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In the years that I've been working with SAS and teaching students how to use it, I find that two 
things consistently confuse those who are new to SAS. First is the default way that the DATA step 
works. Its implied DO-until-end-of-data generates many "How do I tell it how much data to read 
and when to stop?" questions. The second most confusing concept in SAS is that of how dates (and 
times) work within the software. I've seen many misuses of character strings masquerading as dates 
and/or times over the years, as well as unexpected results due to a failure to understand this 
fundamental part of SAS. 

However, the way that SAS reads, stores, and displays dates and times is only the tip of the iceberg 
when it comes to the power and flexibility of SAS in handling this information. There is so much 
more than just having numbers represent date and time values. We'll start with the basics in the first 
three chapters, and then progress to some more advanced uses of those date and time values, taking 
advantage of many of the features available in SAS for that purpose. 

1.1 How Does It Work? (January 1, 1960, and Midnight as Zero) 
SAS counts dates, times, and datetime values separately. The date counter started at zero on 
January 1, 1960. Any day before January 1, 1960, is a negative number, and any day after that is a 
positive number. Every day at midnight, the date counter is increased by one. The time counter is 
measured in seconds and runs from zero (at midnight) to 86,400 (the number of seconds in a day), 
when it resets to zero. SAS calculates datetimes as the number of seconds since midnight, January 
1, 1960. Why January 1, 1960? The founders of SAS wanted to use the approximate birth date of 
the IBM 370 system to represent the beginning of the modern computing era, and they chose 
January 1, 1960, as an easy-to-remember approximation. 
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In deciding whether to use a date, a time, or a datetime, you should consider how you are going to 
use it. Datetimes are always date and time combined; therefore, if you will not always have a time 
available for each date, you should strongly consider using separate date and time variables and 
then calculate a datetime variable from the two components when needed. Normally, attempting to 
create a datetime without both a date and a time will cause an error, and the result will be a missing 
value for the datetime. However, in specific circumstances, it is possible to create a datetime value 
from a date and a missing time (see Section 4.3.3, "ISO Datetime Informats," for an example). In 
these cases, the time will be set automatically to midnight (0 seconds of the given date). You may 
want your datetime value to be missing when there is a date but no time available. In these specific 
circumstances, it is important to keep track of date and time separately. Many programs that handle 
dates (such as databases and spreadsheets) maintain their dates and times as a numeric value 
relative to some fixed point in time, although the date that represents zero is different across each 
package, and packages may vary in how they keep track of time of day. Ultimately, this makes 
calculating durations easy, and working with dates and times stored in this fashion becomes a 
matter of addition, subtraction, multiplication, and division. 

1.2 Internal Representation 
SAS stores dates as integers, while the datetime and time counters are stored as real numbers to 
account for fractional seconds. The origin of the algorithm used for SAS date processing comes 
from a January 14, 1980, Computerworld article by Dr. Bhairav Joshi of SUNY-Geneseo. The 
earliest date that SAS can handle with this algorithm is January 1, 1582 (essentially the 
implementation date of the current Gregorian calendar system). The latest date is far enough into 
the future that at least five digits will be required to display the year. 

Dates as stored by SAS don't do us much good in the real world. The statement "I was born 
on -242" won't mean much to anyone else. However, "I was born on May 4, 1959," can easily be 
translated into something that most people can understand, or it can be used as is. Fortunately, SAS 
has a number of built-in facilities to perform automatic translation between the internal numbers 
stored in SAS and dates and times and their representation as understood by the rest of the world. 
These built-in tools include formats and informats (introduced in Section 1.3 and covered 
extensively in Chapters 2, 3, and 4), date and time constants (Section 1.4), and functions  
(Chapter 5). 

1.3 External Representation (Basic FORMAT Concepts) 
Formats perform an automatic translation between the actual value and the value to be displayed. 
Formats display the date, time, and datetime values in a fashion that is much more easily 
understood. Formats do not change the values themselves; they are just a way to display the values 
in any output. 

When you have dates or times and want to translate them into SAS date and time values, you will 
use informats. Although you will need a statement, procedure, or a function to actually create the 
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SAS values, informats describe what the data look like so that SAS can translate it correctly for 
storage. We will discuss formats and informats in detail in Chapters 2, 3, and 4 because there are 
dozens of them. Three of the most commonly used formats that work with SAS date, time, and 
datetime values are used in the following section. 

