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1 Introduction

The PCRA package, with its included CRSP® stocks data and SPGMI factors data, provides important com-

putational support for the book Robust Portfolio Construction and Risk Analysis (RPCRA), co-authored by

Doug Martin, Thomas Philips, Stoyan Stoyanov, Bernd Scherer and Kirk Li. CRSP® stands for the Center

for Research in Security Prices, LLC, an Affiliate of the University of Chicago Booth School of Businsess,

and SPGMI is an acronym for S&P Global Market Intelligence.

There are two versions of the PCRA package:

1. The production CRAN version that is available at https://CRAN.R-project.org/package=PCRA

and which is the focus of this document, and

2. The development version located at https://github.com/robustport/PCRA.

This document focuses on two data.table objects in PCRA: stocksCRSPmonthly and factorsSPGMIr,

as well as the function selectCRSPandSPGMI for extracting subsets of their data sets jointly or sepa-

rately. When doing so, the user can specify the format of the extracted data – it can be returned either

as a data.table or as an xts time series object.

The stocksCRSPmonthly data set consists of monthly CRSP® stock returns and descriptive data for 294

stocks from January 1993 to December 2015, while factorsSPGMIr contains 14 monthly factor exposures

and related data for each of the stocks in stocksCRSPmonthly. The postscript “r” in factorsSPGMIr

signifies that the factor data has been slightly rounded to decrease the size of the dataset – full precision

data can be found in the development version of PCRA. Further details concerning factorsSPGMIr and

factorsSPGMI are provided in the vignette “PCRA Package Overview” that is mentioned above.
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Note that unlike the open source functions in the PCRA package, the CRSP® stocks and SPGMI factors

data are not open source, and may not be redistributed in any form or used for any commercial (i.e. non-

educational) purpose.

The authors of the PCRA package wish to express their gratitude to CRSP® and SPGMI for allowing them to

provide these data sets in the PCRA package. Their inclusion is of great educational benefit to students, who

will more effectively learn portfolio construction and risk analysis methods through the use of these data sets

in reproducing the examples in the PCRA book, as well as by doing computational exercises provided by

their course instructors, both from this book and elsewhere.

The complete set of R code chunks in the remainder of this document is provided in the CRSPandSPGMIdata.R

script in the demo folder of the PCRA package, and we recommend running the code in conjunction with

reading this vignette.

PCRA makes extensive use of the data.table package. Our primary motivation for its extensive use in

PCRA (as well as in the companion cross-section factor models package facmodCS) are:1

1. The enhanced performance of data.table objects for factor model fitting and portfolio optimization

using large cross-sections of stock returns and factor exposures, and

2. The ability of data.table objects to support portfolio optimization with a time-varying number of

investible assets.

In order to access the CRSP® stocks and SPGMI factors data, one needs to install the PCRA package from

CRAN, or the development version of PCRA located at https://github.com/robustport, depending

on one’s preference or an instructor’s guidance. The CRAN version of PCRA can be installed in RStudio

using the Tools > Install Packages menu, and its development version can be installed by first using

RStudio to install the devtools package from CRAN, and then typing the following line of code in the

RStudio Console: devtools::install_github("robustport/PCRA").

2 The CRSP® Stocks and SPGMI Factors Data Sets

2.1 The stocksCRSPmonthly Data Set

Most of the contents of this section apply equally well to the weekly and daily CRSP® data,

After installing the PCRA and data.table packages, the following lines of code can be used to load and

extract the class, dimension, and names of the stocksCRSPmonthly data:

1data.table’s extensive data manipulation capabilities and enhanced performance have contributed to its immense popularity
– it is downloaded close to a million times each month. Complete details about its use are provided in its Reference Manual and
extensive Vignettes available at https://CRAN.R-project.org/package=data.table.
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library(PCRA)

library(data.table)

class(stocksCRSPmonthly) # Class of stocksCRSPmonthly

## [1] "data.table" "data.frame"

dim(stocksCRSPmonthly) # Number of rows and columns

## [1] 81144 14

names(stocksCRSPmonthly) # Names of items in each column

## [1] "Date" "Ticker" "TickerLast" "Company" "CapGroup"

## [6] "CapGroupLast" "GICS" "Sector" "Return" "RetExDiv"

## [11] "Price" "PrcSplitAdj" "Ret13WkBill" "MktIndexCRSP"

The dimension values 81,144 and 14 are the number of rows and columns, respectively, in stocksCRSPmonthly.

