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.11ROP,:SED BUDGET 

Pesonnii!_Positions .'.inual Year 01 *Year 02 

Salary Rate 

Projet'; Dir,c tor 22,667 

Project OfFicer 29,035 

Pediatrician (Local national) 14,769 

Research Assistant 6,410 

Secretary 8,975 

*Calculation based upon 5% p.a. increase 

mm 

6.5 

2.0 

6.5 

12.0 

5.0 

Salary 

12,2 /3 

4,839 

8,000 

6,410 

3,740 
35,267 

Benefits 

2,087 

823 

-

1,090 

635 
4,635 

8.75 

2.0 

6.5 

12.0 

5.0 

YmSalary 

',354 

5,081 

8,400 

6,730 

3,926 
41,491 

Benefits 

2,950 

864 

-

1,144 

667 
5,625 

Personnel 

Year 01 

39,902 

Year 02 

47,116 

Consultants 
1$00/day 10 days 1,000 30 days 3,000 

Travel & Per Diem 
international Travel@ $]1 80/trip 

Per Diem @ $45/day 

2 trips 

60 days 

2,360 

2,700 

3 trips 

240 days 

3,540 

10,800 

Domestic Travel 
@ $135/trip, ( 3 DC-Ann Arbor R/T and3 Ann Arbor-Los Angeles R/T) 6 trips 810 

As Year Ql 
810 

Per Diem @ $35/day 150 days 5,250 60 days 2,100 



PROPOSED BUDGET - continued
 

Other Direct Costs 


Telephone 


Supp es 


Printing & Reproduction 


Contract Services (Computer usage) 


SJrvey 


Field Research Costs 


Overhead 


TOTAL 


Year 01 


300 


1,200 


300 


1,300 


-


24,612 


79,734 


Year 02
 

350
 

1,300
 

350
 

1,300
 

5,000
 

6,500
 

30,100 

112,266
 



MEMORANDUM TO T)IE ASSISTANT ADMINISTRATOR 

TO : ,A/TA, Mr. Curtis Farrar DATE: July 13, 1976 

FROM: TAB/PPU \ Carl\, R.Fritz 

SUBJECT: PP Approval - "Efficiency of Health Measures" 

Problem: Your approval is request%.!of the attached Project Paper(PP) 
"Efficiency of Health Measures" authorizing the obligation of $192,000
 
in the TransItional Quarter for implementation of Phases I and II of the
 
three-yenr projecc and providing $104,000 FY 78 funds for Phase III subject
 
to satisfactory completion of the first two phases. Total cost of the
 
proposed project is $296,000.
 

Discussion: The general purpose of the project is to increase current
 
knowledge about the effectiveness with which alternative health
 
technologies influen)ce infant and childhood. health and mortality. 
 The 
specific products to be obtained are: (I) a state of the art analysis of 
the literature, (2) a simulation model o. infant and childhood morbidity and 
mortality, (3) a linear programming model specifying the most cost effective
 
interventions to ameliorate morbidity and mortality and (4) a final
 
report suminarizing findings and describing' their policy implications. 
The project will be implemented by means of a contract with the University 
of Michigan if tLli rtqucst of TA/H for i prudominant capability determination 
is approved. 

Phase I of the project will consist of: (1) an extensive literature
 
se rch and (2) the preparation and development of a simulation model
 
de cribing infant and childhood mortality and identifying the variables
 
to be considered in subsequent stages.
 

Phase 11 of the 
project will consist of: (1) an estimation of the costs
 
of alternative interventions, (2) a preliminary assessment of the effective­
ness of various interventions from the literature surveys and (3) the
 
development of prior estimates of these variables by nxperts using 
techniques like Delfi.
 

Phase III will consist of the development and implementation of the 
linear programming model and preparation of the final report.
 

The project was considered and approved at the March 10 R&D Committee meeting.
However, you had stated that this proposal, which was presented as a General 
Technical Services (GTS) project, was borderline research in nature and 
suggested that it be focwarded 1 the RAC for comments. On May 25, 1976, 
the RAG reviewed the proposed >ect. The RAC found the research 
area an important one bult felt that the proposal lacked specificity. The 
RAG took no formal action, since it was not requested to do so, but offered 
the services of Dr. Earl Heady to review th. project with the proposed 
contractors and the project monitor. On June 14, Drs. Heady and Davis 
met with the University of MichigAnconutractors and reviewed their 
methodology. 
Drs. Heady and Davis were satisfied as to the appropriateness
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of the methodology proposed and the capabilities of 'the contractors to do thetasks outlined in the project proposal.
 

TA/H is submitting the original PP. asconsid,red approved byby RAC, for the R&D Committee andyour approval. iiaplomentationwill be co ipleted and of Phase I and IIevaluated prior to initiationhas extracted fron the of Phase III. TA/Hresearch proposal the financial requirements forPhases I and II and presented this budget for TQ funding as an attachmentto the PP face sheet.
 

Rocoj;ui.nd.ti on: That you ;.proveMeasures" the attached "Efficiency ofpP authorizing Healththe obligationimpl(nmenting Phase and 
of $192,000 TQ funds for
I 1I of the project 
 and providing $104,000the offirst two phases.
 

At tachinent s:

PP - Efficiency 
of Health Measures
Tab A Minutes of PAC May 26 Meeting 

Approved:f &c 

Disapproved:
 

Date " 

Clearances:
 
TA/PPUJ:Jcunnirig (Draft) 
 Date 7/21/76
TA/RES:M:Rechcigl (Draft) Date-7121/76 



___ 

ENVIRONENTAL THRESHOLD DETERMINATION
 

TO: A-A/TA, Mr. Curtis Farrar
 

T11RU: TA/PPU
 

FROM: TAB/PPU' Carl Fritz
 

SUbJECT: Environh;:entai Threshold 
 Determination
 

Project Title: 
 Efficiencyf Hea Measures 
Project #:. .. .. . . . __.. 


Specific Activity 
 (if applicable)_
REFERENCE: _r. Printz, the Environmental Coordinator, has reviewed' 
the PP 
for project proposal and discussed it with Ms. Wakefield.

lie and TA/PPU concur 
that a negative environmental threshold
 
determination is appropriate for this project.


On the basis of the Initial Envirorunental/Examination (IEE) referenced
above and attached to this -,cemorandum I recommend that you make the 
following determination:
 

x 1. The propiced 
 agency action is not a major Federalaction which will have a significant effect on humanthe environment. 
2. The propc.;ed agency action ais major Federal action
 

which will have a significant effect 
on the human environment, and: 

---- a. An Environmental Assessment is required; or
 

-.... b. An Environmental Impact Statement is required. 

The cost of 
and schedule for this requirement is fully descr-ibed in
 
the referenced documrent.
 

3. Our enviror,mental examination is not complete.

will s;ubmit the analy!,is no later 

We
 
than --- with our recormendation
 

for an environmental threshold decision.
 

Approved:_
 

Disapproved:_ 


Date:
 

TA/OST, ACPrintz (Subs)
 

7 



I. B.l ~Ptcaie~tic 
5 (Surpersedeby attached Proposed Budget)
Grant 

$300,72600 
Gnaa Assumption 

Total n.w AID $295,~o.00Colaigbj
$300,726.00 8 AsSamp4.Qn 

oblgations Ghana Assmption$295,880.00 

olo As 
 ion
 

I. C.1 Description of the Project
 
"ho Project will review t1e literature onthe socio-jercrnic the inter-action betweenvironment and infant and toddler nortality.the basis cf an extnsive Cn
 

survey of ecpert opinion, and a field study,
a simulation rrddel of this inter-action 

results of tQ-. 

will be created. Using thesimulation model, a linear programaing model willdeveloped to find the least cost method of reducing infant ard toddler 

be 

mortality. 
The 
roject will last for three years and will require an esti­rated 8 man-,,eaxs of labor. 

I. C.2 
The projbxt will be organized and carried out by a U.S. contractor.
 

The assurance of project ccmpleuton rests to a considerable
tent on the quality of the U.S. 
ex­

contractor selected.
products" of the work will be the reports they Produce: 

The "physical
 

t e literature, A survey ofa sin lation model and a linear Programming model.Results will be disseminated by (1) dissemination of final report
through AID Health Planning network, (2) by the wide network of pro­fessiona 
 journ]Ils Ixblisd*in this area, an (3) by a s&ries o plannedregional conferences 
L healti planning. 

http:295,880.00
http:AsSamp4.Qn
http:300,726.00


I. D. Sumrarv Findings 

The project proposed relates directly to the goals of the Mej 
Problem Area of Health Planning. These goals are to bring about a 
more efficient allocation and more equitable distribution of health 
sector resources. This project is expected to yield significant new 
information concerning the efficiency with which alternative inter­

ventions reduce infant and chilhocd mortality. 

The excernal reviews of this project have been favorable (See 
Annex I). It is the opinion of the technical office that the project 

as a whole is both feasible and useful. 

It is assumed that the project will be racy for impl entation 
i, CY 1976. A contractor will be selected and contacts made with 
potential IDC collaborators in July or August. 

The project meets all apllicable statutory criteria. 

I. E. Project Issues 

The single project issue as identified by our external reviewers 
is the feas-bility of using Bayesian estimates for simulation model 
variables. It is proposed that the project be initiated udxer the 
assumption that this method of estinating project variables is feas­
ible and schedule an intensive review at month 15-20 of the project 

to review this aspect of project impainentatimn. If the use of 
Bayesian estirctors has not proven feasible, the remainder of the 
project should be cancelled at tbe juncture. The proposed use of 

Bayesian estxvmttors is describod in Annex II. 



I.Project Back ro 1nj and~Detailed Descrj1ptio 

A. Backgroundj 
A salient aspect of the underdevelopment of the Thizd I~rld isthe persistence of a high rate of morbidity ard mWrtality fram di­seases largely eradicated in the developed world. This ,Lsa matter ofpressing concern to the developing world, both because it stands asone nmeasure of their poverty anc, underdevelomet, and because it loasas a fundamental Obstacle to a strucbtral transfonjati of the socialand ecomcrric enviroment. The large share of govermnt resurces de­voted to the medical and health sector reflect the Urgency and iupor­

tance attacihd to these probleMs. 
Among heaith problems, the high rates of morbidity and mxalityamong the undec-five population are perhaps the most serious.death of children saps the motivation of parents and inspires a fatalis­tic perspectIve on efforts at changing their econmic envrmet oftheir behavior- Ligh infant mortality rates appear to lead to high
 

fertility levels and may 
even contribute to the large family sizesdesired by families in less-develope
d areas. The social burden ofhigh rates of population growth is well-kn, hut the impact of highfertility on the state of maternal health and procdutivity, and cnchildhood malnutrition is of equally pressing and perhaps more inmed­iatu concern. Similarly, the factors underlying high infant rtalitysuggest the cOnccanitant debilitating effect of norbidity Cn the poten­

ial productivity of the cnildren who survive. 
Dooncmic policymakers have only recently begun to reCognize thegravity and portent of health problems for developet. Yet effcrts 



to mobilize resources effectively to address these problems have been 
stymied by a dearth of research which could provide health policy 
guidance and by the non-problem oriented approach of health ministries. 
Planning is a new and very recent development in the health ministries
 

of the developing world and where 
 it is present, it is focused on im­
planting a mere rational and effective distribution of health infrastruc­
ture and resources. In few countries does the pattern of health resource 

allocation derive from a prior evaluation of how best to attack the
 

country's principal health problems. 
 As a consequence, where a cohesive 
integrated sat of ?olicies is required to attack a pressing disease pro­
blem, one usually observes fragmented, uncoordinated and oftrn counter­
productive efforts by the separate agencies controlling the instruments 

of policy interventions. No single agency or ministry is in a position
 

to pull together all the pieces of 
an integrated program. The result
 

is extensive inefficiency in the allocation of health 
sector resouces 

in most developing countries. 

Efforts by econmic planners to influence the direction of govern­
ment policy are equally stymied by the dearth of health'policy-oriented 

research fron which they could draw guidance. Though they may be aware 
of the pressing health problems, they have nowhere tc turn but to the 
health ministries for guidance as to the effective ways of attacking 
these problems. Until recently, economic analyses of the health pro­

blems of the developing world have been largely nonexistent. 

The signifLcance and rationale of this project arises fran our 
perception of tQ.se critical bottlenecks to rational health sector deci­
sion-making and the importance of the infant and toddler mortality pro­

blem in the developing world. Pursuing the line of research begun by 



Feldstein, et al., this project wll further develop an analytical
 
framework wi.hin 
 ;hich disease processes and appropriate interventicn 
strategies ny be modelled. Unlike their research on tuberculosis
 
this study will focus on 
a health problem which arises from the inter­
action of a complex of disease problems 'anfor which policy actions 
may be both i-edical and rnmical. 

the project should also test the validity of the hypothesis that
 
it is possible 
to estimate "Bayesian" measures, thra'gh survey analysis,. 
of the impact of alternative policy interventions the probability ofon 

incidence or 
survival from different disease problems. Such measures
 
are probably n6t as accurate 
as the results derived from careful, con­
trolled medical research, 
 but the latter kind of research is a slow,
 
time-consuming and expensive process. 
 Yet the problems are of such im­
portance and urgency, that policy decisions cannot be indefinitely post­
poned. If this approach is successful, it would allow decision makers
 
to make policy judgements based 
on the integration of the best judge­
ments 
of the medical profession into a coherent analytic model. W-ere
 
professional uncertainty is great, the sensitivity of alternative assunp­
tions for polio, outcxnes can be explored. Mazrover, this approach can be 
easily applied to the analysis of other health sector problems.
 

Finally, the project should 
 yield valuable insights into the set of 
policies which are nst likely to be effective in attacking the problern 
of high levels of infant and toddler nrtality. For example, uhat is the 
relative cost-affectiveness of policies to provide potable water or pit 
latrines relative to the provision of curative health services? The 



impact of the various maternal-child health programs? 
Of mass-jmmunization
 
campaigns? 
At the present time, there is no clear sense of which programs are 
the most cost-effective, and in what mix they should be provided. 
This
 
project rhoull prove rough but reasonable answers to these questions. 

This project is the logical outgrowth of four strands of health and medical
 
research relatint) to the problem of infant mortality or health sector analysis. 
First. several economists have sought, through econometric research, to deter­
mine the principal factors underlying high levels of infant and toddler
 
mortality. The AID-financed study by Louise Russell on 
the Pan American Health
 
Organization infant-mortality data bank represents the most current and
 
ambitious effort. An earlier work by Frank Sl.oan of RAND and current research 
by the project director are similar attempts to explore the factors explaining 
the variance in infant and toddler mortality rates within countries, particularly
 

as they relate to models of fertility.
 

These studies can yield useful qualitative insights to policy makers into
 
some of the behavioral, environmental and medical determinants of child sur­
vivorship. 
It is obviously important to know whether female illiteracy rates
 
and low birth weights are significant in explaining infant mortality, or
 
whether physicians or hospital beds per capita are insignificant. 
However,
 
although these results are helpful, they are probably not sufficient for a
 
choice of policy actions to remedy the infant and toddler mortality problem.
 
Questions persist-; for example, how strong are the observed relationships?
 
What specific policy interventions may be used to influence these principal
 



determinants? 
These are not easy questions when the policy maker is also
confronted with striking financial and skilled manpower constraints. 
 Hence,
this strand of research will be valuable in guiding the present parojecti but

it will by no means be duplicative.
 

A second strand of research is the recent intensive and extensive work
of the Pan American Health Organization in describing the characteristics 
of
infant and child mortality in Latin America. 
Summarized in the recent work by
Ruth R. Puffer and Carlos V. Serrano, Patterns of Mortalit in Childhood 
a
massive volume of data has been collected 
on the associated and underlying
causes of infant mortality in seventeen 
areas of South and North America, with*
information 
on the demographic, epidimiological 
and socioeconomic
of approximately 33,000 
correlates
 

infant deaths. 
It provides the kind of data which could
be easily used as 
the baseline data for the type ot analysib proposed in this
project, and is one of the reasons why Colombia has been suggested 
as a feasible
country for the Proposed study. 
It does not, however, attempt to focus on the
analytical issues underlying the choice among alternative policies.
large data-collection A similarly

effort has been mounted in connection with the Danfa Rural
Health and Family Planning Project in Ghana. 
Although not wholly focused on the
infant mortality problem, a large volume of data has been collected
epidemioiogical on the
characteristics 
of the child population, 
as well as on socio­ecpnomic, demographic and health-behavioral 


variables. 
This work could also
provide the baselina data required for our project.
 



An equally important strand of work relates to the operational and theo­
retical research, past or currently underway, in many LDC's on the treatment
 
and prevention ol 
maternal and childhood disease problems. 
There is a large

literature on the problems of infant mortality, as is clear from the annotated
 
bibliography. 
Of particular interest is the work by Drs. Ofosou-Amaah and
 
Nicholas with tie Danfa Project in Ghana, David Morley and Dr. T(ansome-Kuti
 
in Lagos, Nigeria, Nevin Scrimshaw in Guatemala, D. Jellife and Cicely Williams.
 
and of the WHO Maternal-Child Health Team in Colombia under Dr. Agualimpia.
 
These research efforts provide a rich source of data and experience which will
 
be vitally important as inputs for ovr task of quantifying the effect of dif-_
 
ferent policies. 
 It is precisely the wealth of medical researcn experience whic*
 
suggests that it Is feasible to estimate measures of the impact of alternative
 
policy interventions which may be usefully integrated inco an analytic policy
 

model.
 

Finally, a fourth strand of work is the linear programming model of alter­
native tuberculosis policies in Korea developed by Feldstein, et. al. 
 In many
 
respects, this provides 
a basic framework fcr the proposed research, in that
 
many of the methodological problems involved in our pro3wti are quite similar.
 
An equally ambitious effort at developing a linear programming model of the
 
nutrition sector is currently underway by AID in Colombia (Colombia Sector
 

Assessment ActivitL,).
 

B. Detailed Description
 

The project design and resource requirements may be considered in three
 
phases of one year's duration each.
 

1. 
A review of the literature, the final choice of a country with
 
sufficient baseline data on the under-five population for the
 



subsequent empirical phases, and the modeling and simulation of the
interaction between alternative policy interventions 
and the health
 
status of the target child pOpulation;
2. Empirical estimation of (a)the impact of alternative policy inter­ventions on the incidence of a set of Priority health and disease 
Problems and on the
probability 
of child survivorship, 
and (b)the cost
of altetnative policy interventionsi


3. Empirical specification 
and,
 

and analysis of a linear programming model to
determina the optimal mix of intervention strategies for reducing the
risk of mortality in the under-five Population; the model will be
simulated for alternative objective functions, technological 
parlmeters
degrees of budget constraint and combinations of specific medical 

problems.
 

