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Abstract

the article analyses the relationship between investment risk (as measured by the variance of returns or 
standard deviation of returns) and liquidity risk. the paper presents a method for calculating a new measure 
of liquidity risk, based on the characteristic line. in addition, it is checked what is the impact of liquidity 
risk to the volatility of daily returns. to describe this relationship dynamic econometric models were used. 
it was found that there was an econometric relationship between the proposed measure liquidity risk and the 
variance of returns. 
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Introduction

Investing in securities is involved with the risk of not achieving target profitability in the 
future. Since the time of work markowitz (1952) as a risk assessment of investments in shares 
assumed a standard deviation or variance of returns. in his work markowitz (1952) argues that 
the downside risk measures are a good approach to assess the risk of the investment. Using 
this approach could be for the assessment investment risk taking into account only part of the 
volatility of returns. one of the most popular methods of downside risk measurement in the 
case of shares is still the use of semi-variance or semi-deviation (Wolski, 2013; Pla-Santamaria, 
Bravo, 2013). another approach to assess the risk of investments was proposed by Sharpe 
(1970). in his work can be found sharing the risk of investments into two categories, systematic 
risk – related to the stock market and specific risk – related to a specific security. However 
this classification is insufficient. In most applications it can be found that sharing the risk of 
the investment into several categories, belong either to the systematic risk or to specific risk. 
a good example of this could the paper by Jacobs and levy (2013) where in the utility function 
the risks associated with leverage were taken into account. that function includes the risks and 
costs of margin calls – which can force borrowers to liquidate securities at adverse prices due 
to illiquidity – losses exceeding the capital invested, and the possibility of bankruptcy. another 
approach to include additional categories of risk could be the work of Garsztka (2012). In this 
work the author proposes to take into account the liquidity risk associated with trading stocks 
with low liquidity. this risk is considered as part of a specific risk. When an investor trades 
stocks with lower liquidity it should be expected that there will be higher transaction costs.

liquidity is a broad and elusive concept that generally denotes the ability to trade large 
quantities quickly, at low cost, and without moving the price (Pastor, Stambaugh, 2003). 
attempts to measure the liquidity in this sense have been undertaken among others by amihud 
and mendelson (1986), where illiquidity can be measured by the cost of the immediate 
execution. an investor willing to transact faces a trade-off: He/she may either wait to transact at 
a favourable price or insist on immediate execution at the current bid or ask price. the quoted 
ask (offer) price includes a premium for immediate buying, and the bid price similarly reflects 
a concession required for immediate sale.1 

in this paper, the authors decided to test whether the increased liquidity risk within the 
meaning of Garsztka (2012) may be a symptom of increased specific risks. For this purpose 
there are proposed econometric models to clarify the relationship between liquidity risk and 

1 other works in which the problem of illiquidity was mentioned it were e.g. work amihud (2002) or avramov, chordia 
and Goyal (2006).
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specific risk. In the first and second section a method for estimating new liquidity risk measures 
is presented. in the third section an econometric model is proposed which tested the relationship 
between investment risk and liquidity risk. The final part of the paper presents the results of the 
empirical research. 

1. Characteristic line of asset and liquidity risk 

characteristic line of asset or market model is called the equation:

 i i i M iR R= α +β + ε   (1)

where: Ri – rate of return on security i; RM – rate of return on the market portfolio (e.g. index); 
εi – random variable explain “distortion” outside of the capital market; i, βi – coefficients. 

 
For random variables, the following assumptions:
 – E(εi) = 0 for each i,
 – cov(εi, εj) = 0 for i ≠ j, 
 – cov(εi, RM) = 0 for each i.

estimation of the parameters of the characteristic line usually is done by the classical 
method of the least squares, which usually requires an additional assumption of the normal 
distribution of variables, in particular εi. 

Suppose that the return on asset depends on the situation on the market: 
1. in the case of neutral information the changes of asset price come from randomly 

occurring sales orders and a random component of the characteristic line is normally 
distributed. 

2. in the case of positive information the share is attractive to buyers and they are willing 
to pay a premium in order to accelerate the asset purchase.

3. in the case of negative information the share is less attractive and investors want to sell 
assets and they are willing to make some concession in order to accelerate the sale of 
the shares. 

Additionally, suppose that: The less liquid the share – the more difficult to conclude 
a transaction, the premium/concession must be greater. 

thus, for non-ideal liquid assets: when the stock increases – rates of return are higher than 
we expect and when the stock decreases – rates of return are smaller. as a consequence we can 
observe the skewness of the series of the rate of return. in addition, at a given moment of time:  
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in the case of positive information there is a greater probability of a positive “optimistic” 
departure from the characteristic line, in the case of negative information there is a greater 
probability of a “pessimistic” departure from the characteristic line. it is the reason for the 
appearance of skewness of the random component of the characteristic lines. in the article, this 
situation will be treated as a risk factor and is called liquidity risk.

in the case of occurring liquidity risk information it should be able to get through the 
random component of the market model. therefore, the component can be divided into two 
independent elements: 

 – ui > 0, which is a random component of the right-side distribution, which further 
explains in the case of increases – positive deviations from the characteristic line, and 
in the case of decreases – explains the negative deviation from the characteristic line 
and explains a premium paid by buyers/concessions made by sellers. 

 – νi is a random component of the symmetric distribution, explains the impact of random 
factors that make up the rest of the specific risk. 

it is assumed that ui and vi are independent – in the given moment of time some of the 
information creates a “conventional” random component and some of – the additional deviation 
from the characteristic line. 

characteristic line, taking into account the two random components has the form: 

  ( )i i i M i iR R u= α +β + ν ±  (2)

where:  ( ) 0,cov( , ) 0dla ,cov( , ) 0,cov( , ) 0,cov( , ) 0i i j i M i M i iE i j R u R uν = ν ν = ≠ ν = = ν = . in the case 
of increasing trend, both components are added (explaining the positive deviation from the 
characteristic line), in the case of falls ui is subtracted.