The number of rows is equal to the number of stocks (294) times the number of months (276) from January

1993 to December 2015, i.e. 294 × 276 = 81, 144. The fourteen columns contain the fourteen data items

(variables) whose names are displayed above.

The temporal structure of stocksCRSPmonthly is revealed by displaying the first and last five rows of its

first four columns using a single line of code2:

stocksCRSPmonthly[, 1:4]

## Date Ticker TickerLast Company

## <Date> <char> <char> <char>

## 1: 1993-01-31 ARONA AAN AARONS INC

## 2: 1993-01-31 ABM ABM A B M INDUSTRIES INC

## 3: 1993-01-31 ABT ABT ABBOTT LABORATORIES

## 4: 1993-01-31 ADBE ADBE ADOBE INC

## 5: 1993-01-31 ADI ADI ANALOG DEVICES INC

## ---

## 81140: 2015-12-31 WGO WGO WINNEBAGO INDUSTRIES INC

## 81141: 2015-12-31 WHR WHR WHIRLPOOL CORP

## 81142: 2015-12-31 WMT WMT WALMART INC

2It is a data.table feature that by default only the first and last five rows are printed.

3



## 81143: 2015-12-31 WTS WTS WATTS WATER TECHNOLOGIES INC

## 81144: 2015-12-31 XOM XOM EXXON MOBIL CORP

It is apparent that the table consists of 276 blocks of length 294, where each block contains data for the 294

stocks for one of the months between 1993 and 2015.

The ten stocksCRSPmonthly data items “Date”, “Ticker”, “TickerLast”, “Company”, “Return”, “RetEx-

Div”, “Price”, “PrcSplitAdj”, “Ret13WkBill”, and “MktIndexCRSP” are provided by CRSP®. The ticker

of a company can change over time, and thus the “Ticker” column contains the tickers of the stocks in

stocksCRSPmonthly as they originally appeared in that month. As a matter of convenience in some ap-

plications, and in order to have a single unique ticker for each stock, “TickerLast” contains the stock ticker

of each company as of December, 2015. The “Company” item contains the names of the companies in De-

cember 2015.3 Section 7 provides the mapping of all but the first of the above ten item names to the names

used internally by CRSP®.

The “GICS” data is based the Global Industry Classification Standard six digit code developed by MSCI

and Standard and Poor’s (S&P), the details of which are available at https://en.wikipedia.org/wiki/

Global_Industry_Classification_Standard. The “Sector” item indicates which of a number of

broad industry groups each Company belongs to, and the following line of code reveals that the stocks

in stocksCRSPmonthly belong to one of eight sectors:

unique(stocksCRSPmonthly[ , Sector])

## [1] "Information Technology" "Industrials" "Health Care"

## [4] "Consumer Staples" "Energy" "Materials"

## [7] "Consumer Discretionary" "Communication Services"

The GICS classification has eleven sectors , consisting of the eight listed above as well as “Financials”,

“Utilities” and “Real Estate”. It just so happened that in the process of selecting 294 stocks with relatively

few missing factor exposures for use in both the stocksCRSPmonthly and factorsSPGMI data sets, we

ended up with only eight of the eleven possible sectors.4

The “CapGroup” data is the time-varying capitalization group of a company for each month from the begin-

ning of 1993 until the end of 2015, and its values are one of the character strings “MicroCap”, “SmallCap”,

“MidCap” or “LargeCap”. CapGroup can be useful when one wants to study the performance of a capital-

ization group portfolio, e.g., an equally-weighted or value-weighted portfolio consisting of all the SmallCap

stocks in stocksCRSPmonthly. Again, for convenience, “CapGroupLast” is the market capitalization group

3Some company names also change over time, but since time varying tickers are provided, we do not provide time series of
company names.

4In a subsequent version of this Vignette we will explain what we mean by “relatively few”, and how we handle such data.
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of a company as of December, 2015. The methodology we use to compute the CapGroup breakpoints for

each month is discussed in Section 6.

Detailed descriptions of the data in the columns of stocksCRSPmonthly are provided in the “PCRA Refer-

ence Manual”, which is downloadable from the CRAN PCRA website (https://CRAN.R-project.org/

package=PCRA), and you can view these descriptions using the R help function:

help(stocksCRSPmonthly)

Readers are encouraged to familiarize themselves with the detailed descriptions of the data in the columns

of stocksCRSPmonthly.