Phase 1
 
Proj ectDesiq-


A fundamental premise underlying this Project is that it is possible
model the processes by which a 
child is exposed, as to a fetus, infant or toddler, 
to health and meclical problems
such carrying significant risks of mortality.a model, one may explore Throughthe impact of alternative Policy interventionson the probabilitl. that a child will contract and succumb to these disease
probesses 
over the course of its early years. 
Such a model may then be empiri­cally Specified and applied for an evaluation of the oPtimality of alternative
health sector Policies aimed at reducing the rate of neo-natal, infant and
toddler mortality in.a target child population. 
Principal ezaphasis here will
be on 
this problem as mainfested in the rural areas.
 



Phase I will concentrate on three principal tasks: 
 (a) an extensive Liers
tura reviow on the role, interaction and relative importace of the rdical aWsocioeconomic factors underlying infant mortality from specific disease prove-.
 
sob, intra-utoro and by year for first three years after birth; 
(b)develj 
.f
and Dimulation of a model of the infant mortality process which, in subsequmt
phasOe, 
 may be Ampirically specified as a linear prog;ramng model for evaluatj
of alternative intervention strategies; and (c) the final choice of & bas.U*a.
population in a less developed country for which sufficient opideiological,

socioOconomlc and domographic data exist to serve as 
the focus of the epiricj.

research in Phases 2 and 3. 
At the present time, Ghana or Colombia appear thE
 
most ouitablo for this effort.
 

The nature of the modeling problem encompasses medico-technological 

and
economic icauos and may be briefly outlined. 
 The nature of the disease problem

to which a child or fetus is susceptible and their potential severity willdiffer am a child passos through different phases of its early life span. 
The
anto-natal, pen-natal, neo-natal, infant and toddler phases characterize dia­tinct periods ancociatod with different complexes of medical problems with
specific risks of mortality. 
It is likely that the optimal mix of the policy
moauuros to reduce these risks will probably also differ in each period. 
The
optimal policy mix for the child Population will obviously be influenced by
the relative fraction of the child population in each ago group, a demographic

characteristic heavily influenced by fertility levels. 
 The proposed model vil
primarily focus oi4 the possible interventions associated with the four or five
 



principal 
causes of infant mortality in each of these periods in the target
 

country's chil'hood Population. 
The selected causes would include diarrheal
diseases, low Jnfant birth weight, pneumonia and child spacing.
In each of these periods, the probability that a child will contract a
given illness or survive it, will obviously differ across children, as will the
impact of any Policy intervention 
on these probabilities of incidence or survival.
Children begin each period of their lives with different endowments of family
resources 
(the O.antity and quality of maternal attention, the level of family
income), in en'.ronments of varying quality (the availability of potable water
or sewage, the prevalence of dangerous disease vectors) and in their own level
of health (initial birth weight, prematurity), calendar month of birth. 
These
"endowment" variables are obvious factors which influence whether a child wifl
be exposed to cectain disease problems, whether a disease is likely to be severe
with risk of mortality, and the degree of the child's responsiveness 
to treatment.
As a child moves from one period to another, its susceptibility 
to diseases and
to the risk of mortality is obviously also influenced by its past history of
morbidity and by the effects of that morbidity. For example, an infant of low
birthi 
 that has been weakened by a gastro-intestinal 
disease is likel 
to
be more susceptible and more in jeopardy of not surviving subsequent respiratory
ailments. 
The poten'_ial efficacy of treatment cannot be independent of a child's
 
initial state of health.
 

One implication is that the impact of policy actions on the probabjlity of
incidence or survival are a function of the child's endowment variables. 
Con­



commitantly, policy actions taken during any given period will not only influ­

ence the probability of survival in that period but also the probabilities of
 

being susceptible to disease and morbidity in subsequent periods.
 

Policy actions may be preventive -- lowering the probability of contracting 

various disease problems -- or curative, raising the probability of survival
 

with any illness, once contracted. 
Policy actions may be directly focused on
 

the child or may be focused on improving the quality and quantity of inputs
 

(for example, maternal-child health education) to the child. 
Finally, in any
 

population pool, there is an obvious interdependence between the state of health
 

of different ind.viduals. A substantial boosting in the probability of survival
 

for one set of children, by explicit policy actions, is likely to have positive
 

expernality effects on the probability of survival of other children.
 

Economic issues emerge in the specification of the model's objective
 

function and of the constraints which delimit the range and magnitude of policy
 

actions. 
At one level, the goal may be to raise the probability of survivor­

ship for )opulation pool of children, which is the equivalent of a fall in
 

infant and toddler mortality rates. 
 At another level, it is important for policy
 

makers to evaluate the economic value to society of any changes induced in the
 

probability of survivorship. 
This involves complex issues, relating both to the
 

economic value of the individual child as well as 
to the complex demographic
 

effects of a reduztion in infant mortality rates, such as on fertility. The
 

specification of the constraints on the model involves economic and demographic
 



factors. The level of budget resources, the availability of skilled medical
and paramedical manpower, and the existing institutional structure sharply
 
constrain the feasible set of policy actions.
 

In Phase 1, the structure of this model will be specified in terms of

delimiting: 
 (a) the relationship between the various endowment variables and
the probability of alternative disease problems and survivorship during the
different phases of the child's first five years; 
(b) the set of relevant policy
interventions; 
fcj 
the direction and structure of their impact; (d) the inter­dependencies between the probability of disease and survivorship 
across children;

(e) the objective function, and (f) the economic, institutional and demographic

constraints. 
The initial modeling is 
a crucial and complex task, since it will
significantly shape the research design issues in the subsequent phases of the
project. 
The comprehensive review of the medical and socioeconomic literature
 
during this phass will be instr:mental in clarifying many of the model's rela­tionships, and %ill reveal knowledge gaps that yet remain to be addressed in
Phase 2. 
However, it is expected that most of the empirical quantification of
 
the model's structure will occur in Phase 2 of the project.
 

The model will be simulated in Phase 1, in order to evaluate the potential

sensitivity of the model to alternative specifications, and assumptions, 
par­ticularly assumptions concerning the timing of the relationship between policy
actions and chances in the probability of disease and survivorship. 
Ultimately,

it will be necessary to specify'the model in a linear form'(although this does
not preclude non-liiear assumptions) to facilitate the linear programming
 

analysis of Phases 2 and 3.
 



The other principal task oi ihase 1 will be the final choice of the country
 

to be used as the focus for the empirical analysis of the later phases. It is
 

clear that an e.pirical application of such a model has enormous data reire­

ments in order even to structure the problem. Demographic data ar: .eededto
 

determine the size of the relevant child population pool and the age, parity
 

and fertility characteristics of the maternal population. Epide-.ioiogical data
 

on the structure and character of the disease problems afflicting the child
 

population crucially shape the model's focus, delimiting the set of relevant
 

disease problems and the way in which they are manifested. Economic data on
 

the incomes, occupations and nutritional consumption characteristic% of the
 

population will indicate the set of the economic endowment variable
.. 'he range
 

and cost of feasible policy actions will be influenced, though not exclusively,
 

by the structure cf the public health and medical system. 
It is clear that this
 

iL a wealth of data which could not be generated, within a reasonable time period,
 

by this project. Consequently, it will be necessary to use a population that
 

has already been studied in such detail. 
Within the last five years, population
 

groups with high infant mortality rates in several LDC's have been intensively
 

examined arid could provide sufficient data for our analysis. For example, pro­

jects in Ghana (Darnfa), Colombia, and India (Narangwal) have accumulated sig­

nificant data in this form. 
In conjunction with the interests of AID, negotiatioa%
 

on acquiring data for the limited needs of the model will be undertaken.
 

The most suitable countries would be Ghana and Colombia. Significant survey
 

and vital registration efforts have been undertaken in the Danfa Rural Health
 

and Family Planning Project in 4 iural areas (with a population of 50,000)
 



outside of Accra, Ghana. These encompass socioeconomic, environmental, healthbehavior and utiization, epidemiological and demographic variables. Moreover,several of the Ghanians in the University of Ghana Medical School 
(notably
Dr. Ofosu-Amaah) 
are intensely interested in the problems of childhood mortality.
In Colombia, and at this stage this seems to be the preferable site, severalprojects are underway in the health and medical sector which would provide suf­ficient data for such a study. 
 The PAHO st-idy collected detailed data on the
circumstances surrounding the deaths of 4,200 children under age 5 in Cali,
Cartagena and Medellin. 
The AID-financed health and nutrition sectoral models
will undoubtedly provide some overlan %ith the research of our project, thus
economizing on the research requirements. A certain amount of cost analysis hasalready been undertaken in the health sector. 
Finally, the WHO Maternal-Child
Health project unc-er Dr. Agualimpia could offer useful inputs to this Project.
A critical factor in choosing a country will b.! the interest of the Minis­try of Health and/or the 
country's medical school in such a project. Even withan existing data base, Phase 2 will require additional field work to estimate
the cost of alte:native policy actions for the empirical estimation of the tech­nological relationships in the model. The methodology used for the latter willrequire the guidanse of the medical practitioners in the country with experiencein the rural area-. The final choice will be made in conjuwictlon with the views 
of AID and its health sector program efforts. 

IV
 



Vhar.e 2
 

During Phh@ 2, thd following nctivitiod aimed at empirically estimating the 
o000Omio And w-4icl rtlationfihipa in the model will be carried out: (a) analysis
 

of rooult§ from ongoing oparational ro.oarch on the provision of health and
 
wditeal nerviceh in matiunal-child health, (b)estimation of the cost of provi­
ding altetndtivo policy ActLon, 
And 
(c)davolopment, implementation and analysis
 
ot 
d survey of mdial practitionorn,witLh podiatric axperience in the rural areas 
of LbC'i, Tho turvoy initrttumnt would be designed to develop BaJesian estimates 

AtA A condqton et tho0 reviow in 11haso I, the structure of the model will 
ha ipoeive,. 11i critic: poblom will then bu to quantify the rela­
tifht11p 
b t th (lh diUrrortt oino ,ont via~J¢. and various policy inter­

nitloni, 
 A&nd ( ) tho' pIx-hAoility or contractinq the survivina different disease 
proibtoF MAny ur the. tvdinologicnl ilationships ire not fully understood, 
ad it uindprtoov , Ai not filrmly npocifiod on the basis of controlled and care 
Nd giedicA1 rpii.'ih Thi. hai b rn tho principal stuihng block of any previj"s 

ftdea-0Almonq tho_ 11il or thin ptojoct. It is also clear that providing the 
%Oill .t tl¢iilh)gi tls through tho normwil pjr >ie of medical re­

nh
l%%o wtild klelakt' i\,tiy Analysis of alternative policy inter.ti 

Ult'llh dl ttent rutrl., 

It lt a to\ilA,,MVViAl prl.mil .'f thin Proloct that a sufiiciezt wzaltb 6f 

~t ~~xvt ativhe, present timue to pnovi(e stimtes 

http:inter.ti


Of thaaa r0lationships at a level of accuracy sufficient for policy analyses.T'h kay problom is to conceptualize latd specify the precise technological re-
IdtiOA01110 at a level with whih OPerational practiticers can relate and react. 
fllt1IVAIy, the way in which _y,.y (f htealthblulLy of uontrctinj (action relates 

5 or striq..; to .he proba­i .o, a:an b fic in terms of adfiderto ohnin of physiologira -b,,Vh- v i, rat ons;hiV,;. Each link in tne
thaiii In An oporationally relev,11t ccat; relatioA.ship with which a medicalpsractitionr i likely to have hd i . whercj-a the comrbined effect ofall llakn In tho chain are not as r ,diy (icrij.:<: and perceivel. By focusingOn%thm, dincrote links in the :j),in fo varjous i,. ,.1; of a child's resourcethdOWjfit V41allos, and fcr !-pecifi, huej)th and di'(eaf problem;, it should be 

polilo to aliuc t informed and reaseol'able judgImnrrt.. as to the mgnitude oi 

T110110. 'o two possible ofsources t.hi.2 informlt,..)n. 
iq 

One source is thenumrbor of ongoingj ope~atior,%I Lrear(:h - ro3ecti ita medical cared11voik, In mny developing countrie,. This would include tric functional analysis
VwPi-(Ihk ,1 ohn3 iopkin.s in Taiwar, ial I lr la , the I),Mrfa 141-,l NHelth Project in 

W01,twh* %wkot7 bean WilI soni 1n*4terL of Davidt morltcy11% Nt4ok W, ;md or. RarsomeKutiAnd ccmparetble j o(,-ect!, currently underwty in Colombia, Indonesia,
 

Thokil-AiM AiM 
 onya.
 
1Uo Irx'oJocts 
 are ama'.r.iri at it very micro-l(v(.] conSider,dleMV3 'kok, ,id on 

experience
the oporatiur,al problm,, in de liver inJ health services to thu4-na[ Kl'h~- Ilt pulation and on the I, o),inm it) offfectiny change in health 

1 tl and behavioral v1ritable,;. 
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Second, the project would undertake a survey of approximately 200 to 300 

medical and health practitioners with considerable experience in the problems of
 

delivering pediatric services in the rural areas of LDC's. The survey would 

be designed to yield "Bayesian" estimates Qf the effect of different health and 

medical actions or a child's probability of contracting and surviving different
 

diseases. The survey instrument will emerge as an outgrowth of the modeling
 

process in Phase 1, and would have to be in a form which relates to the type of
 

cause and effect relationships that an operational medical practitioner would
 

normally encounter.
 

For any given disease problem, it would have'to,.carefully specify (a)the
 

physiological characteristics of the child for whom an action is taken, (b)the
 

environmental situaition and the average level of family inputs provided to the
 

child, (c)the pr;.cise nature of the medical or health action taken. The respon­

dent would be asked, for each of these "situations," the likely effect of tle
 

policy action on the probability of contracting and surviving the given disease 

or health problem. It is probable that the combination of policy actions, dis­

ease problems and human and nonhuman resource slates will yield between 100 and
 

200 "situations" fcr which a probabilistic judgment would be required. The
 

individual probability estimates of the respondents will be combined to come up
 

with a "best" judgment of the magnitude of these technological relationships. As 

important as the careful design of the survey instrument is the choice of the
 

sample of physicians. Considerable discussion will be undertaken with different
 

international ager.cies and universities in order to draw a sample of individuals
 



with a considorable experience in the problems of delivering pediatric health
 

oorvicoa in the context of rural loss developed country environments.
 

Finally, ono of the profousional invostigators will spend approximately 

tourlnonthii in tho hoot country gathering the supplomentary data necessary for 

the ootimation ol the model. Prociso ostimates must be made of the financial
 

oogto of providina altornativo servicos, as well as the foreign exchange and
 

skillod imanpowor raquiromenta, Whore 
some morvicoc would have to be provided in
 

tho context of lnrgor programn with multiple outputs, the joint cost requirements
 

would have to ba ,utimated. Similarly, estimates would be required of the
 
pat.to'n of health uorvic@ utilization, in order to account for the large fraction
 

of tho child popuiation that conceivably would not be reached by specific types
 

of policy Actions,
 

Projoct Doai-n 

by the boginn ag of Phase 3, most of the data necessary for the empirical
 

gpocification of the modal will have been assevibled. The principal ta&k of 

Phado 3 will be to complete the specification of the wodel, and to do a linear 

pjramming analyrig of the range of possible policy actiona, given the epide­

miological and deniogvrhic characteristics of the population, and the resource 

Vc4ntrdinta that Jmpingo on policies. The analysis should reveal the optimal 

mix of policy action" 'equired to yield either the greatest increase in the 

pr'bability of nu:vival ador the greatest gain in ters of the economic bene­

fitu to be drivad. The adel can be simulated by varying the objective function;
 



the magnitude of the technological parameters, the budget constraint or the cost
 
of alternative actions. 
Similarly, a test can be made of the sensitivity of the

optimal policy mix to changes in the baseline disease mix in the population or
 
to the demographic characteristics of the population. 
In this way, the model
 
may provide useful policy guidance to other countries interested in formulating
 
an integrated cohesive policy to attack the infant mortality problems. 
The
 
final results of the survey, the specification of the model, and an evaluation
 
of the linear p;'ogramning analysis will be published and distributed to relevant
 
operating agencies in the health field.
 

Narrative Synopsis ofProposed Project
 

Sector goal 
-
The increased efficiency of utiliyation and more equitable
 

distributionY'LDC 
resources to improve health.
 
Project purpose 
- To increase current knowledge concerning the effective­

ness with which alternative health sector technologies influence
 
health status in the target groups of infants and children under five.
 

End of project status - Identification of optimal activity mixes to
 
improve maternal and child health in different epidemiological, social
 

and environmental situations.
 

Assumption for achieving project purpose:
 

(1) That the analytical instruments proposed can be made operational
 

with existing empirical data sources.
 

Project outputs:
 

(1) A summary of existing literature concerning effectiveness of alter­
native health sector interventions to influence infant and childhood
 

mortality.
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(2) A validated model which simulates the interaction of epidemiological,
 

environmental and technical factors in the causality of infant and
 

childhood mortality.
 

(3) A linear .programming model which combines results of the simulation
 

model of disease causality and resources required for intervention to
 

identify least cost intervention alternatives.
 

Output indicators:
 

(1) Completion of literature review.
 

(2) Completion of validated simulation model.
 

(3) Conletion of linear programming model.
 

(4) Identification of least cost interventions for typical LDC situations.
 

Assumptions for achieving outputs:
 

(1) That the use of Bayesian estimators will suffice in the production
 

of valid inputs for the simulation model.
 

Progress to date:
 

(1) A bibliography has been prepared.
 

Inputs:
 

-- U.S. Contractor -- estimated 96 m.m. professional personnel 

-- AID ­ fundinq, monitoring and evaluation 

-- Host country - access to data sources. 



III. 	 A. Technical Ar.alysis
 

As previously stated in I.B., 
the project proposal was submitted to three
 
external experts for corment. 
 In general, they found the project both useful
 
and feasible, and their comments are attached as Annex II.
 

Both Drs. Piot and Weisbrod identified the same principal technical concern
 
with the project. 
Their concern was not with the modeling techniques to be
 
employed which they both considered to be appropriate for the problem to be
 
solved, but was with the method of developing estimates for the model variables.
 
They thought that the use of expert judgments for many of the effectiveness vari­
ables could introduce significant error into the model and its results. 
Their
 
final opinion was 
that (1) the model results are critically needed in the short
 
run to better plan health programs, (2) empirical field research for more defini­
tive estimates of the effectiveness variables would be quite costly and time
 
consuming, and (3) the proposed project is modest in cost when compared to the
 
insight it could deliver into the selection of least cost alternatives for MCH
 
services. 
They felt that the tradeoff between these factors was one which
 
favored project imrplementation at this time, and that the approach taken was the
 

preferable one.
 

The project would have no negative environmental impacts. 
 In fact, it is
 
expected that the results of the project would focus greater attention on the
 
impacts of an improved environment on health status of infants and children.
 

The amounts of effort proposed and the technical design appear adequate
 
with the 	proviso that if the problems of reliability of data prove more diffi­
cult than expected, the project should not proceed to Phase 	 3, but should be 
terminated at the end of Phase 2.
 



