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Chapter 1

Introducing SEED

What is SEED?

The Standard for the Exchange of Earthquake Data (SEED) is an international standard format for the exchange of 
digital seismological data.  SEED was designed for use by the earthquake research community, primarily for the 
exchange between institutions of unprocessed earth motion data.  It is a format for digital data measured at one point in 
space and at equal intervals of time.

SEED helps seismologists who record, share, and use seismological data.  By providing a standard, SEED makes 
transmitting, receiving, and processing earthquake data easier and more accurate.  Before the introduction of SEED, 
ease and accuracy had been goals, but not really attained.

SEED’s Background

Before the 1970’s, analog media (usually paper or film) were the sole means of recording seismic data.  When research-
ers wanted to exchange this recorded data, they had to deliver the original seismogram recordings or copies.  When 
they needed to describe important associated information about a recording, they would write the information — such 
as the station code, starting and ending date and time, time corrections, instrument orientation, dominant frequency 
pass band, and magnification — by hand on a seismogram.  To extract information from such data, researchers had to 
measure a seismogram’s parameters by hand.  Interpretation relied on additional information  (including station coor-
dinates, instrument types, and operating organization) derived from the station operator or from standard sources such 
as the National Earthquake Information Service (NEIS) Seismograph Station Codes and Coordinates (see Presgrave 
(1985)).
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Seismologists have used digital recording methods since about 1970.  While these methods have increased data quality, 
they have also meant new challenges.  Data exchange has been complicated by different data logger formats, by different 
computer systems, and by incompatible exchange media.  One cannot use, or even visually examine digital data without 
extensive processing with additional computer hardware and software.

Many researchers collect digital earthquake data to perform computationally intensive waveform analyses.  These 
analyses require much more auxiliary information — information such as detailed instrument responses. This auxiliary 
information is needed in computer-readable form and is sometimes distributed on the same electronic media as the raw 
seismic data.  Some institutions collect and distribute data in various formats, and whoever receives that data may have 
to do substantial work to read it. Sometimes the required auxiliary information is incomplete or not even available in 
computer-readable form.

Seismologists around the world are aware of these problems, and have recognized the need for a seismic data exchange 
standard to solve them.  Many have created exchange formats, but none has succeeded in creating a de facto standard.  
In 1976, the International Deployment of Accelerometers (IDA) format was introduced.  Perhaps because of its wide 
distribution, the most successful format before SEED may be the United States Geological Survey (USGS), Global Digital 
Seismograph Network (GDSN), Network-Day Tape format.  This format became the only significantly used format within 
the United States until 1987, when the International Federation of Digital Seismograph Networks (FDSN) formally 
adopted SEED.  While the GDSN format has been adopted or emulated for some networks, it has not worked as an 
exchange standard because: 1) the cost to reformat data for it is often too high, 2) it is too limited for other seismic applica-
tions because of its orientation toward continuously-recorded global observatory data, and 3) it is not flexible enough to 
encompass changes in seismic instrumentation and computer media technologies.

In 1985, the International Association for Seismology and Physics of the Earth’s Interior (IASPEI), Commission on 
Practice, formed a Working Group on Digital Data Exchange to propose a standard for international digital seismic data 
exchange.  Soon afterward, the FDSN formed and assumed the responsibility for developing an exchange format.  At their 
first meeting in August 1987, the Federation working group reviewed a number of existing formats — including SEED, 
a new format proposed as a starting point for discussion by the USGS for the working group.  At a follow-up meeting in 
December 1987, intensive discussion and numerous clarifications and modifications led to the new format’s adoption as 
a Federation draft standard.  Other groups are also considering adopting SEED as their standard.  We have prepared this 
manual to help you discover SEED’s benefits.

A Description of SEED Format Versions
The SEED format is presently quite stable.  During the first several years of its existence several changes were incorpo-
rated into the format.  This section briefly summarizes the various versions of SEED and what the major changes and 
additions are between the format versions.

Items that are new since the last SEED manual was published in Dec 1993 are labeled v2.4.  Blockettes in versions 2.2, 2.3 
or 2.4 are indicated in the blockette descriptions.  Fields in blockettes in versions 2.2, 2.3 and 2.4 are identified to the left 
of the box summarizing the field names for each blockette.

Version 2.0, February 25, 1988
The first officially released version of SEED was version 2.0.  This version is documented by Halbert, Buland and Hutt 
in a publication of the United States Geological Survey on February 25, 1988.   The basic structure and philosophy of the 
SEED format have not changed significantly from this first documentation of the format.  The existence of the Volume, 
Abbreviation, Station, and Time Span Control Headers were all defined at this time.  The following paragraphs attempt to 
identify the major changes in the SEED format in the later versions.
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Version 2.1, March, 1990
Version 2.1 was documented in an Incorporated Research Institutions for Seismology (IRIS) publication in March of 
1990.  The manual clarified many items in the SEED format as well as correcting mistakes in the previous manual. 
Many of the new blockettes that were added were in the area of Response Abbreviation Dictionaries.  The following 
blockettes were added.

Blockette 8 - Telemetry Volume Control Header.  This blockette was added to provide a mechanism whereby the 
Volume Control Headers did not have to be transmitted unless they had changed.

Blockette 43 - Response (Poles and Zeros) Dictionary Blockette.  This blockette was added so that poles and zeros 
could be represented once and then referred to by the Response Reference Blockette.  This blockette contains similar 
information as blockette 53.

Blockette 44 - Response (Coefficients) Dictionary Blockette. Similar to Blockette 43 only for Blockette 54 informa-
tion.

Blockette 45 - Response List Dictionary Blockette. Similar to Blockette 43 only for Blockette55 information.

Blockette 46 - Generic Response Dictionary Blockette.  Similar to Blockette 43 only for Blockette 56 information.

Blockette 47 - Decimation Dictionary Blockette.  Similar to Blockette 43 only for Blockette 57 information.

Blockette 48 - Channel Sensitivity/Gain Dictionary Blockette.  Similar to Blockette 43 only for Blockette 58 informa-
tion.

Blockette 57 - Decimation Blockette.  This blockette was added to be able to completely specify instrument responses 
of some of the newer data loggers.  This blockette is now routinely used by several Data Centers of the FDSN.

Blockette 60 - Response Reference Blockette.  This blockette was added so instrument responses in the response 
abbreviation dictionaries could be referenced.  This mechanism can greatly decrease the amount of overhead within a 
SEED volume.

Blockette 74 - Time Series Index Blockette.  This blockette essentially replaced blockette 73 in version 2.0.  It provides 
an index to all of the continuous time series on the SEED volume and is placed immediately before any data is placed 
on the volume.  This allows one to quickly gain information about the time series in the volume by only referring to the 
first part of the SEED volume.  In version 2.0 this information was intermingled with the data.

Version 2.2, August, 1991
The FDSN Working Group on Data Formats met again in conjunction with the IUGG meeting in Vienna, Austria.  The 
modifications to the SEED format were fairly minor at this meeting. A SEED reference manual was not published to 
document changes in the SEED format but the minutes of the FDSN meeting in Vienna do provide documentation.  
The following identifies the most significant changes that were new with SEED version 2.2.

Two new blockettes were adopted.
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Blockette 61 - FIR Response Blockette. Blockettes (54) and (44) have traditionally been used to represent FIR filter 
coefficients in the SEED format.  These blockettes require that all coefficients are specified and that an error for each 
coefficient be given.  In practice most FIR filters possess some symmetry properties and the error for the coefficients is 
not used.  For this reason blockette 61 was introduced so that the FIR filter specification would require less space.

Blockette 41 - FIR Dictionary Blockette.  Blockette 41 is the abbreviation dictionary blockette that corresponds to 
blockette 61.

Dataless SEED Volumes. The FDSN also adopted the practice of generating dataless SEED volumes with SEED version 
2.2.  A dataless SEED volume contains the normal Volume, Abbreviation, and Station Control Headers but omits the Time 
Span Control Headers and the data records.  The purpose of these volumes is to provide an alternate method for making 
sure that various Data Centers have current and correct information for seismic stations. This represents a turning point 
in SEED exchange, in that metadata could now be handled separately from waveform data, recognizing the metadata 
changes frequently, (for example the result of station maintenance, calibration, etc), in contrast to the waveform data, 
which is relatively stable.

Version 2.3, December, 1992
The FDSN met in Seattle, Washington, USA in December of 1992.  At that time SEED version 2.3 was adopted.  Some 
new blockettes were added  and several additional fields were added to existing blockettes.

The following blockettes have been added with SEED version 2.3:

Blockette 42 – Response Polynomial Dictionary. Use this blockette to characterize the response of a non-linear sensor.

Blockette 62 – Response (Polynomial) Blockette.  Use this blockette to characterize the response of a non-linear sensor. 
The polynomial response blockette describes the output of an Earth sensor in fundamentally a different manner than the 
other response blockettes.  The functional describing the sensor for the polynomial response blockette will have Earth 
units while the independent variable of the function will be in volts.  This is precisely opposite to the other response 
blockettes.  While it is a simple matter to convert a linear response to either form, the non-linear response (which we can 
describe in the polynomial blockette) would require extensive curve fitting or polynomial inversion to convert from one 
function to the other.  Most data users are interested in knowing the sensor output in Earth units, and the polynomial 
response blockette facilitates the access to Earth units for sensors with non-linear responses.

Blockette 100 - Sample Rate Blockette. At times the sample rates in blockette 52 and the fixed section of the data header 
have proven to be inadequate to represent the sample rate to the desired precision.  An optional blockette 100 was added 
to allow a floating point sample rate to be entered.  If present, it overrides the sample rate in blockette 52 and the fixed 
section of the data header.

Blockette 1000 - Data Only (MiniSEED) Blockette. Data records by themselves do not contain enough information by 
themselves to allow time series data to be plotted or even simply analyzed.  With the addition of a small amount of addi-
tional information these limitations are removed.  Blockette 1000 is the Data Only (MiniSEED) Blockette that will allow 
SEED data records to be self-sufficient in terms of defining a time series.

Blockette 1001 – Data Extension Blockette. 

Blockette 2000 – Variable Length Opaque Data Blockette. 
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SEED allows for the modification of existing blockettes by appending new fields to the end of existing blockettes.  
This is always done in a fashion that maintains compatibility with older format versions.  SEED readers that do not 
support the newer version simply ignore the added fields.  With SEED version 2.3, two of the existing blockettes were 
modified.

The following blockettes have been modified with SEED version 2.3.

Blockette 10 - Volume Identifier Blockette.  Two fields were adopted at the end of Blockette10.  Field 7 is the volume 
time and provides the actual date and time that the volume was written. Field 8 provides a place to document the name 
of the organization that wrote the SEED volume. An optional ninth field was added to this blockette that can be used to 
label a particular SEED volume.

Blockette 50 - Station Identifier Blockette.  Field 16 was added to the Station Blockette to designate the Network 
Code.  This two letter code is assigned by the FDSN and must be present.

Blockette 71 - Hypocenter Information Blockette.  Three fields were added to blockette 71. Field 12 now contains 
the Flinn-Engdahl seismic region number.  Field 13 was added to provide the Flinn-Engdahl seismic location number.  
Field 14 was added to provide the Flinn-Engdahl standard geographic name.

Blockette 72 - Event Phases Blockette.   Field 11 was added to the Event phases blockette to identify the source of the 
phase pick.  It refers to abbreviation blockette 32.  Field 12 was added to the Event Phases Blockette to designate the 
Network Code of the station for this pick.

Blockette 74 - Time Series Index Blockette. Field 16 was added to designate the Network Code of the designated Time 
Series. 

Fixed Section of Data Header.  Field 7 was previously defined as two reserved bytes.  With SEED version 2.3 these 
bytes have now been assigned as the Network Code.

Version 2.4, April, 2004
The following modification was introduced in version v2.4. 

Fixed Section of Data Header.  Field 2 is now defined as the data quality indicator, indicating level of data quality 
control that has been applied.

What This Manual Covers
SEED’s design goals, implementation strategy, and recommended usage are the subjects of the remainder of this first-
chapter.  Chapter 2 provides an overview of SEED’s format structure, and introduces blockettes.  Chapter 3 presents 
some conventions — important information that you will need to use SEED effectively.  Chapters 4 through 7 describe 
the format standard for control headers.  Chapter 8 details the data records.  A series of appendices follow; each 
contains information that may help you.
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Figure 1:  Sample Page
In preparing this manual, we wanted to specify the structure and organization of the format, as well as the placement, 
value range, and coding of every defined parameter.  While many readers may be interested in which parameters are 
included in the specification, how they are encoded, and how they are organized, we recognize that only a few readers 
will find the details of the format immediately interesting.  However, we wanted to document the format as completely as 
possible so that you can learn about SEED’s features, use it, benefit from its usefulness — and evaluate it thoroughly.

At a Federation meeting held in Blanes, Spain, on June 19, 1988, the Federation working group adopted the SEED format as 
an international standard for the exchange of Federation seismic data.  Beginning on January 1, 1988, GDSN data has been 
available in SEED format.  The Data Management Center (DMC) at the Incorporated Research Institutions for Seismology 
(IRIS) has adopted SEED, and uses it as the principal format for its IRIS/DMC datasets.  IRIS has also developed a SEED 
reading program, named “rdseed”, to help researchers convert these datasets into trace formats for which analysis tools 
already exist.  By distributing this document now, we want to make the entire seismological community aware of the 
format, and we want to solicit your comments.

Acknowledgments
This manual represents the combined effort of many individuals within the International Federation of Digital Seismograph 
Networks (FDSN) and could not have been produced without the cooperation of its members.  The SEED format was 
reviewed and modified at a number of meetings from 1987 to 1992; the first was hosted by the USGS in Albuquerque, New 
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Mexico, December 3-4, 1987.  The next meeting was the SEED Programmers’ Interest Group in Golden, Colorado, 
December 14, 1988.  May 10-11 of 1989 the Federation working group met in Baltimore, Maryland, where the SEED 
format was further developed and significant support for the format was shown by both the United States and interna-
tional attendees. The result of these efforts is evident in the first edition of the SEED Manual version 2.1.

After the publication of the first edition of the SEED Manual there was a meeting in August 1990 in Golden, Colorado 
at which the SEED format underwent some modification.    The next meeting was held in Vienna in August of 1991 at 
which time more revisions were discussed to improve the SEED format.  This resulted in Version 2.2.  A meeting held 
in Seattle, Washington, in December, 1992, led to the adoption of Version 2.3.  A meeting was held in Hawaii, in April 
2002, at which enhancements were made resulting in the present version of SEED 2.4. The following is a list of the 
institutions with representatives in attendance at one or more of the above mentioned meetings.

Australian Geological Survey (AGS) Australia
Geological Survey of Canada (GSC) Canada
Geoscope France
GERESS Germany
German Regional Network Germany
Harvard University U.S.
Grafenberg Germany
Incorporated Research Institutions for Seismology (IRIS) U.S.
MEDNET Italy
NORSAR Norway
ORFEUS The Netherlands
Poseidon Japan
Quanterra, Inc. U.S.
University of California, San Diego U.S.
University of Texas U.S.
University of Washington U.S.
USGS/Albuquerque Seismic Lab U.S.
USNSN U.S.

The SEED Format is maintained by FDSN Working Group 2 on Data Exchange.  Its present members are listed on 
http://www.fdsn.org.

Introduction to the Format
The SEED format can be used in successive steps, and accommodates data exchange spanning any temporal or spatial 
domain.  For example, the format is used to transfer data from a station processor to a data collection center, then to a 
data management center and, finally, to an end user.  (The SEED databases may be augmented or modified at stages 
along the way.)  Additionally, data collection centers and data management centers are using features of the format for 
archival storage and data retrieval, both in real-time and .delayed delivery, depending on data  collection mechanisms.

Although SEED has evolved primarily for institutions that exchange data, seismologists have adopted other uses for the 
format.  Some seismic station processors generate SEED data in the field.  This minimizes the collection and distribu-
tion efforts required. Seismologists are also using the format to transmit seismic data by electronic means,
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enabling data ingestion and dissemination in real-time. Finally,  researchers working with other ground based geophysi-
cal observations unrelated to earthquakes (e.g., strain, tilt, GPS, environmental sensors, gravimetric or  magnetic field 
data) find SEED suitable. In it’s most current implementation, the SEED format has essentially taken on two forms: 
the miniSEED format utilized for waveform files, and the dataless SEED format, utilized for metadata files, with less 
emphasis put on the full SEED format, given that current Relational Database Management Systems (RDBMS’) manage 
metadata and waveform data separately when collected, but the community still relies on fullSEED for data distribution 
from data centers to end users, with an increasing use of distributing pure miniSEED combined with access to dataless 
SEED volumes. There is a higher degree of efficiency, and allows for rapid re-distribution of metadata when information 
changes.

The SEED format was not designed for use with non-time series data, nor with time series data sampled at unequal 
intervals in time (nevertheless, mechanisms for including console logs were easily accommodated).  These types of data 
are rare enough that complicating the format to include them does not seem worthwhile.  We also did not design SEED 
for the exchange of processed (e.g., filtered) data or synthetic data (i.e., created by computer modeling).  While such use is 
possible, we will not support it.

Design Goals and Strategies
The SEED format results from the design contributions of many seismologists and computer professionals.  Their experi-
ence includes constructing other special seismic data distribution formats; in coordinating computer, operating system, 
and mass storage device compatibilities, behaviors, and peculiarities across a wide range of manufacturers; and in working 
with the International Standards Organization (ISO), American National Standards Institute (ANSI), and other industry 
standards.  The result:  a format that can meet the needs of many individuals and institutions that collect, record, transmit, 
and read seismological data.

The SEED format relies on a few assumptions that are common to all digital seismic data exchange formats currently in 
use for network data.  First, early computer architectures commonly used the 8-bit byte, so this became the de facto basis 
for the format.  Second, data from several sources — many field stations operating within a collective network, each con-
taining different channels, recorded over a few discrete time spans — might make up a typical logical full SEED volume.  
(Note that these assumptions do not prohibit less demanding uses, such as the recording of data from a single geophysical 
observatory.)  Several logical volumes together could fit on a single physical volume.  Each logical volume should begin 
with auxiliary, or parametric, information organized into one or more control headers, followed by a stream of raw, time 
series data.

Based on those assumptions, the SEED designers applied their experience to create a format with certain goals in mind.  
As they worked, they realized that they needed to implement certain strategies in order to reach those goals.  They created 
SEED to meet these criteria:

General.  SEED works for continuous, station oriented and event oriented waveform data from single field stations, 
observatories, networks, or arrays.  (SEED can also work with other geophysical time series data of potential seismologi-
cal interest.)  However, generality sufficient to support both station and event-oriented data requires considerable format 
complexity.

Generality in defining important auxiliary information adds to this complexity.  Because computers read SEED data, 
this complexity requires a sophisticated data-reading program. Such reader software is available from IRIS and other 
sources.

Self-defining.  The data from each channel includes all the needed information.  This self-defining feature makes 
automatic processing easier.  A series of control headers defines the auxiliary information as global to the entire volume, 
as well as specific to each channel.  At a minimum, information about the volume, about station-channel characteristics, 
and about the data’s time span appears in separate control headers that precede the time series data.  Station control 
headers include station location and channel response (transfer function) information. The time span control headers 
allow for hypocenter and phase reading information.  Additional auxiliary information, specific to a particular station-
channel at a particular time, is embedded in the data stream.
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Robust.  SEED data include enough embedded information to allow recovery from recording and transmission errors.  
Logical records divide each volume.  Each logical record begins with information on the record type and its absolute 
sequence within the volume.  Logical control header records are encoded entirely in printable American Standard 
Code for Information Interchange (ASCII) characters conforming to the ANSI standard.  They are therefore directly 
readable by people, so control header records that have been damaged or incorrectly written can be interpreted.  In 
addition, each logical data record has header information embedded between the record identification information and 
the data.   This embedded information permits unambiguous identification of the data, should all the control headers be 
missing or destroyed.

