a result of the evolving triangular relationship among the
state owned enterprises (SOEs), state owned banks (SOBg),
and the fiscal system (Huang and Yang 1998 [8]).

Bonin and Huang (2001) [9] offered some modest pro-
posals for dealing with the bad loans of Chinese banks.
Chinese banks suffer from serious financial fragility ma-
nifested by high proportions of NPLs and low capital-
adequacy ratios. A key policy introduced by the Chinese
government to reduce financial risks was the establish-
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ment of four asset management companies (AMCs) to deal
with bad loans. Drawing on the experiences of the Reso-
lution Trust Corporation in the United States and bank
restructuring in the Central European transition economi-
es, Bonin and Huang (2001) [9] argued that the original
AMCs design would not be successful in resolving the
existing NPLs, and this design could not prevent the
creation of new bad loans. They recommended a modifi-
cation of the current proposal, which redefined the rela-
tionship between the parent banks and the AMCs by trans-
ferring the deposits of problem enterprises together with
their NPLs from the parent banks to the AMCs.

Lu, Thangavelu, and Hu (2005) [10] used an empirical
panel data set of public listing companies in China to ex-
plore the relationship between banks’ lending behaviour
and NPLs. They showed that SOEs received more loans
than other firms and those SOEs with high default risks
were able to borrow more than the low-risk SOEs and
non-SOEs. This suggests that Chinese banks had a sys-
tematic lending bias in favour of SOEs, particularly in re-
lation to those with high default risks during the period
under investigation.

Wunner (2000) [11] formed a two-period model, whi-
ch showed that a lending bias existed in favour of old
debtors resulting in the large share of NPLS in transition
economies.
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The paper aims to develop a model by using optimal
control theory as well as creating a utility function (loss
function) based on a study by Forster (1980) [12], which
set up a differential equation of the state variable. In the
model, the loan balance (L) is a control variable, the
NPLs (N) is a state variable. We assume that the loan bal-
ances have two levels of credit risk: L (high risk) and L
(low risk). It is known from the literature that these would
have different probabilities of becoming NPLs (N).

Ferri (2009) [13] reported that state-owned comercial
banks burdened with non-performing loans from un-pro-
fitable state-owned enterprises from 1998-2005. Ferri (2009)
[13] reported that reform of state-owned commercial banks
is necessary to bring better banking to China.

Berger, Hasan and Zhou (2009) [14] found that Big
Four banks are by far the least efficient; foreign banks
are most efficient; and minority foreign ownership is as-
sociated with significantly improved efficiency from 1994
to 2003. The three of the Big Four banks have been listed
banks; minority foreign owners may be increase really
Chinese bank efficiency and decrease bank non-perfor-
ming loans (NPLs).

This study will discuss the following questions based
on the above literature. Section 2 of this article presents
both a utility function (loss function) and a hypothesis. Sec-
tion 3 designs a model about NPLs using optimal control
theory as well as an analysis of the model. Section 4
analyzes the effect of variables on N. Section 5 seeks to
explain the NPLs in China’s banking system using the
optimal bank NPLs dynamic model. Section 6 of this
study is the conclusion.

2. Utility Function (Loss Function) and
Hypothesis

2.1. Utility Function (Loss Function)

First, as the loan balance (L) can increases production
and service capacities, it also increases total consumption
(O) and social utility. However, since bank NPLs (&) is
“financial pollution (P)” and is harmful to social welfare,
it decreases social utility. The process is described be-
low.
Let
C= C(L)(C’ >0, C"< 0)
P=P(N)(P' >0, P">0)
where
L: loan balance; N: NPLs;

C(L)=(uL6)" and P(N)=VN"
Thus [C(L)]" =ul’.

As the social utility function is dependent upon the to-
tal consumption (C) as well as bank NPLs (N), it is rea-
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sonable to assume the following relationship:
U=U(C(L),P(N)).

This simple illustration obtains the social utility func-
tion as follows."' If

u=u(c(r).P(N))=[c(1)]"-P(N)
substitute
[C(L)]" =ul’ and P(N)=wN"
into
U=[c(L)] -P(N)
Then the utility function becomes
U=C"—vN" =ul’ —vN",

where

0<6<1,0<np<l,v>0.

It is evident that a loan balance (L) results in a positive
social utility, as shown by uL’, but bank NPLs (V) leads
to negative social utility, which is shown as —vN".

More analysis can be performed as shown below:

If

u>0,L>0
Then
2
U _ o1 > 0; a—lzj=ut9(t9—1)L9_2 <0.
oL oL

The above equation implies that the marginal utility of
a loan balance (L) is an increasing function and the social
utility (U) function is concave relative to loan balance
(L).

The other scenario can be also analyzed below:

If

m>1,N>0
Then

2
ol _ —vmN"™ < 0; 6_({
ON N

=—vm(m—l)N'"_2 <0.

Similarly, the above analyses indicate that the margi-
nal utility of bank NPLs (¥) is positive and a decreasing
function and that the social utility (U) function is con-
cave in relation to bank NPLs (V).

