
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=18515

Pages
81

Size
5 x 9

ISBN
0309293456

Seismographic Networks: Problems and Outlook for 
the 1980s : Report (1983) 

Committee on Seismology; Commission on Physical 
Sciences, Mathematics, and Resources; National 
Research Council 

http://www.nap.edu/catalog.php?record_id=18515
http://www.nap.edu/related.php?record_id=18515
http://www.nap.edu/catalog.php?record_id=18515
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


� \ Seismographic Networks: 
Problems and Outlook for the 1980s 

Report of the Workshop on Seismographic Networks 
� � Committee on Seismology 

't\t. IJ- I('\ -�e. .'}(,' ·J"'-.. 

• ).1 Commission on Physical Sciences, Mathematics, and 
Resources 

M e..rc h �- 4 1 '1 ;--.; 
I 

\ 
National Research Council 

NATIONAL ACADEMY PRESS 
Washington, D.C. 1983 

� 

NAS-NAt 

,' ;.· ;.; ·1 1 1983 ' . ·- . . -

LIBRARY 

Copyright © National Academy of Sciences. All rights reserved.

Seismographic Networks: Problems and Outlook for the 1980s : Report
http://www.nap.edu/catalog.php?record_id=18515

http://www.nap.edu/catalog.php?record_id=18515


<63- 003 )__ 
C.• 

NOTICE The project that is  the subj ect of th is report 
was approved by the Governing Board of the Nat ional 
Research Counc il, whose member s  are drawn from the 
counc ils of the National Academy of Sc iences , the 
Na t ional Academy of Eng ineer ing , and the Institute of 
Med ic ine .  The members of the committee respons ible for 
the report were chosen for the i r  special competences and 
with regard for appropr iate .balance . 

Th is report has been reviewed by a g roup other than 
the authors according to procedures approved by a Repor t 
Review Commi ttee cons isting of members of the Nat ional 
Academy of Sc iences , the Nat ional Academy of Eng ineering ,  
a nd the Institute of Med ic ine . 

The National Research Counc il was established by the 
Na t ional Academy of Sc iences in 1916 to assoc iate the 
broad community of sc ience and technology with the 
Ac ademy ' s  purposes of furthering knowledge and of 
advising the federal government . The Counc il operates i n  
accordance with general polic ies determined by the 
Academy under the author ity of its congress ional charte r 
of 1863,  which establishes the Academy as a private , 
nonprof i t ,  self-governing membership corporat ion . The 
Council has become the princ ipal operating agency of both 
the National Academy of Sc iences and the National Academy 
of Eng ineering in the conduct of their  services to the 
government , the public , and the sc ient i f ic and 
e ng ineering communities . It i s  administered j ointly by 
both Academies and the Inst i tute of Medic ine .  The 
Nat ional Academy of Eng ineering and the Institute of 
Med ic ine were established in 1964 and 197 0 , respect ively ,  
under the charter of the Nat ional Academy of Sc iences . 

Available f rom 

�Geolog ical Sc iences Board 
National Research Counc i l  
2 1 0 1  Constitution Avenue 
Washington , D .C .  20418 

Copyr igh t  ©  Nat iona l  Academy o f  Sc iences .  A l l  r i gh ts  reserved .

Se ismograph ic  Networks :  Prob lems and  Out look  fo r  the  1980s  :  Repor t
h t tp : / /www.nap .edu /ca ta log .php?record_ id=18515

http://www.nap.edu/catalog.php?record_id=18515


CC»o!MMT'l'EE ON SEISMOLOGY 

,, : THOMAS V. MCEviLLY , Univers ity of California , Berkeley , 
Chairman 

c. ALLI N CORNELL , Stanford Un iversity 
RICARDO DOBRY , Rensselaer Polytechnic Institut e 
ROBERT B .  HERRMANN, S t .  Louis University 
HI ROO KANAMORI, California I nstitute of Technology 
FRANKLYN K . LEVI N, Exxon Product ion Research Company 
PAUL W. POMEROY , Rondout Assoc iates 
PAUL G. RICHARDS , Lamont-Doherty Geolog ical Observatory ,  

Palisades 
DAVID w. S I MPS ON ,  Lamont-Doherty Geolog ical Observatory ,  

Palisades 
ROBERT B. SMITH, University of Utah 
ROBERT E .  WALLACE , U . S .  Geolog ical Survey , Menlo Park 

Li aison Members 

LEON L. BERATAN, u.s. Nuclear Regulatory Commission 
WILLIAM J. BEST , Air Force Off ice of Sc ienti f ic Researc h 
MICHAEL A .  CHI NNERY , Nat ional Oceanic and Atmospheric 

Admini stration 
JOH N R. FILSON, U . S .  Geolog ical Survey 
EDWARD A . FLI NN, Nat ional Aeronautics and Spac e 

Administration 
JOH N G .  HEACOCK , Office of Naval Research 
LEONARD E . JOHNSON, Nat ional Sc ience �oundat ion 
GEORGE A .  KOLSTAD , U . S .  Department of Energy 
PAUL F .  KRUMPE , Agency for Internat ional Developmen t 
JAMES F . LANDER, National Oceanic and Atmospher ic 

Administration 
JAMES M. McDONALD, Off ice of Naval Research 
UGO MORELLI , Federal Emergency Management Agency 

i i i  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S e i s m o g r a p h i c  N e t w o r k s :  P r o b l e m s  a n d  O u t l o o k  f o r  t h e  1 9 8 0 s  :  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 1 5

http://www.nap.edu/catalog.php?record_id=18515


CARL F .  ROMNEY , Defense Advanced Research Proj ects Agency 
EDWARD SCHREI BER, u.s. Depar tment of Energy 
JOSEP H w. SIRY ,  Nat ional Aeronaut ics and Spac e 

Administrat ion 
K .  THIRUMALAI , Nat ional Sc ience Foundat ion 

Staff 

JOSEPH W. BERG, JR . 
ROY E .  HANSON 

iv 

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r ights  reserved.

Seismographic  Networks:  Prob lems and Out look for  the 1980s :  Repor t
h t tp : / /www.nap.edu/cata log.php?record_ id=18515

http://www.nap.edu/catalog.php?record_id=18515


WORKSHOP ON SEISMOGRAPHIC NETWORKS : PARTICIPANTS 

Crt' THOMAS V. McEVILLY , Chairman 
Department of Geology and Geophysic s 

.University of Cal ifornia 
Berkeley , CA 

C .  ALLIN CORNELL 
Department of Civil Eng ineering 
S tanford Un iversity 
Stanford , CA 

PAUL C. JENNI NGS 
D ivision of Eng ineering and Appl ied Sc ience 
California Institute of Technology 
Pa sadena , CA 

HIROO KANAMORI 
Seismological Laboratory 2 52 -2 1  
California Institute o f  Technology 
Pasadena , CA 

KAREN C. McNALLY 
Ea rth Science Board 
University of Californ i a  
Santa Cruz, CA 

PETER H .  MOLNAR 
Department of Earth and Planetary Sciences 54-712 
Massachusetts Institute of Technology 
Ca mbridge , MA 

PAUL G .  RICHARDS 
Lamont-Doherty Geolog ical Observatory 
Palisades , NY 

v 

Copyright © National Academy of Sciences. All rights reserved.

Seismographic Networks: Problems and Outlook for the 1980s : Report
http://www.nap.edu/catalog.php?record_id=18515

http://www.nap.edu/catalog.php?record_id=18515


ROBERT B .  SMITH 
Depar tment of Geology and Geophysics 
University of Utah 
Salt Lake C i ty ,  UT 

Ex Off ic io Membe r 

KEI ITI AKI 
Department of Earth and Planetary S ciences 54-52 6 
Massachusetts Institute of Technology 
Ca mbridge , MA 

Liaison Members 

LEON L. BERATAN 
Chief , Earth Sciences Branc h 
Division of Health , S i t ing and Waste Management 
u.s. Nuclear Regulatory Commiss ion 
Washington , DC 

WILLI AM J. BEST 
D i rectorate of Phys ical and Geophys ical Sciences 
Air Force Off ice of Scient i f ic Research 
Boll ing Ai r Force Base 
Washington , DC 

JOHN R. FILSON 
Ch ief , Off i ce of Earthquake Studies 
u.s. Geolog ical Survey 
Reston , VA 

LEONARD E .  JOHNSON 
P rog ram D i rector for Seismology and Deep Earth Structure 
Division of Earth Sciences 
Na t ional Sc ience Foundation 
Washington , DC 

JAMES F .  LANDER 
Deputy D i rector, National Geophys ics and 

Solar-Terrestrial Data Center 
Envi ronmental Data and Information Service 
National Oceanic and Atmospheric Administration 
Boulder, co 

vi 

Copyright © National Academy of Sciences. All rights reserved.

Seismographic Networks: Problems and Outlook for the 1980s : Report
http://www.nap.edu/catalog.php?record_id=18515

http://www.nap.edu/catalog.php?record_id=18515


Staff 

JOSEPH W. BERG, JR . 
Execut ive Secretary 
CoDDDittee on Seismology 
CoDUDiss ion on Phys ical Sciences , Mathematics , and 

Resources 
Na tional Research Counc il 
Washington , DC 

ROY E .  HANSON 
Senior Staff Off ice r 
CoDDDittee on Seismology 
CoDDDiss ion on Physical Sc iences , Mathematics ,  and 

Resources 
Na tional Research Counc il 
washington , DC 

Gu ests 

SHELTON S. ALEXANDER 
Department of Geosc ience s 
Ge ophys ics Program 
Pennsylvania State University 
Un iversity Par k ,  PA 

THOMAS C .  BACHE 
P rogram Manager 
Geophys ical Sciences D ivision 
De fense Advanced Research Projects Agency 
Ar lington , VA 

JOHN N .  DAVIES 
Geophys ical Institut e 
Un iversity of Alaska 
Fa irbanks , AK 

WI LLI AM L. ELLSWOR'l'H 
u.s. Geolog ical Survey 
Menlo Park ,  CA 

E . ROBERT ENGDAHL 
Br anch of Global Seismology 
u.s. Geolog i cal Survey 
Denve r ,  co 

v i i  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S e i s m o g r a p h i c  N e t w o r k s :  P r o b l e m s  a n d  O u t l o o k  f o r  t h e  1 9 8 0 s  :  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 1 5

http://www.nap.edu/catalog.php?record_id=18515


WALTER W. BAYS 
O f f ice of Earthquake Studies 
u.s. Geolog ical Survey 
Reston , VA 

ROBERT B .  HERRMANN 
St.  Loui s  Un iversity 
St . Lou is , MO 

JEFFREY K . KIMBALL 
u.s. Nuclear Regulatory 
washington , DC 

ANDREW J. MURPHY 
u.s. Nuclear Regulatory 
washington ,  DC 

P AUL W .  POMBROY 
Rondout Associate s 
S tone R idge , NY 

ROGER M. STEWART 
O f f i ce of Earthquake Stud ies 
u.s. Geolog i cal Survey 
Reston , VA 

vi i i  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S e i s m o g r a p h i c  N e t w o r k s :  P r o b l e m s  a n d  O u t l o o k  f o r  t h e  1 9 8 0 s  :  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 1 5

http://www.nap.edu/catalog.php?record_id=18515


GEOLOGICAL SCIENCES BOARD 

WI LLI AM R.  DICKINSON , University of Ar izona , Cha irman 
SAMUEL s. ADAMS, Adams and Assoc iates , Boulder,  Colorad o 
L LOYD s. CLUFF, Woodwar d-C lyde Consultants, San Franc i sco, 

Cal ifornia 
WALTER R.  ECKELMANN , Exxon Corporat ion, New Yor k  
MI CHEL T .  HALBOUTY, The Halbouty Center,  Houston, Texa s 
WI LLI AM w. HAY , University of Colorado 
MELVIN, J. HILL , Gulf Oil Corporation, Houston, Texa s 
CARROLL ANN HODGES, U . S .  Geolog ical Survey, Menlo Park, 

California 
WILLIAM c. LUTH, Sandia Nat ional Laborator ies , 

Albuquerque, New Mexico 
CHARLES J. MANKIN, Oklahoma Geolog ical Survey, Norman 
v. RAMA MURTHY , Univers ity of Minnesota, Minneapol i s  
JACK E .  OLIVER, Cornell Univers ity ,  Ithaca, New Yor k  
STEPHEN c .  PORTER , University o f  Washington, Seattle 
J. WILLIAM SCHOPF, Un iversity of Cal ifornia, 

Los Angeles 
E-AN ZEN, u.s. Geolog ical Survey, Reston, Virginia 

Lia i son Membe r s  

LEON L .  BERATAN, u.s. Nuclear Regulatory Commission 
ROBIN BRETT, Nat ional Sc ience Foundat ion, 

Washington, D .C .  ( unt il September 30,  198 2 )  
PHILIP COHEN, u.s. Geolog ical Survey, Reston , Virg ini a 
KENNETH DAUGHERTY , Defense Mapping Agency, 

Wash ington , D . C .  
PAUL R.  FISHER, U . S .  Department of the Ar my 
BRUCE B. HANSHAW, u.s. Geolog ical Survey, Reston , 

Vi rg inia 

ix 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Seismographic Networks: Problems and Out look for the 1980s :  Report
ht tp: / /www.nap.edu/catalog.php?record_id=18515

http://www.nap.edu/catalog.php?record_id=18515


JAMES F .  HAYS ,  Nat ional Sc ience Foundat ion , 
Washing ton, D . C .  ( f rom October 1 ,  1982)  

JOHN G. HEACOCK ,  Off ice of Naval Research 
LI NN HOOVER, u.s. Geolog ical Survey , Reston , Virg in i a  
GEORGE A .  KOLSTAD , U . S .  Department o f  Energy 
JOHN F .  LANCE , Nat ional Sc ience Foundat ion, 

wash ington , D . c .  
DALLAS L .  PECK ,  u.s. Geolog ical Survey , Reston , 

Virg inia 
MARK SETTLE , Nat ional Aeronautics and Space 

Administrat ion , Washing ton , D . C .  
A .  G .  UNKLESBAY ,  American Geolog ical Inst itute , 

Falls Church , Virg inia 
KENNETH N. WEAVER, Maryland Geolog ical Survey 
FRANK J. WOBBER ,  u.s. Department of Energy 

Ex Off ic io 

CLARENCE R .  ALLEN,  Cal ifornia Institute of Technology , 
Pasadena 

JOHN c. CROWELL, Un iversity of Cal ifornia, Santa Barbara 

Staf f  

JOSEPH w. BERG, JR . , Executive Secretary 
WILLIAM E .  BENSON, Senior Staff Off icer 
ROY E .  H ANSON, Senior Staff Off icer 

Copyright © National Academy of Sciences. All rights reserved.