Efficient.  SEED minimizes wasted space for storage and distribution.  As digital seismic data become available in 
increasing quantities, wasted space becomes too costly.  SEED’s storage efficiency creates an additional benefit:  you 
can access the data with fewer input requests. SEED uses variable length and optional fields within the control headers 
to conserve space. You can abbreviate lengthy, repeated ASCII data items:  an abbreviation dictionary control header 
defines those abbreviations.  After the control headers, all subsequent data records (with embedded information) are 
coded as binary, and can be variable in their total length.  A system of indices (cross references) to logical records make 
for efficient access:  the volume header refers to the station-channel and time span headers; the time span headers refer 
to the data records.

Portable.  The SEED format is suitable for easy and effective reading by any commercially available computer, 
using any commercially available operating system and any commercially available dismountable mass storage media.  
At the time of this manual’s preparation, several SEED reading and writing programs exist for platforms by Digital 
Equipment Corporation, Sun Microsystems, and some personal computers.  Operating systems that work with SEED 
now are SOLARIS, LINUX, Windows, OS X and other forms of UNIX are supported.  Also, the lengths (in 8-bit 
bytes) of SEED logical records are always a fixed power of two.  This means efficient data storage and rapid random 
access on the widest possible variety of computer equipment.  Exchange volumes can have logical record sizes of 256 
8-bit bytes or larger.  Formatted data structures and unformatted data types are appropriately aligned, conforming to 
high-level computer language standards.

Computer readable.  Humans do not usually read comment information associated with data, despite the apparent 
advantages of including such comments.  Nevertheless, a computer can extract a summary of relevant comment infor-
mation for the user from SEED data.  For example, the IRIS SEED reader software currently provides summary listings 
of comments for station and channel data.  The SEED control headers are coded in a computer readable hierarchy of 
blockettes.  These blockettes contain fixed and variable length data fields.  The blockettes are self-identifying sequences 
of data fields that assist computer readability, storage efficiency, and flexibility.  Comment information is contained in a 
brief, computer readable form; the actual comment is defined in the abbreviation dictionary control header.

Referencing fields within blockettes relate important information.  For example, fields 8 and 9 of blockette [52] refer to 
blockette [34].  For more information about cross-referencing fields, see Appendix F.
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Figure 2:  Blockettes with Cross-Referencing Fields

Computer usable.  By not having to transcribe large amounts of information to prepare SEED data — an awkward 
activity at best — fewer human errors are introduced.  You do not have to use text-editing software because SEED 
supports the automatic writing and reading of auxiliary data.  You can write all parametric information using any computer 
language for any computer. Since auxiliary information is binary and is embedded in the data records, you cannot easily 
read or write it without a computer.  This keeps data safe from accidental editing.

Flexible.  SEED supports currently unforeseen future usage by including extensible auxiliary information with the 
time series data.  If desired, you can define new field digitization formats without modifying the format standard.  Each 
blockette and its trailing data fields are optional. Blockettes that are represented always identify themselves and measure 
their lengths.  This allows you to append new data fields to blockettes that are already defined (or new blockettes to be 
defined), all without altering the existing control header structures in any way.  This overcomes a significant failing of 
other, older formats — a failing that quickly made them obsolete.

Self-correcting.  Even though errors will find their way into distributed station-channel descriptive information 
(metadata) and other data, SEED provides a means of distributing corrections for preceding volumes within a subsequent 
logical volume.  You can distribute the corrected station control header, called the dataless SEED volume, flagging it to 
supersede the previously distributed information that needs updating for a given effective time period.  You can specify 
that the correction information should apply to the new data on the same distribution volume, or not.  If you do not want 
the correction information to apply to that new data, just create more than one station control header for the same station 
on the SEED volume — one for the older data, and one for the new data. You will also need more than one station control 
header for the same station if station or channel characteristics were changed during the time span of the volume — for 
example, after a maintenance site visit.  (In this case, do not set the update flag.)

Can store most field digitization formats.  SEED efficiently uses field digitization and recording data word 
formats.  This is a benefit because separate conversions to other formats can be costly and may sacrifice precision or waste 
storage space.  Also, data logger problems may only be traceable in the original format — which is what SEED uses.  
SEED’s data description language permits specifying any reasonable field digitization or recording data word format.  
SEED reading programs convert it into binary data suitable for the reading computer.  The abbreviation dictionary control 
header abbreviates the ASCII data description string.

Can access any sequential or random access media.  Although seismologists will continue toIuse sequen-
tial media such as magnetic tapes for the foreseeable future, SEED also supports more efficient data access on randomly 
accessible media, such as magnetic and optical disks. SEED uses fixed length logical records.  These allow efficient 
random access on any media available to any computer.  SEED provides indices to allow efficient random access of logical 
records when available.  And, for sequential media, these indices facilitate the use of skip rather than read operations.

Usable as a field recording format.  SEED allows you to use a modified subset of the format for data recording 
at a field station, but several constraints are imposed by the real-time nature of station processors.  The entire time span 
control header and some fields in the other control headers cannot be created because the relevant information will not 
be available when the headers are written.  Also, station processor memory constraints may require smaller logical 
records and block multiplexing of data channels (each logical record contains data from one channel, but successive 
logical records are interspersed with logical records from other channels).  In addition, state-of-health, console log, and 
calibration information — of direct interest only to the institution collecting the data — can be included.  Summaries of 
such data may appear in appropriate station control header fields when the exchange volume is created. Finally, a special 
telemetry volume format is available.

Efficient at merging data.  Data collection and data management centers can merge data from several standard 
format volumes onto a new volume, with minimal changes to the auxiliary information and with no changes to the logical 
block structure for the data and for most of the control headers.  SEED supports different logical record sizes.  However, 
to simplify the merging of volumes, the lengths (in bytes) of logical records will always be a power of two.  This means 
that any logical record size is a multiple or sub-multiple of any other, ensuring compact storage and rapid access on most 
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computer devices.  You can efficiently string together many smaller logical records into one larger logical record, 
without changing any data item except the logical record identification information.

Recommended Uses
Although the SEED format is flexible, we recommend limiting its use in some cases.  As you use this format, keep the 
following in mind:

Multiplexing.  Whenever possible, de-multiplex all data.  We discourage the multiplexing of data channels with a 
common sample rate, and from one station, even though SEED supports it.  The format can become very complicated 
and convoluted, and data compression can become difficult when using multiplexing.  We support block multiplexing 
of channels from one station for field tapes, but not for data exchange.  SEED permits the multiplexing of array data if 
absolutely necessary.

Special Considerations for Multiplexed Data in Data Records.  The following blockettes must be 
properly specified.  Blockette 30: Read Appendix D carefully, paying attention to the section on Integer Format - Family 
0.   Key 1 should specify the number of channels being multiplexed. Blockette 52:  A blockette 52 should be written for 
each multiplexed channel.  Field 5 will specify which subchannel is being described.  Sub channel numbering starts 
with one.

Word order.  SEED utilizes the Big Endian word order as its standard.

Logical record size.  Each volume establishes a logical record size for itself. We strongly recommend a logical 
record size of 4096 bytes for volumes created by data collection and data management centers. At the time of this 
writing (2005), logical record sizes in excess of 4096 bytes have not been written. Logical record sizes for data records 
as small as 256 bytes are supported. While all logical records on a SEED volume are usually the same size, the format 
can make exceptions for data records written in the field. We recommend using data records as large as 4096, and 
using the variable size feature only when absolutely necessary — and then only after coordination with the appropriate 
data collection center to ensure readable data. In practice, smaller record lengths are better for real-time data, as this 
reduces latencies and time slewing across record boundaries.

Channel response.  You can define each station-channel’s transfer function in a variety of ways. These include 
a concatenation, or “cascade” of formal mathematical descriptions of analogue and digital filter sections, tables of 
amplitude and phase, or simple approximations.  At a minimum, give the most complete and mathematically correct 
description of each station- channel transfer function available.  In addition, you can give alternate descriptions that 
may have more intuitive appeal.

Hypocenters and phase data.  For event oriented data, you can assume that the phase arrival times or readings 
given in a time span control header are associated with the hypocenter(s) given in that same control header.  For station 
oriented data, the hypocenters are optional and may be taken from a catalog.  The readings are also optional, and they 
may be unassociated estimates made automatically in the field by the station processors.  In either case, the readings 
refer to positions in the time series data that immediately follow.

Dataless SEED Volumes.  It is legal to produce a SEED volume that contains only header information and no 
data.  This has proven to be an expedient way for various data centers to insure that they have current information from 
various networks.  In this case one would include volume, abbreviation and station control header but omit time span 
control headers and data records.

Dataonly SEED Volumes. Just as the SEED format encompasses Dataless SEED volumes, it also defines the use 
of Dataonly or MiniSEED volumes.  Dataonly SEED volumes contain only SEED data records and blockettes in data 
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records as defined in this manual (see Appendix G). For operators that feel sure that they know station characteristics and 
do not need to repeatedly transmit SEED volume control header information, Dataonly SEED volumes are the appropriate 
method of data transfer.  Other than fixed section of data header information, these volumes contain nothing but time 
series.  In fact this subset of SEED looks very similar to other trace analysis formats. The MiniSEED blockette  (blockette 
1000) is required so that the information is self-defining.

Console logs.  Data written at a field station may include console logs.  The log information appears as a separate 
data channel with the appropriate data family code.  Printable ASCII, standard forms control characters, and other 
special characters such as the ASCII bell (BEL) are acceptable.  Alternate character sets (such as Kanji) are acceptable 
for languages that do not use the U.S. ASCII character set.  We suggest formatting console log information in a way that 
permits automatic parsing at a data collection center — reducing manual labor and human error. These same comments 
apply to nominal data such as telemetry flag status words, or door opened/closed flags, except that this information should 
appear as if it were an equally sampled time series.

Conventions
In addition to the recommended uses described above, SEED supports the following features:

End-of-file marks.  Occasionally, some types of media need end-of-file marks added to the data stream (or they may 
be convenient for some purpose beyond the scope of normal SEED usage). SEED makes no use of single end-of-file marks 
and will ignore any present.  The logical record sequence numbers must continue to increment after the embedded end-
of-file mark.  SEEDIinterprets multiple end-of-file marks in sequence as the end-of-information for the physical volume.  
We require four end-of-file marks in sequence at the end of physical magnetic tape volumes to ensure that the reading 
program unambiguously interprets that point as the end of the volume.

Noise records.  SEED writing programs can write blank or noise records at any time; SEED readers ignore such 
records. (These records are typically used to avoid a bad place on magnetic tape.)  Use a correct logical record sequence 
number, ensure that the noise record has the correct logical record length, and set the remainder of the record (particularly 
the record type code) to spaces (ASCII 32).  Noise records are particularly useful for field recording and for the starting 
points of 9-track magnetic tapes that have been used before.

Blank fields.  Verify that all auxiliary information is as complete and correct as possible.  If the current value of a 
particular field is not available, leave the field blank or set it to zero, as appropriate.

Field recording termination.  Flush all data buffers before terminating a local field station recording.  This ensures 
that data records for all channels will begin at about the same time on the following physical volume.

Header flushing.  Sometimes it is useful to flush all data buffers and repeat all control header information periodi-
cally (e.g., each day at midnight).  When flushing buffers, continue data recording after the repeated control headers.  This 
strategy guarantees that low data rate channels are saved periodically and synchronizes the start times of data records 
for all channels. Control headers should contain current information if it has changed since the beginning of the volume.  
SEED supports, but does not require, header flushing as needed.  Flush headers that have changed as a result of a site 
maintenance visit as soon as possible after making the change. SEED requires this, but only for the control headers that 
have changed.

Calibration. When performing calibration, testing, or repairs, field stations should always flag that maintenance opera-
tions are in progress.  This notifies data collection personnel and end users of potential difficulties with the data from 
those field stations at those times.
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Chapter 2

An Overview of SEED

Format Organization

Because the SEED format was designed to achieve many goals, it may appear complex or formidable at first.  Actually, 
its structure is straightforward.  This section demonstrates that by outlining its organization.  In this outline, we use 
a number of specialized terms.  These terms have specific meanings for the SEED format; they are defined in the 
glossary at the end of this manual.  Also, Appendix E shows some sample data in logical volumes; refer to it for typical 
examples.  Keep in mind that only a subset of SEED would be used for any given application.

A complete and internally consistent implementation of the SEED format results in one logical volume.  Depending on 
the media type, you can distribute one or more logical volumes on one physical volume.  You may not, however, create 
a logical volume that spans more than one physical volume.
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Figure 3:  Logical Volume Organization Within a Physical Volume

Physical and Logical Volumes
At the highest level of organization (a physical volume), the SEED format consists of one or more logical volumes, one 
after another.  In addition, some randomly accessible media require placing a device-dependent control header at the start 
of each physical volume to access the associated logical volumes.  (This physical header is external to SEED.  Reading 
and writing software does not have to manage these headers — the computer’s media-accessing software must take care 
of that.)

Three types of logical volumes are possible:  field station-, station network-, and event network- oriented.  The structure of 
each logical volume is the same, but the interpretation of some data fields, particularly for hypocenters and phase arrival 
times, will be different.

Format Objects
Both station network and event network volumes contain sequences of format objects — complete and internally consis-
tent collections of related information that describe some aspect of the data on the volume.  Two format objects are used:

•    control headers (formatted in ASCII) that contain auxiliary information about the volume, the station-channels, and 
the data

•    time series (binary, unformatted) that contain raw data and embedded auxiliary information that is channel specific 
and time dependent

Control Headers
Four control headers are defined:
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•    volume index control headers:  These contain information about the time of the data, logical record length, and 
format version of the logical volume, as well as indices to the station and time span control headers.  The indices help 
retrieve data quickly.

•    abbreviation dictionary control headers:  These contain the definitions of abbreviations used in other control 
headers.  Abbreviation dictionaries are referred to by 1) other abbreviation dictionary entries, 2) blockette [400] in the 
time series format objects, 3) station identifier blockettes [50] and [51], and 4) channel identifier blockettes [52] through 
[59] (see Appendix F).

Space is saved by making abbreviations for lengthy comments and field data format definitions.   Other abbreviations 
are used to facilitate automatic processing and to guarantee coding consistency, particularly for units fields.  (Note:  
The abbreviations, if used, are not optional; the fields that need them defined have no room themselves for their defini-
tions.)

•    station control headers:  These provide relevant operating characteristics for a station and all of its channels 
— including station location, instrument types, and channel transfer functions.  At least one station control header 
must exist for each station.  The station control headers permitted on a volume are those that pertain to the stations on 
that volume.

•    time span control headers:  These identify the time span within which the time series that follow were recorded.  
They also provide indices to each time series, as well as information about the seismic events that may have occurred 
during the time interval.  One volume may contain many time spans.
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Figure 4:  Format Object Organization Within a Logical Volume

SEED divides each format object into one or more fixed length logical records.  Each logical record begins with a logical 
record identification block, and usually contains one or more fixed length physical records.  However, it is possible to 
pack several logical records into one physical record — for example, the Albuquerque Seismological Laboratory (ASL) 
packs eight 4096- byte logical records into each 32768-byte physical record to minimize record mark overhead (we do not 
recommend this practice for random access media).  Different storage devices use physical records of different lengths, 
but this does not affect SEED users.

Version 2.1 requires that SEED writing programs move the time span headers together to a position immediately following 
the station control headers.  Version 2.0 required that data for a time span be written after its associated time span header, 
resulting in time span headers being interspersed with their time data.  SEED reading programs should support both 
format object organizations, but SEED writing programs should only write according to the version 2.1 organization.

Blockettes
Each control header is made up of a sequence of blockettes — data structures that contain a type identifier, length, and 
sequence of data fields specific to the blockette type.  Blockettes may be either ASCII formatted (in control headers) or 
unformatted binary (in data records).  Each data field contains auxiliary information on one topic, and may be either fixed 
or variable in length. Most blockettes are optional.
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Figure 5:  Organization of Control Headers

Figure 6:  Organization of a Blockette
Control headers are coded entirely in printable ASCII characters, and they contain no data records.  In contrast, time 
series objects are binary (not ASCII-formatted), and are subdivided into data records, each with a data record identifi-
cation block.
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Data Records
A physical record may contain one or more logical records, which in turn may contain one or more data records.  The SEED 
structure allows conversion from one logical record size to another without having to reformat data records — provided 
that the data record’s size is smaller than the new logical record.  Each data record contains a fixed header section, a 
variable header section, and a data section.

Figure 7:  Record Organization Within a Time Series Format Object

The fixed header section provides the minimal self definition needed to use any portion of the data without any other 
auxiliary information.  A sequence of unformatted blockettes, each of which is optional, make up the variable header 
section.  These blockettes provide information about channel specific, time dependent events such as automatically deter-
mined phase arrival information or a calibration in progress.  The data section contains the actual time series data.
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Figure 8:  Organization of Data Records

How to Write SEED Data
The following two algorithms are written in Pascal-like pseudo code.  They show the order in which data must be 
written to a SEED volume.  The first algorithm describes a field station volume; the second outlines the station and 
event oriented network volumes.  We also include a section describing electronic data transmission and telemetry 
volumes.

Procedure to Write Field Station Volumes
Procedure Blockette

begin
Start_Volume_Header_Records();
Write_Volume_ID_Blockette_5(); [5]
Flush_Any_Remaining_Volume_Header_Records();
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Start_Abbreviation_Dictionary_Header_Records( );
for each_data_format_type  do

Write_Data_Format_Dictionary_Blockette_30(); [30]

Start_Generic_Abbreviation_Header_Records ();
for each_abbreviation  do

Write_Generic_Abbreviation_Blockette_33(); [33]

Start_Units_Header_Records ();
for each_unit  do

Write_Unit_Blockette_34(); [34]
Flush_Any_Remaining_Dictionary_Header_Records ();

Start_FIR_Dictionary_Records ();
for each_dictionary  do

Write_Dictionary_Blockette_41(); [41]

Start_Poles & Zeros_Dictionary_Records ();
for each_poles & zeros  do

Write_Response_(Poles & Zeros)_Dictionry_Blockette_43(); [43]

Start_Coefficients_Dictionary_Records ();
for each_coefficient  do

Write_Coefficient_Dictionary_Blockette_44(); [44]

Start_List _Dictionary_Records ();
for each_list  do

Write_Response_List_Dictionary_Blockette_45(); [45]

Start_Generic_Response_Dictionary_Records ();
for each_generic_response  do

Write_Generic_Response_Dictionary_Blockette_46(); [46]

Start_Decimation_Records();
for each_decimation  do

Write_Decimation_Dictionary_Blockette_47(); [47]

Start_Channel_Sensitivity/Gain_Dictionary_Records();
for each_channel_sensitivity  do

Write_Channel_Sensitivity/Gain_Dictionary_Blockette_48(); [48]
for each_station  do  begin

Start_Station_Header_Records ();
Write_Station_ID_Blockette_50(); [50]
for each_station_comment   do

Write_Station_Comment_Blockette_51(); [51]
for each_channel  do  begin

Write_Channel_ID_Blockette_52(); [52]
for each_stage   do  begin

if poles_and_zeros  then
Write_Response_Blockette_53(); [53]
or Write_Response_Blockette_60(); [60]

if coefficients then
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Write_Response_Blockette_54(); [54]
or  Write_Response_Blockette_61(); [61]
or Write_Response_Blockette_60(); [60]

if decimation then
Write_Decimation_Blockette_57(); [57]
or Write_Response_Blockette_60(); [60] 

if gain then
Write_Gain_Blockette_58(); [58]
or Write_Response_Blockette_60(); [60]

end
if final_sensitivity  then

Write_Sensitivity_Blockette_58(); [58]
or Write_Response_Blockette_60(); [60]

for each_channel_comment   do
Write_Channel_Comment_Blockette_59(); [59]

end
Flush_Any_Remaining_Station_Header_Records ();

end

Begin
until end_of_media or operator_abort  do begin

if station_change or channel_change do begin
Start_Station_Header_Records();
Write_Station_ID_Blockette_50(); [50]
for each_changed_channel do begin