'The concept of the social utility function of the paper originates from
the study by Bruce A. Forster: “Optimal Energy Use in a Polluted En-
vironment,” Journal of Environmental Economics and Management,
1980, pp. 321-333. The paper develops a social utility function from the
viewpoint of bank non-performing loans, which are “financial pollu-
tions. Different problems may have different social utility functions.
For example, the social utility function is given by U = 1/2(y — y")* +
1/2(n — n')* when inflation is studied, where = is inflation rate, n” is
rational inflation rate, y is output, " is equilibrium output.
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2.2. Assumptions and Lemma

2.2.1. Assumptions
For further analyses, we make the following assumptions
and discuss their meanings.

Assumption 1

N =(dN/dt)=-aL-BA* -5N
+h|AG|+y(i—r)+ fD+aS+bAE

where N is bank NPLs; (dN/d¢) is the growth rate of the
bank NPLs; L is the loan balance; A4 is the effort of in-
ternal bank management; G is the economic growth rate;
|AG| is the amplitude of the economic growth rate; i is
the nominal interest rate; 7 is the profit margin of an en-
terprise; i — r is the difference between the nominal in-
terest rate and the profit margin of the enterprise; D is the
degree of openness to the outside world; S is the animal
spirit of the enterpriser (an increase in an enterpriser’s
irrational behavior); and AE is amplitude of the exchange
rate.

Assumption 2

a<0; f>0; 6>0; h>0; y>0; f>0;
a>0; b>0 inwhich a, S, etc. are the coefficients
of the variables described above.

This implies the following lemmas.

2.2.2. Lemmas

Lemma 1

Suppose a < 0, the relationship of the change in rate
of NPLs () with respect to time and total loan balance
(L) is (dNVAdf)/dL = —« > 0. This means that the change in
rate of NPLs (N) through time is an increasing function
of the total loan balance (L). The higher the total loan
balance (L), the greater the variation in the rate of NPLs
(N) with respect to the length of time. For example, along
with an increase in the total loan balance (L), (dN/dr)
might change from —0.1 (tril. per year) to 0.01 (tril. per
year).’

Lemma 2

Suppose f > 0, 4 stands for a bank’s internal man-
agement effort, in which an institutional reform effort
with respect to property rights could affect . The value
of f in a society which has a clear property right is
greater than f in a society having an unclear property
right. (dN/df)/d4 = —f < 0, means that the change in rate
of NPLs (N) with respect to time decreases through
strengthening a bank’s internal management effort. For
example, along with an increase in a bank’s internal

’If o > 0 then , and the conclusion will be the same as that when a < 0.
Assumption 1 changes accordingly to

AN/t = —al — pA >~ ON + h|AG| + y(i — ) + fD + aS + bAE .

*Why do non-performing loans increase faster when total loans balance
increase? Because in the conditions that the other variables are uniform,
more total loans balance means that bank’s loan inspection is looser.
That is why non-performing loans increase faster.
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management effort, dV/d¢ might change from 0.1 (tril.
per year) to —0.01 (tril. per year).

Lemma 3

Suppose 0 > 0, N stands for NPLs. (dN/d¢)/dN =—0 < 0,
which means that with an increase in NPLs (&), the
change in rate of NPLs with respect to time decreases.

For example, along with an increase of NPLs (N),
dN/df might change from 0.1 (tril. per year) to 0.01 (tril.
per year).

Lemma 4

Suppose & > 0, |AG]| stands for the absolute value of
the variation in the economic growth rate. (dN/df)/d|AG]|,
we will discuss two conditions:

1) Suppose an economic growth rate G > 0, in which
the economic growth rate is increasing rapidly, that is,
the economy is overheating. People are so afraid of los-
ing the chance tp make money that they do bad business
by financing unsecured loans. This results in an increase
in the change in rate of NPLs () with respect to time.
For example, along with the increase of NPLs (N), dN/d¢
might change from —0.1 (tril. per year) to 0.01 (tril. per
year).

2) Suppose a economic growth rate AG <0, in
which the economic growth rate decreases rapidly, caus-
ing an economic depression. When supply exceeds de-
mand, the price decreases, products hardly sell, corporate
profit drop, causing an increase in the variable rate of
NPLs (N) with respect to time. For example, along with
the increase in NPLs (N), dNV/d¢ might change from —0.5
(tril. per year) to 0.01(tril. per year).

Lemma 5

Suppose y > 0, i — r is the difference between the
nominal lending rate(i) and the factual yield rate of a
corporation (r). (dN/d¢)/d(i — r) = y > 0 means that the
change in rate of NPLs (N) with respect to time is a in-
creasing function of i — . The greater i — r, the larger the
change in rate of NPLs (V) with respect to time. For ex-
ample, along with the increase of i — r, dN/d¢ might
change from —0.1 (tril. per year) to 0.01 (tril. per year).
Because i is the cost of financing, a higher cost of fi-
nancing or a lower factual yield rate of a corporation
causes a greater difference between the nominal lending
rate and the factual yield rate income of the corporation,
that is to say, the change in rate of NPLs () with respect
to time increases.

