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Tne R&le of Science in Protecting
Man against Earthqueke Disaster

Kazim Ergin
Technical University of Istanbul, Turkey

Seismologists all over the world have been studying
earthquakes to get a better understanding of this natural
phenorena, especially since the turn of this century. IBut the
greatest advances were achieved during the last decade. ALl
avallable modern methods and technigues are being exnployed in
solving problemns releved to earthquakes which could in the end,
help to protect man against it. By gathering large zmount of
data through systematic observation and by araiysis, evaluation
and interpretation of them we have come to a state of knowledze
whereas we can plan, design and build structures that would
resist and survive large and destructive earthquskes. An
excellent cace of higtory is vprovided by the recent San Fernando
earthquake of the Lcs Angeles crea. The dansge done by this
shock 1s far tno small when we compare it with the amount of
damage observed by some other recent earthquckes of similar
nagnitude that occurred elscevwhere.

In many areas the intensity and acceleralion of s
strong earthqusake are determined through visual inspection of
the denage. For a souad engineering practice much better data
sre needed which can only be obtained by suitable strong motion
instruments. In many countries including many in Burope, there
are very few of those instruments in use. Establishing a well
planned netvworii of strong motion instruments might be considered
one of the items of an international »roject to be taken up by
00i3. VWhenever I speak gbout the question of earthquake
resistant buildings, I always think of the problem of designing
simple small houges that could withstand earthquake forces.
These types of houses are needed in rural aress of most of the
earthquake prone countries. DBuilding materisls soculd be
selected or manufactured according to the supplies available
in & given region. This conference could emphasize these
problens and encourege rescerch on the international scale.

As a result of the advanced level of our Imowledge
todeay, the scismologists have been seriously considering to
predlict ecrthquekos. There are already news of gome succesSe—
ful prediction and research progrgms are in progress.

Earthquakes have occurred where no such events were
known bofore. Such observations could be correlated sonetinmes
with the injection of large amounts of weter deszp underground
and in other cases with the detonstion of atomic bombs or vii:
$illing with water of large dams. All these observations of
nen-made carthquakes lead seismologists to think that pernaps
the energy stored within rocks could be released by controlled
snount in areas of large destructive chocks and thus prevent
the loss of 1ife and property. This type of effort could
eventually make the control of earthquake a possibility.

FADO UNGCLASSIFIED
127




NATO UNCLASSIFPIED

¢oiis Moo I 1z2.2

A1l these results of the scilentific endeavour well
mown 10 seismologists particularly to Californian seismologists
sme cxcellent examples of how findings of pure and applied
scientific research can be channelled irto pracztical forms
end thus science can be put in service for nan's protaction
against naturgl disasters.

Vhat I have tried to say up to this point surmarizes
very briefly whct cam and should be done to ninimize the
hazards of earthgueke disaster. In many earthauake zones of
the world the protection measures are far from adequate and
vhen sn area is striken by 2 severe shock, the whole scientific
achievenonts are just phoney stories to the person involved.
e wants immediate rescue shelter, food and a helping hand. 1
con not find words to express the importance of an alert ericre
geney organization. During some recent earthguskes in many
parts of the world we have observed thatv shortcoming of
ellergency measures have increased the death toll. It is our
tack to see to it that earthquake countries be better prepared
to nmeet the chollenge of discsters of that kind in the future.
I hope that some practical and uceful resclutions on this
hunenitarian aspect of earthquake may come out of ihis cone
ference.

Tn Turkey we have had a dectructive earthqueke every
two years or so since 1939. During this poriod tens of
thousands of people lost their 1ife. In this period of intense
seismic activity geologists; seismologists, civil engineers
and government officleals have lecined a great desl and becone
really interested. This interest was exhibited Jduring the
Gedir eanrthquoke of March 1970 which was studied by s0 many
geologists, selsmologists and particulerly cilgineers.