Using the independence of the ui and vi the investment risk measured by the variance of 
rates of return iR  can be written as (under the above assumptions):

 
 2 2 2 2

2 2 2 2

( ) ( ) ( ) ( )

( ) ( ) ( )
i i i M i i

i M i i

D R D R D D u

D R D D u

= α +β + ν + =

= β + ν +
  (3)

where: 2 2 2 2( ) ( ) ( )i i M i M i MD R D R D Rα +β = β = β – it is systematic risk.
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2.  Estimate of the coefficients of a market model with liquidity risk

in order to estimate the parameters of the model we used the approach proposed in the case 
of SFa models (Stochastic Frontier analysis). in the paper of Battese and corra (1977) is the 
proposition of parameterization for the distribution moments of random factors:

 2 2 2( ) ( ) ( )i i iD R D u D= + ν , 
2

2
( )
( )

i
i

i

D u
D R

γ =   (4)

where ui is cut, right-handed normal distribution 2
0~ (0, ( )) |i i uu N D u ≥ , and 2~ (0, ( ))i iN Dν ν . 

For this parameterization it was possible to determine the logarithm of maximum likelihood 
functions, allowing a total estimation of the coefficients of the equation (2) and the moments 
of the data distribution by the formula (4) – see the appendix of Battese and coelli (1992) or 
Battese and coelli (1995) where we have a likelihood estimator of coefficients of the equation (3) 
and parameters given by formula (4). the parameterization (4) can be treated accordingly, as 
a specific risk and the assessment of liquidity risk.

the parameter 0,1iγ ∈  is the liquidity risk associated with the asymmetry of the residuals 
of the characteristic line. Values closer to 1 indicate a higher value of the premium/concessions 
associated with entering into the transaction. the parameter value is the greater, higher is the 
participation of the variance of the asymmetric random component in the total variance of 
random components. this measure therefore indicates what kind of risk is associated with the 
incorrect assessment of the behaviour of the rate of return on the asset relative to the market 
portfolio. 

3. Symptomatic model with liquidity risk as a symptom of investment risk 

accordance with the hypothesis substituted if the liquidity risk is a symptom of the 
increasing risk of the investment we should get a significant relationship between the respective 
measures of these variables. in order to assess whether the liquidity risk is a symptom of 
investment risk we used an econometric model. For each share:

  
1 0

L I

t l t l i t i
l i

Risk Risk liq− −
= =

= α + θ × + β × + ε∑ ∑  (5)

where: Riskt means the estimator of investment risk at the time t; liqt is liquidity risk at the same 
time t. 
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investment risk is usually measured by the standard deviation of return D(Ri). in this 
case we used γi as a measure of liquidity risk. another popular approach to the measurement of 
investment risk is to use the variance of returns D2(Ri). in that model we used D2(ui) as a measure 
of liquidity risk. Additionally we estimated two models: in the first one we chose for a response 
variable the absolute value daily rate of return |Ri|, and as a measure of liquidity risk we used 
γi. in the last analysed model we chose for a response variable the square daily rate of return Ri

2 
and liquidity risk was measured by D2(ui). the last two models are an attempt to describe how 
liquidity risk is linked to changes in the daily rate of return. these models are designed to verify 
the thesis that the high liquidity risk is correlated with the high change in the rates of returns.

4. Results of the empirical research 

the study covered 20 companies listed on the Warsaw Stock exchange (10 included in 
the WIG20 index and 10 included in the WIG80), and excluding financial institutions. The study 
was based on the daily rates of return calculated and based on daily closing prices during the 
period from September 3rd, 2012 to September 3rd, 2013. the rates of return were computed as 
relative increases in the prices of stocks according to the formula:

 

, 1 100%i t it
it

it

N N
R

N
+ −

= ×   (6)

where: Rit is the rate of return on security i at time t; Nit is the listed value of the security i at time 
t. For each security estimators of investment risk and measures of liquidity risk were computed 
using the 30-day sliding window using the formula (2)–(4). this gave the time series 218 values   
of investment risk and liquidity risk measures for each of the securities. 

Time series values of γi were stationary and auto correlated. (in the case of securities 
considered to be more liquid securities we used the index WIG20 as a market portfolio, in the 
case of other securities we used the index WIG as a market portfolio). then, the data models 
were estimated in the form of formula (5). in these models we selected which best meets the 
assumptions of linear regression. the results of the estimates and some tests include tables 
1–4. the models in the tables is the best of those that include measures of liquidity risk as 
explanatory (symptomatic) variables. 



The Application of Asymmetric Liquidity Risk Measure in Modelling the Risk of Investment 89

in the cases of all estimated models presented in tables 1–4, the residuals did not show nor 
autocorrelation (the F-form suggested by Harvey (1990) was the diagnostic test) nor the aRcH 
effect: the Autoregressive Conditional Heteroscedasticity test was used (Engle, 1982). The 
error autocorrelation test is the lagrange-multiplier test for r-th order residual autocorrelation, 
distributed as χ2(r) in large samples, under the null hypothesis that there is no autocorrelation (that 
is, that the errors are white noise). the aRcH (autoRegressive conditional Heteroscedasticity) 
test in the present form tests the hypothesis η = 0 in the model:

 E[εt
2|εt–1, ..., εt–r] = c0 +

1

r

i=
∑ ηiεt–i

2 (7)

where: η = (η1, ..., ηr)'. We have tR2 as the χ2 test from the regression of εt
2 on a constant and 

εt–1
2 to εt–r

2 (called the ARCH test) which is asymptotically distributed as χ2(r) on H0: η = 0.

Because in all the estimated models we did not find evidence to reject the null hypothesis, 
detailed statistics of these tests were not presented (they were all very similar). Differing results 
were obtained using other tests which are included in tables 1–4 (see appendix).

the Durbin-Watson statistics had values between 1.18 and 2.14; therefore there was no 
risk of spurious regression. the critical value of the t-Student statistics, calculated to determine 
whether individual coefficients are significantly different from zero was 1.97. To explain the 
autocorrelation of the dependent variable, it usually was enough to take account of the variable 
lagged by one (in three cases lagged by two). the order of the lags for an estimator of liquidity 
risk was usually zero or one (except one case). 

the Heteroscedasticity test (called the Hetero test) is based on White (1980), and involves 
an auxiliary regression of εt

2 on the original regressors and all their squares. the null hypothesis 
is unconditional homoscedasticity.