Lemma 6

Suppose > 0, D stands for the degree of openness to
the outside world. (dN/df)/Dd = f > 0 means that the
change in rate of NPLs (V) with respect to time is an
increasing function of D. The higher D is, the greater the

“Because along with the addition of NPLs, bank credit departments and
bank supervising departments would take action to reinforce censors
before loaning, in loaning and after loaning and enhance the usage of
credit capital.
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change in rate of NPLs (V) with respect to time becomes.
For example, along with the increase in D, dN/d¢ might
change from —0.1 (tril. per year) to 0.01 (tril. per year).
Because of a higher degree of openness to the outside
world, corporations are faced with increasing challenges
and competition from overseas. The more uncertain fac-
tors are, the larger the change in rate of NPLs (N) with
respect to time becomes (Note: we have not mentioned
the impact of variable exchange rates, because they will
be discussed in Lemma 8).

Lemma 7

Suppose a > 0, S stands for an enterpriser’s animal
spirit. (dN/df)/dS = a > 0, means that the change in rate
of NPLs (&) with respect to time is an increasing func-
tion of S. The greater S is, the higher the change in rate of
NPLs (V) with respect to time is. For example, along
with an increase in S, dV/df might change from —0.1 (tril.
per year) to 0.02 (tril. per year). Because of the increase
in an enterpriser’s animal spirit, S, specifically an in-
crease in an enterpriser’s irrational behavior, increases
along with the wave of an economic period. When there
is excess expansion or excess contraction, enterprisers
increase or decrease investments rapidly at the same time,
so the rate of the increase in NPLs increases.

Lemma 8

Suppose b > 0, AE stands for variable exchange rates.
If we use the method of direct quotation, variable ex-
change rates AE > 0, (dN/df)/d(AE) = b > 0 means a de-
preciation in domestic currency. Corporations who bor-
row foreign loans aggravate their debt burden, because
their foreign loans that are calculated using domestic cur-
rency increase. The likelihood of a corporation’s deficit
and the change in rate of NPLs (V) with respect to time
increases. If we use the method of direct quotation, AE <
0, (dN/df)/d (AE) = b > 0 means an appreciation of the
domestic currency. Corporations who borrow foreign
loans reduce their debt burden because their foreign loans
that are calculated using domestic currency decrease.
Therefore, the likelihood of corporation’s deficit and the
change in rate of NPLs decrease with time.

3. Design of a Model for NPLs by Optimal
Control Theory and Analysis of the Model

3.1. Model of NPLs Using Optimal Control
Theory

We write the social objective function as:

max [ (Udt =U(C(L),P(N))ds

(1)
= max IOTU(L,N)dt
And the social utility functions as:
U=C"-vN" =ul’ —vN" (2)
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This satisfies the constraint conditions as follows:
N =(dN/dt)=-aL-BA* -5N

1
) +h|AG|+y(i—r)+ fD+aS +bAE;

3)

2) u>0,L>0, 0<6<1,

Then
2
U _wor >0, 2 (21 =uf(0-1)L"? <0;
oL oL
3) m>1, N>0
Then
2
a_Uv:—vam_1 <0, 0 l{ =—vm(m—l)Nm_2 <0
ON ON

4) N(T) freedom.

3.2. Demonstration of the Economic Meaning of
the Shadow Price in the Optimal Bank NPLs
Dynamic Model

The Hamiltonian function can be found as:

H=U(N,L)+ 4, (N-0) (4)
OH
—=ubLl”" —ad,. 5
oL u N (5)
For L>0,
Then the following condition is true

Z—IZ <0 (the Kuhn-Tucker conditions)

when Laa—IZ:O (the complementary slackness condi-

tions), then on =0.
oL

Therefore

2_21 =ufl’" —al, =0. (6)

The follow equation can be obtained by (6)
Ay =ub 1" a %)

ubl’ >0, a<0,thus Ay <0.
The differential form of Equation (6) relative to time is
given by

ud(0-1)"’L =ad, ®)
where L =dL/dt

. oH -
Ay == =vmN '+ S, ©9)

Equation (9) is the Hamiltonian characteristic. When
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Equation (9) equals 0, that is

: oH
Ay =——=vmN" " +61, =0 10
N N vm N (10)

We find that
Ay =—2E N <0 (11)
o
If substituting Equation (7) into (9), we see that
oH ugL’"

d(Ay)/dt =4, =—6—N=vaf"‘1 +5 (12)

a
And find that d(4,)/dr increases with N. Further-

more, based on (11), we get A, =—(vm/5)N('"’1) <0,
thatis Ay =(1/8)(—vmN"")=(1/5)U},

As the above analyses indicate, the parameter, A4, , is
the Hamiltonian multiplier of the bank NPLs growth rate
in the model, which is the shadow price of bank NPLs.
The shadow price was obtained using the negative deriv-
itive of the utility (defined as loan function minus non-
performing loan function) with respect to the NPLs mul-
tiplied by a factor which expresses the rate of change in
NPLs over time with respect to the NPLs. Specifically,
the parameter is given by 1/5, and the economic mean-
ing can been seen from two perspectives, described as
follows.

