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A. STATEMENT OF GOALS AND OBJECTIVES

1. Remote Sensing and Public Health. The general

pufpose of this research is to explore and present ways that

a new technology-~remote sensing--can conbrlbute to solutlons

- of urban public health problems in time of natural disaster.

The objectives of this project are.to determine and.describe

remote sensing standard operating procedures for public health

assistance during disaster relief operations which will aid
the agencies and organizations involved in disaster inter-
vention. We plan to test the validity of this technology by
dpplying it in a post-disaster situatioh (if suchra'diséster
occurs in our space and time frame) and comparing it, where
possible, fo existing methods of gathering infbrmation.

The important varisole here is time sihde existing methods do
eventually accumulate necessary data. 'This.researeh is anal-
ogous to a therapeutic trial in that -we are ﬁestingvone
"yaccine"--remote sensing—-agalinst other "vaceines"--exist-
ing approaches. | o

2. Disasters and Public Health. Disasters inbterrupt

systems necessary to maihtain the public health. Tt is
necessary not only to reestabllsh all the 1nterrupted systems

on whlch the protectlon of health of a communlty relles, but,

to manage the potentlal and real publlc health problem during o

the perlod of reestabllshment. The aetlviules involved in

doing,this_may seem from one perspective to have no relation

to.health, but from another perspective ﬁhey are the under-

pinnings on which the health of a community depends. Two



points rieed to be made clear: (1) Ppblic-health activities
are broad-spectrum, that is, they are carried out on a
societal as well as on an individual level, and (2) the

emphasis in public health is on pfevention, not cure.

Medical care -per se or effective treatment of illness, it has

been argged,_"has little, if any, effectldn-the_health of a
qommunityﬁ_(Stallones? 1972). In féct5 fér.some diseases
successful treatment may even indrease the burden éf iliness
in the community. From a communify healﬁh perspective, ﬁéd—
ical care or treatment of illness "represents the failuﬁe$v
of community health" (Stallones).

When we consider preventidn in relationito natural dis—

asters we do not mean to imply preventibn of the‘event since

with most types'of natural disaster this is not yet poSsibla.j

This research emphasizes a preventive approagh to the effects’”

of‘disasters ahd specifically to poéf—disaster probléms,tﬁaf
relate to‘public health concerns during.the:emergeﬁcy phase
of feliéf;':lt is ‘generally agreed upon that there are_thfee
‘phases of relief activities following a:d:“.s_a’.ster. The Pirst
is the emergéhcy phase during which persbns impacted by fhé
~disaster ére-rescued and first aid:and other medical care
are admigistefed. HThis'phase is followed by'the'feéqvéry
fperiod during which time residents of the community assess
their situation and work toward reéétabiiéhiﬁg é stable way

of 1ifg.'_?ublic‘health concerns at thié‘time:mayrrevplve__'

around treatment of illness which mightAhaﬁeVOQQﬁrred as eithef'

_a result. of the disaster, a result of actions taken during .
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the emergency phase, or other factors such as the prevalence
of certain disease types pre-disaster. The final phase
deals with restoration and rehabilitablion of the community

to pre-~disaster eonditionsrand>may take from weeks to years .

~depending on the type of disaster and economic resources

available to the community.
Concerns of the emergency phase may range from reestab—
lishlng transportation routes into an area cut off by a.

dlsaster to the identification of env1ronmental factors which.

. foster disease pccurrence. In a disaster eontext, medical

care, While remedial,,may also come‘under-the umbrella of _
publie health coordination activities. Public health in the
context.ef'disaster relief encompasses“thestotai scope of
community health, namely, all the commdnit& efforte.influenced
by the medical arts and sciences, applied 0 the prevention of
disease, protection of 1life, and the proﬁotion'of'the well o
belng and efficiency of man, 1nclusive of the physical,

mental,-end social aspects.

3. End Product: Manual for disaster managers.

Orlglnally, two manuals or suggested operations guldes

were planned——one a technical guide for data gathering and

Aanalysis, and another descrlbing potentlal appllcations of

the data gathered. The first gulde was to be dlrected to a
remote"sehsing'speclalist ‘It was to otitline the tasks to
. be performed by an 1mage analyst includlng both preplannlng _e

and.postfdlsaster activities. Plans for thls guide were



dropped. After reviewing the first annual feport, our grant
- monitors suggested (Appendix A) that the scope of the grant
be'limited to developing and testing a'guide-for-dlsaster_
mahegers;' |

A gﬁide was then written for agency personnel outlining
by public~health problem the functions.End_taSKS involved
in disaster relief. EHvidence exists to"&how that inappro-
pfiete ectidns,on the part of dieastep;relief managere have
'frequéntly contributed to unhecessaryrmortelity, morbidity”
and inefficient use of resources (Center'for Disease-Coﬁtfol,
1974). Mismanagement prooleme are moet_often catsed by a
lack of knowledge and/or skill of the work-funotions required
to manage dlsaster relief. Our gulde enumefates taeks which

can be aceompllshed or aided by remote sen31ng This guide is'

unique in two respeects: (1) It documents. funchions and tasks. '

which are nowhere clearly outlined and 80 1mparts knowledge
to those who cannot rely on experience as. well as spec1fy1ng
in dlagramatlc form these same tasks for experlenced personm_
nel, and (2) It suggests a eystematlc and novel’ epplicatlon
of an_improved.technology for solving a serious problem,_
B. HYPO'.THESES. - o o
_ We have formulated the following hypotheseS‘
1. ,Remote sensing- technology carn eupply data faster;
 'more oompletely, and mopefaqcopetelypthan_current____
-mephods, | . | |

2. -Using this -method of.interyenpion5=wegcan-assist-s
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reduction of menagementierrOrs in a disaster caused
by 1nformatlon delay.
Testlng the dlfferenoe in quality of data collected at

comparable time intervals fromvourrent‘methodS'and from

remote eensing wonld ideally reqnire that‘the two collection

systems were used simultaneously and then compared. - This
could be done if an actual disaster were to occur in the time

frame of the current project. A second testing procedire

would be to make a retrospective study of the time required

for collectlon and 1ts quality by 1nterV1eW1ng persons. :
reoentlyvlnvolved in a disaster. ThlS information oould be
oompared to the estimate derived from a stmulation whereby
remote_eensing'is_used to provide the'same'data;

Testing the second hypothesis is very-difficult and will
not be undertaken since it is virtually impossible to conduct
a controlled.exposure validation.“This‘would entail hating

the same dlsaster strlke two similar oommunltles with equal

1nten51ty at the same time and exp051ng one . to remote sen51ng

whlle u51ng the other as- a oontrol oommunlty w1thout the use

of remote sensing. Addltlonally, we have no mechanlsm whereby;
_'dec151on—makers would be 11m1ted to utlllze data from remote_
sen51ng sources. However, we will demonstrate its usefulness'

N by the guide which presents the problems 1n flow chart form '

to encourage such utlllzatlon.
C. SECOND YEAR STEPS

This section detalls the steps which have been taken '
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w1sh1ng to complile such data. _f o |

to complete the research deseribed above,.

1. Iterations of the guide. F0110wing an extensive
literature review and a numoer of interviews with knowledge-
ables in the field of disaster management (first year annuall
report), the staff drafted a manual. . This guide was reviewed
internally aﬁd was redrafted four times before.being sent
out forAexternal review.

OQur primary concerns in writing the manual were that it

be written in an understandable manner, that the guide be

kept general $0 as not to preclude individual adaptations,
and that ‘the applications we described were feasible and could
be 1mp1emented with a reasonable amount of planning.
Preplanning for natural disasters is a subject which is
much disouSSed and encouraged by*EOC(direcﬁors but which ”
lacks 1mp1ementat10n in most oommunltles.: Thls gulde strongly___
emphas1zes preplannlng and 1nc1udes charts and tables of
recommended baseline data for the six publio health problem

areas. These tables can serve as guldellnes for communities

The main functlons which need to be performed 1n a nanural

dlsaster to maintain or restore the public health wWere exam-

'1ned, and the ablllty to use remote sensing data to fulflll

these functlons was descrlbed Technloal 1nformatlon on -
remote sen31ng systems whlch would be adaptable to natural
dlsasters w111 be wrltten up as an appendlx to the gulde.‘v

ThlS process-of_ur;tlngrand rewrltlng,lasted approx1mately

-;_six_moﬁths,(Januarnyune, 1975). A draft copy of the manual -
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forms -Appendix B.