Before conclusion, I like to mention the effortv of
UNESJO +o support the seismclogical development in many
countries through which more efficient dats were collected and
acquired knowledge was disseminated to countries which need it.
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THE SAN FERNANDO EARTHQUAKE OF 9TH FEBRUARY, 1971

by the National Academy of Scicnces
National Academy of Bnginecring
Washington DC 1971

The los Angelcs region, which was hord hit on its
Northern fringes by the moderate carthquoke of 9th February, 1971
(Richter magnitude 6.6), is a region in which much attention
has becen given to the earthquake hazard. Even then, this
natural violence of the earth direcctly affceted more than
400,000 pcople in the city of San Fernando and surroundings
by damaging or dcstroying homes and public facilities and
utilities - with a cost of 64 lives and vcerhaps as much as a
billion dellors. Collapsce of 2 portion of the Van Worman Dam
led to the evacuation of 80,000 inhabitants living below the
dam for sceveral days whilc water was droinced from the reservoir
to avert immlnent rupture of the dam and a catastrophe unprece~-
dented in this country.

The ground quaked early in the morning (about six a.m.
local time) while highways were rclatively free of traffic and
before most woxkers had occupied offices in »ubllic buildings,
and this minimized loss of 1life. Some of the carthguake losses
can and will be restored in the near future:; others, such as
trangportation disruption, severe damage to public utilities
and facllities, and serious lowering of water-storage capacity,
will teke longsr; and somc losscs can never be regained. These
effects will force stricter earthquake preparedncss measures
in the Los Angeles area - and, we may hope, in other areas as
well ~ as it is now c¢lear that better preparation could have
been made.

The particular location of this shock was not
previously suspect any more than the heart of los Angeles,
where the damage would have been more catastrephic. Earthquakes
of this size are not uncommon: more then 100 ocecur yearly
around the world, but this ome struck the esdge of ¢ greszt
metropolis, It is certain that earthauckes of this size -
and larger - will rock other places in the Urnited States, rural
and urban, in the future.

EBarth scientists and earthquake ongineers have been
deeply conoerned about their gencrslly limited understanding
of the hazards of earthquckes cnd by the counssguent limited
understanding by public officials responsible for the safety
of millions. During the past few years, severnl rcports have
been written that both provide background knowledge and
recommend action toward the mitigation of carthqueke effects.
The recomnmcndotions made in the reports listed in Avpendix C
are as valid today as when they were written., Whot seens
needed now is to learn from the S-n Pernando Earthqucoke how
best to prepare for and cope with the effcets of future
disasters of this kind.
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1. SIGVIFICANCE OF PERMANENT GROUND DISPIACEMENT

Disruptions of the ground surface by fauwlting and
other closely associated permanent deformotions of rock and
so0il were much more important causes of structural failure
during this earthquake than in any previous United States
earthquaske. This emphaosizes once again the hazards associated
with urbanization of active fault zones., On the other hand,
nany of the faults that broke during this carthguake were notd
generally shown on geolegic maps publisghed prioxr to the event,
ond none had been congidered particularly cctive. The need
for making structures safe is obvious. At the some time, more
intensive geological, geophysicel, cnd gecdetic studies of
earthquake~prone regions of the country must be made., Were
there umrecognized geological clucs tunat might have revealed
that this area, and these faults, were particulorly hazardous?
Are there other geologically sinmilor arcas in which comparable
earthquakes night occur? Merely asking such guestions points
up the ncecessity for interdisciplinary efforts by engineers,
seismologists, and geologists in land-use planning for earth-
Qquake-prone regions.

2. MEASUREMENT OF STRONG GROUND SHAKTING

In wnprecendented description of the ground motions
and the resulting building responses was provided by more thon
200 stron-motion accelerographs. This Nationzl Oceanic and
Atmosphieric Administration network operated well during the
earthquakes. Among the records were several obtained on dams.
One instrument, in the epicentral region, showed the highest
accelerction ever measured during aon earthgucke; 1t indiceated
in detail the time sequence of the mgin shock and many of
the major aftershocks. TFhese measurenents will form .the basis
for a re-evaluntion of earthquake-resistent design. The
accelerograph records obteoined in zhout 30 loarge modern build-
ings will permit many significant studics of the design of
earthquake-resistant structures. The success of this network,
and the potential value of such data for the protection of
the public, leads us to recommend strongly thot the currently
very inadequate strong-notion-cceilorograph coverage shauld
include numerous building structures snd ground sites in all
urban areas in seismic regions and inportant engineering
structures such as dams and nuclecr power plants.

In addition, greater effort and appropriate instrument-
ation should be devoted to studies of the effects of topography
and the character of geologic material on the distribution and
amplitude of strong growund notion.

