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Abstract  This paper is aimed to provide some responses to the following three 
hotly debated issues regarding China’s new rural cooperative medical system 
(NCMS), which was launched at the beginning of 2003. Firstly, how many 
people would join the system voluntarily? Secondly, can the system be 
self-balanced? And thirdly, would the lump-sum tax benefit the rich more than 
the poor? We build a decision model with heterogeneous agents and we compute 
the implications of NCMS and find under certain conditions, the 
balanced-system can be sustained and the rate of participation could be higher 
than 90%. Moreover, it is the unhealthy poor that benefit more from NCMS. 
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摘要  2003 年初新型农村医疗保障制度在全国范围内试点,为了回答以下 3 个问题：

(1) 这个自愿型的医疗保障体系的参与率有多大？(2) 保障体系自身是否可能实现

收支平衡？(3) 人头税形式的缴费方式是否会使穷人受损而富人获利？根据中国的

实际，构建一个异质性个体的消费-医疗支出决策模型，在拟合农村消费-医疗支出

行为的基础上计算农村医疗保障制度的福利效应。结果表明，在一定条件下，现行

制度可以实现收支平衡，参与率可以达到 90%以上，健康状态较差的穷人是最大的

受益者。 
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1  Introduction 

The year 2003 unveiled the national wide experiments of China’s new rural 
cooperative medical system (NCMS), which was proposed by the State Council. 
The expected target of NCMS is to cover all rural residents by 2010. The NCMS 
operates on a voluntary basis with government subsidy. Participants contribute 
lump-sum taxes to the system and the reimbursement is arranged in line with the 
principle of keeping the system self-balanced. Each year, farm household pays 
NCMS premium for its members. Together with subsidies from all levels of 
government, contributions from all sources create the NCMS fund. Compared 
with other health care policies, NCMS bears the following traits: voluntary 
participation, low premium with government subsidies, and premium in the form 
of lump-sum tax. 

The primary questions raised on NCMS are as follows: What is the 
participation rate given the voluntary participation policy? Whether the system 
would be self-balanced? And last but not the least, would the lump-sum tax 
benefit the rich more than the poor?  

The first two questions involve both adverse selection and moral hazard issues. 
Adverse selection means those of better health and lower income are not willing 
to participate in, which causes a low participation rate and small amount of 
contribution. Moral hazard encourages individuals to increase consumption, 
because the real price of medical expenditure is decreased by the health 
insurance system.1 The two mechanisms also interact. Adverse selection is 
enhanced if the price elasticity is high. Since the system could only provide a low 
co-payment rate when moral hazard exists, more individuals would be forced out 
of the system because their contribution to the system outweighed their gain, 
which aggravates the adverse selection. The third question incorporates equality 
and redistribution. Due to the fact that the sick are not always the poor, rich 
people might utilize more medical resources than the low-income group. 
Therefore, a lump-sum tax might redistribute welfare from the poor to the rich. 

Empirical research could answer the first two questions. However, because the 
present NCMS was launched in 2003, the data is limited. If using historical data 
to directly estimate individual decision-making process using traditional 
reduced-form regressions, we would face a problem borders on “the Lucas 

                                                        
1 The co-payment rate in this paper indicates the share of payment by NCMS in the total 
medical expenditure. 



Health care system in rural China 155 

Critique”, which means when environment changes, individual decision function 
changes accordingly. Therefore, this paper would start with investigating the 
behavior of consumption and medical expenditure of farmers, then estimate 
individual utility functions and decision environments, finally predict personal 
behaviors under NCMS. The advantage to adopt this technique is that it provides 
possibility to calculate individual welfare, on which we build the framework to 
discuss the optimal health care policy. 

Our results show that Chinese farmers have a much higher risk aversion rate in 
health than in consumption. The relative price of medical goods skyrocketed 
more than 5 times from 1990 to 2000, whilst stayed stable between 2000 and 
2002. When low price elasticity in medical good is combined with high risk 
aversion in health, health expenditure could become so rigid that it diminishes 
slower than price increase. It would appear to be positively correlated with 
medical price. 

Based on those findings, we simulate the behavior and welfare of farmers 
under NCMS which yields the responses to the questions we proposed. To 
answer the first question, the participation rate of the new NCMS could reach 
92%. Second, if retain the co-payment rate at around 50%, the system could 
sustain self-balance. Finally we find that the major beneficiaries of the new 
system would be the low-income plus poor-health groups. The result coincides 
with the fundamental aim of aid of health care policy. But why does not NCMS 
have those problems mentioned by the three questions before? The reason lies in 
the facts of low premium, high risk aversion and high government subsidies, 
which suppressed adverse selection behavior. Another reason is that the high 
inelasticity of medical expenditure led to high consumption propensity. Further 
consider the fact that the shock of health could easily push the poor into 
bankruptcy, they benefit higher from taking insurance than the rich. Our 
estimation shows that relative to the rich, the low-income groups’ benefit from 
participating in NCMS exceeds their welfare loss from lump-sum tax. Hence, 
redistribution is in the efficient direction. 