2.2 The factorsSPGMIr Data Set

Everything discussed in this section applies equally well to the unrounded SPGMI factors data set factorsSPGMI.

It takes only three lines of code to display the class, dimension, and item names associated with factorsSPGMIr

in the RStudio Console:

class(factorsSPGMIr)

## [1] "data.table" "data.frame"

dim(factorsSPGMIr)

## [1] 81144 22

names(factorsSPGMIr)

## [1] "Date" "Ticker" "TickerLast" "Company"

## [5] "CapGroup" "CapGroupLast" "GICS" "Sector"

## [9] "AnnVol12M" "Beta60M" "BP" "EP"

## [13] "LogMktCap" "PM12M1M" "AccrualRatioCF" "AstAdjChg1YOCF"

## [17] "CFROIC" "Chg1YAstTo" "EBITDAEV" "FCFP"

## [21] "PM1M" "SEV"

Observe that the number of rows of the factorsSPGMIr table is the same as for the stocksCRSPmonthly

table, but the number of columns is 22, not 14. The first 8 columns of factorsSPGMIr are identical to the

first 8 columns of stockSPGMI, and its last 14 columns contain the 14 SPGMI factors, whose values are

referred to as factor exposures. Detailed descriptions of each of the 14 factors are provided in the “PCRA
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Reference Manual”, which is downloadable from the PCRA CRAN website, and can be viewed in the

RStudio help tab with:

help(factorsSPGMIr)

We recommend that readers familiarize themselves with the detailed descriptions of the 14 factor exposures

in factorsSPGMIr.

The following code line displays the first and last five rows of the first four columns of factorsSPGMIr and

makes clear that it has the same table structure as stocksCRSPmonthly:

factorsSPGMIr[,c(1, 3, 10:13)]

## Date TickerLast Beta60M BP EP LogMktCap

## <Date> <char> <num> <num> <num> <num>

## 1: 1993-01-31 AAN 0.568293 0.238790 0.024082 19.14829

## 2: 1993-01-31 ABM 0.372993 0.652647 0.081418 18.80814

## 3: 1993-01-31 ABT 0.870097 0.144898 0.050909 23.87029

## 4: 1993-01-31 ADBE 1.506698 0.244278 0.050120 20.65160

## 5: 1993-01-31 ADI 1.543395 0.464578 0.006061 20.48174

## ---

## 81140: 2015-08-31 TSS 0.870700 0.210467 0.038185 22.85988

## 81141: 2015-09-30 TSS 0.886000 0.212320 0.038521 22.85111

## 81142: 2015-10-31 TSS 0.886000 0.183903 0.033365 22.99480

## 81143: 2015-11-30 TSS 0.950700 0.182180 0.035025 23.05666

## 81144: 2015-12-31 TSS 1.039900 0.204714 0.039357 22.94004

Check that factorsSPGMIr[c(1:3, 81142:81144), c(1, 2, 11, 12)] results in the first and last

three rows of the “Date”, “Ticker”, “BP”, and “EP” columns of factorsSPGMIr being printed and that

factorsSPGMIr[1, 17:22] results in the last six rows of its first column being printed.

2.3 Manipulating a data.table

The simple method of sub-setting the columns of a data.table with numeric column values is identical

to the method applicable to data.frames. But sub-setting columns by their names is done differently for

data.table and data.frame objects. We illustrate this by first converting the stocksCRSPmonthly to a

data.frame object in preparation for comparing sub-setting by column names:
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dat.df <- data.frame(stocksCRSPmonthly)

class(dat.df)

## [1] "data.frame"

names(dat.df)

## [1] "Date" "Ticker" "TickerLast" "Company" "CapGroup"

## [6] "CapGroupLast" "GICS" "Sector" "Return" "RetExDiv"

## [11] "Price" "PrcSplitAdj" "Ret13WkBill" "MktIndexCRSP"

Recall that you can subset a data.frame by using a character vector of the column names in quotes, and

if you subset by two or more columns, the subset will also be a data.frame. But if you subset a single

column, the result is (somewhat unexpectedly) a vector instead of a data.frame. We can force R to return

a data.frame by using the drop = FALSE argument when sub-setting a single column as in the example

below.

dat.Return <- dat.df[ , "Return"]

class(dat.Return)

## [1] "numeric"

dat.Return <- dat.df[ , "Return", drop = FALSE]

class(dat.Return)

## [1] "data.frame"

dat.DateAndReturn <- dat.df[, c("Date","Return")]

class(dat.DateAndReturn)

## [1] "data.frame"

In the case of a data.table, we can subset a single column, for example the “Return” column, by using

its name without quotes, but the result is once again a vector (in this case a numeric vector) instead of a

data.table. The way to return a data.table when sub-setting one or more columns of a data.table is

to define the subset using a list of column names without quotes, e.g., list(Return) instead of Return.