The project Will have no inediate employment 
effect. 
An anticiated
 
'result of the Project, however, is shifting responsibilit 


Afor health carea few healtRcare from
professionals 

to a larger number of Paraprofessionals.


The Project 'eets 
FAA Section 611 requirements.
 

B. Financial AnalsisandPla
 
The 
 attached financial Plan tables indicate thephases listed under III.A. above. financi 

There will be no 
rerent costs accruing
 
to the implementing 


agency.
 
The project is divided into three phases:
Phase 1 
-
An extensive 
literature 
survey and development 


ana simulation
 
of an infant mortality model.
Phase 2 
- Development 


of empirical 
estimates 
for the model result,ng
 
from Phase 1.
Phase 3 
-
Linear programming 


model development 

and analysis of data
 

resultinq 
from Phase 2.
 

-Resource
R 
 Phase I~.Phase 1 is expected 
to be completed within 12 months.
investigators 

will devote Tkree principal
 

this phase. 
a combined total of approximately


Two of the principal 
20 man months to
investigators 


will be economsts 
with experi­
enc? in the analysis of health in developing 
countries
health economic relationships. 

and in the modeling of
The third will hopefully be a Physician
project country wit), significant of the
pediatric experience 
in the rural areas.
 



During Phase 1, several trips to Washington will be necessary for discus­

sions and exchange 3f resource materials. Additional domestic trips will be
 

required to obtain or copy research materials available in other U.S. institua.ons.
 

One of the principal investigators will need to apend at least a month in the
 

country chosen in order to discuss and negotiate the research with the host
 

government, to make arrangements for the field research in Phase 2 and to gather
 

additional primary data available in government offices and the Medical School.
 

It will also be necessary for the physician member of the project to spend 3-4
 

months in the U.S. in collaboration on the modeling process.
 

During all three phases of the project, the investigators will be supported
 

by a full-time gradudte student research assistant, secretarial, administrative
 

and clerical services, phone and computer. 
It is hoped that the graduate student
 

research assistant will be a Ph.D. student interested in developing a disser­

tation centered on aspects of this research.
 

Phase 1 cost is estimated at $78,000.
 

Resource Requirements Phase II 

The activities in Phase 2 would be carried out in the next 12 months of
 

the project and would involve the!same professional investigator staff as in
 

Phase 
1. One of the [;.S.-based principal investigators would spend approxi­

mately 4 months in 
the developing country in order to collect the supplementary
 

data discussed above and to apply the survey instrument to a separate sample of
 

medical practitioners in the host country. 
The physician member of the team will
 

be heavily involved in the development, implementation and analysis of the
 



survey instrument 
as applied to our larger international 

practitioners. sample of medical
One of the principal investigators 


will also visit several
of the Ongoing health research projects in order to collect additional data on
 
the technological 


linkages. 
This would include 

development a trip to WHO as part of the
of a sample frame. 
 It is also expected that the Project would hire
 
LDC professionals 


in the host country, 
on a consultant basis, to assist in
certain aspects of the field research.
Az in Phase 1, it is also likely that the professional 
investigators 

would


need to make several trips to domestic U.S. institutions 
to obtain data and

research materials.
 

The principal additional 
costs in Phase 2 will be the per diem and project
cost of the four months of field study of the professional
of the survey. investigator and
It is not expected that the cost of this survey will be very
 
great.
 

Phase 2 cost is estimated 
at $116,000.
 

Resource ReUi n, Phase IIIPhase 3 will involve the last 9-12 months of the project.
man months APproxiuatelyof professional 13investigator time willwork be required,will be in the and most-J.S. of thisThe principal non-staff cost willtime and Programming. be for computer
Linear programming 

adecuate number of computer 
analysis is expensive and for anruns for sensitivity 
analysis, it will be necessary
to have a far larger computer budget than in the earlier phases. 
Allowances
 



will also be necesuary for final preparation and distribution of reports, and
travel to discuss these reports with AID personnel.
 
Phase 3 cost is estimated at $105,oo.
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Notes for Financial Plan
 

1. 	Salary entries include 17% addition for fringe benefits, and 10% inflation
 
per year.
 

2. 	Overhead is estimated at 69% of salaries plus fringe paid individuals on
 
campus, and 45% of salaries plus fringe paid individuals off-campus.
 

3. 	Copying costs are based on an estimate of 500 copies per month at $.05
 
per 	C-Ij,' 

4. 	Supply costs are estimated at $67 per month.
 

5. 	International per diem is estimated at an average of $40.
 

6. 	Domestic travel in phases 1 and 2 is based on ai- estimate of three
 
round trips between a U.S. university and Washington; and one trip each
 
to MIT-Harvard in Boston, UCLA in Los Angeles, and Yale in New Haven.
 
Domestic travel in phase 3 is based on an estimate of three .cound trips
 
between a U.S. university and Washington and one trip to UCLA in Los
 
Angeles.
 

7. 	Domestic per dliem is based on the assumption that the LDC investigator
 
spends 120, 30, and 30 man days, respectively, in the U.S. at $2S per
 
day. The remaining days relate to periods spent collecting materials
 
at other U.S. based institutions.
 

8. 	Consultrnt costs are based on an estimate of $100 per day.
 

9. 	Field research cost includes the cost of transportation, LDC research
 
assistant, secretary and supplies for 6 months in phase 2.
 

10. 	The cost of eqv'ipment and supplies is assumed to rise by approximately
 
10% per year by inflation.
 

")
 



,C. Social Analysis
 

The intended beeficiaries of the project are initially health sector
 

planners and decision makers but the project results 
are all specific to the
 

ultimate target Sroup of infants and children under the age of five.
 

The ultimate target group was selected due to the disparate disease and 

health problems they suffer in relationship to other population groups in LDC's 

and the fact that many of these health problems are completely avoidable with
 

existing prcventive technologies, nany of which fall within the capability of
 

IDC's to deliver within current resources.
 

The target group should benefit in the form of improved health status upon
 

implementation of the most effective program mixes ide:.tified by this project.
 

There is 
no assurance that the project results will be implemented spontaneously
 

and indeed there are serious impediments to the implementation of expected fin­

dings of the most effective interventions being preventive medicine, environ­

mental sanitation and simplest curar:ive medicine in character. 
This project
 

idea, however, has grown out of the repeatedly expressed fcit need of LDC health
 

planners for information on effectiveness of alternative interventions in order
 

to present more convincing case. 
for orienting health sector investments toward
 

sin.ple preventive interventions. 
 2ids project will forr 
a part of a broader
 

effort to strengthen national plan.Ang capability and provide the information
 

to identify and describe the most effective use of national health sector
 

resources.
 

III. D. Economic Analysis
 

Current literature indicates there 
are no valid techniques available for
 

conducting cost-benefit or cost-tL1fLctiveness analyses of projects like this.
 

Some studies, such as Weisbrod's study of poliomyelitis research, have found high
 

cost-benefit ratirs for research, but they have not, 
as he admittod, included
 



the likelihood for failure in their calculations. The uncertainty of imple­

mentation of project findings for reasons described under C above make impos­

sible a cost-effe,:tive analysis of this project or even a cost-effective
 

analysis of the combined efforts being brought to bear on increasing national
 

health planning capability to plan more effective health programs. It is to be
 

expected that LDC's have available to them alternative health sector programs
 

which would probably have 10 times the impact on health as those programs
 

they are currently investing in.
 

At least one linear programming model -- that done for tuberculosis control -­

has made a substantial contribution to the rational planning of health programs 

in developing countries. 

IV. A. Anulysis of Administrative Arranqements
 

The project will be carried out in its entirety under a contract presumabjly
 

with a U.S. univerAity. The contractor then will establish relationships with
 

LDC personnel and ilentify and mobilize data sources in IDC'b in order to carry
 

out the research.
 

The technical office has experience in working w~th some of the individuals
 

and institutions already identifiud for Colombia and will assist the conraector
 

but no complex monitoring or administrative problems for AID are envisioned.
 

IV. B. Implementation \rranctme.,ts 

The contractor must develop a relationship with an LDC pediatrician and a
 

group of I/DC researchers. The project manager has made initial contacts with
 

a group in Cali, Colombia.
 



The implementation 
procedure involves five steps:
 
Phase 1: 
 A. Review of the literature.
 

B. Development of a simulation model.
Phase 2: 
 A. 
Survey of pediatric practitioners 
and the development
 

of prior estimates.
 
B. 
The conduct of field surveys and the development of
 

revised estimates.
 
Phase 3: 
 A. 
Development of a linear programming model based or,
 

toe improved estimates.
 



Review of 
Literature 12th 

Month 

5th 
Month Development and 

Simulation of Model 

15th 
Month 

13th 
Month 

Survey of 
Pediatric 
Practitioners 

25th 
Month 

20th 
Month Field 

Research 

30th 
Month 

26th 
Month Development and 

Simulation of Linear 
Programming Model 

36th 
Month 

Month One is assumed to be the month of project approval. 



IV. 
C. 	Evaluation
 
The project will 
be evaluated in stages. 


will be demanded at each major stage. 

A number of intermediate reports
 
These reports will be reviewed by consul­tants with expertisB in the field. 
At present the following sequence of reports
 

is envisioned:
 
1. 
After the 12th month 	a critical review of the literature will be submitted.
2. 
In the 12th month, the survey instrument 
to be used in the pediatric


survey will also be submitted for evaluation.
3. 	A report on the survey of pediatricians 
will be submitted in 	the 25th month.
4. 	The protocol for 
the field research will be subnu.tted for review before
 
the 	field research is undertaken.
 

5. 
A report on the equations, assumptions, and reasoning involved in the
 
simulation model will be submitted.


6. 
The final project report will contain the results of the simulation and
 
linear programming model.
 

Current plans are 
to establish 
a board of consultants in the key problem
area of Health Planning. These consultants will be used for project review and
evaluation. 
If not, then additional funds will be required to obtain expert

evaluation services.
 

IV. 
 D. 	Conditions, Commcnts and 
 hiegotiatina Staus
 
No special conditions, 
covenants 
or negotiating 
status concerns are
 

applicable.
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W RLD 1 EALTH ORGANISATION MONDIALEORGANIZATION 
DE LA SANTt 

1211 GENEVA 27 - SWITZERLAND 
1211 OEN&E 27 SUISSE

UN AN IT r. UNISA NTiGen t 

In terly piae itrr in 

, i ,. d ap p ,tr , . ,i e,ce: 1 0 June 1 9 7 5 
PERSONAL 

Dear Dr Davis,
 

Thank you for sending me Professor Heller's researchi proposal for review.
On return from Pakistan I have had little or no time to consult all those of
my colleagues in WHO who would no doubt be interested in commenting. What
follows is primarily mine and PSA's views.
 

First of all, let me say that I support fullyresearch. This area the purpose of the proposedof child health is one in which expenditureamounts of considerableof public money is being decided 
governments at 

upon on rather weak grounds by mostvarious levels of development. Considerable savings couldresult fro; even the smsallest element of rationality beingdecision-raking introduced intoprocess. theI also subscribe to the fundamental premisethere is sufficient thatwealth 
formal study 

of diffuse knowledge and experience to warrant theof the impact of alternative policies on the child health problem. 

Oin the three stagey- oC the proposed study, I have theA. I seo it, the kingr iii o stage A 
following connfenl:5. 

structurin'g 
is, beyond an analysis of determinants, heof a t:echnology matrix making explicit tile strength ofbetween policy-control ren- ion..,.ipid determinants - like the medical oneschild helth. - and risk; toThe d . i, 1, of such a technology matrix will no doubtstrong bearing on the have aiensu ing survey: the extent to which environmentalbehavioural a-.determinants are included in the technology matrix will determinethe scope of the proposed survey in stage B. 

In respect of stage i;, I have sonie doubts as tointernational survey - K, yond a 
the productivity of Milreview of published data - inobtaining emlirical respect ofestis ,.irs of either marginal effectiveness or unitof tile available techilolorey. cost

The approach focussing onpopulation like an already knownthe Colombiin one, would seem more profitableof such research. for the purposeTho above eterence to structure of the technology riatr;.also raios the questio!. of the validity of a survey
practit I (pedi:at based on medical
oicrs iric. ;) alone in order to quantify effectdeterninants of non medic.:i- let al1101' 1h,,ir cost. No doubt stagein 'delphic techniques, and 
Ii will be quite an e::,rcisefrom past experience I would venture a guessthe broader and thatmore m-ltidisciplinaary the team of national consultants is, themore meaningful the empirical estimates will be. 

Dr Joe Hi. l)aJis
 
iealth Planning Officer
 
Office of Health
 
'eitlnical 
 AsiirLance 3IJrU,.Lal 



Dr Joe i t . i fj
Agency f 'nternaf.ional Development
Washingr,,,
 

10 June 

1975
 

About stage C, 7 would return to the
of the model. issue of the objective function
The authors propose the dimension "Infant survival" as 
a
basis for setting an economically meaningful objective function, with
reference to demographic and other externalities.
view, the crux of This is where, in my
the study lies. 
 The validity of the model and the.
credibility of 
its conclusions will depend
objective function. on the acceptability of the
I would be tempted to suggest that the closer the
objcctive function is to satisfying the requir2nients of a real life decision
situation, the more meaningful the results
Also, as - at least to one
most decisions are about set of readers.
 
of the past and 

the next marginal dollar, and as the weightcurrenit situation on the productivitymakes every decision of the marginal dollarihighly dependent on the locale as well as the rationale,this pleads for the stidy to focus on supporting a real decision process in a
well-defined situation. 

Covertunent 

In addition to the interest of acadentic circles,
commitment to some major child health investment should guide thechoice of the country.
 

In summary, I have no reservaticnstudy, which I feel cowards the general designwirhi confidence deserves -to be 
of this 

of ent financed.conm concern more the My minor pointsprocess andconducted, and are moiivated 
the setting in which the study isby my wish to see it succeed fully, i.e. to the
point of actually infi"Jencing the situation in child health.
 

I shall now take the libercy to show the proposal to interested colleag-ues
in WHUO, from whom Professor leller might want to obtain support in due course.
 

Yours sincerely,
 

Dr i. 

Project Systems Analysis
 



U1141 JZD 1I'LS GL'VERNMENT 

Memorandum 
TO emorandum of telephone conversation from 
 DATE: January 29, 1976
 

Dr. Burton Weisbrod to.Rr. Joe Davis
 

FROM : TA/H, Dr. Joe H. Davis 

SUBJECT: Proposal to study Efficiency of Health Measures to Prevent Infant
 
and Toddler Nortaiity
 

Dr. Weisbrod felt that 
(1) the project addressed an area where more
accurate information on the costs and impacts of alternative policies
was critically needed, and that 
to his knowledge no research had pre­viously addressed this particular problem; (2) that the methods and

techniques of sim.lation modeling and linear programming were correctly
applicable to thi.s 
type of analysis; (3) that the principal contractors
who authored th 
 proposal were quite competent in the area of proposed
activity and (4) that the major are2a of uncertainty in successful com­pletion of 
the project was in the method of developing estimates of
impacts on health of alternative policies, i.e., 
the use of expert

judgement refined using Velfi techniques to obtain the numcrical

estimates of effectiveness of options to be used in the models. He
indicated.that thece is no way to assure that estimates developed in

this way are accurate estimators of the true values. 
He indicated,
however, that the multistep process for developing the estimators

proposed in this project is probably the best way to 
develop expert
 
judgement estimator.
 

In general he thought that the project warranted support due to the
importance of 'he *)olicy area it addressed. Even though the pro­posed method of developing model numerical parameters involved con­
siderable uncertainty concerning the 
accuracy of the parameters, this
 was such a low cost way of collecting information in comparison to
the alternatives of actual field collection of information that it was
 
the preferable choice for this project.
 

ft 

k Btey U.S. Sauui. Bond, Reglarly on the Pay i Savi. s Pla.yrllSail. la 



DEPARTMENT OF STATE 

.~i~,,oWshl-41r. 0 C 2'.23 

June 26, 1975
 

To: AYD/TA/I; 
- Dr. Joe H. Davis
 

From: S/P - Charles R. Frank, Jr.,
 

I apolccize for taking 
so long to review the
proposal p--
 -:rth by Peter Heller and Robin Barlow
that you ah 
 me to review in your memoranda of
 
May 2.
 

I have nc 
problem with the proposal to develop a
fertility and survival model for infants and to use
linear prooramming techniques to evaluate policies.
I do not feel qualified to 
judge the crucial inter­mediate step -- gathering of data by means of a
survey of LDC pediatricians. 
 I feel that the authors
might be asked to elaborate more precisely what kinds
of data th.e" intend to get and how they intend to
get it in tic.. survey.
 



ANNEX II 

Source: 
 Ronald J. Wonnacott and Thomas H. Wonnacott,
 
Econometrics .
 New York : Wiley, 1970.
 



chapter 1o 

Decision e 

With Our discUssionchapter, we or systemsnow turn of equations completed into an entirely different topic: decision makirg in the 
the lastface or uncertainty. A large part of the discussion involveswhich are not only useful for their own 

Bayesian methods,sake, but alsostanding of the linmiations of classical statistics. 
sharpen our under.rh best introduction is asimple example. 

10-1 AN E.XAWPLE: THE PRIOR ANDPOSTURIOR DISTRIBUTION 
In a certain country, it rains 406/. of the days and shines 60% ofthe days. 

A barometer nianuficturer, in tesling his instrumcnt,sometines errs: on has found that itrainy days it erroneously predicts "shine" 
time. and on shiny days it erron.a-sly predicts "rain"The best prediction 20% 10% or theof tomorrow's or the time.wealher before looking
baromcter' would be the prior distribution in Table 10-1. But ofiler looking at 

at the 

TAILE 10.1 Prior Probabilitics. p(O)
State- Rain ( ._ ior S)S hine (06)o .}tbltyp.40 

.6Por tohaility (0)the barom ete r an d sc 'n pr dic t " r ine w iThat is, %ith tis hew 1aforinatlon in hand, can't we quot beiter odds orain than Tabic 10.1?Ic 
r In odso'his anaIsy, i 

walhcr 
i%a'~,iedIhjl Ilor¢ iinn olhcr available inforniation (suchcpol. or visual I't'oervaion 0( how Ihe wathr is dcvcloping). 

as a 

196 
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The ansser is, of cot:rse, yes. To see why, we first formally set out the 
reliability or the baromet:, in Table 10-2. This information is combined with 

TABLE 10-2 Conditional Probabilities, p(,18) 

Stlte 0 
Prediction - Rain (0,) Shinc (0,) 

"Ra;n" (xi) .90 .20 
"Shine" (.r) .10 .80 

1.00 1.00 

the prior probabilitics in lable 10-1 to define the sample space shown as the 
entire larve rectangle in Hl:!ure 10-1. It has four subdi%,isions, each repre­
senting the probability oi a specific state of nature, and a barometric pre­
diction. Thus. for example, mae probability of the state of nature 0 being rain 
and the barometric predictioa (x) being "raim" ist 

p(o,, ,) = P(o,) . p(.,O) (10-1) 

= (.4)(.9) = .36 !10.2) 

Similarly, the probability o'f the state shine, and the prediction "rain" is 
,o02. X0) -/,M0) -..(,:/o,) (10-3) 

= (.6)(.2) = .12 (10-4) 

State )f nature * 
Rain(4) Shinef 61 

*,Rain" 7.6) (.2) - 12 ' a 

(4(9) 3 Orgin l ample spe 

.48 After rai" pedicton, 
sampte space issL~ 

S hne " .04 1 

rIG. 0-I Ito% noteisor probabitities are delermiincd. 