3. SIGNIFICANCE OF THE STRIKING TOCAL GROUND MOTIONS

Phis earthguake denonstroted that local ground
motion is not a simple fumction of the size of the shock. This
cagnitude 6.6 earthquake was associated (mainly in a restricted
region some ten miles long and five niles wide along the Valley
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cdge) with a severity of ground motion that was probably close
to the maxinun-gencrated by any carthguoke. An earthquske of
greater magnitude would involve strong ground motion over a
greater area consistent with longer fault breskage, and a
greater duration cof shakxing.

The surface exprcessicn of the foulting and its
character at depth as determined by seismological studies,
showed thot the crustal moterinls teneath the San Gabriel
Mountedins were upliftcd ond thrust Soward the ¥orthern margin
of the Valley by six feet or more. In the Upper Szon Pernando
Volley and in Sylmar, buildings were cclled upon to withstand
exrencly strong ground motions., In this local region, the
notion comsisted of hoth sevore sheking and a heave upward
and toward the Scuth (perhaps in severcl cpisodes). The strong-
notion accelerconeter at Pacoina Dan, on solid rock, showed
ground motions 50 to 75 porcent of the earth's natursl gravit-
ational acceleration (with o few penks equal to gravity?
lasbting appreximately 12 sceonds overnll. The denm is less thon
two miles fror the Syluar Veterans Hospital, which sustained
severe danage and loss of life.

4. BULIDING CODE REVISION

This earthquake haos provided the first really
conprchensive practical test of United States earthquake codes
in and close to an epicentral roegion, Medern structures
designed according to the earthgucke reguirenents cf the
building code performed well in the regicns of moderately
strong ground shaking (peak zcceleraticns of 10 to 20 percent g).
In the region of very sitronz ground motion, however, scne
modern buildings were severcly dancged. A few that collapsed
would have caused nony aduitionsl deatins had they been occupied
a2t this early hour. If the durction of strong growd shoking
had bean appreciebly longer thon ten seconds, as it would be
in a great earthquake, scue of the severely damaged structures
would almost certainly bhave collupsed. It is clear thaet
existing building ccdes do not provide adequate dauage-control
features. Such codes should be revised,

5.  BAQK-UP FJERGENCY SERVIOTS

In earthqualke-prone regions, service organizations
such as the police and fire depcrtments, and medical services
will be put uwnder heavy stroess following an earthguale ¢f
significans size, The San Fernando Barthquake affected an
area of only modernte size. It is necessary, therefore, %o
eXxamine the organizotion and distrihution of emergency
services in the light of the fact that a major earthquoke
would affect 2 nmuch larger orec. NMoireover, nuch of the locs
of life and domage {o property ossociated with an earthquake
are attributable 4o cftcr~cffcects such as fire, flood, or
scismic sea waves.
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The opportunity should be seized o neke a careful
evaluntion of the performemce of emergency services following
the Sen Fernondo Farthouake and to deternine the kinds and
extent of baock-up recuired to zrepore for o nuch larger event.,
Such a study, preferably involving federal, stote, and sther
orgonizations, would provide gulcdelines for other earthquake-
prone regions of high population density ns well.

. RAPTD RECONNATISSANCE STUDINS

The vitnl need for rapld recommnaissance studies
irmediately following o dnmaging corthquaie is once again
enphasized by the experience of the San Fermando Barthqueke.
For examnple, the entire Northern port of the San Fermendo Valley
chould have bsen systenatically photogropvheld from the air at
very large scale (ome inch eguel to several humdred feet) on
the morning of the earthquake in order, as guickly as posoible,
+o locate sites of severe damage ond o delimit the overall
crtent of such demecge, as well as to idewtify visible surface
cxpression of the faulting. But arporsntly no agency hnd the
responsibility to imitiate such en effort. It is clearw,
therefore, that an agency should be designated to assume the
responsgibility to initiate ropid reconnsissance studies of this
type following futurs najor enrthquakes, and that adequate
funding should be prcevidec,

7.  PROTECTION OF CRITICAT PUBLYLC BUTILINGS

A striking conscguence o the curthgualke was the
fact that four hospitals inm the Son Iermando area were danaged
so severcly that they were no longer onerntional just when they
wore most nesded. Cortoin criticenl structures sheould be
ceasigned so that thoey will remain Tuncticaonl even citer exper-
iencing tre nmost severc grownd sheixing. Ineluded are hospltals,
schools, and cother high~cccupcney builldings, as well zs bulldings
housing police and firce depoarticents ond other agencies relied
upcn to cope with éisasters. Bosic ubilities that must be
depended upon to nitigote a disaster must also receive an cxtra
nmensure of protection, Ordinory bullding codes cannot be
cepended urcn to provide thals extrn preotection, ond specicl
dancge—-control previsions gheuld ve nandatory to ensure such
additional safety in high-risic arcos.