Seismographic Networks: Problems and Outlook for the 1980s : Report
http://www.nap.edu/catalog.php?record_id=18515

http://www.nap.edu/catalog.php?record_id=18515


COMMI SSION ON PHYSICAL SCIENCES , 
MATHEMATICS , AND RESOURCES 

HERBERT FRIEDMAN, National Research Council , Cochairma n  
ROBERT M.  WHITE , Un ivers ity Corporat ion for Atmospheric 

Research , Cochairman 
STANLEY I .  AUERBACH , Oak Ridge Nat ional Laboratory 
ELKAN R.  BLOUT, Harvard Med ical School 
WI LLI AM BROWDER , Pri nceton University 
BERNARD F .  BURKE, Massachusetts I nstitute of Technology 
HERMAN C HERNOFF , Massachusetts Institute of Technology 
WALTER R. ECKELMANN, Exxon Corporat ion 
JOSEPH L. FISHER, Off ice of the Governor, Commonwealth of 

Virg inia 
JAMES c .  FLETCHER , University of P ittsburgh 
WI LLIAM A .  FOWLER , California Inst itute of Technology 
GERHART FRIEDLANDER, Brookhaven Nat ional Laboratory 
EDWARD A .  FRIEMAN, Sc ience Appl icat ions , I nc. 
EDWARD D. GOLDBERG, Sc ri pps Inst itution of Oceanog raphy 
KONRAD B .  KRAUSKOPF , Stanford University 
CHARLES J. MANKI N, Oklahoma Geolog ical Survey 
WALTER H .  MUNK , University of California , San Dieg o  
NORTON NELSON, New York Un ivers ity Med ical Center 
DANIEL A. OKUN, Univers ity of North Carolina 
GEORGE E. PAKE, Xerox Research Center 
CHARLES K .  REED , National Research Counc i l  
HOWARD E .  SIMMONS , JR . , E . I .  du Pont de Nemours and 

Company , Inc .  
HATTEN s. YODER, JR . ,  Carneg ie I nst itution of washington 

RAPHAEL G .  KASPER , Executive Director 

x i  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S e i s m o g r a p h i c  N e t w o r k s :  P r o b l e m s  a n d  O u t l o o k  f o r  t h e  1 9 8 0 s  :  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 1 5

http://www.nap.edu/catalog.php?record_id=18515


Copyright © National Academy of Sciences. All rights reserved.

Seismographic Networks: Problems and Outlook for the 1980s : Report
http://www.nap.edu/catalog.php?record_id=18515

http://www.nap.edu/catalog.php?record_id=18515


P�F�E 

Seismographic networks collect the data fundamental to 
the sc ience of se ismology , provid ing record ings of g round 
mot ion from natural earthquakes and other se ismic source s 
ranging in size f rom the g reat earthquakes to the smallest 
detectable microearthquakes .  This g round mot ion reveal s 
the passage of se ismic waves through the earth , and the 
waves may be recorded very close to the source or at 
g reat d istances many minutes or hours after the event , 
having traversed paths that penetrate the entire earth . 
The data tell us much about the earth ' s  interior 
structure and dynamics in add it ion to the nature o f  
earthquakes. They allow ident if icat ion of the type of 
source , explos ion or earthquake , and they provide detail s 
of the seismic source process . These observat ions are 
important not only to the sc ience of seismology but also , 
d irectly or indirectly , to soc iety .  For example ,  the 
earth's magnetic field--the basis for navigation , fo r 
g eophysical explorat ion , and for a geolog ical t ime 
scale-- is generated mainly in the core , the structure of 
which is  determined se ismolog icallyJ the d ifferentiat ion 
of explosions and earthquakes by seismic means is bas ic 
to monitoring a nuclear test ban treaty; seismic means 
are used to study inhomogene ities in the earth ' s  mantle , 
which can lead to the d iscovery of mineral resources; the 
mit ig ation of seismic hazards for general construction 
and for crit ical fac ilities requires knowledge of both 
the locations of expected earthquakes and the nature of 
strong g round mot ionJ and the search for methods of 
earthquake pred ict ion relies heavily upon the existenc e 
of networks of closely spaced seismographic stat ions . 

Seismology is a young and vigorous sc ience , and it i s  
be ing c alled upon cont inually to address new problems . 
The laboratory of seismology is the earth , its data bas e 
constantly chang ing and its t ime scale set by geodynamic 

x i i i  
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processes.  The se ismographic networks are the bas i c  
sc ient if ic tools,  analogous t o  maj or telescopes i n  
astronomy o r  particle accelerator fac i l ities in physics , 
that provide the continu ing data base for the sc ience.  
I t  is very i mportant , for this reason , to keep u. s.­
supported seismog raphic networks in the best operat ing 
cond it ion , to provide networks with the latest technology , 
a nd to improve constantly the management and data bases 
of the network s .  

These need s ,  unfortunately , have not always been met . 
The importance of observat ional data f rom seismographic 
networks has not been recogni zed cons istently by decis ion 
maker s  allocating funds among compet ing programs.. The 
var ious governmental agenc ies responsible for network 
operat ions encounter many d i f f iculties in obtaining 
adequate fund ing for the maintenance , upgrading , and the 
research assoc iated with these important nat ional 
f acilities.  Even though the amounts of money needed are 
modest , crises in support funding seem to occur regularly , 
a s  short-term obj ectives change within the agenc ies . 

Unl ike the otherwise analogous telescope or 
accelerator fac ilities,  se ismog raphic networks are made 
up of large numbers of ind ividua l ,  relat ively small 
i nstallat ions , necessarily d istr ibuted widely with 
respect to the features studied ,  and thus g lobally fo r 
many invest igat ions . 

The broad percept ion of networks as facilities is 
consequently lac k ing , contr i buting to their  vulnerability 
i n  t imes of f inanc ial stress . In  add it ion, the ongoing 
process of upg rad ing involves simultaneous acquisition of 
new equipment for all stat ions in the network , includ ing 
fore ign installat ions in the g lobal networks , and the 
consequences of this pecul iar ity in facil ity maintenance 
are not read ily accepted by funding agenc ies . Given the 
extremely rapid rate of technolog ical advance in the 
areas of data acquisition and processing , ma inta ining 
s tate-of-t he-a rt capabilit ies in the seismograph ic 
networks is a d i f f icult task indeed . 

Th i s  report is the result of a workshop convened at 
the request of several governmental agencies to review 
the status and associated problems of and the outlook for 
se ismograph ic network s .  Recommendat ions have been mad e 
to help solve the problems and to assure a viable 
observat ional capability for the future . I f  this i s  
accompl ished , the t ime and effort of the many 
contr i buting sc ient ists will have produced a maj o r  
contribut ion t o  the nat ion. 

Thomas v. McEvi lly 
Chairman 
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1 

EXECUTI VE S UMMARY 

An earthquake produces se ismic waves , wh ich rad iate from 
its focus , traveling around and through the earth , with 
size and persistence proport ional to the d imensions of 
the source . Only a very few of the thousands of earth­
quakes cataloged annually affect mank ind d irectly . Mos t 
a re percept ible only to se ismographs--the sc ient if ic eyes 
and ear s of the se ismolog ist . From the se ismograms , 
wh ich d i splay g round mot ion assoc iated with the passing 
waves , comes ou r knowledge of the global distr ibut ion of 
e arthquakes , of the internal structure of the earth , and 
of the earthquake source process .  Interpreting the 
recorded seismogram requ i res soph ist icated analysis 
procedures . Recent advances in analyt ical methods and 
i nstrumentat ion have increased dramat ically the 
informat ion to be gained from se i smograms , but acquis ition 
of adequate se ismolog ical data requires wide coverage by 
se ismographs , globally , nat ionally , and reg ionally . 
Instruments must be ma inta ined and upgraded regularly 
with the latest technology . Effect ive management i s  
c ruc ial for operat ions and data handling . Al l o f  these 
needs requ ire adequate f inanc ial support ove r long 
per i ods of t ime . 

S e ismog raphic networks provide data essent ial to 
prog rams such as the mit igation of earthquake hazards , 
the def inition of geolog ical structure on the marg ins and 
within tectonic plates , the safe sit ing of dams , power 
plants , and other c r i t ical fac i l i t ies,  and the 
invest igation of dynamic processes of the earth . 
Operating a typical se ismograph ic network is  not overly 
expensive , but it  does require ded icat ion of t ime and 
talent by se ismolog ists who run the stat ions . In many 
cases the major rewards are in provid ing data to help 
solve problems of nat ional and global s ignif icance . 

l 
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The large number of questions on seismographic networks 
brought in recent months to the Comm ittee on Se ismology 
is strong ev idence that there are cr it ical problems w ith 
network operations. At the Workshop on Se ismograph ic 
Networks, prompted by these quest ions, part ic ipants 
considered global, regional, and nat ional networks 
collectively as an integrated system and also as ent ities 
w ith specific problems. Th is report discusses each 
component of the system in terms of rat ionale and 
problems, g iving recommendat ions for solutions. A brie f 
statement follows of major problems and major recommenda­
t ions for the global, reg ional, and national networks. 

Global Networks. Global networks are expected to provide 
for the scient ific commun ity a data base that continues 
indef in itely. Unfortunately, managing agencies f ind it 
d iff icult to recognize this long-term sc ient if ic 
importance. The service function of the networks, i. e. ,  
prov id ing data for other users, must be considered in 
fund ing dec is ions by the manag ing agency. Global 
networks requ ire continuing f inanc ial support at an 
adequate level. It is recommended (1) that cons iderat ion 
be g iven to transferr ing management responsibility for 
the global network from its present organizat ional base 
to another locat ion w ith in the u.s. Geolog ical Survey or 
even to another agency, if such a change seems clearly 
advantageous; ( 2) that stable fund ing for global network s 
be sought from normal budgetary requests from w ith in the 
u. s. Geolog ical Survey, from the Defense Advanced 
Research Projects Agency, and from other agencies that 
use data from the networks; (3) that access to digital 
data and use of those data be improved while networks 
cont inue to meet fully the demand for and the global 
coverage prov ided by analog (i. e. , vis ible) data at the 
present t ime; and (4) that procedures be establ ished and 
fund ing be provided for the orderly and continu ing 
interagency transfer of the most recent instrumentation 
and technology. 

Regional Networks. Regional network operations are beset 
with problems falling into three categories: funct ional 
def in it ion, funding d iff iculties, and operational 
problems. Functional def in it ion is the planned lifet im e 
of a network, and a realist ic est imate of it needs to be 
prov ided. Funding d ifficulties are of two types: a lack 
of stab ility on a year-to-year bas is, and the vulner­
ab il ity of research funding be ing decreased to mainta in 
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network operations in times of fiscal stress when research 
funding is mixed with basic operational costs of the 
network. Operational problems are seen in a lack of 
coordination among networks, the need for a more 
standardized data base management system, and a growing 
obsolescence of network equipment. These problems are 
interrelated and difficult to order in importance. 

Recommendations are (1) that networks of planned, 
limited lifetime be reviewed every three to five years 
with respect to objectives and performance, ( 2 )  that the 
provision of data fundamental to research on seismotec­
tonic processes and earthquake occurrence in the region 
be acknowledged by funding agencies as the main purpose 
of regional networks� (3) that an adequate data set from 
all regional networks be archived7 (4) that data formats 
be standardized, and (5) that operations of networks be 
coordinated. 

National Network. The concept of a national network 
lacks general acceptance and widespread support by the 
u.s. seismological community, within which there is at 
present little coordination of network operations. The 
concept is sound, and support will grow with formulation 
of a suitable plan for implementation. 

Working Group on Seismic Networks. It is recommended 
that a Working Group on Seismic Networks be set up under 
the Committee on Seismology to provide continuity and 
uniformity in consideration of the various policy matters 
arising in network seismology. This group will provide 
the review functions recommended throughout this report 
for global, regional, and national networks. It should 
evaluate continually the health and status of regional 
networks, and advise on the development of a national 
network. 

The contributions to the earth sciences from seismic 
networks of all types have been substantial in the past 
two decades. We have entered the 1980s with major 
advances in data acquisition, management, and processin g 
techniques now available to seismology. The challenge is 
to build effectively on the present structure of 
networks, creating a new capability for addressing the 
next level of difficulty in the exciting problems of 
geoscience. 
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INTRODUCTION 

The Workshop on Seismographic Networks was convened to 
consider the problems confronting network seismology and 
to provide scientific, technical, and management guidance 
to federal agencies, primarily regarding the operation of 
global, national, and regional seismographic networks. 
It was prompted by a number of related questions brought 
in recent months to the Committee on Seismology. This 
report is the result of that workshop. 

The National Research Council report, u.s. Earthquak e 
Observatories (NRC 1980) , recommended establishing an 
integrated u.s. Seismograph System (USSS) , the core of 
which would be a new national network of modern digital 
seismological observatories. The report called also for 
a guiding working group on the USSS to be established. 
Many of the problems discussed and several recommendation s  
in this report are similar to those in the 1980 study. 
Current constraints in federal funding, the potentially 
disastrous budget cuts nearly imposed in earthquake 
studies by several agencies in the fall of 1981, and the 
promise of continued stringencies all impart a sense of 
urgency to the need for clear position statements by the 
seismological community on u.s. seismographic networks. 

The global, national, and regional systems of 
s eismographic stations, spanning the earth much like 
meteorological observatories, provide the fundamental 
data base for scientists to investigate the earth at 
different scales, addressing problems of earthquake 
hazards and prediction, safer sitings for critical 
facilities, and the identification of underground nuclear 
explosions, in addition to fundamental questions on the 
physical and chemical composition and geological 
structure and dynamics of the entire earth. Major 
advances in the earth sciences have come directly from 

4 
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these data. Agencies with responsibilities for maintain­
ing subsets of this worldwide seismographic system have 
asked the Committee on Seismology for guidance in 
allocating their fixed or decreasing financial resources 
among competing scientific efforts. 

As the primary source of seismological data, networks 
have been and continue to be essent ial to the scientific 
health of seismology.  The committee perceives a range of 
serious problems threatening this data base .  The g lobal 
network is insufficiently funded . All networks suffer 
from rising operational costs . Quest ions must be 
addressed on appropriate operat ional lifetimes . Much 
instrumentat ion i s  obsolete . Modernization of data 
ac quisition and archiving methods is needed , and existing 
new approaches to data base management should be 
i ntroduced to provide a creative environment for research . 
I t is generally acknowledged that d ig ital systems must 
u lt imately replace analog , but at what cost? All of 
these efforts call for i ncreased financial support at a 
t ime when the funding climate is  inhospitable . The 
sei smological data base demands stable cont inuity of 
support for operat ing networks that is independent of 
variations in research support . 

An important aspect of this  report is the considera­
tion, perhaps for the f irst time in such depth , of the 
i nterplay among the network systems of d iffering scales 
and purposes--global , national , and regional--and the i r  
definit ion as a major scientific resource for acquisition 
of important data . In thi s  unif ication the national 
network becomes the l inkage by which regional networks 
are integrated with the global se i smographic systems . 
Thus , that portion of the global network located within 
the United States can be viewed as a subset of the 
national network , whi ch in turn is a subset of stations 
from regional networks .  The rat ionale f or such a 
structure i s  to fac ilitate exchange of data , aethods of 
analysi s ,  and sc ientific results , by enl ist ing the 
i nvolvement of present network operators in the system. 

In  order to review in  depth the present state of 
d ifficult ies facing the networks ,  the committee sol icited 
assessments and opinions f rom a range of network 
operators , users , and support ing agencies . A compre­
hensive quest ionnaire was formulated and d istributed to 
operators of regional network s .  Forty-five completed 
quest ionnai res were returned by federal and state 
agenc ies and unive rsities, provid ing an unprecedented and 
substant ial overview of regional sei smograph ic network s 

Copyright © National Academy of Sciences. All rights reserved.

Seismographic Networks: Problems and Outlook for the 1980s : Report
http://www.nap.edu/catalog.php?record_id=18515

http://www.nap.edu/catalog.php?record_id=18515


6 

operated for a variety of purposes by u. s. scientists. 
Appendix B gives the questionnaire, a list of the 
respondents, and a summary of the resulting information. 

