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The Regulation and Operation of Modern 
Financial Markets



Motivation
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 Traders play a crucial role in price discovery and efficiency of securities 
markets 
 Informed

 Uninformed (Noise, Liquidity)

 Stock Market‐ Extensive research 
 Price discovery and microstructure in the presence of informed and uninformed 

traders about the future direction of the stock

 Impact of traders on market microstructure, price discovery, quality, and efficiency

 Role of intermediaries and Market Structures

 Options Market
 Some research on directional‐informed trading

 Strategies – splitting trading between stock and option markets
 Hedging by option market makers

 Relatively little research on the effects  of  volatility‐informed traders on 
stock and option markets

 High frequency measures of informed trading



Our Goal
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 Trading Model for Stock and Options
 High Frequency Measures of Informed Directional and 

Volatility Trading
 Estimation Methodology
 Validation
 Application
 Market Microstructure 
 Determinants of Stock and Option Bid‐Ask Spread

 Informed Trading Around Earnings Announcements



PIN Model (EKOP, 1996)
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OSPIN Model‐ Trader Arrival Rates
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1. All arrival rates are Poisson and independent
2. 𝑁𝑜𝑖𝑠𝑒 ~ 𝜖ௌ, 𝜖ை

3. 𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 ~ 𝜆ௌ, 𝜆ை

4. 𝐼𝑛𝑓𝑜𝑟𝑚𝑒𝑑 െ 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ~ 𝜈ௌ, 𝜈ை

5. 𝐼𝑛𝑓𝑜𝑟𝑚𝑒𝑑 െ 𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦 ~𝜇ை 
6. 𝑃𝑟𝑜𝑏 ൌ ሼ𝑝஽

௨, 𝑝஽
ௗ, 𝑝௏

௨, 𝑝௏
ௗ, 𝜃ሽ



OSPIN Model –Information States
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Volatility BC ൌ 𝜈ை ൅ 𝜇ை ൅ 𝜆ை ൅ 𝜖ை
SC =                       𝜆ை ൅ 𝜖ை
BP =            𝜇ை ൅  𝜆ை ൅ 𝜖ை
SP = 𝜈ை             ൅ 𝜆ை ൅ 𝜖ை
BS = 𝜈ௌ              ൅ 𝜆ௌ ൅ 𝜖ௌ
SS =                        𝜆ௌ ൅ 𝜖ௌ

N



Estimation
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 Parameters: 
 Θ ൌ ሼ𝜈ை, 𝜇ை, 𝜆ை, 𝜖ை, 𝜈ௌ, 𝜆ௌ, 𝜖ௌ, 𝑝஽

௨, 𝑝஽
ௗ, 𝑝௏

௨, 𝑝௏
ௗ, 𝜃} 

 Data: 
 Time interval Δ𝑡 → Ω ൌ 𝐵𝐶, 𝑆𝐶, 𝐵𝑃, 𝑆𝑃, 𝐵𝑆, 𝑆𝑆

 Maximize Log Likelihood to obtain Θ෡

 Dir H, Vol  H, High Liq

𝑙ுுு

ൌ  
1

𝐵𝐶! 𝑆𝐶! 𝐵𝑃! 𝑆𝑃! 𝐵𝑆! 𝑆𝑆! 𝑝஽
௨𝑝௏

௨ሾ𝑒ିఊಳ಴ 𝛾஻஼
஻஼ሿ ሾ𝑒ିఊೄ಴𝛾ௌ஼

ௌ஼ሿ ሾ𝑒ିఊಳು𝛾஻௉
஻௉ሿ ሾ𝑒ିఊೄು𝛾ௌ௉

ௌ௉ሿ ሾ𝑒ିఊಳೄ𝛾஻ௌ
஻ௌሿ ሾ𝑒ିఊೄೄ𝛾ௌௌ

ௌௌሿ



OSPIN Measures
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 Informed trading, 𝑖 ൌ ሼ𝐷, 𝑉, 𝐿ሽ, 𝑚 ൌ ሼ𝑂, 𝑆ሽ