The first aspect implies that, for a given binding capi-
tal requirement (e.g. Basel II), keeping NPLs on the
books makes a bank intrinsically riskier and therefore
increases the amount of required regulatory capital, be-
cause these loans reduce the amount of available resour-
ces the bank can invest in new profitable loans. This as-
pect is also part of the shadow price of bank NPLs.

The second perspective is given from a macro point of
view. An excessive number of NPLs in the banking sys-
tem can lead to an inefficient allocation of resources and
may decrease economic growth. This latter variable is as-
sumed to be an exogenous factor in the model. We have
concluded that the negative impacts of the NPLs on the
economy are an essential part of an enterprise’s cost or
shadow price.

3.3. Resolving the Equilibrium Solution Value of
the Above Model in an N-L Phase Diagram
Equation (9) into Equation (8) gets
L=ak, = [a(va’”'l + 5/1N)] /ua(e—l)LH (13)
Equilibrium solution value of the above model show

as Equation (14) and Equation (15) from Equation (3)
and Equation (13)

N=[—aL—ﬁA+h|AG|+y(i—r)+fD+aS+bAE}/5
(14)
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1 1-0

N =(=8ubL” [avm) =nL "1 >0 (15)

The above equation is an exponential function.
For 6>0,u>0, >0, v>0, m>0, <0,

Then n= (—51{6’/ocvm)ﬁ >0.
Suppose N > 0, that is
N =[-aL-pBA+h|AG|+y(i-r)+ fD+aS+bAE]/5
>0
We find that

[-aL-BA+h|AG|+y(i-r)+ fD+aS+bAE|>0

The slope of dN/dt = 0 curve is positive for a <0,
—a>0.

Figure 1 shows the equilibrium solution value of the
above model in N-L phase diagram.

It can be seen from Figure 1, that the differential
equations of Equation (1) and Equation (2) constitute the
saddle point equilibrium solution of E0. Suppose the ini-
tial location is at point X and 7, it can be seen from the
social utility function

(v=u(c(L),p(N))=[C(L)] ~P(N)) that N and

(—va o ) =U, will shift to the saddle point EO from

the saddle point path XEO and YEO. They will not change
at the saddle point £0. The slope of the dL/d¢ = 0 curve is

negative, and the assumption is that (1-8)/(m-1)>1.

3.4. Analysis of the Effect of Changes in
Parameter @ or m on the Equilibrium
Solution Value of the Above Model

3.4.1. Parameter @ Decreasing or m Increasing
Consistently

Parameter 6 decreasing or m increasing means that

(1-8)/(m—1)>1 decreases. For example,

(1-8)/ (m—1) >1 decreases from 2 to 1.5. The abso-

lute value of the slope of the dZ/d¢t = 0 curve will de-

crease at the same L value.’

The magnitude of 8 and m is decided by factors such
as anthropogeography and world economy.

The social utility U will decrease when parameter 6
decreases or m increases according to U =C"7 —vN"
=ul’ —vN", the value of n :(—5u¢9/avm)1/ ) also
decreases when the absolute value |—5u¢9/ avm| >1.

The dL/d¢ = 0 curve has two movements. One is the
absolute value of the slope of the dZ/d¢ = 0 curve decreas-
ing at the same L value, whilst the other movement, dL/d¢
= 0 curve shifts downward, Figure 1 becomes Figure 2.

dL/dt = 0 curve is n :(75u0/avm)‘/(m ", the absolute value of the
slope of dL/d¢ = 0 curve is |[dN/dL| of the curve.

ME



S. H. ZENG 105

pIEMUMOD YIYS

> L
0

Figure 2. The phase diagram in space of N and L when the
decrease of # or the increase of m is consistent.

It can be seen from Figure 2 that the equilibrium point
in space of N and L will move from point £0 to point £3
if the decrease in @ or the increase in m is consistent’;
then the value of N and L will decrease.

3.4.2. Parameter @ Increasing or m Decreasing
3.4.2.1. Analysis of the Effect of Parameter 6-Increasing
or m Decreasing Consistently

Parameterfincreasing or m decreasing consistently
means (1-6)/(m—1) is decreasing consistently. For
example, (1—9)/(m—1) increases from 1 to 2, the ab-
solute value of the slope of dL/d¢ = 0 curve will increase
at the same L value. The magnitude of § and m is decided

°If the financing by stock rights in a country increases dramatically, the
utility of the counterpart of the loan balance, that means 8 will decrease.
By the same token, if the financing by stock rights in a country in-
creases dramatically, the disutility of the counterpart of the non- per-
forming loans balance (V) will increase, which leads to the increase of
m.

Copyright © 2012 SciRes.

by factors such as anthropogeography and world economy.

The social utility U will increase consistently when pa-
rameter 6 increases or m decreases according to
U= C" —yN" =ul’ —vN", the value of
n= (-6ub/ avm)l/ (") also increases when the absolute
value |—5u9/ avm| >1. The dL/dt = 0 curve has two
movements, one is that the absolute value of the slope of
dL/dt = 0 curve increases at the same L value. The other
is that when the dL/dr = 0 curve shifts upward Figure 1
becomes Figure 3.