Write_Channel_ID_Blockette_52(); [52]
for each_stage do begin

if poles_and_zeros_changed then
Write_Response_Blockette_53(); [53]
or Write_Response_Blockette_60(); [60]

if coefficients_changed then
Write_Response_Blockette_54(); [54]
or Write_Response_Blockette_60(); [60]

if decimation_changed then
Write_Decimation_Blockette_57(); [57]
or Write_Response_Blockette_60(); [60]

if individual_gain_changed then 
Write_Gain_Blockette_58(); [58]
or Write_Response_Blockette_60(); [60]

  end {each_stage}

if FIR_Response_changed then
Write_FIR Response_Blockette_61(); [61]
or Write_Response_Blockette_60(); [60]

end {each_changed_channel}
Flush_Any_Remaining_Station_Header_Records();

end

if data_record_ready_to_write  do
Write_Data_Records();

end
end
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Procedure to Write Station and Event Oriented Network Volumes
Procedure Blockette

Begin
Start_Volume_Header_Records();
Write_Volume_ID_Blockette_10(); [10]
Write_Station_Index_Blockette_11(); [11]
Write_Time_Span_Index_Blockette_12(); [12]
Flush_Any_Remaining_Volume_Header_Records();

Start_Abbreviation_Dictionary_Header_Records();
for each_data_format_type  do

Write_Data_Format_Dictionary_Blockette_30(); [30]

Start_Comment_Dictionary_Header_Records();
for each_comment_type  do

Write_Comment_Dictionary_Blockette_31(); [31]

if event_volume then begin
Start_Cited_Source_Dictionary_Header_Records();
for each_cited_source  do

Write_Cited_Source_Dictionary_Blockette_32(); [32]
end

Start_Generic_Abbreviation_Header_Records();
for each_abbreviation  do

Write_Generic_Abbreviation_Blockette_33(); [33]

Start_Units_Header_Records();
for each_unit  do

Write_Unit_Blockette_34(); [34]
Flush_Any_Remaining_Dictionary_Header_Records();

Start_FIR_Dictionary_Records();
for each_dictionary  do

Write_Dictionary_Blockette_41(); [41]

Start_Poles & Zeros_Dictionary_Records();
for each_poles & zeros  do

Write_Response_(Poles & Zeros)_Dictionry_Blockette_43(); [43]

Start_Coefficients_Dictionary_Records();
for each_coefficient  do

Write_Coefficient_Dictionary_Blockette_44(); [44]

Start_List _Dictionary_Records();
for each_list  do

Write_Response_List_Dictionary_Blockette_45(); [45]

Start_Generic_Response_Dictionary_Records();
for each_generic_response  do
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Write_Generic_Response_Dictionary_Blockette_46(); [46]

Start_Decimation_Records();
for each_decimation  do

Write_Decimation_Dictionary_Blockette_47(); [47]

Start_Channel_Sensitivity/Gain_Dictionary_Records();
for each_channel_sensitivity  do

Write_Channel_Sensitivity/Gain_Dictionary_Blockette_48(); [48]
for each_station  do begin

Start_Station_Header_Records();
for original_and_any_updates  do

Write_Station_ID_Blockette_50(); [50]
for each_station_comment  do

Write_Station_Comment_Blockette_51(); [51]
for each_channel  do begin

for original_channel_and_any_updates  do begin
Write_Channel_ID_Blockette_52(); [52]
for each_stage  do begin

if poles_and_zeros  then
Write_Response_Blockette_53(); [53]
or Write_Response_Blockette_60(); [60]

if coefficients then
Write_Response_Blockette_54(); [54]
or  Write_Response_Blockette_61(); [61]
or Write_Response_Blockette_60(); [60]

if response_list  then
Write_Response_List_Blockette_55(); [55]
or Write_Response_Blockette_60(); [60]

if generic_response  then
Write_Generic_Response_Blockette_56(); [56]
or Write_Response_Blockette_60(); [60]

if decimation then
Write_Decimation_Blockette_57(); [57]
or Write_Response_Blockette_60(); [60]

if individual_sensitivity  then
Write_Sensitivity_Blockette_58(); [58]
or Write_Response_Blockette_60(); [60]

end {each_stage}
if final_sensitivity  then

Write_Sensitivity_Blockette_58(); [58]
or Write_Response_Blockette_60(); [60]

end {original_channel_and_any_updates}
for each_channel_comment do

Write_Channel_Comment_Blockette_59(); [59]
end
Flush_Any_Remaining_Station_Header_Records();

end

for each_time_span do begin
Start_Time_Span_Header_Records();
Write_Time_Span_ID_Blockette_70(); [70]
if event_network_volume then begin

Write_Hypocenter_Info_Blockette_71(); [71]
for each_Hypocenter do
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for each_station do
for each_channel do

for each_phase do
Write_Event_Phases_Blockette_72(); [72]

end {each_time_span}
for each_station do

for each_channel do
Write_Time_Series_Index_Blockette_74(); [74]

Flush_Remaining_Time_Span_Header_Records();
end
for each_station do

for each_channel do
for data_record_for_channel do

Write_Data_Records();
end

end

Field Station Volumes
Field station recordings use only a small portion of the SEED format:  only a few brief control headers near the beginning 
of the volume, and no indices.  Data are usually written to a field tape, and for only one station.  In other cases — arrays 
of several stations, for example — headers written at the beginning of the volume describe all the stations and data format 
types. The software should write data as buffers are filled, and complete volumes as they approach the physical end of the 
media, or as operations personnel terminate them.

The Field Volume Identifier Blockette [5] should always appear in the Volume Index Control Header at the beginning of 
each volume.  The Abbreviation Dictionary Control Header follows. Include a Data Format Dictionary Blockette [30] for 
each data format used (usually only one or two).  Write Generic Abbreviation Blockettes [33] for each abbreviation used in 
the various station and channel blockettes, and Units Abbreviation Blockettes [34] for units used.

When writing data from multiple stations, flush out the previous logical record before starting to write the station control 
header, so that the station control header will start on a new record. Start the station record with the Station Identifier 
Blockette [50].  (Station comments may be included in Station Comment Blockettes [51].)  Follow this with the information 
for each channel.  Each channel should appear as a Channel Identifier Blockette [52], followed by the channel response.  
Use any of the following blockettes that apply to a particular response configuration to describe it exactly as it would 
appear on a network volume:

•    Response (Poles & Zeros) Blockettes [53]

•    Response (Coefficients) Blockettes [54]

•    Decimation Blockettes [57]

•    Channel Sensitivity/Gain Blockettes [58]

Write a channel blockette and a set of response blockettes for each channel.  (See Appendix C for more information.)  To 
ensure that valid and accurate station identification information is available, write it every few days, or when restarting 
the station processor.  Write new station identification information if the station configuration changes in the middle of 
a volume — for example, after operator action or maintenance activity (which can also happen via remote access).  The 
Volume Index Control Header may appear multiple times on the volume, each time delineating a new sub-volume.
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After writing the station control header(s), start recording station data.  Mix — i.e., block multiplex — channels in 
any way (there are no restrictions on timing or spacing between channels), but keep the data for each channel in time 
sequence.

For digital tape, write several tape marks (at least four) to the volume when the station operator wants to terminate the 
volume, or when the end of the volume nears.  Doing this tells the data collection center that any subsequent data does 
not belong with this volume, but may be from an older, recycled volume.  If the reporting station “crashes” and does not 
successfully write EOFs (end- of-file marks) to the volume, the data collection center may have to examine the times, 
and possibly the station identification information, to determine the end of the current data.

When terminating a volume, flush all data buffers — prematurely, if necessary — to the volume. This will keep data 
(especially very long period data) from accumulating in a buffer for several days, then showing up later on subsequent 
volumes.  While you can place single EOFs anywhere within the SEED format for any reason, multiple EOFs must only 
appear at the final end of the data.

The field station volume control headers are similar to those of a station oriented network volume, with these excep-
tions:

•    some fields in the volume index control header (the volume ending date and time, and the indices to other control 
headers) are not known when writing the header

•    the station control header information may be incomplete

•    no time span control headers are present because the necessary information is not available

•    small data record lengths may be used and different channels may use different data record lengths

•    the data records are block multiplexed for all of the channels
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Figure 9:  Organization of a Field Station Volume

If desired, control headers may be flushed periodically to form a sequence of logical sub- volumes within the field station 
volume (see the Glossary for definitions).  For a station network volume, there is only one data record per logical record.  
When field station volumes are combined into a network, data records must be collected to satisfy the standard.  SEED 
allows you to concatenate several data records into one logical record to minimize computer resources required to solve 
this problem.
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Merging Field Station Volumes into Network Volumes
Field station volumes differ from station network volumes.  In particular, time span and indexing information are 
unavailable to the station processor, as may some station channel information.  Logical records may be different sizes 
for different channels, but only one size in a given volume for each channel.  Data records for different channels will 
be block multiplexed.

Merge station volumes into network volumes by:

•    adding missing auxiliary information

•    block de-multiplexing

•    concatenating data records to make logical records of the required fixed size

•    calculating time span information

•    calculating indexing information

•    creating time span control headers

If the missing auxiliary information is available on-line at the data collection center, complete this entire process auto-
matically.  Just compile a table of data record sizes and locations for each station channel while transcribing the station 
volume from the field recording media onto temporary disk storage.  Then, in a second pass through the data, reformat 
the station volume as a network volume.  With enough available random access storage, you can apply this process to 
a number of station volumes simultaneously, and produce a merged network volume. Although this procedure requires 
substantial amounts of random access storage (which is generally quite inexpensive), it minimizes processor and input/
output time.

Also, remember that station oriented network volumes use time span control headers differently than do event oriented 
network volumes:  for station oriented volumes there will be one time span until the sub-volume ends, or the control 
header changes; for event oriented volumes, there will be one time span per event (unless the events overlap).

Telemetry Volumes and Electronic Data Transmission
A special volume format — called the telemetry volume format — lets a data transmitter assume that the data receiver 
has the most up-to-date control header information, unless otherwise requested.  This means that, in many cases, only 
the data and minimal control header information need to be transmitted; if the receiver needs more control headers, 
the transmitter can send them, too.  This procedure is not mandatory, but it can significantly reduce overhead on the 
available communications bandwidth.  The pseudo-code and complete protocol for telemetry volumes have not yet 
been designed.

Electronically transmitting digital seismic data is becoming increasingly important as the need for near-real-time 
seismic monitoring grows.  Electronic computer links can emulate sequential storage media to provide transparent 
physical blocking of data as well as error detection, correction, and retransmission.  Such links are exceptional only 
in their relatively low data rate and, in some cases, support for ASCII data only.  The SEED data record format, as 
defined for storage media, is already compact, minimally self defining, and reasonably robust.  Also, SEED provides a 
special Telemetry Blockette [8], allowing data transmission of only the newest data— as long as the receiver does not 
specifically request a retransmission of previously transmitted control header information.  Therefore, we recommend 
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no modification of the data record structure for electronic transmission, with the possible exception of using smaller block 
sizes if communication link reliability requires it.

If the link only supports ASCII data, then the transmitter and the receiver respectively will require binary-to-ASCII and 
ASCII-to-binary protocol translators.  Translators (such as Kermit) are widely available.  With a continuously connected 
link (as a permanent virtual circuit), you can transmit all ASCII header information periodically (e.g., data center to data 
center).  Or the transmitter may omit it and the receiver may add it (e.g., field station to data center).

If the link is established temporarily, the interactive session may begin by displaying the revision dates of all control 
headers.  The caller may then request the transmission of those control headers that have been updated since the caller’s 
previous call.  Note that software external to the SEED format will handle the interactive session, interactive control 
header transmission, and protocol conversion — no modifications to SEED are required.

Software
Computer- and operating system-independent software in FORTRAN for reading SEED data is available.  So are VMS 
(Digital Equipment Corporation) and UNIX (Bell Laboratories) versions of the reading program, in FORTRAN 77 and C, 
respectively; and VMS software in C for writing data into the SEED format.  The Albuquerque Seismological Laboratory 
of the USGS can provide the VMS specific C language writing programs.  The National Earthquake Information Center 
of the USGS will provide the portable and VMS specific FORTRAN reading programs.  IRIS supports and distributes 
a C language reading program, RDSEED that can convert SEED formatted data into a format suitable for analysis and 
display.  IRIS also supports and distributes SEED writing software called POD, Program to Output Data.  Contact these 
organizations for more information.
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Chapter 3

SEED Conventions

ASCII Header Field Conventions
SEED uses four types of control headers:  volume identifier headers, abbreviation dictionary headers, station headers, 
and time span headers.  (SEED also uses data record headers; these are described later in this manual.)  Each header 
makes use of one or more blockettes — individual “portions” of information that are header-specific, and that conform 
to the organization rules of their volume type.  Some blockettes vary in length, and can be longer than the logical 
record length.

Figure 10:  Beginning Fields of a Control Header
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Unlike data records with primarily binary data fields, data fields in control headers are not stored as binary values, but are 
formatted in ASCII.

We provide four categories of information for the fields within each control header blockette listed in this reference 
manual:

•    field name

•    field type

•    field length

•    masks and flags

A field’s contents are usually described by a field name — for example, “Station call letters”

is the third field of the Station Identifier Blockette [50].

A field’s type describes how the field formats its data:

A — Alphanumeric ASCII string (fixed length)

D — Decimal integer or fixed point decimal number

F — Floating point number with an exponent

V — Variable length ASCII string, ending with a tilde:  ~ (ASCII 126)

The length equals the exact number of characters in the field.  Variable field length is described as a range (a—b), where  a 
is the minimum number of characters, and b is the maximum.  Some variable length fields have no fixed maximum length.  
Character counts for variable length fields do not include the tilde terminator.  The next field starts immediately after the 
end of the current field, or after the tilde for variable length fields.  Always use the tilde to terminate variable length fields, 
even if they are zero length.

Masks show how to place data in the space provided.  Most computer languages provide some method for creating these 
fields.  Here are some examples of acceptable data for each mask, where the “Δ” denotes a single space (ASCII 32):
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Mask Data Type Example
“####” Unsigned integer     “0023” 

or “ΔΔ23”

“-####” Signed integer     “00023” 
or “Δ0023” 
or “ΔΔΔ23” 
or “+0023” 
or “-0023” 
or “-ΔΔ23”
or “ΔΔ-23” 
or “ΔΔ+23”

“####.####” Unsigned fixed point     “0003.1416” 
or “ΔΔΔ3.1416” 
or “ΔΔ23.0000” 
or “ΔΔΔΔ.0200”

“-###.####” Signed fixed point     “-003.1416” 
or “ΔΔ-3.1416” 
or “ΔΔ23.0000” 
or “-ΔΔΔ.0200”

Leading spaces or leading zeros are allowed before the number, to the left of the decimal point. Null values (binary 
zero) cannot be used as a substitute for spaces (binary 32 decimal). All unused places to the right of the decimal point 
must contain zeros.  Signs can be minus or plus, and can float to the beginning of the first digit.  A zero or space can fill 
the sign position. No sign specified implies a positive number.

The floating point mask behaves as described above, except that it contains the “E” exponential notation, and has 
another sign for the exponent.

Mask Data Type Example

“-#.####E-##” Signed Exponential     “Δ3.1416E000” 
or “Δ3.1416EΔ00” 
or “03.1416e+00” 
or “-1.0000e-02”

Use a special mask, shown as TIME, for the ASCII date and time.  The time field works like a variable length field, 
described above.  Truncate the time at the most significant valid time; leave off unneeded or unavailable time precision.  
A few situations use an optional time field; in such cases the field appears empty, with just the tilde terminator.  Arrange 
the data inside as “YYYY,DDD,HH:MM:SS.FFFF” and use these subfields:

Mask
subfield What it means

YYYY The year with the century (e.g., 1987)
DDD The julian day of the year (January 1 is 001) 
HH The hour of the day UTC (00—23)
MM The minute of the day (00—59)
SS The seconds (00—60; use 60 only to note leap seconds)
FFFF The fraction of a second (to .0001 seconds resolution)
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All positions of a time field must be zero padded to the left, but they do not need padding to the right if the time will be 
truncated.  “1987,023,04:23:05.1” and “1987,023” are correct.

Flags determine what ASCII characters can be placed in an alphanumeric or a variable length field:

Flag value Permitted characters

U Upper case A—Z
L Lower case a—z
N Digits 0—9
P Any punctuation characters (including “_”)
S Spaces between words
_ Underline symbol

Variable length fields cannot have leading or trailing spaces.  Leave fixed length alphanumeric fields left justified (no 
leading spaces), and pad them with spaces (after the field’s contents).

How to Assemble Control Headers
When assembling a header, first write an identifier block — the incrementing sequence number in the record, then the 
record type code, followed by the continuation code — for a total of eight bytes.  (New control headers use blank (Δ, or 
ASCII 32) continuation codes; continuing records use an asterisk (*, or ASCII 42).)

Field name Type Length Mask or Flags

Sequence number (first record is 1) D 6 “######”

Control header type code A 1
V — Volume header
A — Dictionary header
S — Station header
T — Time Span header

Record continuation code A 1
* — if continued from last record
Δ — if not continued

Next, write out the blockettes needed in the control header (you can write several blockettes, one after another, all under 
one identifier block).  For each blockette, write the blockette type in the record and then the total blockette length — 
including the seven bytes for the blockette type and length.  Finally, write the entire blockette (or as much of it as will fit 
in the logical record).

Field name Type Length Mask or Flags

Blockette type D 3 “###”

Blockette length D 4 “####”

Blockette data (see subsequent chapters)

If the blockette fits, then start the next blockette at the byte immediately following the end of the last.  If the blockette does 
not fit, assemble a new record, increment the sequence number, and set the continuation code to an asterisk.  The record 
then resumes on the byte after the continuation code.  If you must write a record when it is not full (to begin a record of 
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another type, for example), fill the remainder of the record after the last blockette with spaces.  Then flush (write out) 
the record.  If there are less than seven bytes remaining, the record must be flushed.  Never split a blockette’s “length/
blockette type” section across records.

How Binary Data Fields are Described in This Manual
Throughout this manual, we use some conventions to describe the sizes of fields in the SEED format.  Here are the 
binary data types used in data record contents:

Field type Number of bits Field description

UBYTE 8 Unsigned quantity
IBYTE 8 Two’s complement signed quantity
UWORD 16 Unsigned quantity
WORD 16 Two’s complement signed quantity
ULONG 32 Unsigned quantity
LONG 32 Two’s complement signed quantity
CHAR * n n * 8 n characters, each 8 bits and each with a 7-bit ASCII character 

(high bit always 0)
FLOAT 32 IEEE Floating point number

The IEEE floating point format consists of three stored components:   a sign (+ or -), an exponent, and a fraction.  In the 
following description of the storage format these notations will be used.

s = sign             e = biased exponent                    f = fraction

The sign is the sign of the fraction. Rather than storing the sign of the exponent a bias is added to the exponent, and the 
biased exponent is stored.

s e f
bit  positions 31 30:23 22:0

IEEE single precision values occupy one 32 bit word as shown above in  68000 byte order.  Bits 0:22 store the 23 bit 
fraction, bits 23:30 store the 8 bit exponent, and the high order bit 31 stores the sign bit.  The 23 bit fraction combined 
with the implicit leading bit provide 24 bits of precision in normalized numbers.  The value of an IEEE single precision 
floating point number is calculated as

-1s x 2(e-127) x 1.f

The byte order of a FLOAT is specified in the station identifier blockette [50].

Binary data types are used in the BTIME structure:

Field type Number of bits Field description

UWORD 16 Year (e.g., 1987)
UWORD 16 Day of Year (Jan 1 is 1)
UBYTE 8 Hours of day (0—23)
UBYTE 8 Minutes of day (0—59)
UBYTE 8 Seconds of day (0—59, 60 for leap seconds)
UBYTE 8 Unused for data (required for alignment)
UWORD 16 .0001 seconds (0—9999)



Chapter 3 • SEED Conventions

  34 • Standard for the Exchange of Earthquake Data - Reference Manual

NOTE:  The BTIME structure differs from the ASCII variable length TIME structure used in the control headers.

