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Preface 

The Committee on International Disaster Assistance of the 
Commis s ion on Sociotechnical Systems , National Research 
Counci l , was organi zed in September 1976 under the sponsor­
ship and with financial support of the Agency for Interna­
tional Development ' s  Office of U . S .  Fore ign Disaster 
Assistance (AID/OUSFDA ) . The results o f  its first year ' s  
work were summarized in a report cal led The u.s. Governmen t 
Forei gn Di sas ter Assi stance Program . 

A centra l theme in that report was the need for substan­
tial improvement in the information on which international 
predisaster and postdisaster decis ions and actions are based . 
The Committee identi fied four particular areas in which im­
proved information is needed : ( 1 )  hazard analysi s , ( 2 )  vul­
nerab ility analysis , ( 3 )  disaster-relevant resource analysis , 
and ( 4 )  assessment o f  agent impact and victim needs . 

As a resul t o f  d iscuss ions between the Commi ttee and the 
AID/OUSFDA about a second-year contract ,  the Committee was 
asked to concentrate on the problems of predisaster hazard 
monitoring and postdisas ter damage and needs assessment . 
This reques t  was based on mutual recogn ition that future 
improvements in the administration of international disaster 
preparedness and assistance programs depend in large measure 
on improving such monitoring and assessment methods . Con­
sequently , in September 197 7 , the AID/OUSFDA asked the Com­
mittee to review the current state of the art in ground 
surveys , aerial assessment , and remote sens ing technologies 
for predi saster hazard monitoring and pos tdisaster assessment 
of damage and needs , with particular re ference to natural 
disasters occurring in the developing nations of the world . 
Concurrently , the Committee was asked to review the inter­
national coordination problems re lated to the se topics .  
This report deals with the work o f  the Committee in those 
areas . It should be noted , however , that the views 

vii 
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expressed in the report are not necessari ly shared by 
AID/OUSFDA . 

The Committee clearly recognized the complexity of the 
problems and the impossibil ity of deal ing with all of them 
comprehensive ly in a 1-year study . Thus the Committee 
chose to emphasize primarily the technologies and methods 
for improving assessment of damage and needs , rather than 
hazard monitoring , because the latter subj ect would have 
required much more comprehensive investigation . Similarly , 
the Committee chose to concentrate on problems of assessing 
damage and needs relating to health and human settlements 
rather than trying to cover the entire range o f  topics 
that should be included in systematic pos tdisaster assess­
ments . That choice was influenced by the types o f  expertise 
available in the Committee membership and by the belief that 
it would be better to deal comprehensively with two sub j ect 
areas rather than superficially with all types of damage and 
needs . The Committee believes , however , that its work in 
these two areas wil l  demonstrate the use fulness of damage 
and needs assessment techniques in other areas . 

Another limitation of this report relates to the scien­
tific and scholarly standards that the Committee es tabl i shed 
for this investigation . It chose to give primary weight to 
we ll-documented , systematic research studies and to care­
ful ly prepared case studies. Although the Committee tried 
to identi fy and use such documentary evidence whe rever pos­
s ible , much of the experience with damage and needs assess­
ment technologies and methods remains undocumented--as do 
the plans for their use by u.s., foreign , and international 
disaster assistance agencies . In the absence of adequate 
documentation , the Committee was forced to rely on its own 
col l ective experience , which is extensive , as the primary 
base for evaluating the current s tate of the art. 

Finally , the Committee recognizes that analysi s  of the 
state o f  the art of damage and needs assessment techniques 
wil l not automatica lly lead to improvement in future disaster 
preparedness and assistance plans and operations . The 
developing nations differ greatly in their capac i ty to use 
these technologie s and methods . Maj or e f forts are needed 
to deve lop the necessary facil itie s , organizations ,  and 
trained personne l to apply the improved techniques detai led 
in this report . Those efforts wi ll not be easy . They 
wil l require s ignificant amounts of time , money , and other 
resources .  The Committee bel ieves , however , that coopera­
tive arrangements among the developing nations themse lve s  
and between those nations and the numerous agenc ies involved 
in international disaster assistance can produce steady 
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improvement in the capab i l ity for disaster damage and needs 
asses sment throughout the wor ld . If this report advances 
this process of cooperative col laboration , it wi ll have 
achieved its es sential purpose . 

As Chairman , I thank the Committee members ,  individually 
and collectively , for the many months o f  hard work and 
creative energies that made this study possible . On behalf 
o f  the Committee , I also wi sh to acknowledge the invaluable 
assistance rendered by the Committee ' s  staff : Charles E .  
Fritz , Executive Secretary , was largely respons ible for 
launching the Committee ' s  e fforts ; during the course of the 
present pro j ect , he continued to give valuable guidance 
based on his many years o f  experience in disaster research 
and his knowledge of Nationa l Academy of Sciences-National 
Research Council procedures . Alc ira G. Kreimer , staff 
officer , was respons ible for support of the daily work of 
the Committee and made many valuable contributions both to 
the analytical work and to the preparation of the f inal 
report . Helen D. Johnson , administrative secretary , and 
Sharon D .  Carpenter ,  secretary , handled the many adminis­
trative tasks connected with thi s s tudy with aplomb , cheer­
fulne s s , and e f fi c iency . 

RUSSELL R .  DYNES , Chai rman 
Committee on Internat ional Disaster Assistance 
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Summary 

When a natural disaster strikes a developing country , one 
of the difficulties international relie f agencies and 
would-be donor governments have is knowing what kind of 
aid to supply . Disaster in formation gathering is therefore 
essential , and it involves more than a swift inventory of 
emergency needs in the days immediately following a catas­
trophe . For one thing , not all disasters are sudden , like 
earthquakes ,  floods , typhoons ,  or tsunamis ; some are grad­
ual , " creeping " disaster s , such as drought and famine . 

Whether the di saster i s  sudden or gradual , dec is ion 
makers and planners need to find out what conditions in 
the stricken area were before the disaster , what local and 
national resource s  can be brought to bear without outs ide 
help , how the area ' s  long-term deve lopment plans should 
affect rehab i l itation and reconstruction in the disaster ' s  
aftermath , and what measures are needed to guard against 
further threats . Moreover , this information needs to go to 
the appropria te o ffic ials at local and national levels as 
we l l  as the international leve l . Authorities at all levels 
in both pub l ic and pri vate rel i e f  agenc ies need to coordi­
nate the ir e f forts based on whatever information they can 
amass . 

Purpose of Report 

In pursuance o f  its previous work on the subj ect , the Com­
mittee on International Disaster Assistance was asked by 
the Agency for Interna t ional Development ' s  Office of U . S .  
Fore ign D i s a ster Ass i st ance (AID/OUSFDA) to evaluate various 
way s of col lecting info rmation about disasters and to examine 
probl ems o f  coordinating in formation gathering and distri­
bution among the numerous international groups involved in 

1 

Copyright © National Academy of Sciences. All rights reserved.

Assessing International Disaster Needs
http://www.nap.edu/catalog.php?record_id=19833

http://www.nap.edu/catalog.php?record_id=19833


2 

disaster work . This report was speci fically prepared for 
the AID/OUSFDA , but it is also intended for review by al l 
appropriate international agencies and by o fficials in 
disaster-prone countries . 

The Committee based its work on two assumptions : ( 1 )  

that the purpose o f  international aid i s  to complement , not 
supplant , what the stricken country can do for itself ,  a nd 
( 2 )  that such aid should help ful fi l l  the individual coun­
try ' s overall societal goals rather than be aimed simply 
at helping individual victims . 

The picture that has emerged from research i s  one of 
constraints on development of disaster preparedness program s , 
o f  great resourcefulness and adaptab i lity of disaster­
stricken communitie s , and of uncertain long-term effects 
stemming from disasters . The first-year report o f  the 
Committee , in fac t ,  emphasized that the assumption that 
outside foreign assistance can be given quickly in most 
disasters should be seriously questioned . Foreign disaster 
assistance usually does not arrive in time to help during 
the immediate emergency , may not be relevant or usable 
when it does arrive , and its very pre sence may create further 
problems . Improved assessment of damage and needs can help 
minimize these problems and generate a more reali stic and 
e ffective response . 

Information Needs and Problems 

Before disaster strikes , information i s  needed for the fol­
lowing purposes : ( 1 )  identi fying potential hazards and 
their characteristics , ( 2 )  hazard analysis and forecasting/ 
warning systems , ( 3 )  vulnerability analysis of what and who 
is endangered , ( 4 )  preparedness planning , and ( 5 )  estab l i sh­
ment of a basel ine against which to compare conditions a fter 
a disaster has occurred . 

After disaster has struck , the fol lowing information i s  
needed : ( 1 )  type and size of disaster ; ( 2 )  assessment of 
damage and needs , collected through existing channels , f i eld 
surveys , or remote sensing ; depending on the time elapsed 
since the disaster , thi s  assessment should include data on 
such items as inj uries , shortage s ,  and losses of essential 
suppl ies and services , resources availab le within the 
country and region , further risks to survivors ,  and rel i ef 
e f forts already under way ; and ( 3 )  monitoring and evaluation 
of reconstruction . 

The Committee found a varie ty of problems pertaining to 
collecting data on disasters before and after they occur : 
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• Too o ften international re lie f  aid has been geared 
for total needs in the stricken area , not taking into 
account resources that may already be on hand in the af­
fected area and surrounding region . It is important to 
distinguish between total predisaster needs and the addi­
tional needs brought on by the emergency . In health , for 
instance , the first concern should be to find out what 
additional resources--health del ivery personnel ,  medical 
supplies--are needed to meet the problems wrought by 
disaster . Requests for donations made on the basis of 
pre sumed or assessed total needs usually result in dupl ica­
tion and waste . 

• I t  is a mistake to try to apply conventional manage­
ment principles to data collection or relief work immediately 
following a sudden disaster because conditions are too 
chaotic . Thi s  confusion should be accepted as given when 
planning for the immediate afterma th of a disaster . 

• Experts from industrialized countries have difficulty 
distinguishing disaster-re lated needs from chronic problems 
characteristic of developing countrie s .  They may overstate 
emergency requirements because they false ly attribute to 
the disaste r  de ficiencies in basic services and infrastruc­
ture , such a s  sanitation and water supplie s ,  that were 
there long before . They al so may impose standards wholly 
inappropriate for a developing area . (For example , fol low­
ing the Nicaragua earthquake , quakeproofing construction 
standards from Cal i fornia were adopted , but they proved too 
expensive for Nicaraguans to follow . ) 

• International rel ief agencie s  need better reports on 
what i s  already being done at the local level after a 
disaster occurs . Local response - - in the disaster area it­
sel f- - i s  generally better than commonly thought . Indeed , 
perhaps the most noteworthy but frequently overlooked 
characteristi c  �f disaster-stricken communities is the 
emergence o f  considerable spontaneously organized soc ial 
response on the part of many discrete groups , some pre­
viously existing and some entirel y  new . For example in 
Nicaragua after the earthquake the extended family proved 
to be one of the most important institutions in organizing 
networks of material and e f fective re lief . In many cases 
it provided the aid that the government and official insti­
tutions were not able to provide at the emergency stage . 1 

lsee R. Kates e t  al . ,  "Human Impact of the Managua Earth­
quake , "  Sci ence , Vol .  ].82 ( 19 7 3 ) , pp . 981-990 ; and A .  Kreimer , 
" Post-Di saster Reconstruction Planning : The Case s  of Nica­
ragua and Guatemala , "  Mass Emergenci es , Vol . 3 ,  No . 1 
( March 1 9 78 ) , pp . 2 3 -40 . 
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With better information , international agencies can adj us t  
their a i d  t o  handle only those needs that local re source s  
are inadequate to take care of . 

• Reports in the news media , which can influence the 
kind of attention both disaster agencies and the general 
public pay to a speci fic disaster , are sometimes inaccurate . 
Early but mis leading reports can result in inappropriate 
and costly relief e f forts . Disaster agencies need to help 
news media correspondents understand the dynamic s  of disas­
ters and report events accurately . It is important , ther e­
fore , to know how news corre spondents obtain their 
information under disaster conditions so as to suggest 
ways o f  improving their procedures . 

• Despite recent e f forts aimed at improvement , poor 
coordination among relie f groups still causes duplication 
of e f fort in information gathering . Requests for particular 
supplies or services often arrive at the wrong agency at 
the wrong t ime . 

• Tbo few persons from disaster-prone countries are 
now participating in information-gathering work . Interna­
tional disaster workers need the knowledge of citizens 
famil iar with the area . 

• Information-gathering technology must be appro­
priate to the technical level of the country being surveyed . 
Data requiring computer analysi s , for instance , is use l e s s  
i f  a computer i s  not available i n  time . 

• Monitoring of the indicators o f  creeping disaster s-­
water table levels , nutri tion levels , deserti fication--has 
been inadequate . 

• It has been demonstrated that food marketing and 
distribution problems can cause a famine as easily as doe s  
food shortage . Therefore more care ful assessment o f  mark e t­
ing patterns in endangered areas i s  needed . 

Methods for Collecting Data 

In addition to existing channe l s  for transmitting informa­
t ion on disasters , two other me thods of gaining informati on 
offer promise . 

Fi el d surveys can be used profitably at every stage 
before and after a disaster . Such surveys have not been 
performed extensively , partly for lack of qualified per­
sonnel .  At least four areas of investigation are suit­
able for field surveys :  ( 1 )  ground surveys for food 
shortages ,  (2 ) epidemiological surveillance , ( 3 )  struc­
tural damage assessments , and (4) inventories of damage 
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to " l i feline s "--water supply , transportation links , and 
energy and communications systems . 

5 

Remote sensing can offer a panoramic view of the affected 
area , provide information on inacce ssible sections , and 
serve as a convenient way to monitor change s over a large 
area . It is especially use ful when conducted in conj unc­
tion with ground surveys . There are two ways of acquiring 
the information : 

• By ai rcraft. Low- , medium- , or high-altitude air­
planes can conduct aerial surveys with cameras or radar 
equipment . High-altitude plane s , however , require special 
support not available in deve loping countries . 

• By spacecraft . LANDSAT ' s  and me teorological satel ­
lite s  can supply wide-coverage images . LANDSAT is excel­
lent for monitoring gradual agricultural changes ; the 
meteorological satel lites can supply timely windstorm 
warnings . Neither , however ,  can see through c louds , a 
severe disadvantage in tropical areas . Radar satellites 
and Space Shuttle systems are still in the future . 

Remote sens ing technique s are not like ly to prove widely 
useful for quick assessment of disaster damage and needs 
because the t ime required for acquisition and analysis is 
longer than the time normally required for decisive action . 
Remote sensing techniques have substantially greater poten­
tial for hazard and vulnerab ility analysis and for appl ica­
tion dur ing recons truction . 

Summary of Recommendations 

The following is a summary of the Committee ' s  recommenda­
tions : 

1. Professionals in disaster work should develop tech­
niques for complete , accurate , and timely assessment of 
damage and needs following disaster s , and for the improve­
ment o f  basel ine data on di saster-prone areas . 

2 .  The AID/OUSFDA should promote increased use of field 
surveys and low- level aerial photography for quick damage 
assessments in developing countries and regions . 

3 .  The AID/OUSFDA , UNDRO , and other agencies should 
set up pilot pro j ects combining the use of ground surveys ,  
aerial reconnai ssance , and remote sensing to test the 
effectiveness o f  the se techniques as information-gathering 
tool s .  
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4. An internationa l , multidiscipl inary roster of experts 
on di saster assessment should be established by the AID/ 
OUSFDA , UNDRO, and other international organi zations . The se 
individuals would stand ready to j oin asse s sment teams in 
case of disaster . The roster should inc lude both persons 
from developed and deve loping countries . 

5 .  The AID/OUSFDA should promote international distri­
bution of information about disaster-re lated re search con­
ducted in the United State s , in the international agenc i e s , 
and in the developing countries . 

6 .  Bilateral and international disaster assistance 
agenc ies should place more emphas i s  on preparedness programs 
to be managed by local authorities and profes sionals and on 
the establ ishment of disaster organizations in the devel­
oping countries . 

7 .  Bilateral and international agencies should help 
establish training programs , academic course s ,  and other 
programs that wil l  improve the abi l ity of developing coun­
tries to deal with disaster . Wherever possible , such pro­
grams and courses should be conducted within the countri e s  
concerned . 
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Introduction 

In pursuance of its previous work , 1 the Committee on Inter­
national Disaster Assistance of the National Academy of 
Sciences-National Research Counci l  has been asked by the 
Agency for International Deve lopment ' s  Office of U . S .  
Foreign Disaster As sistance (AID/OUSFDA) to review the uses 
and possible mixes o f  remote sensing , aerial assessment , 
and ground survey technologie s for predisaster hazard 
monitoring and postdisaster assessment of damage and needs . 
Concurrently the Committee was asked to review international 
coordination problems related to the se topic s .  

In this report , the Committee attempts to speci fy infor­
mat ion needs tied to var ious disaster causes and circum­
stances , to review and compare the various techniques for 
col lecting such information , and to suggest who should use 
the information at different levels of disaster response . 

Both the use s and user s  o f  assessment data cannot be 
readily identified unle s s  the interests and capabil ities of 
various levels of disaster response--local , national , and 
international--are made explicit . Once these interests 
and capabilitie s have been clari fied , the Committee can 
then suggest what g roups could use the assessment informa­
tion , how they could use it , how they might coordinate 
their activitie s ,  and what kinds of preparedness programs 
they might work on . 

This report is addressed to the AID/OUSFDA , as well as 
to a varied audience in the disaster assi stance community 

!Reported on in Committee on International Disaster Ass is­
tance (CIDA ) , Commission on Sociotechnical Systems , The 
U . S .  Governmen t Forei gn  Di sa ster Assi s tance Program 
(Washington , D . C . : National Academy of Sciences , 197 8 ) . 

7 
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within the disaster-prone countries , in voluntary agencie s ,  
and at the international level . 

Background 

The Committee on International Disaster Assistance has a 
broad mandate . In general , its goals are to review u.s. 
activities in international disaster work and to determin e  
how scientific and technical knowledge can be used to help 
in this e f fort . 2 

During its first year the Committee attempted to defin e  
the term "disaster"  and identified four different meanings 
that have historically been assigned to thi s term .  The 
first meaning refers to disaster agen ts that have the 
potential for creating unfavorable changes within the en­
vironment ; the second meaning refers to the physi cal impac t  
of the agent ; the third meaning re fers t o  the soci al impac t  
created b y  the physical impact ;  and the fourth meaning 
re fers to the eva l ua tion of the physical and social impact . 
No one definition covers the ful l range o f  phenomena that 
have traditionally been inc luded under the rubric "di saste r . "  
The overal l  meaning involves the idea that some agent pro­
duces a ma j or change in the environment by creating physical 
and social impacts . That change has to be de fined as un­
favorable by the victims , other groups , or by pol itical and 
administrative units . That definition depends , in turn , on 
the particular interests and values that characterize the 
group or organization . 3 

Also dur ing its first year , the Committee made a number 
o f  recommendations that need to be re stated he re as back­
ground for what follows . Fol lowing its examination o f  
the u. s. government fore ign disaster as sistance program , 
the Committee recommended the fol lowing changes in emphasis : 

• The OUSFDA should give greater cons ideration to 
operational and planning needs related to disasters involv­
ing conflict or slow onset . 

• The OUSFDA should give c areful cons ideration to 
developing stronger linkage s between its disaster assistanc e  
program and the broader development programs a t  the AID . 

2 see CIDA , The Rol e  of Technol ogy in In terna tional Di sa s t er 
Assi stance (Washington , D . C . : National Academy of Scienc e s , 
1978 ) . 
3 see CIDA , The u.s. Governmen t Forei gn Di saster Assi s tance 
Program , op . ci t . , p .  24ff . 
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• The OUSFDA should give greater budgetary support to 
the disaster planning and preparedness activities of its 
technical assistance program . 

• The U . S .  government should adopt a multiphased di­
saster assistance program tha t ties the commitment of funds 
to a more systematic evaluation of needs . The assessment 
of needs should be accomplished under international aus ­
pices . 

The Committee then made a series of suggestions con­
cerning the value of site vi sits , information needs , report­
ing systems , and data banks that were directed primarily 
to internal operations within the AID/OUSFDA . Finally , 
the Committee made the following sugges tions : 

• That the AID/OUSFDA should give high priority to 
research to develop better and more rel iable measurements 
of disaster impacts and of societal and international re­
sponses to these impacts . 

• That the AID/OUSFDA should work toward establishing 
organizational mechanisms at the international level for 
exchanging pol icy-re lated research information on disaster 
prevention , mitigation , and re sponse . 4 

The Focus of This Report 

Building on the previous work , the Committee here focuses 
on the role of sc ience and technology in supplying informa­
tion to assist in assessing disaster damage and needs in 
developing countries . 

When a disaster occur s , important decisions have to be 
made about evacuation , relie f ,  rehabilitation , and recon­
struction . In order to take action , disaster assistance 
groups need information quickly ; yet in the chaos following 
a calami ty , accurate information may be hard to get .  First­
hand observation may be impaired , channe l s  of communication 
disrupted , and urgently needed information delayed . 

The mass med ia of communication play an important role 
in this s ituation . The news media can trans form a local 

4rbid., pp . 64-84 . 
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disaster into a national or international event . 5 The 
media "create " information--often incompletely or inaccu­
rately-- that is quickly transmitted around the world , to 
be �sed by different groups in different ways . The init i al 
lack of information followed by the excess of contradic­
tory information often leads to inappropriate responses 
and confusion among the victims and the numerous outs ide 
agenc ies trying to assist them . Improvements in disaster 
assistance will require more effective use of scienti f i c  
and technical knowledge by all groups and agencies con­
cerned , as wel l  as the development of predisaster infor­
mation and implementation of preparedness programs by the 
disaster-prone countries . 

The questions the Committee addressed during its second 
year were these : 

What methods are most e ffective for collecting information-­
• in different types of natural disasters , both sudden 

( e . g . , earthquakes ,  floods , hurricanes )  and gradual ( e . g . , 
droughts and famine s ) ? 

• during different periods or stage s of disaster , f rom 
prediction to rehabilitation?6 

• under different social , political , and technological 
contexts? 

How can the information be assessed--
• for its usefulness in evaluating disaster damage ? 
• for identifying the needs created by the damage ? 

How can the information be made most useful to decision 
makers--

• in the country where the disaster occurs? 

Ssee E.  Roger s and R .  Sood , "Mass Communication in Disas­
ters : The Andhra Pradesh Cyclone as an Example o f  Mas s  
Media Coverage of a Disaster , "  paper presented a t  a meet ing 
of the Committee on International Disaster Assistance , Na­
tional Academy of Sciences-National Re search Council , 
Washington , D . C . , May 1-2 , 1978 . 
6Although the Committee ' s  concern inc lude s all disaster 
stage s , the ma jor emphasis in thi s report is  on the immedi­
ate postdisaster period . The Committee identified thi s  task 
in its first-year report as a basic area both for study and 
for making decisions concerning the commitment of funds . 
See CIDA ,  The U. S .  Government Forei gn Di saster Assi stance 
Program ,  op . ci t .  
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• in governmental and nongovernmental agenc ies that 
might provide disaster assistance? 

• in international agencies? 

1 1  

The ultimate goal is to deve lop a better information 
system for disaster preparedness and assi stance both within 
the country and by international donors . The broad nature 
of these questions suggests the necess ity of using knowledge 
and skil l s  from a variety of fields , including the biologi­
cal , physical , and social sciences ,  and medicine and engi­
neering . International disaster assistance requires ( 1 )  
the application o f  sc ienti fic and technical knowledge to 
human problems and ( 2 )  the active parti cipation of experts 
from both developed and developing countrie s who have had 
experience in administering disaster programs (prepared­
nes s , prevention , mitigation , relie f , rehabilitation , and 
reconstruction ) in different organizational settings . Al­
though in recent years the e f forts and re sources devoted 
to assistance have increased and substantial attempts have 
been made to reduce knowledge gaps , the state of the art 
of data collection techniques remains uncertain , and the 
question of how to combine data col lection techniques is  
j ust beginning to be investigated . Problems related to 
col lecting information on pre- and postdi saster assistance 
deserve particular attention . 

Two basic premi ses underlie the Committee ' s  work : 

1 .  A cen tral objective of in terna tional disaster assis­
tance is to complemen t --no t suppl an t - - the efforts and re­
sources of devel oping coun tries to cope with the effects 
of disas ters . 

The attainment o f  national sel f-rel iance is a primary 
goal for disaster assistance programs . External contrib­
utors should aim to meet only those needs that the deve lop­
ing nations cannot handle alone . Developing nations , in 
turn , should aim to strengthen their internal resources 
and capabilities to reduce the ir need for future external 
assistance . The assistance provided by international , 
bilateral , and voluntary agenc ies should : 

• support exi sting local capabilities by helping 
disaster-prone countries prepare for and cope with di­
sasters themselve s , and 

• compl emen t local capabil ities by providing supplies , 
financial support , or specialized and technical skills  
unavailable locally . 
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2 .  External disaster assistance should be adapted to 
the con text and ava i l abl e resources of each country , to the 
correcti on of endemic probl ems , and to the ful fi l lmen t of 
basic soci etal needs rather than to indi vi dual vi ctim n e eds . 

In many cases , external rel ie f  e f forts based on the 
exper ience and traditions of highly industrial ized coun­
tries have proved culturally and structurally inappropriate 
to developing countries . As a consequence , the disaster­
stricken soc iety has been doubly disrupted by having to 
deal not only with internal losses but also with cultural 
adaptations to an alien system for replacing the losse s . 
Re l ie f  and rehabilitation programs should be oriented toward 
correcting endemic unsanitary conditions , deficient nutri­
tion , inadequate health care , poor hous ing , and inadequate 
basic service s .  Such an approach could help reduce the 
country ' s  vulnerability to future disasters and its depen­
dence on outside assistance . 
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1 Information Needs in 
International Disasters 

Understanding the problems involved in assessing damage 
and needs requires a prel iminary unders tanding of the 
international disaster context and its complexities . When 
disaster occurs in a developing country , people around the 
world-- individuals , officials in voluntary agencies , offi­
cials in government and international organizations-­
consider ways to help . Different organizations and nations 
often make independent decisions on how to act--dec isions 
conditioned by the charac teristics of the society in which 
the disaster occurred ( its culture , pol itics ,  and level of 
technological deve lopment ) as we l l  as by the needs created 
by the disaster . The following discussion elaborates on 
some of the complexities posed by disaster in an interna­
tional context . 

Social Behavior After a Disaster 

Most of the vocabulary about disasters re fers to sudden 
calamities . Tornadoes ,  earthquakes , and explosions all  
generate much media and political attention , because al l 
produce obvious , easily observable results . Conversely , 
much less attention is paid to slow-onset , "creeping " 
disasters , such as drought or famine . But re search is 
needed on ways to monitor such di sasters and to mitigate 
their e ffects . 

Speed of onset is , of course , an important variable in 
collecting information . 

Past research has not developed a consensus on how to 
measure the e ffectivene ss of different types of disaster 
response--with or without preparedness programs and with 
or without outside assistance--during different lengths 
of time . Research has provided , however ,  a more realistic 

1 3  
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picture of the pre- and postdisaster environments of com­
munities affected by sudden disasters such as earthquakes , 
tornadoes , f loods , and hurricanes . 1 Res earch has also 
helped dispel common misconceptions about human behavior 
in disasters and has documented problems of implementing 
disaster preparedness measures in local communities 2- -
and the resil ience of local communities when disasters 
occur . 3 Re search has sugge sted that disasters do not 
necessarily prompt long-term organizational and community 
changes . 4 The general picture that eme rges from previous 
research is one o f  constraints on the development of di­
saster preparedness programs , of great re source fulne s s  and 

l see c. E .  Fritz , "Disaster , "  Con temporary Soci al Probl ems, 
R .  Merton and R. Nisbet ( eds . )  ( New York : Harcourt , Brace , 
and World , 1961 ) ; R .  R .  Dynes , Organi zed Behavior in Di ­
sasters ( Lexington , Massachusetts : D .  C .  Heath and Company , 
1 9 7 0 ) ; and E .  L .  Quarantel l i  and R .  R .  Dynes , " Response to 
Social Crisis and Disasters , "  Ann ual Revi ew of Soci ology , 
Vol . 3 ( 197 7 ) , pp . 2 3-49 . 
2An important study of the constraints on the development 
of state and local preparedness programs in the United 
States is the ongoing research by P .  H .  Rossi et a l . ,  Re­
search Program on Na tural Di sasters Recovery Process : 
Rel ief,  Rehabi l i tation , and Preparedness (Washington , D . C . : 
National Sc ience Foundation Proj ect No . AEN 76-15441 , 1977) • 

See also J .  M .  Weller , Organi z a tiona l Innova tion in An t ici­
pa tion of Cri si s , Report Series No . 14 ( Columbus , Ohio : 
The Ohio State University , Disaster Research Center , 1974) . 
3see F .  L .  Bates ,  The Social and Psychol ogi cal Consequences 
of a Na tural Di saster : A Longi tudinal St udy of Hurri cane 
A udrey , Disaster Study No . 18 (Washington , D . C . : National 
Academy of Sciences , 1 963 ) . See also Fritz , op . ci t . 
4see Weller , op . ci t . ;  and w. A .  Anderson , Di saster and 
Organi z a t i onal Change : A Study of the Long-Term Conse­
quences in Anchorage of the 1 964 Alaska Earthquake , Mono­
graph Series No . 6 ( Columbus , Ohio : The Ohio State 
University , Disaster Research Center , 1 969 ) . The previously 
noted Rossi  study is also examining the long-term e ffect s  of 
disasters in the United States via analys is of smal l  area 
census data . See al so the ongoing study by F .  L .  Bate s 
et al . ,  A Longi tudinal and Cross Cul t ural Study of the 
Pos t-Impact Pha ses of a Major Na tional Di saster : The 
February 6 ,  1 976 , Gua temal an Earthquake (Washington , D . C . : 
National Science Foundation Pro j ect No . ENV 7 7 - 1 2 7 2 1 , 
197 7 )  • 
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adaptability of disaster- stricken communities , and of un­
certain long- term e f fects stemming from disasters . 

Perhaps the most noteworthy (but frequently overlooked ) 
characteristic o f  disaster- stricken communities is the 
emergence of considerable spontaneous yet highly organized 
soc ial action . 5 Disaster relie f official s tend to de scribe 
d isaster re sponse in terms either of the community as a 
whole or of spec ific individual s . This tendency exclude s 
the numerous di screte , organized re sponse s to disaster , 
which comprise an element crucial to our understanding . 
Organized responses may come from small emergent groups or 
large , complex bureaucracies . The se various type s of 
organized re sponses not only are the primary means through 
which communities respond to disasters ,  but also they shape 
most individual response s . 6 

Re search has sugge sted that the postdisaster environment 
is extremely complex . A disaster-stricken community faces 
problems requiring rapid and extensive departures from 
routine activities .  Patterns of group membership and 
activitie s change rapidly and significantly . More broadly , 
the panorama of interlocking groups and organizations shi fts 
as new groups emerge and existing groups undertake new 
activities , or temporarily cease to act . 7 It is certainly 
possible to interpret thi s complexity as " social disorgani­
zation . "S 

In this light di saster management become s primarily a 
rational tool to impose control in anticipation of chaos . 
Thus emergency tasks must be c learly thought out ahead of 

Ssee , for example , T.  R.  Forrest , "Group Emergence in Di­
sasters , "  and R .  A .  Stallings , " The Structure and Patterns 
of Four Types of Organizations in Disasters , "  Di sasters : 
Theory and Research , E .  L .  Quarante l li ( ed . ) ( London , 
England : Sage Publications , 1978 ) . 
6 see G .  A .  Kreps , " The Organization of Disaster Response : 
Some Fundamental Theoretical Issues , "  Di sasters : Theory 
and Research , E .  L .  Quarante lli ( ed . )  ( London , England : 
Sage Publications , 1978 ) ; J .  M .  Weller , " Interorganizational 
Relations and Organized Response to Disaster Environments , "  
Proceedings of the Japan- Uni ted Sta tes Di saster Resea rch 
Seminar ( Columbus , Ohio : The Ohio State University , Di­
saster Re search Center , 197 2 ) ; and Dyne s , op . cit . 
7see Kreps , op . ci t .  
S see Fritz , op . cit . See al so R .  R .  Dynes et al . ,  A Per­

spect i ve on Di saster Pl anning (Washington , D . C . : De fense 
Civil Preparedness Agency , 197 2 ) . 
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time . Resource requirements must be anticipated , and pro­
cedures for acquiring and allocating re sources establ i s he d . 
Responsibil ity for continuing assessment o f  the emergency 
must be assigned . Communications arrangements and facili­
ties must be set up . Coordination is o f  paramount conce rn . 
In effect , this approach assumes that rational management 
techniques should be superimposed on the spontaneous , in­
formal social activities that emerge in the disaster ' s  
aftermath . 

Such rational istic behavior model s ,  popular in " systems " 
approache s to problem solving , have been suggested for 
handl ing organizational problems in disasters . Research 
has made it c lear that much of the short-term social action 
in communities struck by disaster , however ,  s imply doe s  
not f i t  the traditional conceptions of organized behavior . 
Certainly establ ished organizations (mi l itary service s ,  
hospitals , departments of public works ) routine ly perform 
preestablished tasks during disaster situations , but these 
organizations also engage in a variety of nonroutine disaster­
relevant activities .  Moreover , many organizations that have 
no preestablished disaster responsibi lities wi l l  nonetheless 
respond actively to disaster i f  they happen to be in a 
position to help . A catastrophe wi l l  al so generate new 
groups , formed specifically to deal with the e f fects o f  
the disaster . 

The point here is that static organizational concepts 
are inadequate for describing the spontaneous , but short­
l ived organ izing that a disaster triggers . Thi s  organized 
activity may be nonroutine , irregular , and difficult or im­
possible to predict with any precision , but there is no 
reason to assume it is less rational or util itarian than 
conventional social arrangements . Indeed , ad hoc organizing 
is a tremendously important resource for societies struck 
by disaster--a re source generally ignored by the " systems" 
approach . 

International Disaster Assistance 

Tb collect better data on all phases of disaster , the com­
plex variables and differences among countrie s should be 
recognized . Developing countries di ffer in the degrees to 
which they are prone to disaster ; some have diverse and 
repetitive disasters , while others only infrequent ones . 
Disasters vary in terms of their frequency ,  predictability , 
control lability , speed of onset , length of forewarning , 
duration , scope of impact ,  and disruptive potential . Some 
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countries need and we lcome most types of external assis­
tance ; others refuse al l outside assistance whether needed 
or not . Moreover , the leve l s  of technology in developing 
nations differ considerably . 