Even before the workshop began, the need for a 
continuing working group that would address practical 
problems of seismic networks from a perspective different 
from that of any one agency was recognized. The 
Committee on Seismology plans to establish a working 
group on seismic networks within the National Research 
Council, for if it does not, the committee's agenda for 
years to come will be dominated by network questions. 
The working group will be asked for policy recommenda­
tions on the interrelationships among global, national, 
and regional networks. Other, more specific, questions 
for the working group are given throughout this report. 

The working group, which will report to the Committee 
on Seismology, is to consist of at least five individuals 
with overlapping terms of about five years. Network 
problems are not quickly solved. It is therefore 
important for a majority of members of the working group 
to serve long enough to show some results from changes in 
network policy. We anticipate that the working group 
will often need to seek the advice of specialists, 
particularly in recommending technological improvements. 

The report considers global networks in Chapter 3 and 
regional networks in Chapter 4, reviewing the nature and 
use of each, identifying the problems peculiar to each, 
and recommending various approaches toward solutions to 
the problems. Chapter 5 reviews the concept of a new 
national network and its place in the present network 
structure. By virtue of the variety of issues, the 
recommendations range from specific actions to 
acknowledgments of remaining outstanding difficulties 
requiring further attention. Background information for 
the workshop is presented in Appendixes A through c. 
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GLOBAL NETWORKS 

REVIEW 

The history of global seismographic networks* is closely 
tied to the u. s. national need for improved capability in 
detecting and identifying underground nuclear explosions. 
The World-Wide Standardized Seismograph Network (WWSSN) 
was established in the early 1960s as a part of Project 
Vela Uniform, a program of fundamental and applied 
research in seismology managed by the Defense Advanced 
Research Projects Agency (DARPA) . Since then DARPA has 
been responsible for virtually all advances in global 
seismographic networks, but has declined to commit funds 
for routine WWSSN operations. Key elements of the WWSSN 
are standardized three-component long- and short-period 
seismographs with uniform calibration, and the means for 
distributing the seismograms to the earthquake research 
community. The WWSSN today comprises 110 stations 
operating in 54 countries1 its role is to produce the 
data needed for fundamental research in seismology. The 
responsibility for installing and managing the WWSSN was 
assigned by DARPA to the u. s. Coast and Geodetic Survey 
(USCGS) . The network was essentially completed by 1963. 
The WWSSN serves as a worldwide organization base to 
which network improvements and modernization can be 
applied. The network was partially funded by the 
National Science Foundation (NSF) between 1968 and 1978. 
In 1973 the WWSSN and other elements of the USCGS 
earthquake program, apart from the data services, were 
transferred to the u.s. Geological Survey (USGS) and, 

*See Appendix A for further information on the global 
networks. 
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since 1978, the network has been funded entirely by th e 
USGS under the National Earthquake Hazards Reduction 
Program (NEHRP) . Since the inception of the WWSSN, more 
than 5 million original seismograms have been microfilmed 
and 60 million high-quality film copies have been supplied 
to research workers by the Environmental Data Service of  
the National Oceanic and Atmospheric Administration 
(NOAA) .  Despite the superiority of the more recently 

available digital seismic data for many purposes, the 
analog seismograms from the WWSSN remain the foundation 
for much fundamental seismological research, not only in 
the United States but around the world. WWSSN encountered 
its first difficulty when attempts were made to transfer 
its financial support from the Department of Defense (DOD) 
to NOAA in the late 1960s, a transfer that had been 
discussed and coordinated over a period of years. Opposi­
tion centered on the u. s. support of the foreign stations 
o f  the WWSSN, and the NSF assumed the responsibility for 
partial support of the foreign stations of the WWSSN in 
1968. 

In the late 1960s, DARPA sponsored the development and 
installation of 10 high-gain long-period (HGLP) seis­
mographs. The HGLP seismographs were superior to the 
WWSSN seismographs in the detection of long-period earth 
motion because of  their installation in special airtight 
tanks to protect them from temperature and pressure 
changes. The HGLP seismographs were also the first 
globally deployed seismographs to be equipped with 
digital recorders. The USGS was assigned responsibility 
for the HGLP network and managed it as a complementary 
part of the WWSSN. Later, five of  the HGLP systems were 
modified: short-period seismometers were added, and the 
original digital recorders were replaced by more advanced, 
computer-controlled versions. The modified HGLP seis­
mographs, now called Abbreviated Seismic Research 
Observatory (ASRO) systems, are still in operation. 

The HGLP seismographs, especially the horizontal com­
ponents, are affected by earth tilt caused by atmospheric 
loading of the earth's surface by wind and variations in 
barometric pressure. The resulting ground noise is 
attenuated rapidly with depth. A joint effort by private 
industry and the government led to the successful 
development of a broadband low-noise force-balance 
accelerometer that could be installed in a small-diameter 
borehole. Operated at a depth of 100 m, the borehole 
seismometer is virtually unaffected by wind noise at the 
surface. In 1973, the USGS, with DARPA funding, began 
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the development and g lobal deployment of 13 Se ismic 
Research Observator ies ( SRO) that combined the new 
borehole se ismometer with an advanced analog and dig ita l 
recording system.  

Th e availabil ity of high-quality d ig ital data produced 
by the SRO st imulated utili zat ion of dig ital data by many 
research organi zat ions . New analytical techniques and 
software were developed , opening exc iting new directions 
of research such as the determinat ions of source 
par ameters for all large earthquakes in a given time 
i nterval . In the late 1970 s ,  aga in with funding from 
DARPA , the USGS developed a d ig ital recorder that could 
be attached to ex isting WWSSN systems . Seventeen such 
recorder s  are cur rently being installed at WWSSN station s 
( termed DWWSSN stat ions) . NSF has funded the ir 
installat ion at six foreign stations , and the USGS i s  
funding installat ion at the remaining sites . 

ASRO, SRO, and DWWSSN stations have been termed 
collectively the Global Dig ital Seismograph Network 
(GDSN) and observator ies are located in Figure 1. Th e  
GDSN and the WWSSN are complementary networks and 
together have been termed the Global Se ismograph Networ k 
(GSN) . Operation of the GSN , with stat ions in more than 
6 0  countr ies of the world , is a notable example of 
successful internat ional sc ient ific cooperat ion and data 
exchange.  Hundreds of se ismographic stations are 
operated by other countries that go into a total g lobal 
seismographic networ k effor t ,  and data from these are 
avai lable to u.s. seismolog ists . There are many 
seismologists , both in the United States and in foreig n 
countr ies , who do not have access to ca.puter facilities 
and can work only with analog data , who prefer to wor k 
with analog data , or who need the denser g lobal coverage 
of stations provided by the WWSSN . In its relatively 
short life,  the WWSSN has generated an histor ical data 
base that is  i mportant as a baseline for testing new 
hypotheses, cont inuing data from many of the same 
stations are essent ial to el iminate the possible effect s 
of station locat ion on record ings of seismic events . The 
GSN would continue an infrastructure that stimulates and 
supports international cooperat ion in seismology . I t now 
provides the USGS with convenient and ready access to 
seismolog i cal organi zat ions in more than 50 countries . 
In many countr ies , the GSN stat ions represent the 
princ ipal or only nat ional facilit ies for support of 
in-country se ismolog ical programs . Terminat ion of some 
WWSSN stat ions may have ser ious and long-lasting 
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political as well as scientific repercussions. Even 
though numerous seismographic stations exist in many 
other countries, their data are not as readily available 
to the researcher as are GSN data because of the 
established data distribution system. 

While the SRO systems were being installed, the 
University of California at San Diego developed and began 
installing digitally recording gravimeters that are 
designed to record very-long-period vertical-component 
seismic data, including earth tides and free oscillations. 
Seventeen are currently in operation, and the network is 
called the International Deployment of Accelerometers 
(IDA). The digital data provided by the IDA network and 
distributed by NOAA are used by many research groups for 
very-long-period studies of the earth's structure and the 
earthquake source mechanism. Implementation of IDA has 
been funded by the National Science Foundation and a 
private source, but, as manager of GSN, the USGS has been 
suggested by NSF as the agency that can best provide 
long-term future support for the network. 

The role of DARPA is limited to the development and 
demonstration of new technologyJ hence DARPA support for 
the operation of the GOSH ended in FY 1979 even though 
much DARPA-supported research today makes substantial use 
of GDSN data. Following recommendations set forth in the 
NRC reports entitled Trends and Opportunities in 
Seismology (NRC, 1977b) and Global Earthquake Monitoring 
(NRC, 1977a), the research community strongly urged that 
the USGS provide long-term operational support of the 
GOSH beginning in 1980. Funding for the continued 
operation of the network by the USGS was planned in the 
report entitled Earthquake Prediction and Hazard 
Mitigation: Options for USGS and NSF Programs (NSF, 
1976), which outlines the structure of the National 
Earthquake Hazards Reduction Program (NEHRP), beginning 
in FY 1980 under all budget options in the report. The 
recommendations were accepted, and, beginning in FY 1980, 
the USGS has provided both management and funding of the 
GDSN. 

Network support operations are managed by the USGS 
Albuquerque Seismological Laboratory (ASL). ASL furnishes 
operating supplies routinely and replacement parts or 
components on call and repairs defective equipment 
returned from the stations. Contract maintenance 
technicians operating out of ASL install new equipment 
and service operating stations. Optimally, two or three 
maintenance teams are overseas at any given time and can 
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respond to provide assistance to stations. During 
routine service visits, the maintenance personnel perform 
tests, calibrations, and any software or hardware 
modifications that are required. In operating the WWSSN 
stations, participating organizations contribute 2 to 3 
times more than the annual costs to the u. s. government. 

The most recent (to 1982) development has been the 
installation of a five--station telemetered network by 
Sandia National Laboratories as part of a Regional 
Seismic Test Network (RSTN) . The stations, which are 
unmanned, acquire signals from borehole seismometers 
(improved versions of the SRO sensors) and transmit nine 

channels of data continuously in three data bands: 
short-period, mid-period, and long-period. A geosynch­
ronous satellite provides two-way communication between 
the network control station, located in Albuquerque, and 
each RSTN station. Current plans are to merge RSTN data 
(events only in the case of short- and mid-period signals) 

with GDSN data on the network day tapes for general 
distribution. RSTN data are also received and processed 
in the new DARPA Center for Seismic Studies (CSS) in 
Arlington, Virginia. 

The establishment of the WWSSN, and its subsequent 
development, was certainly one of the outstanding u. s. 
accomplishments in international support of science. It 
has been the major factor in developing seismology into a 
quantitative and precise science that provides much of 
our basic knowledge of the earth's structure, of the 
active processes that deform it, and of the hazards and 
risks of earthquakes. One can well argue that the 
revolution in the earth sciences that followed the 
recognition of plate tectonics derived from two main 
subfields, i. e. , marine geology and seismology, and that 
the contributions from seismology derive largely from an 
analysis of WWSSN data. We have every reason to believe 
that advances in the coming decades will flow similarly 
from analyses of data from today's global networks. 

ASSESSMENT OF PROBLEMS 

Global networks have been plagued throughout their 
existence by the lack of sufficient long-term funding 
from a host organization within which the operation is 
viewed as a significant element and thus receives 
enthusiastic support. The funding problems of the WWSSN 
did not cease with its transfer to the new Branch of 
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Global Se ismology of the USGS in 197 3 .  It now had t o  
compete f or its fund ing with other elements within the 
USGS of the large and underfunded NEBRP, and with the 
i ncreasing support needed f or the GDSN . Gl obal networks , 
in the competition between USGS service- and mission­
oriented programs , have been subj ect to funding pressures 
that annually threaten the i r  stabi lity and cont inuity . 
Wi thin the broad USGS se ismolog ical research program,  a 
fairly small fraction of sc ientists wor ks with data f r om 
g lobal networks , so that internal advocacy, while 
ded i cated , represents a minor ity .  Consequently , th e 
maintenance of global networks , an important service to 
the se ismolog ical community , lacks universal support 
within the Survey . Despite this situation , USGS 
cont inues to support the GSN . In contrast , a large par t 
of university-based se ismolog ical research on the 
earthquake process , earth structure , tectonics,  and 
earthquake pred iction relies heavily on the global 
networks . Thus many non-USGS se ismolog ists depend upo n 
t hat agency f or service i n  provid ing hig h-quality global 
data while most USGS se ismolog ists do not need such data 
for their  research. Th is d ichotomy produces c ompetit ion 
between programs with strong Survey interest and those 
that provide services largely for non-Survey personnel . 
Nevertheless, USGS administrators have allocated fund s 
for the maintenance of the WWSSN and to  allow f or the 
steady upgrading of the worldwide system by the add ition 
of a d ig i tal capabil ity ,  with support from DARPA and NSF . 

A ser i ous problem exists i n  that global networ k fund s 
have remained f ixed f or the past three years .  Th is year , 
once again, the se ismolog ical coaaunity and the USGS have 
been faced with opti ons to meet the budget ceilings . *  
These include reduc ing WWSSN, reducing GDSN , and obtaining 
more funds, the latter never succeed ing despite strong 
eff orts . The community has always reaff i rmed its strong 
backing f or retaining the capabilit ies represented by the 
WWSSN essentially as it now exists . This annual 
occurr ence makes it clear that some means must be found 
to ensure the cont inu ity of the WWSSN and its systeaatic 
u pgrad ing into the d ig ital era.  

The GSN should be insulated f r om the vagaries of  
f unding of  the NEHRP. Support f or the GSN must be thought 
of in terms of decades and in terms of its internationa l 
impact and in terms of the health of seismology . The 

*See Appendix A f or deta ils of global networ k opt i ons . 
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USGS must continue to meet its long-term commitment to 
the GSN ,  even if the NEHRP should be terminated . Given 
the time scale of processes controlling global se ismic i ty , 
i t  is essent ial to establ ish and maintain a data base 
that is uniform for many decades .  

The major short-term problem thus rests with fund ing 
for the g lobal system . Because of recent increases i n  
the costs o f  supplies for the WWSSN and o f  maintenance 
required for the GDSN , it is becoming increasingly 
d if f icult for the USGS with inadequate program resources 
to maintain the present and the proj ected level of 
operation of these network s .  On the other hand , d iverse 
users in the se ismolog ical community require both analog 
and d ig i tal data with no interruption of continuity or 
coverage of either type of data . El iminating either the 
WWSSN or the GDSN should not be considered an acceptable 
solut ion to current funding problems . (Absorbing a FY 
1 983 $500 , 0 00 shortfall in this  manner would represent a 
3 5  to 40 percent reduction in the data collected . ) *  

Seismolog i sts do not cons ider the problem as one of 
analog ver sus d ig ital data . Unt i l  very recently , analog 
seismograms const ituted the fundamental data base of 
global sei smology . Although analog r ecords are mor e 
l imited in dynamic range and more d i f f icult to use for 
quant itat ive analysis than d ig i tal records ,  they appeal 
to. the tra ined eyes of sei smolog ists and other earth 
sc ientists more d i r ectly .  Very often subtle changes i n  
the waveform on analog records are used for the determina­
tion of the depth of earthquakes and for informat ion on 
the f ine structure of the earth ' s  inter ior . Initial 
hints that led to important d i scover ies have often bee n 
found in such features of analog se ismograms . Analog 
records represent many more stations than dig ital r ecords , 
and they can be utilized without sophist icated hardware 
and software . *  

D ig i tal seismograms , on the other hand , are far 
super ior to the i r  analog counterparts when we know wha t 
parameter s are to be extracted from them. A large number 
of data can be processed in a relat ively short t ime to 
obtain accurate result s .  Over the past few years ,  the 
number of high-quality normal mode data and source 
mechani sm solut ions has increased by more than an order 

*See Appendix A for budgetary informat ion .  
**See Append ix A for a discussion o f  the utility o f  
analog data. 
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of magnitude, which brought about several major break­
throughs in seismology. The basic fact of data superior­
ity assures the ongoing conversion to digital acquisition 
of seismic data. 