I We use tIhe condional probahiilIheoicni 

P ) -"P(p ) ly) (10-) 
For reference, see for example Woncacoti and Wonnicolf. op. it., Chapter 3. 
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Of course, after "rain" has been predicted$ this sample space is no longer

relevant. It is repla"ced by tl.c new, shaded sample space; now rain isseen tobe three times as probable as shine (.36 versus .12).our posterior distribution in Table 10-3.Compari,; this with Table 10i, we 

This leads us directly to 

TaLE 10-3 Posterior Probabil;(jes, p( 0/-)
State 0 Rain ) Shine () 

Posterior probabhty ------.
P(O/"rain") 
.75 
 .25 

we, as expected, just h0w the odds on rain improve once the barometer haspredicted it.
 
Sincc this Is so ,niportan, 
 we now 

lion. From (10.2) 
wrilte down its full formal confirma.and (10-4) 

p(prcdiction "'rain")=p(x,) ­ .36 + .12 -

Using (10-5) again 

.48
 

p(0,/x 1 ) p(O,x) .36 

Similarly pp(O.p(z2 ~,)..
P(xl - - .25, .48.12 ( 0 7X('I) 
 .48 "
 -,)In this way, the new (shaded) sample space in Figure 10-I has its probabilities
distribution in Table 

blown up by using in,divisor p(x,); the result is the posterior probability10-3. This is often written in the more convenient andgeneral form 

p(Ol ) X)= P(O. = P(p/O) 
p(X) A0To keep the (10-8)mathematical manipulations in perspective,physical interpretation for emphasis we repeat thethe prior probabiities p(() give 

lefore the evidence (barometer) is seen,after the evidence s i. wc can d 
ihe proper betting odds on the wcather. Bute,,eier:
thenow give the proper belting odds. 

polerior probabilities p(O/r)(This my be intuitively grasped by
appealingtio the rclh1tve frequency interpretation. Of all the times the barom.
cler registers "rain," s hat proportionanswer: 75".) As a 

in 
will rain actually occur? Thesimple sliniii1iry, 

Ihatwe note
distribution is adjusted by 

the prior probability
the empirical evidence to yield the posterior 
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distribution Schcmatica'ly: 

Prior probability of- odprobabilities 	 otrod 	 empirical --- Fid,posteriorevidence probabilities (10.9) 

p() 	 p(x/O) p(O/X) 

PROBLEMS 

10-1 	 Suppose another barometer is used: on shiny days it erroneously
predicts "rain" 30 ,,%of the time, but on rainy days it always correctly
pidicts "rain." 
(a) Vith the prior probabilities in Table 10-1, calculate the posteriorprobability of rain, once this barometer has predi%;ted "rain." What
is (he posterior pr )bability of shine?(b) \'nat do you think of this argument: "Since the barometer
always predicts 'rin' %hen it does rain, a 'rain' prediction means 
that it is dead certaml that it will rain." 
(c) E.xplain \%hy the posterior probability of rain is now less thanin Table 10-3, even tl'ough this news' barometer is a better predictor
when it rains. 

10-2 	 In a population of workers, suppose 40% are grade school graduates,50' are high s iool graduates, and are10'/ college graduates.Among tie grade chool graduaies, 10% are Unemployed, among thehigh school gradu'-cs. 5%, are unemployed, and among the collegegraduates 2, / are unemployed. If a worker ischosen at random andfound to h,,- uneniployed, what is the probability that he is: 
(a) A ,rade school .-.raduate ? 
(b) A high school graluate?
(c) A college graduate?


10a3 A factory has three machines (0k, 02, 
 and 	0,) making bolts. The newer the inachine, the larger and more accurate it is, according to 
the following table: 

Machine ­ 01 (Oldest) 02 03 (Newest) 

Proportion of total
 
output producc by 
 10% 40% 50% 
this machine 

Rate of defective 
bolts it produces 5% 2% 1 
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Thus, for exanipl, 03 produces half of the factory's output, and of allthe bolts it produces, I% are defective.
(a) Suppose a bolt is selected at random; before it isexamined, what
is the chance it was produced by machine 0t? by 0,? by 0,?(b) Suppose thm bcltis examined and found to be defective; after
this examination, what is the chance it was produced by machine 0? 
by 02? by 03?

=:I0-4 Suppose a man is drawn at random from a group of ten people,
whose heights 0 have the following distribution: 

0 (Inches) p() 

70 .1 
71 .3 
72 .2 
73 .2 
74 .1 
75 .1 

(a) Graph this (prior) distribution of 0.
(b) Suppose also that a crude measuring devii. is available that
makes errors with the following distribution: 

e (Er:or in Inches) p(e) 

-2 .1 
-1 .2 

0 .4 
i .2 
2 .1 

Surely this can help us a little in estimating the man's height. Forexample, suppose his measured height using this crude device isx = 74. We now have further information about 0; that is, this
measurement changes the probahilities ror 0 from the prior distribu.tionp(0) to a posterior distribution p(O/. 74). Calculate and graph= 
this posterior distribution. 
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10-2 OPTIMAL DECIS!ONS 

(a) Example 

Suppose a salesman regularly sells umbrellas or'lcmonadeafternoons at football games. To keep mattcrs simple, 
on Saturday 

suppose he has justthree possible options (atiions, a,): 

ai sell only umbrellas. 
as - sell somc umbrellas, some lemonade. 
as - sell only lemonade. 

If he chooses ai and it rains, his profit is S20; but if itshines, he loses $10.It %%ill be more convenient iodescribe everything as a loss (negative profit);thus his losses will be -20 or + 10 respectively.If he chooses action 
information 

an or a3, there will also be certain losses. All thismay be asseinbled conveniently in the followfing loss table: 

TABLE 10-4 Loss Function ((a, 0) 

Action a Rain (0,) Shine (0,)
01 -20 1042, 
 5 5as 25 -7
 

Suppose further that the probability distribution (long-run relative frequency)
of the weather is as follows:
 

TABLE 10-5 1' obabilily Distribution of 0 
Slate 0 Rain (0) Shine (0,) 

Probabilily p(o) .20 .80 

What is the best action for ihe sate~man to take? (You are urged to work thisOut, before reading on; itwill ic easier that way.) 



202 
DECISION THEORY

Soluiaon. If he chooses what coulda, he expect his lossaverage? Intuitively, to be, on
e calculate the average (expected) loss if he chooses an 

Formnally3 L(a - -20 (.20) + 10 (.80)-4 (1010)L(a,) .(1, ,)Similarly, we evaluate 
po,) + I(9,, 02) P ,) , 
o) ( 1.11)
 

) 
and 47s) - 5(.20) + 5(.80) S (
Ingeneral L(ad)- 25(.20) 

-. 6- 7(.80) -
(1043)

L(a) ­ '(a, 0)P(0) 
(10-14)in fact, 

The optimal action is seen to be :,, which minimizes the expected loss;
this is the only Option that allows any expected profit. All ourinformation and calculations are summarized in Table 10-6. 

TABLE 10-6 Calculation of the Optimal Action a 
p(e) .20 .90 

a Oa L(a) ,expected loss 
a, -20 10 - 4 

-6,,-
minimum 

Loss function 
1(a. 0) 

(b) Generalization 

It hardly Seems Iecessary to state that this problem can be generalized to 

any number of statcs 0 or actions a (even an infinite number, as in the next"This isjust an appica ion of the ConcCpt orcxpced value. ILhas thcation. In. say. flloingjus100das the %alesmanWould e tifi 
aaS-400. and about 80 shiny days, at 

s t 20 each. yieldinS+ IVacb, yeldingS 0.a.t, fo loawiumng outS+400 in 100 days, or an average of 54 per day. Y - -or 
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section). The objective remains the same: to minimize expected loss. We now 
pause to reconsider in detail: 

I. The probabilities p(O). 
2. The loss function l(a, 0). 

1. The probabilities p(O). of course, should represent the best possible 
intelligence on the sutject. For example, suppose the salesman moves to 
another state, with veather probabilities as given in Table 10-1. If he has no 
barometer, he will ha.e to use the (prior) probabilities in this table. But if 
he can cqnsult the barDmcter (described in Table 10-2), then of course the 
posterior probabilities r(Olx) in Table 10-3 should be used. (See Problem 
10-5 below.) 

The logic of Bayesian inference is laid out in the block diagram, Figure 
10-2. Incidentally, :n th, calculation of the average loss L(a) in (10-14) it 
would not hurt to u,,e kp(O) instead of p(O) as wcights, where k is any 
constant (independent of 0 and a). For kp(O) would generate losses kL(a), 
which would rank in the same order as the true losses L(a) and, hence, point 
to the same correct optimizing action. This is a very useful observation. Thus, 
for example, our umbrella salesman need not undertake the last step in 
calculating the posterior probabilities of rain in (10-7); he can forget about 

SPro~bi'ly °a 1 distnbutionPrior 


ZPs e osr;r 

[.XlX'CLossJoss L0a; 

find the swm.U1s 

FIG. 10-2 TiU logic of Bayesian decisions to mininizic expecled loss. 
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the denom2inabor p(xJ andhis decision.u 
Ue(02 n (10-4) iafectinta..~.ihu 

2. The lossfuncion,/ (t, 0).loss is In ourexamplethe appropriate we assund that monetarydecision is m de("game isconsiderationdo Jo , . This mayis play)ed T m assuamidbe e tn hat "tary) OVer.and Over again: whatever minimizesthe expecte loss in each gamWwill mininize total expected loss in the long 
Yet there are some decisions that are made only once, and then expected 

monetary loss may not be the right criterion. To illustrate:offcred (tax-free) suppose you Werea choice between 

(a) SlO0,O
00 for sure, or(b) a 1/2 chance (lottery ticket) on a $210,000 prize.) (l0-15Most people would prefer choice (a), even though its expected monetary value 

is less slOOo00 (1)than that of choice (b): 1s00,00
 
O00J
 

71 ess otha 0S0lo 

the second. 

The reason that o o (1/2) $.-S o o Jo 

(You can 
is that most people value the first hundred thousandeasily Speculate on more than

hundred thousand. Once these purchases have been made, there would be 

how you would spend the first 
less exciting Opportunities 

for Spending the second hundred thousand; the 

Sports car. has already been bought, and so on.) Such a decision should be 

At (dollars) 2oo0
FIG. 10.3 Author's subjective evaluation of "'n .

tha 
o as aig.5 and eighlacin of.36 and .12 to his losses wobld yield 'he ame result as 

W.l 
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based not on moncy iiself as in (10-16), but rather on a subjective valuation 
or noncy, or oihe utility" of money. As an illustration, Figure 10-3 shows 
one author's subjective evaluationi U(0,I). Since utility is the more appro­
priate measure, the decision should be based on expected ulility, rather than 
exected monty. Usir.g Figure 10-3, the expected utilities of the *twochoices 
arc: 

( ) u,(l) (1-, 
(b) u:() = 1.4u(j) = .(10-17) 

which is a clhar victory for choice (a). In decision situations, a loss-of-uwility
function of this kind should typically be used as our loss function 1(a, 0); 
hereafter we shall interpret losses in this way. 

PROBLEMS 

10.5 Using the losses of Table 10-4, cL.culate the optimal action if: 
(a) The only avaihable probabilities are the prior probabilities of 
Table 10-1. 
(b) The barometer teads "rain" (so that the posterior probabilities 
of Table 10.3 are rttvant). 
(c) The barometer roads "shine." 
(d) Is the follo.wing a true or false summary of questions (a) to (c) 
above? If false, correct it. 

If th. sal uan must choose his action (order his merchandise) 
b'frc onsulting ,%barometer, then az (umbrellas and lemonade) is 

However. if tue barotncter can b.consulted first, then the sales­
van should 

Chooe at (umbrmlas) if the bawter predicts "rain." 
Ch o. ao the bo'rreter predicts "shine."se =(t',Jd: it 

But a brtght sa mman coutd have see this obvious solution withoutj.n$ to att the trouble of"tearrung about Bayesian decisions. 

I"-A farmcr b.4s to %ihcther to sett his corn for use A or use B. 
His losg>s depend on its. water cont.nzt, (determined by the mill dur­
in$pe 'esing. after tlw farrmer's d..ision has been made) according 

llba, wtiJ. curvt,NOIN pcm'.oaJ. amk ea-yIt i defined empirically ror an in­. 
6kiv by iAim bur .hic. b.cft be pcclk's. bImeditirc4s, many bets like (10.15) are 

td ..6jn WJtJJ% 
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to the following table: 

.. State 0Action a Dry Wet 

UfsC 	 1 0 30
Use 0 20 10 

(a) 	If his only additional information is that, through long pastexperience his corn has been classified as dry one third of the time,What ShtOLld his decision be?(b) 	Suppose he hat developed a rough-and-ready means of deter­mining whether it is wet or dry-a method which is correct 3/4 of thetime regardless of the state of nature. If this indicates that his corn is"dry" what should his decision be?(c) How much is the method of part (b) worth, that is, how muchdoes it reduce his expected loss?t-10-7 A school is to be built to serve 125 students, who live along a singleroad. 

0 

x
 

Let x, - distance student i lives from origin
 
a 
= distance of school from'origin 

T'hus 

(a) 	
(x, - a) - distance of student i from school.Where is the optimum place (mean, median, mode, midrange?)to build the school in order toI.Minimize the distance that the farthest student has to walk.2. 	 Minimize the total walking done, that is,minimize the sum ofthe absolute deviations: 

Y IxV- al
*3.Minimize the sum of the squared deviations:
 

S(;, - a)' 
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(Hint. Calculus suggests differentiating with respect to a, setting
the result cqua: to zero.) 
4. 	Maximize tl.c , imber of students who live where the school 

is built, and do not have to walk at all.
(b) Does the foilowing accurately reflect your conclusions in 
question (a) above? If not, correct t. 

In (2)we are conccrncd only about the total walking done; walk­
ing is considered a loss, no miatcr who docs it. In (1), on the other
hand, only thc walking done by the two cxtrcmc people is con­
sidcrcd a loss; wa!king done by any othcrs isof no concern whatso­
ever. (3) is a comr.romise; we imply that although all walking is 
some kind of huss, the more a student has walked, the greater his
loss in walking one more mile. Thus the pcrson who walks 3 miles
(Z. - a = 3) contributes 9 to the loss function, whereas the person
who walks I mile contributes only 1. 

10-3 ESTIMATION AS A DECISION 

In our earlier example the states 0 (rain and shine) and actions a were
categorical (i.e., nonnuinerical). But this was not an esscntial part of the
theory; in this section we consider a numerical example. 

Example 

Suppose the judge at a beauty contest is asked to guess the height 0
of the first contestant, whom he has never seen. Yet he is not in complete
ignorance; suppose he knows that the heights of contestants follow the
probability thsti ibution /)(O) shown in Figure 10-4. 

(i) Suppose, in order to encourage an intelligent guess, the judge is tobe fined SI if he makes a mistake (no matter how large or small); "a miss is 
as good as a nile." Whal should the rational judge guess? 

0 (inches) p(O p(6) 

64 .1 
65 .. 4­

66 .2 

6768 .2.3 .2--I 
69 .1 64 66 68 

FIG. 10-4 Prior distribution of heights 0. 
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(ii) Suppose the rules become more severe, by fining the judge Sz foran error of x inches; the greater his error, the greater his loss. What is his 
rational guess?

(iii) Suppose the rules are made even more severe, by fining the judge$' for an error of x inches; this is the same as (b), except that the lossbecomes more severe as his error increases.. What is his rational guess now? 

TABLE 10-7 How (he Optimal Estimator of 0Depends on the 
Loss Function 

If the Loss Function i(a, 0) is: Then the CorrespondingOptimal Estimator a is: 
(i) 0 ifoa = 0exactly, Mode ofp(O) 

I otherwise 
("the 0-1 loss function")

(it) la - 01 Median
(iii) (a - O)t Mean 

Soluion. (i) The most likely (modal) value 68. 
(ii) The median value 67. 

(iii) The mean value 66.8.
Thus (i), (ii), and (iii) a-e like (4), (2), and (3) in the schoolhouse Problem 

10-7, with the same solution.
To translate this into tie familiar language of decision theory, the girl'sheight is the state of nature 0, and the guessed height (estimate) is the actiona to be taken. The fine the judge must pay is the loss function I(a, 0); sincea and 0 are numerical, the loss function is most conveniently given by asormula, rather than a table. Each o the three loss functions, along with itscorresponding optimal estimator, is shown in Table 10-7.
The quadratic lo.s function (iii) is the one that is usually used indecision theory. It is graphed in Figure 10-5. It is justified not only by its 

a l 
FIG. 10.5 The quadratic loss ~unction. 
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intflitiv-c appril, but -"lso by its attractive mathematical propertics. ForexamplC, It is easily dilfercnliaged (an important requirement in minimization 
rohlcms); (in the oth r hand (i) obviously cannot bc differentiated, nor can(ii), ince it is an absolu,c value function. 

Ve rccnhpiasie that :he probability distributionp(O) used in tbe decision 
rroccs$ ouht to reflect the best available information. Thus we may beforced to use the prior distributior. p(O) if we have not yet collected any data.butt aricr data is collcctcd, the posterior distribution p(0/z) is appropriate. 

IROBLEMS 

These arc extensions of Pioblem 10-4. 
10-S Suppose you have to guess the height of the man drawn in Problem 10.4,with only the pricr distribution p(O) known. Find the optimal estimate 

Or'0
 

(a) Assuming I(a, 0) = 0 if a = 0 
I otherwise. (1018) 

(b) Assuming I(a, 0) ia- 01. (1O-19) 
(c)Assuming 1(a, 0) (a - 0)1. (10-20) 

10.9 Repeat Problem IO-S,.afic'r the man's height has been crudely measured 
aS x - 74, so that the posterior distribution p(O/x) is relevant. 

10-4 ESTIMATION FOR NORMAL DISTRIBUTIONS: BAYESIAN 
VERSUS CLASSICAL 

This comparison isbest shown with an extended example, illustralcd inFigur'. 10-6; from this we shell draw conclusions later. 