This is illustrated below, where it is also shown that .(Return) is shorthand for list(Return), and that

this shorthand also works when selecting two or more columns of a data.table.
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dat <- stocksCRSPmonthly # This is a data.table

dat.Return <- dat[, Return]

class(dat.Return)

## [1] "numeric"

dat.Return <- dat[, list(Return)]

class(dat.Return)

## [1] "data.table" "data.frame"

dat.Return <- dat[, .(Return)]

class(dat.Return)

## [1] "data.table" "data.frame"

dat.DateAndReturn <- dat[, .(Date, Return)]

class(dat.DateAndReturn)

## [1] "data.table" "data.frame"

There is much to learn about manipulating data.table objects, and the interested reader can begin to

do so by reading the “Introduction to data.table” Vignette at https://CRAN.R-project.org/package=

data.table.

Meanwhile, the code below illustrates simple uses of data.table sub-setting of a single column, which

results in a numeric object, first to compute the number of rows of stocksCRSPmonthly, and then to

determine first and last dates of stocksCRSPmonthly.

nMonths <- length(unique(stocksCRSPmonthly[,Date]))

nStocks <- length(unique(stocksCRSPmonthly[,TickerLast]))

nMonths

## [1] 276

nStocks

## [1] 294
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nMonths*nStocks # Number of rows

## [1] 81144

range(stocksCRSPmonthly[,Date]) # First and last date

## [1] "1993-01-31" "2015-12-31"

We suggest the reader create the data set datBPwith datBP <- factorsSPGMIr[ , .(Date, TickerLast,

BP)], and, without looking at datBP, estimate its dimension. It is a simple matter to then confirm whether

or not one’s estimate is correct.

3 Selecting CRSP® Stocks and SPGMI Factors Data

We next discuss use of the selectCRSPandSPGMI function to select individual or merged subsets of CRSP®

stocks in stocksCRSPmonthly and SPGMI factors in factorsSPGMIr, returning either a data.table or

a time series xts object. This capability will be particularly useful for creating cross-section factor model

data sets for use in the cross-section factor models package facmodCS.

The default arguments of selectCRSPandSPGMI are:

args(selectCRSPandSPGMI)

## function (periodicity = "monthly", dateRange = c("1993-01-31",

## "2015-12-31"), stockItems = c("Date", "TickerLast", "CapGroupLast",

## "Sector", "Return", "Ret13WkBill", "MktIndexCRSP"), factorItems = c("BP",

## "LogMktCap", "SEV"), subsetType = NULL, subsetValues = NULL,

## outputType = "xts")

## NULL

It is important to keep in mind that:

1. When the default periodicity = “monthly” is used, the stocks data set stocksCRSPmonthly is

used,

2. When the factorItems = argument is not set to factorItems = NULL , the factorsSPGMIr

data is used,
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3. When the parameter factorPrecision = “rounded” is used, the function will select factor data

from the rounded factorsSPGMIr data set. Setting this parameter to “not_rounded” will use the full

precision factors SPGMI data available in both the DataPlus folder of the PCRA package, as described

in Section 4, and in the development version of PCRA (assuming the user has the development version

installed and loaded).

The reader should now type

help(selectCRSPandSPGMI)

and carefully read the Arguments and Details sections.

In general stockItems can be any subset of the 14 stocksCRSPmonthly items, and factorItems can be

any subset of the 22 factorsSPGMIr items. Note that 8 items in stocksCRSPmonthly and factorsSPGMIr

are duplicated, and any subset of these items needs to be specified in either stockItems or factorItems,

but not both.