The equilibrium point £0 will shift to £4 in N-L Phase
Diagram when parameter 6 increases or m decreases
consistently, the value of N and L will increase consis-
tently as in Figure 3.

2.4.2.2. Analysis of the Effect of Parameter ¢ Increasing
or m Decreasing Temporarily on the Equilibrium
Solution Value of the Model

Parameter 6 increasing or m decreasing temporarily

means (1-6)/(m—1) is decreasing temporarily.

The social utility U will increase temporarily when pa-
rameter increases or m decreases according to
U= C7—vN"™ =ul? —vN™, the value of
n= (—5u«9/avm)l/ " also increases temporarily when
the absolute value |-5u6/avm|>1.

The dL/dt = 0 curve has two movements, one is that
the absolute value of the slope of dL/d¢ = 0 curve in-
creases temporarily at the same L value. The other is that
when the dL/dr = 0 curve shifts temporarily upward,
Figure 3 becomes Figure 4.

The equilibrium point £0 will at first shift to £4 in the
N-L Phase Diagram when parameter fincreases or m de-
creases temporarily. The value of N and L will increase
temporarily as shown in Figure 4, and then will shift
back to its original site.

NA

v

0

Figure 3. The phase diagram in space of V and L when the
increase of @ or the decline of m is consistent.
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0 > L

Figure 4. The effect of parameter @ increasing or m de-
creasing temporarily on the equilibrium solution value of
the model.

The magnitude of 8, m is decided by factors such as
anthropogeography and world economy. For example,
the utility of the same L will decrease when equity capi-
tal financing increases, therefore, 6 decreases. The nega-
tive utility of the same N will increase when equity capi-
tal financing increases, therefore, m increases.

4. Analysis of the Effect of Variables

4.1. Analysis of the Effect of 4 and r Increasing
Consistently on the Equilibrium Solution

The influence of the increase in the effort of internal
bank management (4). Or the increase in the profit rate (r)
of an enterprise, or the increase in both these factors on
the curve (dL/df = 0), means a reduction in NPLs.

If the effort of internal bank management is consistent,
namely 4 increases; or if the increase in the profit margin
of an enterprise (i — 7)’ is consistent, or if the increase of
both of these factors is consistent, then the curve (dL/dt =
0) shifts downward in the quadrant defined by the N and
L axes.® According to the above analysis, Figure 1 be-
comes Figure 5.

It can be seen from Figure 5 that the saddle point and
equilibrium point moves from point £0 to point £1. This
situation yields the most ideal condition in that the loan
balance (L) increases while the NPLs (N) decrease.

According to the social utility function, which is writ-
ten as U =C"—vN" =ul’ —vN™, we can find that the
social utility increases when the other conditions are
uniform.

If A decreases or r declines, or the two factors both
decrease, the conclusion will be the opposite to the above.

"An increase in the profit margin of an enterprise () derives from im-
provement in techniques.

¥Because a < 0, —a > 0, the slope of the curve dN/d¢ = 0 in the area of N
and L is positive.
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4.2. Analysis of Other Variables for the Increase
of the NPLs (N)

It can be seen from the above assumptions as follows: an
increase in the amplitude of the economic growth rate
(|AG]); the nominal interest rate (i); the degree of open-
ness to the outside world (D); the animal spirit of the
enterpriser (S); and the amplitude of the exchange rate
(AE) can make the NPLs increase. Therefore, the equilib-
rium result of N and L can be calculated from dN/d¢ = 0
and dL/d¢ = 0, that is Equation (14) and Equation (15),
dL/dt = 0 shifts upwards. According to the above analy-
sis, Figure 1 will change to Figure 6.

5. Explanation of the NPLs in China’s
Banking System Using the Optimal Bank
NPLs Dynamic Model

5.1. Analysis of the NPLs Generation from the
Perspective of the Development of the
Chinese Banking System (4 and g Will Vary
in the Above Model)

There has been a great change in the Chinese banking

A

/NP

QAIND 3}

SpIEMUMOD SYIYS ()

0 > L

Figure 5. The phase diagram in space of N and L when the
increase of 4 or the increase of r is consistent.

The curve shifts upwards

N P 4

0 = L

Figure 6. The phase diagram in space of NV and L When
analyzing other variables for the increase of the NPLs (N).
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system since reform and opening to the outside world
was initiated in China in 1978. The Bank of China; the
Industrial and Commercial Bank of China; the Agricul-
tural Bank of China; and the China Construction Bank,
have become successively separated from the Central
Bank and have emerged as specialized banks. Then, re-
gional commercial banks and non-banking financial in-
stitutions with characteristics that are similar to those of
banks come into being such as city credit unions;trust
and investment corporations ;financial companies which
are started by enterprises; financial leasing companies;
and credit rating agencies, which all participate in debit
and credit activities.

5.1.1. Analysis of the NPLs Generation from the
Perspective of the Development of State Owned
Commercial Banks

Before policy-related banks were founded, these four

SOBs commercial banks took on a huge amount of pol-

icy-related loans at the beginning of reform. Their busi-

ness objects were mainly state enterprises because the
nation had the ownership of state enterprises, so that it
was difficult to be an independent bank in such a busi-
ness operation market. The main reason for the genera-
tion of NPLs in the four commercial banks was that the
state-owned commercial banks were influenced by state
macro-economic conditions and government policies.