(i) Example 

Suppose it isessential to estimate the leneth 0 of a beetle accidentallycaltlt in a delicate piece of machinery. A measurement x ispossible, usinga dvivc which issubjlct t-3 some erro, ; suppose x is normally distributedaOUl the true value 0, wiih a = 1.Suppose x turns out to be 20 mm.Quention (a). \'hat is the classical 95," confidence interval for 0?,Volution. Our informat-on on the sampling distribution ofx, that is, 
p(X/O) V(0, 47% specifically N(O, 1) (10-21) 
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can be "turned around" to construct the following confidence interval for 0:
 

0 - 20.t 1.96(l)
 

and, of course, 20 1.96 (1022)
 
point estimate of 0 = 20 (10-23) 

Question (b). Suppose we take the effort to find out from a biologistthat the population of all beetles has a normally distributed length, withmean 0. = 25 mm and variance o = 4. How can this be used to define a 
posterior diseribution of 0?
 

Solution. It will be 
 useful to develop a general formula applying (orany 00, 00. etc., and then solve it for our specific example. Since our piior
distribution is 

p(O) =-NV(0o, op (10-24) 

and the distribution of our empirical evidence x is 
p(z/O) = N(0, ') (10-21) 

repeatedl 
it can be shown' that the posterior distribution is also normal; specifically: 

p(O/x) = '(ab, a) (10-36) 

(10-24) and (10-21) may be written 

p(O) aK t-0il+'(0.4.t" (10-25) 

p(zIO) K, e-(112')s-4)' (10.26)
whecre K1 and K, and other similar constants introduced in this footnote ar: of a form notcritical to the argument. Since 

p(-. 6) ,(0)p(0) (1027) 
we can use (10-25) and (10-26) to write 

p(. 0) = KIA' e-(,lli)1(1l.$2-ii* e+e1)+Illlilsl t..,.I,) | (10-21) 
Now consider only the exponent, which may be rearranged to,1+, +-12 ,+; +. ,,,,.2,, 

I I 
0;0i -a ­ (10.) 

(10-31) 
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1
 

a s: (10.37) 
b 0 + 

o' (10-38)
Now apply this to our example. Since 

0'=4
 

=
as x1 
Oo-25 

it follows that X= 20 

and a 4 4 

b L5,25 ?20 105 

Thus 4 1 4 

mean ab 21.0 
Vari"Ce a = .8Hence the posterior distribution may be formally written

,p(O/x 20) N_
,(21. .8)(1 

3)


compared with the prior (1039)
 

using these (lC11111lion$, P(O) I N(25, 4)the ".pc nrI (1029)can be WTIiltea (10.40) 

_10a_ 
 +
abo l(M32) 

, I(0 - ab), + gj 
(10-33)
Fin3 liy we u~c this to write (o-28) as 

and 
P', 0) .. K e-Aii2*)4*9.-1-4p(O/,) -,P"O A", e-t (lle..j, 

(10-34)
1-s 
This means tha 0given, z, isa "irrmiljvariable wilh nirn ob and variance a, provided
('.P 3PPrOaPp0ri 

inA',. ,,-i ni,. smcep(olzi
I Ps'uis .s a bona fide probablity functionsi:lto 1) and A factor necessa.ry to ensure this. b a 

i s 
j l 

un io 

http:necessa.ry
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DaytS41m 	 95% Probat.Ity interval
 
211 I.96i*i
 

P(/z 	 , 20) , N(21, ) Big 

PO)-	 Moo)m z.4)' 

ChffItnzmh 

aC aKAIestsintl 

I. o 7011.96 

0*t)o /9O , A'9.o Nt0. I) 

FIG. 10-6 Baycsian versus classical estimation. 

The 	 Baycsian logic is shown in Figure 10-6. A prior distribution isadjusted to take account or observcd data (1), with the weight attached to theobserved z depcoding on its probability ip(z/O). The result is the posteriordistribution, with mean (21) faline, as expected, between the prior mean (25)and the observed value (20). (As a bonus, variance isreduced in the posteriordistribution. Although this does not always happen, it isevident that it misthappen for normal distributions; for (10-37) shows that the posterior varianceo is less than o, and also less than ol incidentally.)
Question (c). With 	 the posterior distribution (10-39) now in hand,defining a Ba)csian cstimate of 0 requires only a loss function. Suppose thisis the quadratic loss function: what is the Bayesian point estimator of 0?Find also the 95% probability interval for 0.
Solution. I or the quadratic loss function, the posterior mean (21) is

the optimum csrnhor. (Note that because p(O/r) is normal, this is also theposterior mediharn and mode, so that all tic loss functions in Fable 10-7yield the same .anwcr.This is reisurinp, and frequently happens in practice.)
To contruLt a 95,1.1 probability interval, mc know from (10-39) that,given the ohscrvation x ­20. there isa 95% probability that 0 will fall in the 

incrv'al
 

21 	 11.96. 

21 	 1i.76 
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Note that thi5 IsnarfOwcr (more precise) than the classical interval (10-22),
reflecting the value cf the prior information p(O). 

PROBLI.Ms 

10-10 As our nicthod of measuring (becties) becomes moreprecise (' -. 
and more0), show that in the posterior distribution p(O/x), 

the mean -- x 
variance -* 0 (10-41)

In other words, if we use an errorlcss measuring device, we canbe certain th,4t the tIue 0 will be its measured value x. 
=> 10-i1 IUsing Figure '0.6, %%hat would you expect intuitively of the posteriormean if two ir.dependent measurements of the beetle had yieldedan average of 20 null'? (For an extension of your answer, see the

section imh.icly following.) 

(b) Gencrali,aion 

Suppose that a sample of n independent measurements z, X ... ,X,can be t,kcii rather than juv:, a . iniilc r. Using the sample mean ; , what now 
is the oIva,, cstinat o 0? In particular, what happens as we get more andmore obsevations (n -o u)?! 

Thim problem may be solved, using (10-36) to (10-38) with one importantchanrge. Since our data row is x instead of x we must make this substitution
in (10-38), ,nd also suos ,Hit e 

2 (10-42)
for o in (10-37) and (10-38). [Of course, (10-42) is just the variance of asample mean when al is the variance of a single observation.] Thus, ourgeneralized definition of a and b in (10-36) is 

I =- -

=0, 

, i 

ni" 

for n 1, this reduces to (10-37) (10-43) 

2 + 
for n 1, this reduces to (10-38) (1044) 

In the limit, as sampl. size n -. o: 

a -' 
(10-45) 

b .!!:"(0-46) 

http:PROBLI.Ms
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Incidentally, exactly these same results follow, whether n -. co, or 

00--00 (1"7) 
Thus, evaluating (10-36) 

posterior mean = ab = Zz (10.48) 

posterior variance = a "- (10-49) 
n 

Again the normality of this posterior distribution ensures that its mean,
mode, and median coincide. Hence, regardless of which loss function we may 
use: 

Bayesian estimator of 0 = 2 (10-50) 

95% probability interval = Y± 1.96 (10-51) 

We conclude that, as n --- co, Bave.ian estimation approaches the classical. 
This isexactly as it should be: as nore and more data are collccted, less and
less weight nced be attached to prior information; and with an unlimited 
sample, prior information iscompletely disregarded, as in classicil estimation. 
The ciassical and Bayesian approaches are compared in more detail in Table 
10-8. 

We now turn to the other condition that leads to the same result. Bayes 
estimators also approach the classical if prior information is very vague (i.e., 
if cl - oo, as stated in (10.47)). Thus the less the pritr distribution tells us, 

TA9LE 10-8 Relation of Classical and Bayesian Estimation. (Although Normality 

is Assumed, Results are Instructive for Other Cases Too) 

And Gets the Answer: 

Procedure 
to 

Estimate 0 

Point and 
Interval 

Estimates 

Requires, 
Along With 
Observed x 

In Our 
Example 
(M- I) 

In the Limit, as 
n - co or a.- aD 

Classical Point estimatc 20 R 

Confidence p(X/O) 20 + 1.96 ± 1.96­
interval n 

Bayesian Point estimate p(r/O). P(O) 21 Same as classical 
and loss function 

Probability p(X/0)I,p() 21 * 1.76 Same as classical 
interval 
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tie lcss weight we attach to it. To slm up.disrC.arding prior the two reasons for completelyafo~n:ationare (1) if present data is in unlimited supply,or (2) if prior 1infornation is useless. 

(c) Is 0 FiXed or \'arijbe? 

in this"chapef we rglard the tarect to be estimated as a random variable­for example, tle beetle's leneth 0 in lwure 10-6. Yet in all preceding chapters,%%e hase regarded the taret as a fixed parameter-afor exampic,grcssion coefficient fl. the true rc-Necriheless, we may often find it useful to thinkoff as havin2 a sib/ecli'eprobability disiribution-with this being a descrip.tion of the he1t,,, odds w- ,,ouldgive that flis bracketed by aay two givenvalues. It may be h'elpful to boil down our best prior knowledge of /3intoaprior subjective distribution offl.Then the posterior subjective distributionof # would reflect how t'c sampling data changed the betting odds. 

PROBLESIS 
10-12 Following the beetle example in Section 10-4(b), suppose that: 

a: 100 

00 25 

and a sample of f,:,ur 1. ndcnt observations on the trapped beedeyields an averadgt ien"cmof 20 mm.(a) Calculale the Pa.-,an point estimate for 0, the length of thebeetle. For tWo reawwl, fbis estimate is closer to the observed valueof 20 than the llaye3 ,Il estimate (21) in Fi-,ure 10-6. Explain.(b) Calctlate the Ba)cian 95"/ probabihty interval for 0.10-13 
 Suppose ih.:t, in a rodoin sample of ten students on an American
Coll0C.c campus, you ti,donly one is a Democrat. Whichyou rat her qutite as vo, - would
"best estimate" of the proportion v ofDemocrats in the popul-,.. n
(whole campus):

(a) The classical estimate. 

. -- -= .101* 10 
or(b) The Bayesian estimate which, assuming this subjective prior 
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distribution: 

p~i) 

0 1 

and a quadratic loss function, yields? the estimate 

x+3 425 

n +6 16 

10-5 CRITIQUE OF BAYESIAN METHODS 

(a) Strength 

Bayesian inference is the optimal statistical method (in the sense of
minimizing toss of utility) if there is a known prior distribution p(O) and loss
function I(a, 0). Compared to classical methods, Bayesian methods often 
yield shorter interval estimates (e.g. Table 10-8), more credible point
estimates (e.g. Problem 10-13), and more appropriate hypothcsi; tests (e.g.
Problem 10-15 below). Bayesian methods may bc increasingly useful in 
economics because sample size is often very small. 

(b) Weakness 

The major criticism of Bayesian estimation is that it is highly subjective.
The prior ,(0) and loss function I(a, 0)arc usual!y not knowng-nor is there
often any hope at all of specifying them exactly. For example. what is the loss 
function for an economist measurine a population's unemployment rate,
with inevitable statistical error? We have already seen that this is not as
serious a difficulty as it seems at first glance, since in many problems any of
the three loss functions of Table 10-7 lead to the same Bayesian estimator. 
Hence, selecting the "wrong" one involves errorno in the final estimate. 

7For proof, sec for example. B. W. Lindgren. Statistical Theor)., 2nd Ed. New York: 
Macmillan. 1967.

I The other required informaiion for 1ta)c-%ian infcrcnce is p(z/O), the disiributionof sarnple
data z. But this can often be borrowed from classical statistics. (For example, iccall how 
we borrowed a classical deduction in (10.42).l 



10-5 CRITIQUE OF BAYSIAN IhjETnIODSThe othcr t"iforrn1aliOn 	 217remains unknown reqUired-.1ietoo. Moreocr. (hore prior distribution0as a random %diabc; 
are often diticulties Pi(O) suallyan 	 canoiis cuarjjle (a thogl).b emo aasrandon1 variable (as 

5 CannoL 1egard th, Unemploymentlyenratedn
Instead, 	 toh it were drawn from a 

ratehe m.:,, think o/f(O) 	 bowlful of chips).berliL odds 	
as a subjectl\,c distribution reflccing his prior 

" o~m 0. But he may not view cven this as entirely satisfactory. 

(c) 	 Compromise
 
"'Uli.Se isslucs may 
 be cl'irified by considering th dilenma anAt ae.
may face- suIppose lie 	 COmo Is is 1--,,)CSe"IaAt hi~id is a g',ood dal the marginal propensiy nieonoit

previous studMi 
"'.prior kriowle (drawn1 

to consuIce 
, or from economic theory,"tudies r.h y 
ite ik ) before he Collecls data.<In icate 	 For example, previousfi obc 

that .5 K.f K 	
le to .75; moreover, he may be almost certain 

I. Ignore 
1. lIe 'tow has several options:
lh' prior knovledgce, and opt the 	 classicalregaidless.	

for 
cstimate2. . s )i,-)r kno wvlc6 c m'formally o runca e his classical es im a e.5aid 1. lor 

at 
if he gets, :,,i 5u2,C ,tiil ,tc 11 tIs an(P Ies.at.52, quote it =is. .23. quole insteadas 	

.5;3. A variant on this truncation 
the estimaled /i eceecd, I . 

option is simply to ignore the rcsult if4. Use or Isless than .5.prior knowledge formally by 	 postulating a subjectivedistribution such as:	 
prior 

05 0.75 1.0 
It is evident that 

Possib!e prio, distnbution of fi.none.optminiu,. be chosen 
Of these options is entirely satisfactory; yetdccisio 9ul 	 one-d,:cisi(n (I)i 

,t~ing noligm.%wth the prior knowledge isfact ].Jiid rnli on aInvolves oatecoisfj 	
which of these options is besti clue()
Ile I tIep
Opore i (I)iumiphes that 

I of each. 
for exani beplamihlc If the dala arefi /1 	 particularly unreliable.23. this answer 	 so that 
s 	 Oem. would be used regardless. Thisto be the least atracie opliOnl.Option (2) implies that an unfortunate estimate like ,q .23 	would be 
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pulled up to the more "respectable" value of .5. Furthermore, any estimateless than .5is handled in exactly the same way; thus, P = .47 would be pulledup to .5. This raises two questions: (a) Should not the estimate .47 be pulledup higher than the estimate .23? (b) Should not an estimate /I= .51 bepulled up some also, toward oiir prior expectation .75? It is evidcnt thattruncation is in the spirit of Bayesian inference, since it does use priorinformation. The difficulty is that it is bad Bayesian inference, because it
involves a "switching" decision procedure: 

(a) If .5 < /I < 1, it completely ignores the prior restriction, placing
complete faith in the data; on the other hand,

(b) IfP > I or 0 < .5, it completely ignores the data, placing completefaith in the pric:- restriction, in this case, there is just a playback of an 
arbitrary assumption, without adjustment. 

Option (3) involves discarding an estimate that your judgment (priorinformation) tells you is unreliable. This is a better approach than (2) in thesense that you avoid using a figure9 that appears to be the product of statistical
analysis; but is in fact just an arbitrary initial assumption.

Option (4) is the Bayesian compromise: in all instances the final estimatereflects both prior inform-ition and the statistical evidence; thus the unfor­tunate switching decision procedure in (2) or (3) is avoided. Like these othermethods, (4) does involve a (somewhat arbitrary) prior specification-using
a functional form that may make some economists uncomfortable. Yet it isless arbitrary than the prior restriction used in (2) or (3).The two "lesser evils" among these four options seem to ­' 1)or (4).Which is more appropriate in any specific case will depend on I Ihe out­look of the statistician and the use to which the result must be ,•hus, aconservative statistician may be inclined to bury a result out of ..ewith hisgood judgment, while publishing unaltered a result that is in line. Thus, hecan let his statistical results "speak fot themselves" (while still reserving theright to muzzle thein completely in special instances). On the other hand, aless conservative statisti,-ian will incline to (4) on the grounds that all newstatistical information should be presented, rather than buried--even thoughit may be misleading (after all, maybe it is not misleading). While both agreethat a statistical result should be restricted in some way by prior information,this statistician will feel that the Bayesian approach is more reasrnablc and 
better justified mathematically.

A final, and often very important, reason for choosing (4) rather than(3) is if the statistician cannot "opt out" of estimating fP.For example, aneconometrician building a many-cqunation model of an economy must use 

g For example, .23 adjusted to .5. 



10-5 CRITIQLI: (,IBAYESIAN
some COnsaustp1)fl METIiODS 

function 219. hus, ithe cannol jus forgct aneut ii. 

e estimates an implausible value offl,lie must uscauto 1n111facti0er nuIsJ some 1i, in (he same way thatuse some carburetor, aneven though he feelsfull), s.aisfacrory. -the model %%on'(run wilthout It. 
none isIn such "rc ) sla1ceS here isone addilioalopionmay rcoo,e I discard 'eII'nhpa usibe fi, 

he ecoometrician 
be a r Casonfbc in favor of reesi dting it. This mayl 

pracial dimulty 

enough approch In certain circumstances; but it raises tlhcof wheic he'willmenial world find another sanipleof CCOnoilCs. |Ihere in the nonexperi.his estinlah is also a major thcorclical difficulty: ifable to contirni 
has 

a 
a substanlial spread (variance), the Cheolinldricianprecoilcci ed may bconsume shoulu d bc 

notion of what the narginal propensitysimpily by recstimnaling untl such tocourse, "'ol(1 represent a ri Urns up. This, ofan vwerAgain fiore rigid applicalionl of prior knowledge.e conclude: s alsical analysis must be tlempercd bygood commonBut if an estimate must be derived 

s(Nse. Moicover, there is no sile approach, infallible in all circurnstances.
be: the B;a)c!,ai the two mos, reasonlable options seemmethod. %ith the todistribution; or simpily rees' mating 

problem it raises of specifyingan implausible a priorprocedure tends to lose , recognizing that thisits sutamitical validity as it is repeated. 

1(d) Classicl Methods as Bayesian Methods in DisguiseSuppose a Bayesian wishes to estimale 0 with no prior knowledge. Indesperation he might use the "equiprobabic" prior 
p(O) = c,a constant 

(10-52) 
loss function lit 


Further suppose that, rather than using the familiar and attractive quadraticopts for the 9-1 loss function, lie thus will estim.,le 0 with
the mode of the posterior distribution
 

,,(0/ p(0) p(z/0)But because of (10-52) 
p('z 


(10-.8) repealed
 

FjPw/O)To find the modc, (10-54)he finds the valuesince the bracketed or 0 which makes p(O/x) largest. Butterm [c//;(.r)j doesn't depend on 0, he only needs to find: 
the value o: 0 that nlakesp(r/0) largest (10-55)But this statement is recognized as just the definition of the classical MLE. 
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From this, we conclude that a classical statistician who uses MLE is* 
getting the same result as a Bayesian using the 0-1 loss function and an 
"equiprobable" prior. This seems a very unflattering description of IvlLE, 
since neither this prior nor this loss function is easy to justify. But in many 
cases, MLE is not nearly this restrictive. lfp(O/x) is unimodal and symmetric, 
as it often is, then its mean, mode and median coincide; in such circumstances 
MLE is equivalent to Bayesian estimation using any of our three loss 
functions. 

As if the discussion of MLE abo~e has not been damaging enough, we 
consider an even more questionable application. Suppose we are estimating 
a population proportion 77 (as in Problem 10.13). It has been proved'0 that 
a classical statistician using MLE will arrive at the same result (estimating
vf with x/n) as a Bayesian using the quadratic loss function and the prior 
distribution shown in Figure 10-7. 