In the case of shares from the WIG20 (containing the largest and most liquid companies 
on the WSE) liquidity risk as measured by γi was usually an important explanatory variable 
for the conventional volatility – measured by the standard deviation of the rates of returns (see 
Table 1a). In 6 out of 10 models, we can confirm the relationship between the variables, and the 
models fit well the empirical data (R2 of about 0.9 or greater).

in the case of less liquid stocks such a relationship could not be confirmed (see Table 1b). 
a suitable model was obtained only in the case of one company, which is KRezUS.

In the models for which the parameters were obtained that are significantly different from 
zero, the signs of the parameters β0 are differ. It cannot therefore indicate clearly the nature of 
the relationship. Therefore it was difficult to deduce the kind of general relationship between 
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the liquidity risk measured by γi, and the risk of investment measured by the standard deviation 
of returns.

in the case of models for the relationship between investment risk – measured by the 
variance of returns, and liquidity risk – measured by the variance of the random component 
D2(ui), in most cases can be found a statistically significant relationship. In 15 cases out of 20 
the examined companies (both from the WIG20 and the WIG80), received good econometric 
models (see Tables 2a and 2b). In the case of KGHM, the resulting model is too complex to 
be able to be considered useful. in two cases (PKoBP and col) models could be considered 
useful at the significance level of α = 0.1. In all models, the sign of the parameter for the not 
lagged variable D2(ui) namely β0, and the sum of parameters Σβi for independent variables are 
positive. this indicates a positive correlation between the variance of returns and the variance 
of the random component ui. All models in table 2a and table 2b with parameters significantly 
different from zero fit well into the empirical data (R2 above 0.9). it can therefore be regarded as 
an attempt to build such a model as success. 

When the authors tried to examine the impact of the liquidity risk measured by γi on 
changes of the daily returns measured by the absolute value of returns (tables 3a and 3b) 
attempts to find a good econometric model failed. only in 5 cases out of 20 of the examined 
companies may it be noted that the parameters of the independent variables are significantly 
different from zero. Unfortunately, the signs of the parameter β0 are different, which does not 
allow drawing conclusions about the relationship. in addition, no one model can be considered 
to fit the empirical data well. In two cases, on the basis of the RESET test it may be rejected by 
the hypothesis of linear dependence.

table 4a and table 4b contain the results of the estimation of econometric models describing 
the relationship between Ri

2 and variance of the random component D2(ui). in almost half of the 
cases the described relationship is not a linear relationship, on the basis of the ReSet test. 
Moreover, none of the estimated models cannot be considered to fit the empirical data well. But 
on the other hand, in 14 cases out of 20 examined companies the parameters βi are significantly 
different from zero. This points to a relationship between the study variables. also, a sign of 
the parameter for the unlagged variable D2(ui) namely β0, and the sum of parameters Σβi for 
independent variables are positive. This partly confirmed the thesis that the significant changes 
in the rate of return may be associated with the high risk of the liquidity measured by D2(ui). 
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Conclusions

the best results were obtained for the estimation of models in which the dependent 
variable was D2(Ri) and as a measure of liquidity risk D2(ui) were used. in 80% of cases of the 
estimated models that fit well the empirical data and parameters of the independent variables 
are significantly different from zero. Thus, it can be said that this is an important symptomatic 
variable for investment risk as measured by D2(Ri). Since the sign of the parameter for the 
unlaggaed variable D2(ui) i.e. β0, and the sum of parameters Σβi for independent variables are 
positive, we can indicate a positive correlation between the variance of returns and the variance 
of the random component ui. in this sense, liquidity risk is a part of investment risk. But it is 
another kind of risk, and provides additional information.

In the case of shares from the WIG20 index, parameter γi is important symptomatic variable 
for investment risk as measures by standard deviation D(Ri). Unfortunately, this conclusion does 
not apply to less liquid shares. Similarly, for the models where the dependent variable was the 
absolute value of the rate of return, the authors failed to find an acceptable econometric model.

in the case of models describing the relationship between Ri
2 and variance of the random 

component D2(ui), 70% of the model parameters of the independent variables are significantly 
different from zero. Also, a sign of the parameter β0, and the sum of parameters Σβi for 
independent variables are positive. Therefore, it can partially confirm the impact of liquidity risk 
to the volatility of daily returns. Unfortunately, this model does not fit well with the empirical 
data. Furthermore, in half of the cases the described relationship is not a linear relationship. 

In conclusion, the parameter γi is a measure of liquidity, which can be easily interpreted. 
However, the dependence on other selected investment risk measures did confirm (at least 
partially) for the variance of the random component D2(ui). 
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Appendix

table 1a. the best symptomatic models for D(Ri), and γi as liquidity risk. Shares from WIG20

Shares equation for dependent variable Summary: regression and tests for residuals 

BRe  0.0002        +0.988 D(Rt–1 )         +0.00094 γt               –0.0001 γt–1
(0.774)          (85.6)                        (2.79)                   (–2.97)

R2 = 0.973476  DW = 1.53
normality test:  chi2(2) = 46.537 [**] 
Hetero test:  F(6,206) = 2.6373 [* ]
ReSet test:  F(1,212) = 0.0021443

PeKao 0.00024                  +0.98 D(Rt–1 )              +0.000062 γt
(0.963)                    (65.3)                            (0.387)

R2 = 0.953316  DW = 1.68
normality test:  chi2(2) = 1098.2 [**] 
Hetero test:  F(4,208) = 0.99516
ReSet test:  F(1,212) = 0.0016590 

HaWe –0.00004         +0.974 D(Rt–1 )         +0.0036 γt             –0.0026 γt–1
(–0.769)            (71.0)                       (3.18)                (–2.27)