All binary 32 bit words begin on long-word boundaries, 16 bit words begin on word boundaries, and all bytes on byte 
boundaries.  The fixed portion of the header always ends at the end of a long-word boundary, and each blockette is an 
integer number of long-words in length.  Data may be written in either Big Endian (68000) or Little Endian (VAX) word 
order.  There are two data fields in the Station Identifier Blockette [50] which indicate the word order used for each station.  
Decoding programs will automatically adapt to the specified word order.  Negative numbers utilize standard two’s comple-
ment representation.  The data description language in the data dictionary, referred to by the Channel Identifier Blockette 
[52] for the represented channel, governs byte swapping within the data.  Mantissas and exponents for floating point 
numbers are expressed as binary two’s complement integers.  The most significant bit of the number (bit 15, or the left 
most bit) is always set to zero for a positive number, and the most significant bit of the mantissa is in bit 14.  For negative 
numbers, the most significant bit is always set to one, and the integer is in two’s complement format.

Figure 11:  High and Low Bits in a 16-Bit Word shown in Big Endian (68000) word order
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Chapter 4

Volume Index
Control Headers

Volume index control headers precede all data.  Their primary purpose is to provide a directory to differentiate parts of 
the volume for network and event distributions.  Only field station volumes use Field Volume Identifier Blockette [5].
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    [5] Field Volume Identifier Blockette

Name: Field Volume Identifier Blockette
Blockette Type: 005
Control Header: Volume Index 
Field Station Volume: Required
Station Oriented Network Volume: Not Applicable
Event Oriented Network Volume: Not Applicable

Field stations use the Field Volume Identifier Blockette [5], and usually produce only one volume.  They should include 
this blockette once at the beginning of each logical volume or sub- volume.

Note Field name Type Length Mask or Flags

1 Blockette type 005 D 3 “###”
2 Length of blockette D 4 “####”
3 Version of format D 4 “##.#”
4 Logical record length D 2 “##”
5 Beginning of volume V 1—22 TIME

Notes for fields:

1 		 Standard blockette type identification number.

2 		 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3 		 Version number of the format, currently  “V2.4.”

4 		 Volume logical record length expressed as a power of 2.  A 4096 byte record would be 12.  Logical record lengths 
can be from 256 bytes to 32,768 bytes.  4096 bytes is preferred.

5 		 Nominal starting time of the volume.  Since all data are normally flushed at tape termination time, all data should 
start at nearly the same time.  Record that time here.  If, however, the data are not flushed, the time here should be 
the time of the earliest — not necessarily the first — record of the logical volume.  The calculations to arrive at this 
time do not have to include the longer period data, as that data may have been buffered for a long time prior to its 
recording on the current volume.
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V

  [8] Telemetry Volume Identifier Blockette

Name: Telemetry Volume Identifier Blockette
Blockette Type: 008
Control Header: Volume Index
Field Station Volume: Optional
Station Oriented Network Volume: Optional
Event Oriented Network Volume: Optional

Field stations or networks can use the Telemetry Volume Identifier Blockette [8] when electronically transmitting SEED 
data.  Without this blockette, header records can take up an unnecessarily large amount of the transmission — espe-
cially if the receiver already has them from a prior transmission.  We suggest using the Telemetry Volume Identifier 
Blockette [8] as follows:  1) The transmitter should send this blockette with information on the effective start and end 
times of the header information associated with the data to be transmitted.  2)  The transmitter should follow this with 
the data.  3)  The receiver should then respond as to whether or not it needs additional header information (dictionaries, 
station information, or channel and response information) for the received data.  4)  If the receiver needs those headers, 
the transmitter can send them.  (NOTE:  This blockette had not yet been used at the time this manual went to press.)

Note Field name Type Length Mask or Flags

1 Blockette type 008 D 3 “###”
2 Length of blockette D 4 “####”
3 Version of format D 4 “##.#”
4 Logical record length D 2 “##”
5 Station identifier A 5 [UN]
6 Location identifier A 2 [UN]
7 Channel identifier A 3 [UN]
8 Beginning of volume V 1—22 TIME
9 End of volume V 1—22 TIME
10 Station information effective date V 1—22 TIME
11 Channel information effective date V 1—22 TIME
12 Network Code A 2 [ULN]

Notes for fields:

1 		 Standard blockette type identification number.

2 		 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3 		 Version number of the format, currently  “V2.4.”

4 		 Volume logical record length expressed as a power of 2.  A 4096 byte record would be 12.

5 		 This component’s station name.

6 		 This component’s location code.  (This is the array subcode to the station.)

7 		 Standard channel identifier (see Appendix A).

8 		 Nominal starting time of the transmitted volume.

9 		 Ending time of the transmitted volume.

10 	 Time of associated station header information.

11 	 Time of associated channel information.
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    [10] Volume Identifier Blockette

Name: Volume Identifier Blockette
Blockette Type: 010
Control Header: Volume Index 
Field Station Volume: Not Applicable
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

This is the normal header blockette for station or event oriented network volumes. Include it once at the beginning of each 
logical volume or sub-volume.

Sample:

010009502.1121992,001,00:00:00.0000~1992,002,00:00:00.0
000~1993,029~IRIS _ DMC~Data for 1992,001~

Note Field name Type Length Mask or Flags

1 Blockette type 010 D 3 “###”
2 Length of blockette D 4 “####”
3 Version of format D 4 “##.#”
4 Logical record length D 2 “##”
5 Beginning time V 1—22 TIME
6 End time V 1—22 TIME

V2.3 - 7 Volume Time V 1—22 TIME
V2.3 - 8 Originating Organization V 1—80
V2.3 - 9 Label V 1—80

Notes for fields:

1 	 Standard blockette type identification number.

2 	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3 	 Version number of the format, currently  “V2.4.”

4 	 Volume logical record length, expressed as a power of 2.  A 4096 byte logical record would have “12” in this field.  
Logical record lengths can be from 256 bytes to 32,768 bytes.  4096 bytes is preferred.

5 	 The earliest time seen in the time span list for this logical volume.

6 	 The latest time on the logical volume.

7 	 The actual date and time that the volume was written.

8 	 The organization writing the SEED volume.

9 	 An optional label that can be used to identify this SEED volume.  For instance a label such as “Andaman Islands 
Earthquake” could be designated, and this label is commonly used for referencing your SEED volume in a data 
center request queue, if supplied.  If there is no label a ~ must be inserted, indicating that this variable length field is 
closed, with no entry.
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  [11] Volume Station Header Index Blockette

Name: Volume Station Header Index Blockette
Blockette Type: 011
Control Header: Volume
Index Field Station Volume: Not Applicable
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

This is the index to the Station Identifier Blockettes [50] that appear later in the volume.  This blockette refers to each 
station described in the station header section.

Sample:

V0110054004AAK _ _ 000003ANMO _ 000007ANTO _ 000010BJI _ _ 000012

Note Field name Type Length Mask or Flags

1 Blockette type 011 D 3 “###”
2 Length of blockette D 4 “####”
3 Number of stations D 3 “###”

REPEAT fields 4 — 5 for the Number of stations:
4 Station identifier code A 5
5 Sequence number of station header D 6 “######”

Notes for fields:

1 	 Standard blockette type identification number.

2 	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.  It is possible (but not very likely) that this 
blockette could exceed 9999 bytes.  In this case, the writer should cease writing stations into the index before it 
exceeds 9999 bytes; close the blockette; write it out; and continue with a new blockette [11].  The count in field 
3 should reflect the count in each blockette.  The byte count in field 2 should represent the size of the individual 
blockettes as they are written.

3 	 The number of stations that will be represented later by Station identifier Blockettes [50] in the station header 
section.  The next two fields each repeat, once per station, for the total number of stations.

4 	 The official station code assignment of the recording station, as assigned by the NEIC.

5 	 The sequence number of the logical record on the current logical volume that contains the Station Identifier 
Blockette [50] for the station named in field 4.  Since records must be flushed when the stations are written, this 
indexing value will always be unique and will never refer to more than one station.  Note that station identifier 
blockette update records are not included here, as they combine with a primary blockette to form the station 
header.
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    [12] Volume Time Span Index Blockette

Name: Volume Time Span Index Blockette
Blockette Type: 012
Control Header: Volume Index
Field Station Volume: Not Applicable
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

This blockette forms an index to the time spans that encompass the actual data.  One index entry exists for each time span 
recorded later in the volume.  Time spans are not used for field station type volumes.  There should be one entry in this 
index for each time span control header.  (For more information, see the notes for blockettes [70], [73], and [74].)

Sample:

012006300011992,001,00:00:00.0000~1992,002,00:00:00.0000~000014

Note Field name Type Length Mask or Flags

1 Blockette type 012 D 3 “###”
2 Length of blockette D 4 “####”
3 Number of spans in table D 4 “####”

REPEAT fields 4 — 6 for the Number of spans in table:
4 Beginning of span V 1—22 TIME
5 End of span V 1—22 TIME
6 Sequence number of time span header D 6 “######”

Notes for fields:

1 	 Standard blockette type identification number.

2 	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.  It is possible (but not very likely) that this 
blockette could exceed 9999 bytes.  In this case, the writer should cease writing time spans to the index before it 
exceeds 9999 bytes; close the blockette; write it out; and continue a new blockette.  The count in field 3 should 
reflect the count in each blockette.  The byte count in field 2 should represent the size of the individual blockettes as 
they are written.

3 	 The number of time spans present in this blockette.  The next three fields each repeat, once per time span, for the 
total number of time spans.

4 	 The beginning time of the time span.  This should be the same time as is in the Time Span Identifier Blockette [70] 
to which it refers.

5	 The time span ending time.

6 	 The sequence number of the record on which the Time Span Identifier Blockette [70] referred to starts. 
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Chapter 5

Abbreviation Dictionary
Control Headers

Dictionary records let you use abbreviations to refer to lengthy descriptions without having to create external tables.  
Blockettes [43] through [48] help reduce the amount of space used to specify intricate channel responses in that you 
can write out the responses once, and refer to them with short lookup codes, thereby eliminating the need to repeat the 
same information; they are almost identical to blockettes [53] through [58], but differ only in that they are set up for use 
as response dictionary entries.  Use them with the Response Reference Blockette [60].
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    [30] Data Format Dictionary Blockette

Name: Data Format Dictionary Blockette
Blockette Type: 030
Control Header: Abbreviation Dictionaries
Field Station Volume: Required
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

All volumes, with the exception of miniSEED data records, (see Appendix G), must have a Data Format Dictionary 
Blockette [30].  Each Channel Identifier Blockette [52] has a reference (field 16) back to a Data Format Dictionary Blockette 
[30], so that SEED reading programs will know how to decode data for the channels. Because every kind of data format 
requires an entry in the Data Format Dictionary Blockette [30], each recording network needs to list entries for each data 
format, if a heterogeneous mix of data formats are included in a volume. This data format dictionary is used to decom-
press the data correctly.

Sample:

0300087CDSNΔGain-RangedΔFormat~000200104M0~W2ΔD0-13ΔA-8191~D1415~P0:#0,1:#2,2:#4,3:#7~

Note Field name Type Length Mask or Flags

1 Blockette type — 030 D 3 “###”
2 Length of blockette D 4 “####”
3 Short descriptive name V 1—50 [UNLPS]
4 Data format identifier code D 4 “####”
5 Data family type D 3 “###”
6 Number of decoder keys D 2 “##”

REPEAT field 7 for the Number of decoder keys:
7 Decoder keys V any [UNLPS]

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes of fields 1 and 2.

3	 A short name describing the data type.  See Appendix D.

4	 A cross reference number, used in later blockettes, to indicate this particular dictionary entry.  The writer program 
for each volume creates this code, and it pertains to one particular volume only.  The code is never guaranteed to 
have meaning outside of that volume, and it may be different for any two volumes.  Writers usually assign 1 for the 
first code, then increment for each additional code.  Because a unique code is assigned for each data type, it will be 
unique in each blockette.

5	 A field used by the data decoder to describe the data family type.  This field tells a potential decoder program what 
general algorithm to use to decode the associated data.  Each algorithm requires some number of decoder keys that 
contain special additional information, enabling the algorithm to decode the data.  See Appendix D for more infor-
mation about decoders and some examples of their use.  As of this manual’s printing, the currently defined family 
types are:

0	 Integer format fixed interval data

1	 Gain ranged fixed interval data

50	 Integer differences compression

80	 ASCII text with line control (for console logs)

81	 Non-ASCII text (for other language character sets)

90	 Opaque data

91	 Blockette-only information

6	 The number of decoder keys used by the data family type (see Appendix D).

7	 The decoder keys used by the data family type.  Place a tilde after each key in the sequence to separate them.  See 
Appendix D.
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  [31] Comment Description Blockette

Name: Comment Description Blockette
Blockette Type: 031
Control Header: Abbreviation Dictionaries
Field Station Volume: Optional
Station Oriented Network Volume: Required if referred to
Event Oriented Network Volume: Required if referred to

Station operators, data collection centers, and data management centers can add descriptive comments to data to 
indicate problems encountered or special situations.

Sample:

03100720750StimeΔcorrectionΔdoesΔnotΔincludeΔleapΔsecond,Δ(-1000ms).~000

Note Field name Type Length Mask or Flags

1 Blockette type — 031 D 3 “###”
2 Length of blockette D 4 “####”
3 Comment code key D 4 “####”
4 Comment class code A 1 [U]
5 Description of comment V 1—70 [UNLPS]
6 Units of comment level D 3 “###”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 Code key used to uniquely identify comments.  The code keys are assigned by any user’s convention, and may 
not be consistent between volumes.  (We hope that these codes might be standardized, so that reader programs 
might automatically determine data quality from them.)  See Appendix E for a sample set of comment codes.  
Field 5 of Station Comment Blockette [51] and field 5 of Channel Comment Blockette [59] refer to this code key.

4	 A single letter code, assigned by the user, which determines to what the code refers.

5	 The comment’s text.  A brief sentence should describe the condition.  Use upper and lower case alphanu-
meric characters, with punctuation.  (Comments may optionally contain a numeric value to denote magnitude, 
frequency, or some other value, giving numeric weight to the comment.  For example, such a numeric value is 
often used for time corrections, where it represents the number of milliseconds of the correction.)

6	 If a value is associated with the comment, place the unit lookup code from field 3 of the Units Abbreviation 
Blockette [34] abbreviation dictionary here; otherwise this value would be zero.



Chapter 5 • Abbreviation Dictionary Control Headers

  44 • Standard for the Exchange of Earthquake Data - Reference Manual

    [32] Cited Source Dictionary Blockette

Name: Cited Source Dictionary Blockette
Blockette Type: 032
Control Header: Abbreviation Dictionaries
Field Station Volume: Not Applicable
Station Oriented Network Volume: Optional
Event Oriented Network Volume: Required

This blockette identifies the contributing institution that provides the hypocenter and magnitude information.  This 
blockette is used in event oriented network volumes.

Note Field name Type Length Mask or Flags

1 Blockette type — 032 D 3 “###”
2 Length of blockette D 4 “####”
3 Source lookup code D 2 “##”
4 Name of publication/author V 1—70 [UNLPS]
5 Date published/catalog V 1—70 [UNLPS]
6 Publisher name V 1—50 [UNLPS]

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes of fields 1 and 2.

3	 A cross reference number, used in subsequent blockettes to indicate this particular dictionary entry.  The writer 
program for each volume creates this number, and it pertains only to that particular volume.  This number is never 
guaranteed to have meaning outside of the volume, and it may be different for any given two volumes.  Writing 
programs usually assign 1 for the first code, and increment it for each subsequent code.  Because a unique code is 
assigned for each data type, it will be unique in each of these blockettes.

4	 A standard name for the publication from which the epicenter/ hypocenter information was obtained.

5	 Date published and catalog information for this citation from the publication.

6	 The name of the publisher.
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  [33] Generic Abbreviation Blockette

Name: Generic Abbreviation Blockette
Blockette Type: 033
Control Header: Abbreviation Dictionaries
Field Station Volume: Required
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

Sample:

0330055001(GSN)ΔGlobalΔSeismographΔNetworkΔ(IRIS/USGS)~

Note Field name Type Length Mask or Flags

1 Blockette type — 033 D 3 “###”
2 Length of blockette D 4 “####”
3 Abbreviation lookup code D 3 “###”
4 Abbreviation description V 1—50 [UNLPS]

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes of fields 1 and 2.

3	 A cross reference code, used in later blockettes (field 10 of the Station Identifier Blockette [50], and field 6 of 
the Channel Identifier Blockette [52]) to indicate this particular dictionary entry (see Appendix F).  The writer 
program for each volume creates this code, and it pertains only to that particular volume.  This number is never 
guaranteed to have meaning outside of the volume, and it may be different for any two volumes.    Writing 
programs usually assign 1 for the first code, and increment it for each succeeding code.  Because a unique code is 
assigned for each data type, it will be unique in each of these blockettes.

4	 The descriptive text for the abbreviation, as a brief sentence.  Use upper and lower case alphanumeric text.
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    [34] Units Abbreviations Blockette

Name: Units Abbreviations Blockette
Blockette Type: 034
Control Header: Abbreviation Dictionaries
Field Station Volume: Required
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

This blockette defines the units of measurement in a standard, repeatable way.  Mention each unit of measurement only 
once.

Sample:

0340044001M/S~VelocityΔinΔMetersΔPerΔSecond~

Note Field name Type Length Mask or Flags

1 Blockette type — 034 D 3 “###”
2 Length of blockette D 4 “####”
3 Unit lookup code D 3 “###”
4 Unit name V 1—20 [UNP]
5 Unit description V 0—50 [UNLPS]

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes of fields 1 and 2.

3	 A unit lookup code, used in later blockettes to indicate this particular dictionary entry. As of this manual’s publica-
tion, the following fields and blockettes refer to this code:

•   field 6 of the Comment Description Dictionary Blockette [31]

•   field 6 of the Response (Poles & Zeros) Dictionary Blockette [43]

•   field 7 of the Response (Poles & Zeros) Dictionary Blockette [43]

•   field 6 of the Response (Coefficients) Blockette [44]

•   field 7 of the Response (Coefficients) Blockette [44]

•   field 5 of the Response List Blockette [45]

•   field 6 of the Response List Blockette [45]

•   field 5 of the Generic Response Blockette [46]

•   field 6 of the Generic Response Blockette [46]

•   field  6 of the Response (Polynomial) Dictionary Blockette [49]

•   field  7 of the Response (Polynomial) Dictionary Blockette [49]

•   field 8 of the Channel Identifier Blockette [52]

•   field 9 of the Channel Identifier Blockette [52]

•   field 5 of the Response (Poles & Zeros) Blockette [53]

•   field 6 of the Response (Poles & Zeros) Blockette [53]

•   field 5 of the Response (Coefficients) Blockette [54]

•   field 6 of the Response (Coefficients) Blockette [54]
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•   field 4 of the Response List Blockette [55]

•   field 5 of the Response List Blockette [55]

•   field 4 of the Generic Response Blockette [56]

•   field 5 of the Generic Response Blockette [56]

•   field 6 of the Fir Response Blockette [61]

•   field 7 of the Fir Response Blockette [61]

•   field 5 of the Response (Polynomial) Blockette [62]

•   field 6 of the Response (Polynomial) Blockette [62]

 
The writing program for each volume creates this code, and it pertains only to that particular volume.  This 
number is never guaranteed to have meaning outside of the volume, and it may be different for any two 
volumes.  Writing programs usually assign 1 for the first code, and increment it for each succeeding code.  
Because a unique code is assigned for each data type, it will be unique in each of these blockettes.

4	 The basic unit name, formatted as FORTRAN-like equations with all  alphabetic characters in upper case.  
Specify exponents by the “**” format, and use parentheses sparingly — only when normal FORTRAN pre-
cedence would not be correct.  Use the standard exponential notation (e.g., “1E-9” not “1*10**-9”) for powers 
of 10.  Use SI units and their standard abbreviations whenever possible; spell out and do not abbreviate non-SI 
units.  For reasons of convertibility, abbreviations are represented in uppercase although this is not SI conven-
tion. 
Units of ground motion are typically defined as:  
		 Displacement	 M 
		 Velocity		 M/S  
		 Acceleration	 M/S**2

5	 A description of the unit.
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    [35] Beam Configuration Blockette

Name: Beam Configuration Blockette
Blockette Type: 035
Control Header: Abbreviation Dictionaries
Field Station Volume: Optional
Station Oriented Network Volume: Optional
Event Oriented Network Volume: Optional

Use this blockette to describe the configuration of an instrument array for the synthetic output of a beam forming algorithm.  
The beam blockette [400] refers to this dictionary in the data headers of the data section.   This is the only dictionary that 
is used directly by the data section; only the control header section uses all other dictionaries.