The importance of the global data base to the seis­
mological community is such that the overwhelming 
consensus of the workshop participants was that no 
stations should be eliminated with the possible exception 
of redundant WWSSN analog and GDSN digital stations. It 
is anticipated, however, that digital stations will 
eventually supplant the analog WWSSN stations at selected 
sites of the global network and that analog (microfiche) 
seismograms will be generated from the digital recordings. 
The remaining analog WWSSN stations should continue to 
operate until it can be demonstrated to the scientific 
community that they are no longer needed as part of the 
global data base. 

A third type of problem lies in the slow pace of 
utilization of the digital data. Because of the diversity 
of users and their in-house capabilities, there are 
difficulties in the transfer of technology in going from 
analog to digital recording. This includes instrumenta­
tion changes, software development for users, and 
dissemination of information to users. Moreover, the 
flow of digital data to users is not yet adequate. 
Tutorial data packages on selected special events are 
needed, to allow researchers to gain experience with the 
new data at reasonable cost and to learn how to use them 
for their individual problems. 

High-technology, high-cost facilities transferred from 
one government agency to another create a fiscal problem 
for the receiving agency. We here refer to such transfers 
as that of the WWSSN from DOD to NOAA to the USGS; that 
of the SROs from DOD to the USGS; the pressures for 
transfer of IDA from NSF to USGS; and the possibility of 
a transfer of RSTN from DOE to USGS. The problem is not 
that the receiving agency is surprised by an unexpected 
request--in the above cases, transfers have been planned 
over a period of years. Rather, the problem is that base 
funding is almost never transferred along with the 
responsibility for the facility operation. The receiving 
agency thus gets the funding problem as part of the 
transfer. It should be emphasized that these transfers 
are usually regarded as the best alternatives to the 
government and to the science. The option of dismantling 
a valuable resource is not an acceptable alternative. 
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RECOMMENDATIONS 

It is  essent ial to mainta in a g lobal data base that is 
uniform for years or even decades .  This requ ires 
establishing a supportive home environment for GSN . 
Relevant u.s. government agenc ies must real ize that a 
long-term commitment is impl ic it in the very existence of 
GSN , independent of the mission-or iented programs of the 
host organi zation .  We suggest that a solution t o  the 
long-term problem may be to transfer responsibil ity for 
the g lobal networ ks from its present NEHRP base to 
another location within the Survey or even to anothe r 
agency so the GSN does not compete d irectly for funds 
within a largely unrelated program .  

In regard t o  the opt ions open t o  the USGS over the 
shor t term, we recommend seeking funds to suppor t the 
g lobal networks at the required level from normal 
budgetary requests , from within the USGS , and from othe r 
agencies , such as DARPA , that use data f rom the networks.  
Should this  fai l ,  we recommend that efforts be d irected 
toward maintaining the WWSSN at the present level at the 
expense of a slowdown in the completion of the GDSN 
program and of a data loss that may result from a reduced 
GDSN maintenance program .  Consequences of this  approach 
should be reviewed yearly . At the same t ime the USGS 
should seek assistance from other agenc ies in providing 
operational support dur ing this d i f f icult inter im per iod . 
I n particular , DARPA cannot ignore the pertinent role of 
the GDSN data base in DARPA obj ectives , and the ser ious 
degradat ion threatened by inadequate funding . 

The problem of d ig ital data usage must be addressed 
while the demand for analog data continues to be me t 
fully .  Add itional efforts are needed to familiar ize 
se ismolog ical researchers with the use of d ig ital data 
and assoc iated software for analys i s .  Dig i tal data will 
ult imately replace the analog WWSSN . Methods for bette r 
access to the data need to be developed , and new data 
products at reasonable cost to the user should be 
generated and provided by agenc ies responsible for data 
d i str ibut ion to promote wider use of the data . 

The interagency transfer of networ k facil it ies is a 
remaining outstand ing issue . The assoc iated problems can 
be largely resolved if adequate funding is transferred 
along with the operational respons ibility ,  as was done , 
for example , in the recent transfer of the strong-motion 
networ k from NSF to USGS . 
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REGIONAL NETWORKS 

REVIEW 

Reg ional networks are those that have been installed to 
study se ismolog ical problems on a geographic scale of 10 0 
to 1000  km. Such networks have been established widely 
in r ecent years , and today there are approximately 
5 0  reg ional networks in the United States , each consisting 
of tens to hundreds of individual seismographic stat ions . 
These networks are suppor ted by a number of different 
groups ( e . g . ,  USGS , u.s. Nuclear Regulatory Commiss ion 
( USNRC) , DOD , DOE , and other federal , state , and local 

agenc ies)  for a number of different reasons . 
The role of reg ional networks i s ,  in general , to 

delineate the time and space d i str ibut ion of earthquake s 
on a f i ne enough scale to contr ibute to our scientific 
understanding of earthquake occurrence and related 
tectonic processes and to provide important baseline data 
for eng ineer ing invest igations ( e . g . , earthquake 
pr ediction and hazard assessment ) . Figure 2 shows the 
earthquake occurrences in California for 198 0 .  u.s. 
r eg ional networks date from the 1887 installat ion of the 
University of California seismographic stations . 

The f ir st telemetered network in the u.s was that of 
the USGS in Hawa i i .  Developed dur ing the mid-1950s,  the 
network had four or ig inal stat ions around the summit of 
Ki lauea Volcano with the information telemetered to the 
Hawa i ian Volcano Observatory . By July 1958 this local 
network had expanded to about 15 km across . 

An early u.s. regional network of seismographic 
stat ions that was connected by FM telemetry to a centra l 
s i te was i nstalled by the Univers ity of California at 
Berkeley in 1960 to monitor and study se ismic ity i n  
central Ca lifornia . Reg ional networks with increased 
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FIGURE 2 California se ismic ity for 1980 from data of 
t hree r eg ional networks - Caltech ,  Univ. of Nevada , and 
USGS . 

station dens ity were installed by the USGS in the late 
1960s to study in greater detail the San Andreas Fault i n  
Ca l i fornia . Within a very short t ime , well-def ined 
spat ial patterns of earthquakes were delineated, provid ing 
a c learer f ine-scale picture of the spat ial d i stribut ion 
of earthquakes . Given this init ial success , throughou t 
the next decade , reg ional networks were extended in 
California and establ ished in other states with ongoing 
seismic ity . 
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Only since 1970 or late r have the major seismolog ica l 
problem areas of the United States been cons istently 
monitored at high sens itivity by reg ional networks .  Th e 
i ncrease in data flow resulting from this large number of 
se ismographic stat ions has , in part ,  been managed by the 
i ntroduction of automatic detection and d igital data 
processing . The acquired data have been used for 
engineer ing planning , d i saster mit igat ion , and fundamental 
sc ienti f ic investigations . In  many cases the results of  
a network installation and operat ion transcend the 
or ig inal pur pose of its installation . Some relat ively 
small networks have contributed important sc ienti f ic 
results on topics rang ing f rom plate tectonics to the 
mechanics of crustal deformation and f rom induced 
se ismic ity to the pr ediction of volcanic eruptions . 

The proliferation of reg ional networks , usually funded 
initially by var ious mission-or iented agencies for very 
specif ic purposes,  has resulted in some problems . 
Coordination of the establishment , d istr ibution , and 
shutdown of local and reg ional networks has proved to be 
a difficult task . An increasingly acute problem for the 
USGS is its role in continuing the operation of networks 
that have lost support from their  or ig inal funding 
agency ,  and the impact upon other USGS programs if  
f i nanc ial support i s  provided . 

The prime reason for this  workshop was a perceived 
need to assess the future of reg ional networks in terms 
of  federal agency funding constraints in late 198 1 .  The 
part icular tr igger was the threatened budget cuts in the 
f all of 1981 that could have decimated this vital data 
base . Important decisions are being made now on the 
1983-1 984 network fund s .  Th is  report marks the f irst 
t ime that the act ivities and problems of reg ional network s  
have been examined inclusively .  The basic background 
data were obtained from a thorough questionnaire used by 
the committee to obtain data and opinions f rom the 
responsible operators of some 45 reg ional networks.  Th e 
c ollected information helped in the assessment of the 
problems and the format ion of the r ecommendations that 
f ollow. 

ASSESSMENT OF PROBLBMS 

G iven that there are more than 1600 u.s. seismograph i c  
s tations g rouped functionally and operationally into 
50-odd independently managed networks , with funding 
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coming from about 10 different federal agencies , a n  equa l 
number of states, some cities, util ities, and even pr ivate. 
universities, it is not surpr is ing that there are problems 
in reg ional network sei smology . Mixed with this basic 
diversity of purpose and suppor t are the particular goal s 
of the operators ,  usually establ ished research sc ient ists 
with the i r  own percept ion of pur pose for the networ k they 
manage . 

Th e c ommittee , in consider ing agency quest ions and 
operators '  comments, has defined a number of problems 
f ac ing the reg ional networ k s .  They fall into three 
separable categor ies : funct ional def inition , funding 
d i f f iculties , and operat ional problems . A functional 
def inition , that is, a clear statement of networ k goal s 
and a realistic estimate of its planned lifetime , must 
always be provided . Fund ing difficult ies are of two 
types : a lack of stability on a year-to-year bas is and 
the vulnerability of research funding being decreased to 
keep networ ks operating in t imes of f i scal stress when 
research funding is  mixed with basic operational costs of 
the networ k .  Operat ional problems are seen i n  a lack of 
coordinat ion among networ ks , the need for a more 
standard ized data base management system, and a g rowing 
obsolescence of networ k equipment . These problems ar e 
i nter related and d if f icult to order in importance . A 
robust fund ing environment would go far toward solving 
most of them. Unfortunately , such is  not the present 
situation . We consider these problems now in turn . 

A s ignif icant par t of the overall problems of reg ional 
networks is the d iff iculty of designat ing a realistic 
d es ign l i fetime of a part icular networ k .  It  is  a well­
recognized fact that some networ ks are operated to 
provide a spec i f ic data base and that when that data base 
has been collected the networ k is expendable to the 
supporting agency . 

Th ere are a number of support agenc ies that are 
mission-or iented, serving either a regulatory or a 
service funct ion for the government as contrasted to a 
research function . I n  add i t ion , there are agenc ies tha t 
r epresent a g radat ion between functions . The USNRC and 
the u.s. Army Corps of Eng ineer s might be taken as 
examples of the former , whereas the USGS is an example of 
an agency in the middle ground , serving both a service 
and a research funct ion . 

Th e part icular miss ion of the support agency has a 
def inite control ling inf luence on the design lifetime o f  
a networ k .  Whi le it  may seem appropr iate to operate a 
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small reg ional networ k in the immediate vic in ity of  a 
proposed c r itical fac i lity to obtain se ismolog ical data 
for design pur poses, any such window of data must be 
r ecogni zed as a very short-t ime sample of natural 
phenomena that occur infrequently . Furthermore , the 
fac ility i tself may alter the sei smolog ical character­
istics of the site, as in the impoundment of a larg e 
reservoir .  

Some reg ional networ ks such as those in California 
supported by the USGS or those in the Nor theast and 
Southeast supported by the USNRC are intended to provide 
seismolog ical data over a very broad reg ion--not 
specif ically for a part icular s ite . Such reg ional 
networks may require a minimum of 15 to 2 0  years to 
obtain a r epresentative sampl ing of seismic ity .  

Clearly ,  a n  initial under standing o f  design lifetime 
i s important , as well as a regular evaluation of the 
init ial plan in l ight of the results of operating the 
networ k .  

Pe rhaps the most signif icant problem perceived by 
networks is  the lack of a rational approach to stable 
network f unding . Many operators attr ibute this situation 
to a lack of realizat ion at high levels in suppor t 
agenc ies that many of the applied and bas ic research 
problems addressed by reg ional networks require long and 
continuous data bases.  Operators see vagar ies in funding 
as a result of this situation. 

Separation of the r esearch act ivities from the 
operat ion of reg ional networ ks appeared as a caa.on theme 
i n  the non-USGS operators •  responses to the questionnaire 
and leads to our identifying the following problem : for 
f unding purposes the operation of a network (all steps 
through bulletin preparat ion) is often lumped togethe r 
with research ( the scientific analyses of the network 
data) . In  times of f inancial str ingencies , we thus see 
e l imination of research funds, since operational costs 
are f ixed and subj ect to inflation .  When the sc ientist 
in charge can cut only research funds in combined 
budgets , he assumes more and more the role of a 
techn ic ian provid ing services . Research and network 
operat ion are usually not evaluated by d ifferent 
standards ,  but they should be . Por the former the 
standard is sc ientific mer i t ,  whereas for the latter i t  
s hould be stability ,  quality ,  and service . 

A related but spec ialized d iff iculty i s  seen i n  
maintaining a balance of support for operations and 
networ k development between fund ing agency and funded 
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operator when there is a joint respons ibil ity for tha t 
network . 

Lack of coord inat ion appears as a generic problem that 
emerges in one fashion or another in the major ity of the 
problems that confront the reg ional seismographic 
networ ks.  Effects of a lack of coord ination show up i n  
the areas o f  data exchange , network boundaries, software 
compatability, data archives, and dupl icat ion of effor t s  
i n  a number of technical developments, includ ing both 
software and hardware . The net result has been to reduc e 
the effectiveness of the reg ional network operations as a 
whole . 

A c lass of problems involves the lack of standardized 
methods for data base manag ement . This problem involve s 
a number of elements,  includ ing data management ,  data 
centers,  software portabi lity ,  and manpower usage . 
Network operators customarily face two conflicting 
obj ectives . On the one hand , they contr ibute to an 
a rchive of data that can be used long-term, together with 
other geophysical data ( perhaps including other seismi c 
networ ks)  for an overall synthesis.  On the other hand , 
the sc ientist-operator must undertake ( usually on a mor e 
short-term basis)  sc ienti f ic research obj ectives spec i f ic 
to the immediate f ield area , and drawing heavily on th e 
data set .  

There exists a need t o  achieve a standard set of 
reg ional seismographic networ k data that can be easily 
accessed by general users for both service and r esearch 
purposes.  We ant ic ipate that the archive that is suppl ied 
by the aggr egate of networks will constitute a major 
sc ienti f ic resource for under standing se ismic ity pattern s 
on a reg ional and nat ional scale . 