R2 = 0.964037 DW = 1.68
normality test:  chi2(2) = 274.76 [**] 
Hetero test:  F(6,204) = 0.88579
ReSet test:  F(1,212) = 0.054451

KGHM –0.00007               +0.996 D(Rt–1 )               +0.00028 γt
(–0.289)                  (98.4)                              (1.18)

R2 = 0.978413 DW = 1.27
normality test:  chi2(2) = 211.64 [**] 
Hetero test:  F(4,209) = 3.4871 [**]
ReSet test:  F(1,212) = 0.017741

lBW –0.0019                +0.982 D(Rt–1 )                +0.00335 γt
(–2.45)                 (106.0)                                (3.25)

R2 = 0.98317 DW = 1.99
normality test:  chi2(2) = 307.87 [**] 
Hetero test:  F(4,208) = 1.3317
ReSet test:  F(1,212) = 0.022537

lPP 0.00096         +0.951 D(Rt–1 )            –0.00134 γt              +0.0012 γt–1
 (2.36)             (45.1)                           (–3.71)                (3.36)

R2 = 0.906229 DW = 1.82
normality test: chi2(2) = 172.14 [**] 
Hetero test:  F(6,204) = 2.7625 [* ]
ReSet test:  F(1,212) = 0.0040329

netia –0.00015                +0.964 D(Rt–1 )               +0.0012 γt
(–0.247)                   (62.0)                              (1.53)

R2 = 0.953774  DW = 2.1
normality test:  chi2(2) = 1177.4 [**] 
Hetero test:  F(4,208) = 0.78397
ReSet test:  F(1,212) = 2.9822

PGNIG 0.000397                +0.972 D(Rt–1 )               +0.0002174 γt–1
 (1.41)                      (60.4)                                (0.865)

R2 = 0.952136  DW = 1.93
normality test:  chi2(2) = 635.77 [**] 
Hetero test:  F(4,208) = 0.48804
ReSet test:  F(1,212) = 0.15668

PKnoRlen  0.001            +0.956 D(Rt–1 )             –0.0017 γt           +0.00157 γt–1
(1.91)              (42.0)                           (–3.11)               (2.86)

R2 = 0.895299  DW = 1.91
normality test:  chi2(2) = 52.041 [**] 
Hetero test:  F(6,204) = 4.0373 [**]
ReSet test:  F(1,212) = 1.0416

PKoBP 0.000019                +0.9915 D(Rt–1 )               +0.00019 γt
 (0.149)                    (105.0)                               (2.08)

R2 = 0.98192  DW = 2.06
normality test:  chi2(2) = 112.40 [**] 
Hetero test:  F(4,208) = 1.4935
ReSet test:  F(1,212) = 0.041214

in brackets the t-Student statistics.
* indicates significance at 5%, ** at 1%.

Source: authors’ own calculations. 
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table 1b. the best symptomatic models for D(Ri), and γi as liquidity risk. Shares from WIG80

Shares equation for dependent variable Summary: regression and tests for residuals 

amica 0.0005972           +0.958511 D(Rt–1 )            +0.000026 γt–1
   (1.97)                    (52.0)                              (0.126)

R2 = 0.928084 DW = 1.69
normality test:  chi2(2) = 345.13 [**] 
Hetero test:  F(6,207) = 0.15747 
ReSet test:  F(1,211) = 0.28457

Bioton –0.00297             +1.02 D(Rt–1 )                   +0.002386 γt–1
 (–1.73)               (84.4)                                    (1.61)

R2 = 0.974233  DW = 1.91
normality test:  chi2(2) = 19.165 [**] 
Hetero test:  F(4,207) = 0.27666
ReSet test:  F(1,211) = 3.2865 

BUDIMEX 0.0011                 +0.9496 D(Rt–1 )                     –0.00016 γt–1
(2.26)                     (44.4)                             (–0.489)

R2 = 0.903102  DW = 1.83
normality test:  chi2(2) = 161.68 [**] 
Hetero test:  F(6,207) = 2.6989 [* ]
ReSet test:  F(1,211) = 3.0214

ccc 0.00106               +0.935 D(Rt–1 )                +0.00033 γt
 (2.87)                  (44.5)                                 (1.86)

R2 = 0.918509  DW = 2.01
normality test:  chi2(2) = 240.34 [**] 
Hetero test:  F(4,207) = 0.054504
ReSet test:  F(1,211) = 0.010511

col 0.000566              +0.979 D(Rt–1 )              –0.00025 γt–1
  (1.65)                   (69.0)                            (–0.926)

R2 = 0.95839  DW = 1.78
normality test:  chi2(2) = 107.79 [**] 
Hetero test:  F(4,208) = 0.55935
ReSet test:  F(1,211) = 0.19852

GANT 0.00183                +0.982 D(Rt–1 )                    –0.00066 γt–1
 (1.31)                    (77.3)                            (–0.518) 

R2 = 0.967374  DW = 1.9
normality test:  chi2(2) = 188.33 [**] 
Hetero test:  F(6,207) = 0.34508
ReSet test:  F(1,211) = 0.059045

iDm 0.00187                +0.967 D(Rt–1 )             –0.0003129 γt–1
 (2.00)                    (53.2)                             (–0.641)

R2 = 0.932036  DW = 1.94
normality test:  chi2(2) = 88.277 [**] 
Hetero test:  F(4,207) = 0.14216
ReSet test:  F(1,211) = 0.043724

KRezUS 0.00049        +0.976 D(Rt–1 )      –0.0034γt          +0.0034 γt–1
 (0.543)         (67.0)                     (–1.98)            (1.99)

R2 = 0.955216  DW = 1.18
normality test:  chi2(2) = 938.58 [**] 
Hetero test:  F(4,204) = 0.48106
ReSet test:  F(1,210) = 0.61906

lccoRP 0.001               +0.969 D(Rt–1 )                  –0.000288 γt–1
(1.97)                (55.9)                                 (–0.794) 

R2 = 0.93656  DW = 1.46
normality test:  chi2(2) = 295.43 [**] 
Hetero test:  F(6,207) = 0.27640
ReSet test:  F(1,211) = 0.11579

cia 0.00267           +0.94097 D(Rt–1 )             –0.00143 γt–1
 (2.66)                  (41.4)                            (–1.90)

R2 = 0.903675  DW = 1.99
normality test:  chi2(2) = 1087.3 [**] 
Hetero test:  F(4,207) = 1.0245
ReSet test:  F(1,211) = 0.28403

in brackets the t-Student statistics.
* indicates significance at 5%, ** at 1%. 