This prior distribution is obviouziy hopeless, the worst we have yet
encountered. (It means that a huge majority of students are Republican, or 
a huge majority are Democratic.) We recall that we may have been un­
comfortable about the prior distribution graphed in Problem 10-13; but it 
was vastly better than this. This explains why MLE can occasionally give a 
very strange result in a small sample; our intuition was correct in leading us 
to reject it in Problem 10-13. 

In conclusion, although MLE has many attractive characteristics, 

1 

FIG. 10-7 

"Again. see for ca3niple. I, W. Uin cn, Staistical Theorv. 2nd Ed., New York: 
Macmillan 1967. 
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these arc large sample properties, in small sample estimation, it should beused with great caution. 

*10-6 iYPO"ItlESIS TESTING AS A BAYESIAN DECISION 

(a) Example 

Suppose there are two species of bectle. Species So is harmless, whilespecies S, is a serious pest, requiring ansilehied in a new, 
expensive insecticide. A bectlc isas yet uninfestcd icrr*tory; but this sighting providesinformation useful in establishing ', hether the beetle no 

was S. or Si. Shouldinsecticide b. used or not? 

TADLE 10-9 Probabilities of States of Nature, and 
Loss Function 

p(O) .7 .3 

ttState 0 S S(HarmlessAclion a (taxmful
Species) Species) 

a, (don't spray) 5 100 
a, (spray) 15 15 

To ans%%cr this (llcsticn, wve needdecision, to know the costs l(a, 0) of a wrongand the probabilities p(O) of it being one species or the other;these are 6%e nIal 09 biLthee ar .cli 1 l able 109. O 'io sly action aoif the (don't spray) is appropriate 
is St. 

sate ol nattire is So (harmcss beetle) while a, is appropriate if tbc state 
Quetion (a). Should wc spray, or not?SolutiOn7. It will be Con'enct to enerahe
0,)0(),, 1,,, for short. As ai 

the loss table, calling)ays, e calculate the expcted losses L(a), by
w.'ei, htin- elements in each row of tis'table by tl'cr appropriate probabilities:L(ao) = p(Ou) Io + p(O) /1( 

aud 
= (.7) 5 + (.3) 100 33.5 (10-56) 

L(a) -- (.) 15 + (.3) 15 I5 *- min
Thus the optimal action is a,: spray. 
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We see that this problem may be expressed in terms of hypothesistesting: action ao (don't spray) may be interprcted as accepting Ho (harmless
beetle), while action a, (spray) may be interpreted as accepting H (harmful 
beetle).

Question (b). Suppose that prior information about the beetles is (hatspecies So is 9 times as common as S1. Given this new information aboutp(O), what is the optimum action? 
Solution. Don't spray, as shown in Table 10-10. 

TA1LE 10-10 Calculation or Optimal Action, 
a priori 

p(O) .9 .1 

Iti c 0 So S ­
(/<) (If) L(a) 

a. (don't spray) 5 100 14.5 .- mw 
a, (spray) 15 15 1 15 

In this case the harmful species is so rare, that it is better to "take
risk," that is, assume the beetle isharmless as our working hypothesis. 

the 

Question (c). So far we have assumed no statistical information on the
beetle that has been sighted. Now suppose it has been captured, with itslength measured as 27 mm. Suppose further that the two species are dis­tinguishable by their lengths, which are normal random variables with a = 4,
and means 00 = 25 and 0, = 30 respectively. What now is the best action, 
a posteriori? [Assume p(O) and losses given in Table 10-9.)Solution. It %%ill be most instructive to develop a general solution,
leaving substitution of particulars to the end. Losses are calculated as in
(10-56), substituti,! the appropriate posterior probabilities p(O/x) for p(O): 

L(a.) = p(Oo0x) Ioo + p(O,/X) 1.. (10-57)
Similarly 

L(a,) p(O,/z) I1o + p(Ox) I, (10-58) 
We choose action a. iff (if and only if) 

L(ao) < L(a) (10-59) 
Substituting (10.57) and (10-58)&into (10-59), and collecting like terms, we 
obtain the criterion: choose a. iff 

p(Oit) [/, - l,] < P(O/.r) 119 - 4.) (10.60) 
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The brackch-d quantities 

ro = 1 -/o0 (10-61)and 

r, = -111 (10-62) 
are calld ti 'cl-iv It 1% az.y o sc %hy: the regrei it tile bcctle is harmless
(r,) i the cstin los, incurrd ii %c icd tlhe , rmng actioll --that Is, sprayed (a,),raliei 	tlcan t spra)ed (, ,ilu, tiiu, ( 10-61) we see that r0 is 15 - 5 -	 10,the diflerence In coltu;m :lictits It Table 10-9. Our mu1lch larger regrctr, - 100 - 1.) represcns our act lhu,, if sc employ the ,.ne action (don't
spray) 	on a beetle that tutns out It, bc harniful. 

Reiturnin!' to ( 10 60), it naymom be writtcn in terms of regrets: 

1,(0,/-) r, < p(Oo/x) ro (10-63)that is 
j4(O~/) ro
( ) ,.(1064)
 

The posterior probh.litics in this equation 
can now be exprcsscd in
full usilng. (I.0-8), aind not ng 	Ilit p(x) cancels, 

;,.(0 -'__/0,)1(0.) p(x/O,) < ,_o(1r,	 65 

Recall 	 that ilts is our criterion for action a, (don't 	spray), interpreted asaCceptance ,f I/,: (beetle harmnless, 0 = 0,,). Al appropriate cross-multipli.
cation of (10-65) leads us to an Important theorem, called the 

Bayesian L.ikchhood.Ratio Critcrion: 

Accept i t iff 

/I(r i,) r. o ( ,)-O--	 < ....- (10 66) 
p(r/. p(O,) 

%%here . is (lie ct-rct ifis t0te, /,(0,)is the dlthilmulin of file obt,cived da~ta. is the prior distribution, and p(x/0O) 

As stale cm licr,/,(x'O,) i, flen borrowed directly from classical deduc.liot, and i thcs tisibutinSpjcilically, 	 of the estimator x, lvi.en the parameter 0,.! allp,,.,ait tinill,,\sn likelihood estimatnil as the likelihoodfunction. 'hus the elt-hanl side of (10.60) iv called the "likelihood ratio."This ctite;mn is ccr taivlv icasonable. If 0, is a suiliciently implausibleexplanatim of tle data (I.e. ,(.r/O,) is silfciencly less than I(xl0o)], then thelikelihood rat in will be small enough to sati~fy this inequality. Thus )/0 will
be accepted, as it should be. 

To illustrate fui ther, cowidc the very simple case in which the regrets 
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distribution. T10n criterion (10-66) reduces 1o 

Accept 1I, iff r i ob'erved closer to 00 than 0, (10-67) 

A1ai n, a. Vers' tcatonable restilt. 
when ro ;A 	r, or p(0 o) X /)(01) is obviously a morecomplicated 	nmalter. ,k) kcep thins simple, we assumne tha, 00 < 0,, and thatp(X/li0 ) and ;(1,1O) are normal v rih a commnon a. Then (10- 66)--our criterion 

for ac'ceptirn I/,,-.becomes 

"- =!(' e*)
t < 	ro p(O) 

rtp(0t) (10-68) 

This may be reduced'! to: acccpt 110 iff
 

O° ._ log r '._0( + O 0 o (10-69)01 -_ 0" 	 [r, A(01,J 2 
('lhe "oarit li" u11c d Ih1ul'hot this section are natural logarithms, to thebase r.Th 	comnron lov,:ritdirw, of Appendix Table VilI can be convertedto natural l,.!;irIthms by mnult,plins by 2.30.) We note that the right-handside ol (10 (0)) ,i. cpcndi-t otl".r : as in all l\potlhsis tests, this can be
eVal'htd:l pi 	or to obseMrn g . .Atthe same time it does depend, as expected,Oil b.k'to 1111rd18f11011ip( 	 0) and regrets. Moreover, when r, = rl andp(O,,) Ow,(O)),tbn the log terin disappears and this reduces to the special 
case (1067).

Finally, tie p11 ticrila- problem of the beetle spray can nowy be solved.Substituting tir,: informatioll Liven in question (c) and Table 10-9 into 

I! Dcilji.,: urkirrg ilqamimhni, of (10-68):
i I 

--* ( - -++ (z - 0O)2 < K (10-70)
 
".hcr'c
 

A log 
Rwranting (10-70): (10.71 

-2- 20o - O + 0:) < K 	 (10.72)(20m--
 , 


2(01 - Oo)r - (o .-0:) < 2W'K (10-73)that is,a~cc't 1 14ifr: 

< K----A+ 1 (10.74)0, 61 2(01 - 0)
Using (he dctinition of K in (10-71), (10-74) may be writlen as (10-69). 
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dwsrIbutino. 
 Li,cI itcr1on (10-66) rcduces to
 

.p !14 i1 r is ob':rved closer to 0, than 0ealill vt,,' (10-67)
- llt; t.
J h cr19f o'it 

1i.ilatr,',(10..06) %hcn r, , rl or p(O,) jcphcli)c rltor. T 
/,(O,) is obviously a moreee-p ilin'sJ
Siple we assume that 00 < 0o, and thatp(.r/Qo) aml /,(."o,) aruniormal ' ith a collon a. Then (1­ 6 6)-our criteriontor aeccptrnIi 114 ilcomes 

< (Oi (10-68) 
This may be redluced to: ac,-ep 1/iffo 


< ......log 
 + 0 (10-69) 
(Th Io".iritliuii
used 'hi issection are natural logarins,io thebase c. 1he t1 llll
'onin:~rtrhon i of Appendix Table VIIIto Ihla lral lo!/aillohr can be convertedb, i),'ph
side of (1i 

lins by 2.30.) Wc note thap.,) nde)w d-,t the right-hand11 ;.as il all IIpothesis tests, tlls caoC be
erils,ic x- \ the same Ille It
oi1 lkl1011 uioi malion p(0) and 

does depend, as cxpcctcd,regrets. Moreover,ji(O):s os), when r.= r,andIhenii 
case C disappears and(1(-O7). tis reduces to the special

l:irlaul),, hlelpxij[til;j1( pijoblc of lietbeetle spray can now be solved.Snb-ri,,t; utl i iion'ltlmai i en in question (c) and Table 10-9 into 
II Pi 

11 IIIg Il ;a i r of (10-68): 

( - 0 ) --2 ( - O) < K (10-70) 

I,i(20.- - 20oo, 0: + 0:) < K 
 (10-72) 

Ihat is. -acceptit, ar: 2(01 - ,10.), - (0.- 0:) < 2a K(0 (10.73)--01o) 
2(0 - Fo) 

(10-74) 
U1nI 
Ilicdcrnilioil of K I1 (10-7t). (10-t74) Iay be written as (10-69). 
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The brackectd quantities 
ro -	 (10-61) 

and 
"1=01 - 111 	 (10-62) 

ari 	 clco ir, i ,,ca to s,e Mhy. the regret if the beetle is harmless 
isthe c \I hk i[ICu ried it ,td the wrtong action--that is,sprayed (at),.,,, \v,: 

ralle, thm noti I %:Itiain: (10-61) wc see that r0 is 15 5 = 10,,piayed (,,,). ­
tiledifltcr)cc ill column .:Icicn,s illTable 10-9. Our much larger regret 

10 --I- reprc.,t nts our ;lct loss if \e employ the wrong action (don't 
spray) ol ,lcei le that ,uns out to be harmful. 

etitrn g to (iO.60), it may now be written in terms of regrets: 

11Oz) r, < p(00 x) ro 	 (10-63) 
that 	is 

tp(0 0lx) r1 

The posterior probabilitics in this eq,.ation can now be cpressed in 
full using" (10-3), and not ,,t pki) cancels, 

'(0)1(/O1) r 	 (10-65)
10.O) P(X/0o) r, 

Rtcall t;! thl,.,s out critcrtion for action a, (don't spray). interpreted as 
accept-tncc of t10: (w'ctlh hariniless, 0 0,). An appropriate cross-multipli. 
ration of (10 0,,)Ieads us to aln important theorem, called the 

-Baycsian Lkclihood-Ratio Criterion: 

Accept H1olT 	 (10-66)
-6/)i(I,'lt)/)(0.,)(1
ro 

p,/, r,j,(0,) 

vhcrc r,1s ti), relvct if0,is tc. (0,) istihe prior distribution, and p(xlO,) 
Olt: distriiuloii Ill' data.thiu ob .,',¢cd 

As 	 ,;ct,! ie';, 1,01'0,) ir olten borocd directly from classical deduc. 
lion,mid i, hc dr,i ution of the i:,dmator x, !,'iven the parameter 0,. 
Speci , 6i Nfl Ipilca1r Ianm.snknldi likelihood estimation as the likelihood 
funi-tn 'I hu, the" lat-hand '.1de of kl0-60) ii called the "likelihood ratio." 

.1 iW,, C'lCfloinIts certailv icianable. If 0, 1) a sufficiently implausible 
cx1'(,in:li,,1i liv data (i.e./,(rO) issulficiently less than p(x/0o)j, then the 
Ill C'illod I it(, ue 	 will\\Ill sintlll elou.h to satilfy this mequality. Thus i1 
bc; , I-pied, .as itShould bc. 

To illu.,tarilc fui ther, cun-,idcr the very simple case in which the regrets 
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(penalties for error) are assumed equal,and p(O) and the prior probabilities p(O0)arc also assumed equal. The right-hand side of (I0-66) becoines I;thus 110 is accepted if the likelihood of 00 generating the sample fp(z/O)j isgreater than the likelihood of 01 generating the sample [p(x/01 )j. Otherwise,the altcrnative 11. is accepted. In simplest terms: wewhich is more select the hvpothesis 

viewed 
likely to generate the observed x. In this sense, this'could beas hypothesis testing, within a maximum likelihood context, shownin Figure 1O-8a. In b wc make the further assumption that the two likelihoodfunctions (centered on 00 and 01 respectively) havc the same normal" 

p/X/oj) 

xDo Criticat value -

Accept HO 
It x observed in i Accept u,tWs ramne 

Citical value 

Accept I1 1 Accept It,o 

FlOI0.8I ypoihesi% Icsting, using Baycsian likelihoodr, and p(O) 
lhe ratio [special cast when- pO). (a) For anyp(xlo/). (b) ir,(.roO) m N(O,, a). 

"In fact, normality is not required; the two distributions need only be unimodal and
symmctric. 
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(10-69) yields: accept 110 iff 

x < log + 27.5 (10-75) 

< 3.2 log (--) + 27.5 (10.76) 

< 3.2(- 1.29) + 27.5 (10-77) 
< 23.4 00-78)

Since we observed a 27 mm beetle, thi, condition is violated, and we reject14. But what does seem strange is tlie critical value in (10-78): even if the
beetle were 25 im-- exactly 0,, the leng.h we would expect of a harmless
bcctlc---we would still spra'., With further thoug.ht we see that this answer
is, after all, reasonablc. I he heavy damarc involved ir the beetle turns outto be harmful induccs Lis to spray to a'o I this risk. [From (10-75) we confirm 
that it is in fact the relative size of the two regrets that explains this result.j 

(b) Comparison with Classical Methods 

Baycsian testing is more complicated than classical testing, yet oftcn 
more satisfactory. Classical testing uses only the probabi!ty functionp(x/O). while the Bayesian method also exploits the prior distribution p(O)
and regrets (the loss function); we have seen in the last section how iinrortant
both these can be in setting up an appropriate test. Restated, the classical
method sets (lie level of s'nificance (probability of type I error) at 5% orI V.-sonehincs arbitrarily, sonictmes with implici, reference to vague
considerations of loss and plior belief. llayesians would argue that these
considerations should be explicitly introduced--with all the assumptions
exposed, and open to criticism and Iiprovement. 

PROBLEMS 

10-14 Using p(O) and losses riven in 'rable 10-10: 
(a) Reconstruct (lie hypothesis test of question (c) above. With yourmeasurement of 27 inni, whit would you do? Why does our previous
argume:it (spray even if beetle is 25 mrn)no longer hold?
(b) Suppose that speccies S, and S, wcrc equally frequent. Would that 
alter your decision? 
(c) Ilow frequent would species S. have to be in order to alter your 
dccision ? 

http:thoug.ht
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Tli2 Decision to Seed Hurricanes 
On 	tc basis of prcscnt information, the probability 

of severe damage is less if a hurricane is s'ccdcd. 

R. 	 A. Ho\%ard. J. E. Matheson, D. W. North-10 	 ::oi 

The posibil:"y l being...... of itig. tie de-
-structhve s.ndingforce of hurricanes 

hcm: with silver iodide was 
byR. H. Simp%,,n in 1961. Early exper.

*i:In&its oi hiiurricanes Esther (1961) 
ind1 bel. h (1963) w",re encouraging 
l), butl strong cyvileic for (ie Circe-

opertios 
ny and planning 

ESSA,ndl both in its technical opea 
and in its minagcnicnt 

At the suggstion of.fnction,Myron
TrbtsSecrtary of Coin. 
n-crce for Science and Technology, we 
decided to focus the study on :thed-
cision problems inherent in hurricane 

k1~ecd::gofecs %la vo obt aiiie odification (6),6ii:!l the 1969 vX.L*i:.niCi on Hurri. 
CeIame (2), was seededDebbie Dcbbie 
iath massivo amotints or silver iodidJ 

on 18 and 20 Augist 1969. Reductioc;s 
' .IIn 15 in- peak wind!.nd prcent

ecd o-ere obscrvcd after the secdings.
Over, the I~s ,10years property dam. 

aige caused lby liorrican,"i has averag.:d
0440million annually. flurricane Betsy

(1965) awil lurricane Camille (1969)
cEch 'roperty •damae of ap.caused 

pro.lmtely, S15 billion. Any rmcans of 
cducin1 . the destructive force of hur, 

ac:nos 	 woold thorzfore havc great eco.i. s coat l s Is toL - un.rn 

The objeclke of the present U.S. gov.
ernnrent program in hurricane mnodifica. 
lion, Project Slorm'ury, is strictly scion. 
tfie: to add to man's knoWlvdg about 
hurricancs. Any secding of hurricans 
that thrcaten Inhabited coastal nreas is 
prohibited. According to the policy cur. 
rontly in force, sefding %%illnbrcarried 
out only if there is less than a 10 per.
cent chance of the hurricane center 
comitnt:within 50 miles of 1 poptiuated
land area within IS hours after seding.

If the %cedingof hurricancs threaten. 

niomic 11u1pliviitons,. 