The remaining of this paper consists of 5 parts. Section 2 briefly reviews the 
histories and changes in the new NCMS policies, and then summarizes the basic 
characteristics of individual behavior choice in consumption—medical 
expenditure in rural China. Section 3 provides a simple heterogeneous individual 
behavior choice model, and gives definitions for compulsory or voluntary health 
care system. Section 4 estimates the parameters in the model. With these 
parameters, in Section 5 we simulate the operation of NCMS to demonstrate the 
final participation rate, financial balance and welfare effects. We also take a step 
forward to discuss the framing of an optimal health care policy. Section 6 
concludes the paper. 
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2  Consumption and medical expenditure in rural China 

The original CMS was established in 1955，then it spread and covered over 
90% of the production brigades. This policy was honored as an unparalleled 
achievement among the low-income developing countries. But in mid-1980s, 
the system collapsed. By the end of the 1980s, the old CMS merely existed in 
5% of the villages. The primary trigger was the rural area’s transition from 
collective to privatized production that stripped the right of the village 
council to distribute outputs. Lack of material support cut back the funding of 
CMS, destabilized the account balance and the medical personnel. The lack of 
definitive regulations and scientific planning was the other vital reason for 
the old CMS to fail. Marketization altered the long-held beliefs of people. 
Rural collectivities lost motif to carry on organizing and promoting the old 
CMS. Without political pressure, many individuals started to shirk from 
paying, which worsened the financial problems in CMS (Feng et al., 1995). 
Although a number of regional governments strived to rehabilitate the CMS 
ever since the early 1990s, only 9.5% of the rural residents are protected by 
health insurance, while 90% has not registered any kind of medical insurance 
(Liu et al., 2002). 

Chinese rural residents without health care has a very low level of medical 
expenditure, only 66 yuan in 1997 that slowly grown to 115 yuan in 2003, which 
is merely a quarter of the average personal expenditure in urban areas.2 There 
are a variety of determinants of the amount of expenditure, among which income 
and relative medical price are two major factors.3 

As for income, using data collected by Research Centre for Rural Economy 
of Ministry of Agriculture (RCRE data), we divide the households into 
quintile groups according to annual income per capita. We normalize the 
income of the lowest group into 1. It is shown that medical expense 
propensities differ in various income groups in each year. Although generally 
higher income leads to higher expenditure, the propensity is lower on the 
contrary, as shown in Fig. 1. 

                                                        
2 Source: 国家统计局 (National Bureau of Statistics), 1997; 1998; 1999; 2000; 2001; 2002; 
2003. 
3 Here, the relative medical price refers to more than the price of medicine and other medical 
services to normal goods. It is a broad conception that incorporates all types of policy-induced 
price changes (e.g. the obliteration of village level medical devices could indirectly rise 
medical costs). 
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Fig. 1  Propensity of medical expenditure (%) 

Source: According to RCRE data. 
 
On the other hand, Fig. 1 reveals that as time passes, the medical expense 

propensity line shift upward. Such phenomenon requires factors other than income to 
explain. If only medical expenditure lacks price elasticity, the growth in total medical 
expenditure positively will correlate with price. Price increment is obvious (Table 1). 
Evidence shows that from 1990 to 1999, average charge of every inpatient care grew 
from 473 yuan to 2,891 yuan, average charge of outpatient per visit per person rose 
from 10.9 yuan to 79 yuan, with an average annual growth rate of 24.5%, while that 
of the annual nominal income for farmers is merely 13.88%. Apparently the former 
exceeded latter with a huge margin. Therefore, the two main features of Chinese rural 
medical expenditure are: Health care propensity descends as income increases, and 
ascends as time passes. These facts reflects the lack of both income and price 
elasticity in rural medical expenditure.4 

 
Table1  Comparing increase in China medical expenditure with rural average personal 
income (Unit: yuan) 

Year 1985 1990 1995 1999 1990–1999 growth rate (%) 
Average personal income of 

rural residents  
397.6 686.31 1,577.74 2,210.34 13.80 

Average charge of  
outpatient per visit 

— 10.9 29.6 79 24.53 

Average charge of inpatient 
per admission 

— 473.3 1,273.0 2,891.1 22.25 

Source: Chen, 2001. 
                                                        
4 An earlier research we conducted with China Health and Nutrition Survey (CHNS) showed 
the income elasticity of demand is 0.3 and the price elasticity is 0.7 for rural medical 
expenditure (Feng et al., 2007). 
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Compared with medical expenditure, consumption propensities for other 
goods also display rigidity (Fig. 2). Consumption propensities shrink with 
income, implying that consumption mounts up slower than income. 
Accordingly, the saving rate showed much higher flexibility in response to 
income growth. Notice that low income groups reveal a consumption 
propensity larger than 1, which diminishes with time as exhibits in the 
downward shifting curves. One possible explanation is that when price of 
health care soars, the comparative price of normal goods to medical goods 
drops. With the above facts, it is certain to deduct that the price elasticity of 
farmers is deficient.5 In the following section we simulate the above traits 
using a simple model of heterogeneous individual decision model. Based on 
this model, we discuss the participation rate, account balance and welfare effect 
of NCMS.  
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Fig. 2  Propensity of consumption 
Source: According to RCRE data. 