With respect to present sc ient i f ic and technolog i c  
c apabilities , reg ional networks suffer f r om  obsolete 
equipment . The ex isting reg ional networks of se ismic 
stat ions , including more than 1600 stat ions , almost 
universally employ short-per iod , vertical se ismometer s .  
Most of the s ignals from these instruments are trans­
mitted by narrow bandwidth, low-dynamic range PM 
telemetry that was f irst employed more than 20 years 
ago . The seismograms obtained from these networks hav e 
proven to be an economical and effective sc ienti f ic tool 
for solving problems of ear thquake location and, to a 
l imited degree , for def ining their  source mechanisms . 
However , these data are inadequate for analysis by many 
powerful seismolog ical methods developed dur ing the past 
decade , and the data consequently do not provide 
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c r i t ically needed new information on earthquake sourc e 
properties and the structure of the earth ' s  crust . The 
problem is part icularly acute in the reg ional networ k s  
located outside o f  Cal i fornia, where network stat ion 
spac ing is large, and in areas where there are few 
h igh-quality instruments of other types operating within 
the short-per iod vertical networks . The lack of higher­
qual ity data not only affects the basic research 
capabi lities of the networ ks , but also may compromis e  
their  potential for answer ing mission-oriented questions 
posed by funding agencies . Within California, for 
example , it may be argued that pr esent coverage , with 
hundreds of obsolete shor t-period stations , could be 
r eplaced to economic and sc ienti f ic advantage by fewer 
modern instrument s .  

There a r e  no easy answers t o  the problems summar i ze d  
a bove . It is probably not possible to assign rationally 
a pr ior i a design lifetime to any but the most local, 
s i te-specif ic networks.  On the other hand , initial 
guidelines must be set by funding agencies when a limited 
d uration i s  planned .  Problems of reg ional seismic ity 
will not be • solved• i n  a three- or a f ive-year per iod .  
Rather , i t  will normally r equire lifetimes of decades to 
obtain a representat ive sampling of the seismic ity .  
Nevertheless , networks o f  planned , l imited lifetime 
should be reviewed on a three- to f ive-year basis so tha t 
t he state of knowledge gained by operation can be weighed 
against the network pur pose . 

There exists a d isturbing range of quality among 
reg ional networ k operat ions . Different networks currently 
operate to quite different standards . While some 
operators can produce on demand a bulletin updated to 
w ith in a few days pr ior to a request for information , 
others have essentially no bulleti n .  Some produce 
seismic ity maps with accurate information on magnitudes 
and focal mechanisms, but others have been operated with 
ignorance of instrument gain or polar ities . The per iod ic 
review should involve the support ing agency or agencie s 
and address a networ k ' s  intended purpose and per formance , 
considering all spec i f ic mission-or iented goals .  A 
network should also be reviewed with respect to alter­
native approaches that implement new technology to 
achieve equal or better performance at comparable or 
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lower cost . We believe also that all reg ional networ ks, 
regardless of size or funding source, should be reviewed 
by the same review panel . 

Th ere is, of cour se, no way to guarantee stable fund ing 
of reg ional networ ks . However ,  an ir rational slashing of 
networks can be alleviated by an increased understanding 
of the broader role of reg ional networks by the fund ing 
agenc ies and by i ncreased coord inat ion of network 
operations at the national and local levels .  Furthe r ­
mor e ,  t h e  above review procedure can result in a f irm 
commitment to suppor t (or terminate) unt i l  the next three­
to f ive- year review.  Agenc ies have the responsibility 
to decide when a networ k has satisf ied their needs and to 
arrange for an order ly closure . S ince networks often 
involve other user s (who probably are not shar ing i n  
suppor t ) , these • shadow• users should b e  informed early 
of d ecisions to terminate . Exhibit 3 in Append ix B g ives 
examples of the wide var iety of such user s for four 
networ ks.  The mission-or iented support agenc ies should 
also r ecognize and carefully evaluate thei r  role and 
responsibility to suppor t a national network independen t  
o f  the i r  current need s .  

We recommend that the network fund ing agencies admit 
to a realization that for most operators the main purpose 
of a reg ional network is to provide data fundamental to 
research on se ismotectonic processes and earthquake 
occurrence in the reg ion . Thi s  s imple acknowledgment 
will allow open and rational discussion of the separat e 
coats of routine operation versus research . A good faith 
effort must be made to remove the ser ious vulnerability 
of research support in the packaged funding practice . It  
will go far in eliminat ing d i f ferent opinions between 
operators and funding agenc ies on true operational costa. 

We bel ieve that it is  t ime to emphasize the archiva l 
f unct ion of reg ional network s .  Minimum desired archived 
data include earthquake summar ies , phase lists , and 
d ig i tal se ismograms at some minimum magnitude cutoff . 
Networ k specif icat ions , includ ing station parameters and 
response character istic s ,  are necessary . Th is function 
can be used as the major d i stinguishing feature 
separating what we call a network from a portable array .  

Of the 4 5  u . s .  reg ional networ ks respond ing t o  the 
questionnaire , there are 11 that operate ded icated 
computer-based record ing centers.  Many of these center s 
were established with d irect support from the USGS . 
These reg ional centers provide the beg inning of a skeleton 
f r amework for a r ecommended system of u . s .  Reg ional 
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Ne twork Data Centers that should operate with standard ized 
data formats that provide eas ily transportable data and 
that are well documented . A spec ific effort should be 
made to provide easy access via telephone terminal or 
equ ivalent to the developing Reg ional Network Data 
Center s .  

Coord ination i s  not easy , but the above initiatives 
will in effect force a semblance of coord inat ion and 
cooperat ion onto the reg ional network scene . We con­
templated a recommendat ion for a reg ional coord inator who 
would wor k toward a greater integration of operations in 
a g iven area . I t seems best , however , to hope than an 
evolut ion toward Reg ional Network Data Centers will 
provide a natural focus for coord inat ion among operators , 
u sers , and support agenc ies. 

Seismolog ists throughout the Un ited States are working 
on a var iety of theoretical and operational software--a t 
a g reat investment of manpower and money. Through an 
effective coord ination among networks , duplication can be 
minimized and signif icant developments can be aade 
ava ilable to the rest of the community on a timely basis . 

Th roughout the history of sei smology in the Un ited 
States , technical , theoretical , and observational 
problems have been tackled by seismolog ists . With the 
rapid expansion in se ismolog ical efforts and with 
advances in modern electronics ,  computation capabilities , 
nume r ical modeling , etc . , it is cost effect ive to use 
experts in these f ields to help solve seismolog ical 
problems , and to d isseminate the solutions , as a means o f  
a llowing seismolog ists time to pursue their own research . 

There ex ists within the broad seismolog ical community 
c onsiderable expert i se and exper ience in data collect ion 
systems other than those in common network usage . Such 
systems employ broadband sensors and wide dynamic range 
d ig i tal telemetry and record ing . The opportunities 
presented by this technology are in many respects com­
parable to those apparent in 1960 when specif ications 
were set for the wor ldwide standard se ismograph network 
f irst proposed in 1959 by the Berkner panel . Severa l 
g roups are proposing new generat ions of instruments , for 
var ious appl ications . I t is important that input come s 
also f rom the reg ional networ ks on standardizat ion and 
the type of record ing and data collection systems to be 
u sed . 

It i s  recommended that a standing work ing group be 
established by the Committee on Se i smology ( the same 
g roup that represents the seismolog ical community on the 
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problem o f  a nat ional networ k--a problem that is closely 
inte r related) to evaluate continually the overall health 
and status of reg ional networ ks.  This working g roup 
would provide all the review funct ions recommended for 
r eg ional networ ks i n  this section .  It  would work closely 
with the networ k operator s and with agencies that fund 
the network and provide advi ce on related matter s. Moat 
such agencies were represented at this  workshop, and 
the i r  r epresentatives indicated a need for ongoing review 
of the type recommended her e .  
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NATIONAL NETWORKS 

REVIEW 

The rationale for and a proper des ign of a state-of­
the-ar t  nat ional dig ital se ismic network were the subjec t 
of a comprehensive report prepared by the Panel on 
National , Reg ional and Local Se ismograph Networks of th e 
Committee on Seismology entitled u.s. Earthquake 
Observator ies : Recommendations for a New Nationa l 
Networ k (NRC, 1980 ) . The major conclusions and overal l 
r ecommendat ions from that repor t  are included as Append ix 
c. Many of the recommendations set out in this  repor t 
parallel c losely those in the 1980 repor t .  This chapter 
considers those 1980 recommendat ions in the context of  
g lobal and reg ional networ ks , and in l ight of  the current 
fund ing pic tur e .  

u.s. seismographic networ ks were considered o n  a 
nat ional basis , and' it  was recommended that a concept be 
adopted of an integrated u.s. Seismograph System (USSS) 
so that the effect of damag ing earthquakes on long-term 
nat ional economic and secur ity matters could be properly 
assessed and ameliorated . This appl icat ion represent s 
only a part of the overall role of the usss, which would 
be a basic research tool in a var iety of se ismolog ica l 
i nvestigat ions such as the detect ion and locat ion of 
se ismic events , stud ies of earth structure and processes , 
and site evaluat ions for c r i t ical fac i l ities . The USSS 
is perce ived to be a nat ional and integ rated system 
consist ing of 

1 .  a national d ig ital se ismograph network 
2 .  reg ional networ ks 
3 .  data archiving and d issemination funct ions 
4 .  management funct ion includ ing (a)  a work ing g roup 
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g u id ing the development of the USSS and (b) a wor king 
g roup on instrumentat ion and data handling 

5 .  the National Earthquake Informat ion Service (NEIS ) 

A national d ig i tal seismograph network would cons ist 
of broadband , high-dynamic-range , three-component se i s­
mog raphs at a few tens of s ites in the Un ited State s .  It 
would serve as a stable interface between global sei s­
mographic networks and reg ional networks . It would 
provide a high-quality long-term data resource required 
for sc ientific and eng ineering purpose s ,  g iving uniform 
national coverage for ear thquakes of magnitude 3 . 5  and 
g reater . 

Th e avai labil i ty of h igh-qual ity ,  three-component 
broadband , high-dynamic- range digital data will allow 
appl ication of sophisticated , but proven , analyt ical 
methods to extract new informat ion on earthquake sourc e 
parameters , and on path properties and geometries that 
heretofore were not available in the lower-qual ity data . 

At present , elements of a national d ig i tal networ k 
ex ist , but they are not integrated . A mix of stations 
could be specif ied as selected units from 

1 .  national d ig ital WWSSN 
2 . e lements of reg ional networ ks 
3. RSTN 
4 . nat ional SRO/ASRO 
5 .  u . s .  Telemetered Se ismic Network of 198 0 ,  which 

serves the NEIS early location responsibilities by drawing 
on selected short- and long-per iod data generated by 
reg ional networ ks 

6. Na tional Ts unami warning Network 

Clearly , coord inat ion and some standard izat ion of selected 
e lements from these networ ks could constitute a nat ional 
d ig ital networ k .  

ASSESSMENT OF PROBLEMS 

To date there has been no commitment to or fund ing fo r 
the usss concept . In the past , the seismolog ical 
community has been slow to recognize the value of a 
coord inated and integ rated nat ional approach to some 
sc ienti f ic as wel l  as practical problems . Operator s o f  
the more mature reg ional networ ks stress that some of 
their problems could be alleviated by coord inat ion and 
i nteg rat ion on a nat ional scale . It is l ikely that costs 
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would be signif icantly cut with a n  integrated system . 
Because of the low pr ior ity g iven to usss by most of the 
se ismolog ical community ,  and because the funds recommended 
for this pur pose do not seem to be obtainable in the near 
future , the federal government has not yet seen fit  to 
e ndor se the total concept in the form of a commitment by 
any agency . I t is  important for the community to perceive 
t hat major elements of a nat ional d ig i tal network ex ist 
i n  fact , and that evolut ion of usss can be controlled in 
a manner designed to satisfy national needs and 
p r ior i t ie s .  

Many of the present reg ional networ ks , however ,  are 
products of parochial appl ied research obj ectives . The r e  
i s  currently l i ttle coord ination at a nat ional scale . 
I nstrumentat ion , data handling funct ions , data processing , 
d ata exchange , and data arch iving are thus not standard­
i zed . This  state of affa irs is not conduc ive to the 
development of long-term nat ional integration of stations 
into usss . 

RECOMMENDATIONS 

The committee endorses the adoption of the concept of a n  
i nteg rated u . s .  Seismograph System . 

I t  is  recommended that the Working Group on Se ismi c 
Ne tworks to be establ ished by the Committee on Seismology 
be charged also with guid ing the development of the new 
i nteg rated USSS and a move toward a nat ional d ig ital 
se ismograph networ k .  The nature of the wor king g roup i s  
d iscussed in the introduct ion to this repor t .  Th is 
work ing g roup should be the same g roup that represent s 
t he seismolog ical community on the overall problems of 
seismograph network s ,  augmented with spec ialists from 
t ime to t ime as needed for problems spec ific to a national 
network .  Members and spec ialists would include networ k 
d ata user s ,  i nstrument spec ialists , computer spec ialists , 
academic network operators ,  an operator of an USNRC­
f unded network ,  and a USGS networ k operator . Al l members 
s hould be qualified ,  exper ienced seismolog ists , and , 
c all ing u pon spec ialists as needed , they will recommend 
s tandards and opt ions in the nat ional networ k contex t 
r elated to the following topics : 

• instrumentat ion 
• 
• 
• 
• 

network opt imizat ion 
data processing and product s 
data management and arch iving 
data disseminat ion and center s  for reg ional dat a 
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APPENDIX A 

GLOBAL NETWORK DATA 

A-1 Map showing d istr ibut ion of WWSSN stat ions . 

A-2 Map showing d i str ibution of GDSN , IDA ,  and 
RSTN stations . 

A-3 WWSSN data services . 

A-4 Obj ect ives and funding opt ions in  Earthquake 
Pred iction and Hazard Mitigat ion : Options fo r 
USGS and NSF Programs (NSF 1976 ) , under the 
Global Se ismology Sub-Element of the 
Fu ndamental Earthquake Stud ies Element . 

A- 5 Fund ing history for Global Seismology Branch , 
USGS . Total funds include , in add it ion to 
d i rect prog ram funds,  fund ing rece ived from 
other agenc ies and prog ram elements .  FY 1983 
numbers are proj ected . 

A-6 Summary of g lobal networ k options and possible 
consequences .  

A-7 Statement in support of analog WWSSN data . 
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EXHIBIT A- 3 

WWSSN data services . 

An essent ial part of the WWSSN f rom its incept ion was the 
microf ilming of the or ig inal records and the provision of 
h igh-qual ity f i lm copies . Since i ts beg inning in 1961 , 
more than 5 mill ion or ig inal records have been copied and 
6 0  mill ion copies suppl ied to users .  Currently , there 
are several hundred requests per year for seismogram 
microf ilm. The network had an intended size of 125 
stat ions and still operates with about 110 stations . 
Or ig inally , the seismograms were f i lmed on spec ially 
des igned 7 0-mm panoramic cameras at ax reduction .  I n  
1 9 7 8  f i lming was changed t o  put 24  images ( 4  days of 
normal ope rat ion) on a s ing le 105-mm microf iche at 32 X 
reduction . Standing orders of the whole network have 
been provided to eight institutions ( Lamont-Doherty 
Geophysical Observatory; Inst itute of Geolog ical 
Sc iences , Ed inburgh , U . K . ; University of Tokyo; 
Ca l i fornia Institute of Technology; Massachusetts 
Institute of Technology; USGS/Menlo Park ; USGS/Golden J  
NGSDC/CIRES) , and substantial parts o f  the networ k have 
been suppl ied to f ive inst itutions (Univers ity of 
Texas/Ga lveston' Cornell University; Un iversity of Otago 
(New England) ; Los Alamos Nat ional Laboratory; 
USGS/Albuquerque ) . 