1.4 Date and Time as Numeric Constants in SAS 
We've talked about internal and external representation of dates and times. How do you put a 
specific date into a program as a constant? Formats only change the way the values are displayed in 
output, so you can't use them. Informats need a function or a SAS statement to translate the 
characters they are given, so you could use them, but then you would always need to use the 
INPUT() function to create a SAS date in a DATA step or PROC SQL. The INPUT function takes 
a series of characters that you give it and translates it using the informat that describes what the 
series of characters look like. That's very inefficient if you just want one specific date. 

date = INPUT("04AUG2013",DATE9.); 

Look at the program in Example 1.1 to see how date, time, and datetime constants are written into a 
SAS program. Take note of the quotation marks around the values for date, time, and datetime and 
the letters that follow each closing quote. 

Example 1.1: Date Constants 

DATA date_constants; 

date = '04aug2013'd;  /* This is a date constant */ 
time = '07:15:00't;   /* This is a time constant */ 
datetime = '07aug1904:21:31:00'dt;  /* This is a datetime constant 
*/ 
RUN; 

TITLE "Unformatted Constants"; 
PROC PRINT DATA=date_constants; 
VAR date time datetime; 
RUN; 

TITLE "Formatted Constants"; 
PROC PRINT DATA=date_constants; 
VAR date time datetime; 
FORMAT date worddate32. time timeampm9. datetime datetime19.;  /* 
Format the constants */ 
RUN; 

The quotes are used to create a literal value. You may use a pair of single or double quotes to 
specify the literal value. Dates have to be written as ddmonyyyy; times as hh:mm:ss (add a decimal 
point and more digits to represent fractional seconds if necessary); and datetimes as the date 



4   The Essential Guide to SAS Dates and Times, Second Edition 

ddmonyyyy, followed by a separator (frequently seen as a colon [:]) and then the time (hh:mm:ss). 
Aside from the correct formatting of these literal values, the most important part of a 
date/time/datetime constant is the letter that immediately follows the last quote. The letter "D" 
stands for date, "T" for time, and "DT" for datetime. Upper or lower case is valid. If you put one of 
these strings in quotes without the letter at the end, you will create a character variable, not a 
numeric variable with a date, time, or datetime value. The difference might not become apparent 
until you try to do something with the variable you created that involves a calculation. Don't forget 
your "D," "T," or "DT"! This example demonstrates how these constants are defined and then 
automatically converted to their equivalent SAS values. 

The first PROC PRINT statement displays the date, time, and datetime values we created with our 
constants without formats, so we can see the values as they are stored in the data set. 

Unformatted Constants 
date time datetime 

19574 26100 -1748226540 

The second PROC PRINT shows the effect of associating the variable DATE with the 
WORDDATE. format, the variable TIME with the TIMEAMPM. format, and the variable 
DATETIME with the DATETIME. format. 

Formatted Constants 
date time datetime 

August 4, 2013 7:15 AM 07AUG1904:21:31:00 

Without the formats, you can see that the date constants we used to create the values stored in the 
data set are displayed as their actual SAS date, time, and datetime values. They don't make much 
sense to us until a format is associated with the variable. 

What happens if you forget to put the "D," "T," or "DT" after your date constant? In Example 1.2, 
the "D," "T," and "DT" have been removed from the same date, time, and datetime in Example 1.1. 

Example 1.2: Incorrect Date Constants 

DATA bad_date_constants; 

date = '04aug2013';  /* This is NOT a date constant */ 
time = '07:15:00';   /* This is NOT a time constant */ 
datetime = '07aug1904:21:31:00';  /* This is NOT a datetime constant 
*/ 
RUN; 

TITLE "Unformatted Constants"; 
PROC PRINT DATA=bad_date_constants; 
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VAR date time datetime; 
RUN; 

Now we print out the values without formats. While the problem may not be apparent at first 
glance, this result does not look like the unformatted SAS date, time, and datetime values in the 
previous example. 

Unformatted constants 
date time datetime 

04aug2013 07:15:00 07aug1904:21:31:00 

Now let's try to add one day to the date, and a minute (60 seconds) to both the time and datetime. 
Here is a partial log of what happens when we try this with the code in Example 1.2. 