Pr ሺ𝜋௜
௠|Θ෡ሻ ൌ

𝐸ሺ𝜋௜
௠|Θ෡ሻ

𝐸ሺ𝜋௠|Θ෡ሻ
Example: Pr of Volatility Informed Trading (H+L)

𝜋௏
ை ൌ

2ሺ𝑝௏
௨ ൅ 𝑝௏

ௗሻ𝜇ை

2ሾ2𝜖ை ൅ 2𝜃𝜆ை ൅ 𝑝௏
௨ ൅ 𝑝௏

ௗ 𝜇ை ൅ 𝑝஽
௨ ൅ 𝑝஽

ௗ 𝜈ை



High Frequency Measures of Informed Trading
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 ML method requires a large number of observations 
 Monthly (30‐minute) data 

 OSPIN estimates are the average over a month. 
 To study Informed trading around an event such as earnings 

announcements would require higher frequency (daily or higher) 
 Use posterior likelihood conditional on OSPIN model parameter 

estimates. 

Θ෡ ൌ ሼ𝜈ை, 𝜇ை, 𝜆ை, 𝜖ை, 𝜈ௌ, 𝜆ௌ, 𝜖ௌ, 𝑝஽
௨, 𝑝஽

ௗ, 𝑝௏
௨, 𝑝௏

ௗ, 𝜃} 

Ωఋ௧ ൌ 𝐵𝐶ఋ௧, 𝑆𝐶ఋ௧, 𝐵𝑃ఋ௧, 𝑆𝑃ఋ௧, 𝐵𝑆ఋ௧, 𝑆𝑆ఋ௧

𝜑௦,ఋ௧ ൌ
𝑙௦,ఋ௧|𝜃መ, Ωఋ௧

∑ 𝑙௦,ఋ௧|𝜃መ, Ωఋ௧
ଵ଼
௦ୀଵ



Data
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 OPRA ‐ Options transactions data including signed trade direction ‐ 2011
 OptionMetrics – Option Greeks, Implied Volatility, Realized Volatility, 

Option Volume
 TAQ  – stock transactions data
 CRSP – Stock volume, market cap , shares outstanding
 Top 200 stock and options on them based on option volume in 2010
 Six groups by moneyness and maturity
 Use 30 minute interval for Δ𝑡
 Aggregate the total CB,CS,PB,PS for each group for the options on each 

stock and BS,SS
 Use 4‐week period (260 observations) for estimation



MC Simulation
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MC Simulation ‐ OSPIN
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Trade Summary
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OSPIN – Distribution of Estimates
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OSPIN by Moneyness and Maturity
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OSPIN by MV and Moneyness
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Stock Descriptive Statistics
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Option Microstructure‐ QS
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Determinants of Option Spread
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Adverse Selection
• DirPIN
• VolPIN
• Stock PIN

Hedging Costs
• 𝐼𝑛𝑡𝑖𝑡𝑎𝑙 𝐻𝑒𝑑𝑒𝑔𝑖𝑛𝑔: 𝐼𝐶 ൌ 𝑘Δ𝑆: 

• 𝑅𝑒𝑏𝑎𝑙𝑎𝑛𝑐𝑖𝑛𝑔: 𝑅𝐵 ൌ  ଶఔ௞
ଶగሺఋ௧ሻ

ሺ𝑘 ൌ  𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑠𝑡𝑜𝑐𝑘 𝑠𝑝𝑟𝑒𝑎𝑑, 𝑆 ൌ  𝑠𝑡𝑜𝑐𝑘 𝑝𝑟𝑖𝑐𝑒, ൌ  𝑜𝑝𝑡𝑖𝑜𝑛 𝑑𝑒𝑙𝑡𝑎,  ൌ  𝑜𝑝𝑡𝑖𝑜𝑛 𝑣𝑒𝑔𝑎ሻ