2. BReview of Guide. A draft copy of the guide was

mailed out to 35 disaster managers and consultants for their
comments, and follow-up interviews-werejconducted by the
staff. Where personal interviéWs were hbt‘possible due to
distance or other factors, written feedbéck was solicited.
Three mbnths were spent interviewing disaster-managefé.

Response'to the guide;was for théimost part favorable.
The’clérity and‘readability of the guide were affirmed as
was the feasibility of the concept. ThE'need for pfeplanning
was asserted, a major obstacle to this end was identified
in the lack of resources, i.e., limlted personnel to assign
the taék.df accumulating pre-disaster data.

Comments of reviewers per+aining to orgamization of the
éuide ére'éurrently being analyzed. A list of reviewers
appears és Appendix c. | l
D. THIRD YEAR PLANS

The guide will be reorganized and rewritten in accordance

with the suggestions for change made by rev1ewers.' Comments

from addltlonal reviewers whose names were soliclted from

tlal 1nterv1ewees Wlll be asked to crlthue the rewritten
guide.

- Some city EOC's have planned SimuiatiOﬁ exercises during

- 1976. The: staff will attend one or more of these exercises as .

on—sité'QbSerVérs to validate experientiaily‘the concepts and

‘ §rocedufes'in,the ﬁanualr If possible, arrangements will.be -

made to usé the guide as part of the simnlatinn"exgrciseQ‘



E. TRIPS AND MEETINGS, SECOND YEAR

1.  Disaster Research Center, Ohio State University.
DATE: April 2k, 1975 -

Drs{‘Russell Dyries and Quarantelli. were interviewed.in
regard to their purpoées and propeduﬁes in disaster research.
Théy'pfovide experience to persons interested in the s0cio—
logical aspect of publ’e servicé reactions toldisaster"
situations.  We gained from the visit a bibliqgraphy on
related works, intefview forms and genefal"kﬁéwledge regard-

ing disaster research.

2. Presentations.

Texas Gulf Coast Clvil Defense ﬁirectqrs.

DATE: October 31, 1975 |

A summary 6f the concebts and procé@ﬁfes‘coﬁtained in

‘the manual were presented to this group. -
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NATIONAL. AERONAUTICS AND SPACE ADMINISTRATION
LYNDON B. JOHNSON SPACE CENTER
HousToN, TEXAS 77058

REPLY TO

atrnor:  DE63/2-75/19

Marjorie Rush, Ph.D.

University of Texas School of Public Health
P. 0. Box 20186

Houston, TX 77025

Dear Doctor Rush:

I ackndwledge receipt of your annual report entitled, "Remote Sensing
in a Disaster-Struck Urban Environment." I commend you on a fine
report.

Recognizing the real concern for funding, time (grant termination

31 Aug 76), and capabilities, Mr. Vitale and I feel that rather than
dilute your efforts, your greatest contribution toward the overall
effort would be to have you dedicate your time toward producing one
manual. This manual would address the user agencies, describing to
them the potential applications of remote sensing data to disaster
assessment and relief. The manual addressing the image analyst will
be a subject for further funding. It is acknowledged that you will
not analyze any realtime data from a natural disaster..

T would appreciate a briefing sometime in March or Aﬁril at your
convenience. Let me know if I can be of further assistance.

Sincerely,

,“.f.," o . . . 2 i '!] ;‘ .
T Tl S
FOT. satgiowich
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By

M. Rush, A. Holguin, S. Vernon

U.T. SCHOOL OF PUBLIC HEALTH -

Houston, Texas

August 15, 1975
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Chapter 1

MANAGEMENT OF DISASTER RELIEF: STATEMENT d?.THE PROBLEM

Examples of the mismanagement of disaster relief abound. Probably the
most eypical sitwation is the inundation of a disaster area with unneeded
resources (Rennie, 1970; Faich, 1973). One of the factors which prohablf
contributes to this situation is the lack of accefaﬁe informetion:in the -
early phases of a disaster on which to base an aseesement_of ralief needs
(teague.of Red Cross Societies, Steering Gommietee, 19755;_ erranging for
the'dietributiun nf relief goods within the disastef,areaAence needs have
bheen 4dﬂntif1ed often is not planrned (Rennie, TQ?Qg-Eroger, 1971: Faich.
1973, League of Red Cross Societies,.Editorial, 19?$)f Thus, althouéh‘not anti~
cipated, it is frequeutly the case that attempts-tc alieviete the results
of a disaster, contribute to already existing prublems {U.8.D.H.E.W., 1974)."
The public health of a strlcken communlty depends on the smooth functioning

of relief activities and on the rapid restoration ef service systems in the
cummunity; | | o

Evidence shows that mismanagement problems are frequently caused by a
lack of knowledge andfor skill of the work funetions requlred to manage
disaster rellef (U.S D.H.E. W., 1974) Disaster plans, Where avamlable, often
'fail to outlane the relief functions and tasks Sufflcient]y so thet even ex—'

perienced personnel do not have a elear overview of what needa to he accomr
pllehed.w Slnce in a given communlty dlsasters vtrike 1nfrequently, 1t is'
lmkely that people with some previous experience in disaster relief manage—‘
.ment will be-scarce. Also the nature of disasters that affeet communitles

1s 11kely to change 50 previous experlence may not be speclilcally applicable._

Lack of knowledge is an even more acute: problem for inexperzenced personnel.



Most city and state Standard Operating Procedures (SOP's) for disaster

-management-hegin with the assumption that decisions:ahout the type and

quantity of-the'resonrees required to minimize the disaster impact have
been made. These SOP's generally list the nesponsibilities'of various
agencies and describe how to implement tasks.. Fon,example, ag stated in one
city S0P, the Department-of Public Health has responsibility for‘pfoViding
medioal eare and treatment for the ill and injured. . This plan assumes that
decisions ahoup whether or not medical attentionris'aotnally'neede&;:whether.
or not it can be handled 1oeally,'and whether on_not faeillnies are adequate,
have been-nade. .We hanelnot found'evidenee‘no supporn'ﬁhe belief that these
decisions are made in a systematic way. In othexr Wores, disaster plans where
they exist have been organized around decisions that have‘not been made ex;'
plicit. Fufthef, as mentioned, 1t appears that information on which to base
decisions of thlS type is not easily avallable. N

SOP's usually detail tasks by agencies rathexr than by functlons to be
accomplished. This approach appears to lead to fragmentation and duplication‘
of ‘effort since restoring certaln systems following a disaster may oross~
cut several agencies duties. For example, checklng and restoring the Water
system and supplying water may involve the Division of Engineering SeIV1ees

which is responsmhle for checking and repairlng the system, the Health _

Department Whlch 1s required to test for nontamination, looal government and/

. or dlstrlhutes-water to areas where the supply has been cut

off, and the Department of SafeLy and Transportation for movement of water
tankSa A more Wholistic approach to dlsaster management is to dlagram'work
‘:_fnnetions Wnthout congideration of agency honndarxes,;and.this.is_nhe ap— -

'.pnoachrof this-nanual, Disaster relief activlties-have been divided‘into_



six generel‘areas representing public health concerns: medieel services,
 water, weste disposal, shelter, food, and transpnrtation; Problempsolving
conringeneies were elaborated within a decieion—meking framework identifying
what has to be done to “solve" a disaster problemr' .

'“This nannal entiines-the generic functions'wﬁicn officials need to perform
or consider to.menage relief more efficiently; It inclndee a description of:

1. WHAT funetions must be performed.to a&euately'manege-a disaster;
2. WHEN (in what sequence, un&er.what conditions) each funection should

_be performed: (U.5.D.G.E.W., 1974);
| 3. WHAT baseline information would facilitateidecisi'on-making; and
4, -HOW‘remofe sensing information -~ a data sonrce not sfstematicelly"

used - may Be of benefit in decision-making aboutAdisaeters and may be
- incorporated into existing disaster plans..- |

| we are assuming that disaster managere will know.how to perforn the
functlons described, who has the respomsibility for performing each function,
what addltional resources mlght be needed, how to obta1n these resources,
and how to determlne when each Function has been perforned. Information
"pits" necessary to consider dellvery of dlsaster rellef were 1dent1f1ed by
" defining these speclflc funetions and-tasks. It was. then possmble-to deter-
mine if remote sen51ng could be used as one source Of these 1nformetion
"blts" | |
| This gnide, then, may be unique in two réspecte: (1) It documents
_funcrinnS'anéftESks on the'nasie of'ﬁhich rn”nake decisions-for'effeCtive
and efficient'relief action. We have not found these tasks clearly outlined
”['eiseﬁheré; These functions and tasks have been specmfied dn dlagrammatlc.'

form. These diagrams will'be useful‘bbth to experienced personnel and to



those who h#ve no previoué experience upon which to rely; and (2) It sug-
gests a new application of remctesensing technnlogy’for solviug'the pro-—
blem of diéaster managemeﬁt. |

Diéaster.manégement and public health are liﬁked in that both are
concerned wilth the interaction of physical, SOCial; énd economic factors
whiéh aim toWéﬁds restoriﬁg'and maintéining the éhysical environment. Dis-
astars inteﬁrupt systems necessary to maintain the‘pﬁﬁlic heaith; It is
pecessary notlbnly'ﬁo reestéblish all the inteftﬁyté&.sy3£ems oﬁ which ﬁhe
protection of community healfh reliesy but, to méﬁage the.poteﬁfial and
real puﬁlic heaiﬁh pfnﬁléms &ﬁriﬁg the pEIiéd of reéétablishmeﬁt. fﬁe
activities invoived in doing this may seem frdm.nﬁe perspéétive to have
no relaﬁion tb'ﬁe#lth, but from anothef persﬁéctivéfthéy are the under-

pinnings un.which the health of a community depends.