Example 1. In the code example below we select 6 of 14 stocksCRSPmonthly items and select no fac-

torsSPGMIr items.

stockItems1 <- c("Date","TickerLast","CapGroupLast","Return","MktIndexCRSP",

"Ret13WkBill")

dateRange <- c("1997-01-31","2010-12-31")

stocksSmall <- selectCRSPandSPGMI("monthly", dateRange = dateRange,

stockItems = stockItems1, factorItems = NULL,

subsetType = "CapGroupLast",

subsetValues = "SmallCap",

outputType = "data.table")

length(unique(stocksSmall[, TickerLast]))

## [1] 106

dim(stocksSmall)

## [1] 17808 6

names(stocksSmall)

## [1] "TickerLast" "Date" "CapGroupLast" "Return" "MktIndexCRSP"

## [6] "Ret13WkBill"
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range(stocksSmall[, Date])

## [1] "1997-01-31" "2010-12-31"

Exercise. Show that the number rows of stocksSmall is equal to the number of months times the number

of stocks.

Example 2. In the code example below, for which we have in mind studying the relationship between small

capitalization stock returns and the Size, Beta and BM factors, we select the SmallCap subset over the same

time range as in the example above, but without the MktIndexCRSP and Ret13WkBill stockItems, and

with the LogMktCap, Beta60M and EP factorItems.

stockItems2 <- c("Date", "TickerLast", "CapGroupLast", "Return")

factorItems <- c("LogMktCap", "Beta60M", "EP")

dateRange <- c("1997-01-31", "2010-12-31")

stocksSmall3Fac <- selectCRSPandSPGMI("monthly",

dateRange = dateRange,

stockItems = stockItems2,

factorItems = factorItems,

subsetType = "CapGroupLast",

subsetValues = "SmallCap",

outputType = "data.table")

length(unique(stocksSmall3Fac[, TickerLast]))

## [1] 106

dim(stocksSmall3Fac)

## [1] 17808 7

names(stocksSmall3Fac)

## [1] "TickerLast" "Date" "CapGroupLast" "Return" "LogMktCap"

## [6] "Beta60M" "EP"

Example 3. Here we modify the code of Example 1 by changing subsetValues = “SmallCap” to

subsetValues = “MicroCap”, and changing outputType from “data.table” to “xts”. This cre-
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ates the xts time series object stocksMicro, which consists of the MicroCap stocks in stocksCRSPmonthly,

along with the return of the market ("MktIndexCRSP"), and the risk-free rate ("Ret13WkBill").5

dateRange <- c("1997-01-31","2010-12-31")

stocksMicro <- selectCRSPandSPGMI("monthly",

dateRange = dateRange,

stockItems = stockItems1,

factorItems = NULL,

subsetType = "CapGroupLast",

subsetValues = "MicroCap",

outputType = "xts")

class(stocksMicro)

## [1] "xts" "zoo"

dim(stocksMicro)

## [1] 168 36

names(stocksMicro)

## [1] "AE" "ALCO" "ALOT" "AMOT" "ARKR"

## [6] "ASEI" "AVD" "AVHI" "BOOM" "CMTL"

## [11] "COHU" "CTS" "DXYN" "ESIO" "FLXS"

## [16] "GHM" "GPX" "HNGR" "HWKN" "JOUT"

## [21] "LDR" "MCS" "MERC" "MOD" "MTRN"

## [26] "MYE" "PIR" "PKE" "POWL" "SPXC"

## [31] "SUP" "TG" "TTI" "WGO" "MktIndexCRSP"

## [36] "Ret13WkBill"

We see that stocksMicro is indeed an xts time series object, with 168 rows and 36 columns, where

the names of the first 34 columns are the tickers of the microcap stocks, and the last two columns con-

tain"MktIndexCRSP" and "Ret13WkBill", respectively.6

For labeling convenience, we replace "MktIndexCRSP" with “Market” and "Ret13WkBill" with “Risk-

Free”, and display in Figure 3 the time series of returns of the first 4 microcap stocks, the Market, and the
5Note that since outputType = “xts” is the selectCRSPandSPGMI default value of outputType, you could have just

omitted the outputType argument, but for the sake of clarity it is good practice to include the argument.
6You get an xts object without the market returns and the risk-free rates by using stockItems = stockItems2 instead of

stockItems = stockItems1 in the above code.
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Risk-Free rate.

names(stocksMicro)[c(35,36)] <- c("Market", "Risk-Free")

Figure 1: Returns of the first 4 CRSP® microcap stocks, the Market, and the Risk-Free rate from 1997 to
2010

3.1 Manipulation of xts Objects

The package xts contains a large set of functions for manipulating and plotting xts objects, and you need

to have xts loaded in order to take advantage of its capabilities. We illustrate here just one such capability

here, namely use of the index and range functions as applied to the stocksMicro xts object we earlier

created .

library(xts)

datesIndex <- index(stocksMicro)

class(datesIndex)

## [1] "Date"

length(datesIndex) # Recall 14 years x 12 months
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## [1] 168

head(datesIndex, 3)

## [1] "1997-01-31" "1997-02-28" "1997-03-31"

tail(datesIndex, 3)

## [1] "2010-10-31" "2010-11-30" "2010-12-31"

range(datesIndex)

## [1] "1997-01-31" "2010-12-31"

To find out more about working with xts objects, it is recommended to read the vignettes “xts: Extensible

Time Series” and “xts FAQ”, both of which are available at https://CRAN.R-project.org/package=

xts. A number of online tutorials for xts are also available.