Note Field name Type Length Mask or Flags

1 Blockette type — 035 D 3 “###”
2 Length of blockette D 4 “####”
3 Beam lookup code D 3 “###”
4 Number of components D 4 “####”

REPEAT fields 5 — 9 for the Number of components:
5 Station identifier A 5 [UN]
6 Location identifier A 2 [UN]
7 Channel identifier A 3 [UN]
8 Sub-channel identifier D 4 “####”
9 Component weight D 5 “#.###”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes of fields 1 and 2.  Huge beam formings could cause the 9999 
byte total limit or the 99 station limit to overflow.   If this happens, write additional blockettes, each with the same 
beam lookup code.

3	 A cross reference code, used in later blockettes (as of this manual’s publication, only field 5 of the Beam Blockette 
[400]) to indicate this particular dictionary entry.  The blockette is referred to by the beam blockette in the data 
section.  The writing program for each volume creates this code, and it pertains only to that particular volume.  This 
number is never guaranteed to have meaning outside of the volume, and it may be different for any two volumes.  
Writing programs usually assign 1 for the first code, and increment it for each succeeding code.  Because a unique 
code is assigned for each data type, it will be unique in each of these blockettes.

4	 The number of components included in the repeat section that follows.

5	 This component’s station name.  (See Appendix G for some station names and codes.)

6	 This component’s location code.  (This is the array subcode to the station.)

7	 Standard channel identifier (see Appendix A).

8	 The sub-channel identifier of the component; for use when the input channel is multiplexed.

9	 The weight that was given to this component in the calculations of this beam
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   [41] FIR Dictionary Blockette

Name: FIR Dictionary Blockette
Blockette Type: 041
Control Header: Abbreviation Dictionaries
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

V2.2- Introduced in SEED version 2.2

The FIR blockette is used to specify FIR (Finite Impulse Response) digital filter coefficients. It is an alternative to 
blockette [44] when specifying FIR filters.  The blockette recognizes the various forms of filter symmetry and can 
exploit them to reduce the number of factors  specified in the blockette.

Note Field name Type Length Mask or Flags

1 Blockette type — 041 D 3 “###”
2 Length of blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1— 25 [UN_]
5 Symmetry Code A 1 [U]
6 Signal In Units D 3 “###”
7 Signal Out Units D 3 “###”
8 Number of Factors D 4 “####”

REPEAT field 9 for Number of Coefficients
9 FIR Coefficient F 14 “-#.#######E-##”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, inclusive of the 7 bytes in fields 1 and 2.  This blockette could exceed the maximum 
number of 9,999 characters.  If so, continue on the next record.  Field 4 should be set the same, but fields 5 — 7 in 
subsequent blockettes should be ignored.

3	 The numeric key that is used by blockette [60], field 6, for referring to the response dictionaries.  These numbers 
are arbitrary, and are assigned only in context to a given volume.  Zero is not a legal key.

4	 A descriptive name for the response.

5	 The symmetry code.  Designates how the factors will be specified.  See the tables that follow to see examples of 
these different types of symmetry.

A — No Symmetry - all Coefficients are specified. 

Example:          Coeff    Factor                          Value

1          1                     -1.1396359E+02

2          2                       6.5405190E+01

3          3                       2.9333237E+02

4          4                       6.8279054E+02

5          5                       1.1961222E+03

6          6                       1.8402642E+03

7          7                       2.6360273E+03
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B — Odd number Coefficients with symmetry.

Example:          Coeff    Factor                          Value

1 & 25       1                  -1.1396359E+02

2 & 24       2                    6.5405190E+01

3 & 23       3                    2.9333237E+02

4 & 22       4                    6.8279054E+02

5 & 21       5                    1.1961222E+03

6 & 20       6                    1.8402642E+03

7 & 19       7                    2.6360273E+03

8 & 18       8                    3.4843128E+03

9 & 17       9                    4.8191733E+03

10& 16     10                   5.4920540E+03

11& 15     11                   6.0588989E+03

12& 14     12                   6.3135828E+03

13           13                   2.3400203E+02

C — Even number Coefficients with symmetry.

Example:          Coeff    Factor                          Value

1 & 24       1                  -1.1396359E+02

2 & 23       2                    6.5405190E+01

3 & 22       3                    2.9333237E+02

4 & 21       4                    6.8279054E+02

5 & 20       5                    1.1961222E+03

6 & 19       6                    1.8402642E+03

7 & 18       7                    2.6360273E+03

8 & 17       8                    3.4843128E+03

9 & 16       9                    4.8191733E+03

10& 15     10                   5.4920540E+03

11& 14     11                   6.0588989E+03

12& 13     12                   6.3135828E+03

6	 A Unit Lookup Key that refers to the Units Abbreviation Blockette [34], field 3, for the units for the incoming signal 
to this stage of the filter.  It will usually be ground motion, volts, or counts, depending on where in the filter system 
it is.

7	 Like field 6, but for the stages output signal.  Analog filters usually output volts, digital filters output counts.

8	 The number of factors that follow.

A  No Symmetry — All Coefficients specified

f = c.   “f” denotes number of factors, “c” is number of coefficients

B  Odd — First half of all coefficients and center coefficient specified

f = c+1
  2

C  Even — First half of all coefficients specified

f = c
2

9	 FIR Filter Coefficients.
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  [42] Response (Polynomial) Dictionary Blockette

Name: Response (Polynomial) Dictionary Blockette
Blockette Type: 042
Control Header: Abbreviation Dictionaries
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required
Introduced in SEED version 2.3

Use this blockette to characterize the response of a non-linear sensor.

Note Field name Type Length Mask or Flags

1 Blockette type — 042 D 3 “###”
2 Length of blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1-25 “[UN_]”
5 Transfer Function Type A 1 [U]
6 Stage Signal Input Units D 3 “###”
7 Stage Signal Output Units D 3 “###”
8 Polynomial Approximation Type A 1 [U]
9 Valid Frequency Units A 1 [U]
10 Lower Valid Frequency Bound F 12 “-#.#####E-##”
11 Upper Valid Frequency Bound F 12 “-#.#####E-##”
12 Lower Bound of Approximation F 12 “-#.#####E-##”
13 Upper Bound of Approximation F 12 “-#.#####E-##”
14 Maximum Absolute Error F 12 “-#.#####E-##”
15 Number of Polynomial Coefficients D 3 “###”

(Repeat fields 16 and 17 for each polynomial coefficient)
16 Polynomial Coefficient F 12 “-#.#####E-##”
17 Polynomial Coefficient Error F 12 “-#.#####E-##”

Notes for Fields:

1	 Standard blockette type identification number.

2	 Length of entire blockette, including the 7 bytes in fields 1 and 2.

3	 A unique cross reference number, used in later blockettes to indicate this particular entry.

4	 The identifying name of this response.  This field gives a unique name to each dictionary entry.

5	 A single letter “P” describing this type of stage.

6	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the units of the incoming 
signal to this stage of the filter.

7	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the stages output signal.

8	 A single character describing the type of polynomial approximation (this field is mandatory)  [Note: The input 
units (x) into the polynomial will most always be in Volts. The output units (pn(x)) will be in the units of field 
5.]:

M — MacLaurin

pn(x) = a0 + a1*x + a2*x^2 + ... + an*x^n
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Note:  The following three fields play no part in the calculation to recover Earth units (i.e. field 5) for this response. 
If these fields are available from the instrumentation literature, they can be used in post-processing to assess the 
frequency domain validity.

9	 A single character describing valid frequency units:

“A” — rad/sec
“B” — Hz

10	 If available, the low frequency corner for which the sensor is valid.  0.0 if unknown or zero.

11	 If available, the high frequency corner for which the sensor is valid. Nyquist if unknown.

12	 Lower bound of approximation. This should be in units of 5.

13	 Upper bound of approximation. This should be in units of 5.

14	 The maximum absolute error of the polynomial approximation.  Put 0.0 if the value is unknown or actually zero.

15	 The number of coefficients that follow in the polynomial approximation.  The 49 polynomial coefficients are given 
lowest order first and the number of coefficients is one more than the degree of the polynomial.

16	 The value of the polynomial coefficient.

17	 The error for field 12.  Put 0.0 here if the value is unknown or actually zero. This error should be listed as a positive 
value, but represents a +/- error (i.e. 2 standard deviations).
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  [43] Response (Poles & Zeros) Dictionary Blockette

Name: Response (Poles & Zeros) Dictionary Blockette 
Blockette Type: 043
Control Header: Abbreviation Dictionaries
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

Note Field name Type Length Mask or Flags

1 Blockette type — 043 D 3 “###”
2 Length of blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1-25 “[UN_]”
5 Response type A 1 [U]
6 Stage signal input units D 3 “###”
7 Stage signal output units D 3 “###”
8 AO normalization factor (1.0 if none) F 12 “-#.#####E-##”
9 Normalization frequency (Hz) F 12 “-#.#####E-##”

10 Number of complex zeros D 3 “###”
REPEAT fields 11 — 14 for the Number of complex zeros:

11 Real zero F 12 “-#.#####E-##”
12 Imaginary zero F 12 “-#.#####E-##”
13 Real zero error F 12 “-#.#####E-##”
14 Imaginary zero error F 12 “-#.#####E-##”

15 Number of complex poles D 3 “###”
REPEAT fields 16 — 19 for the Number of complex poles:

16 Real pole F 12 “-#.#####E-##”
17 Imaginary pole F 12 “-#.#####E-##”
18 Real pole error F 12 “-#.#####E-##”
19 Imaginary pole error F 12 “-#.#####E-##”

NOTE:  See Response (Poles & Zeros) Blockette [53] for more information.

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 A unique cross reference number, used in later blockettes to indicate this particular dictionary entry.

4	 The identifying name of this response.  This field gives a unique name to each dictionary entry.

5	 A single character describing the type of stage:

	 A — Laplace transform analog response, in rad/sec

	 B — Analog response, in Hz

	 C — Composite (currently undefined) 

	 D — Digital (Z - transform)

6	 A unit lookup key that refers to the Units Abbreviation Blockette [34] for the units of the incoming signal to this 
stage of the filter.  This signal will usually be ground motion, volts, or counts, depending on where it is in the 
filter system.
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7	 Like field 6, but for the stage’s output signal.  Analog filters usually emit volts, and digital filters usually emit 
counts.

8	 An optional field, used as a multiplicative factor to normalize the filter.  Otherwise, put 1.0 here.

9	 The frequency, f
n
, in Hertz, at which the value in field 8 is normalized (if any).

10	 The number of complex zeros that follow.

11	 The real portion of the complex zero value.

12	 The imaginary portion of the complex zero value.

13	 The error for field 11.  For example,  if  the value of real zero (field 11) were 200.0 and the error was 2 per cent, use 
4.0 for the error value in field 12.  Put 0.0 here if the value is unknown.

14	 As in field 13, this is the error for field 12.

15	 The number of poles that follow.

16	 The real portion of the complex pole.

17	 The imaginary portion of the complex pole.

18	 The error value for field 16.

19	 The error value for field 17.
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  [44] Response (Coefficients) Dictionary Blockette

Name: Response (Coefficients) Dictionary Blockette
Blockette Type: 044
Control Header: Abbreviation Dictionaries
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

Note Field name Type Length Mask or Flags

1 Blockette type — 044 D 3 “###”
2 Length of blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1-25 “[UN_]”
5 Response type A 1 [U]
6 Signal input units D 3 “###”
7 Signal output units D 3 “###”

8 Number of numerators D 4 “####”
REPEAT fields 9 — 10 for the Number of numerators:

9 Numerator coefficient F 12 “-#.#####E-##”
10 Numerator error F 12 “-#.#####E-##”

11 Number of denominators D 4 “####”
REPEAT fields 12 — 13 for the Number of denominators:

12 Denominator coefficient F 12 “-#.#####E-##”
13 Denominator error F 12 “-#.#####E-##”

NOTE:  See Response (Coefficients) Blockette [54] for more information.

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 A unique cross reference number, used in later blockettes to indicate this particular dictionary entry.  For con-
tinuation records of this type, use the same Response lookup key and append part 1, part 2 etc. to the response 
name in field 4.

4	 The identifying name of this response.  This field gives a unique name to each dictionary entry.

5	 A single character describing the type of stage:
A — Laplace transform analog response, in rad/sec
B — Analog response, in Hz
C — Composite (currently undefined) 
D — Digital (Z - transform)

6	 A unit lookup key that refers to the Units Abbreviation Blockette [34] for the units of the incoming signal to this 
stage of the filter.  This signal will usually be ground motion, volts, or counts, depending on where it is in the 
filter system.

7	 Like field 6, but for the stage’s output signal.  Analog filters usually emit volts, and digital filters usually emit 
counts.

8	 The number of numerator values that follow.

9	 The numerator coefficient value.
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10	 The error of field 9.

11	 The number of denominator values that follow.  Denominators are only used for IIR filters.  FIR type filters use only 
the numerator.  If there are no denominators, place a zero here and stop the blockette.

12	 The denominator coefficient value.

13	 The error of field 12.
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  [45] Response List Dictionary Blockette

Name: Response List Dictionary Blockette
Blockette Type: 045
Control Header: Abbreviation Dictionaries
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

Note Field name Type Length Mask or Flags

1 Blockette type — 045 D 3 “###”
2 Length of blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1-25 “[UN_]”
5 Signal input units D 3 “###”
6 Signal output units D 3 “###”

7 Number of responses listed D 4 “####”
REPEAT fields 8 — 12 for the Number of responses listed:

8 Frequency (Hz) F 12 “-#.#####E-##”
9 Amplitude F 12 “-#.#####E-##”
10 Amplitude error F 12 “-#.#####E-##”
11 Phase angle (degrees) F 12 “-#.#####E-##”
12 Phase error (degrees) F 12 “-#.#####E-##”

NOTE:  See Response List Blockette [55] for more information.

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 A unique cross reference number, used in later blockettes to indicate this particular dictionary entry.

4	 The identifying name of this response.  This field gives a unique name to each dictionary entry.

5	 A unit lookup key that refers to the Units Abbreviation Blockette [34] for the units of the incoming signal to this 
stage of the filter.  This signal will usually be ground motion, volts, or counts, depending on where it is in the 
filter system.

6	 Like field 5, but for the stage’s output signal.  Analog filters usually emit volts, and digital filters usually emit 
counts.

7	 The number of responses in the repeat block that follows.

8	 The frequency of this response.

9	 The amplitude of this response.

10	 The error of the amplitude.

1	 The phase angle at this frequency.

12	 The error of the phase angle.
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    [46] Generic Response Dictionary Blockette

Name: Generic Response Dictionary Blockette
Blockette Type: 046
Control Header: Abbreviation Dictionaries
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

Note Field name Type Length Mask or Flags

1 Blockette type — 046 D 3 “###”
2 Length of blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1-25 “[UN_]”
5 Signal input units D 3 “###”
6 Signal output units D 3 “###”

7 Number of corners listed D 4 “####”
REPEAT fields 8 — 9 for the Number of corners listed:

8 Corner frequency (Hz) F 12 “-#.#####E-##”
9 Corner slope (db/decade) F 12 “-#.#####E-##”

NOTE:  See Generic Response Blockette [56] for more information.

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 A unique cross reference number, used in later blockettes to indicate this particular dictionary entry.

4	 The identifying name of this response.  This field gives a unique name to each dictionary entry.

5	 A unit lookup key that refers to the Units Abbreviation Blockette [34] for the units of the incoming signal to this 
stage of the filter.  The signal will usually be ground motion, volts, or counts, depending on where it is in the filter 
system.

6	 Like field 5, but for the stage’s output signal.  Analog filters usually emit volts, digital filters usually emit counts.

7	 The number of response corner frequencies specified in the repeat block that follows.

8	 The corner frequency.

9	 The slope of the line after the corner, measured in db/decade.
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  [47] Decimation Dictionary Blockette

Name: Decimation Dictionary Blockette
Blockette Type: 047
Control Header: Abbreviation Dictionaries
Field Station Volume: Required for Digital Stage
Station Oriented Network Volume: Required for Digital Stage
Event Oriented Network Volume: Required for Digital Stage

Note Field name Type Length Mask or Flags

1 Blockette type — 047 D 3 “###”
2 Length of blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1-25 “[UN_]”
5 Input sample rate F 10 “#.####E-##”
6 Decimation factor D 5 “#####”
7 Decimation offset D 5 “#####”
8 Estimated delay (seconds) F 11 “-#.####E-##”
9 Correction applied (seconds) F 11 “-#.####E-##”

NOTE:  See Decimation Blockette [57] for more information.

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 A unique cross reference number, used in later blockettes to indicate this particular dictionary entry.

4	 The identifying name of this response.  This field gives a unique name to each dictionary entry.

5	 The incoming sample rate, in samples per second.

6	 The decimation factor.  When this number of samples are read in, one final sample comes out.  Calculate the 
output sample rate by dividing field 5 by the decimation factor.

7	 This field determines which sample is chosen for use.  Make the value of this field greater than or equal to zero, 
but less than the decimation factor.  If you pick the first sample, set this field to zero.  If you pick the second 
sample, set it to 1, and so forth.

8	 The estimated pure delay for the stage; it may or may not be also corrected in field 7.  This field’s value is nominal, 
and may be unreliable.

9	 The time shift applied to the time tag due to delay at this stage of the filter; a negative number indicating the 9 of 
time added to the former time tag.  The actual delay is difficult to estimate, and the correction applied neglects 
dispersion.  This field allows the user to know how much correction was used, in case a more accurate correction 
is to be applied later.  A zero here implies no correction was done.
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    [48] Channel Sensitivity/Gain Dictionary Blockette

Name: Channel Sensitivity/Gain Dictionary Blockette
Blockette Type: 048
Control Header: Abbreviation Dictionaries
Field Station Volume: Required 
Station Oriented Network Volume: Required 
Event Oriented Network Volume: Required 

Note Field name Type Length Mask or Flags

1 Blockette type — 048 D 3 “###”
2 Length of blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1-25 “[UN_]”
5 Sensitivity/gain F 12 “-#.#####E-##”
6 Frequency (Hz) F 12 “-#.#####E-##”

7 Number of history values D 2 “##”
REPEAT fields 8 — 10 for the Number of history values:

8 Sensitivity for calibration F 12 “-#.#####E-##”
9 Frequency of calibration sensitivity F 12 “-#.#####E-##”
10 Time of above calibration V 1—22 TIME

NOTE:  See Channel Sensitivity/Gain Blockette [58] for more information.

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 A unique cross reference number, used in later blockettes to indicate this particular dictionary entry.

4	 The identifying name of this response.  This field gives a unique name to each dictionary entry.

5	 The gain at this stage, or the sensitivity for the channel.

6	 The frequency, f
n
, at which the value in field 5 is correct.

7	 You may record any number of standard calibration values for a history of the calculation of the sensitivity value 
(calibration methods usually only give information about the final channel response, not the individual stages).  This 
field represents the number of calibration history entries that follow.  If there is no history, or this is a gain value, put 
zero here and stop the blockette.

8	 The recorded amplitude value of this history entry.

9	 The frequency for this calibration; you can use a zero for a step calibration.

10	 The time when the calibration was done.
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  [49] Response (Polynomial) Dictionary Blockette

Name: Response (Polynomial) Dictionary Blockette
Blockette Type: 049
Control Header: Abbreviation Dictionaries
Field Station Volume: Some Response Required 
Station Oriented Network Volume: Some Response Required 
Event Oriented Network Volume: Some Response Required 
Introduced in SEED version 2.3

Use this blockette to characterize the response of a non-linear sensor.