3  Model of medical expenditure choice  

Grossman (1972) first formalizes the demand for health and health investment. 
Based on his research, we construct a single period model to analyze the short 
term consumption and medical expenditure problem. Normally, the decision 
making of farmers is to take the entire household into account. Hereby we treat a 
household as an individual agent, the characteristics of which are the average 
values of the household. Individual utility depends on consumption, as well as 
health. Medical expenditure not only reduces illness, but also substitutes for 
                                                        
5 Consumption may be influenced by many other things, for example: education, pension, etc. 
When severely lack of social insurance, it is rational to maintain a high saving rate. 
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consumption. Both paths directly affect utility. To separate our model with 
traditional ones, we introduce variables of individual ability and initial health 
status to describe the personal heterogeneity. Discussions of participation rate, 
financial balance and welfare effects are to be based on heterogeneous 
individuals. 

Assume individual ability ( )iω  and initial health 0 ( )H j  exogenously, i marks 
ability differences, φ  is the probability density for ( )iω ; j reflects initial health 
differences, ϕ  is the probability density function of 0 ( )H j , 1, , ,i I= 1, ,j J= . 
ω  is independent on 0H . A health care system exists. If it is voluntary, the 
individual should make a decision to participate in. After the choice, the person 
suffers an exogenous shock (could be interpreted as being sick or recover) that may 
change his/her health. Denote health levels prior to and after the shock with 0H  and 
H  respectively. H  complies to a Marcov process. 

0H H= Π ⋅         (1) 

Π  is the transfer matrix that could be written as: 

( ) ( )

( ) ( )
( )

1,1 1,

,1 ,
,

j

k k j
J J

π π

π π
π

⎡ ⎤
⎢ ⎥
⎢ ⎥Π = ⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

 

Element ( ),k jπ is the probability of health levels changing from ( )0H j  to 
( )H k , ϕ is the distribution of ( )H k , 1, ,k J= . When shock occurs, 

individuals have income that depends mainly on ability ( )iω . Health affects 
income too. Therefore we assume income has the following distribution: 

( ) ( ) ( ),W i k i H kω λ= +        (2) 

Rate of return for health is 0λ > . Consumption ( ),C i k  and medical 
expenditure ( ),h i k  are determined according to ( )H k , ( ),W i k and the 
presence of health insurance. Using ( ),H i k  as the final health level, we have: 

( ) ( ) ( ), ,H i k h i k H k= +        (3) 

Medical expenditure could improve health. Fig. 3 illustrates the timing of the 
events. 
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Fig. 3  Timing 

3.1  Optimal medical expenditure 

We solve for this model from backward. First we investigate the optimal 
consumption and medical expenditure choice with given values of ( )H k , 

( ),W i k  and the willingness of participating in the NCMS. The utility function 
is assumed to be additive separable. We enter wealth into utility function in 
addition to consumption and health to show that farmers can use saving or 
borrowing to meet the demands. The utility function is following: 

( ) ( ) ( ) ( )( )1 1 exp ,, 1 , 1
,

1 1
A i kC i k H i k

U i k
σ γ θ

α β
σ γ θ

− − −− −
= + +

− − −
  (4) 

The former two parts are utilities related to consumption and health, they share 
the common form of CRRA, in which 0σ > and 0γ > denote their risk aversion 
coefficients. The third part measures the utility from wealth in the form of CARA, 
in which 0θ >  depicts risk aversion. 0α >  and 0β >  are relative weights of 
health and wealth.6 

Individuals face the following constraints:  

( ) ( ) ( ) ( ) ( ) ( )0, 1 , , , ,C i k Ph i k A i k RA i k W i k Tτ+ − + = + −   (5) 

( ), 0h i j ≥         (6) 

Eq. (5) is budget constraint with relative price of medical goods to other 
consumption goods written as P. τ  is the co-payment rate of NCMS, [ ]0,1τ ∈ ; 

0 ( , )A i k is initial wealth; R is the total rate of return of wealth; T is the premium 
required by NCMS policies, which is assumed to be a lump-sum tax based on 
Chinese realities. When NCMS does not exist or when individual chooses not to 

                                                        
6 Since one may choose to borrow ( ( ), 0A i k < ) it is more appropriate to use CARA than 
CRRA. In CRRA such parameter is required to be positive. 
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purchase insurance, 0Tτ = = . Formula (6) guarantees non-negative medial 
expenditure. It is worthwhile to mention that the model permits to borrow, i.e. 