3.2 A Simple Selection Function for CRSP® Stocks Data

As we have seen, the function selectCRSPandSPGMI has general capabilities for selecting joint and sepa-

rate subsets of stockCRSPmonthly and factorsSPGMIr. Sometimes, users of PCRA may wish to create

an xts time series object from a very simple subset of the stocks in stocksCRSPmonthly, e.g., by speci-

fying only a time interval and a subset of the tickers in TickerLast. The function stocksCRSPxts serves

this purpose, and its arguments are:

args(stocksCRSPxts)

## function (data, dateRange = c("1993-01-31", "2015-12-31"), tickerSet = NULL)

## NULL

Use of stocksCRSPxts with the default arguments creates an xts object that contains the entire cross-

section of 294 CRSP® stocks for the entire 276 month time interval 1993 - 2015:

stocksAll <- stocksCRSPxts(stocksCRSPmonthly)

class(stocksAll)

## [1] "xts" "zoo"
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dim(stocksAll)

## [1] 276 294

library(xts)

range(index(stocksAll))

## [1] "1993-01-31" "2015-12-31"

The following is a typical application example where the simple function stocksCRSPxts proves conve-

nient. The goal of the application is to compute the excess Kurtosis (eKR) of the cross-section of CRSP®

stocks monthly returns for the 6 contiguous time intervals "1993-1995", "1996-1999", "2000-2003", "2004-

2007", "2008-2011", "2012-2015", and display the cross-section distributions of the eKR values with 6

boxplots. The code is displayed below and is followed by the display of the boxplots in Figure 2.

# Extract cross-sections of stocksCRSPmonthly returns on 6 time intervals

dates1 <- c("1993-01-31","1995-12-31")

dates2 <- c("1996-01-31","1999-12-31")

dates3 <- c("2000-01-31","2003-12-31")

dates4 <- c("2004-01-31","2007-12-31")

dates5 <- c("2008-01-31","2011-12-31")

dates6 <- c("2012-01-31","2015-12-31")

ret1 <- stocksCRSPxts(stocksCRSPmonthly,dateRange = dates1)

ret2 <- stocksCRSPxts(stocksCRSPmonthly,dateRange = dates2)

ret3 <- stocksCRSPxts(stocksCRSPmonthly,dateRange = dates3)

ret4 <- stocksCRSPxts(stocksCRSPmonthly,dateRange = dates4)

ret5 <- stocksCRSPxts(stocksCRSPmonthly,dateRange = dates5)

ret6 <- stocksCRSPxts(stocksCRSPmonthly,dateRange = dates6)

# Compute cross-section of excess kurtosis values on those time intervals

eKR1 <- apply(coredata(ret1),2,KRest)

eKR2 <- apply(coredata(ret2),2,KRest)

eKR3 <- apply(coredata(ret3),2,KRest)

eKR4 <- apply(coredata(ret4),2,KRest)

eKR5 <- apply(coredata(ret5),2,KRest)

eKR6 <- apply(coredata(ret6),2,KRest)

eKR <- cbind(eKR1,eKR2,eKR3,eKR4,eKR5,eKR6)

times <- c("1993-1995","1996-1999","2000-2003","2004-2007","2008-2011","2012-2015")
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boxplot(eKR, xaxt = "n", ylim = c(-2,12), main = "Excess Kutosis stocksCRSPmonthly",

cex.main = 1.5, col = "cyan")

axis(1, at=1:6, labels=times, cex.axis = 1.1)

abline(h=0, lty = "dotted")

Figure 2: Boxplots of cross-sections of CRSP® stock returns excess kurtosis (eKR) for 6 contiguous time
intervals

4 Using Weekly and Daily CRSP® Data and Unrounded SPGMI Data

The data sets stocksCRSPweekly, stocksCRSPdaily, and the unrounded SPGMI data set factorsSPGMI,

do not exist in the PCRA package on CRAN. Instead they are contained in the DataPlus folder of the PCRA

package repository (repo) at https://github.com/robustport.