Note Field name Type Length Mask or Flags

1 Blockette Type — 049 D 3 “###”
2 Length of Blockette D 4 “####”
3 Response Lookup Key D 4 “####”
4 Response Name V 1-25 “[UN_]”
5 Transfer Function Type A 1  [U]
6 Stage Signal Input Units D 3 “###”
7 Stage Signal Output Units D 3 “###”
8 Polynomial Approximation Type A 1 [U]
9 Valid Frequency Units A 1 [U]
10 Lower Valid Frequency Bound F 12 “-#.#####E-##”
11 Upper Valid Frequency Bound F 12 “-#.#####E-##”
12 Lower Bound of Approximation F 12 “-#.#####E-##”
13 Upper Bound of Approximation F 12 “-#.#####E-##”
14 Maximum Absolute Error F 12 “-#.#####E-##”
15 Number of Polynomial Coefficients D  3 “###”

(Repeat fields 16 and 17 for each polynomial coefficient)
16 Polynomial Coefficient F 12 “-#.#####E-##”
17 Polynomial Coefficient Error F 12 “-#.#####E-##”

Notes for Fields:

1	 Standard blockette type identification number.

2	 Length of entire blockette, including the 7 bytes in fields 1 and 2.

3	 A unique cross reference number, used in later blockettes to indicate this particular entry.

4	 The identifying name of this response.  This field gives a unique name to each dictionary entry.

5	 A single letter “P” describing this type of stage.

6	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the units of the incoming 
signal to this stage of the filter.

7	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the stages output signal.

8	 A single character describing the type of polynomial approximation (this field is mandatory): (Note: The input 
units (x) into the polynomial will most always be in Volts. The output units (pn(x)) will be in the units of field 5.)

	 M -- MacLaurin

pn(x) = a0 + a1*x + a2*x^2 + ... + an*x^n



Chapter 5 • Abbreviation Dictionary Control Headers

  62 • Standard for the Exchange of Earthquake Data - Reference Manual

(Note:  The following three fields play no part in the calculation to recover Earth units (ie field 5) for this response. If these 
fields are available from the instrumentation literature, they can be used in post-processing to assess the frequency 
domain validity.)

9 	 A single character describing valid frequency units:

			  “A” -- rad/sec

			  “B” -- Hz

10	  If available, the low frequency corner for which the sensor is valid. 0.0 if unknown or zero.

11	  If available, the high frequency corner for which the sensor is valid. Nyquist if unknown.

12	  Lower bound of approximation. This should be in units of 5.

13	 Upper bound of approximation. This should be in units of 5.

14	 The maximum absolute error of the polynomial approximation. Put 0.0 if the value is unknown or actually zero.

15	 The number of coefficients that follow in the polynomial approximation.  The polynomial coefficients are given 
lowest order first and the number of coefficients is one more than the degree of the polynomial.

16	 The value of the polynomial coefficient.

17	 The error for field 12. Put 0.0 here is the value is unknown or actually zero. This error should be listed as a positive 
value, but represent a +/- error (ie 2 standard deviations).
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Chapter 6

Station
Control Headers

The station header records contain all the configuration and identification information for the station and all its instru-
ments.  The SEED format provides a great deal of flexibility for associating recording channels to the station, including 
the ability to support different data formats dynamically.  For each new station, start a new logical record, set the 
remainder of any previous header records to blanks, and write it out.

For analog cascading, use the Response (Poles & Zeros) Blockette [53], and the Channel Sensitivity/Gain Blockette [58] 
if needed.  For digital cascading, use the Response (Coefficients) Blockette [54], and the Decimation Blockette [57] or 
Channel Sensitivity/Gain Blockette [58] if needed.  For additional documentation, you may also use the Response List 
Blockette [55] or the Generic Response Blockette [56].
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[50] Station Identifier Blockette

Name: Station Identifier Blockette
Blockette Type: 050
Control Header: Station
Field Station Volume: Required
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

Sample:

0500098ANMOΔΔ+34.946200-106.456700+1740.00006001Albuquerque,ΔNewMexico,ΔUSA~0013210101989,241~~
NIU

Note Field name Type Length Mask or Flags

1 Blockette type — 050 D 3 “###”
2 Length of blockette D 4 “####”
3 Station call letters A 5 [UN]
4 Latitude (degrees) D 10 “-##.######”
5 Longitude (degrees) D 11 “-###.######”
6 Elevation (m) D 7 “-####.#”
7 Number of channels D 4 “####”
8 Number of station comments D 3 “###”
9 Site name V 1—60 [UNLPS]
10 Network identifier code D 3 “###”
11 32 bit word order D 4 “####”
12 16 bit word order D 2 “##”
13 Start effective date V 1—22 TIME
14 End effective date V 0—22 TIME
15 Update flag A 1

V2.3- 16 Network Code A 2 [ULN]

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 Station call letters.

4	 Earth latitude in degrees from the equator.  Use a negative number for a southern latitude. The Station Identifier 
Blockette [50] contains the latitude of the station address associated with the call letters in field 3 and is often 
the same as the instruments’ coordinates in the Channel Identifier Blockettes [52].  Seismologists should use the 
coordinates in the Channel Identifier Blockette [52] and site preparation teams should ensure that these numbers are 
calculated as accurately as possible.

5	 Earth longitude from Greenwich.  A negative number denotes a western longitude.

6	 Elevation of local ground level in meters.

7	 The number of channels that follow, not including any channel update blockettes (optional; we recommend not using 
this field and leaving it set to blanks).

8	 The number of Station Comment Blockettes [51] that follow (optional; we recommend not using this field and leaving 
it set to blanks).

9	 The station site, usually as “Local town/city, major political subdivision (state/province), country/territory”.

10	 The abbreviation lookup code (field 3) from the Generic Abbreviation Blockette [33] abbreviation dictionary, that 
refers to the network to which the station belongs.  If you are coding from an experimental system, or from a special 
site or group collaboration, you can use an abbreviation to specify the contributors.
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11	 The swap order in which 32-bit quantities are specified in the data headers.  The swap order of the data itself is 
specified for the channel in the data format dictionary.  This dictionary entry describes the exact format of the 
data with the data description language — see Appendix D.  Some swap orders for computers are: 

Little Endian (Intel, etc.)  — “0123” 

Big Endian (Motorola, etc.) — “3210”

This order also applies to the FLOAT Binary Data Field.

12	 16-bit quantity byte swapping order (as for longword above), for the data headers only. Some swap orders for 
computers are:

Little Endian (Intel, etc.) — “01”

Big Endian (Motorola, etc.) — “10”

13	 The earliest known date that information in this header record is correct (used with update records).  Use the date 
when the database was last changed; if you do not know this date, use the start date of the volume.

14	 The latest date when this information is correct.  The minimum length of this field can be zero, implying that the 
information is still correct.

15	 The update flag indicates to what the data update records refer.  Use update records to either describe changes to 
the condition of a station during this volume or to refer to previous volumes (as errata distributions).  Use one of 
these flags: 

N         Effective dates pertain to these data

U         Control header updates information previously sent

See Appendix H for more information.

16	 A two character alphanumeric identifier that uniquely identifies the network operator responsible for the data 
logger.  This identifier is assigned by the IRIS Data Management Center in consultation with the FDSN working 
group on the SEED format.  This code is repeated in field 7 of the fixed section of data headers.  The current list 
of Network Codes is available online at: http://www.iris.edu/stations/networks.txt

NOTE:  If information in the Station Identifier Blockette [50] were to be changed during the time interval of the 
volume, additional blockettes with the new information and new effective dates would immediately follow the first 
blockette (if there are several changes, there should be additional blockettes).

The 16 bit and 32 bit swap orders pertain only to the fields in the fixed headers and blockettes of the data records.  
The swap order in the data section itself is described with the data description language (see Appendix D).  All of 
these fields must be present and accurate for any decoder to operate correctly.  These headers also mean that network 
volumes can contain data with different swap orders.  We recommend that network volumes convert data headers to a 
unified swapping arrangement, but the SEED format does not require this. 

To eliminate a potential problem, all data records and blockettes for a given station must use the same byte ordering 
within a SEED volume.  In 2003, the FDSN adopted the format rule that Steim1 and Steim2 data records are to be 
written with the big-endian encoding only. There is no DDL available to express a little-endian word order.
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[51] Station Comment Blockette

Name: Station Comment Blockette
Blockette Type: 051
Control Header: Station
Field Station Volume: Optional
Station Oriented Network Volume: Optional
Event Oriented Network Volume: Optional

Sample:

05100351992,001~1992,002~0740000000

Note Field name Type Length Mask or Flags

1 Blockette type — 051 D 3 “###”
2 Length of blockette D 4 “####”
3 Beginning effective time V 1—22 TIME
4 End effective time V 1—22 TIME
5 Comment code key D 4 “####”
6 Comment level D 6 “######”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 The time when the comment comes into effect.

4	 The time when the comment is no longer in effect.

5	 The comment code key (field 3) of the associated Comment Description Dictionary Blockette [31] in the abbrevia-
tion dictionary section.

6	 The numeric value associated with the level unit in the above Comment Description Dictionary Blockette [31] (if 
any).

NOTE:  Include any data outages and time corrections in the station comments.
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[52] Channel Identifier Blockette

Name: Channel Identifier Blockette
Blockette Type: 052
Control Header: Station
Field Station Volume: Required
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

Sample:

0520119BHE0000004~001002+34.946200-106.456700+1740.0100.0090.0+00.0000112Δ2.000E+01Δ2.00
0E-030000CG~1991,042,20:48~~N

Note Field name Type Length Mask or Flags

1 Blockette type — 052 D 3 “###”
2 Length of blockette D 4 “####”
3 Location identifier A 2 [UN]
4 Channel identifier A 3 [UN]
5 Subchannel identifier D 4 “####”
6 Instrument identifier D 3 “###”
7 Optional comment V 0—30 [UNLPS]
8 Units of signal response D 3 “###”
9 Units of calibration input D 3 “###”
10 Latitude (degrees) D 10 “-##.######”
11 Longitude (degrees) D 11 “-###.######”
12 Elevation (m) D 7 “-####.#”
13 Local depth (m) D 5 “###.#”
14 Azimuth (degrees) D 5 “###.#”
15 Dip (degrees) D 5 “-##.#”
16 Data format identifier code D 4 “####”
17 Data record length D 2 “##”
18 Sample rate (Hz) F 10 “#.####E-##”
19 Max clock drift (seconds) F 10 “#.####E-##”
20 Number of comments D 4 “####”
21 Channel flags V 0—26 [U]
22 Start date V 1—22 TIME
23 End date V 0—22 TIME
24 Update flag A 1

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 Describes the individual sites on an array station, operated by the same network operator. Do not use this  field to 
distinguish multiple data loggers operated by different networks at the same station.  Field 16 of blockette 50 is 
used for that  purpose.

4	 Standard channel identifier (See Appendix A).

5	 Used for a multiplexed data channel.  (Normally, data are not multiplexed)  The Data Format Dictionary Blockette 
[30] for this channel must correctly describe the multiplexing being used.  Create a Channel Identifier Blockette 
[52] for each multiplexed subchannel.

6		 An abbreviation lookup code (field 3) from the Generic Abbreviation Blockette [33] abbreviation dictionary that 
contains a name for this instrument.
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7	 An optional comment given to the instrument.  It can be any 30 character (or less) string, but as the mask [UNLPS] 
indicates, underscores are not valid.  This might include a serial number or a notation of special modifications.

8	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the signal response of the instru-
ment.  This is usually the ground motion response, such as M/S for velocity sensitive seismometers.   These units 
should be the same as the signal input units in the first filter stage (often a blockette 53).

9	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the units of calibration input, 
usually volts or amps.

10	 Latitude for the instrument.  The Station Identifier Blockette [50] might contain different coordinates.

11	 Longitude for the instrument.

12	 Elevation of the instrument.  To find the local ground depth, add the depth field to the instrument elevation. If 
negative elevations are less than -9999 m, the decimal value should not be used. This allows depths up to -99999 m 
to be accommodated, meaning that an instrument can be placed as deep as the Marianas trench, or as high as Mt. 
Everest.

13	 The local depth or overburden of the instrument’s location.  For downhole instruments, the depth of the instrument 
under the surface ground level.  For underground vaults, the distance from the instrument to the local ground level 
above.  Surface instruments can use zero. If negative elevations are less than -999 m, the decimal value should not 
be used. This allows depths up to -9999 m to be accommodated.

14	 The azimuth of the instrument in degrees from north, clockwise.

15	 The dip of the instrument in degrees, down from horizontal. 
The azimuth and the dip describe the direction of the sensitive axis of the instrument (if applicable).  Motion 
in the same direction as this axis is positive.  SEED provides this field for non-traditional instruments or for 
traditional instruments that have been oriented in some non-traditional way.  Here are traditional orientations:

Z — Dip -90, Azimuth 0 (Reversed:  Dip 90, Azimuth 0) 

N — Dip 0, Azimuth 0 (Reversed:  Dip 0, Azimuth 180) 

E — Dip 0, Azimuth 90 (Reversed:  Dip 0, Azimuth 270)

Traditionally, the mass (boom) on vertical seismometers is oriented to the north, but sometimes this is not possible.  
If you know the vertical orientation, place it in the azimuth field.  If the orientation is 0 degrees, use an azimuth of 
360.0.  If you do not know the orientation, set the azimuth to 0.0.

If instruments are reversed in the field, reverse the dip/azimuth fields.  Data collection centers and data management 
centers should never actually modify the data, but report on its quality.  User reading programs can automatically 
reverse the data if they report that they are doing so.  Here are dip and azimuth examples of some tri-axial  instru-
ments:

A — Dip -60, Azimuth 0 (Reversed:  Dip 60, Azimuth 180)

B — Dip -60, Azimuth 120 (Reversed:  Dip 60, Azimuth 300) 

C — Dip -60, Azimuth 240 (Reversed:  Dip 60, Azimuth 60)

16	 A data format lookup key that refers to field 4 of a Data Format Dictionary Blockette [30] that describes the format 
of the data in the data section for this channel.

17	 The exponent (as a power of two) of the record length for these data.  The data record can be as small as 256 bytes 
but never greater than 4096 bytes.   Place a “12” in this field for a 4096 byte record.  4096 is preferred.

18	 Sample rate in samples per second.  This field contains the nominal sampling interval of the digitizer.  This value is 
overridden by information stored in the data Blockette [100] by SEED readers when these are provided in the data 
record. (See Chapter 8, Blockette Type [100].  Therefore, use this field to indicate the nearest approximate integer 
for sample rate. An example would be if you calculate a variable sample rate at the end of a time series, you may 
calculate a variable sample rate. Don’t put that in this Blockette [52].  No considerations for drift or time correction 
go here.  Set this rate to zero for channels not sampled at regular intervals (such as console logs or alarms).

19	 A tolerance value, measured in seconds per sample, used as a threshold for time error detection in the data.  The 
number of samples in a record are multiplied by this value to calculate a maximum drift allowed for the time in the 
next record.  If the difference in times is less than this drift, consider them in the same time series.

20	 The number of Channel Comment Blockettes [59] that follow (optional; we recommend not using this field and 
leaving it set to blanks).
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21	 Channel type flags:

T — Channel is triggered

C — Channel is recorded continuously

H — State of health data

G — Geophysical data

W — Weather or environmental data

F — Flag information (nominal, not ordinal) 

S — Synthesized data

I — Channel is a calibration input

E — Channel is experimental or temporary

M — Maintenance tests are underway on channel; possible abnormal data

B — Data are a beam synthesis

Here are some uses for the channel flags field: 

G — Geophysical data:

•  Seismic (seismometer, geophone)

•  Earth electric field

•  Magnetic (magnetometer)

•  Gravity (gravimeter)

•  Tilt (tilt meter)

•  Strain (strain meter)

W — Weather or environmental data (readings inside vault/downhole or in equipment boxes may also be 
State-of-Health [H]):

•  Wind speed or direction

•  Pressure

•  Temperature

•  Humidity

•  Precipitation

H — State of Health:

•  Power supply voltages

•  Status of system peripherals

•  Door open or closed

•  Room temperature

•  System temperature

F — Flag Information.  Includes all on/off or go/no-go conditions, such as power supply okay, line power 
okay, door open, or system too hot

B — Beam synthesis channel  (Do not set the ‘S’ (synthetic) flag for beams) 

S — Synthetic Data.  Oddly oriented devices that have been rotated mathematically into a traditional orien-
tation, or the output of a synthetic seismogram program should have the “S” flag set.

22	 The earliest known date that information in this blockette is correct, or the response blockettes that follow this 
blockette.  Used with update records.  If possible, list the time when the database was last changed; but if this 
date is not known, use the start date of the volume.

23	 The latest date when this information is correct.  A zero length implies that the information was still valid when 
the volume was generated.  Use this field for current volumes, when the final date is in the future.  You can place 
the date of the end of the volume here.
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24	 Indicate what data the update records refer to.  Use update records to either denote changes to the condition of a 
station during this volume, or to refer to previous volumes in an errata distribution.  Here are the possible values for 
the flag:

N — Effective dates pertain to these data

U — Control header updates information previously sent

See Appendix H for more information.

NOTE:  If any of the channel data in this blockette, or in the response blockettes that follow, changes during the time 
interval of the volume, repeat the Channel Identifier Blockette [52] after the last channel Blockette [58] or [59], with the 
new effective date (even if data in the Channel Identifier blockette did not change).  Then place any channel blockettes, 
and their associated response blockettes, that changed, in succession again, because the cascade between Blockettes [52] 
and .Blockettes [59] are to be written in order and are bound by Channel Identifier Blockette [52] and either [58] or [59], 
depending on whether you write a Channel Comment Blockette [59]. It is not legal to write Channel Identifier Blockettes 
[52] one after the other. 
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[53] Response (Poles & Zeros) Blockette

Name: Response (Poles & Zeros) Blockette
Blockette Type: 053
Control Header: Station
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

Use this blockette for the analog stages of filter systems and for infinite impulse response (IIR) digital filters.  Digital 
filters usually have a Decimation Blockette [57] following, and most stages have a Sensitivity/Gain Blockette [58] 
following.  The stage sequence takes into account the fact that newer seismic systems will contain combinations of 
analog and digital filtering, allowing different deconvolution algorithms to be run sequentially (in cascade).  SEED 
reserves the composite function to describe analog instruments with digital feedback circuitry. Stage order is the same 
as the original convolution order. Use the original earth units for the input units of stage 1.  Use digital counts for the 
output units on the last stage.  (See Appendix C for more information.)

Sample:

0530382BΔ1007008Δ7.87395E+00Δ5.00000E-02ΔΔ3

Δ0.00000E+00Δ0.00000E+00Δ0.00000E+00Δ0.00000E+00

Δ0.00000E+00Δ0.00000E+00Δ0.00000E+00Δ0.00000E+00

-1.27000E+01Δ0.00000E+00Δ0.00000E+00Δ0.00000E+00ΔΔ4

-1.96418E-03Δ1.96418E-03Δ0.00000E+00Δ0.00000E+00

S-1.96418E-03-1.96418E-03Δ0.00000E+00Δ0.00000E+00

53-6.23500E+00Δ7.81823E+00Δ0.00000E+00Δ0.00000E+00

-6.23500E+00-7.81823E+00Δ0.00000E+00Δ0.00000E+00

Note Field name Type Length Mask or Flags

1 Blockette type — 053 D 3 “###”
2 Length of blockette D 4 “####”
3 Transfer function type A 1 [U]
4 Stage sequence number D 2 “##”
5 Stage signal input units D 3 “###”
6 Stage signal output units D 3 “###”
7 AO normalization factor (1.0 if none) F 12 “-#.#####E-##”
8 Normalization frequency fn(Hz) F 12 “-#.#####E-##”

9 Number of complex zeros D 3 “###”
REPEAT fields 10 — 13 for the Number of complex zeros:

10 Real zero F 12 “-#.#####E-##”
11 Imaginary zero F 12 “-#.#####E-##”
12 Real zero error F 12 “-#.#####E-##”
13 Imaginary zero error F 12 “-#.#####E-##”

14 Number of complex poles D 3 “###”
REPEAT fields 15 — 18 for the Number of complex poles:

15 Real pole F 12 “-#.#####E-##”
16 Imaginary pole F 12 “-#.#####E-##”
17 Real pole error F 12 “-#.#####E-##”
18 Imaginary pole error F 12 “-#.#####E-##”
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Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.  This blockette could exceed the maximum 
of 9999 characters.  If so, continue on the next record.  Set field 4 the same, but ignore fields 5—8 in subsequent 
blockettes (neither write nor read them).

