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Abstract 

This thesis contains two essays in the area of  empirical finance. The first essay 
tests and supports the hypothesis that short sales constraints reduce price 
informativeness by hindering negative information from being fully 
incorporated into price. The analysis is based on a unique regulatory setting in 
the Hong Kong market. By using two measures for price informativeness, I 
find that stock prices become more informative when restrictions on short 
sales are lifted and less informative when restrictions are re-imposed. The 
results are robust after controlling for the relevant firm characteristic variables 
which affect equilibrium level of  information in stock price. Further analyses 
demonstrate that allowing short sales mitigates the downward drift following 
negative earnings surprises and enhances the ability of  stock prices to forecast 
future earnings. The second essay investigates the cross-sectional pattern of  
the relation between stock returns and inflation. Previous studies have shown a 
negative relation between stock returns and both expected and unexpected 
inflation on the market level, which contradicts the Fisher’s theory and the 
conventional wisdom. Two explanations have been suggested in the literature. 
The proxy effect hypothesis states that the negative relation is merely a proxy 
for the negative relation between expected future real economic activity and 
inflation, and the money illusion hypothesis assumes that investors erroneously 
discount real earnings by nominal discount rates. In this thesis, I support the 
rational explanation to the negative return-inflation relation by examining the 
cross-sectional pattern of  return-inflation betas. I show that, consistent with 
the proxy effect hypothesis, there is much cross-sectional variation in 
return-inflation betas, and further the cross-sectional variation in 
return-inflation betas can be explained by the differential associations between 
firm fundamentals and inflation. I also examine the impacts of some 
observable firm characteristic variables on the return-inflation relation and the 
results are generally consistent with the prediction based on the proxy effect 
hypothesis. 
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ESSAY I 

 

Short Sales Constraints and Price Informativeness 

 

Abstract 

This essay tests and supports the hypothesis that short sales constraints reduce 
price informativeness by hindering negative information from being fully 
incorporated into price. The analysis is based on a unique regulatory setting in 
the Hong Kong market. By using two measures for price informativeness, I 
find that stock prices become more informative when restrictions on short 
sales are lifted and less informative when the restrictions are re-imposed. The 
results are robust after controlling for the relevant firm characteristic variables 
which affect the equilibrium level of  information in stock price. Further 
analyses demonstrate that allowing short sales mitigates the downward drift 
following negative earnings surprises and enhances the ability of  stock prices 
to forecast future earnings.
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1. Introduction 

 

Short sales constraints hinder negative information from being fully 

incorporated into stock price and thus make price less informative. A 

direct test of  this hypothesis entails two conditions. First, there are 

measures for the level of  short sales constraints. Second, there are 

measures for price informativeness which can capture the asymmetric 

impact of  short sales constraints on the incorporation of  negative and 

positive information. Given the two conditions, the hypothesis can be 

tested by examining the informativeness measures for stocks subject to 

different levels of  short sales constraints. 

To date, direct tests on this relation have been sparse. The major 

obstacles to empirical work are lack of  clear measures or data for short 

sales constraints and lack of  good proxies for price informativeness. 

Previous studies have used short interest, institutional ownership, option 

listing and rebate rate as measures for short sales constraints1. However, 

these measures are either indirect or confined to a limited sample period. 

In this study, we overcome this obstacle by focusing on a unique regulatory 

                                                        
1 Figlewski (1981) uses short interest, Figlewski and Web (1993) and Danielsen 
and Sorescu (2001) use option listing status, Asquith, Pathak and Ritter (2005) 
use institutional ownership as measures for short sale constraints. Jones and 
Lamont (2002) use rebate rate in the period of  1926 to 1933 and Saffi and 
Sigurdsson (2008) use rebate rate in a period of  2004 to 2006. 
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setting in the Hong Kong market where there is a list of  designated 

securities eligible for short selling revised from time to time. Stocks not on 

the list are subject to the extreme form of  short sales constraints - 

prohibition of  short sales. When the list is revised, stocks added into the 

list become shortable, and stocks deleted from the list become 

non-shortable. Thus, the list provides a binary measure for short sales 

constraints, and a history of  the revisions to the list identifies a series of  

addition and deletion events around which we can examine the changes in 

price informativeness for the underlying stocks. So far, we have not found 

such well-recorded and long-period data on short sales constraints in other 

markets, which partially explains why the sample is taken from the Hong 

Kong market. 

In this research, we begin with two measures for price 

informativeness with respect to negative information: sell-minus-buy 

probability of  information-based trading and downside-minus-upside price 

non-synchronicity. The first measure, sell-minus-buy probability of  

information-based trading (PINs-b) is based on the microstructure model 

developed by Easley, Kiefer, and O’Hara (1996, 1997a, 1997b). It is derived 

from the same set of  parameters used to compute the PIN ratio. The 

second measure, downside-minus-upside price non-synchronicity (Ψd-u), 
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which has been used by Bris, Goetzmann, and Zhu (2007) in a recent study 

on short sales, is a variation of  the price non-synchronicity measure first 

proposed by Roll (1988) and recently developed by Morck, Yeung, and Yu 

(2000). 

Our two measures aim to identify the effect of  short sales 

constraints on price informativeness. By construction, they are proxies for 

the amount of  negative private information relative to positive private 

information in price. Thus a change in the overall informational 

environment that symmetrically affects the incorporation of  both negative 

and positive information has no effect on the two measures. In contrast, 

short sales constraints, which only impede negative information 

incorporation, would cause changes in the two measures. By taking an 

event study, we find that the two measures increase for stocks added into 

the list (short sales restrictions repealed) and decrease for stocks deleted 

from the list (short sales restrictions imposed). This is consistent with the 

previous results that short sales are most likely informed (e.g., Brent, 

Morse and Stice 1990; Dechow, Hutton Meulbroek and Sloan 2001; 

Boehmer, Jones and Zhang, 2008; Christophe, Ferri, and Hsieh, 2010). 

Repealing short sales restrictions attracts more informed trading, and thus 

increases the information contents in price. On the contrary, deletions 
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from the list result in changes in the opposite direction. 

The results from the event study are robust after controlling for the 

firm characteristics that are likely to affect private information 

incorporation. We show this by using panel data regressions with the firm 

characteristics as control variables. It is worth noting that if  the control 

variables affect price informativeness in a symmetric way, i.e., affect both 

positive and negative information incorporation to the same extent, they 

should have little correlation with PINs-b and Ψd-u, and any significant 

changes in the two measures around events can only be attributed to the 

changes in short sales constraints. However, if  their impacts are 

asymmetric, our regression analysis is able to capture these possible 

asymmetries by generating significant estimates of  their coefficients. 

Recent literature shows that PIN is not a pure proxy for informed 

trading. High PIN firms tend to be those with larger order imbalances 

which are also a common feature of  illiquid firms. In light of  this, Duarte 

and Young (2009) propose an adjusted PIN measure that isolates informed 

trading from illiquidity by considering the possibility of  symmetric shocks 

to order flow process. Since stocks are selected into the list of  shortable 

stocks based on a set of  rules largely related to liquidity, Duarte and Young 
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(2009)’s adjusted PIN squarely fits our aim.2 As a robustness check, we 

replicate the tests using the adjusted PIN model and the results are 

generally consistent. We show that AdjPINs-b, an alternative proxy for 

informed selling relative to buying, significantly increases when stocks are 

added into the list, and decreases when stocks are removed from the list. 

PSOS, a proxy for illiquidity, deceases around both addition and deletion 

events, which possibly represents a trend of  enhanced liquidity over time. 

The adjusted model also allows for different arrival rates of  informed buy 

orders and sell orders, which enables us to directly examine the impact of  

short sales constraints on informed selling relative to informed buying by 

looking at the two rates. 

Next, we offer additional evidence to support the relation between 

stock price informativeness and short sales constraints by considering the 

impact of  short sales constraints on return-earnings relation. One 

approach is to consider the effect of  short sales constraints on the post 

earnings announcement drift (PEAD), one of  the well known anomalies in 

accounting and finance. If  short sales lead to more informative prices, 
                                                        
2 It is worth noting that our previous results are less likely to be affected by the 
component that proxies for illiquidity in the original PIN. According to the 
selection rules, large and more liquid stocks are more likely to be included into 
the list, and if  the intensity of  informed trading remains unchanged, the original 
PIN around addition events should decrease as liquidity increases. In contrast, 
our results show that the original PIN actually increases, which indicates that the 
component that proxies for informed trading in the original PIN must increase 
to an extent that overrides the decrease in PIN due to the increase in liquidity. 
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lifting restrictions on short sales will mitigate the PEAD anomaly. Further, 

we expect that short sales constraints will have different impacts on 

downward and upward drifts. The downward drift following negative 

earnings surprises can be partially attributed to short sales constraints, and 

the upward drift following positive shocks should not be related to the 

constraints. This is because when negative unexpected earnings are 

announced, the investors who are the most pessimistic about future 

fundamentals may be prohibited from selling by short sales constraints. If  

those investors process information rationally, we can observe a downward 

drift following the announcements when their opinions become gradually 

incorporated into price. In contrast, because short sales constraints do not 

impede optimistic investors from trading, they are not likely to be a cause 

of  the under-reaction to positive earnings surprises. In our research setting, 

we hypothesize that shortable stocks have smaller downward drifts 

following negative earnings surprises than non-shortable stocks, and there 

is little difference between them in the upward drifts. To test this 

hypothesis, we calculate the CARs (Cumulative Abnormal Returns) 

associated with each annual earnings announcement in the 30, 90 and 120 

trading days following the announcement date. The results support our 

prediction. For non-shortable stocks, the CARs of  the most negative SUE 
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(Standardized Unexpected Earnings) quintile are significantly below zero, 

which forms a downward drift. However, for shortable stocks, we find that 

the CARs of  the most negative SUE quintile are not significantly below 

zero (even slightly positive). The CARs of  the most positive SUE quintile 

for non-shortable and shortable stocks are all significantly positive, and 

there is no significant difference between non-shortable and shortable 

stocks. 

The other approach linking short sales constraints and 

return-earnings relation is to assess whether short sales constraints reduce 

the ability of  stock prices to forecast future earnings. We use the idea of  

future earnings response coefficient (FERC) formulated by Collins, 

Kothari, Shanken, and Sloan (1994). FERC is defined as the estimated 

coefficients on future earnings in a regression of  current return on current 

and future earnings, controlling for future returns. A higher FERC 

indicates a closer relation between current return and future earnings, and 

thus a more informative price with respect to information about future 

earnings. We argue that short sales constraints, by preventing some of  the 

value-relevant information about future earnings being capitalized into 

current price, are negatively correlated with FERCs. We evaluate this 

hypothesis in an event study analysis and find supporting evidence. After 
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stocks are added into the list and become shortable, their FERCs show 

positive changes. 

Finally, we subject our results to a number of  robustness checks. 

First, we change the length of  the event window used in the study. We 

report the results using a one-year event window, but the results are similar 

when we use a two-year or three-year window. Second, we consider the 

effect of  periods of  abnormal trading activity on our results. It is well 

known that the Hong Kong government intervened heavily in the stock 

market during the 1997 Asian Financial Crisis. Our results are robust to the 

exclusion of  that period. Last, our results remain unchanged with respect 

to the use of  returns of  different frequencies in the estimation of  Ψd-u. We 

report the results using bi-weekly return data.  

The remainder of  the first part of  this thesis is organized as follows. 

Section 2 reviews the related literature. Section 3 introduces the regulatory 

framework on short sales in the Hong Kong market and constructs the 

sample from the revision history of  the short sales list. Section 4 explains 

the two measures for price informativeness. Section 5 reports the empirical 

results on the relation between short sales constraints and price 

informativeness. We also discuss the possible self-selection bias in this 

section. Section 6 extends the analysis to examine the return-earnings 
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relation for shortable and non-shortable stocks, which consists of  the two 

tests on PEAD and FERC. The last Section concludes. 

 

2. Literature 

 

Theoretical models of  both Miller (1977) and Diamond and 

Verrecchia (1987) suggest that short sales constraints hinder negative 

information from being fully reflected in stock prices. Miller (1977) argues 

that when both heterogeneous opinions and short sales constraints are 

present, stocks tend to be overpriced as short sales constraints impede 

those investors who possess negative information but not in the long 

positions from selling. Diamond and Verrecchia (1987), however, do not 

suggest an overvaluation story. They argue that, if  investors know there is 

negative information not incorporated into price because of  short sales 

constraints, in a rational expectation framework, they will adjust their 

valuations based on their assessment of  the suppressed negative 

information. As a result, stock prices are on average not too high or too 

low. Though Diamond and Verrechia’s theory eliminates the possibility of  

systematic mispricing, short sales constraints still reduce price 

informativeness by decreasing the accuracy of  information incorporation. 
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Prior empirical studies on the relation between short sales 

constraints and price informativeness are actually tests of  the two models. 

The tests of  the Miller theory generally focus on the negative abnormal 

returns generated when initially overvalued stocks revert to their 

fundamentals. They differ in the measures for short sales constraints. 

Figlewski (1981) measures short sales constraints by short interest and find 

that stocks with higher short interest yield lower subsequent returns. 

Danielsen and Sorescu (2001) argue that the negative abnormal returns 

around option introduction are due to the mitigation of  short sales 

constraints when put options are introduced. Jones and Lamont (2002) 

measure short sales constraints by rebate rate, and also find supporting 

evidence for Miller. Chang, Cheng and Yu (2007) explore the special 

regulatory setting in the Hong Kong market, and report negative abnormal 

returns when stocks are added into the list of  designated securities eligible 

for short selling. Diamond and Verrecchia (1987) was first tested by 

Senchark Jr. and Starks (1993) who report negative abnormal returns 

around announcements of  unexpected high level of  short interest. Their 

results are consistent with the idea that though investors cannot observe 

the pent-up negative information, they try to incorporate it into price by 
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taking signals contained in short interest. Aitken, Frino, McCorry and 

Swan (1998) show that, in the Australian market where short sales are fully 

transparent at moments immediately after execution, they are 

instantaneously treated as bad news. 

This research takes a different approach to investigate the relation 

between short sales constraints and price informativeness. Prior studies 

examine the relation by looking at the abnormal returns generated when 

pricing errors are corrected. In this study we directly construct two 

measures for price informativeness with respect to negative information 

and examine the changes in the two measures as short sales restrictions are 

removed. Such an approach avoids the “joint hypothesis” problem in 

measuring abnormal returns, as in the tests of  the Miller’s model or the 

Diamond and Verrecchia’s model.  