These data sets can be accessed using the getPCRAdata function in the PCRA package. We next illustrate

its use to extract stocksCRSPweekly data:

stocksCRSPweekly <- getPCRAData(dataset = "stocksCRSPweekly")

dateRange <- c("2000-01-7","2000-12-31")

stocksMicroWeekly <- selectCRSPandSPGMI("weekly",

dateRange = dateRange,

stockItems = stockItems1,
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factorItems = NULL,

subsetType = "CapGroupLast",

subsetValues = "MicroCap",

outputType = "xts")

class(stocksMicroWeekly)

## [1] "xts" "zoo"

dim(stocksMicroWeekly)

## [1] 52 36

names(stocksMicroWeekly)[35] <- "Market"

Next, we create a time series plot of the data using:

tsPlotMP(stocksMicroWeekly[, c(1:5,35)], scaleType = "free", stripText.cex = .45,

yname = "RETURNS", layout = c(1,6), type = "l", axis.cex = 0.7, lwd = 0.6)

dev.off()
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Figure 3: Time series of weekly returns for the first 5 of the 34 MicroCap CRSP® stocks, and the CRSP®

Market returns

To obtain returns and related data for daily CRSP® stocks, we need only replace "stocksCRSPweekly"

with "stocksCRSPdaily" in the getPCRAData function, and the argument “weekly” with “daily” in

the selectCRSPandSPGMI function.

N.B. Since stocksCRSPmonthly is already contained in the CRAN version of PCRA, it is not contained
in the DataPlus folder in the PCRA repository (“repo”) at https://github.com/robustport. Using

stocksCRSPmonthly as the argument to getPCRAData you will result in an error.

5 Basic Data.Table Manipulations

The data.table package provides a variety of powerful data manipulation and analysis tools, some of

which are quite simple, as we illustrate here.
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5.1 Sector and Capitalization Group Counts

You will have noticed that stocksCRSPmonthly and factorsSPGMIr data.table objects contain “Sec-

tor”, and “CapGroupLast” variables. The following code prints the number of stocks in each sector and

capitalization group.

lastDate <- tail(factorsSPGMIr[,Date],1)

factorsSPGMILast <- factorsSPGMIr[Date == lastDate]

factorsSPGMILast[ , .N, by = Sector]

## Sector N

## <char> <int>

## 1: Information Technology 41

## 2: Industrials 92

## 3: Health Care 31

## 4: Consumer Staples 29

## 5: Energy 20

## 6: Materials 26

## 7: Consumer Discretionary 46

## 8: Communication Services 9

factorsSPGMILast[ , .N, by = CapGroup]

## CapGroup N

## <char> <int>

## 1: SmallCap 106

## 2: LargeCap 87

## 3: MicroCap 34

## 4: MidCap 67

Exercise. Modify the above code to check that the stocks’ sectors are the same in January 1993 as they are

in December 2015, but their capitalization groups are not always the same in these two months (some small

companies will grow much faster than their peers while others, in constrast, will decline).

5.2 Extracting a Subset of the Variables

We typically work with a merged or unmerged subset of the variables in stocksCRSPmonthly and factorsSPGMIr,

and often end up needing only a few of the items in the the subset. For example, we might find that
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we are interested in only the Date, TickerLast, Return, Beta60M and EP items of the data.table object

stocksSmall3Fac in Example 2 of Section 2. The following code creates the data.table we need:

colNames <- c("Date", "TickerLast", "Return", "Beta60M", "EP")

stocksSmall3FacSubset <- stocksSmall3Fac[, .SD , .SDcols = colNames]

names(stocksSmall3FacSubset)

## [1] "Date" "TickerLast" "Return" "Beta60M" "EP"

In this code, .SD represents the subset of columns that is specified by .SDcols. For further details on .SD,

see the “Using .SD for Data Analysis” Vignette at https://CRAN.R-project.org/package=data.table.