The preceding section provided a general characteriza­
tion of the local social response in di sasters that was 
based mostly on research conduc ted in highly developed 
societies . Caution must be exerc ised in applying the se 
research findings to the developing countries , whose low 
resource base may make it exceedingly dif ficult for them 
to cope with disasters . Disaster-induced problems in the 
developing countries may be compounded by overpopulation , 
by inadequate physical structures and infrastructures ,  and 
by basic problems of social , economic , and political devel­
opment . Lack of resources complicate s even minimal pre­
vention and preparedness activitie s and thus may increase 
a country ' s  vulnerability to natural disasters . Lack of 
resources also makes disaster-struck communities less 
capable of recovering without outside help . 

But problems in implementing prevention and prepared­
nes s  programs are not unique to developing countries .  Al­
though lack of resource s  is an obvious constraint , there 
are other problems that have l ittle to do with degree o f  
deve lopment . Defining a capab i l ity to respond to or to 
recover from disaster depends , of course , on the standards 
being used , and such standards have not been explicitly 
stated or employed in either developed or developing so­
c ieties . Thus the precise relationship between disaster 
preparedness and re sponse is unknown . 9 

The economic and material re sources and technical capa­
bilities of developing countries , taken as a whole , differ 
in character as wel l  as qual ity from those o f  developed 
nations . It is certainly appropriate on humanitarian 
grounds to suggest that relatively developed societies 
have a responsibility to help when they can . Given the 
lack of agreement about standards for evaluating response 

9T.he recent attention given preparedness programs as a 
form o f  international disaster assistance is based largely 
on the assumption that national and international prepared­
ness is benef ic ial for solving disaster-generated problems . 
For a use ful dis cuss ion of preparedne ss principles 
applied to disasters , see F. Krimgold , The Rol e of In ter­
na tional Ai d for Predisas ter Pl ann i ng in Developing Coun ­
tries (Stockholm, Sweden : Arkitektursektiones tryckeri , 
KTH , 1974) . 
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to disasters in varyinq social , economic , political , and 
cultural contexts , however , it is hard to make informed 
j udqments about how wel l  different soc ietie s can cope 
with disasters . Moreover , in the absence o f  systema t i c  
research o n  disasters occurrinq i n  deve lopinq countries , 
a discussion o f  basic societal differences sheds little 
l iqht on the ways various soc ieties re spond to disaster . 

The Committee be l ieve s that more knowledqe o f  re spon s e  
patterns i n  deve lopinq countrie s would he lp external qroups 
understand how they could best help . The Committee be­
l ieve s that qenerally developinq societies , as we l l  as  
developed societie s ,  respond effe ctive ly immediately a fter 
sudden natura l disasters . 1 0  

Thi s  characteristic "active " response has fortunate 
pol icy imp lications for purposes o f  international disaster 
assistance , because ,  as noted in the first-year report of 
the Committee on Internationa l Disaster Assistance , the 
assumption that outside foreiqn assistance can be qiven 
quickly in most disasters should be seriously que stioned . 11 

Also , accordinq to the report , there is usually little need 
for donor nations to respond with costly , undifferentiated , 
and uncoordinated international disaster aid . In qeneral , 
a slower , more studied response to disasters will yield 
better , more use ful aid . Foreiqn disaster assistance doe s 
not usually arrive in time to help durinq the immediate 
emerqency , it may not be re levant or usable when it doe s 
arrive , and its very presence may create further problems . 
Improved assessment of damaqe and needs helps m�n�m� ze 
the se problems and , more important , qene rates a more rea l ­
i stic and e ffective response . 

Timinq is not the only consideration . Orqani zational 
problems are compounded by the increased number o f  partici­
pants and interests at local , national , and international 
leve ls . 1 2  

l O it must be noted that little social science research 
exi sts on so-cal led creepinq disasters . 
1 1 see C IDA ,  The u.s. Governmen t Forei gn Di saster Assi s­
tance Program , op . ci t .  
1 2These problems have been suqqes ted or documented throuqh­
out the literature on foreiqn disasters . See , for examp l e , 
the fol lowinq three reports by the Comptro l ler General o f  
the Uni ted States , each published by the u . s .  Government 
Printinq Office : Need for In terna tional Di sas t er Rel i ef 
Agency (1976) , Observations on the Gua temal a  Earthquake 
Rel i ef Effort (1976) , and Ni caragua: An Assessmen t of 
Earthquake Reli ef and Reconstruction Assi s tance (1977) . 
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The public and private organizations involved in inter­
national disaster assistance number in the hundreds .  In 
the past 15 to 2 0  years , both the volume o f  international 
disaster assistance and the number o f  participants have 
e xpanded greatly . 1 3  Much o f  this outside assistance has , 
in fact , become bureaucratically organized . Thus 
government-to-government assi stance entail s  some formal 
mechanism ,  such as the AID/OUSFDA , to keep track of com­
moditie s and services being supplied by various agencies 
o f  government and the private sector . 

This approach is al so characteristic of the major 
voluntary agencies , whether they are cooperating with or 
working independently o f  thei r  own governments . In particu­
lar , foreign governments and voluntary agencies that have 
ongoing development operations in the stricken country are 
abl e  to get information about the di saster reasonably 
quickly through thei r  own channels . United Nations agencies 
and the League of Red Cross Soc ietie s have their own inter­
national communications network . In addition to the Office 
of the United Nations Disaster Re lie f Coordinator ( UNDRO) , 
UN agencies concerned with disaster-related matters include 
(1) the United Nat ions Development Programme ( UNDP ) , which 
is  mainly concerned with development but whose resident 
repre sentatives in developing countries al so represent the 
UNDRO ; (2 ) the United Nations Children ' s  Fund ( UNICEF ) ; 
( 3 )  the Food and Agriculture Organization (FAO) ; ( 4 )  the 

World Food Programme (WFP ) ; and (5) the World Health 
Organization (WHO) . l 4 

Moreover , many private agencies , both permanent and ad 
hoc , re spond to disasters , sometimes without benefit of 
preexis ting operations in the disaster-stricken country and 
without adequate communication channels to apprise them of 
the disaster- induced needs . 

Managing International Disaster Assistance 

Serious coordination problems usua l ly develop as materials 
and services reach a disaster-struck country . 1 5  Yet no 

1 3 See CIDA , The u.s. Governmen t Forei gn Disaster Assi s­
tance Program ,  op . ci t .  
1 4see League of Red Cross Societies , Red Cross Di saster 
Rel i ef Handbook , Annex 4 ( Switzerland : League of Red 
Cross Societies , 1970) . 
l SThe re ference here is to a set of problems (e . g . , unnec­
cessary duplications , irre levant goods , severe logistics 
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organization other than the government of the stricken 
country has the authority to coordinate or control external 
relief activities ,  although sometimes coordination i s  dele­
gated to a quasi-government organization such as the Red 
Cross . At times , governments re fuse to accept outside 
assistance . 

Disaster rel ie f  agency profe ssionals generally bel i eve 
that disaster operations can be improved by applying rational 
management principles--that local , national , and interna­
tional disaster responses can be coordinated through im­
proved disaster management and preparedness . Given the 
complexity of foreign disaster situations , the Committee 
bel ieves that it is necessary , first , to specify at what 
leve l s  and for what purpose s the management princ iples 
can be employed . 

The role of external assistance in planning for l ocal 
responses in developing countrie s is limited by conditions 
in local communitie s .  All but the smallest and most i so ­
lated communities have local disaster-relevant organi za­
tions that could benefit from disaster preparedness programs . 
But these organizations ' levels of preparedne ss cannot be 
readily influenced by national and international forc e s . 
There are s imply too many other immediate problems that 
compete for attention in deve loping countries . Thus , the 
feasibility and benefits of preparedne ss activities at this 
leve l  are l imited . 

International disaster preparedness assistance has there­
fore seldom been offered to local communities in devel oping 
societie s ; for obvious pol itical and practical reason s , such 
activity has been directed to the national government leve l  
and , more recently , to geographic regions . Without a 
preparedness program within the recipient country , however , 
it i s  difficult to get maximum bene fit from external di ­
saster aid , because those with authority to coordinate or 
control outside assistance may not have the ability to do 
so . 

There are obvious disaster management needs at the bi­
lateral donor country and international disaster assistance 
leve l s  as we ll . However , coordination problems among l ocal 
areas , national governments , and the international community 
are numerous . Preparedness programs and disaster management 

problems ) related to the del ivery of external goods to the 
impact country during the emergency period . The se are dis­
cus sed fully in CIDA ,  The U . S .  Governmen t Forei gn Di sa s t e r  
Assi stance Program , op . ci t .  
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general ly cons ist of a shopping list of things to do rather 
than an evaluation o f  mea sure s that can be feasibly under­
taken at local , national , and international levels . 

The Committee believes that the management obj ective 
o f  coordinating the various groups and organizations involved 
at these leve ls is too narrow . The diversity of persons , 
interests , and behaviors involved in disaster response 
should be taken as gi ven and not as problems that can be 
overcome by rational planning . The ad hoc , unique nature 
o f  communications and coordination arrangements among public 
and private re lie f agencies in each disaster must be assumed . 
The potential unwil lingne s s  o f  voluntary agencies and govern­
ments to coordinate their activities should be accepted as 
inevitable . The cultural differences and pol itical sensi­
tivities of rec ipient nations must never be overlooked . And 
the impossibility o f  applying e f ficiency and e f fectiveness 
standards should be recognized . 

The position taken in the previous report of the Commit­
tee uses the u . s .  government ' s  disaster assistance program 
as a case in point . The report concludes that the role o f  
any single donor nation i n  a foreign disaster is  inherently 
l imited during the emergency period , and recommends that 
the initial commitment of u . s . government funds in any 
foreign disaster should be held to a fixed and modest l imit . 
The report further recommends that any commitment of funds 
beyond this modest limit should be tied to a systematic 
needs assessment accompli shed under international auspices . 1 6 

The principl e  that the type of disaster as sistance should 
be appropriate to the leve l of re sponse--in·  this case , a 
donor government-- suggests at least three activitie s for the 
u . s .  government ' s  foreign disaster assi stance program : 

• The u . s .  government should technically augment and 
administratively support needs asse s sment processes . 

• The u . s .  government should improve predisaster co­
ordinative relationships with the appropriate international 
agencies so that needs assessment data can be made readi ly 
accessible and interpretable . 

16see C IDA ,  u . s .  Government Forei gn Disaster Assi stance 

Program , op . ci t . ,  pp . 69-7 0 . Recommendation 4 reads as 
fol lows : " The u . s . government should adopt a multiphased 
disaster assistance program which tie s the commitment of 
funds to a more systematic evaluation of need . The assess­
ment o f  needs should be accomplished under international 
auspice s . "  
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• By the policy articulated i n  Recommendation 4 o f  the 
previous C IDA report , any major u . s .  government disas ter 
assistance program should be tied to long-term rehabi lita­
tion and reconstruction proqrams in the disaster- stricken 
socie ty . 1 7  

Preparednes s  planning that base s  reconstruction programs 
on disaster prevention principle s would enhance the long­
term bene fits of the U . S .  government ' s  aid . Repre sentative s  
from disaster-prone deve loping countries should he lp with 
such planning . 

This policy i s  proposed in recognition that ( 1 )  disas ter 
responses are defined by a multiplicity of interests ( in ­
c luding humanitarianism and politics ) ,  capabilities , and 
constraints ; and ( 2 )  the resulting diversity cannot be 
accommodated by strategies intended for single organiza­
tions having highly focused obj ective s . 

In sum , the Committee be lieves the best approach i s  to 
accept this diversity as given , and then try to determine 
possible disaster responses according to the interests , 
capabilitie s ,  and constraints of the type of agency re­
sponding . 

Questions About External Disaster Assistance 

To improve postdisaster decisions about international 
external assistance e fforts , a number o f  questions need to 
be asked . 

First ,  does the disaster call for international as s i s ­
tance ? The answer might b e  no , if the di saster is s o  sma l l  
i n  scope that any country could handle i t  alone , o r  could 
ignore i t  without peril ; or if the country is highly devel­
oped and can manage on its own ; or if the country is con­
fident of its ability to re spond to crises and unwill ing 
to accept help from outside . I f  the country does not have 
the resource s to cope by itse l f , the answe r wil l  probably 
be yes .  

Second , i f  international assistance is cal led for , should 
the United States directly intervene ? I f  the country is o f  
no particular s trategic or mi litary interest to the United 

1 7It should be noted that , wi thin expenditure limits , the 
AID/OUSFDA would still channe l money and services for short­
term emergency relie f whi le it deve loped its own longer­
term rehabi litation ass istance program . 
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States , routine indirect assistance throughout UNDRO , for 
instance , may suffice . Also , the stricken country ' s  govern­
ment may deny that any disaster exists--but such denials 
may not preclude backstage diplomacy through voluntary 
agenc ie s . 

Thi rd , are there any positive inducements for U . S .  inter­
vention? There may be pressures to intervene if the United 
State s has sentimental ( e . g . , Ireland , Phil ippines )  or 
military- strategic ( e . g . , Turkey , I ran , Horn of Africa ) 
ties to the affected country ; or if there are groups within 
the United States ( Congress , mass media , interest groups , 
e thnic assoc iations ) pre ssuring for a response . 

Fourth , is the di saster l ikely to disrupt normal insti­
tutions , such as the food dis tribution and health del ivery 
systems , in the a ffected soc iety? If the answer is no , 
only a l imited response mainly in cash and credit , rather 
than in kind , may be called for . Limited responses wil l  
allow the normal mechanisms within a society to revive . 
I f  the answer is yes , the re sponse may require sending ma­
terials such as food , medical supplie s , and critically 
needed equipment .  

These ques tions provide a framework for analyzing differ­
ent disasters and the responses they call for .  Another set 
of specific questions deal with situations in which help is 
provided and concern the techniques that can be used for 
assessment of damage and needs . What techniques are par­
ticularly reliable and valid? Which methods provide the 
most re levant information? 

The e f fectiveness of methods is on ly one part of the 
picture . Certain methods may be technically effective but 
require too high a leve l of technology . At certain stages 
a combination o f  methods may be required . A basic question 
is : How does one measure disaster- induced changes ?  Tech­
nically , what are the indices of change that should be 
measured--housing damage , damage to crops , death rate , 
inj ury rate , leve l of prote in intake , disruption of trans­
portation routes , de struction of food supply , damage to 
communication facilities , or what? In addition , what mea­
sures are capable of showing small  gradual changes , perhaps 
imperceptible to the untrained eye ? Can ecological changes 
in vegetation , water leve l , or soil moisture signal the 
onset of famine ? Can socioeconomic changes in supply , 
marketing techniques ,  and warehousing signal the onset of 
drought and thus pre sage famine ? Can similar measures be 
used to measure changes over a shorter period of time ? 
For example , are there signs that presage volcanic erup­
tions or earthquakes ?  

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

Assess ing  In te rna t iona l  D isas te r  Needs
h t tp : / /www.nap .edu /ca ta log .php?record_ id=19833

http://www.nap.edu/catalog.php?record_id=19833


24 

For sudden disaste r ,  are the obvious indicators of 
damage the most important ones ?  Much is made , for example , 
of obvious housing damage , but hous ing may be replaced i n  
a short period of time whi le the damage t o  the public 
uti lity network may cause more serious , long-term problems . 
Serious damage to a community ' s  water supply might a l so be 
an important indicator , because such damage could trigg e r  
not only shortages of wate r ,  but also sanitation de fi­
c iencies and contamination . 
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2 Information Needs for 
Predisaster and Postdisaster 
Decision Making 

This chapter focuses on the many different types of infor­
mation needed for making dec i s ions be fore and after di­
saster . The chapter also discusses the special problems 
of collecting information in deve loping countries and the 
role the news media play in disseminating disaster infor­
mation . 

The collection of information on damage and needs is 
closely related to predisaster and postdisaster data 
gathering . Problems assoc iated with the predisaster 
period are discus sed first . 

Predisaster Period 

Hazard anal ysi s and forecasting and warning require large 
amounts of data , which are sometimes hard to collect be­
cause of inadequate knowledge of the hazard . For instance , 
c l imatological studies require collection of considerable 
data on meteorological conditions and changes in a wide 
geographical area over a long period of time . Similarly , 
earthquake hazard analysis requires long-term seismographic 
monitoring programs to provide data that can be expressed 
on maps depicting seismic ity , seismic risks , earthquake 
faults , and other geologic hazards . The se maps are based 
on probability estimate s developed from frequency analysis 

25 
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o f  historical data . 1 Thus hazard analysis depends not only 
on large amounts o f  data , but also on scienti fic j udgme n t  
and a variety o f  me thodological tools . 

Even when all these elements are pre sent , as in the 
United State s , accurate forecasting of spec i fic hazard s  
is s t i l l  difficult . For instance , prediction and dete c ­
tion of tornadoes and destructive wind are still uncertain ; 
tsunami prediction is l imited by lack of knowledge of the 
hazard ; avalanche prediction is only partial ly developed ; 
hurricane forecasting is pos sible , although prediction o f  
storm movement could be upgraded ; and earthquake predi c tion 
and forecasting are still  in an embryonic stage . 2 Using 
the se partial ly developed techniques in deve loping coun ­
tries is further complicated by l imited data , inadequate 
systems for monitoring and data collection , and inadequate 
funds , facilities , and personnel to support the neces sary 
research . 

Forecasting and warning systems for famine s presen t  
similar problems . Famine might b e  considered a creeping 
disaster insofar as some societies have proved that they 
can survive several years of low production without e xperi­
encing severe social disorganization . Yet when drought 
strikes unexpectedly , a single crop failure may be enough 
to produce starvation and a relatively sudden mas s  migra tion . 
Under such conditions a famine becomes a relatively fas t ,  

l see Committee on International Disaster Assistance ( CI DA ) , 
Committee on Sociotechnical Systems , The U . S .  Governmen t 
Forei gn Di saster Assi stance Program (Washington , D . C . : 
National Academy of Sciences , 1978 ) , pp . 38-4 3 ;  United Na­
tions Educational , Social , and Cul tural Organization , In ter­
governmen tal Conference on the Assessmen t and Mi tiga t i on of 
Earthquake Ri sk ( Pari s , France : UNESCO , February 1 9 7 6 ) ; 
R .  A .  Kerr , "U . S .  Earthquake Hazards : Real but Uncerta in 
in the East , "  Sci ence , Vol . 2 0 1  ( September 1 5 , 1978) , pp . 
1001-1003 ; and C .  Lomnitz , Gl obal Tectonics and Earthquake 
Ri sk ( New York : El sevier Sc ienti fic Pub l ishing Company , 
1974 ) . 
2see G .  White and E .  Haas , Assessmen t of Research on Na tural 
Ha zards ( Cambridge , Massachusetts : The MIT Pre s s , 197 5 ) ; 
and Working Group on Earthquake Hazards Reduction , Office 
of Sc ience and Technology Pol icy , Executive Office of the 
Pre sident , Earthquake Hazards Reducti on: Issues for an 
Impl emen t a t i on Pl an (Washington , D . C . : Office of Science 
and Technology Policy , 1978 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Assessing International Disaster Needs
http://www.nap.edu/catalog.php?record_id=19833

http://www.nap.edu/catalog.php?record_id=19833


2 7  

s udden-onset disaster . 3 Famine , which may o f  course be an 
endemic problem due to long preexisting causes as wel l  as 
to misguided deve lopment polic ies , requires not only 
emergency assistance after the disaster , but al so imple­
mentation o f  plans ahead of time to avoid these costs . 4 
Long-term monitoring of food production and consumption is 
the key to forecasting this problem , but monitoring has not 
been done in most developing countrie s .  In addition to 
meteorological methods and crop surveys , anticipating a 
famine may al so require data on the prevalent food marketing 
system , on local mechanisms for adj usting to drought , on 
the degree to which land tenure systems contribute to 
deserti fication ( e . g . , erosion caused by peasants forced 
out of the val leys to marginal s lopes ) , S on the conse­
quences of government pol icies on nomad settlement , and 
on the effects of i l l-conceived development plans imple­
mented by donar agencies and governments . 

Vulnerabi l i ty anal ysis involve s collecting and assessing 
data on the endangered population and structures ,  inc luding 
information on the performance of buildings and lifeline 
systems during previous disasters . 6 Insufficient financial , 
physical , and socioeconomic resources tend to increase vul­
nerabil ity . 7 Because most di saster-prone deve loping coun­
trie s have l imited financ ial resources , they cannot afford 
to bui ld protective structure s and undertake other necessary 
preventive measures . 8 But measures to reduce vulnerabi lity 
need not be s tructural ;  they may include public education , 

3see J .  Seaman et al . ,  "The Effects of Drought on Human 
Nutrition in an Ethiopian Province , "  In ternational Journal 

of Epi demi ol ogy , Vol .  7 ,  No . 1 ( 1978 ) , pp . 31-4 0 . 
4 see H .  Sheets and R .  Morris ,  Di saster in the Desert: 
Fai l ure of In tern a t i onal Relief in the West Afri can Drought , 
Special Repor t  (Washington , D . C . : The Carnegie Endowment 
for International Peace , 1974 . )  
Ssee R .  Sharpe , "De sertification : Another Mirage , "  Na ture , 
Vol . 269 ( September 197 7 ) , pp . 367-368 . 
G see CIDA , The u.s. Governmen t Forei gn Di saster Assi stance 
Program , op . ci t . ,  pp . 43-47 . 
7see M .  Pyke , Man and Food ( New York : McGraw-Hil l , 1970) ; 
and N .  Scrimshaw , "Ecological Factors in Nutritional Dis­
ease , "  Ameri can Journal of Cl inical Nu tri tion , Vol .  14 
( 1966 ) ,  p .  1 1 2 . 
Bsee Uni ted Nations Disaster Re lief Organization , Disaster 
Preven t i on and Mi tiga ti on: A Compendi um of Curren t Knowl ­
edge ( New York : UNDRO , 197 7 ) . 
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environmental management , land treatment , re forestation , 
erosion control , land use regulation , and coastal zone 
management . Measurement of vulnerability is hard to 
achieve , particularly in certain areas . Vulnerabil i ty 
analysis requires data on the s ize and geographic distri­
bution o f  the population , buildings , infrastructure , and 
public util itie s in order to measure catastrophic los s 
potential and vulnerability to secondary losses . 9 Measure­
ments that expose problems may not be acceptable in many 
countries because of the political repercuss ions they 
could generate . 

In addition to information on risks and vulnerability , 
adequate preparedness and programs to mitigate risks re­
quire knowledge of standing disaster plans in diffe rent 
disaster-prone countries ;  operational capabilities to 
carry out the plans ; emergency fac i lities and equipment ; 
historical patterns of di saster in each area ; and exis ting 
health , communication , land use patterns , building practices , 
and transportation systems . 1 0  Predi saster data requ i remen t s  
also include a baseline profile on each country . 

Postdisaster Period 

Ideally , assessment of damage and needs should be based 
chiefly on the baseline data j ust described . When insuf f i ­
c ient data are available , prior experience i n  similar situ­
ations may prove helpful for making inferences . It i s  
important t o  remember that the solutions adopted after 
assessing disaster damage and needs may have long-range 
consequences . It has been found , for example , that tem­
porary hous ing tends to become permanent , that the reloca­
tion of a rural population may generate a shortage of 
agricultural labor , and that a program of food distribution 
may alter the market organization and thereby adversely 
affect the population . Thus there are two methodologica l  
problems : ( 1 )  to develop a gross accounting o f  the damage 
and a prel iminary assessment of needs ; and ( 2 )  to asses s the 
relationship between immediate needs and long-term deve lop­
ment plans . 

9see CIDA ,  The U . S . Governmen t Forei gn Disaster Assi stance 
Program , op . ci t . ,  pp . 4 3-47 . 
l O see United Nations Disaster Relie f Organization ,  op . ci t . ;  
and Nat ional Bureau of Standards , Bui l ding Practi ces for 
Di saster Mi t i ga t i on , Building Science Serie s No . 46 ( Wa sh­
ington , D . C . : NBS , 197 3 ) . 
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The first problem can usually be resolved quickly by 
measuring visible disruption and damage . Although mech­
anisms to provide immediate relie f to the victims will be 
set in motion spontaneously by the stricken community , a 
systematic inventory of damage is necessary to facilitate 
an organized relie f and rehabilitation operation . This 
information is essential to the surviving victims , to 
neighboring communities ,  to the government of the stricken 
country , and to the international agencies trying to help . 
The main obj ectives of information collection in the post­
disaster relie f and reconstruction periods are these : 

1 .  To determine immediate damage ( e . g . , casualties and 
damage to housing , infrastructure , and public utilities ) . 

2 .  To identi fy the needs resulting from the damage 
( e . g . , treatment of inj uries , provision of shelter , and 

provi sion of water)  . 
3 .  To determine existing local resources in order to 

match resources and damage and subsequently assess the 
unmet needs . 

4 .  To assess relie f efforts already under way . 
5 .  To identi fy continuing and future potential threats 

and risks to the people and its social system . 
6 .  To gather information for improving future disaster 

management . 
7 .  To improve future preparedness plans locally and in 

other disaster-prone countrie s .  

The second methodological problem--to assess the rela­
tionship between relie f efforts and long-term development 
plans--will require care ful analysi s of the influence of 
specific interests and groups ( local , national , interna­
tional ) and determination of which emergency policies may 
have lasting effects . Thus monitoring and evaluation of 
relief and reconstruction are essential for understanding 
and guiding disaster relie f , 1 1  and for examining long-term 
e f fects on development . 

l l see L .  Anderson-Burley , "Disaster Rel ie f  Administration 
in the Third World , " In terna ti onal Devel opment Review , 

Vol . 15 , No . 1 ( 197 3 ) , pp . 8-12 . 
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Information Collection Problems in Developina Countries 

In choosing me thods of predisaster and postdisaster asse ss­
ment appropriate to the developing nations , we must take 
into account some special information collection problems 
in those countries . Many forms of technology appropriate 
for industrialized countries wil l  not work wel l  in deve lop­
ing societies . Techniques and technical standards that 
assume the existence of an extensive "technological infra­
structure " cannot be easily transferred to countries that 
do not have such resources . 

Sophisticated information collection sys tems require 
highly technical skills , and efficient maintenance and 
management systems , resources that developing countries 
o ften lack . Furthermore , developing countries may find 
dependence on management systems from highly developed 
nations neither beneficial nor acceptable . To avoid such 
undes irable dependency alternative arrangements need to 
be considered . A cooperative arrangement might be estab­
lished between international organizations and the developing 
countries under which the latter would make dec isions on 
the scene and mobilize local resource s , but UNDRO or another 
appropriate international agency would coordinate external 
contr ibutions . Another possibility would be to encourage 
further cooperation among the developing countries . The 
category "developing countries "  encompas ses a wide variety 
in levels of development ; some countries could share their 
technologies ,  resources , and ski l l s  with others that need 
them . 1 2 

Another is sue is the application of inappropriate 
standards for measuring problems and implementing solu­
tions . In some instances the standards used to asse s s  
problems such a s  earthquake- safe construction o r  essential 
emergency services are formulated in developed countrie s 

1 2The United Nations has convened a conferenc;e on "Tech­
nical Cooperation Among Developing Countrie s . "  The agenda 
included a proposal for an action-oriented information 
system on the technical capacitie s available in developing 
countries for use by other developing countries , and for 
measure s to s trengthen consultancy , engineering , and o ther 
technical services as wel l  as supply and procurement o f  
equipment and materials among developing countries . See 
United Nations , The Kuwai t Declaration on Technical 

Coopera tion Among Developing Countri es ( Kuwait : UN ,  
June 1 9 77 ) . 
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and then trans ferred without change to developing coun­
tries . 1 3  Following the Nicaragua earthquake , for example , 
the construction standards adopted for building safety 
were based on standards developed for Cali fornia . But 
because most of the population cannot afford such con­
struction , and the inspection costs for enforcing such 
regulations are prohibitive ly high , a large proportion of 
housing continues to be built without quake proofing . 
Standards adaptable to local construction materials , tech­
niques , and resources need to be developed . 1 4  

Inappropriate standards also may complicate the assess­
ment o f  needs in basic services and infrastructure . Foreign 
experts un familiar with poor rural conditions often tend 
to overestimate emergency requirements and falsely attrib­
ute to the disaster deficienc ie s in sanitation and water 
supplies that were there long before . 1 5  

Similarly , soc ial science concepts and methods from one 
country should not be applied without question to a nation 
with a totally different sociocultural setting . 1 6  In 
assessing a situation , people impos ing their own socio­
cultural understanding may face a cultural barrier . But 
if people in the affected community actively participate 
in the assessment , they can contribute important information 
about soc ial organization , language , cultural patterns , 
physical characteristics ,  and available resources . 

13 see N. w . Solomons and N. Butte , "A View of the Medical 
and Nutritional Consequences o f  the Earthquake in Guatemala , "  
Interna t i onal Heal th , Vol . 9 3 , No . 2 (March-April 1978 ) , 
pp . 168-169 ; and I .  Davis , " Housing and Shelter Provision 
Fol lowing the Earthquakes of February 4 th and 6th , 1976 , "  
Disasters , Vol .  1 ,  No . 2 ( 197 7 ) , p .  88 . 
1 4 see A .  Kreimer , " Post-Disaster Reconstruction Planning :  
The Ca ses o f  Nicaragua and Guatemala , " Mass Emergenci es , 

Vol . 3 ,  No . 1 ( March 1978 ) , pp . 23-40 ; A .  L .  Mabogun j e  
e t  al . , Shel ter Provi sion i n  Devel oping Countri es : The 

Infl uence of Standards and Cri teria (New York : John 
Wiley and Sons , 1 9 7 8 ) ; and United Nations , Human Set t l e­

ments Performance Standards ( New York : UN ,  December 1977 ) .  
1 5see c .  de Ville de Goyet ,  "Assessment of Health Needs 
and Prioritie s , " paper presented at the Seminar of Emer­
gency Care Fol lowing Disasters ,  Manila , March 1978 . 
1 6 see G. Hursh-Cesar and P. Roy , Thi rd World Surveys : 

Survey Research in Developing Na tions ( New Delhi , India : 
Macmillan Company of India Limited , 1 9 7 6 )  • 
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A l l  these assessment i s sues point to basic problems 
(malnutrition , risk vulnerability , lack of es sential ser­

vice s )  that can be re solved only by massive improvements 
in the deprived areas of the world . But these issue s  also 
demonstrate the more immediate need to avoid propos ing 
solutions that cannot be achieved under the conditions of 
life prevalent in many countries . 

The Role of the News Media 

The news media usually play an important role in di s s emi­
nating informat ion about disasters . In the Sahel , for 
instance , relief agencies with access to several other 
sources of information regarding the area were directly 
influenced by the media (especially the prestige pres s )  in 
finally recognizing that the Sahel drought and famine 
constituted a ma j or disaster requiring massive outs ide 
assistance . 1 7 

The news media have correspondents and news-gathering 
fac il ities worldwide , and o ften are able to relay news about 
disasters before the primary information sources of rel ie f 
agenc ies and governments can do so . But the news relayed 
by the media is not always reliable , and fast-breaking 
natural disasters are often communication disasters too . 
Communication channel s  are severely disrupted , and acce s s  
to the disas ter area i s  frequently di f ficult or impossibl e . 
Thus when information is most needed , the media have the 
most difficulty in providing it with accuracy , if at al l .  
By their very decisions on whether to cover a disaster , how 
to cover it , and what play to give it , the media greatly 
influence authorities ' decisions whether to seek more in­
formation about that disaster . 

Because the public has l ittle access to alternate sources 
of news about a disaster , media coverage can determine the 
amount of public concern , and therefore the amount of pri­
vate contributions from the public to relief e f forts . 

Inaccurate reports during a disaster can lead to deploy­
ment of scarce relief resources to low-priority sectors . 
Three days after the Andhra Pradesh cyclone , for instance ,  

1 7see J .  w. Morentz , The Making of an International Even t : 

Communi cation and the Drought in West Africa ( Ph . D .  Dis ser­
tation , Univers ity of Pennsylvania , 1976) ; and Sheets and 
Morris , op . ci t .  
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ABC News reported "Cholera has broken out in three vil­
lages . " 1 8 Cholera deaths had occurred , it turned out , 
but the number of deaths was later found to be about 
average for normal circumstances . Yet scarce cholera 
vaccines were flown to Andhra Pradesh immediately and 
mass inoculations carried out , at the expense of more 
important relief measures .  It has been demonstrated , in 
fact , that mass immunization programs against cholera are 
not j ustified because there are more e ffective control 
measures that are less expens ive . 1 9 

Cases such as the Andhra cho lera "mis take " make it 
imperative to understand how news correspondents obtain 
their information under disaster conditions , so as to sug­
gest ways of improving their procedures . The mass media 
do not necessarily undertake all the functions listed in 
every disaster , but the potential for doing them does 
exist . 

I Bsee E .  Rogers and R. Sood , "Mass Communication in Di­
sasters : The Andhra Pradesh Cyclone as an Example of Mass 
Media Coverage of a Disaster , "  paper pre sented at a meeting 
of the Committee on International Disaster Assistance , Na­
tional Academy of Sciences-National Research Council ,  
washington , D . C . , May 1-2 , 1978 . 
1 9see World Health Organization , Devel opmen t of a Programme 

for Diarrhoeal Di seases Control ( Geneva , Switzerland : WHO , 
May 2 - 5 , 1978 ) , p .  14 ; and World Health Organization , 
Gui delines for Chol era Con trol ( Geneva , Switzerland : WHO , 
197 5 ) , p .  2 .  
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3 Damage and Needs Assessment 

This chapter focuses on the kinds of information required 
for assessment of damage and needs , with special reference 
to problems of health and human settlements . It also dis­
cusses the priorities to be assigned to different types of 
information at different times following a di saster , the 
signi ficance of local disaster preparedness , and the use o f  
predisaster information a s  a complement to postdisaster 
assessments . 

Information Required for Assessing Damage and Needs 

For the disaster-struck community , information needs per­
tain to disaster warnings , evacuation directions , damage 
and casualty estimates ,  existing resources for re lie f and 
rehabilitation , and other means of coping with the disaste r . 
Local authorities and relie f agencies need information mainly 
on the number o f  casualties ,  extent o f  damage , appropriate 
relie f requirements , and availability and distribution of 
needed relief items . 

Postdisaster assessment of damage and needs has not yet 
received the attention and concern it deserve s as a spec ial 
discipline of its own , with its own rules , techniques , and 
organized body of knowledge . Essentially postdisaster 
assessment requires that persons and agencies in charge of 
collecting information--national and local authorities , 
international teams , bilateral agencies--know beforehand 
wha t to l ook a t , how to l ook , how to establ i sh pri ori ties , 
and who needs wha t  information . 

Many government or voluntary agencies make their own 
independent assessments of damage and needs fol lowing a 
disaster . Mo st , however ,  cannot collect technica l infor­
mation and , consequently , have to re ly on such traditional 

34 

Copyright © National Academy of Sciences. All rights reserved.