8.  EARTHQUAKR SAFETY OF DANS

The near Tailure of the lowver Ven Norman Danm
endangered the lives of teas of thousands of psople. Such
rigks are clearly unacceptable. 4n inmproved pregram for
tringing older dnrms in enrthounke-prone areas u» to the best
aodern safety standardis is inperntive, and these best stard ardes
should themselves be conctantly reviewed., Many exasting dams
in all perts of the cowntry have not been disigned to roesist
signifieant carthguake fereces; these structures should be
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thoroughly exanined ond measurces should be taken to reduce

such hazards. Addltional basic recsearch into the behaviour

of dams and soll structures during earthquakes will be reguired
for the inmplementa%ion of such a vrogran. The fact that the
Van Norman Pan did rot guite foil totally should not be a
source of confort.

9, EARTHQUAKE HAZARD OF OLD STRUCTURES

During the San Pernando Bartliiguake, many old, weck
buildings in the regions of strong and noderately strong
shaking suffered scvere damege, and the major loss of life
occurred in one old building, the Sylmar Veterans Hospitsl,
designed befor ¢ the adoption of modern building codes. There
are many vhousands of such old buildings in California that
will collapse if subjected to strong ground shaking. rograns
should be undertaken to render such buildings safe, or to raze
ther., over a reasoncble neriod of +tine.

A successful effort to inprove or elininate old
structures has been underway for sonme ftinme in the city of
Long Beach, and in the city of Los ingeles especially hazardous
parapet walls have been removed fron severzl thoussnd buildings
or have heen strengthened. This earthquake dramatically
denonstrated the value of such procedures. 4 nuch nore exten-—
sive progran to eliminate the nejor hazard of old buildings
is strongly reccormended. Urban renewal programs ¢an provide
a sultable opportunity for such inproveunents in California
and in other esrthguske-prone areas.

10, SAFETY OF BRIDGES AND FREEVAY OVEROASSES

A number of freeway overpass Dridges collapsed
during the San Fernando Borthgueke, causing some dezths and
resulting in significont local disruption of traffic. In an
earthouake of greater extent, such interruption of trens-
vortation cowld greatly uasnify the disastrous effects of
the sarthquake, Freeway bridges and inportant nighway bridges
shouwld be disigned for cdequote salety sgainst collapse.
Present standard code reguirencnts lor earthguoke design of
highway bridges in high-risk arcaes are grossly inadeguate and
should be revised.

1. SATEYESS OF SCHOOL BUILDINGS

% 1is noteworthy that schcol buildings in the region
of sfrong sheking desipgned and consiructed since enactnent
of the Fleld ict of the Celifornin State Legislature did not
suffer structural dazuage that would have bzeen dangerous to
the occupants had the schools been in session. This
denongtrated that one and two-story school buildings can
indeed be made salc by practicable code requirements, permitting
vhen to withstand very strong shaking combined with appreciabie
ground deformation beneath the structure.
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0lder school buildings, which did not meet the
requirenents of the Field act, sullered potentially hazardous
danage as a result of moderruely strong ground chaking. The
legscn is cle<r that suvch hozardous school buildings nust be
elinminated or strengthened. Lpphropricte authorities in all
seismic regions of the country should tocke this lesson to
heart.

12, STUDY OF DAMAGED URBMT DWELLINGS

This carthguake throws an elrost unigue light on
seismic hazard in o modern wrban environmnent. Extensive
damage to small homes and smell-business structures occurred
in zones where severe shaking wos ccconpanied by permenont
ground displacenent associated witn the faulting. Therefore,
much crucial 1nformdt10n can be goined by an irmedinte

WeTllnguby—dwelllng study of eﬁrthqucke danange, Such a stuly
suou¢¢ he conducted by appropriatce federzl, state, and leoeal
gencies, with a view toward develop“nr sounder guidelines for
bulldlng construction, particularly oi cne and two-story
buildings.