Source: authors’ own calculations. 
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table 2a. the best symptomatic models for D2(Ri), and D2(ui) as liquidity risk. Shares from WIG20

Shares equation for dependent variable Summary: regression and tests for residuals 

BRe –2.7e-007          +0.98 D2(Rt–1 )       +0.089 D2(ut )       –0.065 D2(ut –1) 
 (–0.089)           (82.9)                      (4.12)                  (–2.97)

R2 = 0.976717  DW = 1.51
normality test:  chi2(2) = 32.199 [**] 
Hetero test:  F(6,206) = 2.6346 [* ]
ReSet test:  F(1,212) = 0.19978

PeKao 3.2e-006          +0.98 D2(Rt–1 )         +0.043 D2(ut )        –0.037 D2(ut –1)
 (0.096)            (62.8)                       (2.96)                   (–2.57)

R2 = 0.954776  DW = 1.73
normality test:  chi2(2) = 872.28 [**] 
Hetero test:  F(6,206) = 2.0261
ReSet test:  F(1,212) = 0.40464

HaWe 1.5e-005          +0.916 D2(Rt–1 )          +0.135 D2(ut )     –0.084 D2(ut –1)
  (1.26)              (43.0)                         (6.76)                (–3.96)

R2 = 0.968716  DW = 1.8
normality test:  chi2(2) = 247.02 [**] 
Hetero test:  F(6,206) = 3.3435 [**]
ReSet test:  F(1,212) = 0.57824

KGHM 7.11e-007                  +1.424 D2(Rt–1 )                   –0.433 D2(Rt –2) 
  (1376)                       (22.9)                                (–6.89)
–0.0373 D2(ut –1)          +0.0597 D2(ut –2)               –0.0316 D2(ut –3)
 (–2.12)                          (2.69)                                (–1.8)

R2 = 0.98314  DW = 1.9
normality test:  chi2(2) = 101.38 [**] 
Hetero test:  F(10,198) = 4.0867 [**]
ReSet test:  F(1,212) = 0.056252

lBW 1.4e-005       +0.866 D2(Rt–1 )        +0.187 D2(ut )          –0.103 D2(ut –1)
 (0.798)          (36.8)                       (7.59)                     (–3.68)

R2 = 0.983462  DW = 2.21
normality test:  chi2(2) = 233.85 [**] 
Hetero test:  F(6,206) = 4.6073 [**]
ReSet test:  F(1,212) = 0.000011

lPP 1.6e-005                     +0.934 D2(Rt–1 )                   +0.017 D2(ut –1)
  (2.13)                         (40.7)                                  (1.44)

R2 = 0.901449  DW = 1.7
normality test:  chi2(2) = 167.19 [**] 
Hetero test:  F(4,208) = 0.92101
ReSet test: F(1,212) = 0.71734

netia 4.4e-005                     +0.5047 D2(Rt–1 )                 +0.2389 D2(ut )
  (4.79)                          (13.4)                                   (13.0) 

R2 = 0.966392  DW = 1.87
normality test:  chi2(2) = 548.26 [**] 
Hetero test:  F(4,208) = 2.9252 [* ]
ReSet test:  F(1,212) = 14.309 [**]

PGNIG 8.8e-006           +0.943 D2(Rt–1 )         +0.065 D2(ut )      –0.037 D2(ut –1)
 (1.68)               (44.0)                         (3.87)                 (–2.16)

R2 = 0.952998  DW = 2.03
normality test:  chi2(2) = 551.52 [**] 
Hetero test:  F(6,206) = 5.8505 [**]
ReSet test:  F(1,212) = 0.24027

PKnoRlen 1.5e-005                       +0.955 D2(Rt–1 )                 +0.0149 D2(ut )
  (1.47)                           (41.1)                                 (1.37)

R2 = 0.887977  DW = 1.91
normality test:  chi2(2) = 105.45 [**] 
Hetero test:  F(4,208) = 0.29870
ReSet test:  F(1,212) = 1.1781

PKoBP 2.2e-006                        +0.9787 D2(Rt–1 )               +0.014977 D2(ut –1)
  (1.14)                             (76.7)                                   (1.89) 

R2 = 0.97944  DW = 2.06
normality test:  chi2(2) = 122.90 [**] 
Hetero test:  F(6,206) = 2.5883 [* ]
ReSet test:  F(1,212) = 1.5851

in brackets the t-Student statistics.
* indicates significance at 5%, ** at 1%. 

Source: authors’ own calculations. 
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table 2b. the best symptomatic models for D2(Ri), and D2(ui) as liquidity risk. Shares from WIG80

Shares equation for dependent variable Summary: regression and tests for residuals 

amica 7.9e-006        +0. 929 D2(Rt–1 )      +0.098 D2(ut )      –0.07 D2(ut –1)
   (1.99)           (41.0)                      (4.54)                (–3.28)

R2 = 0.937693  DW = 1.79
normality test:  chi2(2) = 222.02 [**] 
Hetero test:  F(6,206) = 2.6670 [* ]
ReSet test:  F(1,212) = 0.032680

Bioton –0.00037             +1.01875 D2(Rt–1 )               +0.0365 D2(ut –1)
 (–2.78)                   (85.2)                                 (2.97) 

R2 = 0.98029  DW = 1.98
normality test:  chi2(2) = 7.7696 [**] 
Hetero test:  F(4,208) = 5.2670 [**]
ReSet test:  F(1,212) = 3.1347