Assessing International Disaster Needs
http://www.nap.edu/catalog.php?record_id=19833

http://www.nap.edu/catalog.php?record_id=19833


35  

sources as the news media to obtain secondhand data . Even 
when an agency has considerable expertise and experience ,  
its assessment o f  needs may be limited to the items rele­
vant to its own speci fic rol e . Dissemination of such 
l imited assessment information-- in most case s , lists of 
needed supplies and personnel--may be mis leading for offi­
c ials unfamil iar with relie f operations outside the United 
States . It should be noted that most voluntary agencies 
do not attempt to provide a comprehensive overview of the 
entire situation , but try rather to inform potential donors 
of the particular needs that the agencies wil l address in 
performing their own missions . For instance , if the role 
o f  the National Red Cross Soc iety is l imited to rescue , 
first aid , and emergency rel ie f  (providing clothing , emer­
gency feeding , etc . ) , the assessment and subsequent appeal 
from the League o f  Red Cross Societies wil l  probably not 
inc lude surgical material or san itary equipment , regardless 
of how urgently they might be required . 

There fore , unless a voluntary agency has overall respon­
s ibility for the re lie f operations ,  its assessment of health 
and human settlement needs should be regarded as inadequate 
or incomplete . In most foreign disasters there is consider­
able duplication of e f fort and waste of human resources 
because many different organizations collect the same infor­
mation from the same sources . 1 

It is probably unrealistic to expect that establishing 
a s ingle international assessment team and c learinghouse 
would prevent voluntary agencies and governments from 
sending their own fact-finding missions . More effective 
assessment capabilities in disaster-prone countrie s , to­
gether with stronger international coordination efforts , 
however ,  should reduce the amount of inaccurate assessment 
information that is collected and disseminated following 
disa�ters . 

I see L .  Anderson-Burley , "Disaster Rel ie f  Adminis tration 
in the Third World , "  In ternational Development Revi ew , Vol . 
1 5 , No . 1 ( 197 3 ) , pp . 8-12 � and H .  Beer , In ternational Di ­
saster Rel i ef :  New Probl ems , New Sol utions , Document 29 
( Geneva , Switzerland : Internationa l Council of Voluntary 

Agencies , 1968 ) . 
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Priorities in  Asses.'iina Damaae and Needs 

The type of disaster--its characteristics , speed of onse t , 
and scope--dictates the priorities of data collection . 
The information required varies from initial , broad a s s e s s ­
ments of the nature of the disaster-- its geographic s cope 
and i ts e ffects on people and their environment , conduc ted 
in the immediate aftermath-- to spec i fic , detailed in forma­
tion on damage and needs gathered in subsequent stage s to 
guide the relie f ,  recovery , and reconstruction e ffort s . 

A wide range of questions have to be posed by the 
affected government ,  the local community , the donor a gen­
cies , and neighboring communitie s : Is  prec i se information 
possible to obtain? Who needs what data and how urgently? 
Is the information obtainable use ful for the di saster i n  
question? Wil l  i t  contribute knowledge for improving future 
disaster management? 

For sudden disasters , three categories of information , 
corresponding to the three stage s within the emergency 
period , can be identified : 

1 .  information needed immediately after the impact 
( first 24 to 48 hours ) ;  

2 .  in formation needed during the subsequent emergency 
period ( 48 to 96 hours ) ;  and 

3 .  information needed for recovery and long-term re­
habilitation . 

Informa tion Needed Immedi atel y After the Impact 

On the basis of knowledge of the previous effects of a 
particular type of disaster ( e . g . , earthquake or flood ) 
and knowledge of the normal or prevailing conditions in the 
a ffected country ( e . g . , housing characteristics and distri­
bution of population) , the following type s of information 
are needed : 

1 .  number of people inj ured ; 
2 .  location o f  the inj ured population ; 
3 .  accessibility to the disaster site s ;  
4 .  type and severity of trauma ; 
5 .  age and sex distribution of the inj ured ; 
6 .  extent to which local fac i lities can treat the 

inj ured ; 
7 .  support needs ( drugs , personnel , leadership , e tc . ) ; 
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8 .  potential threats to survivors ( e . g . , aftershocks , 
further f looding , f ire , disruption in services , damage to 
public util ities ) ;  

9 .  condition of essential l i fe line systems ( trans­
portation to the affected area , communication facilities , 
water and sewer systems , etc . ) ; 

10 . inventory of medical supplies , health facilitie s , 
and manpower at the s ite of the disaster and in the remain­
der of the country ; and 

1 1 . housing los ses and hous ing needs . 

In sum, after the impact ,  immediate information is  
needed on inj uries , on essential shortages and losses , on 
existing resource s , and on further threats to the survi­
vors . 2 At this s tage , of cours e ,  information i s  collected 
in parallel with s earch and rescue activities .  Several 
categories of inj uries need to be de fined . The most 
practical classi ficat i ons are based on the type ( e . g . , 
fractures of arms or legs ) and on the severity of trauma . 
A s impl e  measure of severity of inj ury based on the crite­
rion of " risk to life " has been designed for traffic acci­
dents . 3 A similar class i fication should be developed for 
handl ing mass casualties in natural disasters . The latter 
classification wil l  be the basis for e f fective triage in 
the field . 4 Gross data on the total number of inj ured are 
of little value to relief officials unless some indication 
is provided on the type of treatment required-- for instance , 

2see A .  Romero et a l . ,  " Some Epidemiological Feature s of 
Disasters In Guatemala , " Di sasters , Vol . 2 ,  No . 1 ( 1978 ) , 
pp . 39-46 . 
3see J .  P .  Bul l , "Measures of Severity of Inj ury , "  Injury: 
The Bri t i sh Journal of Acci dent Surgery , Vol .  9 ,  No . 3 
( 1978 ) , pp . 184-187 . 
4considerable l iterature exists on field triage and the 
handl ing of mass casualtie s . For example , see V .  A .  Taylor 
( ed . ) ,  "The Del ivery of Emergency Medical Services in Di­
sasters , "  Mass Emergenci es , Vol . 2 ,  No . 3 ( 1977 ) , pp . 1 3 5-
2 04 ; Internationa l  Civil De fense Organization , " Don ' ts and 
Do ' s  When Handling a Casualty , "  Bul l etin of the Interna­
t i onal Ci vi l  Defense Organi za t i on , No . 195 (September 197 1 ) , 
p .  9 ;  G .  w .  Odl ing-Smee , " Ibo Civilian Casualties in the 
Nigerian Civil War , " Mi l i tary Medi cine , No . 1 24 ( 19 7 0 ) , 
p .  505 ; and J .  Raker et al . ,  Emergency Medi cal Care in Di ­
saster: A Summary of Recorded Experi ence , Disaster Study 
No .  6 (Washington , D . C . : National Academy of Sciences ,  1956 ) . 
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ambulatory treatment or maj or surgery . Information on the 
age and sex of the inj ured is needed because the se vari ­
ables can af fect the rate of trauma . For instance , s urveys 
conducted in Guatemala after the 1976 earthquake show tha t  
children under age 5 and adults over age 50 have a con­
siderably higher rate of traumatic death . There fore , such 
in formation has direct impl ications on the type o f  treat­
ment fac i l i ties and material required . 5 

Identi fication o f  potential secondary threats--such a s  
dangerous industrie s ,  fires , explosions , and aftershocks - ­
must be conduc ted simultaneously wi th the asse s sment o f  
inj uries . Measures to prevent further danger from the se 
hazards must al so be ins tituted immediately a fter the 
impact .  

Shortages and existing re sources also should be con­
sidered simultaneously . A quick survey of available 
medical supplies may reveal that urgently needed drugs 
or other medical materials could be easily salvaged and 
used . In Nicaragua , a survey of the medical warehouses i n  
Managua fol lowing the 197 2 earthquake indicated that con­
siderab le amounts of medical and surgical supplies were 
immediately salvageable , although the warehouses had 
reportedly been totally destroyed . 6 The assessment o f  
avai lable supplies should not b e  limited to the s ite o f  
the disaster , but should also b e  carried out for the nation 
as a whole , because i t  wi l l  usually be faster to use re­
sources within the country than to acquire them from out­
side . It is important to assess shortages in essential s 
--water supply , sanitation system , fuel supply , and the 
availability o f  transportation and communication--immedi­
ately after the disaster . 

In a few instances--such as in places where severe 
environmental condi tions exi st ( extreme cold or heat , heavy 
rain , wind ) , where there is lack of construction material s , 
or where survivors suffer from very poor health and low 
morale--shelter wil l  be a matter of primary concern . Such 

S see c. de Ville de Goyet , "Assessment of Health Needs 
Following Natural Disasters , "  paper presented at the Fourth 
Annual Meeting for Designated Epidemiologists , Pan American 
Heal th Organization , Washington , D . C . , May 1978 i also in 
Caribbean Epidemiology Cen tre (CAREC) Survei l lance Report , 
Vol . 4 ,  No . 8 ( Geneva , Switzerland : World Health Organi­
zation , August 1978) . 
G see c. de Vi lle de Goyet , "Assessment of Health Needs 
Following Natural Disasters , "  op . ci t .  
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cases are exceptional .  In most societies , exis ting s truc­
tures (public buildings , schools , warehouse s ,  and homes of 
relatives ) can be used as temporary she lter and avai lable 
materials can be used in constructing emergency shelters 
( e . g . , roofs and protective screens ) .  

Informat i on Needed During the Subsequen t Emergency Peri od 

The following questions can be addressed after the basic 
information-gathering activities just described have been 
instituted : 

1 .  How wel l  can the population of the disaster­
stricken area cope? 

2 .  What local , national , and international resources 
are available? 

3 .  What are the ri sks of increased transmission of 
communicable diseases ?  

4 .  How has the food supply system been affected and 
what food supplies are needed by the survivors ? 

5 .  How many deaths have occurred as a direct or in­
direct result of the disaster? 

Many past assessments have failed to address the abili­
ties o f  the affected population to cope . Decisi on making 
in past disasters has often moved directl y from a survey of 
damage to the assumpti on tha t some form of rel i ef is needed , 
despi te t he fact tha t most disaster-stri cken communi ties 
may be capabl e of handl ing man y ,  i f  not all , of the 
di saster-induced probl ems wi thout outside assi stance . 7 

?previous disaster field studie s show that most of the im­
mediate and critical re lie f tasks--search and rescue , emer­
gency shelter and feeding , and other mutual support 
activities--are undertaken by people and organizations in 
the di saster- stricken area without outside assistance . 
Thi s  fact has been c learly establ ished in domestic U . S .  
disasters and in disaster studies in other highly developed 
countries . Although the number of systematic studies of 
disaster response in deve loping countries is limited , exist­
ing evidence supports the propo sition that this type of 
sel f-help i s  a universal phenomenon in human communities 
and that i t  is  an important element in recovery from the 
damaging and disruptive e f fects of di sasters . For summaries 
of the relevant l iterature , see C .  E .  Fritz , "Disaster , "  
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The assessment of available resource s  should not be 
limited to the immediate area of the impact but should 
cover the whole country . After the Nicaragua and Guatemala 
earthquakes , for instance , dai ly monitoring o f  beds ava i l ­
ab l e  i n  each country ' s hospitals al lowed e ffective u s e  o f  
scarce resources and thus reduced the number of pati ents 
evacuated to hospitals in foreign countries . 8 During the 
emergency s tage it is necessary to collect information re­
lating to the threat of epidemics , such as contamination o f  
the water supply , well s  that have overflowed , breeding 
s ites for mosquitoe s , types of latrine s used , overcrowding 
from relocation of the population , and presence o f  dead 
animal s .  The s igns of a developing epidemic may not be 
observed until 1 or 2 weeks after the disaster , but moni­
toring the situation requires rapid institution o f  an 
epidemiological surveillance system , inc luding an ongoing 
reporting system from the health fac i l itie s . 

An accounting of deaths immediately after the disaster 
is primarily important for the survivors in the affe c ted 
area and for informing the media , donor organizations , and 
the international community (which tends to mea sure the 
importance of a disaster by the number of deaths ) .  In the 
case o f  earthquake s , empirical evidence has shown that the 
number of deaths can indicate the number of inj ured . Table 1 

Contemporary Socia� Prob�ems , R .  K .  Merton and R .  A .  Nisbet 
( eds . ) (New York : Harcourt , Brace , and World , 1961 ) , pp . 
651-694 ; A .  H .  Barton , Commun i t i es in Disaster : A Socio­
l ogica� Ana� ysi s  of Co��ective Stress Si t uations; A Study 
of the Bureau of App�ied Social Research ( Garden City , New 
York : Doubleday and Co . , 1969 ) ; R .  R .  Dyne s , Organi zed Be­
havior in Disasters (Lexington , Mas sachusetts : D .  c .  Heath 
and Co . ,  1970) ; D . s .  Mileti et al . ,  Human Systems in Ex­
treme Environments : A Socio�ogi cal Perspecti ve ( Boulder , 
Colorado : University of Colorado , Institute of Behavioral 
Science , 197 5 ) ; D. Manning , Disaster Technology : An Anno­
tated Bib� iography (Hew York : Pergamon Pre s s , 1976 ) ; E .  L .  
Quarantelli and R .  R. Dynes , "Response to Soc ial Cris i s  and 
Disaster , " Annua� Review of Sociology , Vol . 3 ( 1977 ) , pp . 
2 3-49 ; and E .  L .  Quarantelli (ed . ) ,  Disasters : Theory and 
Research (London , England : Sage Publ ications , 1977 ) . 
B see c .  de Vil le de Goyet , "Assessment of Health Needs 
Fol lowing Natural Disasters , "  op . ci t .  Al so see R. L .  
Coultrip , "Medical Aspects o f  u . s .  Disaster Re l ie f  Opera­
tions in Nicaragua , "  Hi�i tary Medicine , Vol . 1 3 9  ( November 
1974 ) , p .  881 . 
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TABLE 1 Morbidity/Mortality Observed After Four Maj or 
Earthquakes 

41 

Morbidi ty/ 
Mortality 

Morbiditya Mortalitya Ratio 

Peru ( 3 1 May 1970 ) 14 3 , 3 3 1 66 , 974b 2 . 2  
Nicaragua 

( 2 3  December 197 2 )  20 , 000 6 , 000 3 . 3  
Pakistan 

( 28 December 1974 ) 1 5 , 000 4 , 700 3 . 2  
Guatemala 

( 4  February 1976)  76 , 504 2 2 , 7 7 8  3 . 4  

aThe numbers of inj ured (morbidity ) and deaths (mortality) 
g iven in thi s  figure are based on official figure s re­
leased by the respective governments .  The extent of error 
in these numbers is unknown . 
bof the 66 , 974 deaths reported , about hal f were caused by 
landslides that buried two towns , leaving almost no sur­
vivors .  

shows the morbidity/mortal i ty ratios that have been estab­
l i shed for di fferent earthquakes . 9 

Informa t i on Needed for Recovery and Rehabi l i tation 

The information needed in subsequent stages depends on re­
habilitation and reconstruction obj ectives and requires an 
adequate system for monitoring soc ioeconomic changes .  
Obj ectives might inc lude improvement in the health , housing , 
and nutrition ; such goals will require cons ideration of re­
lations among such different sectors of social life as shel­
ter , health , basic services , production , and employment . 
The information required for recovery should be defined 

9see C .  de Vi l le de Goyet et al . ,  " Earthquake in Guatemala : 
Epidemiologic Evaluation of the Re lief Effort , "  Bul letin of 
the Pan Ameri can Hea l th Organ i za t i on , Vol . 10 , No . 2 ( 1976 ) , 
pp . 9 5- 109 . 
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early in the po stdi saster per iod , and should take into 
account the local soci ety ' s  prioritie s .  

Continuous reporting o f  unique , a s  opposed to routine , 
items o f  in formation should be used as an important e l e ment 
in disaster monitoring . Such continuous feedback fac i l i­
tates evaluation of re l ie f  programs and adj us tment o f  p l ans 
for short-term and long- term recovery . The information 
also can be used to improve future disaster preparedne s s  
and management . Continuous feedback can inc lude mainta ining 
an epidemiological surveillance , monitoring the wate r sup­
ply , following up nutrit ional status of ind ividua l s , re­
porting fai lure s in logistic s ,  monitor ing the flow o f  
patients and supplies i n  the health system , and identi fying 
special long-term health risks . Monitoring helps correc t  
ine fficient performance and define the mo s t  feas ible plans 
for incorporation in the recovery and reconstruction pro­
gram . This process obviously require s systems for col lect­
ing and transmitting data , and for using the in formation to 
make deci s ions . 1 0 

Continuous monitoring i s  also essential to integrat e  
long- term recovery aims and shorter-term rel ie f  programs 
from the earliest pos s ible time fol lowing the disaste r . 
Monitoring can he lp detect counterproductive rel i e f  mea­
sures that could hamper recovery or j eopardize the future 
of the disaster- stricken population . It is doubtful that 
standard guidel ines for deve loping thi s  information feed­
back system can be formulated yet .  Onl y  close cooperation 
between out side disaster experts and knowledgeable local 
leaders--and experience in many di sasters--can produce 
the neces sary intimate knowledge of people and environments . 

Dur ing the period of time immediately following the 
occurrence of a disaster , it i s  obvious ly impos s ible to 
provide accurate answers to all the que stions that have 
been rai sed ; thus a crude profile mus t  be generated on the 
bas i s  of the best avai lable estimate s of the situation . 
As ses sments o f  damage and needs made in other disasters 
might provide clue s to the kinds of inaccurac ies and errors 
that can be expected . The prec i s ion o f  the information 
available immediately after the disaster depends on such 
factors as the exis tence of preparednes s  plan s , the quality 
of predisaster in formation about the country and the 
affected areas , the ski l l fulne s s  of the assessment team , 
and the availab i l ity of telecommunications to reach the 

l O Romero et al . ,  op . ci t .  
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a f fected zone s . 1 1  When the immediate postdisaster pre s sure s 
subside , more spec ific data could be gathered . Initial 
assessments wi l l  provide a bas i s  for selecting the be st 
mechani sms for deta iled assessment and continuous monitor­
ing of the s i tuat ion . 

Assessment of Needs 

It is important to distinguish between total postdisaster 
needs and the addi t i onal needs brought on by the emergency .  
I n  hea l th , for instance , the first concern should be to 
f ind out what addi t i onal resources--doctors , medical sup­
l ie s , hospital beds , etc . - -are needed to meet the problems 
wrought by the disaster . Reques t s  for outside he lp should 
be scaled to deal with only the problems that local resources 
cannot handl e . 

Assessing unmet needs entails the fol lowing : 

• assessment o f  damage ; 
• assessment o f  total needs : 
• inventory o f  resource s  at hand : 
• inventory o f  resource s  available from external 

sources ; and 
• match of needs and resources in order to determine 

the addi t i onal resource s  required . 

Most pos tdisaste r  asse s sments really amount to a defi­
nition of total needs . Although some donors have tried , 
with limited succes s ,  to match avai lable re sources and total 
needs , requests for donations are generally made on the 
basi s  of presumed or asses sed total needs . Thi s practice 
usual ly results in duplication and waste . There are numer­
ous examples of this kind of total needs assessment in the 
health field . For instance , earthquakes create a greater 
need for ho spital beds ( total needs ) : but evacuation of the 
inj ured or deployment of field hospital s may not be appro­
priate , because local resourc e s  are often available . 
Following the Managua earthquake , ho spital occupancy rates 
in other Nicaraguan cities were surveyed by epidemiologists 
from the Center for Disease Control in Atlanta , Georgia . 
Thi s  survey c learly indicated that enough beds were avail­
able in Nicaragua to make the evacuation of medical casual­
ties that took place and the use o f  field hospital s that 

li zbi d .  
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were sent unnecess ary . 1 2 To c ite another example , a need 
for physicians may be reported fol lowing major natural 
disasters , but often doctors avai lable local ly , e l sewhere 
within the affected country , or in neighboring countries , 
wil l  suffice . In the immediate postdisaster period , there­
fore , no additional medical assistance from abroad may be 
needed . 

In sudden di sasters it i s  hard to a s se s s  health needs 
soon enough to influence decisions about rel ie f .  In ma j or 
disasters , re lief measures are spontaneously carried out by 
the survivors and the local authoritie s , a lbeit in a some­
what uncoordinated fashion in the early postimpact period . 
In addition , collec tion and dissemina tion of information 
on health needs are l ikely to take too long to help with 
emergency care . Most es sential care is pe rformed within 
24 to 48 hours , mostly by national s of the affected country , 
and in some case s  by medical personne l from neighboring 
countries . 

Top priority should be given to the assessment of needs 
for rehabilitation and recovery , and this assessment shoul d 
start shortly after the impact i f  it is to contribute to 
early deci s ion making . The knowledge gained can help rel i e f  
organi zations and governmental offic ial s in the ir immediate 
responses to future emergencies . 

Some needs must be antic ipated be fore the disaster rather 
than asses sed afterwards .  In past di sasters the long time 
lag between identi fication o f  needs and de livery of external 
assistance shows a failure to apprec iate the rapidly unfold­
ing events o f  disasters . In the immediate afte rmath o f  a 
disaster , it make s little sense to disseminate information 
about short- l ived needs , such as bandages ,  to donors that 
are not in a po sition to reac t promptly . In Guatemala , 
first aid relie f supplies arrived a fter the priority had 
already shi fted to hospital fol low-up � incoming medical 
supplies reached a peak when the urgent requirements were 
for reconstruction material s . 1 3 Profiles of needs for each 
type o f  di saster should be developed by appropriate field 
inve stigations to help antic ipate future needs . 

The needs generated by a disaster obviously wi ll vary 
according to whether the catastrophe come s suddenly or 
gradually . For instance , sudden disasters can destroy 
dwe l l ings , making all members of a family home l e s s  

1 2coultrip , op . ci t . 
1 3 see c . de Ville de Goye t et al . ,  " Earthquake in Guatemala : 
Epidemiologic Evaluation of the Re lie f Effort , "  op . ci t . 
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simul taneously . In such slow-onset di sasters as famine , 
some members of the family , usua l l y  adult males , often 
migrate to other areas in search of a l ive l ihood . Fami lie s  
ma y  be separated for long periods or even permanently . 

Fol lowing sudden disasters , she lters wi ll be required 
to provide protection from adverse envi ronmental conditions , 
but she lters range from protec tion against a gentle rain , 
mi ld wind , or tropical sun ( requiring no more than a ver­
tical windbreak or waterproo f roo f ) , to shel ter from ex­
treme cold and snow ( i . e . , enclosed s truc ture s ,  with sloping 
roo f s , warm blankets , c lothing , and fue l ) . And not every 
sudden disaster requires shelter immediately afterwards . 
Adequate alternatives to temporary she l ters include the use 
of the extended family to house the homeles s , the use of 
such surviving structures as schoo l s  and hotel s ,  and the 
use of family or friendship links in rural areas in coun­
tri e s  where urbanization has been rapid . 

An inventory o f  existing alternative emergency she l ters 
and resources wil l  he lp determine whether additional dwell­
ings are requi red . For instance , in Nicaragua the extended 
family provided she lter to the homeless , making the emer­
gency she l ter bui lt a fter the earthquake unnece s sary . 1 4 

Slow-onset di sasters pose a di fferent set of she l ter 
needs . Dwel l ings may be used for long periods by a weak 
population compris ing a di sproportionate number of women 
and children who may need therapeutic health care . 1 5 Thus 
construc tion of s turdy and stable struc tures can become 
very important . Whatever she lter i s  cons tructed should be 
flexible enough to accommodate a growing population and 
changes over time , because she l ter tends to be used for 
long periods of time , whatever the original plan . Affected 
communities have the abi l ity to rebuild their own homes 
except when material s are unavai lable , when ski l l s  are 
lacking , when local health and morale may be low ( e . g . , in 

1 4 see I .  R. Davis ,  "Managua , December 2 3 , 1971 , "  The Pro­
vi sion of Shel ter in the Aftermath of Natural Disasters . 
Report on Housing Strategy . December 1 972-September 1 9 73 
( OXford , England : OXford Polytechnic , Research and Devel­

opment Group , Department o f  Architecture , January 19 7 4 ) ; and 
R .  Kates et al . ,  "Human Impac t of the Managua Earthquake , "  
Sci ence , Vol . 182  ( 197 3 ) , pp . 981-990 . 
I Ssee J .  Murl i s  et al . ,  Disaster Shel ter and Rehousing : 
Physiol ogi cal and Social Factors , report of the Seminar on 
Emergency Housing and She l ter ( London , England : The Disas­
ter Unit ,  Ministry of Overseas Deve lopment , 1976) . 
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famines ) ,  and when the abi l i ty--or wi l l - - to cope i s  
mis sing . 

Significance of Preparedness Measures 

Emergency preparedness requires coordinat ion and communica­
tion between agencies , institutions , and individua l s  who 
will act in times of emergency . The implementation o f  
preparedness measures depends o n  the nature of governments 
in disaster-prone countrie s and on the degree o f  cooperation 
among their agencies . In developed countrie s ,  coordination 
i s  understood as an exchange of ideas and information on 
needs and planned action s .  In some of the developing c oun­
tries coordination has a more authoritarian connotation-­
that i s , var ious sectors or agenc ies report to the 
coordinator and receive his commands for execution . Here 
it is unclear whether the type of coordination existing in 
most developed countries is appl icable to the disaster­
prone developing countries . 

Coordination c learly should involve all agencies that 
are l ikely to p lay a s ignificant rol e  in the aftermath o f  
a disaster , but the agency i n  charge o f  emergency prepared­
ne s s  o ften l imits its coordination e f forts to other govern­
ment agenc ie s .  Thi s  agency needs to make provision for the 
constructive , and sometimes es sential , role of the Red Cross 
Soc ieties and other voluntary agenc ies . 

Emergency preparedness coordination among disaster­
prone countries i s  especially important for smal l  countries 
that are vulnerable to maj or disasters but have l imited re­
sources for coping with them . Examples are the countr i e s  
of the Sahe l in Africa , where drought and famine are common , 
as we l l  as the Central American countri e s , which o ften 
suffer severe earthquakes or hurricanes .  

A largely neglected aspect o f  preparedne s s  i s  the 
deve lopment of the capac ity of the community to meet i t s  
own immediate needs fol lowing a disaster . The ab i l ity o f  
local people t o  deal with inj uries immediately after an 
earthquake , and be fore external rescue teams can arrive , 
can s igni ficantly decrease the number o f  fatalitie s . The 
large body of sociological observations on the capacity of 
disaster-struck communities to display unexpec ted competence 
in coping with di sasters has already been mentioned . 1 6 Thus 
far , planners have paid l ittle attent ion to enhancing local 

1 6see Fritz , op . ci t .  
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sel f-rescue capac ity by providing appropriate training to 
communities in the deve loping nations . In l ine with the 
new sel f-he lp approach to primary health care now may be 
an appropriate time to place greater emphas i s  on sel f­
reliance and on di saster management at the local leve l . 
( Thi s  suggestion does not mean that the stricken community 

should not be he lped ; it means that the community should 
be prepared to rely on itse l f  unti l  help arrive s . )  

Implementation o f  thi s approach wil l  require informa­
tion on such topics as the following : 

• The type of disasters for which rescue and medical 
s e l f-he lp can be most e fficient , according to expec ted 
proportion of uninj ured survivors , type of lesions in the 
inj ured , time of survival for the inj ured and the l ike . 

• The k inds o f  local persons most apt to perform as 
e fficient rescuers (pol icemen , f iremen , nurses , communi ty 
workers , teache rs , e tc . ) . 

• The k inds o f  rescue , f irst aid , and simple medical 
procedures mo st useful in various type s of di sasters . 

• Appropriate training programs and ways of imple­
menting them . Tra ining potential leaders from di saster­
prone developing countries in emergency activitie s and in 
the assessment of damage and needs should be an important 
part of preparedness programs . 

Compilation and Use of Predisaster Information 

Predisaster information on the characteristics of a disaster­
prone country can fac i l i tate postdi saster assessment of 
damage and needs . I t  al so can help organize rel ie f  e f forts , 
e stab l i sh priorities for recovery , and anticipate some of 
the problems that develop in coping wi th the disaster and 
its aftere f fects . The d i fferent kinds of predisaster in­
formation needed include data on the country ' s  cl imate , 
topography , demography , economy , health standards , and 
medical fac i litie s . 

Much o f  the information that exi sts concerning condi­
tions in disaster-prone countries has not been collected 
spe c i fically for predisaster planning pro j ections . Thus 
the information required following a disaster may have to 
be extrapol ated from data that are incomplete , not readily 
ava i l abl e , or arranged in ways not pertinent to disasters . 
users of such information need to be aware of pos sible 
biases or errors . For example ,  maps should be care ful ly 
checked because they may be out of date ; key information 
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such as the location of settlements or access roads may 
be in error . 

The ab sence of base l ine data-- such stati stics a s  
inc idence of disease o r  malnutrit ion , birth and death rates , 
and the l ike , for a specific place and period o f  time-- i s  
a maj or problem i n  measuring the impact o f  a di saster o n  the 
heal th , sanitation , and hous ing conditions of a population . 
Unle s s  predi saster basel ine data are avai labl e ,  postdisas ter 
de fic ienc ie s in health (a high number of cases of gastro­
enter itis or typhoid fever in a drought-affected area ) , in 
publ ic uti l ities ( contaminated water ) , or in housing 
( crowding ) cannot be interpre ted as atypical and attributed 
to the di saster . Indeed , disease , contamination , and over­
crowding are conditions typical of chronic poverty that are 
endemic in many developing countrie s .  In 1 97 3 , for example 
the health services of the Pakistani province of Punjab 
estimated that 85 percent o f  t he  water pumps i n  u s e  i n  
rural areas showed some degree o f  fecal contamination . l 7  

Obvious ly , a hypothetical f inding by a survey team fol l ow­
ing the severe floods that year that 75 percent of the water 
supply in a ffected areas was contaminated would lose i t s  
apparent s ignificance as a flood- re lated phenomenon . 

Countries with a history of natural disasters located 
in risk-prone areas should develop data files on aspects 
re levant to disaster prevention and a s s i s tance . The se 
data files could be developed by the governments of the 
concerned countrie s  with the assi stance , if neces sary , o f  
bilateral and international organizations . They should 
consist of baseline data , information on he al th conditions 
and medical faci liti es , and key thematic maps showing polit­
ical divis ions and topographi c ,  demographic , hydrolog i c  
characteristics , transportation route s , and land use . 

With respect to health , for example , the fol lowing 
data should be inc luded in a basel ine compilation : 

1 .  organi zation of heal th services ( structure , names 
of official s ,  respons ib i l itie s , channel s  of communication ) ,  
inc luding details o f  existing contingency plans , i f  any ; 

2 .  local resources by location ( health fac i l it ie s , 
equipment , personnel , supplie s , special services such as 
epidemiological surveil lance ) , including procedures for 
mobilizing these resources ; 

1 7 see c. de Vi l le de Goyet , "Medical Report of Second 
Field Visit to Flood-Affected Districts in Pun j ab ,  Paki s tan , "  
CDC/AID Asse s sment Team ,  September 197 3 . 
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3 .  demographic data and vital statistics (age and sex 
s truc ture of the popu lation , dis tribution , special charac ­
teristics such as nomadism , birth and death rates , infant 
mortality , e tc . ) ;  

4 .  mo s t  prevalent communi cable diseases ; 
5 .  nutritional habi ts , nutritiona l s tatus o f  the 

populat ion , most common specific nutri tional deficiencies ; 
6 .  sanitary conditions (water supply , vec tor control , 

e tc . ) ;  
7 .  exi stence o f  national or regiona l stockp i le s ; 
8 .  fac ilities for handl ing refrigerated medical 

suppl ies ; and 
9 .  drug import regulations . 

With the coope ration o f  spec ialized agencies , such as 
the World Heal th Organization and the Food and Agricul tural 
Organization , and the governments of the countrie s concerned , 
the AID/OUSFDA is currently assembling "country profile s "  
for disaster-prone areas . The se pro files can contribute to 
advance planning and preparedne s s  before the di saster . 
They should he lp dec i s ion makers deve lop guidel ine s for 
intervention immediately after a disaster and for as long 
as feedback from the area is insufficient . And they should 
provide a direc tory of experts who may be available to par­
ticipate in assessment and re l i e f  teams . Of course , pro file 
data should be supplemented a s  much as possible by informa­
tion from knowledgeable informants . 

Information Gained from Experience 

Postdi saster evaluations can provide valuable lessons 
applicable to other disasters . These evaluations provide 
information for planning and preparedness . Sys tematic 
studies and eva luations o f  damage and needs experienced 
in previous disasters may be use ful during the first days 
after a new disaster strikes in order to provide clue s  as 
to the kinds of needs l ikely to be felt in the new situa­
tion . 

Although the in formation in each evaluation will vary , 
case studies may prove use ful in predicting what secondary 
disasters can be expected a fter d i f ferent k inds of catas­
trophe , and in anticipating what type s o f  construc tion , 
building material s , and building location will produce 
certain kinds of in j uries and damage . Information from 
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previous di sasters can also be used to check for gro s s  
errors and inaccuracies in initial reports o n  new calamitie s . 

Information gatherers should there fore seek data appl ic­
able to future disasters as well as to the crisis at hand . 
The ir compilations should enumerate characteri s tics o f  the 
area that could determine what e f fects disasters have , how 
the community responds , what resource s  are needed and 
available , and how e fficiently outside aid can be supp l ied . 
Relief and recovery operations , and cases of any mismanage­
ment , should also be evaluated . 

The goal is a comprehens ive collection of information 
on al l stages of disaster , to replace the usual impres­
sionistic and unsystematic accounts of damage and needs . 
A standard format for case studie s  should be developed , 
because generalizations about the pas t  can be made only 
if experiences can be compared and summarized . 

Too few case histories o f  past disasters have been 
assembled , partly because governments , agencies , and 
international bodies involved in disasters often des ire 
confidentiality , and partly because re lief organizations 
l ack the re source s  and trained personne l to per form s tudie s 
they may see as unnecessary . To support the development o f  
case studies , part of the re source s  directed to relie f 
could be used for continuous evaluation and after-action 
assessment o f  disasters . 

Reports from Existing Sources 

Normal government and agency sources may be used to get 
an initial estimate of inj urie s , deaths , and the extent of 
damage to housing and publ ic uti l itie s . Because government 
channels are already in existence , in most cases they can 
be used soon a fter the disaster has occurred . Although re­
ports from standard administrative channe l s  are needed 
immediately after the impact ,  some caution should be used 
in relying on information from the se sources . For instanc e , 
pol itical or emotional involvement o f  the reporting o ffi­
cials may distort the data ' s  accuracy . Al so reporting 
points may not be uni formly distributed throughout the 
affected area , and reports received during the first hours 
after a disaster may mention only the casualties and damage 
in the most accessible areas . Fol lowing the Guatemal a  
earthquake , for instance , n o  spec ific information o n  the 
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extent of damage and casual ties out s ide Guatemala City 
became avai lable unt i l  48 hour s after the shock . 1 8 

5 1  

I n  general , th e ab il ity o f  existing agencies to assess 
damage and needs is c losely re lated to the exis tence of 
emergency preparedne ss and coordinat ion plans and to the 
abi l i ties of the d i f ferent governmental departments and 
institutions to re spond to the s i tuation . Because the se 
conditions vary wide ly among developing nations , the 
time l ines s ,  accuracy , and completene s s  of damage and needs 
assessments wil l  also vary from country to country . 