( ), 0A i k < , which implies that farmers will borrow money to finance the 
consumption or medical expenditure. 

The first order conditions of this problem are: 

( ) ( )( ), exp ,C i k A i kσ β θ− = −       (7) 

( ) ( )( ) ( )( ), (1 ) exp ,H k h i k P A i k
γ

α β τ θ μ
−

+ = − − +   (8) 

μ is the Kuhn-Tucker multiplier, when h>0, 0μ = . Using formulas (2), (3), 
(5), (6), (7) and (8), we could discover a few obvious comparative static results: 
the optimal level of medical expenditure Ph is positively correlated to abilityω , 
and negatively correlated to premium T and health level H . 

3.2  Choice of participation in NCMS 

After obtaining the optimal expenditure, we solve the indirect utility functions 
( )1 ,V i k  and ( )1 ,V i k , for whether the agent participates in NCMS or not. 

According to equation (1), we could get the expected utility in both cases before 
health shocks: ( )0 ,V i j  and ( )1 ,V i j . 

 ( ) ( ) ( ) ( ), , , , ,l l l
k

V i j E V i k k j V i k lπ⎡ ⎤= = =⎣ ⎦ ∑ 0, 1   (9) 

If it is a voluntary system, the choice for participation satisfies:7 

( ) ( )1 0, ,V i j V i j≥         (10) 

According to formula (10), individuals make choices to participate in or not, 
therefore the distribution of ω  and 0H could be calculated, which are denoted as 

1φ and 1ϕ . 

3.3  Financial balance of NCMS 

We start with a compulsory medical insurance policy. Individuals pay T and get 
τ as share of co-payment in return. As we know, NCMS has multiple sources of 
contribution. The government designs amount of subsidy G according to 
premium T. Assume the rule is ( )G F T= and population size is normalized to 1, 
                                                        
7 We assume individuals participate when the equation holds. 
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the budget constrain of the system is:  

( ) ( ) ( )( ) ( )( ),
i k

T F T Ph i k i H kτ φ ω ϕ+ =∑∑     (11) 

Eq. (11) means that individuals choose h(i, k) under compulsory policy. Given 
the distribution of ability and health, total expenditure of NCMS, the left side of 
Eq. (11), equals to the total revenue, which is insurance premiums plus 
government subsidies, as in the right side of Eq. (11). Keeping the right side 
fixed, the government adjusts co-payment rate τ , in order to satisfy Eq. (11). 
More formally, we give the following definition. 

Definition 1  Given the relative medical price P, insurance premium T and 
government subsidy function ( )F • , the equilibrium of a self-balanced compulsory 
health care system consists of ( ) ( ) ( ){ }, , , , , ,C i k h i k A i k τ , which satisfies: 

(a) Given P, τ  and T, individuals solve for ( ),C i k , ( ),h i k and ( ),A i k  using 
equations (2), (3), (5) and (8). 

(b) Given all ( ),h i k , medical expenditure has a co-payment rateτ satisfies Eq. 
(11). 

Because ( ),h i k  has no analytic solution, we introduce the fix-point iteration 
method to obtain the value of τ  at equilibrium. Specifically, we first apply a 
hypothetical value 0τ  as the initial value for τ  and compute the value of 

( )0 ,h i k , which is inserted into Eq. (11) to solve for and new initial value of τ , 
called 1τ  (the footnote represent the number of times we solved for τ ). This 
process is one loop of iteration. Repeat the process until 1n nτ τ += . 

As to mathematical process, the voluntary health care system is not much 
different from the compulsory system. We just need to replace T ′ , φ  andϕ  in 
Eq. (11) with 1φ  and 1ϕ . 

( ) ( ) ( )( ) ( )( )1 1
0,

i j

T F T Ph i k i H jτ φ ω ϕ′ ′+ =∑∑    (12) 

where T ′ is the total amount of premium contributed to the system. 

( )( ) ( )( )1 1
0

i j
T T i H jφ ω ϕ′ =∑∑ , ( ),h i k  is the medical expenditure after  

shock for those individuals with ability ( )iω and initial health ( )H j . Therefore, 
we revise definition 1 as: 

Definition 2  Given the relative medical price P, insurance premium T and 
government subsidy function ( )F • , the equilibrium of a self-balanced compulsory 
health care system consists of ( ) ( ) ( ){ }, , , , , ,C i k h i k A i k τ , which satisfies: 

(c) Given P, τ  and T, individuals solve for ( ),C i k , ( ),h i k and ( ),A i k , 
using equations (2), (3), (5) and (8). 
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(d) Given ( ),C i k , ( ),h i k and ( ),A i k , individuals choose whether to 
participate in the health care system using equations (9) and (10). From the 
decisions one could conclude for the distribution 1φ  and 1ϕ  for the ability ω  
and initial health H0 of those who participates. 