BUDIMEX 1.8e-005     +0. 94 D2(Rt–1 )      +0.096 D2(ut )      –0.081 D2(ut –1)
 (1.98)         (39.3)                     (4.89)                 (–4.10)

R2 = 0.906377  DW = 1.93
normality test:  chi2(2) = 254.81 [**] 
Hetero test:  F(6,206) = 33.006 [**]
ReSet test:  F(1,212) = 2.9566

ccc 2.9e-005                  +0.8896 D2(Rt–1 )              +0.0261 D2(ut )
  (3.83)                       (36.1)                               (3.98) 

R2 = 0.920274  DW = 1.99
normality test:  chi2(2) = 282.41 [**] 
Hetero test:  F(4,208) = 0.41987
ReSet test:  F(1,212) = 0.52503

col 7.6e-006                   +0.97 D2(Rt–1 )                  +0.0178 D2(ut )
  (1.26)                     (59.1)                                  (1.74) 

R2 = 0.95438  DW = 1.76
normality test:  chi2(2) = 156.24 [**] 
Hetero test:  F(4,208) = 0.86914
ReSet test:  F(1,212) = 0.84438

GANT –1.4e-005                +0.953 D2(Rt–1 )                  +0.0428 D2(ut )
 (–0.215)                   (68.4)                                   (4.05) 

R2 = 0.971594  DW = 1.85
normality test:  chi2(2) = 169.29 [**] 
Hetero test:  F(4,208) = 0.84018
ReSet test:  F(1,212) = 1.0214

iDm 0.0001                     +0.9529 D2(Rt–1 )               +0.0058895 D2(ut )
 (2.07)                        (43.4)                                 (9.979) 

R2 = 0.932606  DW = 1.85
normality test:  chi2(2) = 90.371 [**] 
Hetero test:  F(4,208) = 0.20831
ReSet test:  F(1,212) = 0.34583

KRezUS –1.8e-005       +0.97 D2(Rt–1 )      –0.289 D2(Rt –2)      +0.293 D2(ut )
  (–1.71)         (14.9)                    (–5.47)                    (10.0)

R2 = 0.974105  DW = 2.07
normality test:  chi2(2) = 191.03 [**] 
Hetero test:  F(6,205) = 4.0369 [**]
ReSet test:  F(1,211) = 15.832 [**]

lccoRP 2.6e-005         +1.23 D2(Rt–1 )      –0.29 D2(Rt –2)      +0.0178 D2(ut )
  (2.0)              (18.4)                 (–4.54)                     (2.11)

R2 = 0.944865  DW = 1.95
normality test:  chi2(2) = 291.74 [**] 
Hetero test:  F(6,205) = 0.44305
ReSet test:  F(1,211) = 0.0050252

cia 1.7e-005        +0.939 D2(Rt–1 )      +0.127 D2(ut )      –0.109 D2(ut –1)
  (1.10)            (37.9)                     (5.01)                 (–4.23)

R2 = 0.915455  DW = 2.14
normality test:  chi2(2) = 923.77 [**] 
Hetero test:  F(6,206) = 0.86784
ReSet test:  F(1,212) = 0.0032247

in brackets the t-Student statistics.
* indicates significance at 5%, ** at 1%. 

Source: authors’ own calculations.  
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table 3a. the best symptomatic models for |Ri|, and γi as liquidity risk. Shares from WIG20

Shares equation for dependent variable Summary: regression and tests for residuals 

BRe  0.017                –0.008 γt
(5.60)                (–2.03)

R2 = 0.0188  DW = 1.43
normality test:  chi2(2) = 112.41 [**] 
Hetero test:  F(2,212) = 0.44586 
ReSet test:  F(1,213) = 0.4147

PeKao 0.007                +0.221|Rt–1|                  +0.001 γt
(4.60)                (3.35)                           (0.558)

R2 = 0.05199  DW = 1.99
normality test:  chi2(2) = 71.285 [**] 
Hetero test:  F(4,208) = 0.3992 
ReSet test:  F(1,212) = 0.026716 

HaWe 0.009                +0.178|Rt–1|                  +0.011 γt
(1.42)                 (2.65)                           (1.35)

R2 = 0.04423  DW = 2.01
normality test:  chi2(2) = 171.31 [**] 
Hetero test:  F(4,208) = 0.60785 
ReSet test:  F(1,212) = 0.75603 

KGHM (a)

 (b)

0.0127              +0.297|Rt–1|                  –0.0029 γt
(4.35)                (4.62)                          (–0.811)

0.0171               –0.0019 γt
 (5.9)                 (–0.715)

R2 = 0.09326  DW = 1.96
normality test:  chi2(2) = 59.62 [**] 
Hetero test:  F(4,208) = 10.466 [**]
ReSet test:  F(1,212) = 8.6250 [**]
R2 = 0.002381  DW = 1.36
normality test:  chi2(2) = 137.11 [**] 
Hetero test:  F(2,212) = 3.0364
ReSet test:  F(1,213) = 0.51558

lBW  –0.006                +0.179|Rt–1|                +0.03323 γt
(–0.594)                (2.66)                           (2.45)

R2 = 0.07102  DW = 2
normality test:  chi2(2) = 436.51 [**] 
Hetero test:  F(4,208) = 2.1478
ReSet test:  F(1,214) = 0.23596

lPP 0.1069                +0.00442 γt–1
(4.26)                    (1.21)

R2 = 0.00677  DW = 1.87
normality test:  chi2(2) = 99.928 [**] 
Hetero test:  F(2,210) = 1.8204
ReSet test:  F(1,212) = 0.80906

netia 0.0055                +0.0105 γt–1
(1.01)                    (1.6)

R2 = 0.0118  DW = 2.03
normality test: chi2(2) = 873.51 [**] 
Hetero test: F(2,210) = 0.52395
ReSet test: F(1,212) = 0.43075

PGNIG 0.0149                 +0.0753|Rt–1|                –0.00329 γt–1
(5.67)                      (1.1)                           (–1.02)