Order Processing
• Trading volume



Informed Trading and Microstructure
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Price Impact on Stock – Amihud (Intra‐day)
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VARIABLES All OTM ATM ITM MAT < 30 MAT >30
StkDir 9.72e‐08*** 3.60e‐08* 7.69e‐08** 5.48e‐09 1.10e‐07*** 1.17e‐07**

(2.746) (1.923) (2.342) (1.014) (3.018) (2.215)
StkLiq 3.73e‐08** 2.25e‐09 2.90e‐08*** ‐6.12e‐09 2.86e‐08** 3.86e‐08**

(2.575) (0.366) (2.746) (‐1.435) (2.513) (2.321)
OptDir ‐2.27e‐08 3.94e‐10 ‐8.96e‐10 3.19e‐09 ‐2.97e‐08*** ‐1.69e‐08

(‐1.615) (0.0870) (‐0.123) (0.962) (‐2.663) (‐1.484)
OptLIq ‐2.62e‐10 4.34e‐10 6.17e‐09 2.55e‐09 2.88e‐10 ‐3.04e‐09

(‐0.0789) (0.127) (1.208) (1.180) (0.125) (‐0.740)
OptVol 4.24e‐10 1.48e‐08** 3.06e‐09 2.76e‐09 4.39e‐09 ‐3.83e‐09

(0.0580) (2.010) (0.324) (0.420) (1.015) (‐0.844)
Stk‐TO ‐2.95e‐08*** ‐2.89e‐08*** ‐2.98e‐08*** ‐2.88e‐08*** ‐2.99e‐08*** ‐2.91e‐08***

(‐6.612) (‐6.949) (‐6.577) (‐6.678) (‐6.647) (‐6.662)
Volatility 3.04e‐05 3.46e‐05 3.19e‐05 2.86e‐05 3.33e‐05 3.33e‐05

(0.903) (1.060) (0.943) (0.825) (0.991) (0.975)
Constant 4.11e‐08*** 4.66e‐08*** 4.05e‐08*** 5.17e‐08*** 4.22e‐08*** 3.94e‐08***

(9.649) (10.62) (9.192) (13.38) (9.865) (7.756)

Observations 2,400 2,400 2,400 2,399 2,400 2,400
R‐squared 0.944 0.944 0.944 0.943 0.944 0.944
Stock FE YES YES YES YES YES YES
Month FE YES YES YES YES YES YES
Stock Clustered SE YES YES YES YES YES YES



Stock Proportional Spread
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VARIABLES All OTM ATM ITM MAT < 30  MAT > 30
StkDir 0.000904* 0.000330 0.000501 0.000182 0.00105* 0.000924

(1.916) (1.584) (1.494) (1.616) (1.787) (1.634)
StkLiq ‐0.000114 ‐9.81e‐05 ‐0.000118 ‐2.24e‐05 ‐0.000117 ‐0.000114

(‐1.053) (‐1.054) (‐1.181) (‐0.707) (‐1.639) (‐1.057)
OptDir ‐5.19e‐05 0.000102** 0.000165** 1.89e‐05 ‐8.94e‐05 ‐3.86e‐05

(‐0.577) (2.266) (2.269) (1.563) (‐1.032) (‐0.397)
OptLiq ‐1.42e‐05 ‐1.54e‐07 6.04e‐05 ‐5.57e‐06 1.10e‐05 ‐1.68e‐05

(‐0.557) (‐0.00551) (0.912) (‐0.356) (0.454) (‐0.579)
OptVol 2.68e‐05 ‐4.56e‐05** 6.64e‐05 3.43e‐05 2.95e‐05 2.35e‐05

(0.306) (‐2.085) (0.796) (1.204) (0.745) (0.371)
Stk TO ‐4.69e‐05 ‐4.54e‐05 ‐4.62e‐05 ‐5.19e‐05* ‐4.95e‐05 ‐4.35e‐05