A closely related study to ours is that of  Bris, Goetzmann, and Zhu 

(2007) who explore the relation between short sales constraints and price 

informativeness in a cross-country setting. They use two measures for 

price informativeness, downside-minus-upside R-square and the 

cross-autocorrelation between individual stock return and one week lagged 

market return. They find that in countries where short sales are practiced, 

on average, prices are more informed than in countries where short sales 
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are restricted. Short sales help facilitate more efficient price discovery at 

the country level. Our study is different from theirs and makes its own 

contributions in several respects. First, we examine the relation between 

short sales constraints and price informativeness in a within country 

setting. It allows us to use more controls to isolate the interested relation. 

As noted by Bris, Goetzmann, and Zhu (2007), on the country level, short 

sales constraints and price informativeness are both correlated with the 

development of  financial markets, which could cause a spurious relation 

between short sales constraints and price informativeness. Second, to the 

best of  our knowledge, we are the first to use the PIN model to study 

short sales. PIN, the probability of  informed trading, is a direct measure 

of  price informativeness. Besides, the model also identifies a few 

important parameters, such as the probability of  information arrival, the 

probability that information is bad news and the arrival rate of  informed 

orders. These parameters all shed lights on the trading process through 

which information is incorporated into price. Third, we examine the 

impact of  short sales constraints on price informativeness in the context 

of  return-earnings relation. We establish a link between short sales 

constraints and post-earnings announcement drift, and show that allowing 

short sales mitigates the downward drifts following negative earnings 
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surprises. Since less anomalous return behavior indicates more information 

in price, our results support a negative relation between short sales 

constraints and price informativeness. We also consider the ability of  

current stock prices to forecast future earnings, and find that the prices of  

shortable stocks contain more value-relevant information than those of  

non-shortable stocks. By doing so, we offer further evidence on the 

claimed relation. 

 

3. The List of  Securities Eligible for Short Selling 

 

Seventeen stocks were first added into the list of  designated 

securities eligible for short selling when the Stock Exchange of  Hong 

Kong launched a pilot scheme for regulated short selling in January 19943. 

In our sample period from Jan. 1994 to Nov. 2002, the list was revised 18 

times4, and as of  Nov. 29, 2002, there were 150 equity stocks on the list, 

out of  790 equity stocks listed on the main board and the growth 

enterprise market.5 

                                                        
3 The seventeen stocks are listed in the Appendix. 
4 There were another two revisions in which exchange traded funds and T-stocks 
were added into the list. These securities are not appropriate for our study and 
excluded from the sample. 
5 The growth enterprise market was launched in 1999 to help smaller firms 
which do not fulfill the profitability or track record requirements of  the main 
board to raise capital. 
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Before 2001, the list was revised according to the discretion of  the 

regulators reflecting the changing market conditions. From February 12, 

2001, the list was revised on a quarterly basis according to a set of  criteria 

mainly based on market capitalization, turnover and Index membership: 

 

1. All constituent stocks of  indices which are the underlying indices of  

equity index products traded on the Exchange;  

2. All constituent stocks of  indices which are the underlying indices of  

equity index products traded on HKFE; 

3. All underlying stocks of  stock options traded on the Exchange; 

4. All underlying stocks of  Stock Futures Contracts traded on the Hong 

Kong Futures Exchange; 

5. Stocks which maintain a public float capitalization of  not less than 

HK$1 billion for either (i) a period of  60 consecutive trading days 

during which dealings in such stocks have not been suspended; or (ii) 

a period of  no more than 70 consecutive trading days comprising 60 

trading days during which dealings in such stocks have not been 

suspended; 

6. Stocks with market capitalization of  not less than HK$1 billion and 
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an aggregate turnover during the preceding 12 months to market 

capitalization ratio of  not less than 40%; 

7. Tracker Fund of  Hong Kong and other Exchange Traded Funds 

approved by the Board in consultation with the Commission; 

8. All securities traded under the Pilot Program (i.e., the 17 stocks that 

were allowed to be sold short on January 1994). 

 

According to the criteria, large stocks and actively traded stocks are 

most likely to be included in the list. Hence, there could be a self-selection 

bias in our results. The favorable changes in PINs-b and Ψd-u when stocks 

are added into the list could be attributed to some factors that are 

positively correlated with the probability of  being selected into the list. 

This endogeneity issue is discussed in Section 5.4 where we show that our 

measure construction method, regression analysis, and tests using adjusted 

PIN can refute the self-selection explanation to our results. 

 Table 1 summarizes the historical revisions to the list from Jan. 3, 

1994 to Nov. 29, 2002. Column 1 reports the revision dates. Columns 2 

and 3 report the number of  stocks added into and deleted from the list on 

each revision date. The data on the revision history are provided by the 

Stock Exchange of  Hong Kong. As shown by the table, during this period, 
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the list was revised 18 times and there were altogether 495 stocks added 

into the list, and 345 stocks deleted from the list. The three largest 

additions took place on Mar. 25, 1996, May 1, 1997 and Jan. 12, 1998, and 

there were 97, 129, 69 stocks added into the list on these three dates, 

respectively. On Nov. 9, 1998, because of  the outbreak of  the Asian 

Financial Crisis, 148 stocks are removed from the list in the consideration 

to stabilize the market. After 2001, the list was revised on a quarterly basis 

and there were no large-scale additions or deletions. 

Our initial sample for addition events consists of  the 495 stocks that 

were added into the list during the sample period. However, a stock may 

be added into the list, and then deleted from the list on a later date. In our 

study, we use one-year event-window to examine the changes in the price 

informativeness measures around events. So we refine the sample to 

ensure that short sales are not allowed throughout the pre-addition window, 

and are allowed throughout the post-addition window. An addition event is 

then defined as one in which 1) a stock was added into the list, 2) the stock 

had not been in the list for at least 4 calendar quarters before it was added, 

and 3) the stock remained in the list for at least 4 calendar quarters after it 

was added. For example, if  a stock was added into the list on Mar. 16, 1998 

and then deleted from the list on Nov. 9, 1998, it will not be counted as an 
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addition event, because after addition, it only remained shortable for 

approximately 8 months. Since we estimate the two measures for price 

informativeness in a one-year window before and after addition events, 8 

months are not enough for our estimation. Column 5 gives the number of  

the addition events on each revision date. The total number of  addition 

events is 360, out of  the initial 495 additions. 

We define a deletion event as the opposite of  an addition event. A 

deletion event is defined as one in which 1) a stock was deleted from the 

list, 2) the stock had been in the list for at least 4 calendar quarters before 

it was deleted, and 3) the stock was not in the list for at least 4 calendar 

quarters after it was deleted. In contrast to an addition event, for a deletion 

event, short sales are allowed throughout the pre-deletion window, and are 

not allowed throughout the post-deletion window. Column 6 shows that 

there are 207 deletion events, out of  the 345 initial deletions. 

It is noted that the addition and deletions events are clustered around 

some event dates. Figure 1 shows the distribution of  the addition and 

deletion events around the event dates. Panel A shows that 35% of  the 

addition events are on May 1, 1997, and 27% of  the addition events are on 

Mar. 25, 1996. Panel B shows that 51% of  the deletion events are on Nov. 

9 1998, and 27% on Dec. 3, 2001. Given such clustered events, our results 
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could be driven by the changes in informational environment around some 

specific event dates. Furthermore, since over half  of  the deletion events 

are on Nov., 9, 1998, when the Hong Kong market experienced a sharp 

downturn due to the Asian Financial Crisis, the changes in our price 

informativeness measures around that date could only be a result of  a 

sudden change in market sentiment and trading behavior. However, 

clustered events are not likely an alternative explanation to our results. As 

shown by the following section, we construct our measures for price 

informativeness to eliminate the impact of  changes in general market 

conditions. Put differently, changes in our asymmetric price 

informativeness measures only reflect changes in short sales constraints, 

but not changes in other general factors around some specific event dates. 

In addition, we discard the addition events on May 1, 1997 and deletion 

events on Nov., 9, 1998 and use the rest to replicate our main tests. The 

results are not quantitatively different.  

 

4. Measures for Price Informativeness 

 

4.1. Sell-minus-buy PIN (PINs-b) 

Our first measure for price informativeness with respect to negative 
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information, PINs-b, is based on a series of  papers by Easley, Kiefer, and 

O’Hara (1996, 1997a, 1997b), who develop a model to estimate the 

probability of  information-based trading (PIN). Under the assumption that 

informed trading results in abnormal and unbalanced order flows, PIN is 

estimated from a structural market microstructure model by detecting the 

probability that a trade comes from informed investors. 

PIN has been widely applied in both finance and accounting research 

to explain information-based regularities of  stock prices. The literature has 

used this measure to study the relation between informed trading and 

post-earnings announcement drift (Vega, 2006), sensitivity of  corporate 

investment to stock price (Chen, Goldstein, and Jiang, 2007), corporate 

governance policy (Ferreira and Laux, 2007), structure of  corporate board 

(Ferreira, Ferreira, and Raposa, 2007), conference calls (Brown, Hillegiest, 

and Lo, 2004), earnings surprises (Brown, Hillegiest, and Lo, 2009), and 

Regulation Fair Disclosure (Duarte, Han, Harford, and Young, 2008). Our 

study adds to the above literature by investigating the impact of  short sales 

constraints on PIN.   

In Easley, Kiefer, and O’Hara’s structural model of  PIN, trades are 

executed by two groups of  investors: informed and uninformed investors. 

According to independent Poisson processes, uninformed investors submit 
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their buy (sell) orders under a daily rate εb(εs) for the purpose of  liquidity 

needs or noise trading, while informed investors utilize their private 

information advantage to perform informed trading. At the beginning of  

each trading day, a private information event occurs with the daily 

probability α, where the probability that bad news happens is δ and the 

probability that good news happens is 1-δ. If  bad (good) news occurs, 

informed investors execute sell (buy) orders at a daily rate μ. Given some 

history of  trades, the estimates of  the model’s parameters can be used to 

construct the probability that orders are from informed traders as follows, 

s b

PIN= αμ
αμ ε ε+ +

 

where αμ+εs+εb is the daily arrival rate of  all orders and αμ is the arrival 

rate of  information-based orders. Hence, PIN measures the fraction of  

orders that arise from informed traders relative to the overall order flow. 

PIN increases with either the frequency of  private information events α or 

the average daily trading intensity of  informed investors μ, while decreases 

with the average daily trading intensity of  uninformed traders. 

To understand the effect of  short sales constraints, it is important to 

differentiate how bad and good news is responded by informed traders. We 

define PINsell and PINbuy as, 
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s b
sellPIN αδμ

αμ ε ε
=

+ +
,    

s b
buy

(1 )PIN = α δ μ
αμ ε ε

−
+ +

 

where αδμ is the arrival rate of  information-based sell orders, and α(1–δ)μ 

is the arrival rate of  information-based buy orders. PINsell (PINbuy) is then 

the probability that trades are information-based sell (buy) orders. A higher 

PINsell (PINbuy) indicates more negative (positive) private information is 

incorporated into price through the trading of  informed investors. Thus, 

the difference between them, 

s-b sell buyPIN =PIN PIN−  

measures the amount of  negative private information relative to positive 

private information in price. If  short sales are prohibited, bad news cannot 

be effectively incorporated into price through informed trading, we expect 

to see a lower PINsell. In contrast, since short sales constraints do not affect 

the incorporation of  positive private information, PINbuy should not 

change. Therefore PINs-b highlights the effect of  short sales constraints on 

price informativeness with respect to negative information. A change in 

PINs-b is most likely caused by changes in short sales constraints. In our 

study, we focus on the change in PINs-b around addition and deletion events, 

and also examine the changes in PINsell and PINbuy to know the source of  

the change in PINs-b. 
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The set of  parameters in the PIN model, s bθ α δ μ ε ε= { , , , , }  , is 

estimated by maximizing the following likelihood function, 

T

t t
t

L B S L b s
1

( , , ) ( , , )θ θ
=

= ∏  

where T denotes the number of  trading days used in estimation, bt (st) 

denotes the number of  buy (sell) orders on day t. For a specific day t, the 

likelihood function is, 

t t t t
s b s b

t t
s b

s b s b
s b s b

t t
t t t t

s b
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t t
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e e
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When estimating PIN, we require trades and quotes be submitted 

during the regular trading hours of  the Stock Exchange of  Hong Kong. 

Irregular trades are excluded in the estimation. For quotes, we eliminate 

those with bid-ask spreads that are greater than half  of  their mid-point 

quote prices. We employ the Lee and Ready (1991) algorithm to identify 

buy- or sell-initiated trades. Trades above the midpoint of  the spread are 

classified as buys and those below the midpoint are classified as sells. 

Midpoints trades are classified using a tick test. Trades executed at higher 

prices than the previous trades are called buys and those at lower prices are 

called sells. The bid-ask data and the trade record data are provided by the 
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Stock Exchange of  Hong Kong.  

We estimate quarterly PINs-b for all the stocks in the Hong Kong 

market. For an addition event in quarter t, the pre-addition PINs-b is defined 

as the average of  the four quarterly estimates of  PINs-b from quarter t-4 to 

t-1, and the post-addition PINs-b is defined as the average of  the four 

quarterly estimates of  PINs-b from quarter t+1 to t+4. Pre-deletion and 

post-deletion PINs-bs are defined similarly. In the regression analysis, we use 

the firm quarter PINs-b for all the firms and match each PINs-b to a short 

sales dummy and the control variables. 

 

4.2. Downside-minus-upside Price Non-synchronicity 

Our second measure, downside-minus-upside price non-synchronicity 

(Ψd-u), is constructed using the R-squares in regressions of  individual stock 

return on market return. Roll (1988) suggests that a low R-square (hence 

high price non-synchronicity) is indicative of  either greater amount of  

private information or noise in price because systematic risk and public 

information seem to explain only a small portion of  the return variation. 

Morck, Yeung and Yu (2000) support the informational view of  R-square 

by showing that in countries with weak investor property rights protection, 

stock returns have more synchronous movements as indicated by high 
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R-squares. They argue that weak property rights protection impedes 

firm-specific information incorporation by making informed arbitrage 

unattractive. As a result, less firm-specific information is built into prices 

and we observe high R-squares. Durnev, Morck, and Yeung (2004) further 

show that industries with higher firm-specific return variation allocate 

capital more efficiently. Their results are consistent with the idea that the 

private information in price, possibly indicated by R-squares, enhances 

investment efficiency. 

Recent literature has used R-square as a measure for price 

informativeness in addressing a wide range of  empirical issues (e.g., Chen, 

Goldstein and Jiang, 2007; Ferreira and Laux, 2007; Fernandes and Ferreira, 

2008). The key to our study is to extend the use of  R-square to capturing 

the asymmetric impact of  short sales constraints on the incorporation of  

negative and positive information into stock prices. Bris, Goetzmann, and 

Zhu (2007) propose downside-minus-upside R-square as such an extension. 