R2 = 0.010269  DW = 2.01
normality test: chi2(2) = 143.59 [**] 
Hetero test: F(4,208) = 0.47614
ReSet test: F(1,212) = 0.26462

PKnoRlen 0.0184                –0.00471 γt–1
(5.46)                   (–1.03)

R2 = 0.00497  DW = 1.9
normality test: chi2(2) = 118.44 [**] 
Hetero test: F(2,210) = 0.82852
ReSet test: F(1,212) = 0.16779

PKoBP 0.0093                 0.00493 γt                   –0.00367 γt–1
(7.96)                    (2.16)                          (–1.61)

R2 = 0.02163  DW = 1.97
normality test: chi2(2) = 54.794 [**] 
Hetero test: F(4,208) = 2.4222 [* ]
ReSet test: F(1,212) = 0.16779

in brackets the t-Student statistics.
* indicates significance at 5%, ** at 1%. 

Source: authors’ own calculations.  
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table 3b. the best symptomatic models for |Ri|, and γi as liquidity risk. Shares from WIG80

Shares equation for dependent variable Summary: regression and tests for residuals 

amica 0.0107                    +0.1772|Rt–1|                  –0.0024 γt
 (3.84)                      (2.63)                            (–0.718)

R2 = 0.0345323  DW = 1.99
normality test: chi2(2) = 71.618 [**] 
Hetero test: F(4,208) = 0.71767
ReSet test: F(1,212) = 1.3028

Bioton 0.0605                     –0.1074 γt                       +1.1218 γt–1
(3.52)                       (–2.09)                             (2.37)

R2 = 0.0259491  DW = 1.95
normality test: chi2(2) = 144.13 [**] 
Hetero test: F(4,208) = 0.73407
ReSet test: F(1,212) = 0.95979

BUDIMEX 0.0103                     +0.1509|Rt–1|                  +0.00279 γt–1
 (3.33)                        (2.23)                             (0.715)

R2 = 0.0254123  DW = 1.96
normality test: chi2(2) = 121.13 [**] 
Hetero test: F(4,208) = 0.37302
ReSet test: F(1,212) = 0.17456

ccc 0.0162                      –0.00239 γt
(10.0)                       (–0.9743)

R2 = 0.00441564  DW = 1.84
normality test: chi2(2) = 61.986 [**] 
Hetero test: F(2,211) = 0.017712 
ReSet test: F(1,213) = 2.1941

col 0.0159                     +0.1384|Rt–1|                  –0.00623 t
(5.21)                         (2.06)                             (–1.37)

R2 = 0.0293864  DW = 1.97
normality test: chi2(2) = 81.987 [**] 
Hetero test: F(4,208) = 1.2986
ReSet test: F(1,212) = 3.3762

GANT 0.0539                     –0.0098 γt–1
(4.25)                       (–0.603)

R2 = 0.0169782  DW = 1.76
normality test: chi2(2) = 258.02 [**] 
Hetero test: F(2,211) = 0.79186 
ReSet test: F(1,213) = 1.0534

iDm 0.0330                     +0.0036 γt
(4.54)                        (0.358)

R2 = 0.000598048  DW = 1.77
normality test: chi2(2) = 26.764 [**] 
Hetero test: F(2,211) = 1.7594 
ReSet test: F(1,213) = 2.6924

KRezUS 0.0063                +0.465|Rt–1|             +0.0227 γt                –0.0224 γt–1
(1.20)                  (7.73)                        (2.07)                 (–2.09)

R2 = 0.233284  DW = 1.97
normality test: chi2(2) = 635.67 [**] 
Hetero test: F(6,206) = 4.0813 [**]
ReSet test: F(1,212) = 5.2563 [**]

lccoRP 0.0158               +0.197|Rt–1|               –0.00006 γt–1
(3.71)                 (2.94)                       (–0.0123)

R2 = 0.0390304  DW = 1.98
normality test: chi2(2) = 72.618 [**] 
Hetero test: F(4,208) = 3.0924 [* ]
ReSet test: F(1,212) = 0.54384

cia 0.0289                +0.139|Rt–1|              –0.0168 γt
(4.17)                   (2.06)                      (–2.22)

R2 = 0.0469597  DW = 2
normality test: chi2(2) = 223.42 [**] 
Hetero test: F(4,208) = 2.6867 [* ]
ReSet test: F(1,212) = 0.29551

in brackets the t-Student statistics.
* indicates significance at 5%, ** at 1%. 

Source: authors’ own calculations.  
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table 4a. the best symptomatic models for R2
i , and D2(ui) as liquidity risk. Shares from WIG20.

Shares equation for dependent variable Summary: regression and tests for residuals 

BRe 0.00011               +0.304 R2
t –1              +1.3 D2(ut )         –1.096 D2(ut –1) 

  (2.1)                   (4.72)                  (3.18)                  (–2.68)
R2 = 0.14574  DW = 2.13
normality test: chi2(2) = 249.78 [**] 
Hetero test: F(6,206) = 2.0324 
ReSet test: F(1,212) = 4.2130 [* ]

PeKao 0.00019             +0.132 R2
t –1             +0.413 D2(ut )       –0.503 D2(ut –1)

 (3.97)                 (1.96)                  (1.39)                   (–1.7)
R2 = 0.0319863  DW = 1.98
normality test: chi2(2) = 2189.6 [**] 
Hetero test: F(6,206) = 0.38709 
ReSet test: F(1,212) = 0.0051429

HaWe 0.00048                   +2.329 D2(ut )                   –2.01598 D2(ut –1)
(2.492)                     (5.98)                                  (–5.2)

R2 = 0.147086  DW = 1.77
normality test: chi2(2) = 630.91 [**] 
Hetero test: F(4,206) = 5.6251 [**] 
ReSet test: F(1,212) = 62.922 [**]

KGHM 0.00025                    +0.4708 R2
t –1                           –0.196 D2(ut )