I ccdsong to Prtmisi Operational Seeding 
. 

n !th'pring Of- 1970 Stanford Re. ­
1hItn'tltic -bogan a snimll study

fth Ilmhonntal, Science Service 
.dht ;(ion WSWA (3) 1- ix~ploro

11%sInslilch14'sOt nalss(, 5)
lI9 Cmike. s4nilcanI conititutionti to 

dceiakn, I wilb ee~ro modify
the existing policies,iThe purpose of our 
analysis Is to exanine the circumlstances 
that bear on the decision to change ornot 	 to change thcse e*isting policis, .-

The decision to Sed a hurricane 
threatening a co stal iaret should ithere. 
(oe he tlewed as a tiwoistage process: 
(1)adecision Istaken to lift the rrcscnt 
prihit'ition against w~fin; thioatcnnt
hurrie,;ieffd (i) a decision Is1t11,41 
to wevd i r a ,hurticamne a A 

-

mental question: 	 thhwulJeh 
Value of. cNpandtin'g. research in huirpn 

rucrricanywhat 	would be thCVZILuC of ctnducting"
additional fivi xcrnet such Uas5.tk 

scedings of Hurricane.Debbie 'iii1969?1 

rescanativc. seirc' hurricanc? cring~downon a C03Stal arca alditoianalyzc 
the 	dccision' to' seedor. not to seed~iI., _1_ 
anal s V~as, iclativcly co because ~ 
tor th c simhan havesider 'wCd"nc,considrmn. ia,,ri 
mctcool g4 cal dctaets. ,tlIwTmight in­
fluenice the tactical decisio tio Aeed"Wedescribed the hurriedno y a single
 
r r innifi nel)lsianu
neasur , 
taned surfacc...n.d spek.,sinc 'it is 
this 	 characteristic (hit seeding is ex­
peeled to influenrc'(7) The surface 
winds, directly and ndircctly (through 
the 	 stormltide), are thop.imary cause 
f the':destruction %%rought by m i 

hurricanes (8). crhe direct cu'icquene­
of a", decision' for' or gcinst secn'g a 
hurricane iiconsiderd to be thepro." 
erly 	da age caused by that hurrican 
(Injuiesind loss of life are oftcn'dc-' 
pcndcn t on the issuance and ectivr.... 
nets 	of storm warnings: the wereno 
xpicitly i'.clud d i our nas) 

ioevvr, property daning aloneis 
n isurcfilient to des ribe th, 0-ie-s 
qitencc of the dcislon Thcrei:r 
recl lgal and social affects tiat arts. 
fom the fact, that te hirricane' is 
known to have been sceded, Forex. 

imple. ti. povdrnniy,*nt iigh ,hv 
ss olgl responslblttty fc'-t Uarmage
caused by a seeded hurricn., 19).1yon
If lega, action agA5nst thepov-.rnr.ini 

we: 'not a stron.g. p.liblc out.,c possible, 
cry mlght result If a seded hurr16....' 
ca€iscdai sl o i' n darn e.1Nhrl MI the goverttnicnt hurricane 
nieicorolopsts that %%e questionod said 
Ithcy .w0UldIsced: ahuirricrine tbhr'co~n.K 
ig heir: homes and famiiesit Ilie~~
could be* ftecd front profressional 11abil.~v1 
i 

blnoj"rirm . lil olt '.1 !jK1n Ii~'lp-ii Thec Imporiance of the Indif;ct el~cs'V 
IIIo:, 1,1l, alt4' tf! e:Polvks ~s~isilahr I"10Mo tI.Ao Vnttlv It 	 (, Ion~utoII dilth canocir 61 i aOte 



in hurricane wind speeds with time,,& 
' 

probability rdist ribution for wind changcs
2~ .Wilhout could have beenE past based largely oa theseseeding data. Vind.change:ig. I. Maximt data wcrc" ( ained winds iIs- avaiale, but not 

over changes data erc available forover time in the central pres. 
Wtil) 

YQith line.seeding sure of hurricancs. Thc central pressureand the maximum wind speed of a lar. 
.-- 12 hours ricane are closely related; Holliday has

shownsummarized fairly well by a 
Seeding initiated that the available data can beLandtall linear rela.lion (10). \Vc combined this relation

with observations of the change in cen. teal pressure overstemis ill .rge a 12-hourpart from uncertainty period,about the consequences of takin- sequences aeUnrtifobthatn.'ither
decision. tives; the decision- maker does not using thc assumption that the discrcpan.A hurricane is conIple'x and what 

know cies from the l-olliday relation are iade.highly vari *ble, amount of property dama. cand at pre.,.rnt wvill pendent overmeteor. be sustained if the a 12-hour period andologisti cannot hurricane is seeded in­prcdict acc dependent.!,,Iy how or is not seeded. of the change in centralthe behaviol-, of We ,nay illustrate thea hurlical. pressure.:1evolve Situation These azsumphionsfacing him imply ain the form ofover " c effect of a probability distribution on wind changesct'rtain also; consequenly,s. is un- decision tree, as shown. -havior decision-maker in Fig. 2. The over a 12-hourof a hUrricane must select one of the period that is normal(hat is secek. .i be a with a mean of zero and acombinationi two alternatives, seeding standard
of two uncLfrt. :i efTects: or not seeding. deviationThe dccision cannot of 15.6 percentnaoral ch:n_;i and be avoided for in- (II).

t~ie ,-h;ijges Therefore,in- action is equivalent present information isby Set to selecting the•UCCJ consistentalternatie with rather largeof not seeding. naturalThe sceding dcision wouid remain native leads 
Each alter- changes iii hurricane intensity overdifficult to a set of possible aeven if the uncertainty were conse- 12-hour period.

removed. quehces: p'roperty damage caused by chance 
There is about oneSuppose that, if the hurricane the in six that a hurricaneis iot seeded, hurricane and the responsibility whoselhe surface Nsind intensi- curred in- maximum sustained

fics as shown by tlhe 
by the government. These con-

wind speed is 100 curve %,0)tii Fig. sequcnces are. 
miles per hour will intensify over a 12.I and thal, the in turn, relatedif hurricane to theis set'ded, intensity of 
hour period to a maximum. wind speedthe behavioi the hurri.:aneof the wind is that and whcthkr ofshown or over 115 milesby the curve i:"(/). The efW, 

not it was seeded. The consequences also about 
per hour; there is

1(t of the one chnnce infor cch alternativL six that theseeding has been are uncertain atto dinimlsn te Ih,, winds would\wind, time naturallythe decision is diwinisi to lessthus teducina made; the uncer-piopci ly damage, yl than 85 milesthe tainty will be resolved per hour. In assessingwind sp ed it'(0 ) M.hCn the liuc1iicane after the de- these probabiliti's only gcocrzlcision-maker selects histori.strikes land :it time , his choice. Thisis higher than the cal and mcteorolo,,icdecision l infornalion haswind speed when under uncertainty may bethe seeding bcn used. In
ated 

\\as inili- exarmined according to 
a specific hurricane situa.at time r,. Even the usual prG,-if the deckion. cedures lion additional neeorolugical

mnkcr of a decision analysis. informa.were (cit;iii of wi(il) and the information 
We use lion micht indicate that the hurricanew'(tl), he that is currently avail,\%ould still have would bea didicultl more likely to intensifyable to develop a probability orchoice. If lie distribu- morecio.)os not to likely to diminish..'.,,d, the tioac over changescitizens in:,y hae in the intensitymore propert, dam- the of 

age. On the huricane as measuredeth.r hand, if 17e chooses by i'; niaxi.mum sutained surface wind speedto seed, the cituens for Effect of Seedingthcnislves may not )ciccie each ofIs I'Clcr off becau.n- of his the two decision alternatives.Then we use dat,,decisioLn. Q 11st.,ld. they from past hurric.nes Thew-aiy perceive to infei a telalioit next step is to develop a prob.betweenonly iil Itc sioi becaie \%orsc alter 
\wind spc,:d ability distributionand property damaage. for the wind speed

li. seeding lv assessing themid they niay bl.'mc the 
if the hurricane is seeded. Tile changedecision consecnence,nia.cr infor his choice. prepeily damage

tIrade 'Fhe Lerrllollit re"ponsibiitl and in wind speed over 12 hors would then, btyev eceplin: and the prob-the be a conmhination 
silblit), for s,'cdiii .id 

tcpon- ability that these contequ.nccs of the natural change
accept i;i-., will be occurri-.ghiI i r achieved. in the hurricaiie\%e are a.ble and theprob.ih'ili to determie 

is 
i of ',eC'cre properly darmage which of 

change cAucd by seeding. With the lim.lhe crucial VVICe the decision alternativesin the dLCi%1o is itedto the preferred choice. data availible it is ,easotiable toassune that tie wo cffect5seed flit icaic~ would be
 
independent 
 of ea,: other and act inan addilive fashion;Unertaitly In I lrrirane Wind Chiai,es 

for esiinple, Ifsuch thateVe bepan our the nalturalanalysis by considerinp bech:ueeia.inmumis an intensificalionspeed is stistaitedincieaTilhe deciion to seed d fron' 100 lo winda lhue,telning (100-+hiicanc %%mild the chiamuwe inllie takcl,,t taim nilqi s lsainedallt 12 facc ssinds over a 
Sir- .r) percent,hours b cfo 12 hour period (oi 

and if the Crect of WsC1diinal li hittic ue is pi,.:ilh,ced a is to diminishi the nl.m\nntitto hiir rcane that is not sustainedltrikc the cOast. sedvd. IfAt this tiic the con. ulolhdata had been avallJble 
\\itd slrCed ft0111 100 io (100-y) per.onlthe chings ccni, the net obscivcd change over 12 

efLt'1 
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D060 1 1$il Uii t ) ItUIU A pcr-

,cnt. A probahility distribution has at-

read) bccn assincd for natural chnngcs; 
we need to asigii a probability distribu. 
Iion for the chanre causcd by sacding. 
In dcveloping ihis probability distaibu. 
ton it is necessary to distinguish L-e-
.twccnthe-effcct of seding on onc-hur-
dcane ......... effect of seedingand :lhc aver=,gc 
on many hurricanes. The effect of seed. 

iing on a patlicular hurricane might
be quite diffcrcna from Its avcragc 

xi' effect.efAcct. 
After discussion wilh metcorologists 

:associated wil Pro'cct Stornifury, we 
4-'concluded thal,,ie major uncertainty 

about the effect of sccding woula be 
resolved if we knew whicn of the fol-
lowing mutually c\clusivc and collec-
tively e.Iiaustivc h\pethcses dscrib.d 
the effect of seeding: 

I) Ill, the "beneficial" hypothesis. 
-The average effect of seeding is to re-
duce the maximum sustained wind 
ispeed, 

2) l.,, the "null" hypothsis. Seed-
ing las no effect on hurricanes. No 
change is induced in maximum sus-
tained wind spced. 

3) H3, the "detrimental" hypothesis, 
The average eect of sceding is to In-
croase the maxinium sustained wind 
sped. 

The scientific bsis for the "be,.c. 
idcal" hypothc.is. li had its origins. 

In the original Simpson theory (1), It 
has been modified and strengthened by 
Project Stormfury studies Involving a 
computer model e1 hurricane dynamics
(I, 12). This hypothesis, in fact, moti. 
vated the formation of the Project 
Stormfury research pro-ram. A possiLle 

:' 	basis for the "null" hypothesis, If, is 
that seeding does not release enough 
latent heat to affect the dynamics of 
the hurricane, The "detrimental" hy-
pothesis, 11, has been added to cont. 
plete fle set. t logists do not have 
a basis In pli)sical thwury for Hs that 
Is conipatablc o thait or HI, or 1. 

Even if we 1.now 'hiich of the hy­
pothoses is true, there crnain uncertain. 
ties about the effects of seeding. We 

now do!cthioe thle app'roach %%0 follo%%cd 
In creating a model in formalize C'xist.. 
in llowkdre aboit these unccrtaln. 
ties. Thcn we shall return to the hy. 
pothecses, 

Let Its Suppaow wc liiv cces% to .1 
clairvoyant tsij v:in tell us Ihiy. 

mincd wvinus ot a sceocc nurricancior 

each of his three possiblc 'answers? If 
the clairvoyant says If. is truc, the as-
signment process is simple. Secding has 
no eifect, and the same probabilities arc 
assigned to the wind speed w"if the 
hurricane is seeded as to the wind speed 
s-wif the hurricane is-not seeded -(13).-

'.("1ll) = P(w) = 4(100%, 15.6%) 
(I) 

If i1,is the clairvoyant's answer, the 
process is more difficult. The average 
effect is known to be a rcduction in 
storm intensity, but the amount of this 
averve reduction is uncerlain. The 
Simpson theory and the computer stud. 
ios indicate that a reduction of 10 to 20 
percent in wind speed should be ex. 
pected, with 15 p.rce nt s the most 
likely value. This information was sum-
marized by assigning to thc change in-
wind speed a normal probability distri, 
bttion with a encan of - 15 percent 
and a standard deviation of 7 percent. 
An average reduction .reatcr than 15 
percent is condercd as likely as an 
average reduction less than 15 percent, 
and the odds are about 2 to]l that the 
average reduction will lie between 22 
and 8 percent rather than outside this 
interval. 

The effect of seeding on an individ-
ual hurricane %ould be uncertain even 
If the average effect c" seeding were 
known. Odds of about 2 to I were con. 
sidcrcd appropriate that the effect of 

..-


Dedslon 
Minlrnatlves 

Seed.
 

Fi, 2. The seeding de. 
cit,: dcision tree. 

Do not 
seed
 

seeding would notdlerfromiheAver­

age effect by more than nbotit 7 per-. 
cent, thus, a normal distribution cen. 
tcred at the avc rage value with a an. 
dard deviation of 7 percent was judged 
an 	 adequate summary, of the informa. 
tion available on fluctuations illSccing 

-cffects.Combining the unceriiinob r­
-fluctuations with fie unccrtaiiity abou 

the 	average effect lcr.,ds to a probability 
distribution for the effect of secding a 
specific hurricane that is normal with a 
nean equalto - 15 percent and a stan­
dard deviation of 10 percent (14). 

Adding the natural change in the 
hurricane over a 12-hour period to the 
change resulting from seeding: gives the 
total 12.hour change occurring ii a 
seeded hurricane if hypothe.is HIlis . 
true, The piobability distribjlon as. 
signed to s'Wis then normal with a re-an 

'of 	85 percent and a standard deviitton 
of 	18.6 percent (15): , , 

P(wIM) ,(85%, 18.6,) (2) .7 
The development of a probability j

distribution for w', if it is considered 
that 13 is true, proceeds in a similar 
way. The average change effe tCd by 
sceding is described by a normal: prob. 
ability distribution wih a mean of + 10 
percent and a standard deviation of 7 
percent. The fluctuations cxpcc'ed'when 
an 	 individual hurricane is seeded are 
normaily distributed around the ave'r. 
age with a standard deviation of 7 per­
cent. Combining these uncertainties 
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wt techange &lc rlinlY abOutin the huw,canc thlenaturalover 
vc ohltai a probability di,tribu-

ological information and meteorological values Of two normal probabhity
period, a 12-hour take into aCCOUnt both Present metor. 

information sity functions denon f w' tht is noriial sviVh a 
before the results of the 

The probability densit'ilcan function
of 110 pvir-Lil and a standard dviation 

1969 Debbie experiments. The models 
for thc Debbi resulhs it bypothesis H, is true'wa have just constructed P(u1 '69 perccaof )8.6 picwcIl: allow us to

examine a,= 85 perccntIH,). isthe eflect ot experimenal
'(w'Ji I/,(I 10%, 1'.6% ) 

scrvalions, such as 
ob-

We () the Debbie results, inhave now developed revising the prob;,bilitic; assigned to the 
P(69%, 85% Ill,) =p:obabilily 1.50 X 2.14distribuibuns three hypolheses. If P(69%, 8S%Ill.) = 0.372 x 1.64 

= 3.21 
for (h a wind speed W= - 0.61wiid sp.:cd P(69%, 8.%I.w' oer ) = 0.195 X 0.836 =a 12 -hour 1kr od follo',%in- U has been observed after a seeding 

0.173tlic initia. lFerin:enl. the posteriorof proba bilitieslion ,ediogfor each of tle ex. 
hYicilcs% three N(II1,l) (7)"To oblain the arc rclated to the probabilitiesprobability These numbers candislirbt-tion PU1,) assigncd before be used to compu

;t' r, the experimentfor ~~Ihlh t reprc . theieiih, Oaf posterioreri probabilitiesprcs- robbi appropriateby. ayes' equation (3. 
ites pro rallyto 

'cdIfillfoin 16. 17):o aouw t filec huhi all oprobabilth.e ah1 d wshrubu1 byiio the proba. P(lfl,) -P(M'l._)l'uh) 
hics assigned to the hypothese-.P()- before the(5) Debbie resultso%,r the For example. were known.bili), that is picculiy asiened to each suppose!;r.c hypotleses: thatwhere the beforcof the hyp oith,.we bcin P(u) denominator is thetrue and sum P(.' ) Dces bbicIll exprillnl. an J11s11the, % ,.reconthree sidredto be equally likely, thaIt hypoh .is, each had 

Debbiea probabilityresulls ofare 1/13. Then,incorporatedafer tihp ic' 1' 1 10 through' 1 (4). The extension to several indepecudent(6 lerior probabiliticsHay s' cquatioi. assignedthe correspondiuig Pol.l l to the 
.perinlicllts is sraipliforward.Debbie tlelt, The hypotheses arearc consideredto the I)II111h .cs as tvo /'(lII cebbic)ind c lpedent c\p eipne = 

d uctions i ts in %lhich rc.of 31 an d 15 p ercent a in, %ind 
1)liuhl p e d %%ere obse rved over 3 -.. .1. III +.ydihl). th'lilliol for it a 12.hour 3.21 x l/ .+ . 

sito as. -0.6 l i '•5tjlu th, Ji)..illfispi period. The pm',erior probabilities 
0ol ' l'lM ll), 1'(II:), ..d as.lld (:II.), 'Iie 0i~ lh)puhesesprubaluilities ote are Compulejshould P(IlIDcbbic)by mlliplyiu! = .15togelliCr the appropriate P(II1,11hbi) l .04 
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I Wever, nil,'oroloiists did not believe 
that 11. If, anl 13 were equally likely 
bW'forc the Dchbic cxpriments. They 
tlhought that seeding was unlikely to 
have any cfl:ct but that. if seeding did 
have an ciferk, more likely to beit %as 
a reduction . wind sj',ed than an in-
creasc, bccaowc a reduction was ex-
pccLcd from bth tihe Simpson theory 
and (he cormputcr model studies. Fur. 
Iher, the four ficd e..periments that 
%%ere condtctcd bt'ore Debbie all led 
to no chang, or ', reductions in the 
maximum wind sp, ds (I). 
We dcteruin,,S)robability assign-

rnc s for llc l-ice hypoiheses to reflect 
prescit lnf'ri;ution hv two conditions: 
(i) l~ef .r).bhe, ,retorolonists be. 
lieved th. '1 v as oar.:"likely than 1I. 
if seedin_, .h,,uai, effect on a hurii-
cane. (ii) Since D.hbie, meteorologists 
believe thal IIl and It.. are equally 
likely. 