For example, banks are forced to make some loans due to

government control, even though it is obvious that these

loans will become the NPLs.

The character of state commercial banks in China mi-
nimizes the effect of the bank’s internal management
effort (4), and makes £ less than in developed countries.

After the foundation of policy-related banks, the NPLs
condition in the four state commercial banks improved
very little due to inertia in the thinking and operation of
management, as well as in the state ownership of state
enterprises and state commercial banks.

5.1.2. Analysis of the NPLs Generation from the
Perspective of the Development of
Stock-Holding Commercial Banks and Regional
Commercial Banks

The stock-holding commercial banks include the nation-

wide stock-holding commercial banks and regional com-

mercial banks.

The nationwide stock-holding commercial banks in-
clude the Bank of Traffic; the Hua Xia Bank; and the
China Minsheng Banking Corp., Ltd.

As a representative for the nation, the Central Bank
holds 50% of the Bank of Traffic shares, Local govern-
ment and state enterprises hold the rest of the shares.
From the beginning the Bank of Traffic did not need to
actualize appointed loans based on China’s governmental
policy but was able to respond to market conditions.

Copyright © 2012 SciRes.

When founded, the Hua Xia Bank was invested in exclu-
sively by the Beijing Capital Steel Company, and is now
composed of scores of shareholders. Following the ap-
proval of the State Department Committee, China Min-
sheng Banking Corp., Ltd. was founded in 1995, and 59
shareholders are members of the association of industry
and commerce.

The regional commercial banks include Guangdong
Development Bank; Shenzhen Development Bank; China
Merchants Bank; Fujian Industrial Bank; Shanghai Pu-
dong Development Bank, etc.

Because many stock-holding commercial banks and
regional commercial banks are organized by local gov-
ernments and enterprise groups, these banks surpass the
four state commercial banks in the structure of property
rights. However, they are still restrained by local gov-
ernment and enterprise groups.

The character of the stock-holding commercial banks
in China causes lower effects of bank internal manage-
ment effort (4). It makes f less than developed countries,
which is one of the reasons for the generation of the
NPLs in stock-holding commercial banks and regional
commercial banks.

5.2. Analysis of the NPLs Generation from the
Perspective of Hidden Guarantees that the
Government Supplies to Banks (the Moral
Hazard). Hidden Guarantees or Moral
Hazards Will Cause 4 and g to Vary in the
Above Model

The Chinese Government adopted progressive reform
since 1978 because of the long-term highly concentrated
planned economy, which was initiated after 1949. The
Bank of China; the Industrial and Commercial Bank of
China; the Agricultural Bank of China; and the China
Construction Bank, which were successively separated
from the Central Bank, become specialized banks. Then,
the national Stock-holding Commercial Bank; the Re-
gional Commercial Bank; and the non-banking financial
institutions with characteristics that are similar to those
of banks emerged, such as city credit unions. These have
become the present city commercial banks.

Bank management departments believe that the central
government and local governments can supply hidden
guarantees, if these financial institutions suffer from risk
and bankruptcy. This hidden guarantee increases the
moral hazard of these financial institutions and decreases
the conscientiousness of management (including internal
management and client follow-up investigations man-
agement) and the credit risk, so that it increases the ac-
tivities of these financial institutions in seeking for loans
that are in the bank management’s self-interest. The hid-
den guarantee that the government supplies in China
lowers the effect of internal management effort (4),
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making f less than in developed countries. All the above
factors have influenced the increase in the NPLs.

5.3. Analysis of the NPLs Generation from the
Perspective of the Asymmetry and
Imperfection of Information, Which Will
Make 4 and g Vary in the Above Model

Besides the reasons for the generation of the NPLs which
are analyzed above, adverse selection is also a cause re-
gardless of whether the banks were state owned sole
proprietorship (such as the Bank of China; the Industrial
and Commercial Bank of China; the Agricultural Bank of
China; and the China Construction Bank) or national
stock-holding commercial banks; regional commercial
banks; or the non-banking financial institutions with cha-
racteristics similar to banks (such as the evolution of city
credit unions into the present city commercial bank). The
meaning of adverse selection is described as follows:
after an increase in interest rates, a borrower with low
profits and high security may give up applying for a loan
since the profits cannot offset the loan costs, Banks are
unable to differentiate the degree of the project’s security
and profitability due to asymmetric and imperfect infor-
mation. Therefore, adverse selection results in. Interest
rates increase not only because of the general market
principles governing interest rates, but also because of
the clients seeking for excessive loans just because the
government will guarantee the bank’s success. This will
generate adverse selection. Further, the adverse incentive
necessarily generates for an increase in the interest rate
as a result of the pursuit of excessive loans. Adverse in-
centive means that high cost projects are not profitable
because of high interest rates. People will select the pro-
ject that has high risks and high profits due to limited
liability. When China experienced deflation from 1998-
2000, adverse selection and adverse incentives increased.
The asymmetric and imperfect information in China
lowers the effect of bank internal management effort (A).
It also makes 8 lower than in developed countries. There-
fore, the asymmetric and imperfect information produces
adverse selection and adverse incentive. According to the
above model, from 1994 to 2000 China experienced ad-
verse selection and adverse incentive, which lead to the
increase in the NPLs (as shown in the Table 1).