Chapter 2

- BASELINE DATA FOR PREDISASTER PLANNING

- An important step in Lhe process of analyzing the effeets of a natural
disaster is the comparison of the postdisaster situation with the predisaster
.status of the area. The collection andvassimilathn of information about.___
the predisester area is most desirable. Knowledge'of.howrthe specific.sysm
tems pperate'anﬂ of what they consist when tﬁey ere_funetipnisg\properlf
o will facilitatejquicker jdentification of postdiSaster.puﬁlic healrh problems.
Baseline information about-local systems should_be‘eempiled beforehand so_it
is readily available for use following a disaster.f Cheeklists of Suggested'
baseline:date;follow a deseription of each of the six systéms of public
 health importance. |

Basellne information 1nc1udes basic demographlc, land use, and topu~ C
graphieal features of ‘the dlsaster site. This infarmetion way be in map or
interprered phbtugraphic form along with tables of date. The data needed
are revealed by the flowcharts of postdisaster actlvitles. For example, to
determine needed medical serv1ces, predisaster 1and uses and demographmc -
characteristics—of the affected area must be known so that the effects of
thetdisesterfcsﬁ beImoreVaeeuratelysassessed;

Not only: must duplleate maps be evailable but they must have a common
location system for every usex. -A.grid-should be drawn.on-each-map;and the
grid squares numbered for easy reference (Figure l) 'When a'smeiler area'
'needs to be detalied each grld can be further drvided 1ntn four aud then
sixteen smaller glid squares (Tigure 1, Grid 3) Numbering takes the

serpen*lne format of survey systems.
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A permanent and current set of data for key persons for each grid
square would be optimum. This data set would include population, struc-
ture, and land characteristics. Examples of such data are number of
children, total population, and institutionalized persons; numbers of
dwelling units, day-time 6ccupied structures, emergency publlic shelters;
lowest and highest elevations, floodplains, levees and other ridges or
high ground.

Networks such as water and sewer pipes, and streets and highways are
not adaptable to tabular form and so maps of these systems, oﬁerlaid with
grid squares, should be available to the disaster manager. A topical
series of maps should also include hospital and emergency room locations,

shelters, schools, and water pumping stations. Local dis-
aster managers may determine other crucial sites in thelr communities for

placement on maps.

Data Sources

Varied information can be acquired from predisaster aerial photography
which has been interpreted. Planning commissions are also a source of land
use and transportation information. City.deparfments may supply water énd
sewerage system maps although a complete set'for a large city may never
have been assimilated. Other sources are State Highway Department (planning
.division}, Forestry Department, Corps of Engineers district offiece, U.5.G.5..
U.8. Department of Interior, NASA, or military organizations (such as
Strateglc and Tactical Air Command--SAC and TAC).

The Census of Population is a valuable data sourcé for Standard
Metropolitan Statistical Areas (SMSA's). The Census ﬁtovides information

on age groups in communities with greater than 50,000 population. Census



block group data break age into three groups for‘SMSA's: under age 18,
19-61, over age 62. This data would be available only by special survey in
communities with fewer than 60,000 population. A Sanborn map serles is
available for most large cities and gives detailed information on commer—
cial structures for insurance purposes. Some urban places have been sur-
veyed by the American Red Cross. Not all sources are available for every
community and not all sources keep the information current.

Tables of recommended baseline data follow short descriptions of each
of the six management concerns. These are the optimum bits of information

about each grid square which would prove helpful to disaster managers.



MEDICAL SERVICES BASELINE DATA

‘'The normal operation of medical services requires that the major
structures such as hospitals be intact and that staff be available to
ecarry out routine procedures. Treatment of injury an& illness following
a natural disaster can be done more effectively aﬁd efficiently if every-
déy facilities are utilized and personnel, with‘a few exceptions (e.g.,
diversion of a few physicians to organize disaster activities such as
triage), perform an augmentation of their normal everyday activities.
Responsibility for treatment of injury and illness in the community belongs
to the local medical society, and this remains true during and following a
disaster.

A means of transporting the injured to treatment centers and a system
for distribﬁting them to appropriate facilities mﬁst exist. Efficient
dispersement of injured in a disaster depends on (1) a system of communi-
cation so that changes in the receiving capability of local hospitals can
be monitored and (2) information about the services offered and the re-
sources avallable to the hospitals., |

Three sets of data make up the recomméndéd baseline information
relevant to medical services. These consist of (1) 1land use, (2) popu-
lation and (3) topography. These data provide a meané (1) to estimate
the‘type4and nunber of injuriles, (2) to assess the adequacy of medical
resources,'and (3) v delineate routes for transporting the injured to

hospitals for treatment. All data should be recorded by grid square.

Land use
Land use information can be broken down into several categories such

as Residential, Community Facilities, Industrial, Gommércial, Open Space
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and Other. The number of residential units gives an indication of the popu~
lation if the number of people has not been determined.by another method.

Important considerations may be age and quality of structures. These
should be detailed enough so that injuries might be more accurately esti-
mated. Past experiences in the commmity or in similar communities will
suggest the most important variables sueh as age, construction material,
etc. to organize baseline data.

Community facilities are usually located on small parcels and are
scattered. These would best be shown on base maps. They are resources
which can be called upon in disaster situations. Each hospital site
should be listed separately with information regarding its capacity to
handle disaster victims and the services 1t offers.

Tndustrial land uses should be identified and moted regarding any
épecial situations in terms of hazardness. For example, chemicals may re-
quire Special fire-fighting equipment. Strong winds may topple towers or
injure storage tanks éhereby creating a secondary hazard. An estimate of
daytime and nighttime employment would help ﬁetermine the population-at-
risk of injury in a sudden disaster.

Commercial uses are important daytime acfivity centers and create a
large population-at-risk.

Fach community wmay wish to adjust the land use categories to reflect
its own needs. Office space may be negligible in some commumities, for

example.

Population

The total population per grid square represents the population-at-

risk. Sub—populations may need special provisioms. Ethnic gfoups with
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differing beliefs about medical services or food may be significant in
number and should be noted in the baseline data. Other population classes
such as age groups may be important. |

Illness and injury unrelated to the disaster as well as cases from
the disaster and from crowded shelter conditions must be considered. Pre-
disaster disease information would be valuable although this would change
more rapidly than other data. It would also tend to be more widespread
than in discrete grid squares. If communicable health problems were known,
the results of sheltering persons could be anticipated and needed supplies
could be arranged early. School principals may be a current source of
this base data. School personnel also serve as shelter managers because

schools are frequently designated as shelters by the disaster-rvesponding
agencies. '

Togograghz

A topographic map with elevations and important landforms would be
useful in planning evacuations or movements to higher ground. Delineated
floodplains are necessary tuv determine affecfed population, impassable

roads and isolated community facilities at designated f£lood levels.



Grid Square #

TABLE 1

MEDICAL SERVICES DATA SHEET

Lend Use # Units Poﬁulation

Residential
Single
Multipie
Mobile homes

Live-in institutions

Hotels/Motels
Community facilities
(Mapped)
Schools {Enrollment & Staff)
Fire stations _______ (staff)
Hospitals __ (Capacity & Staff)
Bed.

Emergency Services

Power plants

Industrial -—-Employment Each Shift
AM. P.M. Night

Heavy
Light

Commercial Daytime Population
Retail |
Office

Open Space " (Acres)

Other

12



(Medical Services Data Sheet Contir-ed)

Population

Total population
Ethnic groups

Other

# Units

Population

Ages
Adult (over 18)
Children
Institutionalized
Topography (Mapped)
Elevatigns
High feet
Low “feat
Landforms
Floodplains
Lakes

Other

Topical maps: Schools, fire stations, hospitals, elevations and landforms.

