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Abstract 
Inflation effects not only the return but also the risk of the portfolio. To take 
the impact of inflation on portfolio into account, we propose an uncertain 
accurate mean-variance model with inflation. Considering the complexity of 
the financial and social environment, the return rate of risky assets and infla-
tion rate are given by experts’ evaluations and treated as uncertain variables. 
For further discussion, we give the deterministic form of the model. Then we 
compare our model with a rough model that simply subtracts the inflation 
rate. By analyzing the difference between the results of our model and that 
simply subtracts the inflation rate, we show the necessity of our proposed 
model. After that, we provide and discuss numerical examples to illustrate the 
significance of the model, and conclude the paper. 
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1. Introduction 

Portfolio management problem is to decide how to invest in different assets in 
order to maximize the return of investment under the precondition of risk con-
trol. The foundation of modern portfolio theory is mean-variance model that 
first proposed by Markowitz (1952). After that, treating the expected return as 
the portfolio return, and variance as the risk has been widely accepted and ex-
panded (Castellano & Cerqueti, 2014; Ismail & Pham, 2019). Then various mod-
els of portfolio management balancing return and risk have been proposed, such 
as mean-semivariance model (Markovitz, 1959), mean-absolute deviation model 
(Konno & Yamazaki, 1991), value-at-risk model (Jorion, 1996), mean-risk curve 
model (Huang, 2008), mean-semivariance-CVaR model (Najafi & Mushakhian, 
2015), etc. These models have been widely used and extended (Estrada, 2007; 
Wei, 2018; Lux & Rüschendorf, 2019). 

These researches help investors make decisions to allocate capital in different 
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securities from different perspectives. However, when calculate the return rate 
and manage the risk of the investment, they use the nominal return rate. Yet, in 
reality, there is always inflation that makes yields different from the nominal re-
turn rate. Inflation has been concerned by scholars. Fisher effect (Fisher, 1930) 
was first proposed to illustrate the relationship between nominal interest rate 
and inflation, that is, there is a one-to-one correspondence between nominal in-
terest rate and inflation expectation in a market with sufficient information and 
perfect foresight. After that, the persistence of inflation has been widely docu-
mented. Bodie (1976) believed the real return on equity is negatively related to 
both anticipated and unanticipated inflation. Ang et al. (2008) proposed that the 
real interest rate and expected inflation are two key economic variables. Fuhrer 
and Moore (1995) set up a standard model and implied that the persistence in 
the driving output process led to the persistence in inflation. Ang et al. (2007) 
examined alternative methods to forecast U.S. inflation and compared the effects 
of prediction methods. 

Returns of assets are considered as random variables in the above research 
works, and are calculated based on the sample of historical data, which requires 
sufficient and valid historical data. However, when the economic environment is 
unstable or in some emerging markets, the historical data is invalid or missing, 
then if people still use probability theory and treat the returns as random va-
riables to solve problem, it will lead to counterintuitive results (Liu, 2012). For 
example, unexpected events such as the outbreak of a trade war will let the his-
torical data invalid, or people who invest in newly listed stocks may have none 
or no sufficient historical data, either. In order to avoid the counterintuitive re-
sults, Liu (2007) proposed uncertainty theory, using the experts’ evaluations to 
replace the invalid historical data. Based on this, Huang (2010) produced an un-
certain portfolio theory, which systematically introduced the uncertainty theory 
into portfolio management. Then uncertain portfolio theory is gradually widely 
concerned by scholars (Qin et al., 2016; Chen et al., 2017; Li et al., 2019). So far, 
few researches have been done on uncertain portfolio management with infla-
tion. This motivates us to research an uncertain portfolio management problem 
with inflation. 

The paper proceeds as follows. We first build a new mean-variance model for 
portfolio management with inflation on the framework of uncertainty theory 
and give the deterministic equivalent form in Section 2. Then we compare our 
model with a rough model that simply subtracts the inflation rate in Section 3. 
After that, we provide and discuss numerical examples to illustrate the signific-
ance of proposed model in Section 4. Finally, we conclude the paper in Section 5. 