12   DATA bad_date_constants; 
13   date = '04aug2013' + 1; 
14   time = '07:15:00' + 60; 
15   datetime = '07aug1904:21:31:00' + 60; 
16   RUN; 

NOTE: Character values have been converted to numeric 
      values at the places given by: (Line):(Column). 
      13:8    14:8    15:12 
NOTE: Invalid numeric data, '04aug2013' , at line 13 column 8. 
NOTE: Invalid numeric data, '07:15:00' , at line 14 column 8. 
NOTE: Invalid numeric data, '07aug1904:21:31:00' , at line 15 column 
      12. 
 date=. time=. datetime=. _ERROR_=1 _N_=1 

The "invalid numeric data" note in the log tells you that you tried to use a character value to do 
something that requires a numeric value. The boldface last line tells you that you have missing 
values for all three variables, because you were trying to do math with a character value. 
Remember that SAS dates, times, and datetimes are always stored as numbers. When you see 
"invalid numeric data" where you intended to use a date constant, it is highly probable that your 
date constant is missing its identifying "D," "T," or "DT." 

1.5 Length and Numeric Requirements for Date, Time, and 
Datetime 

You can take advantage of the fact that dates are stored as integers to save space when you create 
variables to store them. Instead of using the default length of 8 for numeric variables, set the length 
of the numeric variables where you are storing dates to 4. This will safely store dates from January 
1, 1582 (the earliest date SAS can handle), to October 23, 7701. A length of 5 is overkill, although 
that would extend the ending date another 534,773,760 days! A length of 3 will not accurately store 
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dates outside the range of January 1, 1960, and September 13, 1960. If you declare your date 
variables to be a length of 4, you will be able to store two dates in the space it would take to store 
one if you were using the SAS default length for numeric variables. This can save you a great deal 
of storage space in a large data warehouse. 

Times may present a bit of a problem, because you may need to store fractional seconds. The rule 
is simple enough: If you want to store time values with fractional seconds, you must use a length of 
8 to store them accurately. Otherwise, the length of 4 is long enough to store every possible time 
value from midnight to midnight down to the second. In these cases, not using the default length 
will allow you to store two times in the same amount of space as one. 

Datetime values require more space, because a length of 4 will not store a datetime value with 
accuracy, regardless of whether you want fractional seconds. The number is just too big. As long as 
you are not storing fractional seconds, a length of 6 will store datetimes that accurately represent 
values from midnight on January 1, 1582, to 3:04:31 p.m. on April 9, 6315. Changing the range 
from the default of 8 to 6 for datetime values results in a 25 percent savings in space, which still 
may be significant depending on how much data you have. Of course, if you are going to maintain 
decimal places in your datetime values, you must use the default length of 8. 

I have just provided the absolute minimum lengths required for accuracy. DO NOT attempt to save 
additional space by shrinking the variable lengths beyond 4, 6, or 8 as listed. You will lose 
precision, which could lead to unexpected results. Example 1.3 shows what can happen if you do 
not use enough bytes to store your date values. This example uses the value 19941, which 
represents the date of August 6, 2014, and it is in variables of lengths 3, 4, and 5. 

Example 1.3: The Effect of LENGTH Statements on Dates 

DATA date_length; 
LENGTH len3 3 len4 4 len5 5; 
len3 = 19941; 
len4 = 19941; 
len5 = 19941; 
FORMAT len3 len4 len5 mmddyy10.; 
RUN; 

As the table below shows, when you try to store a date in fewer than 4 bytes, you do not get the 
correct value. Using a length of 4 to store your dates and times (without fractional seconds) is still a 
significant (50 percent) savings in the amount of storage required. You will create inaccuracies in 
your data if you try to save more than that. Saving additional space is not worth the risk of 
inaccurate data. 

len3 len4 len5 
08/05/2014 08/06/2014 08/06/2014 
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1.6 General SAS Options for Dates 
Two options influence the default date and time stamp that SAS places on pages of output and the 
SAS log. The DATE/NODATE option causes the start date and time of the SAS job (or session) to 
appear on each page of the SAS log and SAS output. These values are obtained from the operating 
system clock and are displayed as 24-hour clock time, followed by the day of the week, month, 
day, and four-digit year. If you are running SAS interactively, then the date and time are printed 
only on the output, not the log. By default, the DATE system option is in effect when you start 
SAS. However, if you do not want this default display, then use the NODATE option. You 
probably don't want SAS to display its default date stamp if you are going to put your own date 
and/or time stamp in the title or in a footnote (see Chapter 6). 