3	 A single character describing the type of stage:

	 A — Laplace transform analog response, in rad/sec

	 B — Analog response, in Hz

	 C — Composite (currently undefined) 

	 D — Digital (Z - transform)

4	 The identifying number of this stage.  Stages are numbered starting at 1, with one response per stage (blockettes 
[53], [54], [55], or [56]), optionally followed by a Decimation Blockette [57] or a Sensitivity/ Gain Blockette [58].

5	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the units of the incoming signal 
to this stage of the filter.  This signal will usually be ground motion, volts, or counts, depending on where it is in the 
filter system.

6	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the stage’s output signal.  Analog 
filters usually emit volts, and digital filters usually emit counts.

7	 This field is mandatory and must be set such that when you evaluate the polynomial at the reference frequency the 
result will be 1.

8	 The frequency f
n
,, in Hertz, at which the value in field 7 is normalized (if any).

9	 The number of complex zeros that follow.

10	 The real portion of the complex zero value.

11	 The imaginary portion of the complex zero value.

12	 The error for field 10.  For example,  if  the value of real zero (field 10) were 200.0 and the error was 2 per cent, use 
4.0 for the error value in field 12.  Put 0.0 here if the value is unknown or is actually zero.  This error should be listed 
as a positive value, but represents a +/- error.

13	 As in field 12, this is the error for field 11.

14	 The number of poles that follow.

15	 The real portion of the complex pole.

16	 The imaginary portion of the complex pole.

17	 The error value for field 15.

18	 The error value for field 16.
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[54] Response (Coefficients) Blockette

Name: Response (Poles & Zeros) Blockette
Blockette Type: 054
Control Header: Station
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

This blockette is usually used only for finite impulse response (FIR) filter stages.  You can express Laplace transforms 
this way, but you should use the Response (Poles & Zeros) Blockettes [53] for this.  You can express IIR filters this 
way, but you should use the Response (Poles & Zeros) Blockette [53] here, too, to avoid numerical stability problems.  
Usually, you will follow this blockette with a Decimation Blockette [57] and a Sensitivity/Gain Blockette [58] to 
complete the definition of the filter stage.

This blockette is the only blockette that might overflow the maximum allowed value of 9,999 characters.  If there are 
more coefficients than fit in one record, list as many as will fit in the first occurrence of this blockette (the counts of 
Number of numerators and Number of denominators would then be set to the number included, not the total number).  
In the next record, put the remaining number.  Be sure to write and read these blockettes in sequence, and be sure that 
the first few fields of both records are identical.  Reading (and writing) programs have to be able to work with both 
blockettes as one after reading (or before writing).

Sample:

S0542400DΔ4011010ΔΔ99Δ6.67466E-06Δ0.00000E+00Δ1.09015E-05Δ0.00000E+00Δ1.49367E-
05Δ0.00000E+00Δ1.36129E-05Δ0.00000E+00Δ1.68905E-06Δ0.00000E+00-2.55129E-
5405Δ0.00000E+00-6.96400E-05Δ0.00000E+00-1.26610E-04Δ0.00000E+00-1.84580E-
04Δ0.00000E+00-2.23689E-04Δ0.00000E+00-2.18583E-04Δ0.00000E+00-1.44157E-
04Δ0.00000E+00Δ1.60165E-05Δ0.00000E+00Δ2.60152E-04Δ0.00000E+00Δ5.60233E-
04Δ0.00000E+00Δ8.58722E-04Δ0.00000E+00Δ1.07275E-03Δ0.00000E+00Δ1.10758E-
03Δ0.00000E+00Δ8.78519E-04Δ0.00000E+00Δ3.38276E-04Δ0.00000E+00-4.96462E-
04Δ0.00000E+00-1.52660E-03Δ0.00000E+00-2.56818E-03Δ0.00000E+00-3.37140E-03Δ0.00000E+00-
3.66272E-03Δ0.00000E+00-3.20570E-03Δ0.00000E+00-1.87049E-03Δ0.00000E+00Δ3.03131E-
04Δ0.00000E+00Δ3.06640E-03Δ0.00000E+00Δ5.96158E-03Δ0.00000E+00Δ8.37105E-
03Δ0.00000E+00Δ9.61594E-03Δ0.00000E+00Δ9.09321E-03Δ0.00000E+00Δ6.42899E-
03Δ0.00000E+00Δ1.61822E-03Δ0.00000E+00-4.88235E-03Δ0.00000E+00-1.21360E-
02Δ0.00000E+00-1.87996E-02Δ0.00000E+00-2.32904E-02Δ0.00000E+00-2.40261E-02Δ0.00000E+00-

1.97035E-02Δ0.00000E+00-9.56741E-

Note Field name Type Length Mask or Flags

1 Blockette type — 054 D 3 “###”
2 Length of blockette D 4 “####”
3 Response type A 1 [U]
4 Stage sequence number D 2 “##”
5 Signal input units D 3 “###”
6 Signal output units D 3 “###”

7 Number of numerators D 4 “####”
REPEAT fields 8 — 9 for the Number of numerators:

8 Numerator coefficient F 12 “-#.#####E-##”
9 Numerator error F 12 “-#.#####E-##”

10 Number of denominators D 4 “####”
REPEAT fields 11 — 12 for the Number of denominators:

11 Denominator coefficient F 12 “-#.#####E-##”
12 Denominator error F 12 “-#.#####E-##”
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Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.  This blockette could exceed the maximum of 
9999 characters.  If so, continue with another blockette [55] on the next record.  Set field 4 the same, but ignore fields 
5—6 in subsequent blockettes.

3	 A single character describing the type of stage: 

	 A — Analog (rad/sec)

	 B — Analog (Hz) 

	 C — Composite 

	 D — Digital

4	 The identifying number of the stage.  Stages are numbered starting at 1.  Use one response per stage (blockettes [53], 
[54], [55], or [56]); you may follow it with a Decimation Blockette [57] or a Sensitivity/Gain Blockette [58].

5	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the units of the incoming signal 
to this stage of the filter.  This signal will usually be ground motion, volts, or counts, depending on where it is in the 
filter system.

6	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the stage’s output signal.  Analog 
filters usually emit volts, and digital filters usually emit counts.

7	 The number of numerator values that follow.

8	 The numerator coefficient value.

9	 The error of field 8.

10	 The number of denominator values that follow.  Denominators are only used for IIR filters.  FIR type filters use only 
the numerator.  If there are no denominators, place a zero 55 here and stop the blockette.

11	 The denominator coefficient value.

12	 The error of field 11.
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[55] Response List Blockette

Name: Response List Blockette
Blockette Type: 055
Control Header: Station
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

This blockette alone is not an acceptable response description; always use this blockette along with the standard  
response blockettes ([53], [54], [57], or [58]).  If this is the only response available, we strongly recommend that you 
derive the appropriate poles and zeros and include blockette 53 and blockette 58.

Note Field name Type Length Mask or Flags

1 Blockette type — 055 D 3 “###”
2 Length of blockette D 4 “####”
3 Stage sequence number D 2 “##”
4 Signal input units D 3 “###”
5 Signal output units D 3 “###”

6 Number of responses listed D 4 “####”
REPEAT fields 7 — 11 for the Number of responses listed:

7 Frequency (Hz) F 12 “-#.#####E-##”
8 Amplitude F 12 “-#.#####E-##”
9 Amplitude error F 12 “-#.#####E-##”
10 Phase angle (degrees) F 12 “-#.#####E-##”
11 Phase error (degrees) F 12 “-#.#####E-##”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.  This blockette could exceed the maximum 
of 9999 characters.  If so, continue with another blockette [55] on the next record.  Set field 3 the same, but ignore 
fields 4 and 5 in subsequent blockettes.

3	 The identifying number of the stage.  Stages are numbered starting at 1.

4	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the units of the incoming 
signal to this stage of the filter.  This signal will usually be ground motion, volts, or counts, depending on where 
it is in the filter system.

5	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the stage’s output signal.  
Analog filters usually emit volts, and digital filters usually emit counts.

6	 The number of responses in the repeat block that follows.

7	 The frequency of this response.

8	 The amplitude of this response.

9	 The error of the amplitude.

10	 The phase angle at this frequency.

11	 The absolute error of the phase angle.
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[56] Generic Response Blockette

Name: Generic Response Blockette
Blockette Type: 056
Control Header: Station
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

This blockette alone is not an acceptable response description; always use this blockette along with the standard  response 
blockettes ([53], [54], [57], or [58]).  You can, however, use this blockette alone to provide additional documentation.

Note Field name Type Length Mask or Flags

1 Blockette type — 056 D 3 “###”
2 Length of blockette D 4 “####”
3 Stage sequence number D 2 “##”
4 Signal input units D 3 “###”
5 Signal output units D 3 “###”

6 Number of corners listed D 4 “####”
REPEAT fields 7 — 8 for the Number of corners listed:

7 Corner frequency (Hz) F 12 “-#.#####E-##”
8 Corner slope (db/decade) F 12 “-#.#####E-##”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.  This blockette could exceed the maximum 
of 9999 characters.  If so, continue on the next record.  Set field 3 the same, but ignore fields 4 and 5 in subsequent 
blockettes.

3	 The identifying number of the stage.  Stages are numbered starting at 1.

4	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the units of the incoming signal 
to this stage of the filter.  The signal will usually be ground motion, volts, or counts, depending on where it is in the 
filter system.

5	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the stage’s output signal.  Analog 
filters usually emit volts, digital filters usually emit counts.

6	 The number of response corner frequencies specified in the repeat block that follows.

7	 The corner frequency.

8	 The slope of the line to the right of the corner frequency, measured in db/decade.
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[57] Decimation Blockette

Name: Decimation Blockette
Blockette Type: 057
Control Header: Station
Field Station Volume: Required for Digital Stage
Station Oriented Network Volume: Required for Digital Stage
Event Oriented Network Volume: Required for Digital Stage

Many digital filtration schemes process a high sample rate data stream; filter; then decimate, to produce the desired 
output.  Use this blockette to describe the decimation phase of the stage. You would usually place it between a Response 
(Coefficients) Blockette [54] and the Sensitivity/Gain Blockette [58] phases of the filtration stage of the channel.  Include 
this blockette with non-decimated stages because you must still specify the time delay.  (In this case, the decimation 
factor is 1 and the offset value is 0.)

Sample:

057005132∆.0000E+02∆∆∆∆1∆∆∆∆0∆0.0000E+00∆0.0000E+00

Note Field name Type Length Mask or Flags

1 Blockette type — 057 D 3 “###”
2 Length of blockette D 4 “####”
3 Stage sequence number D 2 “##”
4 Input sample rate (Hz) F 10 “#.####E-##”
5 Decimation factor D 5 “#####”
6 Decimation offset D 5 “#####”
7 Estimated delay (seconds) F 11 “-#.####E-##”
8 Correction applied (seconds) F 11 “-#.####E-##”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 The stage that is being decimated.

4	 The incoming sample rate, in samples per second.

5	 The decimation factor.  When this number of samples are read in, one final sample comes out. Calculate the 
output sample rate by dividing field 4 by the decimation factor.

6	 This field determines which sample is chosen for use.  Make the value of this field greater than or equal to zero, 
but less than the decimation factor.  If you pick the first sample, set this field to zero.  If you pick the second 
sample, set it to 1, and so forth.

7	 The estimated pure delay for the stage, it may or may not be also corrected in field 8.  This field’s value is 
nominal, and may be unreliable.

8	 The time shift applied to the time tag due to delay at this stage of the filter; a negative number indicating the 
amount of time added to the former time tag.  The actual delay is difficult to estimate, and the correction applied 
neglects dispersion.  This field allows the user to know how much correction was used, in case a more accurate 
correction is to be applied later.  A zero here implies no correction was done.
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[58] Channel Sensitivity/Gain Blockette

Name: Channel Sensitivity/Gain Blockette
Blockette Type: 058
Control Header: Station
Field Station Volume: Required
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

When used as a gain (stage ≠ 0), this blockette is the gain for this stage at the given frequency. Different stages may be at 
different frequencies.  However, it is strongly recommended that the same frequency be used in all stages of a cascade, if 
possible.  When used as a sensitivity(stage=0), this blockette is the sensitivity (in counts per ground motion) for the entire 
channel at a given frequency, and is also referred to as the overall gain.  The frequency here may be different from the 
frequencies in the gain specifications, but should be the same if possible.  If you use cascading (more than one filter stage), 
then SEED requires a gain for each stage.  A final sensitivity (Blockette [58], stage = 0, is required.  If you do not use 
cascading (only one stage), then SEED must see a gain, a sensitivity, or both.

Sample:

0580035Δ3Δ3.27680E+03Δ0.00000E+00Δ0

Note Field name Type Length Mask or Flags

1 Blockette type — 058 D 3 “###”
2 Length of blockette D 4 “####”
3 Stage sequence number D 2 “##”
4 Sensitivity/gain (Sd) F 12 “-#.#####E-##”
5 Frequency (Hz) (fs) F 12 “-#.#####E-##”

6 Number of history values D 2 “##”
REPEAT fields 7 — 9 for the Number of history values:

7 Sensitivity for calibration F 12 “-#.#####E-##”
8 Frequency of calibration (Hz) F 12 “-#.#####E-##”
9 Time of above calibration V 1—22 TIME

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.  This blockette could exceed the maximum of 
9999 characters, but it should never be necessary to record that much calibration history; usually a few values will 
suffice.

3	 The stage for which this gain applies.  If you set this number to zero, SEED will consider it a channel sensitivity 
value (overall gain).

4	 The gain (S
d
) at this stage, or the sensitivity (S

d
) for the channel (depending on the value in field 3).

5	 The frequency (fs) at which the value in 4 is correct.

6	 You may record any number of standard calibration values for a history of the calculation of the sensitivity value 
(calibration methods usually only give information about the final channel response, not the individual stages).  This 
field represents the number of calibration history entries that follow.  If there is no history, or this is a gain value, put 
zero here and stop the blockette.

7	 The recorded amplitude value of this history entry.

8	 The frequency for this calibration; you can use a zero for a step calibration.

9	 The time when the calibration was done.
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[59] Channel Comment Blockette

Name: Channel Comment Blockette
Blockette Type: 059
Control Header: Station
Field Station Volume: Optional
Station Oriented Network Volume: Optional
Event Oriented Network Volume: Optional

Sample:

05900351989,001~1989,004~4410000000

Note Field name Type Length Mask or Flags

1 Blockette type — 059 D 3 “###”
2 Length of blockette D 4 “####”
3 Beginning effective time V 1—22 TIME
4 End effective time V 0—22 TIME
5 Comment code key D 4 “####”
6 Comment level D 6 “######”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 The time when the comment comes into effect.

4	 The time when the comment is no longer in effect.

5	 The comment code key (field 3) of the associated Comment Description Dictionary Blockette [31] in the abbre-
viation dictionary section.

6	 The numeric value (if any) associated with the Units of comment level (field 6) in the same Comment Description 
Dictionary Blockette [31].  Together, this numeric value, its units, and the Description of comment (field 5) of the 
associated Comment Description Blockette [31], all describe a comment for the channel.
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[60] Response Reference Blockette

Name: Response Reference Blockette
Blockette Type: 060
Control Header: Station
Field Station Volume: Optional
Station Oriented Network Volume: Optional
Event Oriented Network Volume: Optional

Use this blockette whenever you want to replace blockettes [53] through [58] and [61]  with their dictionary counterparts, 
blockettes [43] through [48] and [41].  We recommend placing responses in stage order, even if this means using more than 
one Response Reference Blockette [60].  Here is an example:

Stage 1: Response (Poles & Zeros) Blockette [53]
Channel Sensitivity/Gain Blockette [58]
First response reference blockette:

Response Reference Blockette [60]
Stage 2: [44] [47] [48]
Stage 3: [44] [47] [48]
Stage 4: [44] [47]

Channel Sensitivity/Gain Blockette [58]
Stage 5: Response (Coefficients) Blockette [54]

(End of first response reference blockette)
Second response reference blockette:

Response Reference Blockette [60]
Stage 5 (continued): [47] [48]
Stage 6: [44] [47] [48]

(End of second response reference blockette)

Substitute Response Reference Blockette [60] anywhere the original blockette would go, but be sure to place it in the 
same position as the original would have gone.  (Note that this blockette uses a repeating field (response reference) within 
another repeating field (stage value).  This is the only blockette in the current version (2.1) that has this “two dimensional” 
structure.)

Note Field name Type Length Mask or Flags

1 Blockette type — 060 D 3 “###”
2 Length of blockette D 4 “####”

3 Number of stages D 2 “##”
REPEAT field 4, with appropriate fields 5 and 6, for each filter stage

4 Stage sequence number D 2 “##”

5 Number of responses D 2 “##”
REPEAT field 6, one for each response within each stage:

6 Response lookup key D 4 “####”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 The number of stages.
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4	 The stage sequence numbers — create one number (each number with a set of responses that follow) for each of 
the total number of stages.

5	 The number of responses within a stage.

6	 The unique response lookup key — note one key for each of the total number of responses.
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[61] FIR Response Blockette

Name: FIR Response Blockette
Blockette Type: 061
Control Header: Channel Response
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

V2.2- Introduced in SEED Version 2.2

The FIR blockette is used to specify FIR (Finite Impulse Response) digital filter coefficients. It is an alternative to blockette 
[54] when specifying FIR filters.  The blockette recognizes the various forms of filter symmetry and can exploit them to 
reduce the number of factors  specified to the blockette.

Note Field name Type Length Mask or Flags

1 Blockette type — 061 D 3 “###”
2 Length of blockette D 4 “####”
3 Stage sequence number D 2 “##”
4 Response Name V 1 — 25 [UN_]
5 Symmetry Code A 1 [U]
6 Signal In Units D 3 “###”
7 Signal Out Units D 3 “###”

8 Number of Coefficients D 4 “####”
REPEAT  field 9 for the Number of Coefficients

9 FIR Coefficient F 14 “-#.#######E-##”

Notes for Field

1	 Standard blockette type identification number.

2	 Length of the entire blockette, inclusive of the 7 bytes in fields 1 and 2.  This blockette could exceed the maximum 
of 9,999 characters.  If so, continue on the next record.  Field 4 should be set the same, but fields 5 — 7 in subsequent 
blockettes should be ignored.

3	 The identifying number of the stage.

4	 A descriptive name for the response.

5	 The symmetry code.  Designates how the factors will be specified.  See the tables that follow to see examples of 
these different types of symmetry.

A — No Symmetry - all Coefficients are specified.

Example:          Coeff    Factor                          Value

1          1                     -.113963588000E+03

2          2                       .654051896200E+02

3          3                       .293332365600E+03

4          4                       .682790540100E+03

5          5                       .119612218000E+04

6          6                       .184026419900E+04

7          7                       .263602733900E+04

B — Odd number Coefficients with symmetry

Example:          Coeff    Factor                          Value

1 & 25       1                  - .113963588000E+03
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2 & 24       2                    .654051896200E+02

3 & 23       3                    .293332365600E+03

4 & 22       4                    .682790540100E+03

5 & 21       5                    .119612218000E+04

6 & 20       6                    .184026419900E+04

7 & 19       7                    .263602733900E+04

8 & 18       8                    .348431282900E+04

9 & 17       9                    .481917329000E+04

10& 16     10                   .549205395300E+04

11& 15     11                   .605889892900E+04

12& 14     12                   .631358277400E+04

13             13                   .234002034020E+03

C — Even number Coefficients with symmetry.

Example:          Coeff    Factor                          Value

1 & 24       1                  -.113963588000E+03

2 & 23       2                    .654051896200E+02

3 & 22       3                    .293332365600E+03

4 & 21       4                    .682790540100E+03

5 & 20       5                    .119612218000E+04

6 & 19       6                    .184026419900E+04

7 & 18       7                    .263602733900E+04

8 & 17       8                    .348431282900E+04

9 & 16       9                    .481917329000E+04

10& 15     10                   .549205395300E+04

11& 14     11                   .605889892900E+04

12& 13     12                   .631358277400E+04

6	 A Unit Lookup Key that refers to the Units Abbreviation Blockette [34], field 3, for the units for the incoming 
signal to this stage of the filter.  Will usually be ground motion, volts, or counts, depending on where in the filter 
system it is.