2. Uncertain Mean-Variance Portfolio Model with Inflation 
2.1. Uncertain Mean-Variance Portfolio Model 

Suppose an investor is considering how to allocate all his capital to securities and 
risk-free asset. Let ix  represent the investment proportion in the i-th security, 
and iξ  the uncertain return rate of the i-th security, 1,2, ,i n=  , respectively. 
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Let 0x  represents the investment proportion in risk-free asset, and r the rate of 
risk-free asset. And let ρ  represents the uncertain inflation rate. We assume 
that assets have nominal payoffs and that the investor cares about real wealth. 
Then the real wealth of the investment is  

0
1

( (1 ) (1 )) / (1 )
n

i i
i

y x x r
=

= + ξ + + +ρ∑ . 

Then the real return rate of the portfolio is 

0
1

1 ( (1 ) (1 )) / (1 ) 1
n

r i i
i

R y x x r
=

− = + ξ + + +ρ= −∑ . 

Using expected return rate as the final return and variance as the investment 
risk, the optimal portfolio should be the one whose variance is not greater than 
the preset level and at the same time whose expected return is the maximal; or 
the optimal portfolio should be the one whose expected return is not less than 
the preset level and in the meantime whose variance is the minimal. Let a be the 
preset variance level the investors can tolerate. When the investor wants to purse 
the maximum expected return rate, the uncertain mean-variance selection mod-
el is expressed as follows: 
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where E is the expected value operator of uncertain variables, and V is the va-
riance. 

2.2. Deterministic Equivalent Form 

For further discussion, we give the deterministic equivalent form of the model 
(1) below. 

Theorem 1. Suppose the i-th security return iξ  has regular uncertainty dis-
tribution iΦ  for 1,2, ,i n=  , and inflation rate ρ  has regular uncertainty 
distributions Ψ , respectively. Then the deterministic equivalent form of the 
model (1) is:  
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where  

( )1
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Proof: Since inflation rate ρ  is positive, and the i-th security return iξ  
cannot be lower than −1 for 0,1,2, ,i n=  , y is strictly increasing with respect 
to iξ  and decreasing with respect to ρ . From the operational law of the un-
certainty theorem (Liu, 2012), the inverse uncertainty distribution of 
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Then according to the equations of expected value and variance of uncertain 
variables, the objective function of the model (1) is equivalent to 
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Thus, the theorem is verified. 

3. Comparison with the Model That Subtracts the Inflation  
Rate 

For some studies (e.g., Bodie, 1976; Fama, 1981), the researchers use 1 nR+ −ρ  
represents the real wealth of portfolio, where nR  is the nominal return rate of 
portfolio and ρ  is the uncertain inflation rate. Since the initial formula is 

1 (1 )(1 ) 1 ,r r rnR R R R+ = + +ρ = + +ρ+ ×ρ  

where rR  is the real return rate, the term rR ×ρ  is so small for small values of 

rR  and ρ  that some researchers ignore it. However, the return rates of securi-
ties such as stock and futures sometimes can be high, when the inflation rate ex-
ists and is not too small, the term rR ×ρ  cannot be ignored. So we compare the 
difference of the results of our model and that simply subtracts the inflation rate 
by computing the optimal real wealth and real return rate. 

3.1. Mean-Variance Model That Subtracts the Inflation Rate 

Under the same conditions, when use 
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represents the real return rate of portfolio, the uncertain mean-variance portfo-
lio model is expressed as follows: 
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where E is the expected value operator of uncertain variables, and V is the va-
riance. 

3.2. Comparison with the Model 

Next, we will analyze whether the rough model (3) can get the optimal solution 
of the model (1). 

Theorem 2. The optimal portfolio of model (3) either exceeds the risk toler-
ance, or gets the return that lower than the optimal return of the model (1). 

Proof: Let 1 2 0( , , , , )nx x x x= X . The condition (I) in the models (1) and (3) 
be denoted as 1( )g a≤X  and 2 ( )g a≤X , respectively. Suppose *

1X  is an op-
timal solution of the model (1) and *

2X  is an optimal solution of the model (3). 
Let 1( )f ⋅  denotes the objective function of the model (1) and 2 ( )f ⋅  the objec-
tive function of the model (3). 

1) When *
2X  is a feasible solution of the model (1), we have * *

1 2 1 1( ) ( )f f≤X X . 
2) When *

2X  is not a feasible solution of the model (1), that is, *
1 2( )g a>X , 

*
2X  exceeds the constraint (I) in the model (1). 
Obviously, the optimal solution of model (3) either exceeds the risk control 

constraint, or gets the objective return rate that lower than the optimal return 
rate of the model (1). Thus, the theorem is verified. 