13. - VKIS INSURANCE £0R HOUSES AN SMALL BUSTNESSES

Because recognized geological evidence of actlive
foulting was lacking in this perticular arec, the people who
lost their hones mnd businesses in the Sylmar-San Fernando
areas could have had no warning of <he special hazards to
which they were exposed. Permenent displacenent of the ground
caoused by surface foulting, landslides, and ccnsolidation and
sivmping of scils were responsible for much datiage o structures.
In rany places, deformation of the ground beneath a structure
creatly magnified the domaging effect of the ground shaking.

Such innocent victins ol eacrthquakes should be
protected by insurance,; or the authorities must be prepared
to consider better relief messvres than those ncw used. The
cost of repsiring such wnforeseecble donage should be shared
by 211 who 1live in disaster-pronc reglons. A form of earin-
gquake insurance thot will be zmuch nore widely used should bve
developed, with Pederal Govermment beck-up if necessary.

14. PRESERVATION Of VIT.,L SUPPORT SYSTEMS

Damage to the Sylmor Converter Station, a key link
in o systen for trensrission of eletrie power into the Los Angeles
area, will keep this systen inopernble for about = year while
r@y“ﬂcement parts are nenufoctured This denonstretes in a
droratic way the increasing vulneTQDLthy to earthouakes of our
su01ety s vital support systens. Uetworks for the distribution
ci electrical power, wate T, cnd gos, for disposal of sewage,
ar:éd for transportation of food and other essentials continue to
£rOW 1n size and couplexity as the numbers of people dependent
woon then reach into the nultinillions.
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The collapse of several highway overpasses during
the earthquake had a limited effect on transportation, but
such destruction could be more widespread in a larger earth-
quake, perhaps conpounding transportation difficulties to
disaster proportions.

A major wunit cf the water supply systen, the
Van Norman reservolr, was virtually eliminated without
seriously disrupting distribution of water. Compounding of
such effects in a larger earthguake is clear cause for concern.

For the crucial systens vital to millions of people,
design of individual components is not adegquate in the face of
the known earthgquake hazard. OContinuing efforts nmust be
exerted to build into the system sufficient redundancy to
ensure against complete failure in the event of a nmajor earth-
guake.

15. THE _PROBLEM OF SETSMIC Z0NING

The unexpected cccurrence of an earthquake in this
location and the concentration of the nost severe damage in
zones of ground breakege forcefully illustrate both the
ipportance and the difficulty of responsible and pracvicable
seismic zoning, ¥No evidence fron previously conmpleted
geological or seismological studies had been generalliy
inverpreted as Indicating theot the region affected was a
more likely place for a damaging enrthguake thon many other
parts of the Southern California seleonic region.

This experience points out once again that the shori-
term local seismic histvory is not in itself an adegquate base
for estimating earthquake risk. Until we gain a better
understanding of earthguuke processes cond probabilities, due
regard for public safety demands tnoat seismic hazard be cons-
idered high throughont wide areas, ond seismic zoning mans
nust reflect this. MNany zcgencies and groups are working
constructively on the problen of recognizing seisnic haozards,
but this effort is so important thet it deserves more support,.

16. LAND USE AND GEQLOGIC HAZARDS

More than ever before, local communities are seeking
guidance concerning environmental hazards of all types that
should be teken inte accovnt in plemning for the use of land
to be developed. Permits for comstruction of residential and
coummercial buildings in arecs subject to earthquakes, landslides,
and flooding, for example, should oniy be lssued on the basis
of a neaningiul evoluation of the potential risks and only
alter the purchaser is awcre of 2ll she kncwn facts.

State and local gevernment needs support in the form
of well-ccnceived regulations in order to resist political
and cconomic pressures to develop lond in ways that are
umwise in terms of environmental hazards,
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17. STUDY OF THE SOUTHLRN SECTOR OF THE SAN ANDREAS PATULT

The redigtribution of crustal stresses caused by the
San Farnando Borthguoke cennot help bub have some effect on
the nearpvy segnents of the San Andreas Fault, which has long
been considered a source for niuch larger earthquakes. Because
of this changed situation, the San Andreas Fault in this
temporarily Y"locked" segrment is o particularly critical ares
to study and to monitor, cspcceially in view of its proxinity
tc the largest metropelitan center in the Western United States.
(The closest point on the San Andreas Fault to the center of
Los Angeles in less then half cgain os far as was the epicenter
of the San Fernando Earthquoke). It is strongly recormended
that additional research prograns be storted at once to study
the Southern sector of the Tault.