In general , eve ry asse ssment techn ique should be 
examined for its use s , advantage s ,  and di sadvantage s .  The 
next two chapters examine two broad categories of assess­
ment :  ( 1 )  f ie ld surveys , and ( 2 )  aerial reconnaissance 
and remote sensing . 

l B see c .  de Ville de Goye t e t  al . , " Earthquake in Guate­
mala : Epidemiologic Evaluation of the Re l ie f  Effort , "  
op . ci t . 
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4 Methods of Assessment : 
Field Surveys 

As noted be fore , the combination of assessment methods 
to be used in a given situation wi l l  be determined by the 
type of di saster , the degree o f  internal development , the 
amount o f  internal resources available , the soc iopo l i tical 
context , the coping abil itie s in the disaster- struck coun­
try , and the pos sibi l ities of help from other countries 
and international organizations .  For each case , of course , 
it is necessary to identi fy the basic components of the 
problem and the best ways to collect in formation about 
the se components . For example , in asse s s ing in j uries and 
earthquake damage the fol lowing analy s i s  might be done : 

Probl em 

In j uries 

Damage to 
structure s 

5 2  

Componen ts 

Number 

Type 

Location 

Extent 

Location 

Assessment Techni ques 

Sample survey 
Reports from hosp ita l s  

Clinical evaluation 

Ground surveys 

Determination of quake 
intens i ty 

Response of individual 
bui ldings to the quake 

Survey of ground breaks 
Structural survey using 

sampling strategies 
On- the -ground observation 
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It i s  important to note that collecting more information 
w i l l  not by itse l f  neces sar i ly improve the re sponse to a 
given disaster . In many case s , the voluminou s information 
col lected by the affected country and by re l ie f agenc ies 
i s  improperly gathered , analyzed , and use d .  

Properly conducted field surveys offer a systematic way 
to compile operational data on the areas a f fected and to 
accumulate in formation that wi l l  be use ful in deal ing with 
future disasters . No standardized predisaster prediction 
can equal the predictive value of fac ts collected at the 
ac tual disaster s ite . 

For sudden disasters , field surveys can be used in each 
of the three per iods already ident i f ied immediately after 
the impact ,  during the subsequent emergency period , and 
for recovery and long- term rehab i l i tation . For slow-onset 
disasters , field surveys provide a tool for prediction and 
continuous surveillance . 

On- s i te data col lection will ( 1 )  constitute a basic ele­
men t  for decisions re lated to short-term and long-term aid , 
( 2 )  provide an offic ial damage record , ( 3 )  estab l i sh base­
l ine s for further evaluation of a s s i s tance , ( 4 )  help val i­
date and expand in formation for use in future planning and 
preparednes s ,  ( 5 )  check the accuracy of country profi les , 
and ( 6 )  supplement information extrapolated from past 
experience s .  

There are two basic ways to gathe r data : direct , stan­
dardized observation and interviews with key informants . 1 
Immediate postdi saster a s s e s sment require s quick , pre limi­
nary reports based on observation and interviews with key 
informants in s i te s  selected , ideally , by s tatistical 
samp ling methods . These reports should be updated as new 
data are co llected . More accurate quantitative surveys 
can be undertaken later on when the emergency pre s sures 
are over . Re source and time limitations wi ll , of course , 
o ften dic tate compromises between a survey that i s  
methodologically sound and one that can b e  feas ibly 
conducted . 

Even the initial asses sment require s use of valid 
samp l ing devices and con s ideration of prior itie s such a s  
where t o  look , how many people to examine , how t o  a s s e s s  
damage to structures , and how t o  adopt precautions against 
biased samples . For immediate pos tdi saster surveys to be 
mo s t  e f fective , the list of prior ities should be defined 

lsome of the spec ial probl ems of co l lec ting information in 

deve loping countr ies were di scussed in Chapter 2 .  
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be fore the di saster and designed so that minimal data will 
yield use ful information quickly . Detai led assessment re­
qui re s more re l iable quantitative measurements as wel l  as 
de finit ion of the units of analys i s , the best sampl ing 
de sign ( random , strati fied , mul tistage ) , the relevant 
variables , and adequate indicators .  

The use--and use fulness--of field surveys may be l imi ted 
by the fol lowing factors : 

1 .  Depending on local conditions and survey obj ec tive s , 
the cost can be high in money , time , and expe rtise . 

2 .  The a ffected areas may be di fficult to reach . 
3 .  Cultural heterogene ity in the area to be studied 

may make for difficult sampling frame construc tion . 
4 .  The interview informant may dis tort the in formation , 

on purpose or inadvertently . Purposeful distortion is i l ­
lustrated b y  a government o f f ic ial who says h e  is famil iar 
with an affected area when he is not , or who exaggerate s the 
damage and losses to attract more help to his constituency . 
Inadvertent distortion is exempl ified by a victim who , under 
emotional stres s , declares that he saw 10 people die rather 
than the 3 he actually saw . 2 

5 .  Field surveys require considerable base l ine data to 
di stinguish damage from impoverished "norma l " conditions . 

6 .  Cultural differences be tween the a f fected population 
and foreign or national experts may produce difference s  in 
the frame o f  re ference , variations in understanding the prob­
lems , and d i f fi culties in communication . 

In spite o f  the se factors , field surveys have some im­
portant advantages :  

1 .  Obtaining the information through field surveys 
gene rally costs less than obtaining i t  through more sophis­
ticated asses sment methods such a s  remote sensing . 

2 .  Field surveys yield high vo lume s of information . 
In sudden disasters , data collec tion could inc lude 

estimate s of the number of in j ured peopl e ,  type of l e sions , 
number of deaths , avai labil ity o f  he al th fac i l i tie s , medical 

2Mortal ity figures reported at precisely 3 , 000 in Chimal­
tenango , 7 , 000 in Tecpan , and 6 , 000 in Comalapa ( in Guate­
mala , 1 9 7 6 )  sugge st such nonpurpos e ful distortion . See C .  
de Vil l e  de Goyet and E .  Jeannee , " Earthquake i n  Guatemala , "  
Emergency Pl anning Di ges t , Vol . 4 ,  No . 1 ( January-February 
197 7 ) , pp . 2-8 . 
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and paramedical resource s ,  amount of medical supplies 
still available , damage to water supply systems , risk of 
communicable disease s , damage to communication channe ls , 
and damage to phys ical structure s .  Aerial surveys and 
remote sensing do not permit assessment of some of the se 
problems . For example , from the air a damaged house in an 
earthquake- s tricken zone may seem to be intact ; personal 
inj uries cannot be identified ; and damage to pipel ine s and 
o ther underground uti l i tie s cannot be detec ted . Ground 
surveys also are particularly valuable for inventorying 
use ful resources such as cons truc tion materials for tem­
porary and permanent she lter , reusable debris , medical 
personne l , and drugs . 

In s low- onset disasters ground surveys are also more 
use ful than aerial and space sate l l i te observations are 
for de tec ting food shortages and the ir probable e ffect 
on the population . 

3 .  I f  adequate sampl ing technique s are used , fie ld 
s urveys make it pos s ible to generalize from relative ly 
smal l samples to the total population under study . 

4 .  Field surveys permit the partic ipation of local 
personnel who , after a short period of training , may be 
qui te capable of conducting interviews and assi sting in 
other field survey tasks . Skil led personnel are needed , 
however , to plan , supervi se , and analyze the collected 
data , and persons with the se sk i l l s  may not be available 
in mo st developing countrie s .  

5 .  Field surveys use l e s s  sophi sticated technologie s 
and equipment than tho se used in aerial observation and 
remote sens ing methods . 

The capabilitie s for on-the-ground assessment a fter a 
disaster are not we l l  developed at pre sent , e spec ially at 
the international leve l . The methodology i s  j us t  being 
developed , and in many case s local expertise for conduc ting 
surveys i s  scarce . Donor agenci e s  such as the UNDRO and 
AID/OUSFDA should work to improve ground survey techniques 
and to train national s from disas ter-prone countries in 
these techniques .  

Assessment Teams 

The conduct of ground surveys require s  organizing teams 
of experts prepared to move quickly into a stricken area . 
Governments in di saster-prone countries , and bilateral and 
international agencie s ,  should make training of expe rt 
asse s sment teams a priori ty goa l . Al though exi sting teams 
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may conduct reasonably adequate asses sments of the numbers 
of in j ured and dead , they rarely have enough training to 
make care ful surveys on such spec ific sub j ects as the age 
and sex of the in j ured population , type o f  in j ury per 
number o f  inj ured , and links between type of construc tion 
and type of inj urie s .  

Organizing the teams poses some practical que stions : 

• Who is to organize the se teams ? 
• How quickly can they be as sembled? 
• Who provides transport? 
• What ski l l s  are needed? 

Wherever pos s ible the teams should be composed of peop l e  
from the affected country who are fami l iar wi th its geog­
raphy , language , cul ture , and soc ial organization . 3 When 
the neces sary skil l s  are not available local ly , the teams 
have to be at least partially composed of foreign experts . 
I f  the teams are organized by international or s ingle nation 
donors ,  prerequisites for team members are prior prepara­
tion , adequate knowledge of deve loping countries , and 
adaptability to different disaster conditions .  The teams 
may also need personne l to translate the information 
gathered in the field into needs and to coordinate the 
required action . In the early stages it may be nec e s sary 
to include in the asse ssment teams professionals from 
deve loping countries who do not have the requisite train ­
ing or expe rience i n  disaster and needs assessment . However , 
on- the- j ob training of such professionals should be a ma j or 
goal o f  this multinational effort . 

At pre sent several fore ign disaster assessment teams 
are in operation , inc luding the International Red Cro s s , 
the U . S .  Army Southern Command ' s  Disaste r  Area Survey Team 
(DAST) , the Center for Disease Control ( CDC ) , and the 

Earthquake Engineering Research Ins titute ( EERI ) . The 
United Nations has also establ i shed organizations for con­
ducting international assessments--World Health Organizat ion , 
Pan American Health Organization , Food and Agricultural 
Organization , Office of the Disaster Rel ie f  Coordinator , 
and the United Nations High Commi s s ioner for Re fugees . 
No s ingle organization yet provide s the comprehensive 
asses sments required in most disasters . 

3 see A .  Omololu , "Nutr ition and Rel ie f  Operations : The 
Niger ian Experience , "  Symposi um of the SWedi sh Nu tri t i on 
Founda tion , No . 9 ( 19 7 1 ) , pp . 1 30-14 3 . 
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International cooperation i s  urgently needed t o  establish 
an in terna tional standby asses sment team and the AID/OUSFDA , 
i n  collaboration with the UNDRO and other UN agencies , 
should carefully cons ider this pro j e c t .  Such a s tandby 
team could comprise nationals from developed countrie s .  
Organ iz ing and training a team of experts in different 
d i s c ipl ines relating to asse s sment would require ( 1 )  clar­
i fication of the obj ective s and methods to be used in each 
specialty , ( 2 )  deve lopment of appropriate recording tech­
nique s and skil l s , ( 3 )  c lear understanding of the team ' s 
rol e  in the assessment proce s s , and ( 4 )  development of an 
i n formation network , among different agencies and organiza­
tions concerned with disasters . 

The assessment team should be concerned only with col­
lec ting information and assess ing damage and needs . The 
tasks o f  assisting the vic tims should be the re sponsibi lity 
o f  skilled pe rsonnel assigned to rescue , re l ie f , and re­
habil itation . 

Although the ski l l s  required for the members of an 
assessment team are diverse , one person may cover several 
specialtie s , thus reduc ing the total number of team members 
needed . Furthe rmore , not all the ski l l s  are required at 
the same time ; team members can be selected on the basis 
o f  the e s tabl i shed prioritie s .  The team should include the 
fol lowing types of persons : 

• An ep idemiologi st spe c ial ized in communicable diseases 
and nutr ition . 

• Two sanitary engineers , one wi th expertise in water 
s upply and sanitation in complex sys tems in urban areas , 
the other with expertise in rural sani tation problems . 

• A hospital administrator ( to monitor bed occupancy 
and f low of patients ) .  

• An expe rt in emergency medical care ( triage , field 
hospitals ,  etc . ) . 

• A pharmac i s t  ( to determine needed drugs , asse s s  
available suppl ies , and inventory incoming supplie s ) . 

• A procurement o fficer (or logistics of ficer ) . 
• A s tatistician ( to organize a repre sentative sampling 

i f  pos s ible and to direct compilation of data ) . 
• Two hous ing experts , architects , or engineers (one 

with expertise in s imple construction technique s and one 
with expertise in more developed techniques ) .  

• An engineer experienced in cons truc tion and repair of 
pub l i c  works sys tems ( transportation , communications , pipe­
l ines , etc . ) . 

• A supplies expert ( food , c lothing ) . 
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• In the case of floods , a hydrologi s t : in the case 
o f  an earthquake , a seismologist and a geologi st : and in 
the case of tropical storms , a me teorologist . 

The team should coordinate its work wi th the appropriate 
nat ional reconstruction group . To make the best use o f  
local resources and to provide national s with the nec e s sary 
exper ience in di saster assessment , the team should includ e  
local per sonne l o r  experts from neighboring countrie s .  

l'se of Field Surveys: Selected Examples 

The fo llowing examples show how field survey s  can be used 
in disasters and what problems may arise in the cours e  of 
conducting them . The se examples are il lustrations only : 
they do not consti tute a comprehensive inventory of s urvey 
pos s ibi litie s . 

Four topics are di scussed : 

1 .  As sessments during gradual di sasters ( food shortages 
in famines ) .  

2 .  The use o f  fie ld surveys in continuous monitoring 
( epidemiological surveillance ) .  

3 .  As sessment of hous ing damage and ne eds . 
4 .  As se s sment of damage and needs to l i fe l ine s after 

sudden di sasters . 

Assessmen t of Food Shortages by Ground Survey 

Four general points should be noted about famine s : 

1 .  Starvation i s  not neces sar ily a s imple func tion o f  
food shortage . Obviously a connection exists between 
hunger and shortages caused by drought , crop pests , or 
natural disaster . But both the cause s  and e f fects o f  
famine are more complex than is generally bel ieved . 4 

4see , for example , R .  H .  Faulkingham , " Ecological Cons traints 
and Subs i s tence S trategie s : The Impact o f  Drought in a 
Hausa Vil lage , A Ca se Study from Nige r , "  Drought in Afr i ca 
2 ,  D .  Dalby , R. J .  Harrison-Church , and F .  Bezzaz ( ed s . )  
( London , England : Internationa l African Ins titute , 1 9 7 7 ) : 

J .  P .  w. Rivers et a l . ,  " Le s sons for Epidemiology from the 
Ethiopian Famine s , "  Annal es de l a  Soc i e t e  Bel ge de Medecine 
Tropi cal e ,  Vo l .  56 ( 1 976) , pp . 345- 3 5 7 . 
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A food shortage can lead to starvation , but the severity 
of the famine--the number of deaths and speed of onset-­
depends more on the prevail ing soc ioeconomic structure 
than on the absolute quanti ty of food available . The worst 
e ffects , starvation and migration , stem from failure s of 
the marke t and o f  the normal system o f  exchange and di s ­
tribution . Thus disaster can occur even when there is 
enough food to feed the populat ion . 

The reason is that the e ffects of a food shortage 
depend on the commercial marke t ;  on the norma l systems of 
food distribution , which include rec iprocity and loans 
between kin and within wide r soc ial groups ; on the degree 
to which the population can obtain alternative employment ; 
and on the extent of capital accumulation in the form of 
gra in , l ivestock , or cash . 

Ethiopia provide s two examples o f  famines , detai led in 
Appendix 1 .  In one case the soc ioeconomic system could 
not adapt ; in the other it could . 

In the northern Ethiopian (Wallo ) famine of 1972-7 3 , a 
s ingle crop failure led to ( a )  a precipitate rise in market 
price s , pre sumably a s  a result of hoarding by those with 
food ; ( b )  mas s ive migration by those wi th no cash to buy 
food ; and ( c )  subsequent mas s  starvation by those unsuc­
c e s s ful in finding employment in c ities and cash crop 
areas . 

In the pas toral e conomy in southern Ethiopia , by contrast , 
drought caused mas sive l ives tock losses , a fal l in l ive­
s tock prices , and a rise in the price of grai n . Yet ,  al­
though the food shortage was severe enough to kill one-third 
of the children under 5 years of age , few people migrated 
and none of the mas s ive social disruption and s tarvation 
that characterized the Wallo famine occurred . 

The se examples suggest that an unanticipated crop fai lure 
can trigger a famine if the distribution system cannot cope 
with the shortage , or i f  the fail ure causes a sudden rise 
in prices in an area where people have l i ttle or no cash . 
Perhaps 2 . 5  mi l l ion deaths occurred in the 1943 Bengal 
famine , and yet there appears to have been no absolute 
shortage of food . s 

Where socioeconomic adaptation is extens ive , however ,  
famine may cause wide spread hardship and child mortal ity , 

Ssee A. Sen , " Starvation and Exchange Ent itlements :  A 
General Approach and I t s  Appl ication to the Great Bengal 
Famine , " Cambri dge Journal of Economi cs , Vo l .  1 ( 19 7 7 ) , 
pp . 3 3-59 . 
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but l i ttle social disruption . An example is the Sahe l , 
where much of the agricul tural population survived up to 
6 years o f  drought with l i ttle or no food re l ie f  and l i ttle 
evidence of soc ial and economi c co l lapse . 6 

Food shortages and distribution prob lems are mo s t  l ikely 
to occur where there is a high r i sk of crop fai l ure or l ive­
stock los s ,  as in pastoral economies and in cul tivated 
semiarid are a s .  Such problems are obvious ly l e s s  l ikely 
where food production i s  more re l iable , or where ab j ec t  
poverty makes dis ruptive hoarding impossible . In some 
areas mechani sms for coping with the e f fects of recurrent 
short fal l s  in food production have dec l ined as population 
pre ssure on l and has grown and as subsistence economies 
have been forced increasingly to pay taxe s and to depend 
on cash as a medium of exchange . 7 

2 .  Historically , food shortage s have affected isolated 
small areas , as wel l  as the larger areas more commonly 
recognized by the international re l ie f community . 

3 .  Increas ing population dens i ty and pre s sure on mar­
g ina l lands are expanding the risk of famine in the world . 
As noted , the Wal lo famine occurred in a recently cul ti­
vated area--one that had not previous ly experienced crop 
failure from drought . 

4 .  Famine relief has often depended on imported food­
s tuffs , which may take up to a year to arrive . Preventing 
starvation requires a more rapid re sponse . Al though local 
purchase of foodstuffs , national and regional s tockpiles of 
food , and market support have all been used in famine re­
l ie f  programs , the e f fectivene s s  of each is l i ttle re­
searched . Further research i s  needed into e ffective means 
of short- term marke t support . In the case of drought and 
famine in southern Ethiopia , subs idized sale of relatively 
small amounts of grain through a few marke ts might wel l  
have staved off the disaste r .  

Field asses sments o f  food shortage are conduc ted b y  using 
a s imple , rapid nutri tion survey . The as sumption underly­
ing nutr ition surveys is that a severe food shortage will 

Gsee J.  Seaman et a l . ,  "An Inquiry Into the Drought S i tua­
tion in Upper Vol ta , " Lancet , Vol . 2 ( 19 7 3 ) , pp . 7 7 4 - 7 7 8 . 
7see , for example , G .  Nicholas , " Remarque sur Divers Facteurs 
Socioeconomique s de la Famine au Se in d ' une Soc iete Sub­
saharienne , "  Drou ght in Afri ca 2 ,  op . ci t . ;  and M. Watts , 
The Food Si tuation in the Sahel ( London , England : Interna­
tional Di saster Institute , 1978 ) . 
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cause a reduc tion in food intake for at least part of the 
population , which wil l  be re flected in a measurable drop 
in physical nutr itional status . We ight and he ight measuring 
is usually performed on smal l chi ldren because they have 
been found to be mo s t  vulnerable to malnutri tion . The 
extent to which children from a repre sentative sample of 
the population are underweight for their he iahts can indi­
cate the degree of malnutrition in the area . 

Such anthropometric data may be hard to interpret ,  how­
ever , because in deve loping countries malnutrition can be 
common even in normal times and basel ine data , taken from 
a known and reproducibl e  sample of the population , is a 
rari ty . Even with ba sel ine data for compari son , a survey 
during a food shortage may yield mi s leading results-- the 
survey might show fewer cases of malnutri tion , not because 
the chi ldren are eating better , but because they have died 
and are not present to be measured . 9 Thus , there is no 
threshold to mark the onse t of famine . In practice , inter­
pre ta tion of the data is made in one or more of the follow­
ing ways : 

• By repeated survey on a known sample . Thi s practice 
al lows changes in nutritional status to be moni tored with 
time . 

• By demonstrating di f ference s  in the prevalence o f  
malnutrition wi thin population groups thought t o  be 
ethnically , economically , and nutri tionally similar in 
normal times . 

• By relating other measured variables to nutritional 
s tatus . The variables that can be quickly and economically 
mea sured are few but include , for example , market prices 
o f  s taple foods and c ash crops , numbers of l ives tock he ld , 
human mortality , and migration rate s . 

Anthropometric.  surveys for the assessment of food 
shor tage s have not been widely used so far , but in the 
pa s t  decade a few have been conducted in Biafra , Bangladesh , 

Bsee J .  C .  Waterlow , "Notes on the As ses sment and Classifi­
cation o f  Prote in Energy Malnutrition in Chi ldren , "  Lancet , 

Vol . 2 ,  No . 87 ( 1 9 7 3 ) , pp . 89 . 
9see J .  M .  Bengoa , "Recent Trends in the Pub l ic Heal th 
Aspec ts of Prote in Energy Malnutrition , "  WHO Chronicl e ,  
Vol . 2 4  ( 19 7 0 ) , p .  5 5 2 . 
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the Sahel , Ethiopia , India , and e lsewhe re in Africa and 
Asia . 1 0 The use of such surveys after crop damage caused 
by sudden disaster is even more infrequent , the onl1 ex­
amples be ing from Bangladesh after the 1970 cyclone 1 and 
following the 1972  floods . 

Epidemi ologi c Survei l l ance of Communi cabl e Di seases 

Epidemiologic surveillance cons ists of col le c ting and 
interpreting data on the risk or the actual oc currence of 
communicable diseases--and , mos t  important , disseminating 

l Osee Center for Di sease Control , Nu tri tional Survei l lance 
in Drought Affected Areas of West Afri ca (Mali ,  Mauri tania , 
Ni ger , Upper Vol ta ) , unpubl i shed report (Atlanta , Georgia : 
u . s .  Department o f  Health , Education , and We l fare , August­
September 197 3 ) ; J .  B .  Mason et al . ,  "Nutritional Le s sons 
from the Ethiopian Drought , "  Nat ure , Vol . 248 ( Apri l  1 9 , 
1974 ) , pp . 646-65 0 ; J .  Seaman et al . ,  "An Inquiry into the 
Drought Situation in Upper Vol ta , "  op . ci t . ;  R .  Arnho l d , 
" The ' Quae ' Stick : A Field Measure Used by the Quaker Ser­
vice Team in Nigeria , "  Journal of Tropi cal Pedi a tri cs , Vol . 
1 5  ( 1969 ) , pp . 2 4 3-24 7 ; D .  E .  Lang , " Epidemiology o f  Famine 
in the Niger ian Cri sis : Rapid Evaluation o f  Malnutr ition 
by He ight and Arm Circumference in Large Populations , "  
Ameri can Journal of Cl ini cal Nu tri tion , Vol . 24 (March 
197 1 ) , pp . 358-364 ; J .  Seaman et al . ,  Harerghe Under 
Drought : A Survey of the Effects of Drough t  on Human Nutri ­
ti on in an Ethiopian Provi nce (Addis Abbaba , Ethiopia : 
Ethiopian Government Relief and Rehab i l itation Commi s sion , 
May/June 1974 ) ; and B .  Wisner and P .  Mbithi , "Drought in 
Eastern Kenya : Nutritional Status and Farmer Ac tivity , "  
Na t ural Hazards , G .  F .  White ( ed . ) (New York : Oxford Uni­
versity Pre s s , 1974 ) . 
1 1  See A. Sommer and W. Mosley , " The Cyc lone : Medical Asse ss­

ment and De terminat ion of Re l i e f  and Rehabi litation Needs , "  
Di saster in Bangl adesh , L .  C .  Chen (ed . ) ( London , England : 
Oxford University Press , 197 3 ) , pp . 119- 1 3 2 ; M .  Loewenstein , 
" The Cyc lone : Nutri tional As ses sment with the ' Quae ' Stick , "  
Di saster i n  Bangl adesh , op . ci t . ; and A .  Sommer and W .  H .  
Mos ley , " East Benga l Cyc lone o f  Novembe r ,  1970 : Epidemio­
logical Approach to Disaster As sessment , "  Lancet , Vol .  1 
(May 1 3 , 197 2 ) , pp . 1029-103 6 .  
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the results to help prevent or control the diseases . 1 2 

In times o f  di saster , the objecti ves of epidemiologic 
surveillance remain much the same : 

• Technical objective : Early detection of 
communicable-disease spreading , for timely response . 
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• Social objecti ve : Prevention or rebuttal of alarmist 
rumors on spreading outbreaks . 

• Operat i onal objecti ve : Avo idance of blanket preven­
tive measures , which are often ine f fective and costly , 
and redirection o f  resources to productive use s . 

Epidemiologi cal surveillance aims at detecting changes 
in di sease occurrence . To detect an increase in the inci­
dence of disease caused by a disaster--or by the rel ie f  
activities--preemergency baseline data must b e  available . 
Because baseline data are often difficult to obtain , data 
of questionable value have to be used . For instance , as sume 
that a high incidence of gastroenteritis or measles is 
detected following a disaster . A care ful analysis of 
disease trends during the previous year s , a long with inter­
views of field medical personnel and reliable residents , 
may show this high incidence cannot be attributed to the 
disaster . 

In fac t ,  the epidemiologic surveillanc e carried out with 
the assistance of the u . s .  Center for Disease Control fol­
lowing the earthquake s in Managua , Nicaragua , in 1972 , 1 3  

and in Guatemala in 1976 1 4 has failed to demonstrate an 
increase in the number o f  diagnosed cases of communicable 
di seases . This finding is particularly impressive because 
fear of diseases and stepped-up surve i llance might be 

1 2see c. de Ville de Goyet ,  " Surveillance Epidemiologique 
lors de Desastre s , "  Bulletin of the World Heal th Organi za ­
tion , Vol .  5 7 5 7 , No .  2 ( 1 9 7 9 ) ; and A .  Romero et al . ,  " Some 
Epidemiological Feature s o f  Disasters in Guatemala , "  
Di sasters , Vol . 2 ,  No . 1 ( 1 9 7 8 ) , pp . 39-46 . 
1 3 see G .  Faich , "Epidemiological Surve i llance and Immuniza­
tion Following the 1972  Managua Earthquake , "  paper pre­
sented at the American Public Health As sociation , San 
Francisco , California , 1 9 7 3 . 
1 4see H .  c .  Spencer et al . ,  " Disease Surveillance and 
Dec i sion-Making After the 1976 Guatemala Earthquake , " 
Lance t , Vol . 2 ( July 2 3 , 19 7 7 ) , p .  182 . See also Romero 
et a l . ,  op . ci t .  
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expe c ted to cause more people than usual to report cases 
of di sease . 1 5 

The problem of epidemic disease outbreaks fo llowing 
floods , earthquakes , and hurricanes reflects more an irra­
tional fear on the part of the publ ic in disaster areas and 
in affluent donor countrie s than an actual increase in the 
risk o f  transmi s sion . 1 6 The news media have contributed 
to the spread of alarmist rumors and supported this un­
founded apprehen s ion . 

After the Guatemala earthquake Spencer and his associates 
wrote the fol lowing : 1 7 

Rumors o f  epidemics were r i fe by the 2nd and 3rd 
weeks after the earthquake . At various time s , out­
breaks of meas les , typhoid fever , typhus , anthrax , 
rabie s , hepatitis , influenza , and dysentery were 
reported in the disas ter area . More than 30 reports 
o f  outbreaks were inve stigated and proved to be with­
out foundation . Bacteriological laboratorie s were 
functioning in Guatemala City , and faecal cul tures 
were used to follow up reports o f  typhoid fever and 
shigellosis in the c i ty .  

Rumors o f  epidemic di sease came from both Guate­
mal a  City and the rural areas but most often con­
cerned the more inaccessible rural areas . Almost 
all of the reports investigated derived from non­
medical staff and seemed to be based on the convic­
tion that epidemics were bound to occur . 

For some well-known disease s or in j uries ( e . g . , tetanus , 
rabie s , and dog bites ) , researchers can collect base l ine 
data after the di saster has occurred . For di sease s wi th 
relatively long incubation periods , basel ine data can be 
col lected during the emergency , before an outbreak has had 
time to occur . The average incubation period of typho id 
fever , for example ,  ranges from 1 to 3 weeks , a period 
long enough to gather some basel ine information . Dur ing 
the second week after the earthquake in Guatemala , an in­
crease in the number of dog bites occurred , and data 

1 5see c .  de Ville de Goyet et a l . ,  "Attitude Face au 
Ri sque D ' epidemie lors de De sastre s Soudains , "  Revue 
d ' Epidemi ol ogie et San te Publ i que , Vol .  2 5 ( 1 97 7 ) , pp . 
185- 194 . 
1 6 Ibi d .  
1 7spencer e t  al . ,  op . ci t .  
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c o l l ected during the first week provided the neces sary 
base for compari son . 

Three type s of di sease s need to be placed under sur­
ve i l l ance : 

1 .  Disease s that may break out in normal time s .  
2 .  Disease s that may spread because of the disaster . 
3 .  Di sease s like cholera , malaria , and typhoid fever 

that are o f  great concern to the hea l th official s ,  poli­
tic ians , and news media even though they are unlikel y  to 
o ccur . 
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The three princ ipal surve i l l ance technique s are the se : 

1 .  Systematic reporting by telephone , cable , or other 
means , not only of bac teriologically confirmed cases of 
s e l ected disease s , but also of cases with a suspect 
c l inical syndrome as previously de fined . For ins tance , 
for malaria any case of fever without other apparent 
cause ( abce s s , pulmonary infection , etc . ) would be re­
ported . 

2 .  Systematic reporting o f  symptoms such as diarrhea , 
d iarrhea and fever , diarrhea wi th blood or mucus , fever 
( independently of the diagno s i s ) , or rash . 1 8 

3 .  Rapid field inve stigation of any reports or rumors 
of abnormal inc idence of di sease . In Guatemala the national 
government , wi th the assi stance of the Pan American Heal th 
Organi zation/World Heal th Organization and a Center for 
Disease Control epidemiologist , inve stigated almost all 
rumors (measles , typhoid fever , e tc . ) , however unl ikely or 
vague . Negative findings are a s  important as positive 
findings . 

Epidemiological data should be expre ssed in terms o f  
rates o r  proportions , because data o n  the number o f  cases 
o f  a disease without re ference to the size and character­
istics of the population under study are of l imited value . 
Yet in many cases it i s  hard to find out how large the 
base population is . To i l lus trate the problem , cons ider 
Guatemala following the 1976 earthquake . The re the search 
for cases of communicable diseases was carried out at the 
heal th fac i l itie s ,  no t at the vi l lage level . But people 
who seek medical a s s i s tance at the health fac i l itie s  have 
greater motivation to seek he lp , greater ac cess to services , 

1 8 see Romero et al . ,  op . ci t .  
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and better education than the population as a whole . In 
the absence of data on the total population , the relative 
magnitude of each disease was roughly estimated by the 
percentage of probable case s among the total consultations 
on a particular day . l 9 

Epidemiological surveillance methods following sudden 
disasters do not differ signi ficantly from those used in 
food and nutrition surveys or routine communicable di sease 
surveil lance . The potential occurrence of communicable 
disease s is one of the many press ing problems emergency 
authorities face , and this concern competes wi th others 
for s carce logistic and human resources . 2 0 In famines ,  
food shortages and nutritional de ficiencies are , of course , 
the main problems . 

The following steps in epidemiological surveillance 
should be taken before and after a sudden disaster : 

1 .  Identi fi cation of a very l imi ted number of di s­
eases to be moni tored and selecti on of sui tabl e indi ca tors . 
Ideally,  thi s  step should take place before the disaster as 
a preparedne s s  measure and be part of the norma l  routine 
surveil lance activities in the country .  

2 .  Iden t i fi cation o f  areas affected by the disaster , 
pos sibly with the assistance of remote sens ing techniques . 

3 .  Rapi d statistical sampling of si tes ( ideally in­
cluding unaffected local ities for control purposes ) to be 
vi si ted by a mul ti di sciplinary field survey team . S teps 
2 and 3 apply as wel l  to the general multipurpose asses sment 
field survey . 

4 .  Rapi d gross detecti on of cases or presumpti ve cases 
ba sed on the presence of a symptom or compl aint . Depending 
on time and resources available , an attempt can be made to 
inve stigate retrospectively the occurrence of cases be fore 
the disaster . Thi s  is l ikely to be more feasible fol lowing 
disasters l ike floods , which cause few immediate health 
problems . 

1 9See World Health Organi zation Bul letin ( forthcoming ) ;  
and H .  C .  Spencer e t  al . ,  op . ci t .  
2 0 see A. Sommer and w .  H .  Mosley , " East Bengal Cyclone of 
November , 1970 : Epidemiological Approach to Di saster 
Asses sment , "  op . ci t .  
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5 .  Implementation through l ocal hea l th servi ces of 
simpl e moni tori ng and reporting of the sel ected di seases or 
s ymptoms . Maximum use should be made of health auxi liaries 
working at the local leve l . 

6 .  In a prel iminary phase , interpretation of da ta a t  
the n a t i onal l evel b y  the organizational unit of the disaster­
affected country that is best equipped to handle the large 
amount of data and that has direct acce s s  to the key deci­
s ion makers in the relief operations . 

7 .  Inves tigation of any " unusual " occurrence of di sease 
by l ocal epidemiologi sts , assi s ted when nece s sary by 
foreign experts . Ideal ly , the se experts should be chosen 
and trained prior to the disaster � WHO and PAHO resources 
should be used for this purpose . 

8 .  Es tabl i shment of pri ori ties for investi gating un­
usual occurrences of di sease and for rapi d screening of 
obvi ousl y unfounded reports . Ful l laboratory support 
should be provided to confirm the occurrence of a specific 
disease , to ident i fy its cause , and to determine the best 
way to control it . Especially al arming si tuations , such 
as a high occurrence of disease or a particularly vulnerable 
environment l ike overcrowded re fugee camps , should receive 
priority for the use of laboratory re source s .  