We follow their approach to define downside-minus-upside price 

non-synchronicity (Ψd-u) to measure price informativeness with respect to 

negative information. 

The measure is defined as follows. First, for each stock, we run two 

regressions,  
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t m t tr r ,α β ε− − − −= + + ,   t m t tr r ,α β ε+ + + += + +  

where rt is the individual stock return, m tr ,
−  is the market return when it is 

negative, and m tr ,
+  is the market return when it is either positive or zero. 

The return data are collected from the Pacific-Basin Capital Markets 

(PACAP) Research Database. We compute the R-squares for the two 

regressions, denoted by 2
dR  and 2

uR , respectively, and then do the 

following logarithm transformations, 

2
d

2
d

- R
Rdown

1log( )Ψ = ,   
2
u

2
u

- R
Rup

1log( ).Ψ =  

Downside-minus-upside price non-synchronicity, Ψd-u, is defined as 

the difference between Ψd and Ψu, 

d-u down up=  .Ψ Ψ − Ψ  

 

Bris, Goetzmann, and Zhu (2007) suggest that this is a correct 

measure to study the impact of  short sales on price informativeness. When 

short sales are restricted, only the price adjustment to bad news is 

constrained, and one would expect price non-synchronicity to be smaller 

when market return is negative, i.e., Ψdown should be smaller. However, 

Ψdown is also a function of  a stock’s informational characteristics. To 
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highlight the role of  short sales constraints, one must control for the 

change in equilibrium level of  private information in price. If  the factors 

other than short sales constraints have a symmetric effect on the 

equilibrium level of  negative and positive information, a change in Ψd-u 

can only be ascribed to changes in short sales constraints. In our research 

setting, we expect Ψd-u to increase when stocks are added into the list and 

decrease when stocks are removed from the list. 

In this study, we compute Ψd-u using the bi-weekly return data in the 

four calendar quarters before and after addition events. For example, if  an 

addition event is in quarter t, then the pre-addition Ψd-u is computed using 

the data from quarter t-4 to t-1, and the post-addition Ψd-u is computed 

using the data from quarter t+1 to quarter t+4. Pre-deletion and 

post-deletion Ψd-us are defined similarly. In the regression analysis, we 

compute calendar year Ψd-u for all the stocks in the Hong Kong market, and 

then match the firm year Ψd-u to a short sales dummy and the control 

variables. The results are not sensitive to the use of  weekly return data in 

computing Ψd-u. 

 

5. Short Sales Constraints and Price Informativeness 
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This section reports the empirical results on three groups of  tests. 

First, we examine the changes in sell-minus-buy PIN and 

downside-minus-upside price non-synchronicity around addition and 

deletion events. We show that both PINs-b and Ψd-u increase as stocks are 

added into the list of  designated securities eligible for short selling and 

decrease when they are removed from the list. Second, we investigate 

whether the informational characteristics of  a stock can explain the 

changes in PINs-b and Ψd-u around events. This is done in a panel 

regression framework using the PIN and Ψ estimates for all Hong Kong 

firms. Third, we use Duarte and Young (2009)’s adjusted PIN model to 

separate information from liquidity. The results are consistent with our 

predictions. We discuss the possible self-selection bias in the last 

subsection. Although use of  a control sample is natural in addressing our 

research question, for example, we could look at changes in the price 

informativeness measures around event dates relative to a sample of  firms 

which have similar sizes but are not subject to changes in short sales 

regulations, we do not take such approach for three reasons. First, we 

cannot find firms with close market values to sample firms. Though on 

average the number of  the sample firms is only one-fifth of  the total 

number of  firms in the Hong Kong market, the sample firms are all large 
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firms and have an aggregate market value of  over 80% of  the total market 

value. Second, our measure construction method implicitly controls for the 

general changes in market conditions. In fact, we control for other factors 

by using PINb and Ψu of  the same firms. Any changes other than short 

sales constraints will also affect PINb and Ψu and leave PINs-b and Ψd-u 

unchanged. Third, in the panel regressions, we are not confined to the 

sample firms and use all the firms in the Hong Kong market to construct 

the tests. 

 

5.1. Event-study Analysis 

5.1.1. PINs-b and Ψd-u around Addition Events 

Table 2 summarizes the changes in PINs-b and Ψd-u around addition 

events. Figure 2 visualizes the results. Since we use a one-year event 

window, the pre-addition period is the 4 calendar quarters before addition, 

and the post-addition period is the 4 calendar quarters after addition. The 

methodology in defining addition events (see Section 4) ensures that 

throughout the pre-addition period, short sales are prohibited for the 

underlying stocks, and are allowed throughout the post-addition period. 

There are 360 addition events used in our study from Jan. 03, 1996 to Nov. 

29, 2002. Our basic prediction is that price informativeness as measured by 
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PINs-b and Ψd-u increase around addition events. 

Panel A reports mean and median of  parameter estimates of  the 

PIN model in the pre-addition and post-addition periods, and the changes 

in the estimates around events. The pre-addition estimate is taken as the 

average of  the four quarterly estimates before the event quarter, and the 

post-addition estimate is taken as the average of  the four quarterly 

estimates after the event quarter. Columns 3 and 4 report the mean and 

median across events. Columns 5 and 6 report the change and the last 

column reports the t-statistics of  a paired t-test and Wilcoxon signed rank 

test. 

As shown by Panel A, PINs-b increases significantly around addition 

events. The mean of  PINs-b increases from -0.074 to -0.05 and the median 

increases from -0.08 to -0.05. Both changes are significant, as shown by the 

t-values in the last column. The two components of  PINs-b, PINsell and 

PINbuy, change in different directions. The mean of  PINsell shows a 

positive change of  0.015, while the mean of  PINbuy shows a negative 

change of  -0.008. Hence the change in PINs-b is mainly driven by the 

change in PINsell, the probability of  informed selling. This result supports 

our prediction that short sales constraints reduce price informativeness by 

limiting informed selling. 
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As for the individual parameters, the results are also revealing. 

Because PINs-b is constructed using these parameter estimates, they 

deserve a closer look. We have the following predictions about the changes 

in the individual parameters from pre- to post-addition period based on 

the process through which information is transmitted from trading to price. 

First, when short sales are allowed, the investors who are not in the long 

position will gain the ability to sell when they receive a bad private signal. 

This will increase the percentage of  the days with abnormal selling volume. 

In the PIN model, the percentage of  days with abnormal trading volume 

(either buying or selling) identifies parameter α, the probability of  

information arrival, and when the number of  days with abnormal selling 

volume increases, we get a higher α. Second, when the number of  days 

with abnormal selling volume increases, the ratio of  the number of  days 

of  abnormal selling volume to the number of  days with abnormal buying 

volume also increases because the latter should not be affected by short 

sales constraints. As this ratio identifies the parameter δ, the probability 

that information is bad news, we expect a higher δ. Third, when short sales 

become feasible, the investors in the long position (They are most likely to 

be the informed) are not constrained by their existing inventory. If  one day 

they receive a very bad private signal, they will borrow to short sell, which 
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increases the abnormal trading volume on that day. As abnormal trading 

volume is associated with the parameter μ, the arrival rate of  informed 

selling, we expect it to increase when short sales constraints are removed. 

Last, though we do not make predictions about εb and εs, they are most 

likely to increase. It is because the introduction of  the options and 

warrants following addition events will increase the trading for hedging 

purposes. This kind of  trading is not information-based, and involves both 

buys and sells. The increased uninformed trading will identify a higher εb 

and εs in the PIN model. 

The results on the individual parameters are consistent with our 

predictions. α increases about 11%, δ increases about 15% and μ increases 

about 13% around addition events. The changes are all significant. In 

general, the results on PIN support our hypothesis that allowing short 

sales triggers more informed selling activity and thus conveys more private 

information into stock price. 

Panel B presents the results on Ψd-u, Ψdown and Ψup. For each 

addition event, we estimate the pre-addition Ψdown and Ψup in the four 

quarters before the event quarter, and the post-addition Ψup and Ψdown in 

the four quarters after the event quarter. Ψd-u is computed as Ψdown minus 

Ψup. The results show a large improvement in price informativeness with 
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respect to negative information as measured by Ψd-u when stocks are 

added into the list and become shortable. Around additions, the mean of  

Ψd-u changes from -0.348 to 0.502, and the median of  Ψd-u changes from 

-0.223 to 0.557. The t-values of  the paired t-test and the Wilcoxon test are 

all significant. Panel B shows that the increase in Ψd-u is mainly due to the 

increase in Ψdown, which has a positive change of  0.905 or 50.3% in 

percentage terms. Ψup only shows an insignificant positive change of  2.5% 

in percentage terms. In general, our results on downside-minus-upside 

price non-synchronicity support Bris, Goetzmann, and Zhu (2007) on the 

individual stock level.  

 

5.1.2. PINs-b and Ψd-u around Deletion Events 

Table 3 presents the results on deletion events. Figure 3 visualizes the 

results. Similarly, the pre-deletion period is the 4 calendar quarters before 

deletion event, and the post-deletion period is the 4 calendar quarters after 

deletion event. We expect the changes in PINs-b and Ψd-u to be in the 

opposite direction to that of  addition events. If  a stock is deleted from the 

list and become non-shortable, its price informativeness should be 

reduced. 

The results on the deletion events mainly conform to our prediction. 
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As shown by Panel A, the mean and median of  PINs-b show significant 

decreases around deletion events. The mean PINs-b in the pre-deletion 

period is -0.044 while the mean PINs-b in the post-deletion period is -0.075. 

The median changes from -0.051 to -0.077. The changes in mean and 

median are all significant. We also find that the decrease in PINs-b is caused 

by a significant decrease in PINsell and an insignificant increase in PINbuy, 

which is consistent with our view that short sales constraints reduce price 

informativeness by impeding informed selling. The individual parameters 

also show changes in the predicted directions. The probability of  

information arrival, the probability that the information is bad news, and 

the arrival rates of  informed trading all decrease when short sales 

restrictions are re-imposed.  

In Panel B, the downside-minus-upside price non-synchronicity 

moves in the predicted direction. Ψdown and Ψup all increase, and Ψup has a 

larger increase (27.7%) than Ψdown (10.2%). The fact that Ψdown and Ψup all 

increase is not surprising because there could be other factors that affect 

Ψdown and Ψup symmetrically. The difference between them, Ψd-u, reflects 

the effect of  short sales constraints on price informativeness and it 

decreases around deletions. However, though Ψd-u shows a change in 

predicted direction, the change is not significant. In the regression analysis, 
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we show that after controlling for firm characteristic variables, the relation 

becomes significant. 

 

5.2. Regression Analysis 

In this subsection, we investigate the relation between short sales 

constraints and price informativeness using panel regressions. This allows 

us to control for the other factors that can affect the equilibrium level of  

private information in price. We show that after controlling for those 

factors, shortable stocks still have a higher level of  private information in 

their prices. 

The methodology is as follows. First, we estimate quarterly PIN and 

yearly Ψ for all the stocks in the Hong Kong market, and form a panel 

dataset of  all the estimates. Table 4 reports the summary statistics of  PIN 

and Ψ for all the Hong Kong Firms. Second, we match firm characteristic 

variables to each estimate. Third, we match a dummy variable to each 

estimate based on the eligibility for short selling of  the underlying stock in 

the estimation period. Last, we run panel regressions of  the estimates on 

firm characteristics and the short sales dummy to see if  the short sales 

dummy is significant or not. The previous event study mainly focuses on 

the time series change in price informativeness for the same stock when 
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short sales restrictions are removed or re-imposed. In the regression 

framework, we are able to detect the cross-sectional difference in price 

informativeness between shortable and non-shortable stocks as well as the 

time series difference. 

 

5.2.1. Regressions of  PIN 

We use the following model to test the relation between PIN and 

short sales constraints, 

i,t 0 1 i,t 2 i,t 3 i,t 4 i,t 5 i,t 6 i,t

7 i,t 8 i,t 9 i,t 10 i,t i,t

PINx  = c  + c SSD  + c SSR  + c SIZE + c B/M  + c LEV  + c ROE
+ c RET  + c VRET  + c TT  + c VTT  + firm fixed effects (year fixed effects)+  ε

 

where PINxi,t denotes PINs-b, PINsell or PINbuy of  stock i in quarter t, 

SSDi,t is a dummy variable that takes value one if  stock i is shortable 

throughout quarter t, and zero otherwise, SSRi,t is the average short sale 

ratio of  stock i in quarter t where the short sale ratio is defined as daily 

dollar value of  the shares sold short divided by daily dollar trading volume, 

SIZEi,t is the logarithm of  market capitalization at the end of  quarter t-1, 

B/Mi,t is the logarithm of  book to market ratio defined as book value of  

equity divided by market capitalization at the end of  quarter t-1, LEVi,t is 

leverage ratio defined as long term debts divided by total assets at the end 

of  quarter t-1, ROEi,t is return on equity defined as net income divided by 
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lagged book value at the end of  quarter t-1, RETi,t is the average monthly 

return over quarter t-4 to t-1, VRETi,t is the standard deviation of  the 

monthly return over quarter t-4 to t-1, TTi,t is the average monthly 

turnover over quarter t-4 to t-1, and VTTi,t is the standard deviation of  the 

monthly turnover over quarter t-4 to t-1. Accounting information in the 

latest financial report is used in constructing the variables. 

Heteroskedasticity and serial correlation robust t-statistic are reported in 

parentheses. The sample period is from 1993:Q1 to 2003:Q4 and we only 

use industrial firms in regressions with control variables. The accounting 

and market capitalization data are collected from the PACAP Database and 

the short sales ratio data are from the Stock Exchange of  Hong Kong.  

Basically we compute quarterly PINs-b, PINsell and PINbuy for all the 

stocks listed in the Stock Exchange of  Hong Kong, and determine the 

value of  the short sales dummy for each firm quarter by referring to the 

list of  designated securities eligible for short selling. In doing so, our 

analysis is not confined to the event firms in Section 5.1, and captures the 

cross-sectional as well as time series difference in the informativeness 

measures. If  short sales constraints reduce price informativeness, we 

expect the coefficient on the short sales dummy (SSD) is positive.  

We also use short sales ratio (SSR) as an alternative test variable to 
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the short sales dummy (SSD). Previous studies have shown that short sales 

are most likely to be informed. This is not surprising given the high costs 

associated with short sales. Boehmer, Jones and Zhang (2008) partition 

short sales by account type and find that institutional non-program short 

sales are the most informative. Because in the Hong Kong market, almost 

all the short sales are conducted by the institutional investors,6 high short 

sales ratio (SSR) is likely to indicate more value-relevant information in 

price. To capture the possible functional relation, we use SSR as an 

alternative test variable to SSD in some models. 