5.4. Analysis of the NPLs Generation from the
View of the National Animal Spirit (),
Which Will Make the Parameters a and §
Increase in the Above Model

The NPLs will increase if the national animal spirit is
enhanced. Though the economic system of a socialist
market economy was established in 1992, the interplay of
animal spirit and economic overheating led to an increase
in banks’ blind loans and enterprises’ speculative debts
from 1992 to 1997. This was because of the weak credit
base and a culture that was unused to credit, which fac-
tors resulted from China’s sudden reversal of the long-
term highly concentrated planned economy that had ex-
isted from 1949 to 1991.

The combination of a weak credit base and a weak
credit culture created a national animal spirit, which
therefore produced an increase in the parameter “a” and
“S”. According to the above model, from 1992 to 1997,
China experienced an increase in the NPLs.

5.5. Analysis of the NPLs Generation from the
Perspective of the Upgrading of Industrial
Structure Producing More Loans (L) and
Low Real Interest Rate (r) in the Above
Model

Due to the great change in world economic structures
during the 1980s and 1990s, the rapid development of in-
formation technology and the upgrading of industrial
structures, most enterprises formed by loan investment
lacked comparative advantages. The income of enter-
prises declined so rapidly that the enterprises could not
afford to pay their debts. In order to enable the enter-
prises to pay the debt in the future, banks supplied more
loans (L) which were induced by various means such as
bribery; thus some enterprises became bankrupt because
of higher and higher debts.

5.6. Analysis of the NPLs Generation from the
Perspective of the Change in the Degree of
Openness to the Outside World (D), Which
Makes the Parameter fand D Increase in the
Above Model

The degree of openness of China has increased gradually
since 1978. With the increase in the degree of openness,

Table 1. The rate of NPLs to loans balance (NPLs/L)" at the state owned commercial banks in China from 1994 to 2010.

Year 1994 1995 1996 1997 1998 1999 2000 2001

2002 2003 2004 2005 2006 2007 2008 2009 2010

NPLyL 21% 22% 24% 29% 33% 35% 30% 28%

25%  22% 16% 10% 9.2% 8.5%

2.81% 1.80% 1.14%

Data Source: calculated by central bank of China statistics report, China statistics year book and Website of China banking regulatory commission
(http://www.cbrc.gov.cn/chinese/info/twohome/index.jsp?itemCode = 9).  NPLS: NPLs; L: loan balance.
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enterprises were liable to suffer from strikes and compe-
titions abroad because of the new immature planned
economy and an incomplete law system. The loss of en-
terprises increased with the uncertain factors, leading to
an increase in the growth rate of the bank NPLs.

5.7. Analysis of the NPLs Decrease at the State
Owned Commercial Banks in China from
1999 to 2010 According to the Above Model

Between 1999 and 2010, the proportion of NPLs com-
pared to the total loan balance decreased at the state
owned commercial banks in China from 35% to 1.14%.
One reason is four asset management companies (AMCS)
set up for dealing with the NPLs in 1999. Banks trans-
ferred 1394 billion RMB yuan NPLs into the AMCS. At
the same time, the state owned commercial bank reform
bank internal management and the bank internal man-
agement effort (4) increased and the absolute value |o|
decreased in the above model. The rate of NPLs to loans
balance decreased also when the loans’ balance was con-
stant or increasing. Moreover, deflation ended after 2002,
enterprise real yield rate increased, and the parameters r
and y increased in the above model. As a result, NPLs
decreased, and the rate of NPLs to loan balance de-
creased also when loan balance was constant or increas-
ing.

Another reason is Fu and Heffernan (2009) [15], who
reported that new policies had directed at encouraging
market entry and increasing the market share of the most
efficient banks in China.

6. Conclusions

Bank NPLs are “financial pollution”, and when present,
may be harmful to economic growth and social welfare.
This paper studies the influence of bank NPLs on social
welfare from the point of view of the optimal control
theory. The author attempted to find: 1) the Hamiltonian
multiplier of the bank NPLs growth rate in the model
was obtained using the negative derivitive of the utility
(defined as loan function minus non-performing loan
function) with respect to the NPLs multiplied by a factor
which expresses the rate of change in NPLs over time
with respect to the NPLs, the formula is

Ay =(1/8)(-vmN"") = (1/5)U}, ; 2) a model that de-
monstrates the equilibrium value of the saddle point of
the bank NPLs; 3) a model explaining the NPLS phe-
nomenon in the Chinese banking system-mainly the state
owned banks (SOBg); 4) A test of the following hypothe-
sis by the facts in China: the equilibrium value of the
bank NPLs is dependent on micro-economic factors un-
der the circumstances of macro-economic factors. Mi-
cro-economic factors include a bank’s internal manage-
ment; macro-economic factors include the degree of open-
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ness to the outside world and government policy.