The networ k i s  augmented by copies of the visible 
records from the BGLP ( 1 ) , ASRO ( 4 ) , and SRO ( 1 2 )  
networks , f rom the Canad ian network on 3 5-mm f ilm since 
196 6 , from the People ' s  Republ ic of China 17-station 
nat ional network on 7 0-mm since 1980 , and for large­
magnitude or se ismolog ically important earthquakes from 
several hundred add it ional stat ions inc lud ing those of 
the USSR under the Internat ional Data Exchange . 

The system is  operating pr imarily with contract labor 
and with about 8 weeks be ing requ ired for the cycle from 
r ece ipt of or ig inal records to supplying copies to 
users.  Fifty percent of the network data is generally 
available for d istr ibut ion within 8 months after the 
record ing interval . In general the arch ival f i lm copy i s  
made a t  NOAA expense with the cost of copy be ing borne by 
the user . Present costs to user s are $0 . 80 per f iche , 
but this will undoubtedly increase as contract costs r ise . 
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EXHIBIT A- 4 

Ob j ect ives and fund ing opt ions in Ea rthquake Predict ion 
and Hazard Mitigation : Options for USGS and NSF Proqram s 

(NSF , 197 6 ) , under the Global Se ismology Sub-Element of 
the Fundamental Earthquake Stud ies Element . 

Global Se ismology--Collect and d isseminate se ismolog ica l 
d ata f rom around the wor ld . 

1 .  Operate the World-wide Standardized Seismograph 
Networ k (WWSSN) and reestabl ish a ma intenance prog ram fo r 
the stat ions that lapsed several years ago . 

2 .  Operate the data acquisition and process ing 
capability of the National Ear thquake Informat ion 
Service , includ ing use of satell ite telecommunicat ions , 
i ssuance of new seismic ity maps , and rout ine computat ion 
of the parameters of the earthquake mechanism. 

3.  Upg rade about half of the WWSSN and establish the 
capability to produce integrated tapes of d ig ital se ismic 
data . 

4 .  Acquire and operate a ten-station array of 
transportable broadband se i smographs for global se ismi c 
stud ies . 

s .  Operate an integrated d ig i tal network consisting 
of high-gain long-per iod stat ions , Se ismolog ical Research 
Observator ies ,  and the upgraded WWSSN stations called for 
in act ivity 3 ,  and produce integrated tapes of d ig i tal 
seismic data . 

6 .  Acquire,  install , and operate 10 ocean-bottom 
se i smograph s .  

P resent and Proposed Fund ing Options 
Element : 1 .  Fundamental Earthquake Studie s 

Option A will allow a stable , minimally suff ic ient , 
operat ion of the WWSSN and operation of the data 
acquisit ion and processing capabil ity of the Nat ional 
Earthquake Information Service (NElS)  in FY 1978-19 8 0 ,  a 
very l imited start i n  upg rad ing a few of the WWSSN 
stat ions in FY 1979 , and the incorporat ion of the 
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FY 76 FY 77 FY 1978 

Act . Req. A B 

1 . 1  1 . 6  2 . 3  2 . 6  

1 . 5  1 . 9  2. 4 2 . 7  

1 . 9  1 . 7  2 . 3  2 . 6  

c 

3 . 4  

4 . 1 

3 . 2  

FY 1979 FY 1980 

A B c A B c 

2 . 6  3 . 0  3 . 6  3 . 0  3 . 3  3 . 8  

2 . 7  3 . 0  4 . 0  3 . 0  3 . 3  3 . 9  

2 . 5  3 . 1 3 . 6  3 . 4  3 . 6  4 . 0  

TOTAL 4 . 5  5 . 2  7 . 0  7 . 9  1 0 . 7  7 . 8  9 . 1 11 . 2  9 . 4  1 0 . 2  11 . 7  

(Amounts are i n  aill ions o f  dollars )  

ex isting high-gain long-per iod stations and Se ismic 
Research Observator ies into an expanded WWSSN in FY 1980.  

Option B will allow a partial reestabl ishment of th e 
maintenance program that lapsed several years ago and the 
upgrading of about half of the WWSSN stations to produce 
i ntegrated types of d ig i tal se ismic data by the end of PY 
198 0 .  

Option C allows the acqu i s i t ion and operation of a 
10-station array of broadband se ismographs for globa l 
seismic stud ies . 
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EXHIBIT A- 6 

Summary of global networ k opt ion s 
and possible consequences .  

The following opt ions are those considered by the USGS i n  
i ts deliberations for the FY 1983 budget , and offered to 
the Committee on Seismology for its comments and 
recommendations on behalf of the scienti f ic community . 
They are an excellent example of the options that have 
been considered i n  recent years and that have g iven r i se 
to this workshop : 

1 .  Te rminate all USGS SUPPOrt for the WWSSN. I t  may 
be assumed with certainty that the networ k will cease to 
f unct ion if the USGS withdraws support .  Most o f  the 
foreign stations are located in developing or unde r­
developed countr ies that do not have the hard currenc ies 
needed to purchase operat ing supplies even though the 
a nnual costs of supplies are smal l .  Even more important , 
all of the stations , whether they have adequate fund ing 
or not , depend upon the USGS Albuquerque Seismological 
Laboratory as the only source of replacement parts and 
components , which are no longer manufactured by private 
industry . Thus a dec ision to withdraw suppor t would mean 
the demise of the WWSSN within 1 or 2 years .  O f  course ,  
the data exchange , which i s  the purpose o f  the entire 
program ,  would end abruptly . 

2 .  Seek support for the WWSSN f rom the station s 
a nd(or foreign governments.  Based on past exper ience , we 
are not opt imistic that such an appeal would produce 
results of substance . Many WWSSN stations continue to 
operate only because of trad i tional obligations to globa l 
seismic data exchange engendered by the networ k .  However, 
i t  i s  doubtful that this goodwill will extend to sup­
por ting with their  internal funds what i n  many cases is 
considered obsolete equ ipment in compar ison with other , 
more modern stations serving their  national need s .  I n  
this competition for funds , WWSSN stations a r e  bound t o  
d eter iorate and f inally terminate operations . Another 
concern is the apparent incongruity between the con­
s iderable funds being expended on the Dig ital WWSSN 
upgrade and other new programs and a plea on our part fo r 
several thousand dollar s i n  support funds f rom a host 
country . Such a plea might also send out unintentional 
s ignals that the WWSSN has lost or i s  losing i ts 
importance to the worldwide se ismolog ical community .  
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3 .  Terminate photographic suppl ies to all u.s. WWSSN 
s tations . Te rmination of suppl ies to 2 1  u.s. stations 
would result in an annual saving of about $7 0 , 0 0 0 .  
Al though international obl igations will be met , our 
nat ional needs will not , since many u.s. stations will be 
forced to terminate operations . 

4 .  Reduce trace spac ing from 10 mm to 5 mm on al l 
WWSSN long-per iod components . The reduct ion in 
requ irements for photographic paper would result in a n  
annual saving of about $7 5 , 0 00.  Present f iche format is 
arranged to line up all six components for each day i n  
one column for the ease o f  users.  There would be a sl ight 
inconvenience to users in that in the new recording pitch 
long-per iod data would appear only in the f ir st and third 
column . The degradation of data will in some instance s 
be unacceptable to user s .  

5 .  Replace WWSSN photographic paper recording by 
r ectil inear recording on heat sensitive paper . Th i s  
change in the WWSSN record ing med ium would result in a n  
annual saving o f  about $33 5 , 0 0 0 .  Operationally , the 
change would result in less losses due to developing 
e r rors and l ight intens ity problems and in more uniform 
microf iche images . The total one-t ime cost for 
procurement and installation of heated pen assembl ies 
would be about $1 ,4 0 0 , 00 0 . 

6 .  El iminate WWSSN short-period hor izontal record ings . 
The reduct ion in requ irements for photographic paper would 
r esult in an annual saving of about $100 , 0 00 .  Loss of 
shor t-period hor i zontal data would ser iously curta i l  
current stud ies o f  the earth ' s  anisotropic properties and 
of the reg ional discr imination problem. 

7 .  Te rminate all USGS support for the GDSN . A capital 
investment of more than $10 , 0 0 0 , 0 00 would be lost . An 
opportunity to establ ish a resource of great potential 
will be irrevocably lost to seismology for many year s i n  
the foreseeable future . Princ ipal advantages of GDSN 
data are the wide dynamic range , bandwidth , resolution , 
and the ease and speed with which large amounts of data 
can be processed . Without these data it will not be 
possible quickly to test and ver i fy recent and future 
advances in theoretical seismology by compar ing syntheti c  
waveforms and spectra against large volumes o f  high­
qual ity d ig ital data . The routine use of many digita l  
process ing techniques , until  recently impeded by the lack 
of resolut ion in analog recording , will not be poss ibl e  
without d ig i tally recorded data . 
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8 .  Support a Global SeiS!OQraph Network (GSH) tha t 
c a.bines the GDSH and WWSSH stations. Given this choice , 
three options are open to the USGS : (a)  reduced suppor t 
for the WWSSH in favor of the digital stations , ( b) 
reduced support of the d ig i tal stations in favor of th e 
analog stations , and (c) redirect ion of funds f roa other 
ela.ents of the Earthquake Hazards Reduct ion Program 
w i thin the USGS to the support of the global networks . 
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EXHIBIT A- 7 

S tatement in support of analog WWSSN data . 

The WNSSN has been by far the most productive 9enera1-
p urpose networ k of seis�raph stations ever operated . 
The instruments now consist of movin9 coi l  pendulums 
coupled with record in9 9alvanometers .  Free per iods are 1 
and 0 . 7 5 s ,  respect ively , for the short-period instru­
ments and 15 and 100 s for the lon9-period. However ,  the 
cost of photograph ic paper to record three components of  
s hort-per iod and three components of lon9-per iod mot ion 
at some 100 stations amounts to about $30 0 , 000 annually .  
Th is expense can reasonably be quest ioned s ince the under­
lyin9 technology here is about 2 5  year s old . Thus we see 
pressures for the opt ion of reduc in9 the analog WNSSN 
system . 

Le t  us examine the underlyin9 WWSSN issues in three 
par ts , the f irst two bein9 amenable to sc ient i f ic 
d iscuss ion and the last , more nebulous . 

Analog or D igital Record ing? 

Di9 ital record ing will supplant analog . The presen t 
advanta9es of analog have lar9ely to do with mer its that 
can be maintained as the transfer to di9 i tal recordin9 i s 
accompl ished . Thus d i9 i tal now offers nothin9 l ike f i lm 
chip d istr ibut ion nor the archivin9 that is so eas ily 
done with analog . Th is last point is  very ser ious . We 
have the example of LASA d i9 ital data--of which very 
l ittle remain.  In the year 2000  or  beyond , let us ima9 ine 
that we wish to look back on the previous decades and 
apply new theor ies as we study some of the seismic 
activity preced in9 a 9reat Alaska earthquake that mi9h t 
have occurred in,  say , 1990 .  The archive w i l l  be 
essent ial .  

We should not underestimate the present advanta9es of 
wel l-wr itten paper records . As one looks over the sheet , 
there is an enormous amount of deta il in a compressed 
format contr ibut in9 to a sense of where one i s ,  with 
r espect to noise levels , across a quite wide frequency 
band ( for WNSSN lon9 per iods) and a substant ial dynamic 
r an9e . The trained eye can absorb this informat ion 
rapidly . Althou9h acceptin9 the mer its of properly 
w r i tten di9ital equivalents ( absence of over lappin9 
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trace s ,  lac k  o f  human error i n  d ig i t i z ing , suitab i l i t y  
f o r  data analys i s ) , there is a cons iderable loss in going 
from analog to d ig ital fac s imilies of LP WWSSN at one 
s ample per second . 

Global Coverage 

Th ere are now about 100 more s tat ions in the WWSSN than 
in the GDSN . Many se i smolog ists claim that withou t tha t 
extent of g lobal coverage , we would go back into the dark 
age s  of se i smology . Thi s  point of view applies not only 
to those s tudying tectonics and r eg ional problems , but 
also to those study ing the upper 700 km of the mantle . 
Th e  many structures proposed d iffer f rom one another 
because of the earth ' s lateral var iability .  The problem s 
of invert ing seismic data f rom too few s tat ions have a 
h i story as long as that of the sc ience i tself . 

Por many sc ient ific purposes , the main pressure should 
be on expanding coverage rather than improving technology . 
Th us the many spec ial problems assoc iated with Alaska , 
and compar i sons with the coverage by standard stations i n  
Ca nada ( about 3 4 ) , ind icate about s ix t o  e ight more 
Alaskan stat ions are necessary . Wor k  is requ i red to 
improve South Amer ican stat ions . They somet imes do not 
submit data for days on wh ich South Amer ican earthquakes 
occur . Of course , island s tat ions in the wor ld ' s  oceans 
are c r i t ica l .  

Wor k Habits o f  Analog Use r s ,  As Compared to Those of 
D igital Use r s  

Th i s  i s  the nonsc ient if ic part of the issue , but it must 
be addressed because opinions are s trongly held . 

In many cases , seismology i s  not appl ied as a • s tand 
alone • sc ience . Rather , i t  has l inks to mater ials 
sc ience , structural geology , g rav ity ,  heat f low , geo­
magnetism ,  and remote sens ing . Those sc ient ists who wish 
to proceed on a broad f ront with data f rom var ious 
d i sc ipline s  will typically not now make what they 
perce ive to be a heavy investment in d ig i tal hardware 
( tape dr ive s ,  plott ing devices , etc . ) , nor take the t ime 
to master a d ig ital fac i l i ty i f  offered . Th i s  remark 
obviously does not apply to those close to d i scr iminat ion/ 
ver if icat ion problems , or to those in explorat ion/ 
prospecting .  I n  those f ields , a d ig ital revolution ha s 
already been accompl ished and is appropr iate . 
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Fo r the broader v iew o f  se i smology , cons ider a couple 
of examples . A recent rev iew of geophys ical and geolog ic 
e vidence strong ly suggests the Makran reg ion of Pak istan 
and I ran is now an act ive subduction zone and probably 
has been dur ing most of the Cenozoic . Oceanic por t ions 
of the Arabian plate cur rently subduc t  northward toward 
Eu rasia w ith a relat ive mot ion of about 5 em/year . The 
Makran reg ion consists of a near ly complete trench-arc 
system; however ,  some of its tecton ic features are 
somewhat atypical . For example , an abundant supply o f  
s ed iments seems to lead to a shallow dip for the sub­
ducted Arabian plate , and it does not permit a bathymetr i c  
t rench to deve lop; the accret ionary pr ism i s  very wide , 
and a large par t  of it is subaer ially exposed rather than 
be ing submar ine; only moderate se i smic ity occurs in the 
shallow-d ipping thrust zone ; at subcrustal depths the 
d ipping se i smic zone has a weak and sporad ic express ion 
to depths of only 80 km and is not documented at large r 
d epths; the volcanic arc is poor ly developed with large 
spac ing ( about 100 km) between its major Quaternary 
volcanic centers; the trench-volcano gap measures 500 ± 
10 0 km , more than twice the width of a typical trench­
volcano gap . 

De spite these pecul iar i t ie s , geolog ic ,  geophysical , 
and plate tecton ic data suggest an act ive plate boundary 
w ith ongoing subduct ion beneath the Makran reg ion .  I t  i s 
a rapidly accret ing continental marg in , large portions o f  
which a r e  still underla in by a mobile ocean ic basement . 