(‐1.450) (‐1.448) (‐1.436) (‐1.821) (‐1.645) (‐1.344)
Stk‐Voltility 1.359* 1.333* 1.266* 1.286* 1.382* 1.336*

(1.928) (1.848) (1.751) (1.757) (1.971) (1.887)
Constant 0.000288*** 0.000302*** 0.000282*** 0.000309*** 0.000276*** 0.000281***

(4.296) (4.480) (3.885) (4.969) (4.400) (4.604)
Observations 2,400 2,400 2,400 2,399 2,400 2,400
R‐squared 0.948 0.948 0.948 0.947 0.949 0.948
Stock &n Month  FE YES YES YES YES YES YES
Stock Clustered SE YES YES YES YES YES YES



Option Quoted Spread (%)
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OPTION QUOTED SPREAD
VARIABLES OTM ATM ITM ALL

StkDir 0.000703 0.0109 -0.00441 0.0114
(0.00769) (0.00771) (0.00473) (0.00962

StkLiq -0.00154 0.00214 -0.000254 0.00804*
(0.00311) (0.00377) (0.00128) (0.00338

OptDir 0.000931 0.0154*** -0.000617 0.00683
(0.00218) (0.00339) (0.00176) (0.00538

OptLiq 6.03e-05 0.00999*** 0.00184*** 0.00293
(0.00177) (0.00271) (0.000531) (0.00255

OptVol 0.01000*** 0.00446 0.000626 0.00184
(0.00134) (0.00324) (0.00120) (0.00322

Stk-Sprd(%) 10.11*** 12.55*** -1.052 7.248***
(2.043) (1.162) (1.013) (0.920)

LN(Opt_Volume) -0.00148** -0.00288*** -0.00132*** -0.00248**
(0.000657) (0.000456) (0.000316) (0.000397

LN(Stk_Volume) 0.00224 0.00339*** 0.000621 0.00277**
(0.00128) (0.000488) (0.000546) (0.000423

IV -0.0311*** -0.0389*** -0.0226*** -0.0269**
(0.00750) (0.00356) (0.00499) (0.00280

Delta -0.0867** ‐0.131*** -0.103*** -0.253***
(0.0287) (0.0277) (0.0152) (0.0303)

Vega -0.000510** ‐0.000429*** -0.000135 -0.000359*
(0.000175) (0.000101) (0.000128) (0.000103

Observations 2,388 2,394 2,318 2,369
R-squared 0.858 0.935 0.880 0.930

 

*** p<0.01, ** p<0.05, * p<0.1
Stock&Month FE & Clustered SE & PIN measures > 0



High Frequency Posterior Likelihood of Informed Trading Around 
Earnings Announcements
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 Estimate the OSPIN model parameters using two‐weeks of data before and 
two weeks of data after the announcement

 Calculate the posterior likelihood for each information metric on a daily basis 
based on the daily number of trades for the options and the stock by 
moneyness groups.

 Earnings announcement day, t=0

𝐴𝑃𝐿௧ ൌ 𝑃𝐿௧ െ 𝑃𝐿௧ାଵ଴

𝐶𝐴𝐿ିଵ଴ ൌ 𝐴𝑃𝐿ିଵ଴

𝐶𝐴𝐿௧ ൌ 𝐶𝐴𝐿௧ିଵ ൅ 𝐴𝑃𝐿௧, ሼ𝑡 ∈ െ9 𝑡𝑜 ൅ 10 ሽ



CAR Around Earnings Announcements
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CAL‐ Volatility Traders Around Earnings Announcements
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Conclusions
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 Trading model that incorporates both stock and options 
markets
 Estimation
 Probability of informed direction and volatility trading 

 Estimates of high frequency likelihood of informed trading 
on both markets
 Likelihood of informed trading is significantly higher a several 
days prior to announcement in the options markets for ATM 
options

 Future research
 Relation between our metrics and other metrics that are 
used:
 PUT/CALL ratios
 OTM/Total volume 