13
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WATER BASELINE DATA

For a modern water distribution system to function properly, electric
pover must be available to operate the well pumps and storage tank pumps,
the major compoments of the system must be undamaged, and water must be
potable. Components of the water system include wells, mains, water pumping
stations, ground storage tanks, hydrants, and reservoirs. Responsibility
for the maintenance and repair of the pumping and distribution system be-
longs to the Water Division of the Public Works or Services Department.

Determination of the suitability of drinkiuglwater sources may be
made by chemical and microblological means, or, where other methods are
unavailable, by visual inspection. Depending on the source of the water,
different treatment metheds and degrees of treatment are used. For example,
water from deep artesian wells may be safe to drink as it comes from the
well or may require only slight chlorination. Water from other sources such
as lakes may require more complex methods of treatment. Water is routinely
checked for contamination throughout the distribution system, at the water
plants, and at each well. Collection of water samples for determination of
microbiologic contamination is usually done by both the Water Division and
the Health Department. Responsihility of decontaminating the water usually
rests with the Health Department.

Several kinds of information bits pertain to the water system. Wells,
pumping stations, reservoirs, storage tanks, and hydrants arevcrucial points.
It is praectical to map all but hydrants as baseline data. Perhaps certain
hydrants which are part of the subsystem serving other crucial points (ég.;

hospitals) could be pinpointed for special attention.



Grid Square #

TABLE 2

WATER DATA SHEET

Crucial sites

Wells

Pumping stations

Reservoirs

Elevated storage tanks

Hydrants



SEWERAGE BASELINE DATA

The operation of the sewer system is also predicéted on the avail-
ability of electric power which is necessary to operéte sewer pumps and
treatment plants. Mains are another component of the system, but since
they afe'for the most part gravity flow, electric power is not important to
théir operation. Where mains are gravity flow, treétment plants are
located at 2 low point often near bayous and rivers to facilitate dis-
charge of waste. Responsibility for the maintenance and repair of the
sewer system usually rests with the Sewer Division of the Public Works
or Municipal Utilities Department.

The locations of treatment plants and sewer pumps are important
gites to have pre-marked on maps. These are two major parts of the sewer-
age system. Although sewer mains are vital to functioning, they are under-
ground and theréfore invisible to the eye. MNevertheless, a‘map of this

system may prove useful.

16



Grid Square #

TABLE 3

SEWERAGE DATA SHEET

Crucial sites

Collection plants
Treatment plants
Sewer pumps

Light Stations

Sewer mains

17
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SHELTER BASELINE DATA

The residential units of an area provide shelter for a relatively
permanent population. In addition to those living in dwelling units,
others reside im nursing homes, dormitories, prisons and other institu-
tions. Persons who are traveling or are between residences may be staying
at hotels amd motels. Other temporary quarters may be hospitals and jails.
Few persous_in this country lack shelter and are found living in the streeﬁs.

When the normal living system is disrupted, temporary quarters need
to be established as on a public service basis. Some persons may have the
resources to obtain substitute shelter for themselves, but the majority will
be helpless without organized relief efforts.

The persons potentially in need of shelter include both the residen-
tial and institutional populations. Those residiﬁg in specialty quarters
would need special provislons such as extra nurses, guards, or other equip-
ment. Moving these persons to another similar facility might be better
than relocating them to a shelter 1f transportation exists.

Persons who have been dislodged from dwelling units, hotels and dormi-
tories can be_;elocated to nearby shelters. Estimates of the numbers that
might require shelter should therefore be kept current for the grid square
areas. If an entire grid area suffers damage or is iﬁundated, the total
population will need shelters. An area may be so badly damaged that esti-
mates could not be made from the debris. In this case, only knowledge of
the predisaster situation could glve an accurate account of the problem.

Critical information includes both the normal situation and the post-
disaster situation. It is the difference between thg number of housing

units standing predisaster and the numbers standing after the disaster
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which most accurately assesses the damage. Without baseline Information,
postdisaster data will be less reliable.

Potential shelter sites are usually identified in advance in case
emergency housing is needed. Schools and churches are most often designated
as shelters since each neighborheood contains at least one such facility at
the time of a disaster. These sites need to be notéd on the standard maps
so selection of appropriate ones (e.g., those undamaged and closest) can
be made. Other sites, which could be designated as shelters if needed,
ghould also appear on the maps. These may be structures servicing large
daytime pﬁpulations such as office buildings, libraries, college caﬁpus
buildings, etc. Those best suited would have large spaces for sleeping ar-
rangements, multiple restrooms and perhaps kitchen facilities.

The ca?acities of shelters and the numbers of residential units forms
part of the baseline data for shelters. The estimated daytime and nighttime
populations completes the recommended baseline information (See Table &4 ).

Shelters present additional community health problems due to crowding,
disruption of procedures conducive to good personal hygienme, etc. Under

these conditions communicable diseases can spread with great ease.



Grid Square #

TABLE 4

SHELTER DATA SHEET

Designated Shelters (mapped)
Capacity
Supplementary Emergency Shelters (mapped)
" (other buildings capable of emergency use)

Capacity

# Units

Residential
Single
Multiple
Mobile homes
Live-in institutions

Hotels/motels

# Population

20
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FOOD BASELINE DATA

Food handling establishments in a community include grocery stores
and warehouses. Restaurants also maintain a stock of food on the premises.
Food supplies are continually being shipped inte cities and with total
disruption of this system the supply at any one time would last only a few
| days.

Special sﬁbgroups of the population may‘need special foods. Sources
of baby food and other canned goods would be valuable baseline information.
Fresh fruit and vegetables will not be edible after a few days without
refrigeration so these sources would be useful for only a short time.

Pre~designation of major food handling establishments and other food supply
sources need to be made on maps. Other data required for determining
its edibility would include knowledge that the power system was working and

that the storage buildings were iIntact.



Grid Square #

TABLE 5

FOOB DATA SHEET

Crucial Sites
Grocety wa:ehouses (mapped) # and square footage
Grocery stores (mapped)
Restaurants
Power plants (mapped)

Topography (mapped)

22
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TRANSPORTATION BASELINE DATA

Transportation routes and communicaﬁion lines are of major importance
to the proper functioning of a community. It is these systems which alloﬁ
interaction of persons and make necessary services acenssible.

The conditions and capacity of major transportation routes should be
predetermined. A listinpg of each essential route, bridge, airport and
other critical points should b2 available.

A map.af major auto and rail arteries is the best form of recording
their loeation. Airports, heliports, and water routes may also be of local
importance. These may be located by symbol or number on transportation
map(s). Route capacity (e.g., number of lanes) can be indicated on a map by

relative line widths.



Auto

Bridges

Grid Square

TRANSPORTATION DATA SHEET

Major arterials

Railroad
Bridges
Tracﬁs
Terminals
Airports
Runways
Terminals
Access

Limitations

Construction Material

24



Chapter 3

DECISION MAKING IN THE IMMEDIATE POST DISASTER RELIEF PERICD

Flow diagrams were constructed of the major disaster relief decisions
within each of six general areas of public health concern (Figures 2=7).
Community health, as discussed in Chapter 1, rests on the smooth function-
ing of certain service systems. The systems which are necessary to maintain
community health include: medical services, water, waste disposal, shelter,
food, and transportation.

These diagrams are linear, that is, various tasks are ordered sequen-
tially according to prierities. However, relief activities for the most
part have a web-like structure in which many things go on concurrently.
Therefore it ﬁust be kept in mind that the starting point for each of the
diagrams is either predisaster planning or immédiately postdisaster. In
addition, tasks on a single diagram not only may but should go on simul-
taneously. For example, repair of the water facilities may go on concur-
rently with distribution of water.

Major decisions that need to be made in each area are identified by a
diamond symbol on the figures. Information needed to make these decisions
is enclosed by rectangles. Alzernative ways of acquiring some of this
information is circled. Each work function is briefly described followed
by the flow diagram of that function. A summary sheet stating how remote

sensing might aid these work fumctions is also included.

25
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MEDICAL SERVICES

The major decisions which need to be made té perform this function are: (1)
Is there a need for emergency medical attention?; (2) Can mediecal attention
be handled locally?, and (3) Are local facilitiés and supplies adequate?
(Figure 2). The main information "bits" needed in order to provide medical
care are an estimate of the number and type of injuries and illness, an
assessment of the adequacy of available supplies and resources, and if
necessary, a lmowledge of where supplementary facilities and supplies may
be cbtained.