Thi s  wor k in As ian tectonics ,  wh ich made major uses o f  
WWSSN data , would not in pract ice have reached the same 
ins ights i f  only the spar ser GDSN data had been ava i lable . 
To say whether that i s  impor tant or not i s  a value 
j udgment . 

Consider another example : In the proceedings volume 
of the last Ewing Sympos ium--Earthguake Pred ic t ion, An 
I n ternat ional Review (Amer ican Geophys ical Union , 1981) , 
ed ited by David w. S impson and Paul G .  Richards--abou t 
one qua r ter of the paper s  u sed data coming in large par t  
f rom the WWSSN. Fur thermore ,  except in a couple of 
c ases , the future research ant ic ipated by these papers 
would still use such a data base . 

It i s  healthy that some se i smolog i sts are d r iven to 
d iver s ity in the direct ion of other earth sc iences ,  and 
s ome to d i ve r s i ty in the d irect ion of s ignal-processing 
and information theory . The present merits of f i lm-ch ip 
d istr ibut ion are recogni zed by � se i smolog ists , and 
something l ike thi s  widespread d i str ibut ion system for 
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visible records should be mainta ined even with a dig ita l 
data base . Th i s  is stated in Global Earthquake Monitor i ng 
(NRC ,  1977a,  pages 3 1 ,  4 2 )  and in the report of the Pane l 
on Data Problema in Seismology (NRC, in preparation) . 
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APPENDIX B 

REGIONAL NETWORKS : QUESTIONNAI RES ,  RESPONDENTS , SUMMARY 

DATA BASE 

In order to conduct informed d i scuss ion on the problems 
fac ing reg ional networ k seismology in the United States , 
a reasonably complete data base was required .  Our 
approach was to f ind as many networ ks as possible , 
t hrough a concentrated invest igat ive effort ,  and to 
survey the operator s for factual data on the i r  networ k s  
and for the ir opinions on a number o f  questions . 

Fifty-three mor e-or-less separate networ ks were found , 
d istr ibuted throughout the Un i ted States , including 
Hawai i  and Alaska , along with four relatively permanen t 
networ ks operated in foreign countr ies by u . s .  inves­
t igator s .  Two of the networks included were recently 
shut down , and others soon may be , due to funding 
limi tat ions . Networ k s i ze ranged from 2 to 315 stat ions , 
w ith about half of them in the 10 to 4 0  s tation-s ize 
range . Exhibit B-1 of thi s  append ix g ives the l ist ing of 
the networ ks found , along with the approximate number of 
stat ions ( some uncerta inty creeps into thi s  number due to 
j oint operat ions , networ k over laps , e tc . ) ,  and an 
ind icat ion of those networ ks for wh ich we rece ived a 
quest ionna ire response . The 4 7  operating u . s .  reg ional 
networ k s  involve 163 1 separate stat ions , accord ing to ou r 
f igure s .  

The quest ionna ire used i s . reproduced as Exh ibit B-2 . 
I t  was formulated with the intent that it be relatively 
easy to complete (only 2 to 3 weeks were available before 
the workshop) , and that it allow alternat ive ways of 
provid ing the bas ic networ k data and operators '  opinions . 
For ty-f ive responses , in vary ing detail , were rece ived . 
We view this near-unan imous response as a unif ied 
recognition of a ser iou s  need to address the problems o f  
r eg ional networ ks . The following section summar izes the 
data and opinions suppl ied by the 45 respondents . 

4 5  
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QUESTIONNAIRE RESPONSE SUMMARY 

Sections I ,  v 

All but one respondent favored hold ing the workshop and 
t hought that useful results were poss ible . Concern was 
expressed ove r the lac k of wider representat ion from 
operator s and over the overwhelming complex ity of the 
problems . 

•cruc ial questions• posed by respondents covered such 
matters as r i s ing telemetry costs , the mix ing of 
operational and r esearch costs , need for s table pol icy 
and funding , precar iousness of the nor theast Un ited 
S tates networ k suppor t ,  wide var iabil i ty of data qua l i ty , 
instrumentat ion improvements , coord inat ion of hardware 
and software development , the unique role of Alaska in 
u . s .  sei smology , future of global and nat ional networks , 
an assessment of the value of current networ k practices , 
and the growing usage of se ismolog i sts as technic ians . 

S ect ion I I  

I f  we exc lude the Washing ton and Caltech cooperat ive USGS 
networ ks (WC ) and the 1 0  other USGS networ ks (Gl O ) , the 
remaining 33 reg iona l networks ( 3 3 )  are operated by the 
organi zat ions with the following average number of 
per sonne l and total budgets devoted to se i smolog ica l  
s tud ies : 

Senior research personnel 
Graduate students 
Technical staff 
Total annual sei smology budget 

4 6  

3 . 9  
5 . 6 
3 . 0  

$23 6 , 0 0 0 
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The $6 0 , 00 0  average total yearly suppor t pe r  senio r 
r e search sc ient ist holds for all non-USGS inst itut ions . 

Sect ion I I I  

He re again we must separate the populat ion according to 
the we ,  Gl O ,  and 33 groupings , with the following results : 

Annual data acqu isition 
plus process ing 
c osts per stat ion $4 , 0 00 $5 , 0 0 0 $6 , 0 0 0  

Rat io o f  acquisition 
costs to process ing 
costs 1 . 4  1 . 2  1 . 0 

• 
• 

Al l but three networ ks utilize telemetry • 

Eleven networks operate on- l ine to dedicated 
computer systems . 

• For the ( 3 3 )  networ ks , operator s estimate 
that an average 3 5  percent of the ir inst itut ions ' 
se i smolog ical programs ( in terms of both cost and 
sc ient ific output) are suppor ted by the networ k .  

• Most of the networks are felt to be of 
indef inite l ifetime ,  although 
several of the spec ial-purpose network s  were init ially 
i nstalled with definite 3- to 7-year expected durat ions . 

• The quest ion on nonpay ing users brought a 
wide response , with almost all networ ks involved 
rout inely in provid ing data in some form to a var iety o f  
i nd ividual , industr ial , and governmental users .  Exhibit 
B- 3 i llustrates the d iversity of users . 

S ection IV 

A 60 percent major ity opposed the idea of reducing the i r 
network s i ze for fewer h igher-quality stat ions . 

The nat ional d ig i tal networ k was favored by 3 3  and 
opposed by 5 respondents ,  with a lack of strong feeling 
e ither way . 

Quest ions 2 3 ,  24 , and 2 5  revealed a d ivis ion of opinion 
between the GlO and 3 3  populat ions : 
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� ll 
Yes No Yes No 

I nstrumentat ion adequate? 5 4 10 1 6  
Need to standardi ze? 4 5 19 6 
Separate operat ions and 

r esearch funding? 2 1 1 9  5 

A 7 0  percent major ity fel t that the present mix of fund ing 
agenc ies is sati sfactory . •Major problems facing networ k 
operat ions• were perce ived as follows : 

No . Reseonses 
18 

5 

5 
4 
1 
1 

Problems 
Fund ing ,  in general , at stable and 
cont inuing level 
Vagar ies of agency pol icy towa r d  
reg ional networks 
Ris ing telemetry cost s 
Funding to upg rade equ ipment 
Generally poor data quality 
How to cut operat ional costs 
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BXBIBIT B-l 

Co.pi lat ion of reg ional networ ks surveyed for workshop . 

Quest ionna ire 
Returned 

Ye s 
Yes 
No 
Yes 
No 
Yes 

Yes 
Ye s 

Yes 

Yes 

Yes 

Yes 

Yes 
Ye s 
No 

Yes 

Yes 

Yes 

Yes 

No 
Ye s 

No 

Yes 

u . s .  Regional Seismic Networks 

Northeastern SeiiiiiOgraphic Networ·ks 
land operator s! 

Approxiaate No. 
of Stat ion s 

1 .  New Eng land Network--Boston College 
2. New Yor k Network--LOGO 
3 .  MIT Network--MIT 
4 .  Penn . State Network--Penn . State 
5. Delaware Net--Delaware Geolog ical Survey 
6 .  SUNY at Stony Brook 

Subtotal 

Southeastern Se ismographic Networks 

7. Virg inia Networ k--VPI 
8. Southern Appalach ian Reg ional Network-­

Tennessee Earthquake Inforaat ion Center 
( MeiiPhis State) 

9. South Carol ina Se ismic P rog ram--University 
of South Ca rolina and USGS Charleston Net 

10.  Central Georg ia Net (Wallace Dam) --Georg ia 
Tech. 

11. Northern Alabama Seismic Network--Ala�a 
Geolog ical Survey and Georg ia Tech . 

12 . Georg ia Tech .  Networks--Georg ia Tech. 
Subtotal 

Central United States Networ ks 

13 . New Madr id Network--St.  Louis Univers ity 
14 . Kansas Networ k--Kansas Geolog ical Survey 
15 . Oklahoma Seismographic Network--oklahoma 

Geolog ical Survey 
16 .  Ohio , I nd iana , Michigan Networ k--Univers ity 

of Michigan 
17 .  Central Minnesota Se ismic Array--University 

of Minnesota 
18 .  Nebraska Nemaha Ridge Se isaic Net--Nebraska 

Geolog ical Survey 
19.  Memphi s  Area Reg ional Se ismographic Network--

Tennessee Ea rthquake Inforaat ion Center 
(MeJIPhis State ) 

Subtotal 

Intermountain Se is.aqraphic Networks 

2 0 .  Montana Network--Montana Bureau o f  Mines 
Ye llowstone Network--USGS (discontinued 

October 1981) 
21 . Southeastern Idaho Network--DOE and Bureau 

of Reclamat ion 
2 2 .  Southern Intermounta in Net--Un ivers i ty of 

Utah 

38 
3 8  

9 
16  

3 
2 

1'06 

3 1  

18 
38 

5 

12 
15 

iii 

7 0  
19 
10 

14 
6 
4 

ll 

136 

7 

8 
8 1  
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Quest ionna ire 
Returned 

Ye s 
Yes 

Yes 

Yes 
Yes 
Yes 
Ye s 
No 

Ye s 
Yes 

Yes 
Ye s 

Yes 
Ye s 

Ye s 

Yea 
Ye s 
Yes 
Ye s 

Yes 
Yes 

No 
Ye s 

Ye s 

No 
Yes 

Yes 

Yes 

Yes 
Ye s 

50 

Approx iaate No . 
Intermountain Sei!!OQraph ic Networ kt of Stations 

2 3 .  Northern New Mexico Net--Los Ala.os 24 
2 4 .  West Texas Networ k--University of Texas , 

El Paso 6 
Albuquerque Networ k--USGS (discontinued 

October 1981) 
25. Socorro Network--USGS 
2 6 .  San Juan Bas in Network--USGS 
2 7 .  Southern Nevada Networ k--USGS 
2 8 .  Nevada Network--University of Nevada , Reno 
2 9 .  Southeast Utah Networ k--Woodward-Clyde 

Subtotal 

Alaskan Networ ks 

3 0 .  Southern Alaska Network--USGS 
3 1 .  Shumag in Islands--ta.ont-Doherty 

Geolog ical Observatory 
3 2 .  Adak Network--ciRES 
3 3 .  Unilaska , Dutch Ha rbor Ar ray--LaiiOnt 

Doherty Geolog ical Observatory (one hal f 
w i ll c lose summer 1982 ) 

3 4 .  Central Alaska Networ k--Univers ity of Alaska 
3 5 .  Western Alaska Networ k ( Seward Peninsula) 

(will close aumaer 1982 ) 
3 6 .  Kodiak , Cook Inlet Network (will close s�r 

1982 ) 
Subtotal 

Welt Coast Networks 

37.  Washington Network--University of Washington 
3 8 .  Oregon Networ k--State University of Oregon 
3 9 .  Cascade Networ k--USGS 
4 0 .  Berkeley Network--Un iversity o f  California, 

Ber keley 
4 1 .  Central and Nor thern California Network--USGS 
4 2 . Southern Cal ifornia Network--Caltech 

4 3 .  Southern Cal ifornia Networ k--USGS 
u .  Lo s  Angeles Bas in Network--Un iversity 

of Souther n California 
4 5 .  AN ZA  Network--Un iversity of Cal i fornia , 

San Diego 
4 6 .  Cal i fornia Department o f  Water Resources 
4 7 .  Hawa i ian Volcano Observatory Network--USGS 

Subtotal 

Se!1£ted Other Networ ks 

Car ibbean Network--Lamont-Doherty 
Geolog ical Observatory 

Resnor Networ k--Un iversity of 
Ca liforn ia , San D iego 

Nurek Reservat ion , USSR--LDGO 
Toktogal Reservation , USSR--LDGO 

12 
5 

5 3  
40 
23 

i'Si 

53 

35 
1 5  

7 
12 

1 8  

3 3  
in 

13 2 
6 

4 8  

1 8  
3 1 5  

34 

156 

4 3  

1 7  
20 
49 

8ls 

2 5  

14 
6 
6 

cor 
b ined 
network 
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45 Responses 

51 

Bast Coast 
Central United States 
Inte1110untsin 
Alaska 
West Coast 

Total 

2 2 5  stat ions 
136 
259 
17 3 
ill 

1631 stations in United State s 
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EXHIBIT B- 2  

Operator ' s  quest ionnaire ! local/reg ional se i smographic networ k .  

I .  The Workshopa 
1 .  Do you favor its be i ng held? 

I t  no, why? 
(Y)  

2 . Ar e you comfor table with the proposed workshop agenda 
and plan? (Y ) (N)  
I f  not , suggest mod i f icat ions a 

I I .  Your I nstitut ion : 
J. Pe r sonnel involved in all seia.olog ical stud ies a 

4 .  

a .  Senior Research Sc ient ists a 
b .  Graduate Students a 
c .  Technical Staf f a 

Approxiaate total annual budget a 

!!!!!!!!i!lL 

• 

(N)  

I I I .  Your Networ k a ( I nclude stat ion aap and coaplete th i s  section fo r 
each clearly separate networ k . ) 

s.  N umbe r  o f  Stat ions and Types a 
a .  SP ( Z  only) 
b. SP ( 3-coaponent ) 
c .  BroadbancVLP 
d .  (Othe r )

:---=--:--::::--
-

-:-
-

e .  Total No . Data Channels 

6 .  Data Transmi ssion : 
a .  No. stat ions telemetered 
b. Approxiaate total l i ne mi les 
c .  Pe rcent rad io telemetered 
d. No. stat ions recorded locally 
e .  Percent also telemetered 

7 .  Data Acquiait ion/Record ing a � Cha . 
a .  No . stat ions ' channels on- l ine t o  coaputer 
b. No. stat ions ' channels recorded analog aag tape 
c .  No. stat ions ' channels recorded d ig ital aag tape ----
d .  No . stat ions ' channels event recorded only 
e .  No . stat ions ' channels analog recorded only 

8 .  Data Acqu i s i t ion Costs ( yearly ) : 

a .  Telemetry costs 
b. Out-s tat ion aa intenance 
c .  Central stat ion aa intenance 

S Full- t ime staff 

9 .  Data Processing and Analysis Costs ( yearly) : 

a .  Dedicated full-t ime equivalent staff ----
b .  Pe r sonnel costs 
c .  Suppl ies and expenses costs 

10.  Purpose o f  networ k as orig inally installed : 

Copyright © National Academy of Sciences. All rights reserved.