 (2.84)                         (7.77)                            (–0.63) 
R2 = 0.222643  DW = 1.83
normality test: chi2(2) = 367.27 [**] 
Hetero test: F(4,208) = 14.605 [**]
ReSet test: F(1,212) = 0.0023946

lBW 0.00032                     +3.482 D2(ut )                  –2.9493 D2(ut –1)
 (0.827)                      (6.14)                                (–5.2)

R2 = 0.192377  DW = 2.12
normality test: chi2(2) = 1006.3 [**] 
Hetero test: F(4,206) = 10.742 [**] 
ReSet test: F(1,212) = 64.022 [**]

lPP 0.000246                    +0.254 D2(ut )
 (2.82)                          (1.15) 

R2 = 0.00609248  DW = 1.97
normality test: chi2(2) = 707.43 [**] 
Hetero test: F(2,212) = 0.20739 
ReSet test: F(1,212) = 0.0026144

netia 0.00033                      +5.825 D2(ut )                  –5.604 D2(ut –1)
 (1.65)                          (9.17)                            (–8.83)

R2 = 0.28232  DW = 1.9
normality test: chi2(2) = 2120.3 [**] 
Hetero test: F(4,208) = 11.105 [**]
ReSet test: F(1,212) = 156.38 [**]

PGNIG 0.00027                       +2.025 D2(ut )                  –1.881 D2(ut –1)
 (3.26)                           (5.57)                            (–5.19)

R2 = 0.127447 DW = 1.93
normality test: chi2(2) = 894.07 [**] 
Hetero test: F(4,208) = 6.8537 [**]
ReSet test: F(1,212) = 86.569 [**]

PKnoRlen 0.00038                        +1.786 D2(ut )                  –1.676 D2(ut –1)
 (4.21)                            (2.77)                            (–2.61)

R2 = 0.0347353  DW = 1.7
normality test: chi2(2) = 405.74 [**] 
Hetero test: F(4,208) = 1.3336 
ReSet test: F(1,212) = 3.7755

PKoBP 0.000117                      + 0.40778 D2(ut )
  (4.47)                              (2.97) 

R2 = 0.039439  DW = 2.08
normality test: chi2(2) = 874.67 [**] 
Hetero test: F(2,212) = 2.9235 
ReSet test: F(1,212) = 1.4075

in brackets the t-Student statistics.
* indicates significance at 5%, ** at 1%. 

Source: authors’ own calculations.  
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table 4b. the best symptomatic models for R2
i , and D2(ui) as liquidity risk. Shares from WIG80

Shares equation for dependent variable Summary: regression and tests for residuals 

amica 0.0002               +2.121 D2(ut )               –2.028 D2(ut –1)
 (3.27)                (4.33)                          (–4.14)

R2 = 0.0809859  DW = 1.92
normality test: chi2(2) = 469.76 [**] 
Hetero test: F(4,208) = 13.132 [**] 
ReSet test: F(1,212) = 35.188 [**]

Bioton 0.00487             +1.021 D2(ut –1)
 (1.85)                (4.19) 

R2 = 0.0754633  DW = 2.02
normality test: chi2(2) = 220.93 [**] 
Hetero test: F(2,210) = 12.482 [**]
ReSet test: F(1,212) = 9.7776 [**]

BUDIMEX 0.0003169           +0.891 D2(ut )              –0.7517 D2(ut –1)
      (3.23)             (2.54)                          (–2.15)

R2 = 0.029705  DW = 1.76
normality test: chi2(2) = 915.14 [**] 
Hetero test: F(4,208) = 3.7046 [**] 
ReSet test: F(1,212) = 16.648 [**]

ccc 0.00033               +0.0743 D2(ut –1)
 (5.10)                  (0.674) 

R2 = 0.00210887  DW = 1.99
normality test: chi2(2) = 1670.0 [**] 
Hetero test: F(2,210) = 0.0074368 
ReSet test: F(1,212) = 0.38909

col 0.00036                +0.0594 D2(ut –1)
 (4.66)                    (0.313) 

R2 = 0.000455558  DW = 1.9
normality test: chi2(2) = 375.23 [**] 
Hetero test: F(2,210) = 1.1167 
ReSet test: F(1,212) = 2.6412

GANT 0.0021                  +1.074 D2(ut )              –0.645 D2(ut –1)
 (1.62)                    (3.50)                        (–2.10)

R2 = 0.0592479  DW = 2.01
normality test: chi2(2) = 1158.5 [**] 
Hetero test: F(4,208) = 4.9348 [**]
ReSet test: F(1,212) = 0.11657

iDm 0.00242                +0.045 D2(ut )
 (5.84)                  (0.454) 

R2 = 0.0319863  DW = 1.88
normality test: chi2(2) = 285.47 [**] 
Hetero test: F(2,210) = 1.0001 
ReSet test: F(1,212) = 0.59442

KRezUS –5.1e–005             +0. 329 R2
t –1                    +0. 6516 D2(ut )

  (–0.197)                (5.11)                          (2.43) 
R2 = 0.155251  DW = 1.82
normality test: chi2(2) = 18,328. [**] 
Hetero test: F(4,208) = 3.4786 [**]
ReSet test: F(1,212) = 1.5503

lccoRP 0.00074             +0.197 R2
t –1           +0.976 D2(ut )         –1.124 D2(ut –1)

  (3.93)               (3.02)                  (2.82)                    (–3.24)
R2 = 0.0910506  DW = 2
normality test: chi2(2) = 507.44 [**] 
Hetero test: F(6,206) = 1.7375 
ReSet test: F(1,212) = 9.2332 [**]

cia 0.00086              +2.0525 D2(ut )              –2.263 D2(ut –1)
  (2.80)                  (3.74)                         (–4.11)

R2 = 0.0731037  DW = 1.88
normality test: chi2(2) = 2693.2 [**] 
Hetero test: F(6,206) = 12.413 [**]
ReSet test: F(1,212) = 37.947 [**]

in brackets the t-Student statistics.
* indicates significance at 5%, ** at 1%. 

Source: authors’ own calculations.  
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