(e) Given all the values of ( ),h i k and distribution functions 1φ  and 1ϕ , the 
co-payment rate τ  should satisfy Eq. (12). 

The way to find the equilibrium for voluntary health care system parallels the 
iteration process mentioned above. In particular, we apply first a hypothetical 
value 0τ  as the initial value for τ  and compute the value of ( )0 ,h i k , 1

0φ  and 
1
0ϕ . Insert these values into Eq. (12) to solve for and new initial value of τ , 

called 1τ  that ends the first loop of iteration. Repeat iteration until 1n nτ τ += , 
1 1

1n nφ φ +=  and 1 1
1n nϕ ϕ += .  

4  Parameter estimation 

Our purpose is to examine the participation rate, financial balance and welfare effects 
base on rational individual choice. Since the change in health care system would alter 
the environment of decision making, therefore we cannot directly estimate the 
consumption and medical expenditure functions. One feasible way is to calibrate the 
model, and then to simulate the NCMS’s effect on individual’s welfare. 

Due to the lack of references on topics of individual preference and relative 
medical price, many parameters require careful calibration, which put the 
calibration process itself under the spotlight. To avoid problem of “the Lucas 
Critique”, this paper employs simulation-based econometrics (please refer Duffe 
and Singleton, 1993; Adda and Cooper, 2003). The parameters we estimate are a 
set of individual preference parametersσ , γ , θ , α  and β , and a set of 
relative medical prices for each year t. The fundamental estimation process is 
presented in the appendix, and result lists in Table 2. 

 
Table 2  Parameter estimation result 

Individual preference Relative price 
σ = 1.651 P1985 = 0.077 
γ = 8.547 P1990 = 0.084 
θ = 0.772 P1995 = 0.176 
α = 1.743 P2000 = 0.444 
β = 0.594 P2001 = 0.442 

 P2002 = 0.441 
Note: Adjusted according to RCRE data (1986, 1990, 1995, 2000, 2001, 2002). 

 
Table 2 indicates / 5.18γ σ = , which means that individuals experience much 

higher risk aversion toward health than consumption. Another result is the evolution of 
price change. The price was stable between 1986 and 1990, then quintupled with the 
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process of marketization since 1990. The fluctuation stopped in 2000. The relative 
price was at about 0.44 since then. Finally, because γ is large and the price elasticity 
for medical care is small (–0.316), so the medical expenditure is of rigidity. As 
discussed in the previous sections, such rigidity in medical expenditure could lead to 
positive correlation between nominal medical expenditure and relative price. 

Three vital notations deserve mentioning. Firstly, the solid line and the dash line in 
Fig. 4 showed the fitness of the simulation, by representing the simulated value and 
the real value respectively. It is observable that the majority of the deviation 
( 2 0.928R = ) comes from consumption propensity estimations of year 1986 and 
1990. The model well predicts the behavior of Chinese rural household’s 
consumption and medical expenditure, which laid a solid foundation for further 
analysis. Secondly, the estimated relative price change does not necessarily equals to 
the real price of health care. Because the relative price ( )P t  is the only time-variant 
variable, therefore it absorbs temporal environmental changes that the other parts of 
the model cannot cover. Finally, the non-linear least squares method might come up 
with multiple or fallible results if the initial hypothetical value is an unlikely guess. In 
order to avoid falling into the wrong stability, we performed simple perturbations on 
the initial guess, which proved our solution to be local uniqueness. 
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Fig. 4  Results of fitness 
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5  Participation rate, financial balance and welfare effect 

Based on the estimated parameters and utility function, we simulate the 
participation rate, co-payment rate and welfare effect of NCMS. We 
estimate 0V , 1V and Π using relative price of 2002, which is closer to current 
situation. Let ( ),i iπ ρ=  and ( ) ( ) ( ), 1 / 1i j Jπ ρ= − − , i j≠ . ρ  denotes the 
probability of not suffering health shocks, let 0.8ρ = . Sensitivity analysis 
proves that the value of ρ  has trivial impact on the results. 

Now we analyze the effect of NCMS. According to the data in 2002, average 
personal income of the lowest income group is 782 yuan, take its 1/78 as T. Set 
the government subsidies to be twice the amount of total insurance premium, 
therefore the government subsidy decision function in both definitions are 

2G T= (or 2G T ′= in Definition 2). 
First we investigate the compulsory health care policies. According to 

Definition 1, 0.531τ =  satisfies the equilibrium conditions. 0V  is the expected 
utility of the state without any medical insurance policies. 1 0V V VΔ = −  
represents the individual welfare effect of compulsory health care policy. From 
Table 3 we could tell that, the biggest beneficiaries of the compulsory system are 
those who have the lowest level of health and income. However, it reduces the 
welfare of low income but healthy individuals. For high-income participants, the 
health care policy has little effect. If the policy is designed to be voluntary, the 
groups in the upper left side of Table 3 would not participate, which caused the 
total amount of premium to drop. According to Definition 2, the self-balance 
co-payment rate for voluntary policy is 0.509τ =  with a participation rate of 
92%. As participants with welfare loss drop out of the system, the co-payment 
rate and welfare improvement decline in the voluntary plan compared to those in 
mandatory system. 