There appears to be no systematized reporting or recording of injuries
following natural disasters. The organization or group which runs the
ambulance service is in the best position to know numbers and types of
injuries. Tn most citlies ambulance service is privately owned and operated,
but in some cities, like Houston, Texas, it is rum by a city agency such
~as the Tize Départment. An wnofficial estimate of illnesses and injuries
is made by the Red Cross based on the number of cases occurring in the
shelter population, but initial estimates are not very accurate.

Responsibility for treatment of injury and illness following natural
disasters generally belongs to the local Medical Soqiety and sometimes to
the Department of Public Health. The responsibility of the Red Cross in
the arez of medical services is limited to treatment of emergency medical
problems occurring in the shelters they staff. Physiéiéns and other
medical personnel in the private sector may or may not be organized to the
- extent of having prepared an SOP. For the most part their tasks in a

disaster are the same as their everyday activities but on an augmented basis:
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more personnel may bé required to be on duty to handle the increased number
of injuries and illmness.

With or without an S0P, the effectiveness of this group depends on the
sophistication of the communications network avallable to them. Persons in
charge of triage in the field need to communicate with the hospitals in the
area in order to be informed of what vescurces are avallable at various
institutions (e.g., some hospitals may be better equipped to treat burns
than other hospitals) and to be informed of their capacities.

Most hospitals have inventories of their supplies and information
about their resources and capacities, but there is no central source for
obtaining this information for all hospitals in a given geographic area.
SOP's might be a useful means of centralizing this information for inte-~
grating it into disaster plans. It is generally the responsibility of the
Health Department to ascertain resource availability information and to
establish resupply requirements. The SOP for this agency could be ex-
panded to include this additional informstionm.

The following table suvmmarizes the capability of remote semsing to

provide information concerning the problem area of medical services.
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MEDICAL, SERVICES & REMOTE SENSING

Remote sensing can, with baseline data, supply the following:
(1) extent and nature of residential damage (Multiple, Mobile homes)
(2) extent and nature of commercial damage
(3) extent and nature of industrial damage
(4) extent and nature of medical facilitles damage
(5) oxtent and nature of utilities damage
(6) extent and nature of open traansport routes and present capacity.
The above information would allow a disaster manager to do the following:
(1) estimate areas of potentially most severe, medium severe, and least
severe injury levels
(2) determine optimum locations of first aid stations and field hos-
pitals
{3) determine distribution system for injured to hospitals or other
medical facilities
(4) determine routes to receive supplementary supplies or personnel.
Without baseline data, Remote Sensing would be useful in supplying the
following information:
(1} extent and nature of residential damage (apartment buildings, mobile
homes)
(2} extent and nature of commercial damage
(3) extent and nature of industrial and warehouse facillities damage
{combined)

(4) open transport routes and present capacity
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WATER

There are five major decisions which need to bg made concernii ,  he
problem area “water." They include (1) TIs the pumping and distribution
system operating?, (2} 1Is power available to operate the pumps?, (3) Is
the water contaminated?, (4) Is potable water available?, and (5) Are
supplementary water supplies needed? (Figure 3). In time of disaster, in-
formation to perform these tasks is usually gathered by fileld survey.

Repair of the pumping and distribution system involves checking the
major elements of the system which includes wells, mains, water pumping
stations, ground storage tanks, hydrants, and reservoirs. Water mains
are, for the most part, underground and so are not affected by hurricanes
and floods. The exception to this is where mains cross bayous or rivers.
Hefe, wind damage due to tornadoes might result. Where wells are in low
areas, flooding might be a problem. In areas of severe flooding, relief
workers might not be able to get into an area to check or repair the
system. The Water Division of the Public Worke Department is usually
the agencj responsible for performing these tasks, and a preliminary check
of the system feollowing a natural disaster takes appfoximately one day.

If the water distribution system 1s inoperative'due to damage of the
system or to contamination, water must be fﬁrnished and distributed. In
order to do this, three information "bits" are required: (1) an estimate
of the population in need of water and the duration of this need, (2) a
method of supplying water, and (3) a determination of thé iocal facili-
ties and supplies. Water distribution 1s generally thé responsibllity of

~

local povernment but is sometimes handled by the Red Cross.

30



WATER & REMOTE SENSING

With baseline data, a photo interpreter can identify the following:

(1) wells
(2) pumping stations
(3) reservoirs
(4) elevated storage tanks, and
(5) hydrants.
The nature and extent of damage to these is detectable.
Without baseline data, reservoirs and elévated storage tanks would

be recognizable unless damage had demolished them beyond recogpition.
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SEWERAGE

Three major decisions need to be made for this ﬁask: {1) 1Is the sewer
system (treatment plants and collection system) working?, {(2) 1Is there a
need for supplementary facilities?, and (3) Are these facilities available
easily? (Figure 4). This information is usually gathered by field survey.
Components of the sewer system which need to be checked postdisaster are
the treatment plants, mains, and pumps. As with water, the operation of
the treatment plants and sewer pumps depends forembst on the availability
of electric power.

Mains for the most part are gravity flow so the treatment plants are
usually located at a low point. Treatment plants are generally situated near
bayous and rivers so that waste may be easily discharged. TFor these reasons,
plants may be prone to flooding. Sewer mains may become blocked by trash and
flood water, and breakage may occur at tressle crossings where mains cross
bayous or rivers although this is rare since most mains are underground.
Pumps may be damaged by wind if they are above ground, while those housed in
vaults are more vulnerable to flooding.

In disasters, problems associated with treatment plants and pumps are
discovered first while those associated wiﬁh mains are found last, often
by citizens' ?eports. In Houston after Carla it took about three weeks to
lacate all the problems with the sewer system.

If it becomes nccessary to supplement or temporarily replace the regular
sewer system, three "bits" of information are needed: (1) an estimate of
the populatioﬁ in need of aliernmate sanitary methods, (2) the distribution of
the population in necd, ard {3) a determination of the local facilities and
subplies. These activities are generally handled by local government some-

times with the help of the Red Cross.
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One way of conceptualizing these tasks might be on a societal versus
an individual level. For example, the Sewer Division is concerned with
reestablishing the integrity of the system as a Whole for permanent use
while other agencies such as the Red C;osé are concerned with meeting the

sanitary needs of individuals on a temporary bhasis.



SEWERAGE & REMOTE SENSING

With baseline data remote sensing information obtainable from low
level aerial photography includes the following:
(1) nature and extent of damage to collection and treatment plants

(2) nature and extent of damage to sewer.pumps if above ground

(3) routes for bringing in equipment and alternate facilities.

Without baseline information aerial photopgraphy would be limited in its

usefulness. Treatment plants are potentially identifiable. Routes

for bringing in alternate facilities can be designated.

35
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SHELTER

(1} Are shelters needed?, (2) Are shelters accéssible?, {3) Are they
damaged?, and (4) Is the capacity adequate? (Figure 5).'.The information
"bits" needed to make these decisions include: (1) information about

. whether tramsportation routes to shelters are open, (2) an assessument of
ﬁhe degree of damage to shelters, and (3) an estimate of the population
requiring shelters and the duration.

Some information is collected omn a daily hasis &qring a disaster by
Red Cross volunteer field surveyors. Statistics on the number of dwellings
destroyed, the number of dwellings with major and minor damag;, the number
of persons sheltered, and the number of shelters opened are gathered. Since
these estimates are revised dally, a more or less accurate picturs of'damage
and persons requiring shelter ultimately emerges. What would be more useful,
however, is an early accurate estimate of the number of persons requiriag
shelter s¢ decisions about the number and location of shelters needed and
the ambunt of resources to bring into an area could be made.

The kind of land use affected by a disaster will influence the numbers
of people needing temporary housing. For example, if industrial or commer-
cial areas were damaged, then housing would not likely be needed. The
amount of damage to residences will determine if long-term supplemental hous-
ing needs to be‘brought to the community. Mobile homes may serve this purpose.

A disaster may do more harm to less sturdy buildings., Therefore, the
rate of demolished homes may be higher in some areaé than in others. This
may be extended to a higher rate of injury or to higher rates of shelter use,

thereby requiring more food and water.
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Shelters provide short-term housing. The nearest undamaged shelters
to the stricken area should be chosen for ease of movement. Information
about utilities might affect this decision, however. - Shelters located
where power and water are available might be more appropriate, depending
on community resources to either move persons or provide food and essential
services withoutlpower and water.

The number of shelters opened will depend on the size of population
affected. If persons had been evacuated, then the number will be reduced.
If a widespread area is involved, several shelters may need to open because
of inaccessibility to one. Shelter location should be checked against topo-
graphy to insure that they are accessible in case of high water.