5.3 Renaming Variables

Some of the names of variables in stocksCRSPmonthly and factorsSPGMIr are long, and it is often

convenient to shorten them. We may, for example, wish to replace the names "MktIndexCRSP" and

“Ret13WkBill” with the shorter common names “Market” and "RiskFree". This is easily done using

data.table’s setnames function, as is done below for the data set stocksSmall of Example 1:

setnames(stocksSmall, old = c("MktIndexCRSP", "Ret13WkBill"),

new = c("Market","RiskFree"))

names(stocksSmall)

## [1] "TickerLast" "Date" "CapGroupLast" "Return" "Market"

## [6] "RiskFree"

5.4 Intersecting Sector and Size Groupings

One sometimes wants to study portfolios whose constituents are all drawn from a single sector and size

group, e.g. the Information Technology (IT) sector of the SmallCap group. This is easily done by first

obtaining the subset of all SmallCap stocks for the default dateRange of 1993 to 2015 and then extracting

the Information Technology sector from this subset.

stockItems <- c("Date", "TickerLast", "CapGroupLast", "Return", "Sector")

stocksSmallCap <- selectCRSPandSPGMI("monthly",

stockItems = stockItems, factorItems = NULL,

subsetType = "CapGroupLast",

subsetValues = "SmallCap",
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outputType = "data.table")

length(unique(stocksSmallCap[,TickerLast])) # Verifying that there are 106 smallcap stocks

## [1] 106

stocksSmallCapIT <- stocksSmallCap[Sector == "Information Technology"]

unique(stocksSmallCapIT[,TickerLast])

## [1] "AAN" "AMD" "AXE" "BMI" "CRUS" "CY" "DBD" "IDTI" "IIVI" "KLIC"

## [11] "MENT" "MTSC" "NEWP" "PLXS"

5.5 Selecting a Time Range for a Set of Stocks and Factors

One may wish to look at stocks, factors, or merged stocks and factors data over a specified subset of a longer

timeframe. For example, we can extract the 5 years from 2010 to 2014 of the stocksSmallCapIT data with

the first line below, and check its time range and length (i.e. the number of months) with the second and

third lines:

stocksSmallCapIT5Year <- stocksSmallCapIT[stocksSmallCapIT[,Date] >= as.Date("2010-01-31") &

stocksSmallCapIT[,Date] <= as.Date("2014-12-31"), ]

range(stocksSmallCapIT5Year[,Date])

## [1] "2010-01-31" "2014-12-31"

length(unique(stocksSmallCapIT5Year[,Date]))

## [1] 60

6 CRSP® Stocks Market Capitalization Break Points

We use a methodology similar to both the CRSP® method (https://www.crsp.org/indexes/breakpoints-

chart/) and and the MSCI method7 to allocate the 294 firms in the stocksCRSPmonthly universe into four

disjoint groups. To do so, we first sort the universe of stocks in each month by their market capitalization

and then separate them into four disjoint groups using capitalization breakpoints.

7See the "Variable threshold" at https://www.msci.com/indexes/index-resources/market-classification.
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Specifically, we separate companies into Large-, Mid-, Small-, and Micro-cap groups, where Large-cap

companies are those that cumulatively comprise the largest 70% of the total market capitalization of our

universe. Mid-cap companies are those that account for the next 15% of the market capitalization of our

universe. Small-Cap firms account for a further 13% of the market capitalization of our universe and Micro-

cap firms account for the remaining 2%. We use a point-in-time methodology to estimate dollar breakpoints

at each month end from 1993 to 2015.

Expressed in dollars, the January 1993 Large-, Mid-, and Small-Cap breakpoints were $4,257,427,625,

$1,518,241,542, and $138,749,166, respectively, meaning that Large-cap companies had market capitaliza-

tions in excess of $4.257B, while Micro-cap companies had market capitalizations smaller than $138.7Mh.

By December 2015, these breakpoints had grown to $15,632,448,677, $5,418,935,675, and $604,640,580,

respectively.

7 Names of CRSP® Items in stocksCRSPmonthly Data Set

The following table provides table provides CRSP® database Names and Descriptions that correspond to

our PCRA package stocksCRSPmonthly item names.

stocksCRSPmonthly Name CRSP® Names Monthly CRSP® Description

Ticker Ticker Ticker

TickerLast Tickerl Ticker on Last Date

Company Company Company on Last Date

Return mret Total Returns

RetExDiv mretx Returns Without Dividends

Price mprc Closing Price

PrcSplitAdj madjprc Adjusted Closing Price

Ret13WkBill kyindno 1000707 CRSP® CTI Indexes 90-Day

MktIndexCRSP kyindno 1000200 Value-Weighted Market Index*

*Total Return of the CRSP® NYSE/NYSEMKT/NASDAQ/Arca Value-Weighted Market Index.
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