Table 5 reports the regression results. For each dependent variable 

(PINs-b, PINsell and PINbuy), we use four groups of  independent variables: 

SSD only, SSD with control variables, SSR only and SSR with control 

variables. We also control for fixed firm effects in the regressions with only 

SSD or SSR as the independent variable, and control for fixed year effects 

in the regressions with the full set of  control variables. Altogether, we have 

3*4=12 different model specifications labeled as M1 to M12. In 

regressions M1 to M4 (The regressions with PINs-b as the dependent 

variable), the coefficients on SSD and SSR are all significantly positive. As 

shown by the coefficient on SSD in M1, the average PINs-b of  shortable 
                                                        
6 We consulted a local broker on this issue. Though there are no regulations 
banning short sales by individual investors, they seldom short because of  the 
complicated procedures and rigid capital requirements. 
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stocks is higher than that of  non-shortable stocks by 0.019. After 

controlling for other factors, shortable stocks still have a positive edge of  

0.017 to non-shortable stocks. Regressions M5 to M8 show that the 

average PINsell of  shortable stocks is significantly higher than that of  

non-shortable stocks, and the average PINsell of  stocks with high short 

sales ratio is higher than that of  stocks with low short sales ratio. In 

contrast, lifting short sales restrictions does not help enhance the informed 

buying. The results on regressions M9 to M12 (The regressions with 

PINbuy as the dependent variable) actually record negative coefficients on 

SSD and SSR. In general, our results suggest that short sales enhance price 

informativeness by increasing the amount of  negative private information 

built into stock prices. 

The control variables show some explanatory power. Firm size 

(SIZE) is negatively correlated with both PINsell and PINbuy, and is not 

significantly correlated with PINs-b. Book to Market (B/M) ratio has a 

positive relation with PINsell and an insignificant relation with PINbuy. As a 

result, it is positively correlated with PINs-b. Return on equity (ROE) is 

negatively related to PINsell, but is not significantly related to PINbuy or 

PINs-b. The insignificant coefficients in the regressions of  PINs-b show 

that most of  the control variables have a symmetric impact on the 
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incorporation of  negative and positive information. 

 

5.2.2. Regressions of  Price Non-synchronicity 

We use a similar model to test the relation between PIN and short 

sales constraints, 

i,t 0 1 i,t 2 i,t 3 i,t 4 i,t 5 i,t 6 i,t

7 i,t 8 i,t 9 i,t 10 i,t i,t

x  = c  + c SSD  + c SSR  + c SIZE + c B/M  + c LEV  + c ROE
+ c RET  + c VRET  + c TT  + c VTT  + firm fixed effects (year fixed effects)+  
Ψ

ε
 

where Ψxi,t denotes Ψd-u, Ψdown or Ψup of  stock i in year t, SSDi,t is a 

dummy variable that takes value one if  stock i is shortable throughout year 

t, and zero otherwise, SSRi,t is the average short sale ratio of  stock i in year 

t where the short sale ratio is defined as daily dollar value of  the shares 

sold short divided by daily dollar trading volume, SIZEi,t is the logarithm 

of  market capitalization at the end of  year t-1, B/Mi,t is the logarithm of  

book to market ratio defined as book value of  equity divided by market 

capitalization at the end of  year t-1, LEVi,t is leverage ratio defined as long 

term debts divided by total assets at the end of  year t-1, ROEi,t is return on 

equity defined as net income divided by lagged book value at the end of  

year t-1, RETi,t is the average monthly return in year t-1, VRETi,t is the 

standard deviation of  the monthly return in year t-1, TTi,t is the average 

monthly turnover in year t-1, and VTTi,t is the standard deviation of  the 
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monthly turnover in year t-1. Accounting information in the latest financial 

report is used in constructing the variables. Heteroskedasticity and serial 

correlation robust t-statistic are reported in parentheses. The sample 

period is from 1993:Q1 to 2003:Q4 and we only use industrial firms in 

regressions with control variables.  

The testing framework is the same as that of  the PIN ratios, except 

that we use yearly estimates of  Ψdown and Ψup, and make corresponding 

changes to the computation and matching of  SSD, SSR and other control 

variables. Similarly, regressions M1 to M4 use Ψd-u, regressions M5 to M8 

use Ψdown and regressions M9 to M12 use Ψup as the dependent variable. 

Table 6 presents the results. We document positive coefficients on SSD 

and SSR in regressions M1 to M8, and negative coefficients on SSD in 

regressions M9 to M12. This is consistent with the results on PIN ratios. 

As shown by the coefficients on SSD in M1, M5 and M9, the average Ψd-u 

for shortable stocks is higher than that of  non-shortable stocks by 0.39, 

and this spread is due to a positive spread of  0.247 in Ψdown and a negative 

spread of  -0.143 in Ψup. As shown by M2, adding the control variables 

only slightly reduces the spread to 0.375. As for the control variables, firm 

size (SIZE) is negatively related to both Ψdown and Ψup, and not related to 

Ψd-u. Book to Market (B/M) is also negatively correlated with Ψdown and 
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Ψup, and not correlated with Ψd-u. Return on equity (ROE) has a positive 

relation with Ψdown, a negative relation with Ψup, and hence a positive 

relation with Ψd-u. The results on price non-synchronicity generally 

conform to our prediction. 

 

5.3. Robustness with Adjusted PIN Model 

In this subsection, we replicate the previous tests using an adjusted 

PIN model developed by Duarte and Young (2009). Recent literature has 

argued that the original PIN is a biased measure of  price informativeness, 

and the bias, to a large extent, is related to liquidity. This view is consistent 

with the observed fact that PIN is negatively related to firm size and 

turnover, which are all proxies for liquidity. In the original construction, 

stocks with low levels of  trading in most of  days and high imbalanced 

orders in some days will be identified as high PIN stocks. However, this 

order flow pattern is also common for illiquid stocks. Most likely PIN will 

have two components, one related to informed trading, and the other 

related to liquidity. The inability of  the original PIN to isolate informed 

trading from illiquidity matters for our inference, because based on the 

selection rules, stocks are very likely to experience changes in liquidity 

around addition and deletion events. For instance, the documented 
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increase in PIN around addition events could be driven by a decrease in 

liquidity rather than an increase in information-based trading. Although 

this is less likely the case because the inclusion into the list actually 

indicates an increase in liquidity, a measure that separates informed trading 

from liquidity should be more appropriate to address our question. Duarte 

and Young (2009)’s adjusted PIN model provides such a choice. 

The basic structure of  Duarte and Young (2009)’s adjusted PIN 

model is the same with that of  the original one. However, they consider a 

new scenario in which both buy and sell orders increase in certain periods 

which are not explained by informed trading or liquidity trading. Such 

symmetric shocks to buy and sell order flows may be a result of  

disagreement on some value-relevant news among investors, or 

coordinated action of  investors to reduce transaction costs. Duarte and 

Young (2009) find that this new model structure summarizes the order 

flow process more accurately and generate moments that are consistent 

with the observed order flow data, while the original set-up fails to 

correctly accommodate the large variances of  buy and sell orders and the 

positive correlation between them. The insufficiency of  the original model 

introduces a bias in its estimate of  probability of  informed trading. 

Specifically, those firms with higher probability or larger magnitude of  
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symmetric order flow shocks are erroneously identified with high PINs, 

whereas they are more likely to be illiquid firms. 

The adjusted PIN model is formed as follows. Similar to the original 

construction, an information event occurs with probability α, and the 

probability that the information is bad news is δ. When the information is 

good news, informed traders submit buy orders at rate μb, and submit sell 

orders at rate μs when the information is bad news. Uniformed investors 

submit buy (sell) orders at rate εb (εs) regardless of  the occurrence of  

information event. The adjusted model allows for a symmetric order flow 

shock that happens with unconditional probability θ, and when it happens, 

buy orders increase by a rate of  λb, and sell orders increase by a rate of  λs. 

Similarly, the parameter set, b s b s b s, , , ,α δ μ μ ε ε θ λ λ{ , , , , } , can be estimated 

by maximizing a likelihood function with six items, each corresponding to 

a branch of  trading7. The adjusted probability of  informed trading, 

AdjPIN is thus defined as,  

s b

s b b s b s

( +(1- ) )AdjPIN
( +(1- ) )+ ( + )+ +

α δμ δ μ
α δμ δ μ θ λ λ ε ε

= . 

The new item in the denominator, b s( + )θ λ λ , captures the impact of  

the symmetric order flow shock on order patterns. Duarte and Young 

                                                        
7 To save space, we do not present the likelihood function here. Please refer to 
Duarte and Young (2009, p. 123) for the complete likelihood function. 



 

 
- 44 - 

(2009) further defines probability of  order flow shock, PSOS, as, 

b s

s b b s b s

( + )PSOS
( +(1- ) )+ ( + )+ +

θ λ λ
α δμ δ μ θ λ λ ε ε

= . 

The PSOS measure is the probability that a given trade is due to a 

symmetric order flow shock. Duarte and Young (2009) show that PSOS is 

positively related to average stock returns while AdjPIN is not. Given the 

fact that PSOS is positively related to other measures of  illiquidity and 

illiquidity is a priced factor, they conclude that PSOS is a proxy for 

illiquidity extracted from trading process. Hence, AdjPIN is a cleaner 

measure of  informed trading because high order flow imbalance caused by 

order flow shocks, which indicates illiquidity, should be captured by high 

PSOS, but not by AdjPIN.  

To isolate the effect of  short sale constraints on informed trading, 

we also define AdjPINsell, AdjPINbuy and AdjPINs-b as, 

s
sell

s b b s b s

AdjPIN
( +(1- ) )+ ( + )+ +

αδμ
α δμ δ μ θ λ λ ε ε

= , 

b
buy

s b b s b s

(1 )AdjPIN
( +(1- ) )+ ( + )+ +

α δ μ
α δμ δ μ θ λ λ ε ε

−
= , 

s-b sell buyAdjPIN =AdjPIN AdjPIN− . 
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Our predictions on the changes of  the three measures around 

addition or deletion events correspond to those for the original PINs. We 

replicate the event study and the panel regressions using the adjusted 

measures. We also look at the changes in PSOS, though we do not make 

predictions on the change in PSOS.  

It is worth noting that in the original model, the arrival rates of  buy 

and sell orders are both equal to μ. In contrast, the adjusted model allows 

for different arrival rates of  informed buy orders and sell orders. This 

adjustment is also relevant to our research. If  inclusion into the list induces 

more informed short selling, we expect to see an increase in μs around 

addition events, and a decrease around deletion events. As short sales 

restrictions do not affect informed buying, we expect μb to remain 

relatively constant around events. 

Table 7 reports the changes in AdjPIN measures around addition 

events. Consistent with our prediction, the average AdjPINs-b increases 

from -0.019 to -0.007 around additions, and the change is mainly due to 

the increase in AdjPINsell. PSOS decreases around additions, which 

indicates enhanced liquidity. This finding is consistent with the selection 

rules that more liquid stocks are more likely to be included into the list. As 

for the individual parameters, μs shows a positive change, which implies 
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increased informed short selling after additions; the informed buying, as 

shown by μb, shows only an insignificant change. In comparison, Table 8 

gives the results on deletion events. As expected, AdjPINs-b decreases from 

0.003 to -0.02, which is caused by a decrease in AdjPINsell and an increase 

in AdjPINbuy. PSOS also shows a negative change, which is not surprising 

given the possibility of  a general market enhancement in liquidity with 

time. However, μs shows an insignificant change around deletions. This 

finding does not contradict with our story either because μs measures the 

level of  informed trading but we are more concerned with the fraction of  

informed sell orders to total orders. If  we look at other estimates of  

trading intensity around deletions, like ε and λ, they all show significant 

decreases around deletions. These facts indicate a decrease in trading when 

stocks are removed from the list, but informed selling decreases to a larger 

extent. The liquidity enhances despite of  the decreased trading, possibly 

because there is a decrease in the frequency of  symmetric order flow 

shocks, as shown by a decreased θ.  

Table 9 reports the panel regression results using the adjusted PINs. 

The results are consistent with those on the original measures. The 

coefficients on SSD in the regressions of  AdjPINs-b and AdjPINsell are all 

significant except for M2, and AdjPINbuy does not show significant 
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difference for shortable and non-shortable stocks. 

It should be pointed out that using the AdjPIN is not without any 

problem. As the adjusted model adds a few new parameters to the original 

model, its estimation becomes extremely time-consuming. The AdjPIN 

does not look like an easily accepted measure in practice yet, to replace the 

original PIN. Thus, we take the analysis with the AdjPIN as a robustness 

check in this study. 

 

5.4. Self-Selection Bias 

According to the selection criteria of  the exchange, large stocks and 

liquid stocks are most likely to be included in the list. This introduces a 

possible self-selection bias into our tests with PIN and Ψ. The 

enhancement in price informativeness could be a result of  increased 

market capitalization, turnover, or inclusion into indices. Moreover, 

because the exchange did not publicize the selection criteria until February 

2001, the selection before 2001 could be based on other factors governing 

the equilibrium level of  information contained in price. However, we 

contend that self-selection bias is less likely an explanation to our results 

based on the following three facts. First, we have constructed the two 

measures to isolate the effect of  short sales constraints on price 
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informativeness. PINs-b (Ψd-u) is constructed as the difference between 

PINsell (Ψdown) and PINbuy (Ψup). If  the quality of  the overall informational 

environment enhances, both PINsell (Ψdown) and PINbuy (Ψup) will increase, 

and PINs-b (Ψd-u) should remain unchanged. The inclusion into the list 

implies a possible positive change in the overall informational environment, 

and should not be directly related to PINs-b (Ψd-u). Hence, our event study 

tests are immune to the self-selection bias. Second, as market size and 

turnover are the two most important factors considered by the exchange 

(index membership is also largely dependent on size and turnover), we 

explicitly control for them in the regressions. The results show that both 

market size and turnover are insignificant in the regressions with PINs-b 

and Ψd-u as the independent variable. This is not surprising given that 

variations in those two characteristics most likely reflect a change in the 

overall informational environment. Last, the results using the adjusted PIN 

model show that informed trading increase (decrease) around addition 

(deletion) events, after excluding the liquidity factor in the original PIN 

measure. As liquidity is an important index used by the regulators, the 

results indicate our conclusion is not induced by the change in liquidity 

around events. 
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6. Short Sales Constraints and Return-Earnings Relation 

 

It is noted that our testing results obtained so far are conditional on 

the validity of  the two measures for price informativeness. Therefore, it is 

indispensable to investigate our issue from tests independent of  the two 

measures. This section conducts two of  such tests, both on the relation 

between short sales constraints and return-earnings relation. First, we 

examine the post-earnings announcement drift for shortable and 

non-shortable stocks and show that shortable stocks have smaller drift 

following negative earnings surprises than non-shortable stocks. Then we 

look at the changes in future earnings response coefficient (FERC) as 

short sales restrictions are lifted. We find that FERCs increase as stocks are 

added into the list and become shortable. 