 
Table 3  Welfare are effect of health care policy  

Lowest Lower Medium Higher Highest Health  
level  

Income level Comp. Volun. Comp. Volun. Comp. Volun. Comp. Volun. Comp. Volun. 

Lowest 0.068 0.065 0.040 0.038 0.014 0.013 –0.001 — –0.001 — 
Lower 0.051 0.049 0.033 0.031 0.016 0.015 0.002 0.000 0.005 0.000 
Medium 0.040 0.038 0.027 0.026 0.015 0.014 0.003 0.003 0.001 0.001 
Higher 0.029 0.027 0.021 0.020 0.013 0.012 0.006 0.005 0.001 0.001 
Highest 0.011 0.010 0.009 0.008 0.007 0.006 0.005 0.004 0.002 0.002 

Notes: Comp. stands for compulsory system; Volun. stands for voluntary system. 
 
We further deliver comparative static analysis. First, we double the premium 

amount (T is 1/39 of the lowest group), then we get 0.749τ =  in compulsory 
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system and 0.654τ =  under voluntary plan. Participation rate immediately drops 
down to 76%. The result in Table 4 shows, under compulsory policies, the most 
benefited group are still those perform lowest in both health and income. 
However, the premium raise would increase the number of people that suffers net 
welfare loss if participate. Under the voluntary policy, these potential 
deficit-bearers drop out that forces co-payment rate to plummet, ergo more drops 
out. Finally, the system reaches a point where healthy people all bail out and 
co-payment rate significantly low. 
 
Table 4   Welfare effect after doubled premium 

Lowest Lower Medium Higher Highest Health  
level  

Income level Comp. Volun. Comp. Volun. Comp. Volun. Comp. Volun. Comp. Volun. 

Lowest 0.086 0.076 0.051 0.042 0.019 0.010 –0.000 — –0.000 — 
Lower 0.065 0.058 0.042 0.036 0.020 0.014 0.001 — 0.001 — 
Medium 0.050 0.045 0.034 0.030 0.019 0.015 0.005 0.001 0.002 — 
Higher 0.030 0.033 0.026 0.023 0.016 0.014 0.007 0.004 0.002 — 
Highest 0.014 0.013 0.011 0.010 0.008 0.008 0.006 0.005 0.003 0.003 

 
Now we reduce the subsidies to each participant to 10 yuan, modify the 

subsidy function into G T=  and G T ′= . Under compulsory policy, we get 
0.433τ = , while under voluntary policy we get 0.388τ = . Participation rate is 

80%. Table 5 shows the most benefited group remains to be the participants with 
lowest-income and lowest-health. If abrogate the subsidies totally, we get 

0.261τ =  and participation rate slides to 72% under voluntary plan. 
 

Table 5   Welfare effect if half the financial subsidies  

Lowest Lower Medium Higher Highest Health  
level  

Income level Comp. Volun. Comp. Volun. Comp. Volun. Comp. Volun. Comp. Volun. 

Lowest 0.054 0.047 0.031 0.027 0.010 0.008 –0.002 — –0.002 — 
Lower 0.041 0.036 0.026 0.022 0.012 0.010 –0.001 — –0.001 — 
Medium 0.032 0.028 0.021 0.019 0.011 0.010 0.002 0.001 0.000 — 
Higher 0.023 0.020 0.016 0.014 0.010 0.009 0.004 0.003 0.001 0.000 
Highest 0.009 0.008 0.007 0.006 0.005 0.005 0.004 0.003 0.002 0.002 

5.1  Discussion 

As mentioned in the beginning of the paper, NCMS triggers three major debates. 
First, would the farmers be willing to participate in the voluntary system or what 



Health care system in rural China 167 

is the participation rate? Second, could the present premium and subsidy be able 
to self-balanced? Third, will lump-sum tax attribute to rural inequality by 
benefiting the rich more than the poor? We answered to all three concerns in our 
model. First, only a small part of the society with low-income but high health 
level would renounce the right to participate in health insurance. More 
specifically, when premium is mere 10 yuan per year per capita, the participation 
rate could reach 92%. When individuals and government pay 10 yuan and 20 
yuan each, the current NCMS could be self-balanced if the co-payment rate τ  is 
controlled around 50%. The system always benefits the members that are poorest 
both in health and income, which complies with the fundamental target that 
health care policies should bent toward the poor. 