9 .  During the rehabi l i tation phase , interpretation of 
the data at the l ocal l evel and integra tion into the na ti onal 
epi demiol ogi cal survei l l ance system . The existence of an 
e f fective epidemiological surve i llance sys tem i s  an important 
tool to help in the implementation of postdisaster surveil­
lance . The l ack o f  a preexi stent system compromi ses the 
qual i ty of postdisaster epidemiological surveillance and 
of the conc lusions that can be drawn from it . 

The Assessmen t of Damage and Needs in Housing 

The extent of damage to housing depends on the type of 
dis a s ter ( earthquake , floods , high wind s ) , the intens ity 
of the impact ,  the cons truc tion materials ( adobe , tile s , 
bamboo , taquezal , timber , masonry , concre te , etc . ) ,  and 
topographic location of bui ldings . 

In earthquakes , the distribution and intensity of damage 
is influenced chie fly by the type of cons truc tion , geometry , 
mas s  dis tribution , and degree of flexibil ity . Dur ing an 
earthquake , ground motion i s  transmitted to struc tures 
through their founda tions .  Unreinforced load-bearing wal l s  
o f  masonry o r  concrete cons truc tion are highly susceptible 
to earthquake damage because of their relative ly low inplace 
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shear ing capac ity . The strength of such wal l s  is further 
reduced by window and door openings . 2 1 

Defects in foundations ,  wal l construc tion , and roo f ing 
are a ma j or cause of bui lding failure in earthquake s .  For 
instance , some of the construction de fec t s  that can be 
found in adobe houses--a material widely used in deve lop­
ing countries--are poor adobe-making technique s , use o f  
insuf ficiently dried adobe , incomplete f i l l  of the vertical 
points be tween adobe blocks , poorly aligned wal l s , poor 
inter locking wal l  intersec tions , and timber tie-beams con­
nected with carelessly executed j oints . 2 2  

The damage as soc iated with tropical cyclone s resu l t s  
from the direct ac tion of winds , which may reach sur face 
veloc ities of 150 mi les per hour or more , from rainfal l ,  
and from storm surge s . 2 3  The critical wind pre ssure de­
pends to a large extent on the geometric characteristics 
of a building , and on the arrangement of bui ldings in a 
group . Wind may cause a building to sl ide or overturn , 
and the s torm surges and heavy rainfal l characteristic 
o f  typhoons and hurricanes may cause floods that damage 
the foundation soil or the foundation itse l f . 2 4  The wind 
re s i s tance of buildings can be improved by improving connec­
tions between wal l s  and foundations , floors and roo f s , by 
learning more about the e f fects of wind on buildings , 
and by avoiding certain shapes or groupings of buildings 
that cause undesirable aerodynamic effects . 2 5 

2 l see s .  G .  Fattal , "General Structural Characteristi c s  
of Buildings and Building Material s , " Desi gn , Si ting , and 
Cons tructi on of Low-Cost Housing and Communi ty Buil dings 
to Bet ter Wi ths tand Earthquakes and Wi nds torms , W. F .  Reps 
and E .  Simiu ( eds . )  (Washington , D . C . : National Bureau of 
Standards , 1974 ) , pp . 3-12 . 
2 2see Uni ted Nations , Low Cos t Cons truction Resi s tant to 
Ea rthquakes and Hurri canes ( New York : UN , 197 5 ) , p .  1 1 0 . 
2 3 see E .  S imiu , " Struc tural Per formance of Low-Cost Hous ing 
and Communi ty Bui ldings Under Windstorm Conditions , "  
Desi gn , Si ting, and Cons tructi on of Low-Cos t Housing and 
Communi ty Bui l dings to Be t ter Wi ths tand Earthquakes and 
Winds torms , W .  F .  Reps and E .  S imiu ( eds . )  (Washington , 
D . C . : Nationa l Bureau of Standards ,  197 4 ) , pp . 28- 3 7 . 
2 4 Ibi d .  
2 5see Nationa l Bureau o f  Standard s , Bui l ding to Resi s t  
the Effect of Wind , Building Science Ser ies 100 ( Washington , 
D . C . : NBS , 1 97 7 ) . 
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F ie ld reconnais sance teams must conduc t prel iminary 
damage surveys to housing immediately after the disaster 
to fac i l i tate prompt recons truc tion and rehabil itation 
and to preven t dec i sions that may harm the recovery proce s s . 
For example , hasty clearance of debris may prevent salvage 
and reuse of the material s later on . Table 2 il lustrates 
the appl ication of information derived from damage surveys . 

No standard methodology ye t exists for asses sing housing 
damage and needs in developing countrie s .  The nature of 
an a s s e s sment depends on the expertise of the reconnais­
sance team . The teams sent by agenc ie s in developed 
countries--the Earthquake Engineering Re search Institute , 
the National Bureau o f  Standards , the National Academy of 
Sc iences-National Research Counc il Committee on Natural 
Disasters--have gene ral ly addre s sed only the construction 
problems they are famil iar wi th in the ir own countries . 

A ma j or e f fort i s  now needed to improve the me thods of 
as s e s s ing damage to bui ldings o f  simple cons truction , of 
de fining nece ssary improvements in de sign and in cons truc­
tion techniques ,  and of estimating real housing needs . 
Ideally local engineering and architects ' profess ional 
organizat ions and key national hous ing organizations should 
participate in this effort. Predisaster hazard and vulner­
abi l i ty ana lyses cons iderably fac ilitate postdisaster 
assessment o f  damage and needs and complement information 
obtained in the ac tual field assessments . 

Po stdisaster assessment of damage and needs should 
inc lude ( 1 )  hous ing los ses and damage to structure s and 
( 2 )  hous ing cons truction , hous ing management , and economic 
cons iderations . The initial examination of housing damage 
inc lude s a general examination of the extent of damage to 
struc tures ,  detailed examination of the nature of damage , 
explanation o f  the damage , and examination of repair design 
al ternatives . 

The rapid damage survey should include a general eval­
uation of how we l l  different struc tural elements ( founda­
tions , frame elements , wal l s , roo f s , and upper floors )  and 
materials held up , and a l i sting of de s ign charac teristic s . 2 6  

2 6For detailed checkl ists o f  the different elements see 
Earthquake Engineering Re search Institute , Learning from 
Earthquakes ( Oakland , Cal i fornia : Earthquake Engineering 
Research Institute , 1 9 7 7 ) ; and the National Bureau of Stan­
dard s ' publ ications : Bui l ding Practi ces for Di saster Mi ti ­
ga t i on , Building Science Series 46 ( 197 3 ) ; Bui l ding t o  Resi st 

the Effect of Wind , Building Science Series 100 ( 197 7 ) ; and 
Devel opmen t of Improved Desi gn Cri teri a to Be tter Resi st the 
Effects of Extreme Winds for Low-Rise Bui l dings in Developing 
Coun t ri es , Building Sc ience Series 56 ( 1974 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Assessing International Disaster Needs
http://www.nap.edu/catalog.php?record_id=19833

http://www.nap.edu/catalog.php?record_id=19833


-..1 
0 

TABLE 2 She lter/Infrastructure : Use of Information Derived from Damage Surveys 

I n forma t i o n  Obtained from Method of Obtaining 
Damage Surveys Oa ta 

1 .  Nwaber and locat ion of 
houses damaged or 
des troyed . 

2 .  Forms of damage . 

3 .  Degrees of damage . 

4 .  Extent of damage 
to local stocks o f  
bu i l d i n g  ma te r i a l s .  

5 .  Extent o f  damage 
to in frastructures , 
such as roads/ 
service s . 

A mixture o f  low­
level and h i qh 
level air surveys 
coupled with 
ground survey 
sampl ing tech­
n iques . 

Air surveys when 
damage is to 
basic materials 
such as trees 
coupled with 
ground surveys 
o f  warehouse 
s tockpile s ,  etc . 

Air surveys o f  
roads , br idge s ,  
etc . Ground 
sampl ing tech­
n iques for we l l  
contamina t ion ; 
v i l l age-by­
v i l l age surveys 
o f  e l ectrical/ 
sanitat ion 
damage . 

Use for Surviving 
Fami l ie s  

No u s e  

Use fu l , but 
probably 
a l ready known 
to loca l s . 

Useful for avoiding 
blocked roads/ 
contaminated 
water supp l i e s , 
etc . 

use for Local and 
Possibly National 
Adminis tration 

Essential to determine 
the need for : 
a. Pos sibly supp l y ing- - i n  

exceptional circum­
s tances-- temporary 
shel ter ( e . g . , tents ) . 

b. Financing a l locations 
to survivors . 

c .  Estab l i s h i ng wha t mate­
r i a l s  wi l l  be needed 
for reconstruc tion . 

Essential in detennining 
whether to requ e s t  
supp l i e s  o f  ma te r i a l s  
from outside . 

Essential in preventing 
secondary di sasters 
such a s  epidemic dis­
eases due to contamina­
t ion and in restoring 
service s . 

Use for Local Pr ivate 
Sector 

Useful for determining : 
a. .  The supp l y  of essen­

tial compone n t s  
needed f o r  construc­
tion . 

b. The s upp l y  of too l s  
needed . 

Essen t i a l  in d e t e rm i n i ng 
whe ther to order sup­
p l i e s  from externa l 
source s .  A l so use f u l  
i n  determi n i ng s tock­
p i l e s  for future pre­
paredn e s s  p l anning . 

Use for External Groups 
( Gove rnment s ,  Vo l u n t a r y  

Agenc i e s , a n d  Other 
Private Group s )  

Needed t o  determine : 
a .  Whether to prov1de 

temporary s he l te r .  
b .  Wh e t h e r  t o  prov1dc 

bu i l d i ng sup!J l l e s  
( e . g . , r oo h ng 

aateri a. l s ) . 
c .  Wh e t h e r  P X I 'e r t i s c 

is needed to qu 1 de 
recon s t r u c t  L on .  

U s e f u l  i n  d e t c rm1 n 1 ng 

what cont r 1 b U t 1 o n s  

are needl.'d , l'a r t i •:u­
l a r l y  f rom a.d ] o i n 1 nq 
coun t r i e � .  

Useful i n  the event 
o f  major d i sa s t e r  
requ ir ing external 
s uppo r t  to d e t e r ­
mine the r e s o u r c e ::;  
neede d .  
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A sub sequent detailed inve stigation shoul d  specify the 
quality of the material s ,  the ir arrangement in the bui lding , 
and the dis tribut ion o f  cracks , de formations , and so on . 
Informat ion should al so be obtained on the quality of the 
foundation , soil , pecul iarities of the building , inter­
ference of neighbor ing structures ,  or changes in use that 
may have contributed to the damage . 

The se evaluations should indicate the most appropriate 
construction techniques and structural designs for wi th­
standing future di sasters . I f  the local availabil ity of 
con struction material s has also been inve stigated , impor­
tation of material s may be avoided . 

Decis ions must al so be made on what reconstruc tion 
strategy to pursue , since there are many options open to 
governments and agenc ie s . Temporary housing in many in­
stance s  has proved more expensive than have the permanent 
structures buil t  by the local population . Persons asse s s ing 
hous ing needs should encourage rapid reconstruc tion of per­
manent houses--for example , by locating material for 
temporary shel ter that could be reused in the permanent 
struc tures .  Early analysis of re location al ternative s 
should avoid unneces sary evacuation and creation of re fugee 
camps . 

Land tenure i s  a maj or i ssue . Land for new houses for 
the home l e s s  must be secured . Measure s should be estab­
li shed to control inflation and speculation in land and 
construction material s .  Pol icy dec i s ions should be made 
on whe ther to enact such programs as sub s idized sale of 
material s ,  establ ishment o f  credit systems , free di stribu­
tion , and other housing reconstruc tion scheme s . 2 7 

Planning and management o f  the housing reconstruction 
proce s s  requires information concerning the following : 

• Availab i l i ty o f  local construction mater ial s for 
rebuilding- -to avo id the time , money , and e f fort involved 
in importing material s and also to avoid disruption of the 
local construction materials market . 

• Availabi l i ty of ski lled construction workers to 
supervi se the construc tion and train the population in 
safe construction methods . 

2 7see R .  Ger sony et al . ,  Gua t ema l a -AID Di sas ter Rel i ef 
Program : Reports on Post-Earthquake Di stribu tion of 
Bui l ding Ma t eri al s ,  report for the Agency for International 
Deve lopment in Guatemala ( Washington , D . C . : U . S .  Agency 
for International Deve lopment , December 197 7 ) . 
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• Availability of labor that could be used in housing 
construction if not needed el sewhere (agricul ture , industry , 
etc . ) . 

• Possible use of existing organizations ( cooperatives , 
community organizations ) to provide leadership , training , 
management , and distribution outlets for materials and 
tools . 

• Evaluation of areas in which technical supervis ion 
is  needed ; thi s may be provided either by profe ssiona l s  
within the disaster- stricken country o r  b y  outside experts . 

• Asse ssment of the customary forms of hous ing and 
settlement in the stricken area . 2 8 For instance , per sons 
in disaster-struck Peru , Turkey , and Nicaragua found poly­
urethane igloo-shaped house s provided as temporary 
dwel l ings unsuited to their cultures and inappropriate 
for their environments .  In Bangladesh , both Bengalis and 
Biharis criticized the A- frame modular hous ing provided 
to them as cramped and alien . 2 9 

Thus , to assess housing damage and needs , information 
on the nature and extent of damage must be collected and 
reconstruction policies de fined in terms of the recipient 
country ' s  technical needs , economic situation , management 
capabil itie s , and culture . International and single­
country donors should use asse s sments in working with 
governments o f  disaster-prone countrie s ( 1 )  to improve 
bui lding practices to withstand disasters , ( 2 )  to implement 
building science and technology education programs , and 
( 3 )  to promote exchange of information on the se subj ects 

between profe s s ional s in both developed and developing 
countries . 

Assessment of Damage and Needs in "Li fel ine " Systems 

"Lifeline s "  are the public facilities that provide trans­
portation , communication , water , and energy : 

2 Bsee B .  Bode , "Disaster , Soc ial Structure , and Myth in 
the Peruvian Ande s : The Genes i s  of an Explanation , "  Annals  
o f  the New York Academy of Sci ences , Vol . 2 9 3  ( July 1 9 7 7 ) , 
pp . 246-2 74 . 
2 9see National Bureau of Standards , Bui l ding to Resi s t  the 
Effect of Wind , op . ci t . 
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7 3  

by fail ing to perform adequately o r  by produc ing additional 
hazards ; for example , fires may develop in an electrical 
system or a dam may fail . After a disaster occurs , teams 
of experts should undertake immediate reconnai ssance sur­
veys to determine the extent of trouble in each of the l i fe­
l ine systems . Thi s  assessment entail s the following steps : 

1 .  Determination of the conditions of the different 
systems and their components following the disaster . 

2 .  Speculation about the causes o f  damage , for instance , 
contamination o f  a portion or all of the water supply , 
power outages ,  communication di sruption , transportation 
failure , plant or facil ity damage , etc . 

3 .  De finition of the requirements for operating the 
system . 

4 .  Establi shment o f  immediate recovery obj ectives . 
5 .  Design of an emergency plan for achieving the obj ec­

tive s . 

wa t er Systems The supply of water in disaster-affected 
areas c r itically affects survivors . The water supply may 
be contaminated ; extraction problems may result from col­
lapsed wel l s , blocked or otherwise di sabled pumps , or 
inadequate power to operate the system . 

Assessment o f  water system damage and needs involves the 
following tasks : 3 0  

3 0 see Prime r Seminario National , La Ingeni er!a en Casos de 
Desas tre ( Jal isco , Mexico : Colegio de Ingenieros Civiles 
del Estado de Jal isco , 197 5 ) ; and American Water Work s Asso­
ciation , Emergency Pl anning for Wa ter Uti l i t y  Managemen t 
(New York : Amer ican Water Work s As sociation , 197 3 ) , p .  37 . 
The se steps in assessing water system damage and needs apply 
primarily to water sys tems in urban areas . In rural areas 
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1 .  Estimation of the impact of the di saster o n  e ach 
component of the system : ( a )  source , (b )  collection works , 
( c )  transmi ssion system , ( d )  distribution system , and 
( e )  power supply . Components incapac itated by the disaster 
should be itemized . Components that are interrelated with 
others so as to make the entire system inoperative should 
receive special attention . 

2 .  Estimation of water requirements for ( a )  potable 
water , ( b )  fire fighting , (c)  decontamination and sanitation , 
( d )  agriculture , and ( e )  industry . 3 1  

3 .  Tests of water for chemical and biological quality .  
4 .  Estimation o f  the capability o f  the system to meet 

the requirements . I f  the system fail s to meet the water 
requirements ,  key components that are primarily re spons ible 
for the fai lure should be identifie d .  Unneces sary loss of 
sto re d ,  treated water must be prevented . 

5 .  Speci fication of prioritie s ,  and planning of the best 
ways of using resources : ( a )  establish basel ines on water 
quality leve l s ; (b) allocate wate r under as sumed needs for 
drinking , sanitation , decontamination , fire- fighting , in­
dustrial use , and agriculture ; ( c )  prepare guide l ines for 
water allowances ,  prioritie s ,  rationing , and time phas ing 
of estimated water requirements ; ( d )  establish procedure s 
for emergency treatment , pumping , and distribution o f  water . 

5 .  Design of a feasible plan for operating the system 
and specification of transportation , manpower ,  and equipment 
needed to implement the plan . 

Transportation Systems A disaster may wash out or b lock 
roads , destroy bridges , or cause overpasses to collapse . 
The assessment team needs to investigate the following 
matters : 3 2  

1 .  The extent o f  damage and the degree o f  usabil ity of 
the different components o f  the road system : roads , bridges,  
overpasses , tunnels . 

the water system (wells , ci sterns , windmills , e tc . ) may be 
more primitive , but a s imilar set of steps for checking , 
te sting , and determining needs and prioritie s i s  requ ired . 
3 1 rn the case o f  cyclones ,  agricultural concerns are the 
damaging e f fects of sal ine water on arable land and the 
provision of freshwater irrigation to leach the soi l  so 
that the next crop can be planted . 
3 2see Earthquake Engineering Re search Institute , op . ci t .  
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2 .  The extent o f  damage to railroads , including bridges , 
roadbeds ,  and tunne l s . 

3 .  The extent o f  damage to harbor facilitie s , docks 
and piers , and mate rial-handl ing equipment ,  such as cranes . 

4 .  The extent o f  damage to airports : damage to build­
ings and control towers ,  runways ,  l ighting systems , control 
l ights , underground faci litie s , fuel systems , and emergency 
electrical power . 

5 .  The availab i lity o f  temporary emergency runways ,  
control towers , and staging areas . 

6 .  The transportation needs posed by re scue and rel ie f 
activities :  the availability o f  airc raft , parts ,  fuels , 
and other means o f  transportation , particularly special­
purpo se transportation such as four-wheel-drive vehicles 
and hel icopters . The availabil ity o f  local vehicles should 
be assessed with a view to relying on local transportation 
as much as possible . 

7 .  The possibil ity o f  construction o f  secondary roads 
i f  main roads are blocked . 

Communica t i on Sys tems Disasters may disrupt communica­
tions through ( 1 }  broken line s , ( 2 )  damaged equipment , 
( 3 )  lack o f  electrical powe r , and ( 4 )  system failures due 
to overloading . The extent of damage to telephone and 
telegraph sys tems needs to be asses sed and measures insti­
tuted to prevent further breakdown o f  systems due to over­
loading . I f  neces sary , the pos sibil ity of establishing 
connection with e s sential re l ie f  centers should be inves­
tigated . The extent of damage to radio and television 
systems should be asse ssed i to some extent , it wil l  depend 
on damage suffered by buildings that house studios and 
transmitters . 

Energy Systems The assessment o f  damage to electrical 
power systems should include checking fossil fuel and hydro­
electric generating plants , transmi ssion line s ,  switchyards 
and substations , and distribution systems . Assessment o f  
damage t o  gas sys tems should inc lude surveys of pipelines , 
gas l ine s , conduits , and tanks . 

Field surveys , an important tool for assessing damage 
and needs , have not received enough attention . There is 
reason to support the idea o f  an experimental or demonstra­
tion approach to the organization o f  di saster survey opera­
tions . National and international agencies , and the 
scienti fic community should develop new field survey 
methodologie s ,  improve the existing one s , and train more 
disaster experts , particularly in disas ter-prone developing 
countries . 
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5 Methods of Assessment : 
Remote Sensing 

Remote sens ing by aircraft and spacecraft i s  a valuable 
new information-gather ing tool of which rel ie f agencies 
and donor countries need to be aware . Remote sensing pro­
vides a comprehens ive , synoptic , and obj ective view of a 
large area over a short per iod o f  t ime . In general , remote 
sensing information is l ike ly to be most valuable in pre­
disaster planning and hazard analys i s  ( including warning of 
slowly developing disaster s )  and pos tdisaster rehab i l itation 
and reconstruction . Theoretically , remote sens ing also 
offers the possibility of acquiring data over regions made 
inacces sible by disruption of normal transportation and 
communications systems i in such areas , information may be 
needed about debris or sediment deposits and s imilar prob­
lems that threaten health and l i fe . In practice , however ,  
remote sensing data may not be obtained soon enough a fter 
a disaster to be used for this purpose . Some pilot studies 
are needed in the uses of remote sensing data . 

Field survey investigations should be planned in parallel 
with pilot studies using remote sensing methods and data 
to ver i fy and supplement the information provided by remote 
sensing methods and to ensure that remote sensing data c an 
properly be used to extend ground observations . At thi s  
time , only the simplest analyses , such a s  recogn ition o f  
surface water ,  can be conducted without field verificat ion . 
A portion o f  this ground verification information can be 
acquired from local scientists and from previous famil iarity 
with the region , but most disaster asse s sments require 
active postdisaster site evaluation . 

Re sponsible use o f  remote sensing will await both the 
pilot studies j ust suggested , and maturation of the tech­
nique in both the developed and developing world . Many 
developing countrie s have already made signi ficant commit­
ments to us ing remote sensing in re source s  evaluation , but 

76 
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the technique has thus far not been used i n  disasters . 
Thus some caution i s  necessary both in assessing untried 
rol e s  for remote sensing and in recommending use of the 
technique in di saster s . The fol lowing page s reflect the 
concern of the Committee on International Disaster Assis­
tance to strike the proper balance between present caution 
and future pos s ibilitie s . 1 

Some observers have suggested that LANDSAT earth re­
sources satellite s  have considerable potential value in 
disasters . The Committee notes that , of the developing 
nations , only those in the Americas and North Africa are 
now reasonably (but not fully)  served by LANDSAT receiving 
stations . New stations under construction or considera­
tion in Africa and Asia will not become operational for 
some years . Al so the future NASA Tracking and Data Relay 
Satel l ite System ( TDRSS)  will offer an alternative to new 
stations in the deve loping world and to reliance on the 
present expensive and unrel iab le tape recorders used to 
obtain coverage outs ide view o f  the receiving stations . 
Again , howeve r ,  operation of TDRSS is some years hence and , 
as o f  this writing , i s  not an assured system because of 
both technical and financial difficultie s . Nevertheless , 
using TDRSS and/or Regional Receiving Stations , disaster 
coverage of most developing nations should be feasible with 
sate l l ites by the early 1980 ' s .  

Given that thi s will be the case , these problems will 
still be of concern : 

1 .  Present satellite imagery does not have a high 
enough spatial resolution ( 8 0  mete r s )  or repetitive coverage 
of the same area ( 1 8  days ) to fac ilitate damage assessment 
in sudden disaster situations .  For example , damage to 

l Two recent National Academy of Sciences studies deal with 
problems in the use of remote sensing : ( 1 )  Committee on 
Remote Sensing for Development , Board on Science and Tech­
nology for International Development , Remote Sensing from 
Space : Prospects for Developing Coun tries (Washington , 
D . C . : National Academy o f  Sciences ,  197 7 ) ; and ( 2 )  D .  s. 
Simonet t ,  "Possible Uses of Space Satel lites for Disaster 
Warning , Monitoring , and Damage Asse ssment , "  The Role of 
Technol ogy in Int erna tional Di saster Assi stance : Proceed­
ings of the Commi t tee on In terna t i onal Di sas ter Assis tance 
Workshop , March 1 977 (Washington , D . C . :  National Academy 
of S c ience s , 1978 ) , pp . 79-99 .  
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individual structures and transportation networks c annot 
be directly determined . 

2 .  While future LANDSAT sate l l ites , such as LANDSAT-D , 
wil l  have improved spatial resolution ( 3 0  meters instead 
of 8 0 ) , it is uncertain how much this change wi ll improve 
the information on disasters from satellite s . 

3 .  Future satellites wil l  also produce enormous s treams 
of data . For example , the data volume produced by LANDSAT-D 
wil l  be 1 5  times the volume produced by LANDSAT- 2 . The 
radar satellites of the mid- and late 1980 ' s  that may be 
launched are l ikely to produce 2 0  to 3 0  t ime s the current 
volume . Even the meteorological satellites of the future 
will have substantial data volume s .  Such voluminous infor­
mation will be costly to handle , and developing countries 
rarely have the large computing fac i l itie s needed to process 
these data . 

4 .  Neither the present sate l l ites nor those o f  the 
LANDSAT-D type can see through c louds . Constant cloud 
cover is  a major problem in the many developing countries 
of the wet tropic s .  Future radar satellite s  wil l  eliminate 
this problem and high-resolution optical sensors that c an 
be focused on specific geographic areas wil l  reduce its 
severity . Stil l , it is difficult to predicate the use of 
remote sensing on LANDSAT sensors that cannot del iver data 
in c loudy conditions , or on untried radar systems . 

5 .  Without the capability to process and interpret 
imagery , remote sensing wil l  be o f  little use . Few pe rson­
nel in developing countries are now c apable of using re­
motely sensed data , though the numbers are l ikely to 
increase because major training programs have now begun . 

6 .  The cost o f  acquiring data wil l  increase as a result 
of the new policy of the National Aeronautic s and Space 
Administration to recoup a portion of its investment in 
foreign ground stations . NASA currently charges $200 , 000 
per year per station . How many developing countries wil l  
b e  willing and able t o  pay their share o f  the se o r  future 
increased charges ?  

Some observers have suggested that aircraft remote 
sensing will be more suitable than satellite observation 
for use in disasters . In part this may be true--especially 
with respect to much more satisfactory resolution . However, 
few developing countries are expected to be will ing to 
invest in aircraft and sensing systems for disaster-related 
use alone . Also the national apprehensions and sensitivi­
tie s of developing countries might be aroused if donor 
countries were to gather remotely sensed data on disasters . 
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There are alternatives to remote sensing--procedure s 
that may , in fac t ,  be more cost-effective--for damage 
ass e ssment . As noted earlie r , remote sensing can rare ly 
be used without supporting field observations and samples . 
Such field data (which are required to substantiate remote 
sens ing data ) are of a much lower technological level , 
are more eas ily absorbed by developing countrie s ,  and in 
some cases at least may require less highly trained per­
sonne l . The question of costs--whether to spend more for 
incremental or improved ground observations or for remote 
sensing--remains to be examined . 

Relief e f forts now proceed in deve loping countries sub­
stantially , if not entirely , without remote sensing , and 
the s e  e f forts can be improved without resort to remote 
sensing . Land communication can be improved through devel­
opment o f  a dependable radio network or disaster-resistant 
mic rowave or sate l l ite telephone-based communication systems . 
Uni ve r sities and col leges in deve loping countries can 
encourage disaster preparation without commitment to 
sophi sticated technologies . 

Yet remote sensing technology offers interesting possible 
applications . As a lready suggested , it can be employed in 
predictive model ing , in monitoring slowly developing di­
sas te r s , in preparedness planning , and in long-term recon­
struction and development planning . Aircraft and satellite 
data also can play large roles in activities unrelated to 
disaste r , such as resource inventories , mapping , and geologic 
applications . Use o f  remote sens ing for disaster assistance 
requires some management system already in place , established 
for purposes other than disaster work . Once a remote sens­
ing system is in operation as part of a resource and land 
evaluation system , disaster assessment can be added as a 
modes t  component . 

In e ssence , remote sensing offers developing countries 
no easy solutions for dealing with di sasters . These coun­
tries should weigh thei r  investment choices carefully . Each 
develop ing country has a un ique combination of l ikely di­
sasters , talents , financ ial resources , and abil ity to use 
aid from the international community . Each wil l  have its 
particular problems relating to pol itics ,  finance , tech­
nology , and geography , and its own capabil ities for handl ing 
them . 

The subsequent sections de scribe the different systems 
that could be used in remote sensing . 
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Aircraft lmaaer�· 

Multistage aircraft imagery could be very use ful in predi­
saster and postdi saster s ituations ,  primarily because o f  
its high resolution . Aircraft imagery would provide deta i l  
that sate l lite imagery cannot yet provide . However , aerial 
coverage o f  a large-scale disaster can be quite costly and 
time consuming , even when high-altitude aircraft are used . 
Aerial coverage is worthwhile only when the area of interest 
i s  relatively small ( a  few hundred to perhaps ten thousand 
square ki lometers ) or if the problem can be addre ssed only 
with a high-re solution system . A combination of sate l l ite 
and a ircraft data may reduce the number of low- leve l  f lights 
needed , thereby minimiz ing the cost . 

Aircraft employed to provide disaster coverage could be 
equipped with a variety of sensor systems according to the 
location and type of disaster . Conventional camera systems 
equipped with color-infrared film would be useful for all  
kinds of disasters . High-altitude planes could be equipped 
wi th similar systems or more complex one s , including radar , 
which would be necessary in areas o f  persistent c louds . 

Aircraft and satellite imagery could be used not only 
for postdisaster damage assessment but also for hazard 
and vulnerabi lity analys is within disas ter-prone countries . 
High-risk areas could be mapped :  flood plains , vulnerable 
settlements , areas of wind exposure , coastal flood s ites 
and tsunami dangers , fault zone s ,  and avalanche and l and­
sl ide risk areas . Aircraft and satel l i te imagery could also 
make a valuable contribution to a country ' s  data base . I f  
a n  area had been covered under normal conditions , damaged 
areas would be easy to see on postdisaster images .  

Most developing countries have small  airc raft that could 
be equipped with cameras to provide low-altitude coverage . 
In addition , some countries have mil i tary or commercial 
planes capable of medium- to high-altitude coverage . If 
they do not have these capabi l itie s , special arrangements 
could be made with international or bilateral agenci e s  to 
provide for this coverage . 

Use of a military aircraft , such as the u- 2 , 2 RB- 5 7 F , 3 
or SR- 7 1 , 4  could also be used to acquire timely data . 

2The U- 2 i s  a s ingle-seat aircraft designed and bui l t  by 
the Lockheed Aircraft Corporation for high-altitude , long­
range operation (operating altitude , 65 , 000-7 0 , 000 feet 1 
cruis ing speed , 7 4 0  kilometers per hour ( 460 mi les per hour) 
at 2 0  kilometers ( 6 5 , 000 feet ) . The National Aeronautics 
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However , marshal ing a plane such as the U - 2  require s trained 
pilot s , trained ground maintenance crews , technicians , photo­
proce s s ing fac i l ities , interpreters , and spec ial fuels . 
Furthermore , because of the stigma assoc iated with the U- 2 , 
some countries may either re j ect any overfl ight by such a 
plane , or require spec ial arrangements in advance .  

An AID/OUSFDA- sponsored or UN- sponsored commercial j et 
( such as the Carave l l e ) , mounted with an imaging radar and 
a 6-inch focal length camera ( color-infrared film) and 
flying at 1 2 , 000 meters , could obtain imagery with an 
acquisition scale of 1 : 80 , 000 for photography and with 
10-meter resolution (or better , i f  de sired ) for radar . A 

and Space Administration U-2 aircraft , based at Ames Re­
search Center , Cali fornia , routine ly fly from Ames and 
Wallops I sland , Virginia , and other staging locations are 
poss ib l e . The planes carry a wide variety of sensors , in­
cluding aerial mapping cameras , electronic sensors and scan­
ner s , and both in s i t u  and remote atmospheric sampling 
devi c e s . The NASA U-2 aircraft are available on a cost­
reimbursab le basi s  for research or experimental programs . 
See National Aeronautics and Space Administration , Hi gh Al­
ti t ude Perspect i ve (Moffett Field , Cali fornia : NASA , Ames 
Research Center , Airborne Mi ssions and Applications Divi­
sion , 197 7 ) . 
3The General Dynamics/Martin RB-5 7 F  i s  flown and maintained 
for the NASA Earth Observations Aircraft Program Office . 
It i s  a midwing , 4-engine turbofan/turboj et aircraft . The 
data acquisition system comprises an airborne sensor plat­
form , various sensors , and anc illary control and data­
recording equipment . The service ceiling is 18 , 900 meters 
(62 , 000 feet ) ; maximum cruising speed is 740 kilometers per 

hour ( 460 miles per hour ) at 18 , 300 meters ( 60 , 000 feet } ; 
range , 5 , 3 2 0  kilometers ( 3 , 300 mi le s ) . See A .  P .  Colvoco­
resses , "Platforms for Remote Sensors , "  Manual of Remote 
Sensing , Vol . 1 ,  R .  G. Reeves ( ed . ) ( Falls Church , Virginia : 
American Society of Photogrammetry , 1974 ) , p .  560 . 
4The Lockheed SR- 7 1  i s  a U . S .  Air Force long-range advanced 
strategic reconnaissance aircraft . It is capable of world­
wide reconnaissance operations , inc luding aerial photographic 
miss ions and multiple forms of remote sensing . The service 
cei l ing is over 2 4 , 400 meters ( 8 0 , 000 feet ) ; maximum speed 
is MACH 3 ,  or more than 3 , 34 0  kilometers per hour ( 2 , 07 0  
miles per hour ) a t  2 4 , 46 3  meters ( 8 0 , 2 5 8  feet) ; range is  
more than 3 , 2 2 0  kilometers ( 2 , 000 miles ) . Colvocoresses , 
Ibi d .  , p .  562 . 
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Caravelle j et requires less specialized maintenance 
fac il ities , fuel , and pilots than a U- 2 doe s . It would 
not have the pol itical stigma o f  the U-2 and could use 
commerc ial pilots , but prior permi ssion for its use in 
flying over developing countrie s would sti l l  be required . 
The cost of setting up a single Caravel le aircraft with 
an imaging radar and an array o f  cameras could range from 
$7 mill ion to $15 mill ion , depending on equipment . A c are­
ful cost analysis would be required (of initial cos t , 
equipment maintenance ,  service fac i l it ie s , c rews , and 
interpreters ) to determine whether development o f  such a 
system i s  warranted , even i t  i f  were developed principally 
for use s  other than in disasters . 