7	 Like field 6, but for the stages output signal.  Analog filters usually output volts, digital filters output counts.

8	 The number of factors that follow.

A  No Symmetry — All Coefficients specified

f = c.   “f” denotes number of factors, “c” is number of coefficients

B  Odd — First half of all coefficients and center coefficient specified

f = c + 1
   2

C  Even — First half of all coefficients specified

f =  c 
 2

9	 FIR Filter Coefficients.
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[62] Response [Polynomial] Blockette

Name: Response (Polynomial) Blockette
Blockette Type: 062
Control Header: Channel Response
Field Station Volume: Some Response Required
Station Oriented Network Volume: Some Response Required
Event Oriented Network Volume: Some Response Required

V2.3- Introduced in SEED Version 2.3

Use this blockette to characterize the response of a non-linear sensor. The polynomial response blockette describes the 
output of an Earth sensor in fundamentally a different manner than the other response blockettes.  The functional describ-
ing the sensor for the polynomial response blockette will have Earth units while the independent variable of the function 
will be in volts.  This is precisely opposite to the other response blockettes.  While it is a simple matter to convert a 
linear response to either form, the non-linear response (which we can describe in the polynomial blockette) would require 
extensive curve fitting or polynomial inversion to convert from one function to the other.  Most data users are interested 
in knowing the sensor output in Earth units, and the polynomial response blockette facilitates the access to Earth units for 
sensors with non-linear responses.

Note Field name Type Length Mask or Flags

1 Blockette type — 062 D 3 “###”
2 Length of blockette D 4 “####”
3 Transfer Function Type A 1 [U]
4 Stage Sequence Number D 2 “##”
5 Stage Signal Input Units D 3 “###”
6 Stage Signal Output Units D 3 “###”
7 Polynomial Approximation Type A 1 [U]
8 Valid Frequency Units A 1 [U]
9 Lower Valid Frequency Bound F 12 “-#.#####E-##”
10 Upper Valid Frequency Bound F 12 “-#.#####E-##”
11 Lower Bound of Approximation F 12 “-#.#####E-##”
12 Upper Bound of Approximation F 12 “-#.#####E-##”
13 Maximum Absolute Error F 12 “-#.#####E-##”
14 Number of Polynomial Coefficients D 3 “###”

(REPEAT fields 15 and 16 for each polynomial coefficient)
15 Polynomial Coefficient F 12 “-#.#####E-##”
16 Polynomial Coefficient Error F 12 “-#.#####E-##”

Notes for Fields.

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 A single letter “P” describing the type of stage.

4	 The identifying number of this stage.

5	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the units of the incoming signal 
to this stage of the filter.

6	 A unit lookup key that refers to field 3 of the Units Abbreviation Blockette [34] for the stages output signal.

7	 A single character describing the type of polynomial approximation (this field is mandatory): (Note: The input units 
(x) into the polynomial will most always be in Volts.  The output units [pn(x)] will be in the units of field 5.)

	 M - MacLaurin 

	       pn(x)=a0+a1*x+a2*x^2+...+an*x^n
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(Note: The following three fields play no part in the calculation to recover Earth units [i.e., field 5] for this response.  If 
these fields are available from the instrumentation literature, they can be used in post-processing to assess the frequency 
domain validity. 

8	 A single character describing valid frequency units:

“A” — rad/sec

“B” — Hz

9	 If available, the low frequency corner for which the sensor is valid. 0.0 if unknown or zero.

10	 If available, the high frequency corner for which the sensor is valid.  Nyquist if unknown.

11	 Lower bound of approximation. This should be in units of 5.

12	 Upper bound of approximation. This should be in units of 5.

13	 The maximum absolute error of the polynomial approximation.  Put 0.0 if the value is unknown or actually zero.

14	 The number of coefficients that follow in the polynomial approximation.  The polynomial coefficients are given 
lowest order first and the number of coefficients is one more than the degree of the polynomial.

15	 The value of the polynomial coefficient.

16	 The error for field 12.  Put 0.0 here if the value is unknown or actually zero.  This error should be listed as a 
positive value, but represent a +/- error (i.e. 2 standard deviations).

Examples:

1. Polynomial representation of the pressure response of a Setra Model 270 Pressure Transducer.

The Setra Model 270 Pressure Transducer is listed as valid between 600 mbar and 1100 mbar with a nominal output of 
0-5 volts and it is presumed to be linear with respect to pressure. I haven’t found any error representation. No frequency 
bounds are given for the transducer.

pn(x) = a0 + a1*x

    where x = voltage, and pn(x) = pressure

Using 0 volts and then 5 volts input with the pressure range, we get:

a0 = 600    a0 error = 0.0

a1 = 100    a1 error = 0.0

Sample voltage to pressure conversion:
Volts(x) Pressure (mbar)

pn(x)

0.0 600
1.0 700
2.0 800
3.0 900
4.0 1000
5.0 1100
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Bound Values for polynomial:
Lower 600 mbar
Upper 1100 mbar

Assume we use an 8 bit digitizer where 0 counts = 0 volts and 255

 counts = 5 volts.  This translates to a digitizer gain of 51 Counts/volt.

This provides the following conversion from counts to pressure:
Counts Volts (x)

gain*counts
Pressure (mbar)

 pn(x)
0 0.0 600
51 1.0 700

102 2.0 800
153 3.0 900
204 4.0 1000
255 5.0 1100

The Polynomial Blockette representation for this sensor:

Field name Type Length Mask or Flags
Blockette type D 3 “062”
Length of blockette D 4 “129”
Transfer Function Type A 1 “P”
Stage Sequence Number D 2 “??”
Stage Signal Input Units D 3 “???”
Stage Signal Output Units D 3 “???”
Polynomial Approximation Type A 1 “M”
Valid Frequency Units A 1 “B”
Lower Valid Frequency Bound F 12 “0.00000E+00”
Upper Valid Frequency Bound F 12 “0.00000E+00”
Lower Bound of Approximation F 12 “ 6.00000E+02”
Upper Bound of Approximation F 12 “ 1.10000E+03”
Maximum Absolute Error F 12 “0.00000E+00”
Number of Polynomial Coefficients D 3 “ 2”
a0 Polynomial Coefficient F 12 “ 6.00000E+02”
a0 Polynomial Coefficient Error F 12 “ 0.00000E+00” 
a1 Polynomial Coefficient “1.00000E+02
a1 Polynomial Coefficient Error “ 0.00000E+00”

2.  Polynomial representation of the temperature response of a thermistor.

In order to sense the temperature of the Berkeley Digital Seismic Network (BDSN) seismometers, we use a Yellow Springs 
Instrument Co. (YSI) 44031 thermistor. To convert the thermistor resistance to a usable voltage signal, we have installed 
the thermistor into a bridge amplification circuit.  The calibrated response is:

Voltage Temperature
-2.00 -5.02
-1.90 -4.43
-1.80 -3.81
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-1.70 -3.18
-1.60 -2.53
-1.50 -1.85
-1.40 -1.15
-1.30 -0.43
-1.20 0.32
-1.10 1.10
-1.00 1.92
-0.90 2.76
-0.80 3.64
-0.70 4.56
-0.60 5.52
-0.50 6.53
-0.40 7.60
-0.30 8.72
-0.20 9.90
-0.10 11.15
0.00 12.49
0.10 13.91
0.20 15.43
0.30 17.07
0.40 18.85
0.50 20.78
0.60 22.91
0.70 25.25
0.80 27.88
0.90 30.85
1.00 34.26
1.10 38.26
1.20 43.07
1.30 49.09
1.40 57.04
1.50 68.59

The resistance of the thermistor is a non-linear function of the temperature and its response can be described by a 
polynomial.  YSI claims that all 44031 thermistors fall within 0.2 degrees C of the nominal response so we want to 
model the response to at least an accuracy of 0.2 degrees C.  This temperature response can be adequately represented 
by a McLaurin polynomial of the form:

pn(x) = a0 + a1*x + a2*x^2 + ... + an*x^n

where x is the voltage and pn(x) is the temperature.  The coefficients required to approximate the above temperature-
voltage data to the desired accuracy are:

Coefficient Value Error
a0 0.12505E+02 0.14223E-03
a1 0.13824E+02 0.22350E-02
a2 0.41039E+01 0.86810E-02
a3 0.12932E+01 0.44581E-01
a4 0.18741E+01 0.34469E-01
a5 0.17250E+01 0.91194E-01
a6 -0.61021E+00 0.22029E-01
a7 -0.10540E+01 0.28643E-01
a8 0.13974E+00 0.39675E-02
a9 0.39061E+00 0.10566E-02
a10 0.95345E-01 0.15096E-03

The maximum error of the polynomial representation is -0.072 degrees C at a temperature of 57 degrees C and the 
temperature bounds are:
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Bound     Value

Lower      -5.02

Upper       68.59

The parameter that is the most difficult to quantify is the frequency response of the thermistor.  YSI states that the thermis-
tor time constant varies from second in well-stirred oil to 10 seconds in still air.  We have encapsulated the thermistor and 
its leads in heat-shrink tubing for protection from mechanical damage and this has the effect of lengthening the thermistor 
time constant.  We estimate the thermal time constant of the thermistor to be of order 20 seconds. However, the thermistor 
assembly is placed inside a heavily insulated BDSN pier and seismometer enclosure that has a thermal time constant of 
order several hours to a few days.  Thus the temperature sensed by the thermistor varies so slowly that the thermistor time 
constant is not significant.

The Polynomial Blockette representation for this sensor:

Field name Type Length Mask or Flags
Blockette type D 3 “062”
Length of blockette D 4 “345”
Transfer Function Type A 1 “P”
Stage Sequence Number D 2 “??”
Stage Signal Input Units D 3 “???”
Stage Signal Output Units D 3 “???”
Polynomial Approximation Type A 1 “M”
Valid Frequency Units A 1 “B”
Lower Valid Frequency Bound F 12 “ 0.00000E+00”
Upper Valid Frequency Bound F 12 “ 0.10000E-01”
Lower Bound of Approximation F 12 “-5.0200E-00”
Upper Bound of Approximation F 12 “ 6.85900E+01”
Maximum Absolute Error F 12 “ 0.72000E-01”
Number of Polynomial Coefficients D 3 “ 11”
a0 Polynomial Coefficient F 12 “ 0.12505E+02”
a0 Polynomial Coefficient Error F 12 “ 0.14223E-03”
a1 Polynomial Coefficient F 12 “ 0.13824E+02”
a1 Polynomial Coefficient Error F 12 “ 0.22350E-02”
a2 Polynomial Coefficient F 12 “ 0.41039E+01”
a2 Polynomial Coefficient Error F 12 “ 0.86810E-02”
a3 Polynomial Coefficient F 12 “ 0.12932E+01”
a3 Polynomial Coefficient Error F 12 “ 0.44581E-01”
a4 Polynomial Coefficient F 12 “ 0.18741E+01”
a4 Polynomial Coefficient Error F 12 “ 0.34469E-01”
a5 Polynomial Coefficient F 12 “ 0.17250E+01”
a5 Polynomial Coefficient Error F 12 “ 0.91194E-01”
a6 Polynomial Coefficient F 12 “-0.61021E+00”
a6 Polynomial Coefficient Error F 12 “ 0.22029E-01”
a7 Polynomial Coefficient F 12 “-0.10540E+01”
a7 Polynomial Coefficient Error F 12 “ 0.28643E-01”
a8 Polynomial Coefficient F 12 “ 0.13974E+00”
a8 Polynomial Coefficient Error F 12 “ 0.39675E-02”
a9 Polynomial Coefficient F 12 “ 0.39061E+00”
a9 Polynomial Coefficient Error F 12 “ 0.10566E-02”
a10 Polynomial Coefficient F 12 “ 0.95345E-01”
a10 Polynomial Coefficient Error F 12 “ 0.15096E-03”
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Chapter 7

Time Span
Control Headers

Station oriented and event oriented network volumes use time span headers to index the actual data records.  Stations 
are recorded sequentially, and within each station the channels are recorded sequentially.  Field station recordings do 
not use these headers.

For event oriented network volumes, the time span refers to the recording time that begins before and ends after a 
geophysical event.  These events may use blockettes to describe the hypocenter and phase arrivals measured at each 
station.

For station oriented network volumes, the time span refers to a standard interval for the whole volume or for each 
day on the volume.  Either place a set of time span identification records and index records before the data for each 
time span, or, preferably, place all the time span control headers at the beginning of the volume to increase efficiency 
at extracting subsets of data.  This latter method, implemented in version 2.1 of SEED, allows a reading program to 
easily uncover what data is on the volume and exactly where it is, without having to read through all the data. Because 
either method can be used, reading programs should never assume the order, but instead search for the time span 
control headers at the locations described by the Volume Time Span Index Blockette [12], and search for the data at the 
locations described by the Time Span Data Start Index Blockette [73] or the Time Series Index Blockette [74].

Versions 2.1 and later place all time span control headers together, after station control headers, and before data.  
Version 2.0 placed time spans together, with each time span consisting first of a time span control header, followed by 
its data.  To allow for upward compatibility, SEED reading programs should be able to read both versions, but SEED 
writing programs should always write using the latest version of the format.
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Figure 12: Alternate time Span Header Placements
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  [70] Time Span Identifier Blockette

Name: Time Span Identifier Blockette
Blockette Type: 070
Control Header: Time Span
Field Station Volume: Not Applicable
Station Oriented Network Volume: Required
Event Oriented Network Volume: Required

 

Use this blockette to describe the time series—when it starts, when it ends, and whether its data are event oriented or 
not.

Sample:

0700054P1989,003,00:00:00.0000~1989,004,00:00:00.0000~

Note Field name Type Length Mask or Flags

1 Blockette type — 070 D 3 “###”
2 Length of blockette D 4 “####”
3 Time span flag A 1 [U]
4 Beginning time of data span V 1—22 TIME
5 End time of data span V 1—22 TIME

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 Indicates whether the data are for a station network volume’s accounting period or for an event network volume.

E — Data are event oriented

P — Data are for a given period

4	 The time when this time span begins.

5	 The time when this time span ends.
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    [71] Hypocenter Information Blockette

Name: Hypocenter Information Blockette
Blockette Type: 071
Control Header: Time Span
Field Station Volume: Not Applicable
Station Oriented Network Volume: Optional
Event Oriented Network Volume: Desirable

 Use this blockette to include hypocenter subsidiary information.

Note Field name Type Length Mask or Flags

1 Blockette type — 071 D 3 “###”
2 Length of blockette D 4 “####”
3 Origin time of event V 1—22 TIME
4 Hypocenter source identifier D 2 “##”
5 Latitude of event (degrees) D 10 “-##.######”
6 Longitude of event (degrees) D 11 “-###.######”
7 Depth (Km) D 7 “####.##”

8 Number of magnitudes D 2 “##”
REPEAT fields 9 — 11 for the Number of magnitudes:

9 Magnitude D 5 “##.##”
10 Magnitude type V 1—10 [UNLPS]
11 Magnitude source D 2 “##”

V2.3 - 12 Seismic region D 3 “###”
V2.3 - 13 Seismic Location D 4 “####”
V2.3 - 14 Region Name V 1— 40 [UNLPS]

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 The event’s origin time.

4	 The source quoted for the hypocenter information.  Use a source lookup code key that refers to field 3 of the Cited 
Source Dictionary Blockette [32], where the source reference is located.

5	 The event’s latitude (negative is south).

6	 The event’s longitude (negative is west).

7	 Depth in kilometers.

8	 The number of magnitude listings that follow.

9	 The magnitude value.

10	 The magnitude type (MB, Msz, etc.)

11	 Reference for the magnitude.  This field may be set to zero if it is the same as the value in field 4, above.  Otherwise, 
use a source lookup code key that refers to field 3 of the Cited Source Dictionary Blockette [32], where the source 
reference is located.

12	 The Flinn-Engdahl seismic geographic region number.  This is from a table of numeric codings for general geo-
graphic Earth regions.  This is a number from (currently) 1 to 50.  See Appendix K.

13	 The Flinn-Engdahl seismic location number.  Refers to Earth place names.  This is a number from (currently) 1 to 
729. See Appendix K.

14	 The Flinn-Engdahl standard place name. See Appendix K.

NOTE:  For station oriented network volumes, you may include a list of event hypocenters for the time interval, or a list of 
manually or automatically determined arrival times.
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  [72] Event Phases Blockette

Name: Event Phases Blockette
Blockette Type: 072
Control Header: Time Span
Field Station Volume: Not Applicable
Station Oriented Network Volume: Optional
Event Oriented Network Volume: Desirable

This blockette lists the phase arrivals at the different stations.  A large number of these are frequently placed within a 
SEED volume.

Note Field name Type Length Mask or Flags

1 Blockette type — 072 D 3 “###”
2 Length of blockette D 4 “####”
3 Station identifier A 5 [UN]
4 Location identifier A 2 [UN]
5 Channel identifier A 3 [UN]
6 Arrival time of phase V 1—22 TIME
7 Amplitude of signal F 10 “#.####E-##”
8 Period of signal (seconds) F 10 “#.####E-##”
9 Signal-to-noise ratio F 10 “#.####E-##”
10 Name of phase V 1—20 [UNLP]

V2.3 - 11 Source D 2 “##”
V2.3 - 12 Network Code A 2 [ULN]

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.

3	 Standard station identifier.

4	 Standard location name.

5	 Standard channel identifier (see Appendix A).

6	 Phase arrival time at the station.

7	 The amplitude of the pick, usually measured in the same ground motion units as the channel.  See field 8 in the 
Channel Identifier Blockette [52] for the units of the channel’s ground motion.

8	 Signal period.

9	 The signal’s signal-to-noise ratio, if known; otherwise, set to 0.0.

10	 The standard name of the phase.  Station event pickers can use the “P” phase.

11	 Reference for source of the phase pick.  Refers to blockette [32], field 3.

12	 The two character identifier that identifies the network operator.  See Appendix J for the current list of Network 
Codes.
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    [73] Time Span Data Start Index Blockette

Name: Time Span Data Start Index Blockette
Blockette Type: 073
Control Header: Time Span
Field Station Volume: Not Applicable
Station Oriented Network Volume: Required in V 2.0; superseded by 074 in V 2.1
Event Oriented Network Volume: Required in V 2.0; superseded by 074 in V 2.1

This blockette stores information about the different time series in the time span.  There is usually one index entry here 
for each time span encountered.  (NOTE:  This blockette was used by SEED 2.0.  Current SEED writing programs should 
not use this blockette, but reading programs should allow for it.)

Sample:

07300710002BJIΔΔΔΔVPE1989,003,00:00:09.4400~00029701ΔΔΔΔΔΔΔΔΔΔ~00030101

Note Field name Type Length Mask or Flags

1 Blockette type — 073 D 3 “###”
2 Length of blockette D 4 “####”

3 Number of data pieces D 4 “####”
REPEAT fields 4 — 9 for the Number of data pieces:

4 Station identifier of data piece A 5 [UN]
5 Location identifier A 2 [UN]
6 Channel identifier A 3 [UN]
7 Time of record V 1—22 TIME
8 Sequence number 

of first record
D 6 “######”

9 Sub-sequence number D 2 “##”

Notes for fields:

1	 Standard blockette type identification number.

2	 Length of the entire blockette, including the 7 bytes in fields 1 and 2.  This blockette may exceed the maximum 
length of 9999 bytes when there are time problems at the station or when event pickers are too sensitive.  SEED 
writing programs should stop the blockette before it reaches 9999 bytes and start on a new one; SEED reading 
programs should expect to see multiple blockettes.

3	 The number of index entries in the following repeat block.

4	 Standard station identifier (see Appendix G).

5	 Standard location identifier.

6	 Standard channel identifier (see Appendix A).

7	 The time when this time series starts (same as the start time for the record).

8	 The data sequence number of the data record.

9	 The sub-sequence number, used when the data record size is less than the logical record size.  Number the first data 
record in the logical record “1.”

NOTE:  Add a trailing record with a blank station and channel, to indicate the record number of the last data record plus 
one.  SEED needs this done so it can compute the length of the last indexed data segment.
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