According to the model, to obtain a decrease in the
NPLs in China, the banks’ internal management effort
must be enhanced. Similarly, the share structure of prop-
erty rights should reform, decreasing the hidden guaran-
tees that the government supplies, as well as decreasing
asymmetric and imperfect information. Enterprises should
be more rational and the national animal spirit should de-
crease.

REFERENCES

[1] H. P. Minsky, “Longer Waves in Financial Relations:
Financial Factors in the More Severe Depressions,” The
American Economic Review, Vol. 54, No. 3, 1964, pp. 324-
335.

[2] H. P. Minsky, “Longer Waves in Financial Relations:
Financial Factors in the More Severe Depressions II,”
Journal of Economic, Vol. 29, No. 1, 1995, pp. 83-96.

[3] J. E. Stiglitz and A. Weiss, “Credit Rationing in Markets
with Imperfect Information,” American Economic Review,
Vol. 71, No. 3, 1981, pp. 393-410.

[4] N. G. Mankiw, “The Allocation of Credit and Financial
Collapse,” Quarterly Journal of Economics, Vol. 101, No.
3, 1986, pp. 455-470. doi:10.2307/1885692

[5] B. Gonzales-Hermosillo, “Developing Indicators to Pro-
vide Early Warnings of Banking Crises,” Finance & De-
velopment, (Financial Markets), Vol. 36, No. 2, 1999, pp.
36-39.

[6] L. Barseghyan, “Non-Performing Loans, Prospective Bail-
outs, and Japan’s Slowdown,” Journal of Monetary Eco-
nomics, Vol. 57, No. 7, 2010, pp. 873-890.
d0i:10.1016/j.jmoneco.2010.08.002

[71 C. D. Ramirez, “Bank Fragility, ‘Money under the Mat-
tress’, and Long-Run Growth: US Evidence from the
‘Perfect’ Panic of 1893,” Journal of Banking & Finance,
Vol. 33, No. 12,2009, pp. 2185-2198.
d0i:10.1016/j.jbankfin.2009.05.020

[8] Y.P.Huangand Y. Z. Yang, “China’s Financial Fragility
and Policy Responses,” Asian-Pacific Economic Litera-
ture, Vol. 12, No. 2, 1998, pp. 1-9.
doi:10.1111/1467-8411.t01-1-00037

[91 J. P. Bonin and Y. P. Huang, “Dealing with the Bad
Loans of the Chinese Banks,” Journal of Asian Econom-
ics, Vol. 12, No. 2, 2001, pp. 197-214.
doi:org/10.1016/S1049-0078(01)00082-3

[10] D. Lu, S. M. Thangavelu and Q. Hu, “Biased Lending
and Non-Performing Loans in China’s Banking Sector,”
Journal of Development Studies, Vol. 41, No. 6, 2005, pp.
1071-1091. doi:10.1080/00220380500155361

[11] N. Wunner, “Bad Loans, Soft Budget Constraints and the
Political Economy of Financial Market Reform in Transi-
tion Economies,” Journal of Policy Reform, Vol. 4, No. 1,
2000, pp. 51-74. doi:10.1080/13841280008523413

[12] B. A. Forster, “Optimal Energy Use in a Polluted Envi-
ronment,” Journal of Environmental Economics and Mana-
gement, Vol. 7, No. 4, 1980, pp. 321-333.

ME


http://dx.doi.org/10.2307/1885692
http://dx.doi.org/10.1016/j.jmoneco.2010.08.002
http://dx.doi.org/10.1016/j.jbankfin.2009.05.020
http://dx.doi.org/10.1111/1467-8411.t01-1-00037
http://dx.doi.org/10.1016/S1049-0078(01)00082-3
http://dx.doi.org/10.1080/00220380500155361
http://dx.doi.org/10.1080/13841280008523413

110

[13]

[14]

S. H. ZENG

doi:10.1016/0095-0696(80)90025-X

G. Ferri, “Are New Tigers Supplanting Old Mammoths in
China’s Banking System? Evidence from a Sample of
city Commercial Banks,” Journal of Banking & Finance,
Vol. 33, No. 1, 2009, pp. 131-140.
doi:10.1016/j.jbankfin.2007.06.013

A. N. Berger, 1. Hasan and M. M. Zhou, “Bank Owner-
ship and Efficiency in China: What Will Happen in the

Copyright © 2012 SciRes.

World’s Largest Nation?” Journal of Banking & Finance,
Vol. 33, No. 1, 2009, pp. 113-130.

doi:10.1016/j.jbankfin.2007.05.016

X. Q. Fu and S. Heffernan, “The Effects of Reform on
China’s bank Structure and Performance,” Journal of
Banking & Finance, Vol. 33, No. 1, 2009, pp. 39-52.

d0i:10.1016/j.jbankfin.2006.11.023

ME


http://dx.doi.org/10.1016/j.jbankfin.2007.06.013
http://dx.doi.org/10.1016/j.jbankfin.2007.05.016
http://dx.doi.org/10.1016/j.jbankfin.2006.11.023