Hiring a commerc ial firm to provide coverage o f  a di­
saster i s  a costly but viable alternative . There are now 
two commerc ial firms in the United State s that could pro­
vide radar and color- infrared imagery if requested . TO 
fly a radar system outs ide the u . s .  borders requires spe­
cial l icenses , permits , and visas from the countries in­
volve d .  The cost of the mission itse l f  i s  from $ 7 , 000 to 
$10 , 000 per day , depending on the area of coverage . There 
is also a charge of about $5 per statute mil e  to fly to the 
disaster site , as we l l  as the cost of the fuel to return 
home . As with the mil i tary flights , fore ign governments 
must support the flights or they cannot be flown . The 
Committee recognizes that the AID/OUSFDA already has these 
options and pos s ibly others under examination . Before a 
dec is ion is made in this area , experiments need to be 
carried out and more complete information acquired on costs 
and benefits . 

Satel lite Imagery 

For certain di saster problems , satel lite imagery may be 
much more cost-effective than aerial photography . With 
present technology , images can be obtained o f  almost any 
place in the world at scheduled interval s ,  clouds permit­
ting . Although resolution i s  modest , the regional view pro­
vided by sate llite imagery can be use ful . 

Sate llite imagery is avai lable in photographic and 
digital form . Usable information can be extrac ted at 
almost any technical level . Mapping an area inundated 
by floods by inspecting the pictures requires l i ttle or 
no training . 

Use of such high technology as computer processing allows 
more information to be extracted , based on spectral 
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signatures and changes occurring with time . Computer tech­
nology , however , would normal ly be usable only in the pre­
parednes s  and reconstruction phases �  it is not likely to 
be readily available during the emergency itse l f .  

A s tudy undertaken by Nanayakkara and Wagner showed that 
proce s s ing systems capable of per forming level slicing , 5 
gray mapping , 6 and ratio processing 7 could be set up in a 
deve lopin� country or a central fac ility at a relatively 
low cost .  The United Nations is currently compiling 
information on low-cost digital computers , associated 
software , and peripheral equipment that wil l  be use ful to 
developing countries . 9 Such equipment wil l  be intended 
primarily for resource inventory and monitoring � disaster 
evaluation could be an added responsibility . 

Sate l lites employable now consist of LANDSAT and a 
variety o f  meteorological satellite s . Currently , LANDSAT 

provides the best resolution . Resolution of meteorological 
satellites is  fairly coarse , but imagery from the geosyn­
chronous satellites can be obtained every 30 minutes , an 

S in level slicing (or density s l ic ing ) , the continuous gray 
tone of an image is converted into a series of density in­
tervals ,  or s l ices , each corre sponding to a specific digi­
tal range . See F .  F .  Sabins , Remote Sensing Principles and 
In terpret a t i on ( San Francisco , Cali fornia : W. H .  Freeman 
and Company , 1978 ) , p .  407 . 
6Given a distribution of dark and l ight value s ( gray value s )  
for a n  image , features c an b e  emphasized by presenting only 
those density or gray values that are found for the fea­
ture s  in question . 
7Ratio processing ( ratio image ) i s  an image prepared by pro­
cessing digital multispectral data . For each pixel , the 
value for one band i s  divided by that of another .  The re­
sulting digital values are displayed as an image . Sabins , 
op . ci t . ,  p .  4 1 1 . 
8 See c. Nanayakkara and H .  Wagner ,  "Digital Processing 
System for Developing Countries , "  Proceedings of the El even th 

Intern a t i onal Symposi um on Remote Sensi ng of Envi ronmen t , 

Apri l 25-29 , 1 977 ,  Ann Arbor , Mi chi gan (Ann Arbor , Michigan : 
Environmental Re search Institute of Michigan , 197 7 ) , Vol .  
I ,  pp . 1 1 2 3- 1 1 2 6 . 
9see H .  G .  s .  Murthy , "United Nations Role in Remote Sens­
ing , " Proceedings of the TWel fth International Symposi um 
on Remote Sensing of Envi ronment ,  Apri l 20-26 , 1 978 , Mani l a , 
Phi l i ppines (Ann Arbor , Michigan : Environmental Research 
Institute of Michigan , 1978 ) . 
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excel lent interval for monitoring weather and atmospheric 
conditions . A brief description o f  these sate l l ite s ap­
pears be low . They are al so discussed in detail in the 
context of floods , earthquakes , and droughts in Appendix 2 .  

NOAA Me teorologi cal Sa tel l i tes 

The meteorological sate l lites of the National Oceanic and 
Atmo spheric Administration ( NOAA) provide image s in the 
vis ible and infrared portions of the spectrum . Earth­
Synchronous Meteorological Sate l l i tes/Global-Observing 
Environmental Satellites ( SMS/GOES ) are potentially the 
most useful , especially when used with the Weather Fac­
simile (WEFAX ) communication system . The same area is 
viewed every 30 minutes with a resolution o f  about 1 
ki lometer in the visible and 8 kilome ters in the thermal 
portions of the spectrum . The satellites can collect 
and distribute environmental data from remote unattended 
data collection platforms on land , in water , or in the 
atmosphere and quickly retransmit these data to ground 
rece iving s tations . 

NASA Earth Resources Sa tel l i tes 

Three satellites in the LANDSAT series have been launched 
s ince mid- 1 97 2 . LANDSAT-! is now inoperative for imaging . 
Both LANDSAT-2 and LANDSAT- 3 are still partly operative at 
the time of writing . They contain a four-channel multi­
spectral scanner ( MSS) 1 0 ( 0 . 4  �m to 1 . 1  � m range ) o f  SO­
meter resolution . LANDSAT- 3 al so had a fifth channel in 
the thermal region ( 9  �m to 14 � m  region ) , but it is  no 
longer working . Each sate l lite also contains Return-Beam 

l OA multispectral scanner ( MS S )  i s  a system on board the 
LANDSAT sate l lite series that s imul taneously acquires 
image s in four or five wavelength regions of the same 
scene . LANDSAT-! ,  LANDSAT- 2 ,  and LANDSAT- 3 scan in four 
regions (bands ) : 0 . 5  �m- 0 . 6  �m , 0 . 6  �m- 0 . 7  �m , 0 . 7  �m-
0 . 8  �m , and 0 . 8  �m- 1 . 1  �m . Al so , LANDSAT- 3 has a fi fth 
( therma l )  channe l (8 �m- 14 �m) , but the latter was in­

operative at the time of writing . The abbreviation " �m" 
re fers to a micrometer or micron . 1 �m = 1/1 , 000 , 000 of 
a meter . 
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Vidicon ( RBV) 1 1  cameras . LANDSAT- 2 has three RBV cameras 
of SO-meter resolut ion that cover the same swatch as the 
MSS ( 0 . 5  �m to 0 . 7 5 �m range ) . LANDSAT- 3 has two RBV 
cameras each of 0 . 5  �m to 0 . 7 5 �m range ; they provide 
side-by- side coverage of the same swatch as the MSS , but 
with improved resolution of 40 me ters . All satellite s  
have 18-day repeat coverage and a 9-day repeat when two 
are used . Problems with the tape recorder on LANDSAT- 2 
have largely l imited that sate ll ite ' s  coverage to line­
of-sight operation when in range of ground stations in 
the United State s , Canada , Brazil , and , recently , Italy . 
Real istically , only LANDSAT-3 i s  available for widespread 
use outside the Amer icas . 

In the absence o f  c louds and when fully operating , 
LANDSAT sate l l ites can image large areas anywhere in the 
world at scheduled intervals . The ir data are uni form , 
mult i spec tral , suitable for computer processing , and easily 
reproduced for interpreters . l 2 However ,  their potential 
for disaster monitoring is diminished by cloud cover , by 
the rigid or relatively lengthy repeat time , by incomplete 
coverage of stations , and by component failures . 

Future sate llite systems with higher re solution and 
more frequent coverage may prove of greater use for disaster 
ass i s tance , but it will be 5 to 10 years be fore their value 
for u se in disasters is known . A brie f description of these 
planned experimental sate l l ite s  is provided in Appendix 3 .  

Several developing countrie s have built or are planning 
to build LANDSAT receiving and proces sing facilities . 
Thre e  receiving stations are now operable in the United 
State s ,  two in Canada , and one each in Brazil and Italy . 
Rece iving stations are under construction in Iran , Japan , 

l l A Return-Beam Vidicon ( RBV) is a l ittle-used imaging sys­
tem on LANDSAT- 1 and LANDSAT- 2 cons is ting of three cameras 
operating in the green , red , and photographic infrared spec­
tral regions . Instead of us ing film , the images are formed 
on the photosensi tive surface of a vacuum tube . The image 
is scanned with an electron beam and transmitted to earth 
receiving stations . In LANDSAT- 3 , the three cameras are 
replaced by two s ide-by-side RBV ' s  of 4 0-meter resolution , 
imaging in the 0 . 5  �m to 0 . 7 5 �m region , and covering the 
same swatch as the MSS . 
1 2see P .  F .  Krumpe , The Appl i ca t i on of LANDSA T Technology 
to t he Problems of Di sa ster Preparedness (Earl y  Warning) 
and Rel i ef (Damage Assessmen t )  ( Washington , D . C . : Agency 
for International Development/Office of U . S .  Fore ign Di­
saster Assistance , August 197 7 ) , p .  2 . 

Copyright © National Academy of Sciences. All rights reserved.

Assessing International Disaster Needs
http://www.nap.edu/catalog.php?record_id=19833

http://www.nap.edu/catalog.php?record_id=19833


86 

and Sweden and being planned in Argentina , Australia , 
Chile , India , Indonesia , Romania , Upper Volta , and Zaire . 1 3 
Further investment by the developing countrie s may not be 
a cost- e ffective investment , however , because such future 
technological deve lopments as the proposed communication 
satel l ite l ink for LANDSAT-D and the launching of the 
Space Shuttle may make them unnecessary . 

Rol es of Remote Sensing in Various Types of Di saster 

Next , the roles of remote sensing for f loods and storm 
surges ,  earthquakes ,  and droughts wil l  be summar ized . A 
more detailed analysis in relation to f ive time phases-­
preparednes s ,  warning , emergency , rehabilitation , and 
reconstruction--is provided in Appendix 2 .  

Floods are amenable to remote sensing because the y  
are continuous and locally confined . Aircraft and satel ­
lite data could b e  used i n  the preparedness phase to help 
delineate hazardous areas of floodplain s , as wel l  as areas 
subj ect to coastal flooding , tsunamis ,  and dam failure . 
After a flood , remote sensing can be used to help determine 
where ground gauges or observers might best be stationed 
during the next flood . Remote sensing might contribute 
to flood warnings by improved monitoring of cyclonic 
storms ( typhoons ,  hurricane s ) , tsunamis of distant origin , 
flood crests in large river basins , snowmelt runoff , and 
stream flow conditions . In all case s , however , f inanc ial 
and operational constraints must be thoroughly examined 
be fore a commitment can be recommended .  

I n  the emergency period , the suddenness o f  storm surge s , 
tsunami s , and other flash floods reduces the time for mobi l­
ization of aircraft . It i s  doubtful whether imagery may 
be obta ine d ,  processed , and analyzed in time to help . 
Where c ircumstance s  permit remote sensing in formation to 
be obtained , its value for asse ssing the regional extent 
and severity of flood damage should be determined . Data 
from remote sensing could be used for identifying isolated 
areas and for monitoring the flood recession . An asse s s­
ment should be made of the use o f  the se data for position­
ing ground survey teams , relie f supplie s ,  and medical 
personnel .  

1 3NASA has estimated that the cost of building a ground 
receiving station could range from $1 . 9  million (minimum 
requirement station ) to $6 mill ion ( full ground station 
inc luding the capabil ity for quick look ) . 
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Rehab i l i tation may be improved by using aircraft and 
satel l i te data to assess damage to agricultural fields , 
transportation systems , and , to a very limited extent , 
structur e s . Other possible uses are for noting areas 
inundated by flood waters and areas l ike ly to be short of 
food . I t  might be possible to locate damage to water 
supp l ie s  and water supply systems , such as areas of heavy 
deb r i s  and blocked irrigation channels , as wel l  as secon­
dary hea l th hazards due to standing water . 

During reconstruction , remote sensing could be use ful 
for e stabl i shing floodplain boundar ies ,  e stimating agri­
cultural losses , evaluating the long- term consequences of 
incr e ased soil salinity and siltation , and providing a 
data base for planning reconstruction . 

For earthquakes , remote sensing could provide varying 
degrees o f  information for preparedness planning and 
pos tearthquake reconstruction . For the preparedness phase , 
remote sensing can provide an improvement in delineating 
linear features that often betray fault lines . The imagery 
can aid in assessing areas of high risk and provide base 
information . These data can be used for planning where 
ma j o r  structures and buildings--cities , dams , and nuclear 
insta l lations--wil l  be placed . 

Remote sensing is not ye t applicable to the warning 
phase for earthquakes ,  but as our prediction abil itie s 
improve , data col lection platforms may moni tor seismically 
active areas . During the emergency phase , remote sensing 
is o f  l imited use but could help in assessing the regional 
extent of damage , and in locating affected isolated areas . 

Thoughtful application o f  aerial photography in con j unc­
tion with ground surveys during rehabilitation and recon­
struction could bene fit damage assessments and long-term 
development plans . Aircraft imagery could help assess 
damage to transportation systems and structures ,  and damage 
resulting from such secondary events as tsunami s , land­
slide s , avalanche s ,  fire s , and dam failures .  Imagery may 
also be useful as a planning base for redeveloping urban 
areas and del ineating any new hazardous fractures or faults . 

For drought-prone areas the synoptic view and ability to 
detect change through time make s me teorological and other 
sate l l i te observations a potentially use ful evaluative and 
hi s torical data base for research , hazard analys is , moni tor­
ing , and , to a limited extent , rehabi litation . With these 
data bases , monitoring the water , soi l , and vegetation re­
sources as a function of c limate can improve understanding 
of the influence of c l imate on agri cultural production . 
By i dentifying ground locations for quantitative sampling 
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that are representative of the region , as we l l  as of soi l  
and topographic variations , the data can be used to make 
the most o f  ground surveys and quanti tative measurements . 

For preparedness applications ,  remote sensing could 
provide a mapping base for research and resource inventory 
o f  drought-prone areas ; develop thresholds in the model ing 
of drought intensity , as wel l  as extent and duration of the 
drought ; and accumulate global information on c loudine s s , 
temperature , precipitation , radiation budget , and soi l  
moisture , for future research and hazard analysis . 

TO fac il i tate warning , remote sensing could be used 
to moni tor the progress of drought and to help e stimate 
crop and range production and lives tock mortalities ,  and , 
together with ground surveying , may provide data to im­
prove warnings for nomadic herding areas . 

At present , however ,  no system employing satel lite data 
has a proven capability for warning . Many questions re­
main to be re searched ; sc ientists disagree on the interpre­
tation of data . Moreover , the l ink between drought and 
famine- -and between both and donor country assistance - -
is not only highly variable , but will undoubtedly change 
as responses to drought within the developing countries 
themselves change and improve . 
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6 Recommendations 

The fol lowing recommendations derived from this study are 
add re s s ed to the AID/OUSFDA , as we l l  as to a broad audience 
c omposed of the s cienti fic community , voluntary agencies , 
and international organizations . The Committee on Inter­
national Disaster Assis tance hopes that these recommenda­
t i ons also may be of interest to the gove rnments and 
voluntary agenc ies in the deve loping countries and that 
they w i l l  s timulate furthe r inte rnal e f forts to improve 
di saster preparedness programs in those countries . 

The recommendations are grouped under the following 
two genera l  categories : ( 1 )  damage and needs assessment 
and ( 2 )  preparedne ss and training . 

Damage and Needs Assessment 

1 .  Professional s  in di sa ster work should devel op 
techni ques for compl ete , accura te ,  and timel y assessmen t 
of damage and needs fol l owi ng di sasters , and for t he 
improvemen t of basel i ne da ta on disaster-prone areas . 

a .  Di saster-rel ated opera ti ons . Better information 
is needed to improve preparedne ss programs , to provide 
warning , to judge the extent of damage , to determine the 
extent of needs , and to dec ide what relief and rehabi li ta­
tion responses are appropriate . Because in a disaster the 
government of the affected country wi ll make most of the 
dec i s ions ,  primary e fforts to improve the information base 
shoul d  be directed toward increasing thos e capabilities 
and d eve loping sources of information that would be useful 
to the government of the affected country both in its 
routine operations and its disaste r-re lated activities . 

89 

Copyright © National Academy of Sciences. All rights reserved.

Assessing International Disaster Needs
http://www.nap.edu/catalog.php?record_id=19833

http://www.nap.edu/catalog.php?record_id=19833


90 

The early as sessment of damage and needs should be made by 
persons close to the disas ter , both cultural ly and geo­
graphically . This ear ly internal assessment may , at the 
determination of the disaster-stricken country , need t o  
b e  supplemented with technical expertise and ass i stance 
from the international community . The Committee recommends 
increased efforts toward he lping deve loping countries to 
improve their own capabilities to assess damage and needs . 

b .  Di saster-rel a t ed research . There is a critical 
need to improve background and baseline information on 
disas ter-prone areas . Such data can provide the bas i s  
for measuring damage , inferring needs , and guiding the 
reconstruction process . In addition , data need to be 
developed on what types of damage speci fi c  disaste r  agents 
cause and on how their damage potential w i l l  translate i nto 
needs . In general , the use o f  f ield survey technique s 
can make the greatest improvements in the developing 
nations ' capabi lities for gathering predisas ter basel ine 
information and postdisaster assessment and monitor ing 
information . 

2 .  Fi eld surveys and l ow-level aerial photography for 
qui ck damage and needs assessment are not used in developing 
soci e t i es as frequen t l y  as they mi ght be .  Developing 
nation s  should be encouraged to consi der adopting these 
techni ques . Appl i cations suggested for these techni ques 
shoul d  become key elemen t s  of the AID/OUSFDA ' s  disaster 
preparedness and assi stance programs for indi vidual coun­
t ri es and for regions . 

Remote sensing techniques are not like ly to prove widely 
useful for quick assessment of disaster damage and ne eds 
because the time required for acquisition and analy s i s  i s  
longer than the time normally required for dec i s ive action .  
Remote sens ing techniques have substantially greater 
potential for hazard and vulne rab i lity analysis and for 
application during reconstruc tion . 

Aerial photography can provide valuable information , 
particularly i f  supplemented by accurate and wel l-organized 
ground surveys .  Remote sensing by s ate l l i te can be used 
to deve lop predis aster background and base line information . 
Remote sens ing can also he lp in reconstruction and redevel­
opment activities . The value of remote sens ing methods 
needs to be tested against and in conjunction with ground 
surveys , existing institutional informati on , and the l ike . 
Currently , many developing countries lack the i nterpretation 
skills necessary to make use of the se methods . 

3 .  The AID/OUSFDA , UNDRO , and other agenci es shou l d  
s e t  u p  pi l o t  proj ects combi ni ng the use of ground surveys , 
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aeri a l  photograph y ,  and remote sens i n g  t o  test the indi vidual 
and col l ecti ve effect i veness of these t echniques as 
informa t i on -ga thering tool s .  

In col laboration wi th UNDRO , other spec ialized agencies , 
and one or more s elected deve loping countri es , the AID/ 
OUSFDA shou ld consider fund ing a pi lot proj ect in whi ch 
all e lements needed for adequate hazard monitor ing and 
damage and needs assessment are brought togethe r to tes t  
the e ffect iveness of dif ferent methods and combinations 
of method s . In itial ly thi s  might take the form of a pi lot 
pro j ect in which the e f fectivene ss of various approaches-­
inc luding training programs for local pe rsonne l ,  the coor­
dinated use of inte rnal and external re source s ,  coordinated 
us e o f different method s--are te sted in a s ingle country . 
Base d  on the results of this test case , one or more demon­
s tration or prototype proj ects could then be deve loped .  

4 .  The Commi t tee recommends the establ i shmen t of a 
mul t i di scipl inary , mul tina t i onal di saster assessmen t roster 
of expert s who are ready and wi l l ing to part i cipa te in 
assessment teams after di sas ters occur . The AID/OUSFDA 
should encourage and support UNDRO and other rel evant 
in terna t i onal organi zations in promoting thi s capabi l i t y . 

The teams should be composed of representatives of 
disas ter-prone developing countries , donor countries , and 
international agenc ies . Agreements should obvious ly be 
obtained in advance to ensure cooperation by the host 
count r i e s . The roster of experts shou ld be organized 
according to expertise by disas te r  type , geographi c  area , 
and d i scipline . The experts inc luded in the roster should 
be prepared to provide prompt , supplemental assessments of 
damage and needs at the reque s t  of disaster-stricken coun­
tries . An information exchange on avai lable expertise 
shou ld be e stablished with professional organizations ( in 
medic ine , architecture , engineering) in disaster-prone 
deve loping countries . 

As ses sment teams should be organ ized and trained in 
advance to establish standardized data collection proce­
dures so that experiences in different disasters can be 
compared and a body of us eful cumulative knowledge devel­
oped to improve future performance . In the early stages 
it may be necessary to inc lude in the assessment teams 
profe s s ionals from deve loping countries who do not have 
the requis ite training or experience in di saster damage 
and needs assessment . However ,  on-the- j ob training of 
such profess ionals should be a major goal of this multi­
national e ffort . \�erever pos s ib le , existing regional 
groupi ngs of deve loping countries should also be used to 
moni tor hazards and assess damage and needs . 
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5 .  The AID/OUSFDA shoul d  moni tor research , es tabl i sh 
l inks wi th domesti c and forei gn sci ence and research 
agenci es and i nst i t u t i ons , and disseminate informa t i on 
about rel evant research being done i n  othe r  agenci es and 
insti t u t i ons . 

Information on research shou ld be exchanged with research 
groups in the Uni ted State s , in the international agen ci e s , 
and in the deve loping countries . When appropriate the 
AID/OUSFDA shou ld establish l inks with academies of s c i ence 
and research counci ls in both deve loped and deve loping 
countries . Many nations have a national academy of 
s ciences or some equivalent organizat ion that mobilizes 
the scient ific talents of the country . Ful l  use shou ld 
be made of these scientific organizations for the fol lowing 
purposes :  

• To stimulate disas ter-oriented research at the 
country leve l .  

• To assess the s tate o f  the art i n  monitoring and 
damage and needs ass essment within the i r  own (or ne igh­
boring ) countries . 

• To sponsor training programs , s eminars , workshop s , 
and conferences . 

• To mobi lize experts to help with damage and needs 
assessment , and to advise on reconstruction plans . 

• To se lect scienti fic fel lows for fe l lowsh ip programs . 

The AID/OUSFDA and UNDRO should con s ider supporting and 
participating in joint proj ects with such scienti fic 
organ izations . They should also consider funding nat ional 
proj ects for improved handling of disasters - - in preparednes s ,  
monitoring , damage and needs ass e ssments , and reconstruc­
tion guideline s . Such funding would generally s trengthen 
the s cienti fic capabilities of the s e  countries as we l l . 

Preparedness and Training 

6 .  Bi l a teral and in ternational di saster assi stance 
effort s shoul d be devoted to winning acceptan ce for d i saster 
prepa redness in di saster-prone devel oping coun tri es . The 
obj ecti ve of these efforts should be to s timul a te and 
devel op leadership for the establ i shmen t of effect i ve  
disaster organi zations i n  each coun try and t o  devel op 
informa t i on useful fol l owing disasters . 

Hazard vulnerability in many areas of the wor ld results 
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from conditions o f  extreme poverty , malnutrit ion , illiteracy , 
environmental mi smanagement , health de fic ienci es , rapid 
urbani zation , poor housing , crowding , and lack of ess en­
tial s ervices . All agenc ies working in deve lopment-­
inc luding the United States Agency for International 
Deve lopment , United Nations Deve lopment Program , Wor ld 
Bank , I nter-American Deve lopment Bank , Food and Agricul­
ture Organization , World Health Organizat ion , and World 
Mete orological Organization--mus t identify the maj or areas 
of vulnerability and inc lude in their deve lopment plans 
measures to improve preparedne s s  efforts . The disaster­
prone countries shou ld then undertake their own prepared­
ness prog rams with support from donor nations , international 
deve lopment organizations , and disaster relief organizations . 

As part of preparedness plans , profiles of needs 
following each type of disaster shou ld be developed by 
appropr iate field inves tigations . 

7 .  Bi lateral and in ternational agenci es should establ ish 
training programs , encourage the devel opmen t of curri cul a 
in academi c insti t u t i ons , and support efforts aimed a t  
improving the exi s t ing capabi l i t i es of di saster-prone coun ­
tri es to handl e  di saster preven t i on ,  rel i ef ,  and recon ­
struction . 

As part of the overall preparedness programs , persons 
from deve loping countri es should be trained in ground 
survey methods , aerial photo interpretation , and inter­
pretation of remote sensing data . 

The training programs might take two different forms : 
a .  Speci fi c ,  detai l ed programs aimed at training the 

technical personne l needed to carry out these activities .  
b .  General ori entation courses for disaster officials , 

voluntary personnel , and others who do not need detailed 
technical training . 

Workshops or regional seminars on monitoring and damage 
and needs asse ssment should be sponsored . The AID/OUSFDA 
is now planning to sponsor a number of workshops and seminars , 
chie f ly for representatives of deve loping countries , that 
wil l  tackle same of the following tasks : 

• Describing indigenous capabilities for monitoring , 
warning , and damage assessment . 

• De s cribing their capabi lity to collect and utilize 
remote sens ing data , data for aerial photographs , ground 
surveys , e tc .  

• Identifying needed training , fac i lities , and outs ide 
ass i s tance . 
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• Mak ing plans and preparations for assess ing damage 
and needs in the type s of disaste rs that are most like ly 
to occur in the future . 

The AID/OUSFOA should consider giving financ ial support 
(e ither directly or through UNDRO) to UN organization s and 

voluntary agencies that conduct training cou rses in d i s as ­
ter preparedness in the developing countrie s .  These 
cours es shou ld inc lude mate rials about hazard monitor ing 
and damage and needs assessment . 

The AID/OUSFDA , in con j unction with UNDRO , s hould 
cons ider es tablishing a fellowship program for traini ng 
personnel from deve loping countries in such technique s .  
The agenc ies of the United Nations that already have 
fe llowship programs should be util ized in thi s  program as 
much as poss ible . The World Meteorological Organization , 
for example , currently supports fe l lowships in upper air 
measurement : deve lopment of marine automatic weather s ta­
t ions : reception , processing , and utilization of meteoro­
logical satel lite data : and global atmospheric mode l s . 
The Uni ted Nations Environment Program also offers train­
ing fe llowships in flood control , river management , and 
bank stabilization . The World Health Organiz ation i s  
promoting and supporting training activities in disaster 
epidemiology , and the Uni ted Nations Educational , Socia l , 
and Cultura l Organization supports training in e arthquake 
prediction . 

International agencies and donor nations should work 
with the governments of disaster-prone countries to 
improve bui lding practices to mitigate the risk of damage 
dur ing disas ters , to implement educational programs in 
bui lding s cience and technology , and to promote exchange 
of information on these subj ects between profess ionals in 
both deve loped and deve loping countries . I n  turn , profes­
s ional soci eties in disaster-prone countries shou ld work 
closely with technical institutes , colleges , and universi­
ties to deve lop curricula on disaster-related hous ing 
problems ( e . g . , location , des ign , materials , cons truction ) . 

Educational and training materials should be prepared 
on sub j ects such as health service s : safe housing construc­
tion : construction of sanitation fac i lities :  and the use 
of ground surveys , aerial photography , and remote sen s ing . 
the AID/OUSFDA , in collaboration wi th UNDRO and other 
international organizations , shou ld promote d is aste r  
prevention and recons truction among special i s t s  and the 
pub l i c  through seminars , pamph lets and pos te rs ,  and the 
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preparation of TV programs and educationa l mater ials for 
schoo l s . 

Li terature on methods of hazard moni tor ing and damage 
and needs assessment should be translated into the language 
of the deve loping countries to make those materials more 
acce s s ib le to the scienti fic , technical , and engineering 
communities of those countrie s .  It is recommended that 
the AID/OUSFDA and UNDRO provide funds to underwri te this 
pro j e c t . 
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A PP E N D I X  1 Two Examples 

of Famine 

This appendix provide s additional information on the two 
case s  of famine in Ethiopia cited in Chapter 4 .  

Famine in Ethiopia: Wollo 

The famine of 1 9 7 2 - 7 3  was concentrated in the eas tern part 
of Wollo Province (Fi gure 1 ) , an area compris ing a wide 
val ley f loor bounded to the east by a secondary range of 
highlands , from which the land fal ls away to the Danakil 
dese r t . Fewer than 1 mi ll ion of the es timated 2 . 5  mi ll ion 
total population of the province l ive in th is area ; mos t  
o f  the people cul tivate the valley floor an d  high land 
ridge . The main rains in the agri cul tural are a occur from 
June to September .  The spring rains that occur between 
February and Apri l  are o f  mos t importance at h igher alti­
tude s ;  in the northeast they permi t 10 percent to 20 per­
cent of annual crop produc tion . 

In 1 9 7 2 , the main rains in the northeast failed , and with 
them the main annual crop . Fi fty-two percent o f  the sub­
distri c ts , almos t all located in the east ( the " famine " 
area in Figure 1 )  , were reported by a government survey to 

t-------- " Fa m i ne a rea" --------t 
Alt itu de 8,000 ft 

West 

Alt itude 4,000 ft 

East 
Agricultu ral  escarpment most 

severely affected 

above sea level Dana k i l  Desert 

FIGURE 1 Eas tern Wol lo Province , Eth iopia-- topographic 
profi le . 
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have poor crop produc tion ; only 10 percent o f  al l subdi s­
tricts in the province were reported to have ave rage crops . 
By Novembe r 19 7 2 , there fore , the gove rnment had c lear evi­
dence that the s i tuation in easte rn Wol le was potential l y  
disas trous . Table 3 shows th e  subsequent chronology o f  
events . Emigration from the area began in January 19 7 3 , 
only 2 months after the crop failure . Starvation peaked 
between June and Augus t 19 7 3 ,  by whi ch time perhaps 50 , 0 0 0  
people had died . Marke t prices at three northern marke ts 
showed that the price of s taples rose so rapidly during 
the first part o f  1973  that by the beginning of the mid­
year rains they had nearly doubled . Prices fe l l  rapidly 
after the rains and by the preharve s t  period in September 
had re turned to pre famine leve ls , s ince the rains and the 
harve s t  in 19 7 3  were normal . 

The government c laimed that during 19 7 3  some 4 , 00 0  tons 
of seed grain had been given to farmers on credit ;  al though 
it is not clear how much of this grain was used as seed , 
i t  appears that a majority o f  farmers had planted the i r  
land be fore leaving the i r  villages .  A November 1 9 7 3  survey 
showed only one small area on the eastern es carpment denuded 
of crops . In March 1974 , a survey of th e  northern subdi s ­
trict of Raya and Kobbo showed that , although mortal ity 
dur ing the famine year had been high (see Tab le 3 ) , nutri­
tional status was at a leve l s imi lar to that seen in pre ­
drough t high land Ethiopia and was probably normal ( Table 3 )  • 

This observation was made at a time when the population in 
urgent need of re lie f  amounted to no more than 15 , 000 people 
in relie f camps of whom not more than 1 , 000 were severe ly 
malnourished and be fore the arrival of international food 
aid in the area . 

For purposes o f  contrasting this example with the next , 
the following points should be noted : 

1 .  The famine occurred in an area settled by cul tivators 
in large numbers only s ince the introduc tion of malari a 
control in the early 1950 ' s .  Although rains in some parts 
of the area had been erratic since 1969 , the population 
had had no previous expe rience of mass ive crop failure from 
drought . 

2 .  Emigration from the area began soon after the c rop 
failure ( Table 3 )  and appears to have been triggered by 
inadequate redi stribution meas ures with in the population 
and a price s urge resul ting from hoarding . S tarvation 
occurred among the des ti tute population along the main road . 

Deaths during the famine appear to have totaled no more 
than 50 , 000 , and many of these were caus ed by epidemic 
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TABLE 3 Chronology of Events in Wollo Province , Ethiopia 

Year 

1 9 72 
Jun e - Se p t .  

Nov . 

De c . 

1 9 7 3  
Jan . 

Feb . 

Mar ch 

Apr i l  

May 

June -July 

July -Aug . 

Aug . - Se p t . 

Sept . -Oct . 

Nov . 

De c . 

1 974 
March 

Loca l  

Big r a i n s  fai l 

Harve s t  is poor 

Emi gration s tarts 

Small rains fai l 

Large - scale emigrat i on 

occurs 

Mortal i ty r i se s  in 

camps 

Big rains fa i l  

Cr i s i s  o f  s tarva t ion 

occurs in camps 

Medi cal teams a r r i ve 

Harve s t  i s  s a t i s fac tory 

Nut r i t i o n a l  s ta tus i s  

back t o  norma l  

Admi n i s t rat i ve 

M i n i s try forecasts fam i ne 

FAO i s s ue s  ear l y  war n i ng 

Gove r nme n t  plans aid 

Drought Re l ie f  Commi t tee re­

que s ts gra i n  

Represen tat i ves o f  i n ter­

national n ews media a r r i ve 

F i r s t  shipme n t  of grain 

a r r i ves i n  po r t  

Gra i n  i s  d i s tr ibuted 

Pe rcen tage o f  chi ldren unde r 

80 pe rcent average we i ght­

for-he i g h t  ( Harvard 

Standard ) ,  March 1974 , 
Raya and Kobbo 

4 years o l d  and 

unde r , 10 . 0 \ 
5 -9 years old , 

3 - 5 \  

Deaths repo r ted in year 

prior to March 1974 . 
Crude death rate (CDR) 

per 1 , 000 i n  group 

Le s s  them 
1 year o l d , 

2 1 2  

1 - 4  years 

old , 

2 1 4  

5 - 9  years 

old , 

9 7  
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di sease . This figure , smal l  in re lation to the total popu­
lation , s upports the contention that i f  redis tribution 
mechani sms had existed , food suppl ies , although seve r e ly 
reduced , might have been suffi c ient to feed the entire pop­
ulation . Moreove r ,  market pri ces fe l l  to pre famine leve l s  
be fore the 1 9 7 3  ma i n  harves t ;  fore ign-supplied food a i d  
d i d  not cause this price drop because th a t  a i d  d i d  not 
arr ive in bulk until 1974 . 

The implication for famine re lie f is clear . In rel a tion 
to the time necessary to organi ze and del i ver food aid , 
the peri od between any possibl e predi ction of famine based 
on the observa tion of crop fai l ure and the onset of s tarva­
tion is very short--in thi s exampl e ,  approximatel y 3 to 6 
mon ths . 