Shelters near the stricken area can be found on the aerial photographs
to determine if they suffered damage. If none is apparent, these shelters
would be the first to open. If damaged, other shelters need to be identi-
fied and the routes to them determined.

An accurate assessment of the number of dwelling units remaining or
the nﬁmber damaged in a grid area can be determiﬁed by aerial photo inter-
pretation to decide if shelters are needed. Estimates of population in
search of temporary shelter can be based on the numbers of residential units
and group quarters needing to be evacuated.

The geographical extent of the affected area an& broad degrees of
damage can be determined rapidly. This information would be vital to the
choice of shelter locations and for determining thé nunber reguired to
house the estimated population.

1f ghelter sites have been noted on maps, they can be identified on

the postdisaster photos to determine if damage has occurred to them and
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if they afe accessible from the stricken area. A summary table appears

on the following page. |
Transportation routes affecting shelter supplies can be examined for

blockage in addition. Supplies for shelters are frequently organized by

the Red Cross. Local purchases may be made and milifary supplies may

be requested. Responsibility to furnish and staff its shelters usually

belongs to either loeal government or the Red Cross.



SHELTER & REMOTE SENSING

With baseline data remote sensing can supply the following

information:
(1) extent of residential damage per grid sguare
(2) nature and degree of residential damage
{3) accessibility of shelters
(4) extent and nature of damage to shelters

Without baseline data remote sensing can help determine:

(1)
(2)
(3)
(4)

extent of residential damage
nature and degree of residential damage
location of schools and other potential sites for shelters

accessibility to potential shelters

40
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Two major decisions need to be made to maintain the food supply: (1) Is

the local food supply sufficient? and (2) Is the food supply contaminated?.

The information "bits" needed to make these decisions include: - (1) an
estimate of the number of people who need to be fed and the duration of
this need and (2) an estimate of the quaniity of food locally.available for
use. .

Determination of the suitability of food supplies may be made by
chemical and microbiologic means or by visual inspection, e.g., submerged
or bulging canned goods. Responsibility to test for food contamination
usually lies with the City Health Department as does responsibility for
disposing of contaminated food. An estimate of the food supply damage
is usually made by the U.S. Department of Agriculture. Estima2ting the
population in need of food is gemerally the responsibility of the Red
Cross sometimes witﬁ the assistance of the Health Dépa:tment or the
Welfare Department. It is the responsibility of local government to obtain,
transport, prepare, and distribuie food or to arrange for these things to
be done. Sometimes the Red Cross is called on to help perform these
tasks. Supplies such as fleld kitchens may be requested from the military.
Transporting food to the disaster site when necessary is also done by the
Red Cross and may be accomplished in ome of several ways: (1) the National
Defense Transportation Association (NDTA) can transport goods via air, sea,
land or rail. 1In disasters, they transport goods for the government and the
Red Cross aﬁ no charge; (2) the military may furnish vehicles; (3) the

Red Cross may furnish vehicles; and (4) wehicles may be rented.
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To determine whether food is contaminated and whether there is an
adequate supply, several kinds of information are needed. The condition of
food storajse establishments must be determined. Roof damage and litter can
be identified as well as floed inundation.

1f an establishment suffers from structural damage, then food may
not be available from it. Water inundation would contaminate fresh or
packaged food and canned food may also be harmed.. It is safest not to use
canned goods that have been submerged for any length of time. Refrigerated
or frozen food will be rendered useless in a matter of hours if power is
interrupted. Power plants and substations can be checked for damage and
inundation. Such disruptions can be identified with the aid of photography
in disaster-stricken communities.

The supply of uncontaminated food must be assessed in relation to
the demands upon it. The number of persons and length of time comnstitute
the drains on food supply. An estimate of persons can be made ffom.the
sheltered population and from the dwelling units without power but shelter-
ing persons. Special food requirements can be estimatéd by population
age structure and by cultural groups affected. lFor example, infants
require different food from adults.

The table on the next page summarizes the capability of remote

sensing in the function area of food.



FOOD & REMOTE SENSING

With baseline data remote sensing can supply the.following informa~
tion "hits" about food handling establishments:

{1) extent of structural damage to food handling establishments,
power plants and residential* land uses

(2) nature of damage {e.g., inundation, coliapse)

(3) accessibility teo critical points (e.g.,shelters, hospitals)

(4) those establishments which should be ground checked for food
contamination

(5) transportation routes to recelve supplementary supplies

*Regidential includes live-in institutions

Without baseline data, food warehouses would not be easily identifi-
able. Some grocery stores and restaurants may be recognizable by local

persons famillar with the area.
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TRANSPORTATTION

Implementation of some phases of all relief activities probably imvolves
access to transportation routes. Checking the water and sewer systems,
distributing food and water, carrying out rescue operations, providing
medical care, and making shelters accessible all depend on open trans-
portation routes and on some means of transportation.‘

A great deal of preplanning is necessary to e. ectively execute the
tasks outlined on this diagram. Tor example, arrangements must be made to
obtain vehicles and sufficient fuel for them and to perform maintenance
operations. 1In addition, vehicles must be allocated for various tasks such
as evacuating people prior to the disaster when possible, moving material
(clothing, food, medical supplies, etc.) within the disaster area, and
debris clearance. Evacuation routes may also be predetermined and revised
1f necessary.

Postdisaster, there is an immediate need to detérmine the condition
of major transportation routes and, if necessary, to assign prilorities
for clearing them and/or to designate altefnate routes. Controlling fhe
movement of traffic in and around the disaster area, while generally a
law and order fumction, interrelates with designating accessible routes
as does coordination of ambulance service to the area.

A map and list of essential points in the transportation system
would facilitate a survey of usable routes. The sites could be spotted

on postdisaster photos and an assessment of conditions could be made.
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With baseline data the following could be suppiied by aerial photos:

{1} condition of routes, bridges, railroads, terminals, ruanways

(2) Dblockage points in system.

With this information and an overview of the area, routes could be
determined which could avoid delays by ambulances, firetrucks and other

relief wehicles.

Without baseline data, the same information could be realized but

at a greater expense of time.
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Chapter 4
REMOTE SENSING: A SUPPLEMENTARY MEANS OF DATA GATHERING

FOR DISASTER RELIEF

Introduction

Collection of information following natural disasters 1s done primarily
by the process of field survey. However, most of the data is not obtained,
recorded, processed, and analyzed in a systematic way. In a survey only one
agency-—-the Red Cross-—-could be found which has a form for recording infor-
mation and does so systematically following natural disasters. {(See Form A.)
Collection of this information could be useful to persons concerned with
several of the funetions described in Chapter 3 if information could be
accumulated, analyzed, and interpreted early in the acute relief process. In
fact, the information they colleci is often exchanged with city, state, and
federal relief agencies.

The field survey procedure leads eventually to accurate and complete
data; however, in a large disaster, this process may take several weeks. For
example, the Red Cross gathers information on number of persons dead, with
injuries or illness, and hospitalized as a result of the disaster. If early,
accurate estimates of this data could be made, the provision of medical ser-
vices could be managed more efficiently. Information on degree of damage to
residential struetures (single-family dwellings, mobile homes, and apart-
ments) and to small businesses is also collected. Timely information on
extent of damage would enhance accurate estimation of the number of shelters
and the amount of food required to service the population in the disaster
area, Information pertaining to the recovery of other functiomns such as
water and sewerage is also currently gathered by the time-consuming method

of field survey.
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Initial estimates of damage in a large disaster such as a hurricamne are
made by the Red Cross using Census data. Obtaining an estimate takes from
24-48 hours. As soon as conditions permit, teams composed of volunteers
survey the area and assess damage scored as major or minor on a house to house
basis. Some information items are obtained from other agencies such as
police, fire, civil defense, and insurance companies which make counts of
certain items on the Red Cross form. This process usuwally takes about 1,000
volunteers 2 or 3 weeks to survey a city the size of Houston. If more volun-
teers were available, the initial stages of the survey--such as identification
of the communities affected--could be expedited, but completion of the survey
would still requlre about 3 weeks.

The amount of time required to compile an estimate of the number of
ill, injured, hospitalized and dead depends on the availability of com-
mumication service as well as on the number of volunteer nurses. It would
take 3 to 5 Red Cross nurses 3 or & days to make these estimates following
a major hurricane in a large city.

A need exists for a method of gathering and analyzing data quickly
following a natural disaster. This data would enable disaster managers to
make decislons based on accurate timely information and thus their actions
can be related more specifically to circumstances in the postdisaster
environment. This chapter proposes an alternate or supplemental means of

data gathering called remote sensing.