These questions are intuitive, but why did not the present NCMS suffer from 
any of them? First it is because the premiums are kept in a low level (barely 
1.3% of income even for the lowest income group). Therefore the cost of 
entering into the system is too small for any members to bail out. Consider the 
uncertainty of medical expenditure and health shocks, participate in the system 
can significantly avoid risk and improve expected utility for those with high risk 
aversions. Table 4 simulated the possible situation if the premium has doubled its 
original amount. The result revealed the problem of adverse selection and pulled 
the participation rate down to 76%. However, there is more to this problem. If the 
total payment is large, then the co-payment rate that the system could afford 
would be small, which hampers the risk shielding effect. It is due to the small 
amount of total medical expenditure in rural areas and the high government 
subsidy that the co-payment rate in NCMS practice could be kept high. Table 5 
indicates the participation rate would plummet to 72% if the government 
removes subsidy. From the former discoveries we conclude that low premium, 
high risk aversion, low medical expense propensity and government subsidy are 
the factors that refrain adverse selection from exacerbation. 

Moral Hazard could also drag the co-payment rate down. When NCMS is 
introduced, the price of medical goods and services is partly covered by the 
system and became ( )1P τ− , where τ  is the co-payment rate. People increase 
medical expenditure when its price falls which leads to more expenditure 
expected by the system. And finally forces the co-payment rate to drop required 
by the financial balance of the system. Luckily, our estimation shows that 
medical price elasticity is small and real medical expenditure h is rigid. Therefore, 
as price drops, h increase less, which negates the drop in co-payment rate. 

Finally, relative to the rich, the poor seems to burden more from a lump-sum 
tax. But since the rigidity in h allows higher medical expense propensity in the 
poor, and since the poor has a much higher chance to be bankrupted by a 
negative health shock, the poor also benefited from the system. According to our 
estimation, this benefit exceeds the loss from lump-sum tax. 
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5.2  About the optimal health care policy 
 
An interesting question is that whether we can find an optimal premium under 
certain rule of government subsidy. The optimal value has to satisfy Pareto 
optimality conditions, therefore only voluntary system would apply. Moreover, 
the model demands a welfare function that is a weighted sum of the individual 
utility functions. If we adopt the health and income distributions of participants 
as weights, the total improvement of welfare ℜ  equals to: 

( ) ( )( ) ( )( )1 1
0,

i j

V i j i H jφ ω ϕℜ = Δ∑∑     (14) 

Fig. 5 gives the segmented correlation between ℜ and T. The first of the six 
regions in the figure tells when T is small, all are willing to participate in the 
NCMS. ℜ is a monotonically increase function of T. Given the policy ensures 
the subsidy to grow with the insurance premium (Fig. 6), this result is obvious. In 
Region 2, when T grows to a certain point ( 0.0107T > ), healthy but poor 
individuals drop out of . Both the total amount of premium and the optimal 
co-payment rate drop. ℜ decreases as a result. If only the number of participants 
stays the same, ℜ  is still positively correlated with T. When T is large enough, 
the maximum value of ℜ  could surpass that of Region 1. The present NCMS is 
in the middle part of Region 2 that has a value of 0.013T = . With the increase 
of T, the above result still stands as showed in figure 5 and 6. By increasing 
premium, one could improve total welfare of all participants, but it also requires 
rise in subsidy and fall in participation rate. We plan to discuss the optimal 
premium and optimal subsidy plans in future researches. 
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Fig. 5  Improvement of welfare and rate of participation 
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6  Conclusion 

This paper established a heterogeneous model concerning consumption and 
medical expenditure decision making. We estimated the utility function and 
relative medical price by simulating individual behavior of consumption and 
medical expenditure. After clearly defining the self-balanced health care system, 
we calculated the participation rate, co-payment rate and welfare effects of 
NCMS. The result shows the participation rate is higher than 75% with the 
highest of 92%. The most benefited group of NCMS has proven to be the poorest 
and the unhealthiest group of participants. Adverse selection effect is weakened 
because of low premium, high risk aversion, high medical expense propensity 
and high government subsidies. Moral hazard effect is muffled by the low price 
elasticity of medical consumptions. The poorer benefit more also because of their 
higher medical expense propensity. 

