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What is Pisces?

• Pisces is a practical and extensible data 

management library for CSS3.0, KB Core, and 

Antelope databases that leverages existing 

widely used free and open‐source technologies, 

such as SQL databases and Python

• Pisces interfaces with SQL databases through 

the open-source software SQL alchemy to 

construct and return queries specifically for 

CSS3-like schemas

• Pisces functionality includes the conversion of 

metadata from CSS3 tables to ObsPy objects 

such as Streams and Response objects with 

Catalog and Inventory objects in development
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PAZFIR Response Files
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# Network: IU

# Station: ANMO

# Location: 10

# Channel: HHZ10

#

theoretical 1 instrument paz SEED_RESP

1.161172e-19

7

-1.245140e-02  -1.219380e-02   0.000000e+00   0.000000e+00

…

-5.081780e+02   4.237750e+02   0.000000e+00   0.000000e+00

9

0.000000e+00   0.000000e+00   0.000000e+00   0.000000e+00

…

0.000000e+00   0.000000e+00   0.000000e+00   0.000000e+00

#

theoretical 2 instrument fir SEED_RESP

1.000000E+02

65

1.315490e-11   0.000000e+00

1.501070e-04   0.000000e+00

…

0

#EOF
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Instrument Sensitivity Information

• File specification is defined in the 

appendix of the 2002 IDC 

Processing Manual

• Defined stages include Poles 

Zeros (PAZ), Finite Impulse 

Response (FIR), Infinite Impulse 

Response (IIR), and Frequency 

Amplitude Phase (FAP)

• Scaling information stored in the 

Instrument table of CSS3 

Database

• Group delay stage present in files 

but not defined in specification

Truncated Example File



ObsPy Response Objects
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PolesZerosResponseStage

CoefficientsTypeResponseStage

ResponseListElement

Response Object

InstrumentSensitivity

ResponseListResponseStage
An ObsPy Response Object is a 

combination of individual response stage 

objects

An ObsPy Response Object is an object 

contained within a Channels object

Each stage in a pazfir file has a 

corresponding ObsPy response stage 

object

PAZ

FIR/IIR

FAP

Table



Reading PAZFIR files as ObsPy Response Objects
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• Requires filepath, calib, 

calper, and sample rate from 

Instrument table

• File units are assumed to be 

in NM with option to produce 

output in NM or M

• Sensitivities from all stages 

are combined into the 

calib/ncalib value

• Since sensitivities cannot be 

broken out by stage, set 

stage 1 gain to the overall 

sensitivity value and all 

remaining gains are set to 1.

*

*API Subject to change



Writing to PAZFIR files from StationXML
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• Only required input is a stationxml file

• Outputs include fixed-width formatted 

flat files of the Instrument and Sensor 

tables as well as the PAZFIR files 

itself

• Since one stationxml can contain 

multiple response files, file naming is 

determined by the function and 

includes network, station, channel, 

location, year, and julian date of 

response

• Flat files ID numbers start at 0 and 

will have to changed by user when 

uploading to a database

*

*API Subject to change



Comparison of Response Curves from StationXML and PAZFIR Files
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PAZFIR Response from Database* StationXML Response from IRIS

Response from database is in NM at 1 Hz, 

response object was constructed in M, but 

plot is displayed in M/S.

*Phase correction had to be manually applied.

Response from IRIS is in M/S at 0.02 Hz and 

displayed as such.



PAZFIR Response Removal
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• Event shown is Mw6.5 earthquake from Nevada on May 15, 2020 recorded at ANMO

• The converted PAZFIR response and the IRIS StationXML response are deconvolved 
using obspy.core.trace.Trace.remove_response(output = ‘DISP’)

• Resulting waveforms are effectively identical



ObsPy Inventory Objects from CSS3 Like Database Tables: In Development
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• Requires Site, Sitechan, 

Sensor, Instrument tables 

and Network and 

Affiliation if network 

code(s) is provided

• If network code(s) is not 

provided, all stations will 

be given a network of ‘__’.

• Not all FDSN metadata is 

defined in CSS3 spec, 

e.g. location codes

• Pisces will convert what is 

in a database as it is in a 

database



ObsPy Catalog Objects from CSS3 Like Database Tables: In Development 
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• Requires Event, Origin, Assoc, 

Arrival, and Netmag tables for 

complete Catalog Object

• Catalog objects have slightly different 

terminology from CSS3 Schemas 

• Specifically, in a Catalog object a 

Pick is equivalent to a CSS3 Arrival 

and Catalog Arrival is equivalent to a 

CSS3 Assoc

• CSS3 also has a different set of 

event types and associated codes so 

a translation layer is added to ensure 

consistency with FDSN standard 

outputs



Summary

• Pisces is actively being updated and 

maintained

• Recent additions include read and write 

capabilities for instrument response files 

stored in CSS3 databases

• Inventory and Catalog support are in 

development

• Longer terms plans not shown here 

include:

• Improve backend-agnostic datatyping
using Libra, another LANL data 
management package open sourced in 
2024

• Adding web service interfacing for 
schemas supported by Pisces
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Python Geophysical Suite (PyGS)

PyGS is developed and maintained by researchers at Los 

Alamos National Laboratory.  PyGS contains a number of 
python-based data management, analysis, and modeling 
packages.
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