 

6.1. Short Sales Constraints and PEAD 

In this subsection, we look at the relation between short sales 

constraints and the post-earnings announcement drift (PEAD) anomaly. 

The post-earnings announcement drift is the tendency for stocks to earn 

positive (negative) abnormal returns in the three quarters subsequent to 

extreme positive (negative) earnings surprises. Since the seminal paper of  
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Ball and Brown (1968), numerous studies have documented this 

phenomenon. Early studies try to interpret PEAD in a rational expectation 

framework and have failed to fully account for the drift. Recent studies 

have turned to behavior finance and attribute the cause of  PEAD to 

investors’ under-reaction to earnings news (e.g., Bernard and Thomas, 

1989, 1990; Ball and Bartov, 1996; Barberis, Shleifer and Vishny, 1998). 

We hypothesize that short sales constraints partially cause the 

negative PEAD, but they do not affect the positive drift. The logic is as 

follows. Using the U.S. sample, Vega (2006) shows that high PIN firms 

have smaller PEAD following both positive and negative earnings 

surprises. This is interpreted by the fact that high PIN firms have more 

informative prices. Now put it into our research setting. If  allowing short 

sales leads to more informative prices, in particular with respect to negative 

information, we then should expect that lifting restrictions on short sales 

mitigates the PEAD anomaly following negative earnings shocks, but not 

positive shocks. Theoretically, we argue that when negative unexpected 

earnings are announced, the investors, who are the most pessimistic about 

future fundamentals, may be prohibited from selling by short sales 

constraints. If  those investors’ view is correct, we can observe a downward 

drift following the announcements when their opinions become gradually 
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incorporated into price. In contrast, because short sales constraints do not 

impede optimistic investors from trading, they are not likely a cause of  the 

under-reaction to positive earnings surprises. Empirically, we predict that 

the magnitude of  the drift following negative surprises is smaller for 

shortable stocks than for non-shortable stocks, and there is no difference 

in the positive drift.  

However, it is hard to argue that if  short sales mainly cause price 

manipulations or market panics, the negative PEAD should be mitigated 

following negative earnings shocks. To the contrary, we expect that 

manipulations or panics due to short sales would make the negative PEAD 

stay either increased or unchanged. The reason is that manipulations or 

panics would add more noises into prices, so as to make the stock prices 

less informative. Based on the findings by Vega (2006), less informative 

stock prices lead higher or conservatively unchanged PEAD.  

Our methodology is as follows. From Jan. 01, 1992 to Dec. 31, 2004, 

we classify all the annual earnings announcements in the Hong Kong 

market into two groups based on the eligibility for short selling of  the 

underlying stocks. A stock is identified as shortable if  it is on the list of  

securities eligible for short selling. We then sort the announcements in 

each group into quintiles based on the standardized unexpected earnings 
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(SUE). We define SUE as (Actual Earnings -Mean Analyst Forecast) / (Std. 

Dev. of  Analyst Forecasts) using the I/B/E/S data. We then calculate the 

average abnormal returns (CARs) of  the quintiles of  non-shortable group 

and shortable group. Abnormal returns are excess returns over size and 

B/M matched portfolios (3*3) formed on Jan. 1 and June 1 of  each year. 

Table 10 presents the results. We report average CARs of  each 

quintile in 30 and 60 days before announcements, 3 days around 

announcements, and 60, 90 and 120 days after announcements. Panel A 

reports the results on non-shortable stocks and Panel B reports the results 

on shortable stocks. For the non-shortable group, there are significant 

negative drifts in 60, 90 and 120 days following extreme unexpected 

earnings. The average CAR (+2, +61), CAR (+2, +91) and CAR (+2, 

+121) of  the extreme negative quintile are -1.32, -5.15 and -4.777, 

respectively. The CARs of  quintile 5 (extreme positive quintile) also show a 

significant positive drift following announcements. For shortable stocks, 

most noticeably, the negative drift turns insignificant. The average CAR 

(+2, +61), CAR (+2, +91) and CAR (+2, +121) of  the extreme negative 

quintile for the shortable group are 0.958, 0.771 and 0.632, respectively. All 

of  them are insignificant. In contrast, there is still a positive drift for the 

shortable group as shown by the average CARs of  quintile 5. In general, 
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the results show that allowing short sales significantly reduces the drift 

following negative earnings surprises. Though we find no significant 

negative drift for shortable stocks, we do not conclude that short sales 

constraints fully account for the negative drift given a small sample size in 

our study. Apparently, our findings work against the prediction from the 

manipulation or panic story of  short sales. 

 

6.2. Short Sales Constraints and FERC 

In this subsection, we evaluate whether short sales constraints reduce 

the ability of  stock prices to forecast future earnings. This is analyzed by 

using the FERC, a measure capturing how well current stock prices predict 

future earnings. As interpreted by Durnev, Morck, Yeung, and Zarowin 

(2003), higher values of  the measure indicate that current returns capitalize 

more information about future earnings. If  removing restrictions on short 

sales means more informative stock prices, we anticipate finding higher 

FERCs for shortable stocks than for non-shortable stocks. Therefore, we 

hypothesize that FERCs increase as stocks are added into the list and 

become shortable. But the manipulation or panic story of  short sales 

implies the opposite changes in FERCs. Manipulations or panics, if  

effective, mean more noises added into stock prices. Noises reduce rather 
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than enhance the ability of  stock prices to forecast future earnings. 

Collins, Kothari, Shanken, and Sloan (1994) define FERC in a model 

that links current period’s returns to current period’s unexpected earnings 

and revisions in expectations of  future earnings, 

n n

i t i t k i t k k i t k i t
k k

R a b E b E c R, 0 0 , , , ,
1 1

ε+ +
= =

= + Δ + Δ + +∑ ∑  

where Rt (omitting firm subscript i ) is the return measured over a 

12-month period ending three months after t fiscal year end. ΔEt is the 

earnings change from fiscal year t-1 to t, where the earnings are defined as 

the income available for common shares before extraordinary items 

deflated by the market value of  equity three months after t-1 fiscal year 

end. ΔEt+k is the earnings change from fiscal year t+k-1 to t+k, deflated by 

the market value of  equity three months after t+k-1 fiscal year end. Rt+k is 

the return measured over a 12-month period ending three months after 

t+k fiscal year end. bo is the earnings response coefficient (ERC). bk is the 

future earnings response coefficient for earnings k period ahead (FERCk). 

Lundholm and Myers (2002) use the averages of  future earnings and 

future returns to estimate FERC. They argue that average earnings contain 

less noise. Following them, we also estimate a combined version of  the 

FERC model, 
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i t i t i t i t i tR a b E b E c R, 0 0 , 1 , 0 , ,3 3 ε= + Δ + Δ + +  

where Rt and ΔEt are as previously defined. ΔE3t is the average of  ΔEt for 

the three fiscal years following fiscal year t. R3t is the average annual return 

for the three-year period ending three months after t+3 fiscal year end. In 

this model, bo is the earnings response coefficient (ERC) and b1 is the 

combined future earnings response coefficient (combined FERC) for three 

years' future earnings. 

A natural way to test the changes in FERCs around additions is to 

estimate the FERCs for each firm in the pre-addition period and 

post-addition period, keep and estimates, and do the same tests as those 

for PINs-b and Ψ d-u . However, to get time series estimates of  FERCs for 

each firm, we need continuous return and earnings data for at least 9 years 

before and after the addition events. Such requirement leaves us 

insufficient number of  stocks. So we estimate the pre-addition FERCs in a 

panel regression using the data for the three fiscal years before the addition 

events, and the post-addition FERCs in a panel regression using the data 

for the three fiscal years after the addition events. We estimate both the full 

model and the combined model. Ideally, we could also estimate 

downside-minus-upside FERC by separately considering negative and 

positive future earnings changes. However, given the rigid data 
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requirements of  the FERC model, it is not feasible to construct a 

difference measure like PINs-b or Ψ d-u. Thus we stick to the original 

FERCs in this subsection. The earnings and return data are collected from 

the PACAP Database. 

The results are presented in Table 11. Panel A gives the results on 

the combined model. Panel B reports the results on the full model. Figure 

4 visualizes results of  the full model. The significance of  change is the 

t-statistic of  an interaction term between ΔE3t (or ΔEt) and a short sales 

dummy (equal to one if  fiscal year t is in post-addition period) in a 

regression pooling all the observations before and after the addition events. 

We also report the estimates of  ERC for reference. Panel A shows that the 

combined FERC changes from 0.299 to 1.007 around addition events, and 

the change is significant at 5% level, one-tailed. Panel B shows that FERC1, 

FERC2 and FERC3 all increase around addition events. The FERC1 

estimated in the pre-addition period is 0.201, compared to 0.414 in the 

post-addition period. FERC2 and FERC3 show an increase of  0.152 and 

0.177 respectively. The decreasing trend as we move from FERC1 to 

FERC3 is also consistent with the literature. However, the changes in 

FERC1, FERC2 and FERC3 around addition events are not significant. 

Easton, Harris and Ohlson (1992) find that the aggregate earnings reduce 
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the measurement error in earnings and better explain the security returns. 

In our case, the average future earnings seem to contain much less noise 

and better explain the variation in current returns. 

We then examine the change in combined FERC around addition 

events controlling for other factors. Specifically we estimate the following 

regressions, 

i t i t i t i t i t i t

i t i t i t i t i t i t i t

R a b E b E c SSD d SSD E
e R f D R g Control h Control E
, 0 0 , 1 , 0 , 0 , ,

0 , 0 , , 0 , 0 , , ,

3 * 3
3 * 3 * 3 ε

= + Δ + Δ + + Δ

+ + + + Δ +
 

where Rt, ΔE, ΔE3t and R3t are as previously defined. SSDt is a dummy set 

equal to one if  fiscal year t is in the pre-addition period and zero otherwise. 

Controlt refers to one of  the four control variables: SIZEt is the natural 

logarithm of  the market value of  equity three months after t-1 fiscal year 

end. MTBVt is the market-to-book ratio defined as the market value of  

equity three months after t-1 fiscal year end divided by the book value of  

equity at t-1 fiscal year end. SD_Et is the standard deviation of  the 

earnings from fiscal year t+1 to year t+3, deflated by the market value of  

equity three months after t-1 fiscal year end. LOSSt is a dummy set equal to 

1 if  the earnings in fiscal year t are negative.  

We report the regression results in Table 12. The regression uses the 

data for the three fiscal years before and after addition events. In this 
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construction, b1 is the combined future earnings response coefficient 

(combined FERC) for three years' future earnings in the pre-addition 

period, and the coefficient on SSD*ΔE3 (d0) is the change in combined 

FERC from pre-addition to post-addition period. We predict do to be 

significantly positive. The results show that after controlling for other 

variables, the combined FERC still show a significant increase around 

addition events. The coefficients on SSD*ΔE3 are all significantly positive 

in the four regressions with different control variables. Overall, our results 

support the information story of  short sales constraints; the manipulation 

or panic interpretation of  short sales constraints is very unlikely to be true. 

 

7. Conclusion 

 

Short sales constraints have been a research topic in finance for 

centuries. However, the impact of  imposing or lifting the constraints on 

stock prices remains controversial. Opposing views exist among 

academicians, practitioners and market regulators. Primarily, academicians 

and practitioners largely favor removing the constraints as otherwise 

equilibrium share prices might be distorted. Most regulators, however, hold 

the opposite view: they believe that short sales are likely to cause price 
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manipulations and market panics, in particular during times of  stock 

market tumbling. On basis of  this concern, short sales are prohibited in 

many emerging markets; even in markets where short sales are allowed, 

they are often subject to heavy regulations and high costs. This study 

contributes to the literature by empirically examining this issue, based on 

unique short selling data in the Hong Kong market. 

We find strong evidence to support the hypothesis that short sales 

constraints hinder negative information from being fully incorporated into 

stock price and thus make price less informative. Our analysis starts with 

two measures for price informativeness: the sell-minus-buy PIN and the 

downside-minus-upside price non-synchronicity. By construction, the 

higher the values of  the two measures are, the more informative stock 

prices are. Preliminarily, we find that both measures increase when short 

sales restrictions are removed, and decrease when short sales restrictions 

are re-imposed. Next, we run panel regression analysis and find a strong 

negative relation between short sales constraints and the two measures. 

Finally, we offer consistent and supporting evidence from two additional 

analyses. One analysis is to link short sales constraints to the PEAD 

phenomenon. Our results show that PEADs become much smaller for 

stocks in the list, following negative earnings shocks. The other analysis 
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finds that short sales constraints reduce the ability of  stock price to 

forecast future earnings. Overall, our findings suggest that short sales 

constraints lead to less informative stock prices while the price 

manipulation or panic story of  short sales does not seem to be true.



 

 

 

 

 

ESSAY II 

 

 

Re-Examining Return-Inflation Relation: 
A Cross-Sectional Analysis 

 
Abstract 

This essay investigates the cross-sectional pattern of  the relation between 
stock returns and inflation. Previous studies have shown a negative relation 
between stock returns and both expected and unexpected inflation on the 
market level, which contradicts the Fisher’s theory and the conventional 
wisdom. Two explanations have been suggested in the literature. The proxy 
effect hypothesis states that the negative relation is merely a proxy for the 
negative relation between expected future real economic activity and inflation, 
and the money illusion hypothesis assumes that investors erroneously discount 
real earnings by nominal discount rates. In this thesis, I support the rational 
explanation to the negative return-inflation relation by examining the 
cross-sectional pattern of  return-inflation betas. I show that, consistent with 
the proxy effect hypothesis, there is much cross-sectional variation in 
return-inflation betas, and further the cross-sectional variation in 
return-inflation betas can be explained by the differential associations between 
firm fundamentals and inflation. I also examine the impacts of some 
observable firm characteristic variables on the return-inflation relation and the 
results are generally consistent with the prediction based on the proxy effect 
hypothesis.
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1. Literature 

 

The relation between stock returns and inflation has been an 

important topic in finance for decades. Theoretically the expected nominal 

returns of  common stocks should be equal to the equilibrium adjusted real 

returns plus expected inflation rate. This notion, generally known as the 

Fisher’s hypothesis (Fisher, 1930), can be easily appreciated since in an 

efficient market no one would invest if  they are not fully compensated for 

the erosion in purchasing power. However, there is no theory governing 

the relation between stock returns and unexpected inflation. As a shock to 

the overall economy, unexpected inflation can be related to future real 

economic activity and real discount rates, and thus has an ambiguous 

impact on stock valuations. 