4. Numerical Examples 

To illustrate the significance of the proposed uncertain portfolio management 
model, this section will give numerical examples. 

4.1. The Results of Uncertain Mean-Variance Model 

Suppose an investor wants to select portfolio from ten securities and a risk-free 
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asset, and gets the experts’ estimations on the candidate securities’ return rates. 
The uncertainty distributions of the ten security returns are obtained and given 
in Table 1. 

Suppose the return rate of risk-free asset r is 0.02. The experts believe that the 
inflation rate has uncertainty distribution ~ (0.010,0.020)Lρ . 

Assume the investor adopts the mean-variance selection principle and wants 
to pursue the maximum expected return with the maximum tolerable variance at 
0.002. By using MATLAB2016, the optimal portfolio is obtained and provided in 
Table 2. The investor should choose the third security and risk-free asset, and 
the proportions are 56.4% and 43.6%, respectively. The optimal expected real 
return is 6.06%. And when the mean and volatility of inflation rate change, the 
allocation of money to 10 securities and risk-free asset change accordingly. That 
is, the results in Table 2 are not the optimal solution anymore. 

4.2. Comparison with the Model Subtracting the Inflation Rate 

As mentioned in the Section 3, some studies subtract the inflation rate for sim-
plicity of calculation. Based on numerical examples, we compare the difference 
of the results of our model and the way that subtracts the inflation rate. 

Same as examples in Section 4.1, the uncertainty distributions of the ten secu-
rity returns are given in Table 1 and the risk-free asset return r is 0.02. And the 
maximum tolerable variance 0.002a = . The optimal portfolio is obtained and 
provided in Table 3. 

And the optimal expected real return is 5.97%. Obviously, the optimal return 
of the model that subtracting the inflation rate is no better than the accurate 
model we propose. We also change the mean of inflation rate to do the experi-
ment. The results show that if the investor uses the model that subtracts the in-
flation rate, he won’t change his investment proportion when the mean of infla-
tion rate changes. 

And we adjust the maximum tolerable variance a to get the efficient frontier 
of portfolio of the two different models, which is shown in Figure 1. We can see 
that there is a difference between the expected return rate of the two models no 
matter how a is. The results obtained by using simplified model cannot be close 
enough to the accurate model that we propose in Section 2. 
 
Table 1. Linear uncertain return rates of 10 securities. 

Security i Uncertain Return Rate Security i Uncertain Return Rate 

1 ( 0.03, 0.21)L −  6 0.06, 0 4( ).3L −  

2 0.05, 0 7( ).2L −  7 0.08, 0 6( ).3L −  

3 0.01, 0 5( ).2L −  8 0.07, 0 9( ).3L −  

4 0.04, 0 0( ).3L −  9 0.01, 0 7( ).1L −  

5 0.02, 0 0( ).2L −  10 0.02, 0 4( ).2L −  
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Figure 1. Efficient frontier of portfolios of accurate model and the model subtracting in-
flation rate. 
 
Table 2. Allocation of money to 10 securities and risk-free asset when 0.002a = . 

Security i 1 2 3 4 5 6 

proportion 0.000 0.000 0.564 0.000 0.000 0.000 

Security i 7 8 9 10 risk-free asset  

proportion 0.000 0.000 0.000 0.000 0.436  

 
Table 3. Allocation of money to 10 securities and risk-free asset when 0.002a =  of the 
model subtracting the inflation rate. 

Security i 1 2 3 4 5 6 

proportion 0.000 0.000 0.557 0.000 0.000 0.000 

Security i 7 8 9 10 risk-free asset  

proportion 0.000 0.000 0.000 0.000 0.443  

5. Conclusion 

In reality inflation has great effect on investment. And there exists the situation 
where the returns of risky asset and inflation rate cannot be effectively measured 
by past data due to unexpected events and complexity of financial and social en-
vironment and have to be evaluated by experts. In this paper, we propose a new 
uncertain portfolio management model with consideration of inflation based on 
framework of uncertainty theory. We give the deterministic forms of the model 
and compare our model with a rough model that simply subtracts the inflation 
rate, and infer that the optimal solution of rough model either exceeds the risk 
tolerance, or gets the return which is lower than the optimal return of the model 
we proposed.  
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