What is remote sensing? What is its role in disaster management?
Remote sensing is "the acquisition of information about an object
(or phenomenon) which is not in intimate contact with the information-

gathefing device" (Parker and Wolff, 1973). It is a means of extending our



structures. In most cases the type of structure can be identified and the
amount and type of visible damage can be assessed (Table 7).

5. The capability to review in much more detail at a later time things
that may be overlooked iIn other initial surveys.

6. The availability of a permanent record of the damage.

7. The only means of_obtaining information when ground truth or field
survey is not possible.

The altitude of the plane and the focal length cf the lens allow for
variations in the scale of the photographs. By manipulating these variables
it is possible to obtain large scale or close-~up views or an overall view
of an area.

Although the pattern of damage may var§ with the type of natural
disaster, this does not affect the process of photo interpretation. The
same system can be utiiized for any natural disastér which results in

observable, physical damage.

TABLE 7
Type of Facility Identifiecation Probebility
1. Strucktutal Damage
Community facilities
Hoapitals and medical 7574k
" Schools G0+
- Churches 0%+
Fire atations 907+
Police stations 807+
Developed recreational arees 95%+
civie buildings 90%+
Buildings designated as phelters 85%+
Residentianl
Single family 951+
Hobile homes (Trailers) 5%

Hulri-family 1-3 story

Hulti-family - over 3 stery

PRECEDING py )
GE BLANK NoT FILME ;



Commercial
Office
highrise
other
-Rntlil outlets
Motels and hotels
Industrial
Large manufacturing
Light industrial
Wholesale and warehouse
Storage tanks

2., Damage to Transportation Routes

Streets
Obstructed
trees/poles
structural debris
Road washout
Disrupted road surface
Collapsed bridges
Collapsed elevated roadways and subways

Disrupted railroad lines
Alrports

Structural damage
Damage to runways
3. Damage to Utilities
Broken water malns
Contaminated resevolrs or wells#**
Damage to pumping statious
Broken sewer lines
Damaged pumps
Damage to treatment plant
Power plant damage (atomic, regular)
Transformer stations
Downed power/phone lines
4. Areas of Inundation

3. QOceurrence of ponded water areas -- Which might constitute a health

hazard
011 pollution
Chemical contamination

Animal carcusses %
op ;ﬁ:gz 2

4eg
w
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6. Accurulated rubble and brush
7. Efre damage

8. Safu or shelter areas

*These propabi ity flgures are based on good to excellent photography
acaled at 117,000 oc larger (1:6,C00, 1:5,000 ete.) excluding contempurary
architerture which mlght change pimary ldentification characteristics,
(e.st., church gsteonies absent from churches). These figures are based on
experience and agreed on by rfeveral photo interpreters.

#*Yisual aspocts of the water such as the pregence of debris and soil
may indicate pellution. Chemleal eontamination cannoct be diascerned by
aerial photography.

What is needed to put this system into operation? Where can it be obtained?
The elements required to make this system work include an aircraft
(fixed wing or a helicopter), camera(s), cameramen, film processing personnel

and aquipment, a photo interpreter, and photo interpretation equipment.
Selected technical information about types of film and cameras appears in
Appendix A. The sophistication of this system may vary from a military air-
plane with several mounted camera systems using a variety of film types to
an observer in a helicopter or small plane using a handheld camera or simply
recording information on a map or in a log.

A means of acquiring remote semsing data must be arranged for in advance
of a natural disaster. The most technically advanced source of remste sensing
capability is a reconnaissance wing of the military or a commercial firm that
specializes in aerial photography. The photo interpreter's skills are avail-
able through both sources. Since most photo interpreters are treined in the
military, they are trained to observe military environments. There is little
difference, however, between civilian and military environments in terms of

signatures to identify on photographs.
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It may be possible in some cities to arrange for the military to overfly
and photograph the disaster area. For example in Texas aerial reconnaissance
may be requested from the Air Force by the State Emergency Operating Center
(Civil Defense) following a disaster. These arrangements are informal but
may be formalized in some states. If this source is not available, contracts
may be made with local commercial aerial photography companies. If this
option is used, a minimum six months planning period is recommended.

The costs and time involved in utilizing remote sensing in a disaster
relief situation will vary according t~ the number of flights, the sophisti-
cation of the equipment, the type of film (color or black and white), the
extent of the area photographed, and the detail of the information needed
by the disaster manager. For example, to film a disaster using military
planes and equipment takes approximately two hours to get airborne, plus
flying time to and from the disaster site, with about 5 or 10 minutes to film
the disaster. Black and white film can be processed at the rate of about 15
feet per minute. The time required to perform photo interpretation varies
with the size of the area, the number of photo interpreters, the complexity
of the area (e.g., density of structures), and the facilities available (e.g.,
light tables, etc.). A cursory analysis of a city the size of Austin, Texas
(1000 square miles/250,000 population) would take one ' oto interpreter about
1 1/2 hours (150' of film).

An observer in a helicopter can facilitate the photo interpretation pro-
cess by identifying quickly those areas where the heaviest damage has occur-
red. Crew members also can aid the photo interpreter by defining their
actual flight route, identifying where they started to film (frame number),

and specifying where the heaviest damage begins on the film.
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How does remote sensing £it into the disaster relief process? How is this
data transmitted to disaster managers?

Remote sensing can provide much of the informarion that disaster managers
use to make decisions about relief needs. Specific declsions and the infor-
mation "bits" required to resolve them were elaborated in Chapter 3. Many
of the information "bits" needed by persoms in agencies responsible for
relief and recovery overlap, and a method for centralizing data collection is
very desirable.

For remote sensing data to have an impact on disaster management a
conmunication network must exist so that disaster managers can receive this
information. As emphasized in Chapter 2, it is a prerequisite that everyone
involved-—-disaster managers aad remote sensing personnel--have the same 1n~
formation base (for example maps) in order to establish common reference
points for communication. Maps of the affected area need to be immediately
available to all department heads and relief workers who are assessing local
conditions and relaying such information to z central point. Relief workers
dispatched for picking up the injured or alleviating threatening conditions
must also be supplied with accurate maps which are uniform in terms of
scale and have ;ommon map coordinates, Such maps are necessary for locating
areas of disaster conditions and importamt sites within the affegted community
such as pumping stations or hospitals.

As discussed in Chapter 2, it would be useful to have available certain
information about the predisaster area. This information may be obtained from
predisaster photographs or from maps. Predisaster phetographs also enabile
the photo interpreter to identify signatures on a photograph more rapidly by

clarifying questionable structures in areas where heavy damage has occurred.
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They also can be used if maps are unavailable to divide a community into
areas on a grid for immediate postdisaster survey. With photographs it is
possible to impose a grid which could be used as a map.

An accurate overall assessment of population and area size affected by
the disaster should first be made. Small scale (1:18,000) photography may
be preferred for identifying the extent of the damage since this scale
gives an overview of an area. The photo interpreter can ldentify the
affected grid squares and total the population and acres {or square miles,
etc.). An estimate of areas of potentially most severe, medium severe and
least severe injury levels can then be made based on degree and patterns of
damage. The numbers of the grid squares needing relief can be relayed to .
all map-holders for accurate locational identification.

Nature and severity of the disaster, hour and day, warning and preven-
tive action, are also necessary inputs to the accurate interpretation of
photographs and to the decision-making process. This information 1s necessary
in order to determine if medical care is needed and, if it is, to estimate
the extent and possibly the nature of injuries and deaths. For example, if
the disaster occurred at night, whether or not the businass districts of an
area were damaged would not be as important a consideration as if the disaster
had occurred during working hours.

After the ﬁumber and types of injuries have been estimated, an evaluation
of the damage to medical facilities must be made and their ecapacity to service
the injured must be assessed., If regular medical facilities are not intact
or are Inadequate, supplemental facilities must be found. One alternative is
first aid stations and f£ield hospitals. Both an assessﬁent of damage to medi-
cai facilities and locations of alternate treatment centers may be made by

remote sensing.
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Maps showing utility grids, water main/sewerage systems, pipeling,
topography, and physical structures will imvariably prove useful in assessing
damage to the water and sewer system. Pr;or information about the locations
of water wells and pumping stations, storage tanks, hydrants, sewer treatment
plants, and sewer pumps will facilitate the photo interpretation process.

If this data has not been coded on maps or predisaster photographs, persons
familiar with these systems could assist the photo interpreter in locating
these structures. When they have been located on the photographs, degree of
damage can be determined. Once the area in which the water system is not
functioning has been identified, an estimate of the population in need of
potable water or sauitary facilities can be made an& a method of supplying
these needs can be determined. Estimating the population iz need and identify-
ing routes for bringing water or supplemental facilities into the disaster

area lend themselves to remote sensing.