It is puzzling that the empirical literature has not supported Fisher’s 

hypothesis in the U.S. market and in most of  the overseas markets. In a 

comprehensive study on the relations between the returns of  various 

classes of  assets and inflation, Fama and Schwart (1977) show that, in the 

U.S. market, both expected and unexpected inflation are negatively 

associated with stock market returns8. Although inflation only explains a 

                                                        
8 In their sample period, a one percent increase in expected inflation is expected 
to cause more than a five percent decrease in equally-weighted index level, and a 
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small portion of  the variations in market returns, their results are puzzling 

enough given the Fisher’s prediction that expected stock returns should 

vary in one-for-one correspondence with expected inflation. Similar results 

are also found in other countries. Gultekin (1983) studies the 

return-inflation relations in 26 countries and find that in most of  the 

countries the relations are negative. Solnik (1983) uses a sample of  nine 

countries and strongly reject a positive relation between stock returns and 

expected inflation. There are also a few studies that show positive relations. 

Firth (1979) provides supportive evidence for the Fisher’s hypothesis using 

the British data. Boudoukh and Richardson (1993) show a positive relation 

between stock returns and inflation at long horizons. However, negative 

relations are more common in the literature. 

There have been numerous studies that focus on the seemingly 

“anomalous” negative relation between stock returns and inflation, 

especially with expected inflation. Two explanations have been raised in 

the literature. The first one, proxy effect theory, assumes that investors 

process information rationally while the second one, money illusion theory, 

is based on a specific form of  irrational behavior in which investors 

capitalize real earnings using nominal rates. The proponents of  the proxy 
                                                                                                                                                  
one percent increase in unexpected inflation is associated with more than a two 
percent drop in index price level. Please also see Bodie (1976), Jaffe and 
Mandelker (1976), and Nelson (1976) for more evidence on the U.S. market. 
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effect theory agree that the negative relation between stock returns and 

expected inflation is merely a proxy for the negative relation between 

expected future real economic activity and expected inflation, and is 

therefore spurious. However, they disagree on how expected real economic 

activity and expected inflation are negatively correlated. Fama (1981), who 

first formulated the proxy effect theory, interpret the relation between 

future real economic activity and expected inflation in the context of  

money demand theory and the quantity theory of  money, while Benderly 

and Zwick (1985) interpret the relation in a real balance model of  

unemployment and output. Though using different macroeconomic 

models, both studies assume that the causality is from expected inflation to 

expected real economic output. In contrast, Geske and Roll (1983) 

propose a reverse causality model. They argue that a downward revision in 

expected future real economic output triggers inflationary policy adopted 

by the government to finance its potential budget deficit. Hence, when 

investors expect the future real economic output to decrease, they 

simultaneously adjust stock valuation downwards and adjust inflation 

expectation upwards. In this story, the causality is actually from expected 

future real economic activity to expected inflation. Kaul (1987) supports 

the reverse causality model by considering the pro-cyclical monetary policy 
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adopted by the U.S. government in the 1930’s and find an insignificant 

return-inflation relation in that period. Other studies use time series 

econometric models to examine the direction of  the causality. James, 

Koreisha, and Partch (1985), using a VARMA model, investigate 

simultaneously the relations among stock returns, real activity, inflation and 

money supply changes, and show that there is a strong causal relation 

between stock returns, a proxy for future real activity, and the growth rate 

in monetary base, which supports Geske and Roll. Lee (1992), using a 

multivariate VAR approach, finds no causal relation between stock returns 

and money supply growth, which is more compatible with Fama (1981). 

Although the above studies disagree on the mechanism in which real 

output and inflation is related, they all contend that the observed negative 

return-inflation relation is a conjunction of  two relations: 1) negative 

correlation between real output and inflation; 2) positive correlation 

between real output and stock returns. However, Ram and Spencer (1983) 

argue that the two relations should be reversed. Using a different inflation 

equation and different variables to represent real activity, they find that real 

activity and inflation is positively correlated and real activity and stock 

returns are negatively correlated, which is more compatible with the 

predictions of  the Phillips curve hypothesis and the Mundell-Tobin effect. 
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Since both the two relations are reversed, combining the two still yields a 

negative return-inflation relation. Thus their study still falls in the category 

of  the proxy effect theory. Finally, it is worth noting that proxy effect 

theory can explain the negative relations between stock returns with both 

expected and unexpected inflation. Intuitively, unexpected inflation is 

more likely to be negatively correlated with future real economic activity. 

Besides the studies on the aggregate economy level, there is also 

supporting evidence for the proxy effect theory from cross-sectional 

studies. The key argument of  the theory is that real economic activity is 

negatively associated with inflation. While empirical evidence has shown 

this is true on the aggregate level, one would expect this relation has much 

variation on the industry and firm level. Boudoukh, Richardson, and 

Whitelaw (1994) look at the cross-industry variations in inflation betas 

(defined as the slope coefficients in regressions of  industry returns on 

expected and unexpected inflation) and find that the cyclical industries, as 

characterized by a high correlation between industrial output and aggregate 

output, generally have more negative inflation betas than non-cyclical 

industries. Given their findings that aggregate output and inflation are 

negatively correlated, they conclude that the cross-industry variation in 

inflation betas is caused by the variation in the relations between industry 
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outputs and inflation. 

The negative relation between stock returns and inflation can also be 

a result of  market inefficiency. Modigliani and Cohn (1979) contend that 

the stock market suffers from a particular kind of  irrationality called 

“money illusion”, discounting real cash flows at nominal discount rates. As 

a result, an increase in inflation causes a drop in stock price. The Money 

illusion theory is based on two assumptions: 1) firm earnings move 

one-for-one with contemporaneous inflation; 2) inflation follows a 

persistent process and thus current inflation is a good forecast of  future 

inflation. The theory can be understood as follows. In a rational world, 

when investors see a high inflation rate, under the persistence assumption, 

the expected future inflation rates are also high. If  firm earnings move 

one-for-one with inflation, they should also expect future firm earnings to 

grow at the current high inflation rate. On the other hand, a high current 

inflation rate will also cause rational investors to capitalize future expected 

earnings at a higher rate to compensate for the erosion in purchasing 

power. As a result, the impacts of  the adjustments in expected future 

earnings and discount rate on stock valuation offsets each other. However, 

the money illusion theory states that in the real world investors fail to 

adjust earnings expectations according to current inflation rate but do 
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adjust discount rates upwards. In so doing, they effectively make a mistake 

by discounting real earnings by nominal discount rates, which induces the 

negative relation between inflation and stock prices. Though based on a 

strong assumption on investor’s behavior, the theory is empirically 

appealing if  we look at the recovery of  the U.S. stock market from early 

1980’s, which can be partly viewed as a correction of  stock prices from the 

underpricing in the previous high inflationary periods. Ritter and Warr 

(2002) explicitly test this conjecture using a ratio of  intrinsic value to price 

(V/P ratio). As the name suggests, a high V/P ratio indicates 

undervaluation. In the period of  1978 to 1997, they find that the V/P ratio 

on the Dow 30 stocks is positively related to inflation, which supports the 

money illusion theory. Other tests of  the money illusion theory generally 

look at the relation between stocks’ yields and inflation. In an efficient 

market, yields like E/P and D/P should not be correlated with inflation. 

This can be seen in the simple Gordon growth model that represents D/P 

as the difference between nominal discount rate and earnings growth rate, 

which all move one-for-one with inflation. Therefore a change in inflation 

should have no impact on stocks’ yields. In contrast, if  investors behave as 

the money illusion theory describes, yields would increase with inflation. 

Along this line, Asness (2003) studies the famous Fed model which 
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assumes a relation between yields and inflation. He argues that, though the 

model fails to be a theoretically sound valuation tool, investors seem to use 

it in valuation for a long time. Campbell and Vuolteenaho (2004), using the 

log-linear dynamic valuation framework, show that high inflation leads to 

stock market underpricing while expected dividend is actually positively 

related to inflation. Finally, Cohen, Polk, and Vuolteenaho (2005) find 

supporting evidence for the money illusion theory after controlling for the 

relation between inflation and risk. 

 

2. Introduction 

 

Previous studies have greatly enhanced our understanding of  the 

return-inflation dynamics. This research adds to the literature by 

investigating two related questions: 1) what is the relation between stock 

returns and inflation on the firm level; 2) how can the cross-sectional 

pattern of  the return-inflation relation help us differentiate between the 

two theories on the observed negative return-inflation relation? With 

respect to the first question, previous studies are only on the index level or 

industry level, and little is known about the relation on the firm level. 

Intuitively, there must be a rich cross-sectional pattern. Inflation can be 
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bad news for some firms, and be neutral or even good news for some 

others. Boudoukh, Richardson, and Whitelaw (1994) have shown that there 

is much cross-industry variation in return-inflation betas. Non-cyclical 

industries, like Tobacco, food, and utilities industries, have a less negative 

or even positive correlation with inflation. We believe that, even within an 

industry, there is also significant variation which depends on firm 

characteristic variables like leverage, PPE, inventory valuation method, and 

some factors difficult to quantify like the negotiating power with suppliers 

and the ability to pass costs to customers. It is to some extent an empirical 

issue whether inflation is bad, neutral or good for a firm. 

The cross-sectional evidence put us in a good position to answer the 

second question about whether the observed negative return-inflation 

relation is an outcome of  rational behavior or not. The U.S. stock market 

history clearly shows that high valuations on the market level often 

coincide with low inflation rate. This fact is compatible with both the 

proxy effect theory and money illusion theory. It is difficult to tell which 

theory more accurately describes the investors’ true valuation process by 

only looking at the data on the market level. Nonetheless, the two 

explanations have clearly different cross-sectional predictions. Money 

illusion theory predicts a uniform impact of  inflation on stock prices. For 
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instance, if  current inflation is high, investors would undervalue all stocks. 

It is unlikely for them to confuse real and nominal numbers when valuing 

some stocks, but rationally set prices for other stocks. Put differently, if  

money illusion theory predicts a negative return-inflation relation, it would 

predict it for all individual stocks. Empirically, we should not find much 

variation in the return-inflation relation on the firm level. In contrast, the 

proxy effect theory allows much richer cross-sectional patterns. The theory 

predicts that the negative relation between market returns and inflation is a 

proxy for the negative relation between expected real economic output and 

inflation. On the firm level, the theory implies that the relation between 

individual stock returns and inflation could vary with a proxy for the 

relation between firm earnings and inflation. If  the latter relation is 

positive, we expect the first relation to be also positive. Apparently using 

only market level data would miss a lot of  cross-sectional information that 

is important in understanding the return-inflation dynamics. 

In this study we provide cross-sectional evidence for the proxy effect 

theory by explicitly considering the relation between firm earnings and 

inflation, which can be viewed as a proxy for the relation between real 

economic output and inflation on the firm level. Specifically, we estimate 

two betas for each sample firm: the return-inflation beta, which is the 
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slope coefficient in a regression of  stock return on inflation, and the 

earnings-inflation beta, which is the slope coefficient in a regression of  

earnings growth rate on inflation. Our analysis first shows that there is 

much cross-sectional variation in the return-inflation betas. Though the 

price response to inflation on the market level is negative, the returns of  a 

significant number of  firms are positively associated with both expected 

and unexpected inflation. On average, in the period of  1973 to 2006, over 

40% percent of  the firms have positive return-inflation betas. If  money 

illusion is the dominant factor in determining the return-inflation relation, 

we should not expect this large portion of  firms with positive betas. In 

contrast, the rational story allows for such a pattern, because the effect of  

inflation on earnings can vary from firm to firm. Further analysis show 

this is the case. The estimates of  the earnings-inflation betas have similar 

cross-sectional variations. In our sample period, around half  of  the firms 

have positive earnings-inflation betas. More importantly, if  we form decile 

portfolios based on the earnings-inflation betas, the portfolio 

return-inflation betas show a monotonous trend. That is, a firm with a 

higher earnings-inflation beta tends to have a higher return-inflation beta, 

and vice versa. These findings are more consistent with the proxy effect 

theory than with the money illusion theory. The cross-sectional 
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dependence of  the two betas is also confirmed with panel regressions of  

returns on inflation with interaction terms between inflation and rankings 

of  earnings-inflation betas, after controlling for industry effect. We also 

investigate the relation between ROE and inflation. Since a current 

increase in ROE to some extent reflects the improvement of  managerial 

ability, it is more forward-looking and correlated with future firm 

performance. Our results show that return-inflation beta is also positively 

related to ROE-inflation beta. 

It is worth noting that our analysis does not fully reject the money 

illusion theory. The cross-sectional variation in the return-inflation betas 

and the fact that the betas cross-sectionally depend on the 

earnings-inflation betas are still possible even if  the market is undervalued 

during high inflationary periods and overvalued during low inflationary 

periods, as predicted by the money illusion theory. Some of  our results 

support this mixed view. We find that, for some decile portfolios with 

positive earnings-inflation betas, the return-inflation betas are still negative. 

However, the empirical evidence in this research strongly indicates that the 

proxy effect theory plays a more important role in the real-world valuation 

process, and we soundly rule out the possibility that money illusion is the 

only factor that matters. 
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In this research we also consider the role of  some observable firm 

characteristic variables in explaining the return-inflation relation. For 

instance, what firms are more likely to have positive inflation betas and 

hence are good hedges for inflation? The answer to this question is 

interesting to academicians as well as to practitioners. The cross-industry 

findings in Boudoukh, Richardson, and Whitelaw (1994) have been 

consistent with the common view that non-cyclical industries, like those 

producing necessities, are good inflation hedges. In this study, we further 

show that the return-inflation betas are cross-sectionally related to a set of  

observable firm characteristic variables like size, inventory, leverage and 

PPE etc., after controlling for industry effect. The interpretation of  the 

results is still based on the framework of  the proxy effect theory. The 

impact of  a firm characteristic variable on return-inflation betas should 

depend on the variable’s role in determining the relation between firm 

earnings and inflation. For example, if  leverage is positively related to 

return-inflation betas, high leverage firms must have better earnings 

outlook when inflation rate is high. In this research we carefully analyze 

the interaction between each of  the firm characteristic variables and the 

earnings-inflation relation to draw conclusions on the direction of  the 

impact of  the variable on the return-inflation relation. We also provide 
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empirical evidence supporting our conclusions. However, our analysis on 

the role of  the firm characteristic variables in the return-inflation dynamics 

only shows a small part of  a large picture. Since many unobservable 

factors attribute to the cross-sectional variation in return-inflation betas, 

like bargaining position, pricing power and financing ability, etc., it is 

difficult to have a complete list. The bottom line is that as long as investors 

make rational decisions based on available information, the effects of  

some observable characteristic variables on return-inflation betas should 

be consistent with their impacts on firm earnings when inflation changes. 