We compared our results with the realistic outcomes of NCMS. There are a lot 
of surveys to show the participate rate of NCMS. In 2004, some studies report 
that participate rate was only 56%. But since year 2004, eventually, the 
government subsidy increased, reaching in 2007 the amount of 70 yuan in some 
areas. And the coverage of NCMS expended rapidly, up to the beginning of 2007, 
1,451 counties and 400 million peasants have been covered by NCMS. Currently, 
the participation rate is about 80%.8 These results seem different from our 
results. There are several reasons.  
                                                        
8 Source: Ministry of Health, http://www. ccms.org.cn. 
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First, NCMS only reimburse serious diseases that aggravate adverse selection 
and reduce attractiveness of the NCMS, which low down the participation rate. 
The model we designed did not separate sever diseases from clinic visits, which 
is proven to moderate adverse selection problems and guarantee a co-payment 
rate of 50%. Second, besides the economical and health factors that affects 
decision processes, other influences exist. One survey for 5 provinces in 2005 
shows that in households who were not willing to participate in the NCMS, 8% 
was due to good health condition of the household members, 7% was due to low 
income, 18% was due to having other kinds of health insurances, 11% was due to 
low reimbursement ratio and reimbursement rule, 5% was due to mistrust of 
local government. 

Current NCMS is regulated differently across regions. The regional difference 
is significant. Unfortunately this paper may not be able to reflect such differences. 
However, our model does not depend on the value of income. If income 
distribution varies little among regions, change in the partition of regions would 
not change our basic results. Other than that, each region uses a different 
co-payment rate that is usually non-linear. For example, rules like the exclusive 
coverage for serious illnesses or the upper limit of reimbursement would likely 
affect the personal behaviors. We are planning to discuss more about the NCMS 
when regional data available.  

Another research direction is to continue the discussion of optimal policy in 
Section 5. Current references often look for the optimal policy from hypothesis 
as observable income or homogeneous individuals (e.g., Blomqvist and Horn, 
1984; Blomqvist, 1997). However, we are striving to uncover the optimal 
premium, co-payment rate and government subsidy policies with unobservable 
income and heterogeneous assumptions. 
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Appendix：Estimation of parameters 
 
The estimation of parameters in the paragraph uses the following method. Assume initial 
wealth of each individual to be 0 0A = , ability ω  and after-shock health H comply to 
uniformity distribution.9 Let 5J = , H = (0.7, 0.9, 1.1, 1.3, 1.5). The sensitivity tests showed 
no fundamental changes in the conclusion when these assumptions are relaxed (The results of 
the sensitivity analysis are omitted).10 Let 5I = , ω  takes the value from RCRE Survey 

                                                        
9 The settings of the transfer matrix Π  in section 5 guarantee the coherence of the distribution 
of H and H . 
10 H = (0.7, 0.9, 1.1, 1.3, 1.5). This value is taken with certain randomness, because the 
average value of H  and the weight of healthα cannot be separately estimated: the greater the 
average value of H , the smaller the estimation of α . However, in sensitivity tests we proved 
that both the average value and the distribution of H do not have a significant influence on 
our results (Since its impact is absorbed byα ). Also, we tried to estimate the upper and lower 
boundaries of H directly, which left the total number of unknown parameters besides relative 
price to be 7. The outcome is also similar to the results given in this paper. 
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data. 11  Let *W denote the observed real income(unify the lowest income group to 
1), *W Hω λ= − . The income index inserted into the model is W Hω λ= + . After adjusted 
using real income, λ  is independent to the estimation of parameters and analysis of welfare. 
As explained in the paper that a formal health care system is absent for the past two decades, 
therefore we assume 0Tτ = = . 

The preference parameters are σ , γ , θ , α  and β , also the relative medical price for 
year t is denoted ( )P t . The process of estimation is as followings. Given ( )iω , ( )H k , 
individual medical consumption propensity ( ) ( ) ( ), , / ,z i k Ph i k W i k=  and other consumption 
propensity ( ) ( ) ( ), , / ,c i k C i k W i k= could be shown as a function of vector 

( ), , , ,v σ γ θ α β= and relative price ( )P t , written as ( ) ( )( ),, ,i kz i k f v P t= and ( ),c i k =  
( )( ), ,i kg v P t . Fix ( )iω , and then calculate the annual average medical expense propensity  

( ) ( )( ) ( )( ), ,t i k
k

z i f v P t H kϕ= ∑ and annual average consumption propensity 

( ) ( )( ) ( )( ), ,t i k
k

c i g v P t H kϕ=∑  based on H . Use ( )*
tz i  and ( )*

tc i  to indicate observed  
data of year t. Finally we apply the non-linear least squares to following function to determine  

the value of vector v  and relative price ( ){ } 1

T

t
P t

=
. 

( ){ }
( ) ( )( ) ( ) ( ) ( )( )( )

1

2 2* *

,
min

T
t

t t t t
v P t t i

z i z i t c i c iμ
=

− + −∑∑  

In the function ( ) ( )2* */t tt z cμ = ， *
tz and *

tc are the average value of ( )*
tz i and ( )*

tc i . 
Since ( )*

tz i and ( )*
tc i differ hugely (the former is close to 0, the latter is close to 1), we use 

( )tμ as the regulator to adjust the dimensions of the two variables. The result of the estimation 
is in Table 4. 

                                                        
11 Rural research data is evenly divided into 5 groups based on income. 