18. SEISMOLOGICAT STUDIES

The San Pernando Barthquoke was the best monitored
carthquake in United States history becouse of the high level
of scientific preparedness in thiiis ares and the inmediate
responsé of earthgucke researchers. lmmediately available
seisnmic data were inprtant in delineating the scope of the
disaster, aided repailr and reconstruction, and facilitated
further scientific studies,

In the Los Angeles area, a telcnetry-~equipped seismic
network that was in oneration »rior tc the earthquake provided
excellent records of pre and post-ecrthoualze selisnicity, but
even this network cculd hove been narkedly inproved in effective~
ness by a greater nunber of telemetry-cquipped stations and a
nore comprehensive seismic monitoring program. It is clear that,
rrior to the earthgueke, seismologicel information even for this
rogion was not =z conplete as it could have been, and indeed
should have been, given the capabilities of present technology.
Pre and post-earthquake geodetic observations should be an
intrinsic part of such nonitoring systems. Both seismologic
cnd geodetic capebilities are urgenisly in need of upgrading
in all earthguake-prone regions of btoe country.

The seismic dato gathered during and following the
carthquake provided the bosis for locating the sources and
determining the mechanics of the faulting at depth. Such
studies, together with geolcgic and geodetic studies, will also
vield important information about the earth deformation that
occurred in associntior with thic earthquske and its aftershocks.
This will be inrortant in assessing the seisxic hazard elsewhere.
Tz San Fernando Barthquake is a reminder that a vastly improved
undetstanding of earth mevements at 211 scales is needed.
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TOWARD REDUCTION OF LOSSES IHOM EARTHQUAKES

Conclusions from the Great Alaska Earthquake
of 1964

Prepared by : The Committee on the Alaska Earthquake
Division of Earth Scilences
National Research Council

RECOMMENDATIONS ON EARTHQUAKE LOSS—~REDUCTION

1. Studies should be undertaken to develop improved
earthquake~resistant designs, and more accurate
and reliable methods of structural analysis, for
all types of structures and for a variety of
ground conditions.

2. Improved regulatory systems for control of
structural and nonstructural design and of
construction in seismic areas are needed.

3. Periodic reappraisals should be made of major
dams, reservoirs, storsge tanks, and older buildings
in seismic areas to identify existing hazardous
structures and to reduce hazards to life and limb.

L, Increased effort should be devoted to collecting
data on ground movements and associated physical-
Tield changes both between and during major
earthquakes.

5, Veeded improvements in the tsunami-warning system
include better recording, faster transmission,
improved analysis of data, more knowledge of the
generation and propagation of tsunamis, and
greater understanding of the human response to
such warnings,

B Studies are needed to make earthquake forecasting
and hazard evaluation practicable; not only the
feasibility but also the socioeconomic implications
of such Fforecasting need to be studied.

7. Farthquake-hazard maps should be made of all densely
populated seismic areas.

. Informings the threatened public of the nature of
earthquake hazard and education on means of redu-
cing risk are vital to effective measures of loss
reduction and loss adjustment.

9. A comprehensive study should be undertaken concerning
ihe problems involved in establishing a system of
earthquake insurance that will be widely used end
that will lead not only to loss adjustment but also
to loss reduction.
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10, Emergency funds and personnel should be available
to collect and analyze data from major earthguakes
wherever they may occur.

11, The mechanisms for funding earthquake research and
dats collection should be improved.

i2. A federal tazsk force should be established to
recommend & comprehensive government program
directed toward reduction of losses from hazards
guich as earthquakes; at the same time, individual
states or regional authorities should give
attention to appropriste mechanisms for coping
with these hazards.

The report of the Committee on the Alaska Earthquake
is planned as an eight-volume series with the following title:

THE GREAT ALASKA EARTHQUAKE OF 1964

GEOLOGY

SEISMOLOGY AND GEODESY

HYDROLOGY

BIOLOGY

OCEANOGRAPHY AND COASTAL ENGINEERING
ENGINEERING

HUMAN ECOLOGY

SUMMARY AND RECOMMENDATIONS

By February 1969, only the volume on Hydrology (NAS 1603)
had been published, 2nd it is availsble from the Printing and
Publishing Office, National Academy of Sciences, 2101
Constitution Avenue, Washington, D.C. 20418, Publication
of the remaining volumes 1s expected during the next three
years.
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