Our analysis with the firm characteristic variables is similar to the 

studies on the nominal contracting hypothesis. This strand of  research 

focuses on the wealth redistributive effect of  unexpected inflation through 

the revaluation of  firms’ nominal contracts. For example, a firm with a 

higher ratio of  fixed-rate debts to assets would possibly benefit from high 

unexpected inflation as the real value of  the corporate monetary obligation 

is actually reduced. The nominal contracting theory has been used in early 

literature to explain the negative relation between inflation and stock prices. 

Feldstein (1980) contends that the high inflation rate during the 1970’s 

reduced the value of  the corporate tax shield because of  the historical cost 

depreciation method stipulated by the U.S. tax law, which induced a 
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negative relation between inflation and stock prices. However, this 

conjecture was rejected by French, Ruback and Schwart (1983). Bernard 

(1986) and Pearce and Roley (1988) examine the effects of  various 

nominal contracts on the relation between unexpected inflation and 

individual stock returns. They find that a few nominal contracts related to 

debt, labor and corporate tax play a role in the differential associations 

between return and unexpected inflation on the firm level. Obviously 

nominal contracting hypothesis is one of  the rational stories and has direct 

cross-sectional implications. However, our analysis with the firm 

characteristic variables is different from the literature in that we also 

include expected inflation in the tests. Previous studies have looked at the 

impacts of  some firm characteristic variables related to nominal contracts 

on the relation between stock returns and unexpected inflation. The 

underlying assumption is that the contracting parties can adjust the terms 

in their contracts immediately to eliminate the impact of a change in 

expected inflation. However, we believe that a change in expected inflation 

can also lead to revaluation of a firm’s nominal contracts and thus 

revaluation of its stock in the short-run because the related parties may not 

be able to re-negotiate on the contracts, but this effect should diminish in 

the longer run. 
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The remainder of the second part of this thesis is organized as 

follows. Section 3 discusses the data, sample and the estimation of the 

inflation betas. Section 4 reports the empirical results. We first show that 

there is much cross-sectional variation in the inflation betas. Then we 

show that there is a positive relation between the return-inflation betas and 

the earnings-inflation betas by forming sorted decile portfolios and using 

multiple regressions. Finally, we analyze the role of firm characteristic 

variables in determining the return-inflation relation. Conclusions are 

offered in Section 5. 

 

3. Data, Sample and Definition of Inflation Betas 

 

Our sample consists of all the NYSE, AMEX and NASDAQ firms 

with return data available in the CRSP database and quarterly earnings data 

available in the CRSP-COMPUSTAT merged files for the period from 

1973 to 2006. We focus only on domestic common stocks, and eliminate 

American Depositary Receipts, Real Estate Investment Trusts, and 

closed-end funds from the sample. The data on CPI and 3-month Treasury 

bill rate are also collected from CRSP. We exclude financial firms in the 

analysis with firm characteristic variables. 
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We estimate three betas for each sample firm: return-inflation beta, 

earnings-inflation beta, and ROE-inflation beta. For each type of beta, we 

further differentiate between expected inflation beta and unexpected 

inflation beta. Following Fama and Schwert (1977), return-inflation beta is 

defined as the slope coefficient of a regression of quarterly stock return on 

inflation, 

i t R t i tR INF, ,α β ε= + + , 

where Ri,t is the quarterly buy-and-hold return for firm i in quarter t, INFt 

denotes expected or unexpected inflation in quarter t, βR is the 

return-inflation beta for firm i in quarter t, and εi,t is the disturbance term. 

Consistent with Fama and Schwert (1977), expected inflation is defined as 

the yield to maturity of the 3 month T-bill observed at the beginning of 

quarter t. Unexpected inflation is the difference between the rate of change 

in CPI and expected inflation. We use lagged unexpected inflation to 

ensure the news is known to the market in quarter t. Note that the 

cross-sectional average of the return-inflation betas should be equal to the 

beta in a regression of equally-weighted index return on inflation. Previous 

studies have shown that this index beta is mostly negative. Our goal is to 

show that there is much cross-sectional variation consistent with the 

prediction of the proxy effect theory even though the overall market 
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return seems to be negatively associated to both expected and unexpected 

inflation. 

To define an earnings-inflation beta, we need to have a reasonable 

measure of earnings growth rate. Since earnings can be negative, dividing 

the change in earnings by last period earnings could yield a meaningless 

number. We then define earnings growth rate as follows, 

i,t i,t-4
i,t

i,t

(E  - E )
EGR =

σ
, 

where EGRi,t is the earnings growth rate for firm i in quarter t, Ei,t is the 

earnings for firm i in quarter t, Ei,t-4 is the earnings for firm i in t-4, and σi,t 

is the standard deviation of (Ei,t – Ei,t-4) over the previous eight quarters. 

Our definition of earnings growth to some extent produces a normalized 

measure. It is noticeable that this measure is called “standardized 

unexpected earnings (SUE)” in the literature on the post earnings 

announcement drift (see, for instance, Bernard, 1990, Ball and Bartov, 

1996). The name “standardized unexpected earnings” is based on the 

assumption that earnings follow a seasonal random walk process, and then 

(Ei,t – Ei,t-4) is the unexpected part of earnings change. However, in this 

research we do not make such an assumption. It is hard to believe that 

investors will use earnings four quarters ago as the best forecast of current 
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earnings number. We think that this measure more appropriately captures 

the seasonally adjusted earnings growth that investors expect to be 

non-transitory and can persist into the future. As we try to evaluate the 

relation between a firm’s expected future cash flows and inflation, this 

measure best serves our goal. 

Given our definition of earnings growth rate, earnings-inflation beta 

can be estimated as the slope coefficient of a regression of earnings growth 

rate on inflation, 

i t E t i tEGR INF, ,α β ε= + +  

where EGRi,t is the earning growth rate for firm i in quarter t, INFt denotes 

expected or unexpected inflation in quarter t, βE is the earnings-inflation 

beta for firm i in quarter t, and εi,t is the disturbance term. The 

earnings-inflation beta, as defined in this way, measures the impact of  

inflation on contemporaneous firm earnings. This impact, however, is 

fairly persistent and has strong valuation effect cross-sectionally. Firms 

with high earnings-inflation betas are gainers in inflationary periods 

compared to firms with low earnings-inflation betas. We expect that their 

returns also respond more positively to inflation. 

Investors may also look at profitability ratios to infer a firm’s future 

performance. The most important one of  these ratios is the return on 
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equity (ROE). Since high inflation increases the book value of  new 

inventory and fixed investments, both of  which are items in the 

denominator when calculating ROE, an increase in ROE in high 

inflationary periods better indicate the ability of  the management to pass 

the increased costs to customers. Hence, the impact of  inflation on ROE 

can be more value-relevant than just using earnings numbers. To 

accommodate this possible effect, we estimate ROE-inflation beta as an 

alternative measure of  the relation between firm fundamentals and 

inflation. We define ROE-inflation beta as, 

i t ROE t i tROE INF, ,α β ε= + +  

where ROEi,t is the seasonally-adjusted and de-trended9 return on equity 

for firm i in quarter t, INFt denotes expected or unexpected inflation in 

quarter t, βROE is the ROE-inflation beta for firm i in quarter t, and εi,t is 

the disturbance term. The ROE-inflation beta is a variation of  the 

earnings-inflation beta, and it is also supposed to represent the relation 

between firm fundamentals and inflation. We will sometimes refer to 

earnings-inflation beta and ROE-inflation beta as fundamental-inflation 

beta in this research. The two fundamental-inflation betas are expected to 

be positively correlated with return-inflation beta, if  the proxy effect 
                                                        
9 Seasonally-adjusted and de-trended ROE is the residual of  a regression of  the 
raw ROE on three quarter dummy variables and a trend variable. 
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dominates. 

We use a common sample for all the three betas. That is, our sample 

includes all the firms that have relevant data for the estimation of the 

return-inflation, earnings-inflation and ROE-inflation betas, and the 

estimation intervals for the three betas should be same. This method 

ensures the comparability among the three betas. To minimize the impact 

of extreme values, we also exclude firms whose beta estimates lie beyond 

1% and 99% percentiles.  

 

4. Empirical Analysis 

 

Our empirical analysis goes as follows. First, we show that there are 

much cross-sectional variations in the three inflation betas. Since the 

money illusion theory predicts a uniform undervaluation or overvaluation 

when inflation changes, our results are more consistent with the proxy 

effect theory. Second, we look at the relation between the three betas by 

sorting sample firms into decile groups based on the earnings-inflation or 

ROE-inflation betas. Consistent with the proxy effect theory, we find that 

firms with low fundamental-inflation betas also have low return-inflation 

betas. Third, we formally test the relation between the return-inflation 
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betas and the fundamental-inflation betas using multiple regressions, and 

control for the industry effect. Last, we include firm characteristic variables 

in the regressions, and examine their impacts on the return-inflation 

relation. We show that most of them have impacts that are consistent with 

their joint impacts with inflation on firm earnings. 

 

4.1. Cross-Sectional Variation of Inflation Betas 

Panel A of Table 13 reports the summary statistics of the 

return-inflation, earnings-inflation and ROE-inflation betas estimated 

using expected inflation. Consistent with the previous studies, the 

return-inflation betas have a negative cross-sectional mean. However, the 

number is much smaller in absolute value compared to the beta of an 

equally-weighted index in Fama and Schwert (1977). We calculate a 

cross-sectional average of -2.427, while Fama and Schwert (1977) records 

-5.70 in their sample period. This difference suggests that stock returns 

vary less negatively with expected inflation in a more recent period. The 

distribution of the return-inflation betas has a standard deviation of 10.883, 

which indicates a large variation from firm to firm. The variation can also 

be seen from the minimum, 25%, median, 75%, and maximum of the 

return-inflation beta estimates. Finally there are 1916 firms out of 4672 



 

 
- 83 - 

 

firms that have positive return-inflation betas. That is a little more than 

40% in percentage terms.  

The rational story requires that the cross-sectional variation in 

return-inflation betas can be explained by the cross-sectional variation in 

fundamental-inflation betas. Consistent with our expectation, the two 

fundamental-inflation betas show large cross-sectional variances. However, 

both the means of the earnings-inflation betas and ROE-inflation betas are 

slightly positive (0.132 and 0.259 respectively), which is opposite to the 

sign of the mean of the return-inflation betas. It is not surprising because 

the correlation between fundamentals and inflation does not have a 

theoretically “correct” value. The key argument is that the return-inflation 

betas and the fundamental-inflation betas should be positively related. We 

are more concerned about the cross-sectional dependence between the 

return-inflation betas and the fundamental-inflation betas than the betas 

themselves given that the mechanism of how inflation impacts on firm 

fundamentals and valuation is rather complex.  

Panel B of Table 13 presents the summary statistics of the 

return-inflation, earnings-inflation and ROE-inflation betas estimated 

using unexpected inflation. The mean of the return-inflation betas are 

slightly negative, a result inconsistent with Fama and Schwert (1977). Since 
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there is no theory governing the relation between stock returns and 

unexpected inflation, the neutral reaction of stock returns to unexpected 

inflation in our sample period is not surprising. The means of the 

earnings-inflation and ROE-inflation betas are all positive, which suggests 

that unexpected inflation is on average good news for firm earnings, at 

least in our sample period. The variations in three betas are also large, as 

indicated by their standard deviations (7.996, 59.430, 4.581). Generally, the 

results in Table 13 show that there are much cross-sectional variations in 

the return-inflation betas and the fundamental-inflation betas. 

 

4.2. Sorting Results 

In this subsection, we show that the cross-sectional pattern of  the 

return-inflation betas is more consistent with the prediction of  the proxy 

effect theory, rather than with the prediction of  the money illusion theory. 

The proxy effect theory implies a positive correlation between the 

return-inflation beta and the fundamental-inflation beta. That is, the firms 

which benefit from inflation, as shown by their high earnings-inflation 

betas, should have more positive, or less negative, price reaction to 

inflation. In contrast, the money illusion theory does not have such 

cross-sectional predictions. This subsection provides some preliminary 
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evidence on the cross-sectional dependence of  the two betas by sorting 

the sample firms into deciles based on one of  the betas, and more rigorous 

regression tests are conducted in the next subsection.  

In order to see whether the return-inflation beta and the 

fundamental-inflation beta are cross-sectionally associated, we sort all the 

sample firms into decile groups based on the estimates of  the 

earnings-inflation betas or the ROE-inflation betas. The first group, D1, 

consists of  the firms with the lowest fundamental-inflation betas and the 

last group, D10, is composed of  the firms with the highest 

fundamental-inflation betas. We then compute the average return-inflation 

beta for each decile group. We expect that the mean return-inflation betas 

of  the decile groups monotonically increase from D1 to D10. 

The results are presented in Table 14. All the sample firms are sorted 

into decile groups based on the earnings-inflation beta and the 

ROE-inflation beta respectively. We report the averages of  the 

return-inflation beta of  each decile group, as well as that of  the sorting 

betas. Panels A and B report the results for expected inflation and 

unexpected inflation respectively. A quick glance at the table shows that 

the ordering of  the return-inflation betas is remarkably consistent with 

that of  the earnings-inflation betas or the ROE-inflation betas, and this 
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monotonic relation is found in both expected inflation betas and 

unexpected inflation betas. For example, the first two lines of  Panel A 

present the average return-inflation betas of  the decile groups sorted on 

the earnings-inflation betas. The average return-inflation beta of  D1 is 

-8.791, and it increases to -2.109 in D5, and 2.871 in D10. The average 

return-inflation beta of  the decile groups sorted on ROE-inflation also 

exhibits a clear monotonic trend. It increases from -6.276 in D1 to -0.933 

in D9, though drops to -1.963 in D10. The results presented in Panel B for 

unexpected inflation are very similar to those for expected inflation. In 

general, the tests in this subsection support the view that the 

cross-sectional variation in the return-inflation beta is consistent with the 

cross-sectional variation in the fundamental-inflation beta. The direction 

and magnitude of  the impact of  inflation on firms’ earnings is an 

important factor in determining the reaction of  stock prices to inflation, 

and this fact is more consistent with the prediction of  the proxy effect 

theory. 