Based on pattern and amount of damage, the photo interpreter can
determine whether or not shelters are needed and the approximate number and
location of those in need. Damaged and inaccessible shelters also cam be
identified. This will ensure a more efficient selection of the location and
number of shelters to be opened and the number of personnel required to staff
them. Detailed analysis of degree of damage may reveal that a certain per-
centage of the population will require long-term temporary housing (such
as mobile homes), and selection of sites may be made through rzmote sensing.

Assessing the need for and the avallability of food is another impoftant
function in the disaster relief process. It is not possible through remote
sensing to assess directly whether or not food has béen contaminated. It is
possible, however, with predisaster information to determine the extent of

structural damage to food handling establishments and the nature of this
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damagei(inundation, collapse) thereby indicating which warehouses and
establishments should be ground checked for contaminated food. Tramsporta-
tion routes for bringing in food, if necessary, can be identified.

As mentioned previously, performance of all fuﬁctions depends to some
degree on accessible and adequate transportation routés. Remote sensing is
an extremely efficient method for identifying open routes in the postdisaster

environment.

What are some of the limitations of remote sensing?

Remote sensing is one of the tools of a disaster manager, but it may
not be applicable in all disaster situaticis. 8Size 6f the disaster is an _
lmportant determinant in whether or not to use remote sensing. Field surveyé
may be the most timely source of information in small tornadoes and localized
flooding. However, for hurricanes, major floods, and earthquakes remote
sensing may provide more timely and accurate information. Communication net-
works, weather conditilonms, predisaster planning, and equipment available
{aircraft, cameras, film, processing and interpreting facilities, and special
personnel) are variables in the remote sensing data gathering and
info:mation provision system which may limit its availability and use.. For
example, the clarity of photographs will depend on the type of film, the
altitude of the plane, photographic equipment, and weather conditions at
the time of flight. The operation of this system needs to be considered in

relation to the above named variables.

Conclusion
Remote sensing technology is presently available and can be used to

provide information which will specify relief needs and expedite the delivery
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of relief. Data acquired through this method is flexible (applicable in any
type of disaster), specific, and timely. Implementation of a remote sensing
system following natural disasters will be most effective if this system is

incorporated into existing plans through predisaster planming.
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LIST O INTERVIEWS

NAME, A DATE
' MATLED

DATE
INTERVIEWED

Dr. Charles Baimes 8-19-75
Manager, Health Applications Office
NASA
Iyndon B. Johnson Spacecraft Center
Houston, Texas 77058
h83-5406

Mr. Eddie Barr 8-20-75
EOC Director

Galveston, Texas

763-1261

Mr. Marion P. Bowden 8-18-75
Coordinator

Division of Disaster Emergency Services

Texas Department of Public Safety

5805 N. Lomer Blvd.

Box 4087

Austin, Texas 78773

Col. William Brady 8-20-75
1301 ¥M 3002

Dickenscon, Texas 77539

337-2575 x202 (EQOC)

337-3561

Mr. John Caswell 8~-28-75
City of Houston Civil Defense

330 Rusk

Houston,. Texas 77002 -

222-3901

Dr. Earl Cook 8-26-75
Dean of the College of Geosciences

Texas A & M University

College Station, Texas 77843

845-3651

Mr. Frank Cox , 8-18-75
Deputy Coordinator '

Division of Disaster Emergency Services

Texas Department of Public Sefety

5805 N.- Lamar Blvd.

Box 4087

Austin, Texas 78773

9-11-75

11-5-75

Frank Cox
substituted

11/5/75

Deferred to Fox

9-5-75

9-22-75



NAME ' DATE DATE
MAILED INTERVIEWED

Mr. Howard Crain 8-20-75 0~30-75

5400 Memorial, Suite 308

Houston, Texas

862-6841

Me. Mike Criswell 8-20-75 10-6-75

Director of Utilities
Department of Public Works
Galveston, Texas

763-1261 x251

Mr. Atlee M. Cunningham 8-28-75
Water Superintendent
City Water Department
Corpus Christi, Texas

Mr. Fred Fox 2-28-75
Director EOCC :
330 Rusk

Houston, Texas 222-3901

M. Charles E. Fritz 8-18-75
Advisory Committee on Emergency Preparedness
.National Academy of Sciences

2101 Constitution Ave.

Washington, D.C. 20418

Staff Sargeant George 8-18-75
Bergstrom Air Force Base

Texas 78743

Mr. James Havens : 8-20-75

Department of Public Works
Galveston, Texas
763-1261

Mr. Warren J. Holland 8-20-75
Emergency Medical Services

Galveston, Texas

763-1261 x221

Mr. Steve Huffman 10-13-75

Galveston, Texas

Referred us to
Kay Kutchins,
San Antonio

11-3-75

9-23-75

10-13-75

10-13-75

11-5-75



NAME DATE DATE
MATT.ED INTERVIEWED
Dr. Wm. Kemmerer 8-20~75

Health Officer

Galveston City/County Health Department
P. O. Box 939

la Marque, Texas 77568

938-7221

Mr. Charles King 8-18-75
Texas State Health Department :

706 Brentwood

Austin, Texas 78773

4543781 x531

Ms. Kay Kubtchins

(Through Mr. Cunningham) 10-1-75
Training Administrator

San Antonio Water Building

P. 0. Box 2449

San Antonio, Texas 78298

Mr. Robert lLansford 8-18-75
Emergency Operations Center

Texas Department of Public Safety

5805 N. Lamar Blvd.

Austin, Texas 78773

512-452-0331 %298

Mr. Doublas Matthews 8-20-75
Department of Transporiation

Planning & Grants Coordinator

Galveston, Texas

763-1261 x267

Mr. Carroll McClain 8-20~75
Department of Public Health

Galveston, Texas

763-1261 x218

Mr. Ray McKinney

Manager, Health Applications Office
"NASA -

Lyndon B. Johnson Spacecraft Center

Houston, Texas 77058

483-5406

Read by Jesse Root

11-1-75

9-22-75

10-6-75

10-6-75

9-11-75



NAME

DATE, -

DATE

Colonel Minish

. 12AF/CS

Bergstrom Air Force Base
Texas 78743
512-385-4100 x2826

Mr. Joe Nadon
Department of Transportation
Galveston, Texas

Mr. Bill Porter
Rice University
Houston, Texas

Mr. Jesse Root .

Texas State Department of Health
706 Brentwood

Austin, Texas 78773

512-454-3781 %531

Dr. Abner Sachs .

Science Applications, Inc.

1651 01d Meadow Road ~ Suite 620
Melean, Virginia 22101
T03~790~5900

Mr. Larry Skiles
State ECC

Master. Sargeant Swanson
12 AR/CS

Bergstrom Air Force Base
Texas 78743
512-385-4100

Mr. Wm. Tidhall

Deputy Regional Director

Dept. HUD '

FDAA

100 Commerce Street -~ Room 13C28
Dallas, Texas 75202

Ms. Mattie Treadwell

Field Officer

Region ¥

Defense Civil Preparedness Agency
Department of Defense

Box 21

Austin, Texas

8-18-75

8-20-75

8-21-75"

9-18-75

8-18-75

8-18-75

8-18-75

8-18-75

8-18-75

9-23-15

On leave

11-3-75

9-23~75

9-5-75

9-22-75

Transferred to

England

9-22-75




NAME

DATE

DATE

Mr, Mike Warren
Red Cross

2006 Smith Street
Houston, Texas

Mr. Charlie Willlams

Sewer Division

Department of FPublic Works
-Houston, Texas

Major Ziegler
124F/CS

Bergstrom Air Force Base
Texas 78743
512-385-4100

g-19~75

8-28-75

8-18-75

9-21-75

9-23-75



APPENDIX D

Third Year Budget



1975-76 Budget

NASA Grant #f NGL 44-084-~003

1. Personnel
Research associate/project director 15,100.00

Research Statistical Aide (1/2 time) 3,948,00

Secretary (L/4 time) 1,908.00

Sub-total 20,956.00

Fringe _ 1,700.00

Overhead 8,430.00
Total o 132,086.00
2. Telephone Communications  200.00
3. Consultants ' 500.00
4., FEquipment (books) | 75.00
5. Special Costs (postage) ' 100.00
6. SBupplies : 100.00
7. Other (photo reproduction) 225.00
8. Printing | 400.00
9. Travel ' | | 2,000.00

Total - ' 35,686.00