Famine in Ethiopia: Harerghe Province 

Harerghe (Figure 2 )  is in many ways geographically s imi lar 
to Wollo . The area covers 270 , 000 square k ilometer s  and has 
an e stimated population of 2 . 6  mil l ion , of whom 2 mil l ion 
live on the highland ridge . This ridge separate s the 
densely popul ated true highlands above 2 , 000 me ters , which 
are intense ly farmed by Oromo , from the drier marginal 
highlands ( 1 , 500- 2 , 000 me ters ) , where rainfal l and crop 
yie lds are more e rratic . Be low the 1 , 500 -me ter con tour , 
the terrain is semiarid thorn-scrub plain inhabited by 
Somali pas toralists , who live from animal produc ts and from 
grain obtained by trade . A ful l account o f  drought and 
famine in the area has been publi shed e lsewhere 1 and only a 
summary for contrast with the pre ceding e xample wi l l  be 
given he re (see Tab le 4 ) . 

North 
H ighl ands (cult ivators ) 

Ma rgi nal cu l tivated � area 

Pastoral Soma l i  popu lation --­
affected by drought 

South 

Ogaden 

FIGURE 2 Harerghe Province , Ethiopia--topographic profile . 

l see J .  Seaman et al . ,  Harerghe Under Drought : A Survey 
of the Effects of Drough t on Human Nutri tion in an Ethio­
pi an Provi nce (Addis Abbaba , Eth iopia : Ethiopian Government 
Re l i e f  and Rehabilitation Commission ,  May/June 1974 ) . 
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TABLE 4 Chronology of Events in Harerghe Province , 
Ethiopia 

Year 

1 9 7 3  

Sept . -Oc t .  
Oct . - Nov . 

1 9 74 

Jan . -Feb . 

Feb . -May 

May 
July 

Local 

Sma l l  rains f a i l  

Large - s c a l e  h uman mo r ­
ta l i ty and l i ve s tock 
losses 

Long r a i ns occur 

Survey beg i n s  
Many ma lnour i shed groups 

seen a long roads . 
Stock hold ings are too 
low for survival 

Adm t n i s t r a t i vf> 

Dead l i ves tock obs erved i n  
No r t h  Ogade n 

Sma l l  amo un t  of re l ie f  grain 
a r r ives b u t  no me thod for dis­
t r i b u t ion e x i s t s  

Sept . -Nov . Shor t  r a i ns fa i l  Attempts are made to d i s tr ibute 

1 9 7 5  

B y  March 80 , 000 people are in 
re l i e f  camps 

' Is sa Mar2ina l 

Percen tage of chi ldren 8 . 2  1 2 . 6 

under 80 pe rc e n t  
ave rage we ight- for-
h e i gh t  ( Harvard 
Standard ) 

Crude death rate pe r  304 1 1 5  

1 , 000 i n  age-group 
l-4 years i n  year 
t i l l  June 1 9 7 4  

Lives tock losses 9 . 5  

( Standard S tock 
Uni ts/Adult  
Equivalent )  

Lives tock rema i n i ng 1 . 9  
( Standard S tock 

Un i ts/Adul t  
Equivalen t )  

gra i n  

H i !lh l and N.  2!laden s .  Q!laden 

1 7 . 5 2 3 . 4 1 0 . 9  

5 5  2 7 8  2 6 7  

4 . 5  2 . 7  

1 . 8  1 . 7  
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1 .  Al though the severity of the drought in the range­
lands of Harerghe cannot be compared directly in terms of 
the s i ze of food de fic it to that in Wallo , since these are 
unknown , the severity of the drought is indicated by the 
s i ze of the mortal ity of ch ildren and l ive s tock (see foot­
note , Table 4 ) . The area , however , is one in which people 
have customari ly adapted to drought . 

2 .  De spite the severity of the drought , no larg e- s cale 
emigration from the rural to urban areas occurred , apparently 
large ly because pastoral groups redis tributed the i r  l ive­
s tock and took other tradi tional adaptive measure s . Grain 
pri ces rose sharply wh ile l ives tock prices fe l l ; the se 
events aggravated food shortage and hardsh ip for many peo­
ple . But , since the population did not depend upon marke t 
exchange for survival , these price rises did not trigge r 
emi gration from the area . 

3 .  In late 1974 , attempts were made to distribute grain 
in bulk to the population in rural areas , but by early 1 9 7 5  
this pol icy was changed to one o f  feeding i n  camps . H i gh 
mortality in rel ie f camps ( up to 150 deaths pe r day ) appears 
attributable mainly to disease s resulting from unsanitary 
condi tions . 

For famine re lie f ,  the impl ications of this case con tras t 
with those of Wal lo . In Hare rghe , famine was all but invi s i ­
b l e  t o  outs iders , and n o  es timate of i ts severity could b e  
made without use of sophis ticated survey me thods . To re l ieve 
famine the population was concentrated in camps ; as a res ul t  
mortality rate s in the camps were comparable w i th  those o f  
the preceding year o f  drought .  

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

A s s e s s i n g  I n t e r n a t i o n a l  D i s a s t e r  N e e d s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 3 3

http://www.nap.edu/catalog.php?record_id=19833


A PPE N D I X  2 Roles of Remote 
Sensing in 

Different Disasters 

The pos s ible uses for remote sens ing in fre shwater and 
seawater floods and storm surges , earthquakes ,  and droughts 
are here analyzed with respect to the fol lowi ng five disas ter­
re lated phase s :  preparedness , warning , emergency , rehabili­
tation , and recons truc tion . 

Freshwater and Seawater Floods and Storm Surges 

In recent years , devastating floods have occurred in are as 
such as India , Bangladesh , Pakistan , Chi le , and the Phi lip­
pines . Wi thin these countries , mil l ions of people live and 
work along flood-prone rive rs and shore lines . These areas 
are often heavily populated and greatly prized for agricul­
tural purposes . Floods assoc iated wi th the tsunami , tropical 
cyclone s ( typhoons , hurricane s ) , tidal surges , and pro­
longed extra- tropical depres sions cause some of the mos t  
wide spread ,  frequent , and damaging disasters in the world . 

Because floods are continuous and local ly confined , 
sate l l i te sens ing would appear to be use ful for the 
following purposes : 1 

• De lineation of areas inundated by an individual flood , 
c loud cover permitting , even days after the flood ' s  impact .  

• Calculation o f  areas o f  each type of land subj ect to 
flooding and predic tion of the economic consequences , 

I see c .  J .  Robinove , Worldwi de Di saster Warning and Assess­
men t wi th Earth Resource Technol ogy Sa tel l i tes , Pro j ec t  
Report ( IR)  NC-47 (Washington , D . C . : u . s .  Department o f  
th e  Interior , 197 5 ) , p .  10 . 
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particularly in agriculture . ( Previous ly prepared maps o f  
land use would be needed also . ) 

• De lineation of areas where debris poses health hazards , 
to fac i l i tate s teps agains t disease . 

• As sessment of areas l ike ly to be inundated by floods 
and documentation of statistical frequencies of c las ses o f  
floods . ( S tream gauge data and topograph ic maps may also 
be required . ) 

• Provis ion of data for planning for flood control and 
protection measures . 

Because of inadequate resolution , present sate l l ite 
image ry cannot be used alone to provide knowledge of the 
discharge of a particular flood or to identify and map 
damage to individual structure s such as factories , house s ,  
bridges ,  and roads . A synthesis of s ate llite data , aer i a l  
reconnaissance , data col lection platforms , and ground ob­
servation will be es sential for pre flood and pos tflood 
obse rvation . 

Preparedness 

In the early planning phase , flood studies are use ful for 
de fining the inundation zone for a flood of known magnitude . 
With an accurate record of rainfal l ,  s tream discharge , and 
areas flooded in the pas t ,  it is pos s ible to predict future 
flood zone s and the damage that could result from floods 
of a certain magnitude . The pos sible de s truction is often 
expre ssed by statis tical frequencie s  of classes of floods 
and the ir des truction . Areas of high risk , such as flood­
plains , and areas subject to coastal flooding and tsunami 
run-up may be mapped us ing remote ly sensed data . With an 
adequate map base , de struction to crops and population 
areas could be projected . 2 These data can guide the loca­
tion of ground sampling to yie ld maximum bene fit . 

Probable secondary e ffects of flooding , such as dam 
fail ure , should also be cons idered . Wh i le dams do contro l 
flood waters , dams also increase the population at risk 
through encouraging settlement in hazardous areas . Mode l­
ing of dam fai lures , inc luding dynamic wave routing analys i s , 

2see W. Meyer and R.  I .  Welch (eds . ) ,  "Water Re sources 
Assessmen t , " Man ual of Remote Sensing (Falls Church , 
Virgin ia : Ame rican Socie ty of Photogrammetry , 1 9 75 ) , pp . 
15 32-154 5 . 
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i s  feas ib le but expens ive and uncommon even in deve loped 
countrie s .  Knowledge of the like ly path of the re leased 
water , derived from ae rial photographs , would as sist in 
floodplai n planning � feas ib il ity and cos ts should be 
furthe r investigated . 

Data bases are inadequate for many deve loping count rie s .  
Land use maps and l ow-altitude photography over large urban 
areas--whe re they exis t--are often outdated or crude . 
Damage to transportation , crops , hous ing , and the economy 
to be expected in case of flooding cannot be estimated until 
a ma jor flood has occurred . A synthesis of data col lection 
platforms , satellite image ry , and high-re solution aerial 
photography taken ove r cities can provide a strong base for 
hazard and vulnerability analys is . In areas of periodic 
flooding , such as the Ganges , Brahmaputra , and Indus flood­
plains , the amount o f  sate l l i te data and aerial photographs 
is adequate to s tart the proces s .  Aerial photography is 
often available but scatte red throughout governme ntal 
agenci es . 

Several deve loping countries have used LANDSAT data in 
simple image form for preparednes s planning . For example , 
Bangl adesh authorities were able by visual interpretation 
to predic t  areas like ly to experience major flooding and 
to choose new lands for deve lopment .  In the future , com­
puters wi l l  be us ed to assist interpreters and analys ts . 
Several Un ited Nations agencies and the AID/OUSFDA are 
sponsori ng compute r  fac i l i ties employing such software and 
personne l as part of their deve lopment aid . ( India , the 
Phil ippines , Colombi a ,  and Nigeria , for example , are now 
deve loping one or more compute r/analysis/display sys tems 
that could be employed for interpre ting remote sens ing data . )  
Compute r process ing was used to produce a mosaic of the 
Oris s a  area in India � a cartograph ic overlay shows roads , 
rai lroads , towns , rivers , and poli tical subdivisions of the 
state . From such a composite , large areas of high flood 
risk may be mapped . 3 

3see Committee on Remote Sens ing for Deve lopment ,  Board on 
Science and Te chnology for In ternational Deve lopment , Remote 
Sens i ng from Space : Prospects for Devel oping Coun tri es 
(Washington , D . C . : National Academy of Sc iences , 19 7 7 ) � 
also D .  S .  Simone tt , "Poss ible Uses of Space Sate l lites for 
Disas ter Warning , Monitoring , and Damage Assessment , "  The 
Rol e of Technol ogy in In terna tional Di sas ter Assi stance : 
Proceedi ngs of the Commi t tee on In ternational Disaster Ass i s ­
tance Workshop , March 1 9 7 7  ( Wash ington , D . C . : National 
Academy of Sc iences , 1978 ) , pp . 79-99 . 
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Future Space Shuttle miss ions wi l l  be capable of gathe r i n g  
high resolut ion ( 5  meters ) photography that could b e  e spe ­
cially useful for f lood vu lnerabi lity assessment in urban 
areas in deve loping countries .  Such areas may lack up-to­
date l arge-scale maps . From the Sh uttle imagery ,  urbani zed 
floodplains could be mapped and poss ible loss of l i fe , 
loss of home s , and damage to the local economy could be 
es timated . 

Warni ng 

Remote sens ing in deve loping countries shows good potential 
for warning of river floods in large basins and floods 
as sociated with large cyc l onic storms . The use of remote 
sensing for tsunami warn ing , however , is cons idered experi­
mental and limited to remote data col lec tion sys tems . An 
e f fe ctive warning sys tem requires frequent observations 
wi th ground moni toring sys tems and meteoro logical sate l l i te s , 
and the cost of adequate warning systems appears too high 
at present for any one developing country to absorb . A 
consortium of developing countries could pool their finan­
cial resources to set up regional flood mon i toring and 
warning sys tems . 

In the United States , the National Hurricane Warning 
Center at Miami provides warnings to coas tal areas based 
on data from satellites , aerial reconnaissance , ground-
based radar , and data col lection platforms . Data from th e  
synchronous me teorological sate l li tes/globa l-observing 
environme ntal sate l l ites ( SMS/GOES)  can help track deve loping 
and mature hurricanes in the Wes tern Hemisphere , reducing 
the number of aircraft reconnaissance mis s ions neede d .  
Wh e n  a s torm c an  b e  tracked over long dis tances ,  th e  Center 
can issue a watch 36 hours and a warning 2 4  hours prior to 
hurricane landfall with location accuracies between 9 and 
50 ki lome ters . The Center has two planes outfi tted wi th 
Doppler radars and on-board computers that gather informa­
tion on air tempe rature , precipitation , wind speed ,  and so 
on when a s torm is within 36-48 hours of landfall . Every 
10 minutes these data are re layed to a central fac i l ity vi a 
sate l l ite , processed by a computer ,  and incorporated into a 
prediction mode l . In addition , sea conditions , air and 
water tempe rature s ,  wind speed and direction , and rainfal l  
are gathered from buoys in the Gul f o f  Mexico and depth 
sounders dropped from ai rcraft . When the s torm is wi thin 
200 mil e s  of the coas t ,  wind ve loc ities , ra in di s tribution 
and intensity , s torm movement , and s tage of deve lopme nt are 
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moni tored by ground-based radar . 4 Current studies indicate 
that the es timation of hurr icane ra infa l l  potential can be 
improved by computer processing of SMS/GOES thermal in frared 
data . 5 

Recent s tudies conducted by the National Oceanic and 
Atmospheric Adminis tration indicate that in the un ited 
States a warning given 36 hours in advance can reduce 
damage or loss of l i fe by 35 percent , while a 6-hour 
advance warning can reduce damage or los s of life by 10 
pe rcent . Th is impress ive reduction is a tribute to the 
excellent communication and transportation ne tworks in 
the United States and the re lative readiness of people to 
evacuate . It is  doubtful that the same ci rcums tances and 
results would obtain in deve loping countries . Some 
Caribbean countries , such as the Dominican Republic and 
Haiti , do not have a weather se rvice , and hence the National 
Hurricane Warning Center issues the hurricane warnings 
directly . 6 

In the Indian and wes tern Pacific oceans , cyc lones and 
typhoons are monitored by cen ters in India , Aus tralia , 
Ch ina , and Japan , and by the u . s .  Navy in Guam . These 
centers re ly primarily on data from the TIROS satell ites .  
Soon , Japan and the U . S . S . R . plan to launch geosynchronous 
me te orological satel lites that wi ll add significantly to 
storm-mon i toring capabi l i ty in these oceans .  

Warning of tsunamis is on ly experimen tal at present . 
The Tsunami Warning Center has installed a network of 
se i smographs and tide gauges around the Pac i fic Ocean and 
plans to l ink these instrumen ts to the Center via the 
SMS/GOES te leme try sys tem . Because of a lack of funds , 
howeve r ,  only two gauges have been linked to the sate l l i te 
thus far . Depending on the location of the earthquake 
epicenter wi th respect to coastal areas , warnings provided 
by the Tsunami Warning Center can range from 2 minute s to 

40ra l commun ication with Robert Clark , National Weather 
Service , Washington , D . C . , May 1978 . 
Ssee M .  P .  t·7aters I I I , "Operational and Experimental Use 
of SMS/GOES Digital Sate l l ite Data , " Proceedi ngs of the 
TWel fth Int ernational Symposi um on Remote Sensing of Envi ­
ronmen t , Apri l 2 0-26 , 1 9 78 , Manila , Phi lippines (Ann Arbor , 
Michigan : Environmental Research Insti tute of Michigan , 
1978 ) . 
Goral communication with the Nat iona l Hur ricane Center , 
Miami , F lorida , May 1978 . 
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2 2  hours . I f  a warning is to produce results , howeve r ,  i t  
mus t b e  accompanied by a wi l l  to a c t  and a good commun ica­
tion and transportation network . 7 

Data col lection sys tems on board LANDSAT or SMS/GOES can 
be used wi th imagery from meteoro logical sate l l i tes and 
data from ground weather stations for f l ood warning . Data 
collection platforms can monitor the volume of runoff ,  the 
variability of s tream flow , and the depth o f  snowpacks in 
mountainous regions . These data can be transmi tted to 
ground stations via the global communication systems or 
the weather facs imi le commun ication system (WEFAX ) to 
provide early warning of ris i ng water leve l s  and increas ing 
s tream flows . Chile is among the few deve loping countrie s 
experimenti ng with the use of data collection platforms 
for the s e  and re lated purposes . 8 Because of their re l ative 
unre liabi lity and high cos t ,  data col lection platforms are 
not so s uitable for remote s tations as migh t  be expe c te d ,  
but future technology is expected to provide greater 
re liability at lower cos t .  

Th e  global meteorological sate l l ite system ( GMS S ) , a 
fully automated water resource data col lection sys tem , has 
recently begun operating in the lower Miss issippi River 
basin . The GMSS consi s ts of automatic meas uring equipment , 
environmental data transmi tters , earth sate l l ites , a central 
rece iving site , and a data communications processor (mini­
computer )  linked wi th smal l remote user terminal s .  Water 
levels , precipitation , and water quality are reported eve ry 
4 hours from 57 stations to a central rece ivi ng s ite vi a 
e i ther the SMS/GOES or LANDSAT data collection sys tem . 
The cos t of an environmental data transmitter is about 
$ 3 , 000 , but improvements in design and production are 
expected to cut that fi gure subs tantially . 9 

7Qral communication with the Tsunami Warning Center , 
Washi ngton , D . C . ,  May 1978 . 
8 see A .  F .  Mauricio , "Automati c Col lection of Environmenta l  
Ground Truth Data in Chile by Employing Earth Orbiting 
Sate l l i tes , " Proceedi ngs of the Twel fth Interna t i onal Sym­
pos i um on Remote Sensing of En vi ronmen t ,  Apr i l  20-26 , 1 9 7 8 , 
Man i l a , Phi l ippines (Ann Arbor , Michigan : Envi ronmenta l  
Research Ins ti tute of Michigan , 1 9 78 ) . 
9 see W .  L .  Sharp , Water Managemen t and Contro l  Via the Global 
Meteorological Sate llite Sys tem , " Proceedings of the Twel ft h  
In terna t i onal Symposi um on Remote Sensi n g  of Envi ronmen t ,  
Apri l 20-26 , 1 9 78 , Man i l a , Phi l ippines (Ann Arbor , Mi ch igan : 
Environmental Research Institute of Michigan , 1978 ) . 
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Th e  GMSS is highly compe titive with o th e r  modern data 
collection sys tems in terms of cos t , time l ines s ,  and 
accuracy .  On e  centra l rece iving station can col lect , con­
vert , and dis

.
semi na te data from seve ra l h undred thousand 

square mi les to many users in real time . A rece iving 
station can also be equipped to rece ive sate l l ite imagery 
of cloud cover in the water management area . A GMSS can 
be des igned to varying degrees of sophis ticat ion and in­
stal led almost anywhere in the world . 1 0  The AID is inves­
tigating the feasibi lity of a $ 1 . 5  mi l l ion system for 
Bangl ade sh to rece ive TIROS-N and NIMBUS-G data � the pro­
posed facility would be concerned with mon itoring cyc lone 
information and movement and forecas ting storm surges . 1 1  

Maj or floods of the kind that affect the Indus , Ganges , 
Brahmaputra , Ni ger , and other great rivers some times take 
weeks to rol l  down the sys tem . l 2  Mon itoring o f  water 
leve ls and soil mois ture in advance of the flood wou ld 
greatly improve forecas ts of flood crest and subsequent 
damage . Areas downstream could be warned be fore the arrival 
of the flood crest . Becaus e of the c loud problem during 
the monsoon , radar sate l l ites that may be deve loped as a 
result o f  th e  Sh uttle experiments wi l l  be of much interes t .  
Radar s atellites could provide data on areas likely to be 
floode d ,  including gros s in formation on floodplain soi l 
mois ture . The complexities of proces s i n g  radar data , how­
ever , requi re that s uch studies in itial ly be made in the 
Uni ted S tates or some future central Un ited Nations fac i l i ty .  
By the mid- 1980 ' s ,  on-board processing may be feas ible , in 
which case radar data migh t be received by LANDSAT-D ground 
stations . 

Emergency 

The degree to whi ch remote sens i ng can actively ass is t for 
relie f e fforts during the eme rgency period is uncertain . 
Clearly , for rel ative ly sudden floods , such as tsunami run­
up and fast-developing floods in coas tal plains , i t  may not 

1 0 Ibi d .  
1 1 storm surges ofte n  produce 30-foot storm waves capable of 
running many mi les inland . If a s torm happens to coincide 
with ma jor floods runn i ng down the Ganges and Brahmaputra , 
as much as 70 pe rcen t of Bangladesh can be under water .  
1 2 Pe rsonal communications wi th G .  Wh i tehouse . 
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be poss ible to marshal aircraft and remote sens ing teams 
from outside the country in a time ly manner . Where intern a l  
fac i l i ties and aircraft are avai lable , however , action may 
be taken . In s lowly developing floods , remote sensing air­
craft and eval uation teams might be assembled inside and 
outs ide the affected country in time to he lp with re lief  
operation . 

A ful l - s ca l e  commi tment to remote sensing during periods 
of emergency is not appropriate at the present time ; rathe r ,  
care ful and limi ted research seems indicate d .  Two bas i c  
ques tions remain :  Can th e  imagery be obtained and analyzed 
quickly enough to be of use during this time ? And would 
the information so gathered be worth the cost and concen­
trated e f fort? The appropriate mixes of multiscale imagery 
and general surveys and the kinds of information that can 
be extrapolated from these data for relief management shoul d  
b e  s tudied in greater detail .  Clearly , no s imple prescrip­
tion for use may be given now , because , to the bes t  of our 
knowledge , no field trials of such a sys tem or procedures 
have yet been carried out . 

Meteorological satellites have inadequate resolution for 
damage as sessmen t .  Th e  LANDSAT series has greater resolu­
tion , but the long intervals between observations (9 days ) ,  
the modest spatial resolution , and the inability to image 
through cloud cover (which is often present during f l ooding ) 
limi t  the potential applicability of LANDSAT data to f loods . 
LANDSAT re ceiving s tations , which have the capab i l i ty for 
"quick look , " rapid analys is , and s c reening o f  images , can 
play a more important role , albe it on an ad hoc basis . Th e  
future Indian LANDSAT s tation may have the quick- look capa­
bi l i ty ;  subsequently , unde r  both cloud-free conditions and 
coincident sate llite coverage , Banglade sh and other nei gh­
boring countri es may get near real-time imagery o f  f lood 
conditions . 

LANDSAT ' s  greatest uti lity i s  in provi ding a regional 
view of the extent of flooding . The future Thematic Mapper ,  
with improved spatial and spec tral resolution , wi ll add to 
this capability .  Because c loud cover often plagues 
Banglade sh and other tropical countries during times o f  
flooding , radar imagery would b e  invaluable . Future radar 
sate llites wi l l  be capabl e  of imaging with resolutions of 
10 to 20 meters . During the next 3 to 4 years , however , 
no radar satellites wi l l  be operational . 

The high -resolution earth-synchronous SEOS satell ite o f  
th e  mid-1980 ' s  wi l l  b e  very use ful for monitoring flood 
conditions and damage asse ssmen t .  Th rough a l l  s tages of 
flood progress ion and recess ion--c louds permi tting--this 
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s ate l lite could zoom in o n  the impacted area and take high­
resolution ( 10-mete r )  images over an extended per iod of 
t ime . The satellite should iden tify changes in river 
channels � ponded wate r �  leakages from dams , l evees , and 
cana l s � and major inundation in urban areas . Another pro­
posed system of the early 1980 ' s  wi th comparable resolution 
( 10-me te r )  is the s un-synchronous , French SPOT sate l l i te .  

With a 1- to 5-day repeat cycle , this sate l l i te would have 
a cycle midway be tween those of LANDSAT and SEOS sate l l ites . 

Rehabi l i tation 

During the rehab ili tation phase , aerial surveys of the 
disas ter s ite are l ike ly to be made . Even when suitable 
airc raft are available in the affected country , however , 
i t  i s  usually nece ssary to obtain permiss ion to fly and to 
make arrangements to secure planes and equipment . In 
c on trast ,  LANDSAT or me teorological data could be processed 
in a u . s .  or United Nations faci lity and transmi tted via 
the WEFAX sys tem to a low-cost receiving s tation in a 
deve loping country i f  needed urgently , or by mail i f  the 
need were not press ing . Photo interpreters could make 
detai led examinations of al l available satellite and air­
c raft imagery and s elec t portions to be enlarged for 
further s tudy . To ass ist in re l ief management , ground 
s urvey teams wou ld need to verify information derived from 
this process and combine it with ground observations . 

The large are a  of coverage provided by LANDSAT imagery 
would al low ( c louds permi tting ) quick assessment of the 
magni tude of the di saster and areas of heavy damage . Band-
7 ,  the near-infrared band , is the mos t useful band . Areas 
a ffected by the flood waters are readi ly differentiated by 
spectral reflectances of saturated and dry soi ls . If prior 
LANDSAT imagery of the area under normal conditions exis ts , 
a compos i te image may be made and the flooded area calcu­
lated us ing a suitable hand plan imeter or computer algorithm . 1 3  

13see W. G. Rhode et al . ,  " Inven tory and Mapping of Flood 
In undation Usi ng Interactive Digital Image Analysis Tech­
niques , " Proceedings of the 2nd Ann ual Wi l l i am T .  Pecora 
Memori al Symposi um ( Sioux Fal ls , South Dakota : American 
Society of Photogrammetry and u . s .  Geological Survey , 
October 1 9 76 ) , pp . 1 31- 14 3 � and A .  N .  Wi l l iamson , "Missis­
s ippi Ri ve r  Flood Maps from ERTS--A Digital Data , "  Wa ter 
Resources Bul l etin , Vol . 10 , No . 5 ( October 1 9 74 ) , pp . 1050-
10 5 9 . 
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High-al titude aircraft color-in frared imagery is also us e ­
ful i n  this process . Studies indicate , however , that 
photographic infrared is limited in dark- colored soi l s  for 
de fining high-water lines . Areas like ly to experience food 
shortages might be inferred by analysis of agricultural 
condi tions on medium to high-altitude color- infrared 
imagery . Also identifiable would be areas isolated as a 
result of muds lides , lands l ide s , or washed-out bridges--or 
areas where extensive damage to crops and pastures occurred . 
Analysis of damage to agricultural fields can indicate which 
crops were salvageable and which were completely des troyed . 
To predict crop damage , multi temporal data collection and 
analysis would provide information on the length of time 
certain regions could remain inundated . In con junction 
with ground observations a country may then improve estimates 
of what food supplies it could provide itself and what 
s upplies would have to be imported . Uti l ization of infrared­
sensi tive film in some cases has allowed assessment of 
latent e ffects of flooding on soi ls and vegetation as much 
as 1 month after the flood cre s t . 1 4 Use of color-infrared 
photography in flooded areas in the United States has pro­
duced better estimates of potential production than have 
conventional ground-ske tching me thods . 1 5  

The quality of the freshwater supply would also be an 
important consideration . Areas inundated by a s torm surge 
tidal wave may have serious salinity problems if the salt­
water remains long enough to pe rcolate into the groundwater . 
As was exemplified in Andhra Pradesh , salts left by ts unamis 
or s torm surges mus t be flushed through the groundwater 
and back out to sea in order to prevent damage to crops . 1 6  
Evidence concern ing the seriousness o f  salting i s  ambiguous , 
howeve r , and should be reviewed before research with remote 
sensing is undertaken . Contamination of local water suppl y  
sys tems (mainly small s treams , dive rs ion channe l s , and 
irrigation canals ) by heavy sedimentation might be identified 
on low-altitude color-infrared film .  Contamination of 

1 4Meyer and We lch , op . ci t .  
1 5see w .  H .  Anderson , Assessing Fl ood Damage to Agri cul t ure 
Usi ng Col or Infrared Aeri al Photograph y--An Exampl e from 
the 1 9 75 Red Ri ver Val l ey Fl ood of North Dakota and 
Minnesota ( Sioux Falls , South Dakota : EROS Data Center , 19 7 7 ) . 
1 6 see F .  Cuny , Recen t Work in the Afterma th of the Andhra 
Pradesh Cycl one , Memorandum to Intertec t members and other 
intere s ted persons ( Dallas , Texas : Intertect , January 3 1 ,  
1 9 7 8 ) . 
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tanks ) would not be vis ib le . 
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Remote sensing is most use ful for locating regions where 
concentrated ground sampling wi l l  provide the bes t infor­
mation . Regions where commun ication is de ficient can be 
identi fied , and the image products can be used as a planning 
base for a time ly and accurate s urvey . A weakne ss of aerial 
photography is that the interior damage to hous ing and 
damage to the foundations cannot be assessed . I f  a s truc­
ture does not appear to be damaged on the outs ide , an 
interpreter would assume that it sus tained l ittle if any 
damage . Accumulation of mud and debris , collapse of weak 
parti tions or walls , or damage to foundations would not be 
vis ib le on any type of imagery . Photographi c  interpreters 
alone generally underestimate the extent of damage to 
s tructure s ,  but when photographic measures are combined 
with a we l l-distributed sample ground survey , the estimates 
could be qui te accurate . More research is needed to de fine 
suitable procedures and accuracies . 

Gene rally , few injuries are associated with floods . 
Photographic analysis could antic ipate secondary health 
problems . Areas o f  standing water where waterborne disease 
may breed could be identified on color- infrared imagery . 

Reconstruction 

If aircraft and spacecraft imagery were not avai lable until 
the reconstruction phase , i t  may still be used to determine 
the extent of damage , floodplain boundaries , silting prob­
lems , and reduction in agricul tural yield . Damaged areas 
identified on the imagery could be trans ferred to topo­
graphi c  maps ( i f  avai lable ) and the amount of land damage 
quanti fied . Thailand , Australia , and India are among the 
countries usi ng sate llite data for floodplain management . 1 7 
Agencies in Pakistan found sate l l i te imagery of consider­
able value in pos tflood s urveys . By changing the contrast 
of LANDSAT imagery of the 1 9 7 3  Indus River flood and 
preparing temporal compos i tes , a great deal of hydrologic 
information was obtained . 1 8 These images revealed 

1 7personal communication with Paul Krumpe , AID/OUSFDA , 
Apri l 1978 . 
1 8 see M .  Deutsch and F .  H .  Ruggles , Jr . , "Hydrological 
App l ication of LANDSAT Imagery Used in the Study of the 19 7 3  
Indus River Flood , Pakis tan , "  Wa ter Resources Bul l etin , 
Vol . 14 , No . 2 (April 1978 ) , pp . 2 6 1 - 2 74 . 
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information on total flooded are a ,  changes in the river 
channe l ,  ponded water in the floodplain after reces s ion , 
leakage unde r dams , breaks and leak s  in canals ,  and areas 
of groundwater dis charge . This information could be used 
in de sign ing be tter hydraulic struc tures and minimizing 
flood damage in the future . S tudies by Ahmad , Mirza , and 
Khan showed that LANDSAT imagery of the Indus Bas in taken 
4 3  days after the flood peak gave estimates of flood­
inundated areas that were only 10 percent lower than 
figures derived from imagery taken after 7 days . 1 9 

A computer-assisted approach us ing LANDSAT imagery 
could improve this proces s .  Preparation of map overlay s  
showing the extent of flooding o n  agricultural lands and 
acreage e s timates with known sampling e rrors could be 
produced .  Rhode , Taranik , and Ne lson employed LANDSAT 
digital data and infrared photos in a multiphase sampling 
scheme to e s timate the areas of agricultural land affe c ted 
by a flood . 2 0  

Earthquakes 

Earthquake s are often considered un ique among natural 
disasters because they occur s uddenly and without advance 
warning . Unlike other sudden disasters an earthquake is 
preceded by no external signs through whi ch members of 
the pub lic can make their own informal confirmations . At 
present , the regions where e arthquakes are like ly to occur 
and regions where e arthquake hazards are very low can be 
identi fied , but no re l iable method for earthquake predic­
tion has yet been deve loped .  

Preparedness 

Remote sensing offers good potential in preparedne ss plan­
ning . The large area covered on a s ingle s ate l l i te image 
provides a basis  for l ineament mapping . As lineaments are 

1 9see M. s .  Ahmad et al . ,  "Floodplain Mapping in the Indus 
Bas in Us ing LANDSAT Imagery , "  Proceedings of the Twel fth 
In terna tional Symposi um on Remote Sensi ng of Envi ronmen t ,  
Apri l 20 -26 , 1 9 78 ,  Mani l a ,  Phi l i ppines (Ann Arbor , Mich igan : 
Environmental Research Institute of Mich igan , 19 7 8 ) . 
2 0 Rhode et al . ,  op ci t .  
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often e xpressions of faults , mapping these can he lp de lin­
eate earthquake-prone areas . Locations can be risk-rated 
on the bases of active faults and historical se ismicity 
data . 

LANDSAT imagery could be use ful in de l ineating areas of 
high earthquake hazard . Structural e lements that may 
appear irregular or even di scontinuous within a small area 
may be revealed as lineaments of regional extent on LANDSAT 
imagery . Closer e xamination on ae rial photographs and by 
field surveys would reveal i f  these l inear features were 
faults and if they posed a potential threat . In low-re lief 
areas , the highl ight and shadow e ffect of radar systems 
enhance s  subtle terrain feature s such as lineaments or 
faults . Where topographic re l ie f  is great , however , the 
ob l ique illumination angle can cause e xtens ive shadowing 
that may be detrimental to structural interpretation . 

Re cent studies have demons trated the us efulness of space­
c raft and aircraft data for de l ineating seismically hazardous 
areas . A s tudy conducted in Alaska reported a close rela­
tionship be tween e arthquake epicenters and lineaments vis ible 
on LANDSAT- ! imagery . In addition , lineaments not known to 
have e xisted be fore were identi fied . 2 1  Computer process ing 
technique s were used to enhance l inear feature s on LANDSAT 
images in a region north of Pek ing . Earthquake epicenter 
locations and l ineaments were mapped from the imagery and 
then digitized and recorded on magnetic tape . Correlations 
are be ing sought between the fracture density contour map 
and the epicente r contour map produced from this process . 
I f  corre lations exi s t , this method may aid in interpre ting 
the predominant ground movements as sociated with modern 
earthquake s in thi s  region and in evaluating seismic hazards . 2 2  
LANDSAT imagery and aerial photographs have also provided 
use ful information in Nicaragua , the Phi l ippines , and 

2 1 see Robinove , op . =i t . 
2 2 see R .  K. Vincent and G .  N. Scott , "Corre lation Studies 
Be tween Line ar Fe atures Obse rved in LANDSAT Image ry and 
Earthquake Epicenters for a Region North of Peking , Peoples 
Republic of Ch ina , " Proceedings of the Twel fth In terna tional 
Symposi um on Remo te Sensing of Envi ronmen t ,  Apri l 20-26 , 
1 9 78 ,  Mani l a , Phi l i ppi nes (Ann Arbor , Michigan : Environ­
mental Research Institute of Mich igan , 1978 ) . 
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I taly . 2 3  In these areas mapping linear features has re­
s ulted in a better unde rstanding of seismic patterns . 