 

4.3. Regression Analysis 

This subsection tests the cross-sectional correlation between the 

return-inflation beta and the fundamental-inflation beta using multiple 
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regressions. These tests formalize the non-parametric results in last 

subsection, and most importantly enable us to control for the possible 

industry effect. Boudoukh, Richardson, and Whitelaw (1994) have shown 

that the differential industry return-inflation betas can be explained by the 

differential associations between industry output and aggregate output. 

They find that the cyclical industries, as characterized by a high correlation 

between industrial output and aggregate output, generally have more 

negative inflation betas than non-cyclical industries. Given their regression 

results that the aggregate output is negatively correlated with inflation, 

they attribute the cross-industry variation in return-inflation betas to the 

differential associations between industrial output and inflation. Our aim is 

to further show that a firm’s return-inflation beta is to a large extent 

decided by the association between its earnings and inflation, and this 

effect even exists within a industry, because of  the complexity of  the 

process through which inflation impacts on firm fundamentals and then 

stock valuations. 

We use the following panel model to test the relation between the 

return-inflation beta and the fundamental-inflation beta, 

i t t t i

n n

i j j j j t i t
j j
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where RETi,t is the return for firm i in quarter t, INFt denotes expected 

inflation or unexpected inflation in quarter t, RANKi is the decile ranking 

for firm i based on the sorting on the earnings-inflation betas or the 

ROE-inflation betas, INDUj is a dummy variable that takes value one 

when firm i belongs to industry j, and n is the number of  two-digit SIC 

industries. Specifically, we first rank all the sample firms based on the 

earnings-inflation beta or the ROE inflation beta, and assign each firm a 

rank number 1 to 10, denoted by RANKi. Then we run a panel regression 

of  stock returns on inflation and on the interaction terms between 

inflation and RANK and on the interaction terms between inflation and 

the industry dummy. In this construction, θ, the coefficient of  the 

interaction term between inflation and RANK, measures the difference in 

return-inflation betas for two firms in the same industry but in two 

neighboring RANK groups. We expect this coefficient to be positive. 

Table 15 reports the regression results of  model 1. To save space, we 

do not include the coefficient estimates of  the industry variables in the 

table. Consistent with our expectation, the coefficients of  the interaction 

terms between inflation and rank are all significantly positive. This 

indicates that the firms with higher cross-sectional ranking in the 

fundamental-inflation betas also have higher return-inflation betas, even 
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after controlling for industry. For instance, column 1 shows the results for 

expected inflation and for the RANK variable based the ranking of  the 

earnings-inflation betas. The coefficient on INF*RANK is 0.517, which 

means that within a industry the average return-inflation beta increases 

0.517 when we move from decile group n to decile group n+1. The results 

are similar for unexpected inflation and for ranks based on the 

ROE-inflation betas, as shown by the other columns. 

We also use an alternative model to test the positive relation between 

the return-inflation beta and the fundamental inflation beta, 

i t t i i t
i

n n
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where RETi,t is the return for firm i in quarter t, INFt denotes expected 

inflation or unexpected inflation in quarter t, QUINj is a dummy variable 

that takes value one if  firm i belongs to quintile j based on the sorting on 

earnings-inflation beta or ROE-inflation beta, INDUj is a dummy variable 

that takes value one when firm i belongs to industry j, and n is the number 

of  two-digit SIC industries. To estimate this model, we first sort all the 

sample firms into quintiles based on the earnings-inflation beta or the 

ROE-inflation beta, and then assign each firm a set of  QUIN variable. For 
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example, if  a firm belongs to quintile 2, then the variables QUIN3 to 

QUIN5 are all set to be zero, and QUIN2 is set to be one. Since we use 

quintile 1 as the reference group, QUIN2 to QUIN5 are all set to be zero 

for a firm in the first quintile. The interested coefficient is θj, which 

measures the difference in return-inflation betas between quintiles. We 

predict θj to be positive. This model specification is able to capture the 

possible non-linear differences in return-inflation betas across ranking 

groups. Because decile rankings would bring too many terms into the 

model, we use quintile rankings. 

Table 16 summarizes the regression results of  model 2. The 

coefficients of  the interaction terms between inflation and QUINj are all 

significant except for the coefficient in the regression using unexpected 

inflation and QUINj based on ROE-inflation betas. In general, the results 

further confirm the positive relation between the return-inflation betas and 

the fundamental-inflation betas. 

 

4.4. The Role of  Firm Characteristic Variables 

In this subsection we analyze the roles of  some observable firm 

characteristic variables in explaining the return-inflation relation. The 

previous tests have shown that the differential return-inflation betas can be 
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explained by the differential fundamental-inflation betas, and hence the 

effect of  inflation on firm earnings or ROE is crucial in determining the 

reaction of  stock price to inflation. It is natural to ask whether the effect 

of  inflation on firm earnings or ROE is related to some observable firm 

characteristic variables. In other words, what firms are more likely to 

benefit from inflation and what firms are more likely to suffer? In this 

study, we identify some observable firm characteristic variables, mostly 

from the financial statement, and investigate their roles in explaining the 

cross-sectional variation in return-inflation betas. Our prediction for the 

roles of  the variables on the return-inflation relation is still based on the 

proxy effect theory. That is, the impacts of  the characteristic variables on 

the return-inflation relation should be consistent with their impacts on the 

earnings-inflation relation. We note that our list of  the firm characteristic 

variables is far from complete, and there are numerous important 

unobservable factors like bargaining position, pricing power and financing 

ability, etc., and the issue is even more complex in today’s highly globalized 

market. 

Our list of  the firm characteristic variables includes size, the ratio of  

inventory to total sales, inventory valuation method, the ratio of  PPE to 

total assets, the ratio of  intangible assets to total assets, and ratios of  
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long-term debts to total assets. The test framework is similar to that in 

Section 4. Specifically, we estimate the following panel model, 

i t t t i
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where RETi,t is the return for firm i in quarter t, INFt denotes expected 

inflation or unexpected inflation in quarter t, CRANKi is the decile ranking 

for firm i based on sorting on one of  the firm characteristic variables. 

INDUj is a dummy variable that takes value one when firm i belongs to 

industry j, and n is the number of  two-digit SIC industries. The firm 

characteristic variables are as follows. SIZEi is the logarithm of  market 

value for firm i, INVENTORYi is the ratio of  inventory to total sales for 

firm i, INVEN_Mi is a dummy variable that takes value one if  firm i use 

LIFO, PPEi is the ratio of  PPE to total assets for firm i, INTANi is the 

ratio of  intangible assets to total assets, DEBTni is the ratio of  long term 

debt due in n years to total assets and PREFERi is the ratio of  the value of  

prefer stocks to total assets. All the characteristic variables are the averages 

over the sample period consistent with that of  RETi,t. 

In this model, the characteristic variables themselves are not included 

in regression. Instead, we sort all the sample firms into deciles based on 

one of  the firm characteristic variables, and then assign each firm a 
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CRANK number from 1 to 10. An interaction term between inflation and 

CRANK is then included in a panel regression of  stock returns on 

inflation with control variables for industry effect. The coefficient of  

INF*CRANK, θ, measures the difference in the return-inflation betas for 

two firms in neighboring decile groups sorted on one of  the firm 

characteristic variables. A positive effect of  a characteristic variable on 

return-inflation beta is represented by a positive θ estimate in the 

regression, and vice versa. 

Before presenting the empirical results, we first make some 

predictions for the relation between the characteristic variables and the 

return-inflation betas. In the analysis, it is important to differentiate 

between expected and unexpected inflation. A change in expected inflation 

is more persistent and can affect firm earnings in many periods. However, 

this long-term impact is neutralized by related parties adjusting their 

contracts. In contrast, unexpected inflation is transitory, but it is more 

likely to be negatively correlated with the aggregate economy. We then 

have the following predictions on the effects of  the firm characteristic 

variables on return-inflation betas.  1) Size: Large firms are often in more 

advantageous positions when negotiating with customers and suppliers, 

and hence it is easier for them to benefit from an increase in expected 
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inflation. In addition, they have wider business lines, and are more 

globalized, which makes them more flexible in operations when high 

inflation is anticipated. So we predict the effect of  size on return-inflation 

relation is positive. On the other hand, high unexpected inflation is more 

of  bad news to them because large firms’ cash flows may be more 

correlated with the aggregate economy. Thus we predict that size has a 

negative valuation effect when unexpected inflation is high. 2) The ratio of  

inventory to total sales: Both expected and unexpected inflation is good 

for firms with high level of  inventory. If  sales increase at the rate of  

inflation, a large inventory means nominal gains to firms as the costs of  

production have been fixed. 3) Inventory valuation method: The choice of  

FIFO and LIFO influences the timing of  corporate tax. In inflationary 

periods, firms with FIFO method will report higher corporate earnings 

than LIFO firms. As a result, they also pay higher corporate tax. So 

inflation is relatively advantageous to LIFO firms since they can postpone 

corporate taxes to later periods. As expected inflation is more persistent, 

we expect this effect to be more pronounced when expected inflation 

changes. For unexpected inflation, the effect is less pronounced. 4) The 

ratio of  PPE to total assets : A change is expected inflation is relatively 

good news for firms with large ratios of  PPE to total assets because these 
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firms possibly have less need of  fixed investments in the future. However, 

unexpected inflation is bad news for firms with high PPE ratios, because 

unexpected inflation is detrimental to the aggregate economy and firms 

with high PPE incur higher overhead costs during economic contractions. 

5) The ratio of  intangible assets to total assets: Firms with large ratios of  

intangible assets should benefit from an increase in expected inflation 

because the cash flows generated by some intangible assets increase with 

inflation, but there are no significant costs involved. Similarly, unexpected 

inflation should also be treated as good news for firms with large 

intangibles, but the effect is less significant. 6) The ratios of  long-term 

debts to total assets – classified by maturity: High leverage firms benefit 

from unexpected inflation because unexpected inflation reduces those 

firms’ monetary obligations in real terms. Further, the ratios of  long-term 

debts with longer maturities should be more positively related to the 

return-inflation beta. In contrast, the relation is not so clear for expected 

inflation. When high inflation is anticipated, new corporate debts must be 

issued at higher discount rates. If  operating income also increases 

one-for-one with expected inflation, the real net earnings will not be 

affected. However, if  operating income does not move on a one-for-one 

basis, the final outcome is not clear. 7) Preferred stock to total assets: As 
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another form of  the corporate long term monetary obligations, we make 

the same predictions as we do for the long-term debts to total assets ratios.  

 

Table 17 reports the regression results of  model 3. The coefficients 

on the interaction term INF*CRANK are generally consistent with our 

predictions, though there are a few exceptions. In the regressions with 

expected inflation, SIZE, INVEN_M, PPE show the expected positive 

effects on return-inflation relation, DEBT2-DEBT4, and PREFER show 

negative effects, which is not to our surprise, but the effects of  

INVENTORY and INTAN seem to be inconsistent with our predictions. 

For the regressions with unexpected inflation, SIZE, INVENTORY, 

DEBT2-DEBT5 show expected signs, but INVEN_M, PPE and 

INTANGIBLE show unexpected signs, or are insignificant. Considering 

the complexity of  the issue, we do not try to be conclusive.  

We also use an alternative model to allow for non-linear difference in 

return-inflation betas between different rank groups, 

i t t i i t
i

n n

i i j j j j t i t
i j j

RET INF CQUIN INF

CQUIN INDU INDU INF

5

,
2

5 1 1

,
2 1 1

* * *

* * +

α β θ

γ δ η ε

=

− −

= = =

= + +

+ + +

∑

∑ ∑ ∑
 (4) 

where RETi,t is the return for firm i in quarter t, INFt denotes expected 
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inflation or unexpected inflation in quarter t, CQUINj is a dummy variable 

that takes value one if  firm i belongs to quintile j based on sorting on one 

of  the firm characteristic variables. INDUj is a dummy variable that takes 

value one when firm i belongs to industry j, and n is the number of  

two-digit SIC industries. The firm characteristic variables used for ranking 

are the same with model 3.  

This model is analogous to model 2. We first rank all the sample 

firms into quintiles based on one of  the firm characteristic variables, and 

then assign each sample firm a set of  CQUIN variables. For instance, if  a 

firm belongs to quintile 3, its CQUIN3 is set to be one, and CQUIN2, 

CQUIN4 and CQUIN5 are all set to be zero. Since quintile 1 is the 

reference group, for a firm in quintile 1, all the CQUIN variables are set to 

be zero. The coefficient on the interaction variable between inflation and 

CQUINj, θi, measures the difference in return-inflation bets between a 

firm in quintile 1 and a firm in quintile j.  

Table 18 provides the regression results of  model 4. The results are 

largely consistent with those of  model 3. In addition, the results show that 

the detected effects of  the characteristic variables on return-inflation betas 

are not driven by the effects in some extreme rank groups. For most of  the 

variables, the coefficients on INF*QUINj increases in absolute value with j, 
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and generally become significant when j is equal to or greater than 3. 

 

5. Conclusion 

 

Previous studies have documented negative relations between stock 

returns and both expected and unexpected inflation (See, e.g., Bodie, 1976, 

Jaffe and Mandelker, 1976, Nelson 1976, and Fama and Schwart, 1977 for 

the U.S. evidence; Gultekin, 1983 and Solnik, 1983 for the international 

evidence). This fact, especially for expected inflation, contradicts the 

Fisher’s hypothesis that stock returns should move one-for-one with 

expected inflation, and the conventional wisdom that stocks, as claims to 

real assets, should be complete hedge for inflation. 

Two explanations have been raised in the literature. The proxy effect 

theory, proposed by Fama (1981), attributes the negative relation between 

inflation and stock returns to a negative relation between inflation and 

expected future real cash flows. In contrast, the money illusion theory 

contends that the stock market suffers from a particular kind of  

irrationality called “money illusion”, discounting real cash flows at nominal 

discount rates. Our research provides cross-sectional evidence that is more 

consistent the prediction of the proxy effect theory. We show that there is 
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much cross-sectional variation in the return-inflation beta, which is not 

predicted by the money illusion theory. Further, the cross-sectional 

variation in the return-inflation beta can be explained by the differential 

associations between firm fundamentals and inflation. This finding 

supports the proxy effect theory which implies a positive correlation 

between the return-inflation beta and the fundamental-inflation beta. 

Finally, we study the roles of some observable firm characteristic variables 

in explaining the variation in return-inflation betas. The results are 

generally consistent with our predictions based on the proxy effect theory. 
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