Seismographic Networks: Problems and Outlook for the 1980s : Report
http://www.nap.edu/catalog.php?record_id=18515

http://www.nap.edu/catalog.php?record_id=18515


1 1 .  I s  purpose still same? 
I t  no, how chaf\9ed? 

53 

1 2 .  Fund if\9 sources/annual support :  

( Y )  ( N ) 

13 . Was there init ially a general ag ree .. nt on the expected durat ion o f  
operation? (Y)  (N)  

14 . I f  yes on 13 : 

a .  How naany years? 

b. Bas is for this l i fet t.. : 

1 5 .  I f  no o n  13 : 

a .  Do you have a proposed durat ion to accc.pl i sh present purpoH? 

b. If so , what? 

c .  What fract ion of the net , if any , should reaa in indef initely? 

d. Explain b. and/or c . : 

1 6 .  Disseminat ion of Resu lts : 

a .  Do you generate a re9ular bullet i n? 

b .  Do you generate seismic i ty maps? 
( from network--not hi stor ical )  
I f yes , send recent ..-ple . 

(Y ) 

(Y) 

c. Have reHarch papers been publ ished i n  ope n  
l i terature u & i f\9  network? (Y)  (N)  
I f  yes , send l ist o f  paper s  1 9 7 9  t o  present . 

(N ) 

(N) 

d .  What i s  your opin ion a s  to the aajor sc ient i f ic or en9 i neer i f\9  
result ( s )  o f  your networ k operat ion and what d o  you h ope  t o  lea r n  
f r om  i t s  cont inued operat ion? (Use add it ional sheets a s  
necessary . )  

1 7 .  Are there other ( no�pay i f\9 )  users o r  agenc ies relyif\9 o n  your 
networ k data? (Y )  (N )  

I f  yes , describe the i r  usage a nd  try t o  est iaate the cost o f  this 
service . 
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1 8 .  What percentage o f  your inst itution ' s  seia.ology prograa (exclude 
teachi ng )  does this networ k suppor t? 

a .  I n  terms of total cost : 

b .  In terms o f  sc ient i f ic output : 

IV . SQ!! of your opinions : 

1 9 .  Can you see any .erit in reduc ing your networ k s i ze for fever h igher-
quality stations? (Y ) (N)  
Explain (Y) or (N) : 

2 0 .  A nat ional d ig ital network : 

a .  Do you see value in i t? 
Coaments :  

(Y)  (N ) 

b .  Would you assign your best upgraded station ( s )  to such a 
networ k? (Y ) (N)  
Explain no :  

2 1 .  What do you see a s  the major problem facing your network operation? 

2 2 .  Your ideas on a pract ical solution to this problea : 

2 3 .  In general , do you think your instrumentat ion is adequate? (Y ) (N) 
If no , explain : 

2 4 .  Do you see any need for a n  effor t t o  standard i ze network 
instr�ntat ion throughout the country? Expla in.  

2 5 . Do you feel networ k operat ional and analysis costs should be funded 
separately froa basic research? ( Y )  (N) Why? 

2 6 .  Do you think that there are t oo  many (or t oo  few) agencies 
responsible for local/ reg ional network operations and/or national and 
g lobal networks? 
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s s  

2 7 .  Where do you think pol icy-aaking responsibility should rest for 
setting d irections and pr ior ities for new developaents in networ k 
seiaology? 

v. The Workshop ( again) z 

2 8 .  Do you think i t  can produce a useful analys is and recoamendations? 

(Y ) (N)  
I f  no , why? 

2 9 .  Pinally , please l ist your 2 o r  3 • crucial questions• you would l ike 
the �ittee to be certain to address z 

a .  

b .  

c .  

Many thanks for your tiae. 
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EXHIBIT B- 3 

Ex ample user s of reg ional networ k data . 

Earthquake data , as recorded by a reg ional se ismic 
networ k ,  are usually made avai lable to the publ ic in the 
form of network bul let ins , catalogs , and maps . These 
d ata , together with the or ig inal seismograms , are used , 
usually by the collecting institution , as the bas i s  for 
f undamental research on the nature and d i str ibut ion of 
reg ional ear thquakes .  Results of such research ar e 
publ ished in scient i f ic j ournals and reported at sc ien­
t i f ic meetings . Thi s  research is usually of a quite 
d irected nature , i f  funded by the agency or institut ion 
sponsor ing the network and is more fundamental if funded 
by the Nat ional Science Foundat ion or s imilar agenc ies . 

I t  i s  not often real ized the extent to which some of 
t hese data are used by other than the sponsor ing agency 
and the sc ient ists of the collect ing institution .  It i s  
not poss ible t o  l i st a l l  o f  the users o f  all o f  the 
networ k data . It is instruct ive , though ,  to d i scuss a 
f ew spec i f ic cases where such information i s  reported . 

As a first case let us cons ider the wel l-known 
1 9 0-s tat ion Caltech networ k (as cur rently augmented by a 
number of USGS stat ions ) . Networ k operator s rout inely 
cooperate with each other and with the Nat ional Ear thquake 
Informat ion Service (NEl S ) . I n  the case of the combined 
Southern Cal i fornia Networ k ,  data f rom the following 
networks are used in rout ine locat ions : 

USGS Southern Cal i fornia 
USGS Nevada Networ k ( selected stations ) 
USGS Walker Pass Ne twor k 
Caltech Networ k ( telemetered stat ions only ) 
Ca l i fornia Department of Water Resources 
Un iversity of Cal i fornia , Berkeley 
Un iver sity of Southern Cal i fornia 
University of Nevada 

Al so ,  telemetered s ignals are sent out f rom the Caltech 
net to the following groups : 

Ca l i fornia Department of Water Resources ( and then to 
NElS , Golden) 
Un iver s i ty of Cal i fornia , San Diego 
University of Cal i forn ia , Riversid e  
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Cal ifornia State University ,  Fullerto n 
Naval Weapons Center , China La ke 
Pasadena City College 

Gr oups on Caltech ' s  routine emergency call list (called 
34 t imes last year ) include : 

Cal i fornia Off ice of Emergency Services 
Cal i fornia Department of Water Resource s 
Ca l ifornia Division of Mines and Geology 
u.s. Bureau of Reclamat ion 
u.s. Army Corps of Eng ineers 
u.s. Geolog ical Survey , Se ismic Eng ineer ing Branc h 
Federal Baergency Management Agency 
Federal Power Commiss ion 
Na t ional Earthquake Information Service (USGS) 
Amer ican Red Cross 
Los Angeles Depar tment of Water and Power 
Pac i f ic Tsunami Warning Networ k 
Los Angeles County Emergency Information Bureau 

Companies and agenc ies that f inanc ially suppor t the 
S e i smolog ical Laboratory as member s  of the Caltech 
Earthquake Research Aff i l iates , because of the i r  interes t 
i n  southern Cal ifornia ear thquake problems , include : 

Atchison , Topeka , and Santa Fe Railroad 
c .  F . Braun and Company 
Dames and Moore , Inc . 
Factory Mutual Eng ineering 
ERTBC , Inc .  
International Bus iness Machines , Inc .  
Kinemetr ics , Inc . 
Exxon 
Lo s Angeles Department of Water and Power 
Lockheed Cal i fornia Company 
Metropol itan Water Dist r ict of Souther n Cal i fornia 
Pac i f ic Telephone and Telegraph Company 
S an Diego Gas and Electr ic Company 
Southern California Ed i son Company 
Southern Ca l i fornia Gas Company 
Southern Pac i f ic Company 
S tandard Oil Company of Cal ifornia 
Union Pac i f ic Railroad Company 
Un ion Oil Company of Cal i fornia 
Woodward-clyde Consultants 
Bank of Aaer ica 
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Bulletins are sent monthly to 250 interested parties-­
particularly to engineer ing and geotechnical consulting 
firms . 

The 81-s tation Utah networ k ,  in the Intermountain 
Reg ion , lists their chief , nonpaying users as follows : 

Utah Geological and Mineral Survey ( for geological 

hazard studies ) 
Mining , utilities , construction, petroleum exploration , 

and miscellaneous eng ineer ing consulting companies 
( for specific s ite-evaluation studies) 

State and county government offices ( for planning and 
emergency services) 

USGS/NEIS ( for regional earthquake recording ) 
u . s .  Bureau of Reclamation (dam safety) 
u . s .  Forest Service (geological hazard studies) 
u . s .  Soil Conservation Service (dam safety) 
u . s .  Army (geological hazards) 

Lamont-Doherty Geolog ical Observatory , in the Bast , 
r eports that their network operators spend approximately 
10 percent of their time in provid ing data to eng ineer s 
and pr ivate consultants who require information about 
hazards , plus the news media and pr ivate citizens who 
r egularly contact them for informat ion on earthquake 
hazards with the desire to be educated about earthquake s 
in  general . 

Vi rginia Polytechnic Institute and State Un iversity 
lists : 

Vi rginia State Off ice of Emergency and Energy Services 

( for planning ) 
Virginia State Pire Marshal ' s  Office 
The Virg inia Chamber of Commerce ( for industr ia l 

s iting studies) 

Th ese few examples demonstrate that the users of 

reg ional seismic data are many and var ied , including 
other networks and the NEI S J  a plethora of federal , 
state , and local agencies for planning and emergency 
servicesJ major utility companies, engineer ing and 
geotechnical consult ing firms J petroleum exploration 
companies, and many other publ ic and pr ivate groups 
interested in seismic ity and earthquake hazards . 
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APPENDIX C 

SUMMARY AND MAJOR RECOMMENDATIONS OF 
U . S .  EARTHQUAKE OBSERVATORIES: 

RECOMMENDATIONS FOR A NEW NATIONAL NETWORK 

Th e r eport on u . s .  Earthquake Observator ies is the f irst 
attempt by the seismolog ical community to rational ize and 
opt imize the d istr ibut ion of ear thquake observatories 
across the United States . The main aim is to increase 
s ignif icantly our knowledge of earthquakes and the 
earth ' s  dynamics by providing access to sc ientifically 
more valuable data . Other obj ectives are to provide a 
more effic ient and cost-effect ive system of record ing and 
d istr ibut ing earthquake data and to make as uni form as 
possible the record ing of earthquake s in all states . 

Many problems of major national impor tance related to 
earthquakes remain to be solved . Earthquake predict ion 
a nd the amelioration of earthquake hazards , for example ,  
require uniform , continuous , and standard i zed earthquak e 
r ecords over the ent ire country us ing modern computer­
coupled instrumentat ion . We cannot antic ipate all the 
sc ient ific gains that will accrue from sharply improving 
the nat ional capabi lity to observe , measure , and study 
e arthquakes ,  but we can be reasonably sure of many 
successe s .  Among the research goals are the quantitative 
s tudy of sources of ear thquakes above magnitude 3 . 0  up to 
the greatest earthquakes in the ent ire United State s ,  a 
capabil ity never before poss ible1 more rel iable under­
stand ing and pred ict ion of strong ground shak ing 1 the 
prec i se def inition of f ine structure in the earth ' s  crust 
and deep inter ior us ing high-resolution techniques 1  and 
the c lose mapping of reg ional tectonic s ,  related to 
geolog ical hazards , and locat ion of natural resources . 
In part icular , there is a need to monitor and analyze 
qu ickly shor t-term stress var iat ions in active faul t · 

zones for earthquake predict ion purpose s ,  a h igh national 
pr ior ity . 

5 9  
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EXHIBIT C-1 Proposed locations of 29 continental and 2 ocean-bottom observator ies for the 
National Dig ital Seismograph Network (NDSM) . 

0\ 
0 
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Two recent developments make the present an appropr iate 
t ime to move ahead by redes ign ing and consolidating the 
u ncoordinated mixture of loca l ,  reg iona l ,  and nat ional 
ear thquake observator ies , many of which are obsolescent . 
Th e f i rst deve lopment is the new technology based on 
d ig i tal sampling of s ignals . The second is the dec is ive 
advance in theoretical se i smology, inc lud ing powerful 
computat ional abi lity ,  that has created a need for 
h igh-quality observat ions of seismic wave s ,  with wide 
dynamic ranges in both frequency and ampl i tude . 

For the attainment of research and applied goals ,  data 
analys i s ,  archiving , and retr ieval capabi l i t ies in the 
Un i ted S tates need streaml in ing , part ly central i z ing , so 
that d ig ital tape s ,  se ismograms , and the der ived sei s­
m ic i ty data from all stat ions are ava i lable in a short 
t ime to all user s .  

I n  order to bring together these components , the 
central recommendation of the Pane l  is that the guiding 
concept be establ ished of a rat ionali zed and integrated 
sei smograph system cons ist ing of reg ional se ismograph 
networks run for cruc ial reg ional research and monitor ing 
purposes in tandem with a carefully designed , but 
spar ser , nationwide networ k of technolog ically advanced 
observator ies . Such a nat ional system must be thought o f  
not only in terms o f  instrumentat ion but equally in terms 
of data storage , compute r proce ssing , and record 
ava i labi lity .  Exhibit c-1 shows the suggested locations 
of se ismograph stat ions for the proposed Nat ional Dig ita l  
S e i smograph Ne twor k (NDSN) . 

I n  order to take advantage of r ecent technolog ical and 
theoret ical advances , the concept of an integ rated United 
S tates Se ismograph System (USSS) should be adopted in the 
United States so that enhanced informat ion on earthquake 
sources , se ismic hazard s ,  ground mot ions , and ear th 
structure is avai lable . 
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ANZA 

ASL 
ASRO 
C IRES 

css 
DARPA 
DOD 
DOE 
DWWSSN 

GDSN 
GSN 
HGLP 
I DA 
LASA 
LOGO 
MI T 
NDSN 
NEHRP 
NEI S  
NGOC 
NOAA 
NRC 
NSF 
RSTN 
SRO 
SUNY 
USCGS 
U SGS 
USNRC 
usss 
VP I 

WWSSN 

APPENDIX D 

GLOSSARY 

Local seismic ity array located near Anza , 
Cal i forn ia 
Albuquerque Seismolog ical Laboratory 
Abbreviated Se ismic Research Observator y 
Cooperat ive Inst i tute for Research in  
Environmental Sc iences 
Ce nter for Seismic Stud ies 
Defense Advanced Research Proj ects Agency 
Department of Defense 
Department of Energy 
D ig ital World-Wide Standardi zed Se ismograph 
Network 
Global D ig ital Seismog raph Network 
Global Se ismograph Network 
High-Ga in Long-Pe r iod 
I nternational Deployment of Accelerometer s 
Large Aperture Seismic Ar ray 
Lamont-Doher ty Geolog ical Observatory 
Massachusetts Institute of Technology 
National Dig ital Sei smog raph Networ k 
Nat ional Earthquake Ha zards Reduct ion Program 
Nat ional Earthquake I nformat ion Service 
Nat ional Geophys ical Data Center 
Nat ional Ocean ic and Atmospher ic Administrat ion 
Nat ional Research Counc i l  
Nat ional Sc ience Foundat ion 
Reg ional Seismic Test Network 
Seismic Researc� Observator ies 
State Un iversity of New Yo rk 
u. s. Coast and Geodet ic Survey 
u. s. Geolog ical Survey 
u. s. Nuclear Regulatory Commission 
u. s. Seismog raph System 
Virg inia Polytechnic I nst itute and Stat e 
Un ive rsity 
World-Wide Standard i zed Seismograph Networ k 
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