Se ismic information obtained with remotely sensed 
imagery could be included in a data base for future use . 
Mere ly adding seismi c risk data to such a data base , 
however , would not s igni ficantly improve preparednes s 
planning or pos tdis aster re lief e f forts . Be fore the 
seismic data could be use fully employed to determine the 
population at risk , the data base would also have to in­
clude updated in formation on land use , topograph ic maps , 
population s tatistics , and the l ike . 

Future Space Sh uttle mis s ions will be capable of gath e r ­
ing photographic and o th e r  data with 5- t o  10-me ter res o l u­
tion that wi l l  be e xtremely use ful for hazard and 
vulnerability analysis , especially in urban centers . 
LANDSAT-D imagery ( 30-mete r re solution ) could also make a 
contribution in preparedness planning . 

Warning 

At present , remote sensing technology shows limited value 
for monitoring or predicting se ismic events . Since seismi c  
activity cannot b e  visually recorded , satellite and air­
craft image ry are of no value . The data collection sys tems 
on board LANDSAT and SMS/GOES might be useful , but a bette r  
understanding of earthquakes is needed be fore deve loping 
countrie s are encouraged to invest time and money in such 
sys tems . 

Seismic activity is be ing monitore d  through extensive 
networks in many parts of the world . An array o f  ins tru­
ments can be ins tal led along active faults to me asure 
precursor events ( changes in seismic velocity ,  e lectrical 
conductivity , water pressure , ground-ti lt dire ction , and 
s urface e levations in and around the e arthquake source ) 
that migh t  be use ful in earthquake prediction . Currently , 
these measurements are col lected and re layed by radio to a 
ground s tation . LANDSAT and GOES might help gather thi s  

2 3 See B .  s .  S iegal and F .  G .  Snide r ,  " Remote Sens ing for 
Nuc lear Powe r Plant Si ting , Battan Peninsula , Repub lic of 
the Ph ilippines , "  Proceedings of the Twel fth In terna tional 
Symposi um on Remote Sensing of Envi ronment , Apri l 20 -26 , 
1 9 78 , Mani la , Phi l i ppi nes (Ann Arbor , Michigan : Environ­
mental Re search Institute of Michigan , 1978 ) . 
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information , but until more is known about what events fore­
shadow an earthquake , us ing costly ( about $ 5 , 000 each ) and 
not fully reliable data col lection platforms would be a 
ques tionable inves tment for a deve loping country . 

I t  is pos sible to moni tor se ismic events associated with 
volcanic activity . An array of ins truments could be in­
s talled on a data collection platform to monitor micro­
seismic activity that could precede an eruption . Such 
p latforms could also provide information on the temperature , 
heat flow , geochemis try of gases , and volcanic tilt prior 
to e ruption . Resul ts to date are encouraging but , as with 
e arthquake prediction , a high leve l o f  confidence that the 
event wi l l  occur is necessary i f  lifesaving protective 
actions are to be taken prior to a volcanic eruption . 

Emergency 

Remotely sensed imagery is of limited use in the emergency 
phase of disaster . Ideally , ae rial reconnaissance missions 
should be organized and flown wi th in a few days of the 
disaster . Although this action may be technically feas ible , 
i t  is doubtful whether the personnel , equipment , and 
fac i lities nece ssary to do the analys is could be organized 
within this time frame . Furthermore , research is still 
needed to de termine what sys tem or combination of sys tems 
provides the most cost-effective information and what sur­
rogate measures could be used to assess damage . 

I f  avai lable , medium-alti tude aircraft imagery could 
provide a comprehensive and ob j ective view of the disaster . 
Areas of heavy devastation could be identified on the 
imagery and personne l and s upplies directed to these areas . 
An estimate of the magnitude o f  the disaster might also be 
poss ible . At present , pos tdisas ter aerial photography is 
conduc ted routinely in Turkey and care ful examination of 
the procedures and use of photography there are recommended .  

Rehabi l i ta tion 

I f  availab le during rehabilitation , aircraft imagery could 
be thoroughly analyzed , and data in the form of enlarged 
images and large-scale maps could be provided for relie f 
management teams . Aircraft imagery may also provide infor­
mation of use to medi cal teams , but it has never been 
uti l i zed for thi s  purpose . 
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Food and water needs in urban areas would be difficult 
to asse ss from aerial photography . This information wi l l  
have to come from ground surveys . In rural areas , damage 
to wate r supply tanks , irrigation channe ls , agricul tural 
fie lds , and so on might be vi sible on medium-alti tude 
photography . Al though most vi l lages tend to be se l f­
sufficient , they may require imported food i f  they are 
isolated by lands lides or serious road damage . Imagery 
migh t be used to identify undamaged areas nearby where 
food supplies may be avai lable . 

In analyz ing u- 2  photograph s acquired shortly a fter the 
Guatemalan earthquake , interpreters general ly underes t imated 
the damage to s truc tures ( these estimates were between 1 5  
percent and 2 0  percent lower than assessments made on the 
ground) . Be cause damage that did not mar the roof of 
buildings was not detectable on the photography , any damage 
to foundations , interior walls , or partitions went un­
noticed . 2 4  One of the lessons learned from experience i s  
that th i s  type of damage as sessment requires low-altitude 
obl ique photography as we l l  as vertical photography . 

Se condary threats resul ting from an e arthquake--such as 
dam fai lure , lands lides , or avalanches--migh t be asse ssed 
from aircraft imagery and veri fied by ground surveys ,  but 
remote sensi ng seems to be more applicable in asses s ing the 
damage created by these events . The Guatemalan earthquake 
imagery revealed many places where land and rock s l ides had 
b locked s treams , causing lakes to be formed . One such l ake 
cove red an area where maps showed a vil lage had previous ly 
exis ted . 

The SEOS sate llite will have a high-powered teles cope 
wi th 6-meter resolution and wi l l  provide coverage over the 
We stern Hemisphere . In event of an earthquake , this 
sate l l ite could zoom in and take repeated high-resolution 
images . Similar earth-synchronous sate l lites are also 
planned in India , Japan , and Europe to provide disaster 
assis tance data . The future sun-synchronous French SPOT 
satellite wi th a 10-meter pointable panchromatic system 
could provide coverage of earthquakes wi th in its orbi t ,  
c loud cover permitting . 

2 4see the National Photographic Interpretation Cente r  in 
assoc iation with Agency for International Deve lopment , 
Uti l i za t i on of U-2 Photography in the Gua temal an Earth­
quake Februa ry , 1 9 76 (Washington , D . C . : NPIC , 1976 ) . 
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Reconstructi on 

During recons truc tion , all information acquired from imagery 
could he lp in formulating long- term deve lopment plans aimed 
at better preparedness . The types of damage identi fied on 
aerial photographs could be use ful in e ffec ting changes in 
urban areas . 

LANDSAT imagery may be use ful for identifying lineament 
patte rns in and around the disaster site if they had not 
been adequate ly mapped be fore . Wi th th is information , a 
disaste r-prone country may be tter unders tand the se ismi c  
patterns associated with the area . This information may 
h ave some role in deve loping zoning laws and building codes 
to prevent future damage . 

Droughts 

The synoptic view and abi lity to detect change through time 
makes satellite sensing potentially e ffective for mode ling 
and monitoring droughts . 2 5 In princ iple , at least , it 
appears feasible to use me teorologi cal and other satel lite 
data as inputs to ecosystem and pasture and crop mode ling 
of drought stre s s . Once a drought has been acknowledge d ,  
remote sens ing may prove use ful i n  the planning of remedial 
measures and reclamation activi ties . Much research will be 
needed , howeve r ,  to realize such potentials . 

Preparedness 

For known drough t-prone areas , an e ffective preparedness 
program require s data on the number and geographic distri­
bution of the population , agricultural crops , rangeland and 
grazing conditions , and availability and quality of water 
supplies . Few i f  any developing countries are adequate ly 
mapped in any scale , and mos t lack basic natural resource 
inventories . In the context of a management sys tem already 
in place remote sens ing could provide information to he lp 
develop s uch data bases . Many developing countries are 
already us ing remote s ensing in management programs , and 

? S see J .  B. Bale et al . (eds . ) ,  Remote Sensi ng Appl i ca ti on 
to Resource Management Probl ems in the Sahel (Washington , 
D . C . : Earth Sate l l ite Corporation , 1 9 7 4 ) . 
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the speed a t  which this technology i s  ente ring their soc i­
eties should not be discounted . Howeve r ,  developing coun­
tries are often more interes ted in us ing remote sensing 
for purposes that wi ll bring dire c t  e c onomic re turns , such 
as mineral and oil exploration , than for drought , hazard , 
and vulnerabi lity analysis . 2 6  

Meteorological satellite image s from the National Oce an i c  
and Atmospheric Administration sate l l i tes and the dec las s i ­
fied U . S .  Ai r Force De fense Meteorological Sate ll ite Pro­
gram ( DMSP ) sys tem offer valuab le data for s tudying drought .  
Cloud- top temperatures at a spatial re solution of 2 to 3 
nautical mi les are adequate for es timating the l ike l ihood 
of precipitation from typical c loud format ions of the s avan­
nah and subtropical desert fringes . 2 7 The Large Area Crop 
Inventory Experiment ( LACIE ) , the Center for Climate and 
Environmental As sessmen t ( CCEA) , and others are incorporat­
ing a vari ety of meteorological sate l l ite data into local 
meteorological and agricultural crop/yie ld models . 2 8 
Future plans call for the Sovie t Union , Japan , a consortium 
of Wes tern European countri es , and the United States to 
put up a series of synchronous meteorological sate l lite s  
that will girdle the globe a t  the equator . A l l  countries 
sub j ect to drought can then be moni tored on a dai ly basi s .  

2 6For a cautionary statement conce rning the use o f  remote 
sens ing for natural resources , see I .  Ade lman , " Remote 
Sens ing and Equity , " Resource Sensing from Space : Pros­
pects for Devel oping Coun tri es (Washington , D . C . : National 
Academy of Sciences , 19 7 7 ) , pp . 1 8 7- 190 . 
2 7see D .  s .  Simonett , "Roles for Space Sens ing in Studying 
Desertification , " Deserti fi ca t i on : Process , Probl ems , Per­
specti ves ( Tucson , Ari zona : The University o f  Ari zona , Arid/ 
semi-Arid Natural Resources Program , September ,  1976 ) , p .  5 4 . 
2 8NASA , the u . s .  Department of Agriculture (USDA ) , and the 
National Oceanic and Atmospheric Adminis tration ( NOAA) are 
currently engaged in a major s tudy to dete rmine the degree 
of accuracy in crop ide nti fication , acreage , and yield that 
can be achieved by LANDSAT remote sens ing . The LACIE pro j ­
ect began with monitoring o f  wheat plantings , yie lds , and 
crop conditions in the Great Plains are a , checked against 
ground truth and conventional data collection carried out 
by USDA personne l .  I f  the results are sati s factory in the 
United S tate s , the expe riment wi l l  continue wi th respect 
to wheat in other countries and then may be e xtended to 
other crops , inc luding rice , soybeans , cotton and pe anuts . 
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LANDSAT data may provide a worldwi de data base for 
mapping drought-prone areas by creating an inventory of 
the present s i tuation and re inven torying at intervals . 
Simi larly repeated observations may be he lpful in de ter­
mining the extent of surface water , the length of time 
the water remains on the surface , and the ava i lability of 
groundwater in semiarid lands for inclusion in a natural 
resource monitoring sys tem . 

Model ing 

Research is  needed to examine and mode l the thresholds at 
wh i ch droughts become disasters and to identi fy meas ure­
ment techniques to determine when s uch thresholds have been 
reached . Data from LANDSAT , meteorolog i cal sate l l i tes , 
and avai lable aerial photographs may o ffe r a base to 
deve lop and test these thre sholds . Mode ls mus t be struc­
tured to take into consideration the individual temporal 
changes and relationships among c l imate , population , agri ­
cul tural crop production and range land use , and environ­
me ntal qua l i ty .  These changes and relationships could 
affect the estimated measures of the intensities of specific 
droughts , as wel l  as the i r  spatial and temporal character­
i s ti cs . 

The Center for Cl imate and Environmental As se ssment ( CCEA)  
is carrying out analys is for the AID/OUSFDA in the deve lop­
ment and use of weathe r/crop-yield forecast mode ls in the 
drought-prone countries of the African Sahe l and the Carib­
bean basin . 2 9  The aim of these mode ls is  to express mete­
orological information in terms of risk of crop failures 
or the probabil ities of various leve l s  of yield reduction . 
Monthly data regre s s ion-based mode ls of the type now e� 
played by CCEA are ve ry primi tive , and future mode ling 
us ing dai ly meteorological sate l l i te temperature and precipi­
tation e stimates ( and other data)  wi l l  be  es sential if  
acceptable accuracies are to be obtained . 

The inadequacy of pre s ent meteorological mode ls to fore­
cas t or predict drought s tems in part from insufficient 

2 9See P .  F .  Krumpe , The Appl i cation of LANDSA T Technol ogy 
to the Probl ems of Di sas ter Preparedness (Ea rl y  Warn i ng) 
and Rel ief (Damage Assessmen t )  (Washington , D . C . : Agency 
for International Development/Office of u.s . Foreign 
Disas ter As sistance , 19 7 7 ) . 
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knowledge o f  the various dynami c and thermodynamic proc e s s e s  
ope rating i n  the earth ' s  atmosphere to produce c l imatic 
variations . The mon i toring of albedo , vegetation coverage , 
and soil mois ture , toge ther with n umeri cal mode l i ng , may 
enable better predic tion or forecas ting of drought . As 
sate l lite obse rvations f i l l  the data gaps with global 
coverage o f  cloudiness , radiation , precipi tation , tempe ra­
tures , and winds , subs tantial advances are expected in 
measuring and understanding cl imatic fluctuations . For 
example , data related to surface radia tion budge t could , 
in principle ,  provi de users wi th va luab le in formation about 
soil moisture , crop yield , evapotranspiration , and related 
topics . 3 0  

Be tween 1982 and 1986 , NASA plans to acqui re a complete 
c limate data set as a contribution to the u.s. c limate 

3 0personal communication wi th Paul Krumpe of the AID/OUSFDA , 
April 1978 . See also ,  J .  Charney et al . ,  "Drought in th e  
Sahara : A Biological Feedback Mechanism , " Sci ence , Vol . 
1 8 7  ( 19 75 ) , pp . 4 34-435 � G .  L .  Potter et al . ,  Poss ib le 
Cl imatic Impact of Tropical Deforestation , "  Na t ure , Vol . 
258  ( 19 75 ) , pp . 697-69 8 � P . R .  Rowntree , " Response of the 
Atmosphere to a Tropical Atlantic Ocean Temperature Anoma ly , "  
Quarterl y Journal of the Royal Me teorol ogi cal Soci ety , 
Vol .  102  ( 19 76 ) , pp . 607-625 � and R .  A .  Bryson , "Practic a l  
Climatic Forecas ting for Agriculture , "  paper presented a t  
the Joint People ' s  Repub lic of China-United States Symposium 
on Geographic Pe rspective on the Environment--Ameri can and 
Ch inese Views , Wingspre ad , the Johnson Foundation , Raci ne , 
Wi sconsin , Oc tober 12-14 , 1978 . See the following reports 
of the Ins ti tute for Environmental Studies , Univers ity o f  
Wis cons in-Madison : P .  J .  Michae l s , Worl d Cl imate and 
Worl d Food Sys tems XI : A Predi cti ve Model for Wi nter Wheat 
Yi eld in the Uni ted States Grea t Pl ains , IES Report 94 , 
January 1978 � P .  J .  Michaels and V .  R. S chere r ,  Worl d  
Cl ima te and Worl d Food Sys tems VII :  A Predi cti ve Model for 
Wheat Production in Sonora , Mexico , IES Report 7 3 ,  March 
19 7 7 �  P .  J .  Michael s  and v. R. Sche rer , Worl d Cl imate and 
Worl d Food Sys tems VIII : An Aggrega ted Na tional Model for 
Wheat Yi el d in Indi a , IES Report 74 , March 19 7 7 �  V .  R .  
S cherer , Worl d Cl imate and Worl d Food Sys tems IX : Model s 
for Whea t Yiel d in Indi a wi th Incl usi on of Cl ima t i cal l y  
Induced Vari abi l i ty ,  IES Report 80 , June 1 9 7 7 � and v .  R. 
Scherer , Worl d Cl imate and Worl d Food Sys tems X :  Model s  for 
Na ti onal (Aggrega ted) Whea t Yi el d in the Peopl e ' s Republ i c  
of China , IES Report 9 3 , June 1 9 7 7 . 
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program plan . The data wi ll be acqui red with an observing 
sys tem having the fol lowing components : 3 1 

• operational weathe r-observing system, inc luding 
TIROS-N, SMS/GOES , GMG , and METEOSAT ; 

• CLIMSAT , a new polar-orbit ing cl imate satell ite ; 
• ERBSS (Earth Radiation Budge t Sate l lite Sys tem) , 

a low inclination ( 5 0  degree s )  radiation budget strato­
spheric ae rosol sate l l i te ; and 

• seve ral special observational studies .  

It is hoped that this system wi l l  fac il itate prediction 
o f  drought with the minimum se t of climatic parameters over 
a period o f  seve ral years . Once the system is ope rational , 
rese arch wi l l  be needed to de fine its value for drought 
monitoring . 

Warni ng 

The relationship be tween drought and famine varies among 
areas with the environmental , social , and economic con­
ditions . The problem of drought mi tigation is e ssential ly 
twofold : ( 1 )  to predict areas of potential famine with 
enough advance warning that corrective measure s may be 
taken to prevent actual occurrences ,  and ( 2 )  in the event 
of unavoidable drought , to indicate the magni tudes involved 
and the risk of famine , so that adequate re l ie f  supplies 
may be moved into c ritical areas be fore extreme hardship 
occurs . 

Direct and surrogate measures of geographical phenomena 
associated with drought may pos s ibly be identified and 
monitored with remote sens ing and veri fied by ground sur­
veys . At present , no system employing satellite data has 
a proven capability for warning . It has been sugge s ted 
that with a drought-moni toring system , the following decisions 
might be derived : 3 2 

3 l see J .  Spar , " Supplementary Notes on Sea-Surface Tempe r­
ature Anomalie s and Model-Gene rated Meteorological Histo­
ries , "  Monthl y Wea ther Re vi ew ,  Vol . 101  ( 197 3 ) ,  pp . 7 67 - 7 7 3 . 
3 2see the National Aeronautics and Space Administration , 
Proposed NASA Con tributions to the Cl imate Program ( Green­
be l t ,  Maryland : Goddard Space Flight Center , 197 7 ) , Part 4 ,  
pp . 1- 36 . 
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• the timing of the removal of live s tock in grazing 
areas or the assistance needed in the form of l ivestock 
food to reduce the migration of nomadic peoples wi th 
the ir l ive stock to le ss drought-sensi tive regions , whi ch , 
although not overgrazed , cannot wi ths tand the increased 
pressure : 

• preparation of plans to prevent overgrazing and to 
open up new areas for grazing : 

• time ly measure s  to reduce fire hazards : and 
• additional inve s tment in land improvements by drain­

ing , irrigating , seeding , or ferti lizing at appropriate 
time s . 

Mode ling with inputs from me teorological and other 
sate l l i te data , in conj unction with ground-based s urveys 
of livestock , range land , and crop conditions could poten­
tially aid in famine prediction by providing information 
about available food suppl ies . The problem must be de fined 
in terms o f  the ways drought expands and contracts through 
space and time ; eventually mode ls must be constructed to 
integrate all factors in a manner corresponding with 
me thods of remote sensing . The need now is for re search 
procedure s that de scribe various s tages of drought that 
can be remotely sensed , me asured , and e valuated as inputs 
to such models . 

Landholding sys tems in developing countries complicate 
inte rpretation of remote sens ing imagery . Because land 
parce ls are usually small and impermanent , de tec tion o f  
divis ions is difficult o n  LANDSAT imagery . Areas o f  crop 
farming along rivers and vil lage s are more dis cernable , but 
data on crop vigor and yield are di fficult to obtain . 
Under such circumstance s ,  drought condit ions that lead to 
poor and varying yields do not lend themselves we l l  to mos t 
techniques being expe rimented in the United States . Be tte r 
e stimation o f  crop acreage ove r large areas may be obtained 
by a combination of s tatis tical sampling technique s us ing 
ground s urvey me thods and LANDSAT imaging ( l ike the tech­
nique s  being implemented by the Statis tical Reporting 
Service of the USDA ) . For famine prediction , such sampling 
techniques might be used to determine the health conditions 
of communities involved . 3 3  

The LACIE proj ect has been trying to dete rmine the leve l 
of drought se verity in orde r to calculate the reduction in 

3 3 see Rowntree , op . ci t .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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crop yield for a region . 3 4 At pre sent , spectral data are 
used only to mon i tor the geograph ic extent of drough t .  
Re search i s  unde r way to use spectral data to quantify the 
reduction in yield , through indicating drought- induced 
stress in crops and range land . Nalepka , Colwell , and Rice 
tried to ove rcome some of the l imitations of present 
approaches by including nonme teorological factors that 
a f fect the growth of wheat but are not cons idered in 
traditional yie ld mode ls ( e . g . , type of soi l , planting 
density , irrigation , ferti l i zation , planting date ) . 3 5  To 
qualify actual produc tion , howeve r ,  even a deve loped coun­
try mus t presently re ly heavi ly on field surveys . 

In addi tion to LACIE me thodologies , the methodo logy of 
the Statistical Reporting Servi ce o f  the u . s . Department 
of Agriculture ( USDA/SRS ) , and Earth Sate l lite Corporation , 
as wel l  as othe rs , could form components of a des ign 
speci fically formulated for forecasting and monitoring the 
progress of drought . In a report prepared for the AID by 
the American Technical Ass is tance Corporation , e lements o f  
the three systems were compared in relation to the apprai sal 
and inventorying of tropical agricultural sys tems . 3 6  Figure 3 
presents a schematic of a spring wheat yield system . A 
simi lar agrome teorological mode l might be used to predict 
yie ld in drought-prone areas based on sate l l ite and ground 
obse rvational data from sample surveys , and data col lection 
platforms . 

In the future , the SEOS sate l l i te migh t improve sampling 
strategies by providing sample e stimates of crop conditions 
with in a stratum chosen from LANDSAT images . The narrower 
bands and wide r spectral range of LANDSAT-D wi ll al low 

3 4 Investigations of the application of sate l l i te sensing to 
u . s .  agriculture have dealt principal ly with the inventory 
of crop acreage , forecasting of crop yie ld , soi l survey , 
design and operation of irrigation proj ects , and flood 
damage asse s sment . 
3 5 see R .  F .  Nalepka et al . ,  "Worldwide Wheat Production 
Forecasts Us ing LANDSAT Data , " Proceedings of the TWel fth 
In terna tional Symposi um on Remote Sensing of Envi ronmen t ,  
Apri l 20-26 , 1 9 78 ,  Mani l a , Phi l ippines (Ann Arbor , Michigan : 
Environmental Research Insti tute o f  Michigan , 1978 ) . 
3 6 see D .  s .  Simonett , Prel imi nary Desi gn Requi remen ts for 
a Research Project in the Tropi cal Agri cul t ural Inven tory 
and Apprai sal (McLean , Vi rginia : Ame rican Technical Assis­
tance Corporation , 19 7 7 ) . 
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F IGURE 3 Schematic of EARTHSAT spring wheat yield system . 
SOURCE : E .  Merritt et al . ,  EARTHSA T Spri ng Whea t Sys tem 
Tes t  1 9 75 :  Fi nal Report , prepared for L .  B .  Johnson Space 
Center , Houston , Texas , NASA , Contract #NAS-9- 14655 
(Washington , D . C . , Earth Sate l l i te Corporation , Apri l  1976 ) ,  

p .  2 a .  

concentration o n  single energy-matter interaction such as 
a chlorophyl l  absorption band,  and thus provide a better 
asse s sment of yield reduction . Improved spatial resolution 
wi ll lead to better identi fication in areas of small field 
agriculture . Furthermore , LANDSAT-D wi l l  have improved 
drought- re lated capabilities to perform such functions as 
the fol lowing : 

• delineating land/water boundaries ; 
• detecting surface moisture shortly after rainfal l ;  
• detecting crop s tress ; 
• discriminating active green vegetation and accurate ly 

class i fying green vegetation with full ground cover ; 
• estimating moisture in fire-prone grass land vege ta­

tion ; and 
• assessing range feed conditions . 

Me teorological sate l l ites , in con j unc tion with the few 
rain gauges availab le , show promise in monitoring the 
progress of drought . At present prices , ope rating a sys tem 
to as se s s  rainfall in near real time over wide areas such 
as the African Sahe l is estimated at $ 35 , 000 to $40 , 000 per 
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year . 3 7  Information from future meteorological satel lites 
may enhance drought monitoring and , in a limited way , 
drought prediction . The earth radiation budget experiments 
on TIROS-N and NIMBUS-G wi ll sample at fixed times of day , 
adding a diurnal bias to the radiation budget data . Data 
from the high-re solution multispectral radiometer planned 
for the TIROS-N series of sate l lites may better identify 
cloud types and associated rainfal l .  Solar radiation and 
sky- infrared radiation reaching the ground could provide 
valuable information related to soil moisture , crop yie ld , 
e vapotranspiration , and energy requi rements . 3 8 

Soil mois ture e stimating procedures should be quas i­
operational by the mid- to late 1980 ' s . If succe ss ful , 
regional asse ssment of water yield , drought stress , and the 
l ike might be possible on much finer spatial and temporal 
scale s . Future satellites with active microwave sensors , 
meteorological sate l lites , and LANDSAT-D wi ll play various 
roles in this e stimation proce ss . 

Data from operational sate l l ites comparable to the heat 
capaci ty mapping mi ss ion ( HCMM) sate llite j us t  launched 
should facili tate inferences on soil water content and 
e stimates of plant transpiration and plant s tress . I f  the 
HCMM is  successful , it may lead to the development of 
special purpose satellites for monitoring drought . 

Emergency 

I t  is doubtful whether remote sens ing can be us.eful in the 
emergency phase in droughts , when conditions are rapidly 
changing and famine exists . Re search is clearly needed 
on the precursors of famine conditions , on the continued 
spread of drought and i ts re lation to famine , and on the 
uses , i f  any , of remote sensing at this s tage . 

Rehab i l i ta tion 

To faci litate rehabilitation after a drought , a comprehen­
sive land management and deve lopment scheme mus t be 
implemente d .  Remote sensing may potentially be used to 

3 7see Rowntree , op . ci t .  
3 B see the National Aeronautics and Space Administration , 
op . ci t . , Part 2 , pp . 38- 39 . 
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monitor the recove ry of the natural ecosystem and to improve 
development programs . Once the condition of grazing areas 
has been determined , range quality control may be initiate d . 
In areas whe re the animals o f  tribal people share grazing 
land , maj or changes in social structure may be required 
be fore remote sensing information could be used . The 
devas tating Sahe l droughts have produced maj or re locat ions 
of populations , wi th no guarantee that they wi ll be re­
established on traditional grazing lands . 

Reconst ruct i on 

Remote sensing shows es sentially the same util i ty in the 
re construction phase as in the rehabilitation phase . 
Imagery c an be viewed as a data base for deve lopment 
planning and drought preparedness . Reconstruct ion after 
a drought is part o f  the larger resou rce management and 
deve lopment system within a country . Remote sens ing is 
cost-e f fective only when it se rves as a data base for 
this management and development . Remotely sensed data may 
be used to monitor the envi�onment and possibly to prepare 
an inventory of the major changes resulting from the pre­
vious drought . Determination of changes in population 
distribut ion and land use could be use ful in planning 
e ffe ctive deve lopment programs to mitigate the e f fects o f  
future drought . 

Although costly , asses sment of the s tabi l i ty of range­
lands , agri cultural areas , and water supplies may be 
extrapolated from sampled ground in formation to the region 
as a whole . With the aid of remote sensing , inventorie s 
o f  vegetation , soils , and geologi cal mapping can be done 
to assess the conditions of natural resou rces . A balanced 
data-gathering strategy that include s field surveys along 
wi th remote sensing wi l l  be es sential . 

The re search needed to re solve the contribution of remote 
sensing to drought monitoring wi l l  c learly be substantial . 
At this time it is a di stant potent ial only , not a present 
reali ty in terms of ope rational use fulne s s . Since drought 
( as noted e lsewhe re in this report ) is not a sufficient 
indicator o f  famine , it will in any case be only one of the 
i tems to be monitored in famine-prone regions . 
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A PP E N D I X  3 Probable Future 

Satellites 

Between 1980 and 1990 and beyond , the fol lowing experimental 
s ate l l i te s  are planned : 

LANDSA T-D : To be launched in 1981 , LANDSAT-D wi l l  carry 
a multispectral scanner (MS S )  compatible to that of LAND­
SAT ' s  1 ,  2 ,  and 3 .  I t  will also carry an advanced multi­
spectral scanner known as a Thematic Mapper .  This 
instrument wi l l  have an improved re solution of 30 meters 
in six spectral bands , plus a thermal channel with 120-
mete r  resolution . Two s ate l l i te s  wi ll  be launched 9 days 
apart . The Tracking and Data Relay Sate l lite System 
( TDRSS ) , if then avai lable , wi l l  provide transmission o f  

data from all parts of the world except parts o f  India , 
so there may be no need for tape re corde rs . The TDRSS 
presently face s maj or problems o f  radar interfe rence . 

SEASA T-1 : An indication o f  possible uses of future 
operational sea and land sensing sate l l ites carrying radar 
imaging systems may be given from expe riments on SEASAT- 1 .  
This expe rimental sate l l i te was launched in mid-1978 
and carried an L-band synthetic ape rture imaging radar 
( SAR) with al l-weathe r capabi l i ty .  The radar cove red a 
100-km swatch with a resolution o f  about 25 meters every 
3 or 4 days for 95 percent of the earth ' s  surface . Although 
SEASAT was dedicated primari ly to studying sea state and 
ice , the SAR showed promi se o f  providing precise flood maps 
through c loud cove r .  No recei ving stations were located 
in deve loping countries . The sate l li te operated for a few 
months only be fore fai lure of the powe r system. Sufficient 
data we re obtained prior to early Octobe r 1978 , when the 
short circuit �eve loped , howeve r ,  to make some contribu­
tion on the se questions . 

Ea rth Synchronous Observa t i on Sa tel l i te (SEOS) : The 
f i rst synchronous earth-observing sate l lite i s  des igned 
s peci fica l ly for di saster monitoring in the Weste rn 

1 3 1  
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Hemisphere . It is planned for launch sometime between 
1981 and 1985 . I t  wi ll carry high-powe red te lescopes 
( resolution of 6 me ters )  with a long dwel l  time and 
repeated imaging . Instruments include solid state cameras , 
new generation telemetry , and spectrome te rs for pol lution 
de tection . 

Hea t  Capaci t y  Mapping Mi ssi on (HCMM) : An indication o f  
possibl e  future operative use o f  improved the rmal systems 
as part of a drought-monitoring program may be obtained 
from experiments on the HCMM . This re search satel lite 
carries a single-channe l thermal sensor covering a 700-km 
swatch with a 500-meter dimens ion . In order to estimate 
thermal inertia and surface and near-surface soi l moi sture , 
it wi l l  take both a day and night pas s over the same area 
at the peak of the heating cyc le and at the trough of the 
cooling cycle . 

Space Shut t l e : To be ini tiated in the e ar ly 1980 ' s ,  
the Space Shuttle wi ll be capable o f  carrying e xpe rimental 
high-resolution , wide-area coverage imaging radars and 
cameras . Some mi ssions wi l l  carry both radar and came ras , 
and suitable experiments or ope rations could be tested . 
Launched about once a month , each mis sion wi l l  last between 
1 and 2 weeks . 

TIROS-N : This is the prototype of the next generation 
of polar-orbiting operational meteorological sate l lite s . 
The system wi l l  include two s ate l lites in orbit s imul tan­
eous ly , to provide global cove rage and system reliabi l i ty . 
I t  wi ll include a new four-channel sensor , the advanced 
very high resolution radiometer (AVHRR) that is expected 
to improve cloud-water di scrimination . A fifth thermal 
channel is planned for a fol low-on system to improve the rma l  
mapping . Data wi ll b e  avai lable i n  four mode s ,  inc luding 
on-board recording of limited , selectable portions of each 
orbit at 1 . 1-km resolution . In addition , i t  wi l �  have a 
data collection and platform location sys tem (DCPLS ) . 

SPOT : The French earth observation sate llite to be 
launched in the early 1980 ' s  in a sun-synchronous orbit 
wi l l  cover an area 60 km wide with 10-meter resolution . 
At the equator , its sequence of coverage will range between 
5 days apart and 1 day apart . At 45 degrees latitude the 
worst coverage wi l l  be 4 days apart and the best wi ll be 
1 day apart . In addition , to some extent , the sate llite 
may be pointed at speci fic earth targets . 

NIMBUS-G : The most recent sate l l i te in the s e ries of 
experimental meteorological sate l l i te s , NIMBUS-G was 
developed to provide observations for research and deve lop­
ment needs of atmospheri c and earth scientists , and to 
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provide global survei llance o f  the atmospheric structure 
for worldwide weather services .  The satellite was launched 
in late 1978 and is expected to have a lifetime of 1 year 
or more . It wi ll include an earth radiation budget and a 
scanning multichanne l microwave radiome ter capable of mea­
sur ing the water content of c louds , a spectrometer for ocean 
color imaging , a radiometer and scatterometer for sea-state 
data , and sensors to detect stratospheric pollution . 

Another future option open to deve loping countries is 
the installation of relatively low-cost receiving stations 
capable of receiving analyzed data/images . Imagery could 
be proces sed and analyzed at a large faci lity and trans­
mitted to a low-cost rece iving station via the WEFAX system 
on board the SMS/GOES satellite . 

In addition to the future sate llites listed , many coun­
tries are in the process of researching , designing , and 
planning future satellite platforms for a variety of uses . 
The European Space Agency has s tarted studies on a space 
segment with emphasi s  on microwave payloads for specific 
European land and ocean sensing applications . Japan , 
Germany , and the Soviet Union have future plans for syn­
chronous meteorological satellites equivalent to the SMS/ 
GOES . Thes e  systems , in conj unction with SMS/GOES , wi ll 
provide complete , near real-time global weather coverage . 
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