As mentioned in the previous paragraph, if the DATE option is enabled, SAS prints the date and 
time that the current SAS session started on each page. If you want a more exact date and time on 
those pages, you can use the DTRESET system option, which will cause SAS to retrieve the date 
and time from the operating system clock each time a page is written. That date and time will then 
be placed on the page instead of the time that the SAS job started. Since the time is displayed in 
hours and minutes, you will only see it change every minute. The DTRESET option can be useful 
in interactive applications or SAS programs that may have been running for days or weeks, where 
knowing when the output was generated is more important than knowing when the SAS session 
began. Since the DTRESET option affects the default SAS date and time stamp, it works only if the 
DATE option is enabled. When you use the NODATE option, using DTRESET will have no effect 
because you aren't using the SAS date and time stamp on your output. 
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ANYDTDTMw. informat  84 
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MONYYw. format and  21 

quick reference  233 
DTQTR interval  151 

INTNX() function  157, 158 
shift point  161 
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external representation of date, time and  2–3 
graphing dates and  194–200 
Hebrew  226 
ISO 8601  92–103, 117–121 
Japanese  226 
"NLS"  214–220 
PUT() function and  55–56 
quick reference  231–233 
Taiwanese  226 
for time  37–41 
using wrong  62–63 

FRA language prefix  214 
FROM= option, EXPAND statement  206, 209–212 
FRS language prefix  214 
FUNCTION statement  52–55 
functions 

calculating intervals  145–149 
creating date, time  140–145 
current date, time  137–138 
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260 Index 
 

P 
%p date directive  49, 223 
PDF destination  14 
PDJULG. informat  66 
PDJULG4. informat  66 
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%V date directive  223 
VALUE statement, FORMAT procedure  47–48 
variables 

See character variables; macro variables; 
numeric variables 

W 
W algorithm  27, 37, 69–72, 139, 223 
%w date directive  49, 223 
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About This Book 

Purpose 
This book is designed to provide a detailed look at how the SAS date facility works, including an in-
depth look at intervals and the interval functions, ISO 8601 date and datetime handling, and the NLS 
formats and informats. It is intended to serve as both a reference and a teaching tool. Ultimately, this 
book will allow the reader to become more confident in their daily work with dates, times, and 
datetimes in SAS. 

Is This Book for You? 
This book is aimed at beginning to intermediate SAS programmers, or those who work with ISO 8601 
data, intervals, and/or reporting in multiple languages. 

What’s New in This Edition 
This new edition includes updated information to reflect the changes in version 9 of SAS; an expanded 
discussion of intervals, including the ability to define your own intervals; a section on how SAS works 
with the ISO 8601 date standards; and a troubleshooting appendix for beginners. 

Scope of This Book 
This book does not cover the SAS/ETS product, except for an overview of the EXPAND procedure. 

About the Examples 

Software Used to Develop the Book's Content 
SAS version 9.4 (TS level 1M0) was used to produce all the examples in this book. 

Example Code and Data 
Many of the examples used in this book have accompanying code and data. 



viii  About This Book 

You can access the example code and data for this book by linking to its author page at 
http://support.sas.com/publishing/authors. Select the name of the author. Then, look for the cover 
thumbnail of this book, and select Example Code and Data to display the SAS programs that are 
included in this book. 

For an alphabetical listing of all books for which example code and data is available, see 
http://support.sas.com/bookcode. Select a title to display the book’s example code. 

If you are unable to access the code through the website, send e-mail to saspress@sas.com. 

Output and Graphics Used in This Book 
Tables in this book were generated using ODS RTF, while graphics were generated as PNG files 
directly in SAS using the GPLOT and SGPLOT procedures. Screen captures were used to show the 
VIEWTABLE displays. 

Additional Help 
Although this book illustrates many analyses regularly performed in businesses across industries, 
questions specific to your aims and issues may arise. To fully support you, SAS Institute and SAS 
Press offer you the following help resources: 

• For questions about topics covered in this book, contact the author through SAS Press:

◦ Send questions by email to saspress@sas.com; include the book title in your
correspondence.

◦ Submit feedback on the author’s page at http://support.sas.com/author_feedback.

• For questions about topics in or beyond the scope of this book, post queries to the relevant
SAS Support Communities at https://communities.sas.com/welcome.

• SAS Institute maintains a comprehensive website with up-to-date information. One page that
is particularly useful to both the novice and the seasoned SAS user is its Knowledge Base.
Search for relevant notes in the “Samples and SAS Notes” section of the Knowledge Base at
http://support.sas.com/resources.

• Registered SAS users or their organizations can access SAS Customer Support at
http://support.sas.com. Here you can pose specific questions to SAS Customer Support; under
Support, click Submit a Problem. You will need to provide an email address to which replies
can be sent, identify your organization, and provide a customer site number or license
information. This information can be found in your SAS logs.
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• Via the Web: http://support.sas.com/author_feedback 
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