These condii-ns led us to use the 
pIi Aj litles 

.49 


P(11?) =.49 (9) 
PO(V) .02 


in our anallysis. "Ihlcsc posterior prob. 

abilities corrspotd to the pre-Dcbbic 

probabilites 

P(11.) .,5

.75 

l'(Ihl~) :. .75 (10) 
J'(t,) :.o 


This set of probabihtiy aksignments im. 

plies that prior to D'bbic the odds were 

3 to I that seeding %%ould have no ef-
feet but thit. if seeding did have an 
effect, tihe odds %%ere 3 to 2 for %%ind 
ieduclion rather than wind intensifica-
lion. Since th Debbic results, the 
chance of sweding cawsing an average 
intensification of hurricanes is assessea 
it I in 50, and Ihe "null" hypothesis, 
H,, of no effcet and Ilc "bneficial" 
hypolhcsis.,tII, of an average reduction 
are judged equally likvly, 

"1hc prob.,bdily asi irments (Eq. 9) 
representing presnt information were 
ieviewed sitih Pmjcl Siormfury ofli. advances and improved computer mod-
cilns before being uscd in the analysis.
I osscver. Ithe r.kls of tie analysis are 
not particltly ,cnsti~e to the spccific 
numbes, as we discuss below. 

l'rolnbilil, I)iiribiinim on 

Wind Sped 

We now can conplnle the probability 
disiribution% ovi \%id sp.cd for he 
sccding jnnd otlscedin, alternatives 
(from I s,I-4 and Eq. 9). These dis. 

tributions arc plotted in Fig. 3 as 
complementary cumulative distribution 
functions. By reading the ordinate val. 
ucs corresponding to an initial wind 
intensity of 100 percent, we find'that 
the probability assigned to intensifica. 
lion if a hurricane is seeded is .36; if 
the hurricane is not seeded, the prob.
ability is .50. The piobability of.intcn-
sificalion by 10 percent or more is .18 
if a hurricane is seeded and .26 if it is 
unsceded. For any particular wind 
speed, the probability that this speed 
will be exceeded is always greater if 
the hurricane is unseeded than if it is 
seeded because the complementary 
cumulative distribution function for the 
not-sceding alternalivc is always above 
the curve for the seeding alternative. 
This result is called stochastic domi-
nancc of the seeding alternative, 

We have now specified the urcer-
tainties about the outcome of the de-
cision to seed. The same methods could 
be applied if the outcome wsere specified 
by several variables rather than simply 
by the relative change in maximum sus-
lained wind speed. Much of the uncer 
lainty in the outcome is the result of 
uncertainty about tilenatural change in 
hurricane behavior, not about the effect 
of seeding. This characteristic holds 
even more strongly if other aspects of
hurricane behavior are examined, such 
as the trajectory of a hurricane or the 
precipitation it generates. Although it 
is considered unlikely that seeding 
w.ould have a significant effect on these 
features of hurricanes, substa-tial vari. 
ations may occur from natural causes, 

The uncertainty about the natural 
behavior of a hurricane makes the is. 
sue of government responsibility of 
paramount importance. The intensifica-
lion after seeding illustrated in Fig. I 
is a distinct possibility. Even if further 
experiments confirm that the "bene. 
ficial" hypothesis, I ,. is true, there 
would still be about one chance in ten 
that a secdcd hurricane will intensify 
by 10 percent or more. Meteorological 

cts may eventually allow many of the 
nattiral changes in a hurricane to be 
predicted accurately, but this capability 
may require many years to achieve, 

Wind Changes and Property Damage 

The winds ofr a hurricane cause prop. 
erty dma.,e direc.ly and indirectly, Ihc 
la:ter by creating a high storm titlethat 
can flood low-lying coastal areas. The 
data available for past hurricanes do 

not distinguish wind and storm.tidce 
damage; consequently, a detailed basis 
is lacking for a causal nodel relating 
wind and property damage. In our 
analysis, we assumed a gcncal power 
law of the form 

d C.W, (11)
where d is property damage in millions 
of dollars, I,is the maximum sustained 
vsind speed in miles per hour, and cl 
and c.,arc empirical constants to be 
determined from historical data on hur. 
ricanes. \Ve estimated c..from data 
obtained from the American Red Cross 
on rcsidential damage from 21 hurri., 
cines. Since the Cross dataRed were 
available for counties, we could isolate 
the damage caused by preciptation. 
induced flooding rather than by the 
wind or the storm tide by assuming that 
such damage occurred well inland. 
(The Red Cross data are the otly sta. 
tistics available that permit even this 
crude distinction between causes -of 
damage.) Corrections for construction 
cost inflation and population growth 
were included, and c..was determined 
as 4.36 by a linear least-squir:s fit of 
the logarithms (Fig. 4). Thus, a change 
in the wind speed by a factor x implies 
a change in property damage by the 
factor x to the power 4.36. If .x is 0.85,
corresponding to a 15 percent reduction 
in maximum wind speed, the corre. 
sponding reduction in property damage 
is 51 percent (18). 

The approximations of this method 
and the limited data indicate that broad 
limits are appropriate in a sensitivity 
analysis. If c. is 3, the reduction in 
damage correspondinR to a 15 percent 
reduction in wind speed is 39 percent; 
if c., is 6, the corresponding damage 
reduction is 62 percent. 

Since the probability assignments to
 
wind changes were made on relative
 
rather than absolute changes in maxi­
mum sustained '%ind speeds, the scalin& 
factor cl can be assigned is the last 
step in the analylis. Ve assume a nomi. 
nil hurricane sshosc maximum wind 
speed at the time of the seeding deci. 
sion is such that, if no chan.C occurs 
in the 12 hours before landfall, the 
properly damag, will bi S100 million, 
The analysij for a more or a less severe 
hurricane can be obtained by a suitabiu, 
change in scale factor (19). 

Using this relationship bctascn prop. 
erly damage and maximum %% speed.inid 

we can develop the probability distri. 
butions for properly damage for the 
nominal hurricane. whether seeded or 
unsceddcd. Figure 5 shows that 1he seed... 
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lug nltc:ntive stochastically dominates lutin,,oilthe uncertainty about wind. Carry' out thethe not-seeding alh:rnative: the prob-	 seeding); the expectedchanpi is indicated at the chance nodesability of exceeding a particular amount 	 loss for the not-s.cding alternative isdenoted by open circles. For exposi.of property damage 	 SI 16 million; the difference is S21.67is always grcafer tory clarity and conveni;nce, especiallyIf the hurricane is not seeded than if it 	
million or 18.7 pcrceut.in the later stages of the analysis, it is These results should be examined toIs scedcd. Hence. if property damage convenient to use discrete approxima-is the criterion, thc bc:ter alternative is see how much they depend on the spe­

to sec.,' 	
lions to the probability distributions for cific assumptions in the model. Sto­wind ¢hinge (20) (Table I). chastic dominance is a general resultAs a nicasure of the worth of each 
alternative we can 

that does not depend on the specificcompute the ex-iurtlier Analysis of th. 	 form of the relationship between prop.pected loss for each alternative by mul. erty damage and maximum wind speedDecision to Seed tiplying the property damage for eachof the five 	 (see Eq. I I); rather, it depends onpossible outcomes by the probabilities 	assigned to hypotheses the
The jecisiori to seed iLshown in the 	 II,probability that the outcomeform oN,decision tree in Fig. 6. The 	

will be H., and H,. The probability of H, mustachieved and summing over the possibledecis'on to seed 	 be raised to .07 before stochastic domi.or not to ,eced is shown consequences. The expectedat the Jccision node deoted by the 	
loss for nance no longer holds. Even if thethe seeding alternative is$94.33 million probability of H:, is raised much higher,small square box; the corsequcnt reso-	 (including a cost of SO.25 million to seeding still results in the least expected 

property damage. if P(HI) is .40,
P(H..) is .40, and P(HA) is .20, theRESOLUTION OF expected loss for the seeding alternative

UNCERTAINTY: isl107.8 million-7 percent less. than 
for the not-seeding alternative. Varia.CHANGE IN 
 PROPERTY 
 tion of the exponent c.,from 3 1,)6MAXIMUM DAMAGE

SUSTAINED 	 does not change the decision: if c2 is 3,LOSS the expected property damageWINO (maillionsdoWllonsIof	 with 
seeding is 14 percent less; if c is 6, theexpected reduction in damage is 22 per-PROBABILITIES 

ASSIGNED 	 cent. If the criterion of expected cont isTO ,32% $335.8
OUTCOMES 	 replaced by a nonlinear utility fnction

reflecting aversion to risk, the relative 
~~dvantage of the seeding alterniative is.416 191,1 even grcter (2). The results of extcn.&sive sensitivity anal)sis may be sum­marized as follo%%s: The expected loss0.392 in terms of property danmagc appears.
 

D 
0000. to be about 20 percent less if the hurri-

SEED' cane is seeded. Varying the assumptions 
of the analysis ci,||ses this jeduclion to 

EXPECT- LOSS 
- $94.O 4.$0.25 COST OF -16 48.7 	 vary between 10 and 30 percent but
does not change the preferred alterna.
94.51 SEEDING - S$0.25 -34 	 ive. 
16.3 

Gov !rnment Responsiblity 

The analysis ii the section above 
432% Indicates Ihat. if minimizing the ex.335.8


DD NOT 	 pcceld los. in ternis of properly damage
(and the cost of seeding) is the onlySED: criteriona, then seeding is preferred.

F×PEC'fD LOSS
f i""o 
416 	

Hosever, an important aspect of the 
101.1 decision-the malt(r of governnment 

responsibilily-has not yel been in. 
0.400 
 .eluded in the ana)l,%iv%We have calc|.0 100A lated a probahility of .36 that a sccdcJ
Q"O0 
 hurricane will intcisify beicmen seeding 

- and landfall and a piobahilily of .13Ex~eced Vat
oi of~ 	 Owl4.that this intcnsific.ilion %%ill be at leals......J mitOn 46.? 	 10 percent.of ull.,s)hig	 This high probabilily is 

largely the resultvari.ibility of the preat natural
-34 	 in huiri, me intensity. It ii160.3 advisable to consid ot ,t.I legal and,ih,:


Fig, 6. The s,'ding decikion for the nunnal 	higrlcant. t1he social concqiocncc% that tight 
tIt,', Vol. 171L 



oectir if .1 ,AdL ltirricane intensified. 
The crucial issue in the decision to 

bccd ai hurricane tlhreatcning a coastal 
area is the edlttivc desirability of M-
ducing the expected property damage 
and ,limii.g the responsibility for a 
dan .crou% . d crr.aIic natural phenom­
enon. rhis is dificult to assess. and to 
hae a siniplc way of iegarding it we 
uso the concept of a government re-

co dSeoflt follows..eptoef as 
,ponsihililtgovernmentcost. ISde it witha a coicechoiceTlhc is f iced 

bclv'cen a'stiming tlhe r,-sponmibilit; for 
a hurricane and -iccpling higher prob­
abilities of propc. -im e. This silu- 
altion is comp irtahlc to one of haggling 
over pricc: \hat incremcnt .ofprop-
crly-danlage roduction juatilies the as-
sumplion of r sponsility entailea by 

,n:. ii Iicanc? This incremnc.It of 
properly dai,._c is defined as the ov'-
ernment ic;pon,,ibility cost. The g(vern-
melit responsibility cot is a meins of 
quanlifyii, the inidircc social, lcgjl, 

3nd pclitical fctors iceicd to secdin, 
a hmicnc. It is dl.,iiuished Crom tile 
direct ITICsOirc -pro (amage-thatdniy 
is assunied to be the same fur both 
modiie itd htrricanesriaturl with 
the a, iiii\imun sustaincd wind 
spced c 

We, define the go~ernci t rcsponii­

bility cost so ihat it k incurred oniy 
if the hti ic:11c is sedLled. It is conceiv-
able that Ih public na y hold the gov-
ernint' for not aloisihle seeding 
scVc'rC hirric:mi,. whi,.h implies that a 
rcpC ),ihlilt) c ,,t .hotild also be at-
tached to the alcnaiive of not seeding. 
Such a cost %niuld streinthcn the impli. 
cation of th,' anal)sis in favor of per. 
miLting sccdimi. 

Thc a,.css mcni of government re-
sponsibility cost is niade by considering 
the seeding decision in a h)l othc:ical 
sihal ion in ,,hich no ,iiicei tainty is 
preent. .'onIpposc the . MCI tnnent must 

choo'c be lnccll two ollones: 

I ) A seedcd hurricaine that intensine. 
16 percent belwcecn the line of iceding 
and laildlLi.1I 

2) An mi'cd it hu,,ri,.mic that inlen-
Sifit'; intofeIhrim l I,'s;nI1 l betnen the 

tinI ol ,i . l.nnnl;|ll 1 lie prop.scd int 
city' 11,111,1f, Wlnii i'ini1iine 2 is z pern-
ceint 
loom 

If 
%,ill 
thcr 

wmolwcihan ihc iropct) damage 

ontilcoic 1. 

r is mcir /c o. the osernnent 


lio ,' . nrt 2 .- is larLe.
~olC If 
,%% nt ill o ,cr oiatcome I 

Wme Ihci . j%*111.1t11111l IiC Choice tie. 

cOiesi tl)" itliitli. iti i,. Ihv jscrii. 
ntert is iilidlt'i'iil to %%h,%h (mitLLoliCe it 
iccele%,i.or cx..jilvth.e indir'itegnc¢ 

16Jlu.i, 1VII 


Table I. Probabiliics a%%jincd iu,wind change. occuillos#n te 12 hours beloe, buirican 
landfall. Discrete approhimaiion fot five outcomes. 

Prontabilly that %ie 
Interval of changes In evalue In discrete liihan inel al 

maximum ,unialncd wind approximation 

Increase of 2S' or more 

Increase of t0 to 25 .
 

Little change, +10 to - 10% 

Reduction of t0 to 25% 

Reduction of 25.1 or more 

point might occur when x is 30 percent. 
An increase of 16 percent In the inten-
sity of the nominal hurricane corre-
sponds to property damage of $191 
million, so that the corresponding re-
sponsibility cost defincd by the indifler-
enec point at 30 percent is (.30) ($191 
million), or S57.3 million. The respon-
sibility cost is then assessed for other 
possible changes in hurricane intensity. 

The assessment of government re-
sponsibility costs entails considerable 
introspective effort on the part of the 
decision-maker who representi the goy 
ernment.Ulhe difficully of determining 
the numbers does not provide an excuse 
to avoid the issue. Any decision or pal, 

MAIMUM GOVE T 7AL 
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(') If If no4moedcd seede~d 

+32 A1 .054 
+16 .14) .206 

0 .M9 ASO) 
-16 255 206. 
-34 .172 .0$4 

icy prohibiting sccding implicitly deter. 
mine" a set of government responsibility 
costs. As shown in the last section. sccd­
ing is the preferred dceciion unless the 
government responsibility costs are 
high.. 

Let us consider an illustrative set of 
responsibility costs. The government Is 
indifferent, if the choice is between: 

I ) A seeded hurricane that intensi­
tics 32 percent and an unseeded hur. 
ricane that intensifies even more, caus­
ing 50 percent more property damage. 

2) A seeded hurricane that intensi­
ties 16 percent and an unseeded hurrl. 
cane that. causes 30 percent more 
property damage. 

: 

http:laildlLi.1I
http:incremnc.It


nteusifics nor dintislihes (0 percent Wihvthse governmentchange in the maximuni sustained wind 	
responibility avera9g'esponubility cost of $200ror.costs, included is diagramed in Fig. 7;specd after thc seeding) and an un. Even with 	

lion would be needed. In other words,these large responsibilitysceded hurricane that intensifies slightly. 	 an expcctcd reduction of $200 millioncosts. the preferred decihioncau.sing 5 ;crcent 	 is still to in property damnremore property dam. seed. would be foregonc 
age. if the government decidedThe responsibility 	 not to ac-1costl needed to4) A seeded hurricane 	 cept the responsibility of seedingthat dimin. change 	 thIcthe decisionIshes by more than 10 percent and 	

are a substantial hurricane. 
un.ccdcd, hurricane 

an fraction of the properly damage causedthat diminishes by The importance of the responsibility'by the hurricane. For the $100-millionthe smc amount. (If the hurricane 	 issue led us to investigate the legal basislhurricane chosen as the examplediminishes after sccding, everyone 	
for for hurricane seeding in some data.!this section, theaerccs that the 	 average responsibility Thesegovernment acted wise-	 investigations were.carriedcost 	 ouitmust bc about S22 	 million to by Gary Widman. Hastings College ofly; thus, rc,.ponsibili.' costs are set at changezero.) 

were the decision. If the hurricanein the SI-billion class, as Camille the Law, University of California. Alfirm legal basis for operational sccdingi 

CHOICE F 
TO GATHER 

INFO MATION 

RESULT OF 

.H, YRUE 

SEEDANI 

SEDI 

OUTCOME 

IO T 
.IS 
,160 

-4 

apparently does not now exist. The doe.nie of sovereign immunity providesFROlERTY the government only partial and unpre-
DTOAAI dictable protection against lawsuits, an6 

substantial grounds for bringing sucl.
S .335A.lawsuits might exist (22). A better lega191.1 basis for government weding ativtic.,100.0 is needed before hurri.:ane secdin!

46.7 could be considered other than as ar16.3 extraordinary emergency action. Spe. 
O OT 42% 5.8 cific congressional legislation may bi 

416 
o 

-16 
-34 

9t. 
1oo.o 
40.7 
14.3 

the best means of Investing a 'govern.
ment agency with the authority to see(hurricanes threatening the coast of tht 
United States. 

(#A9 416 15.8 Value of Information 

H'TU1 4.7 
0.9E 

One of the most importani concept
SEED -34 16.31 in decision analysis is the value of InDO NOT
E 3 .s formation:.SE 	 How much it would bx191.1 worth to make the decision after rathe0 100.o than before uncertainy is resolved? Ii 

-4-IS 46.7INORMATIO 	 16.3 the case of hurricane niodifiation, hoemuch should be the government pay tt4 karn %%hich of the three hypotheses
*167, 1e , H.., or H:,, is actually true (23)
16 19100.0 We imine that the government ha 

SEED 
U 46.7 access to a clairvoyant "ho has thi-34 16.3 information and is %%illingto sell it t,

_o__O__ 00theNTovernment,E 00 NOT if he is paid before h.33 132' 3a5.8 makes the information available..4 .116 	 It191.1 easiest to understand the calculation i,---------- 4 0 100.0 terms of the decision to seed one humo r.or 
Do 	rN cane threatening a coastal area.

,N FOM A T~ tl [ ' 
-34 16.3 Let us consider thc choice bctwee: ; ' ,S ., th e 	 t~ oINFORMATION 	 eci i o n situations showin9.3$2 3.

4,16 191.1 Fig. 8. The government can choose t,a 100.0 buy the information an,! make the dc- 40.7 cision after it has learned uhich hyt.34 1.3 pothcsis is true, or it cal choose not tDo NOT buy the Information and can make tl'.
&EnON 
 016*, ~.1 seeding decision on the basis of ths 11., psc uncertainty. 

0 IOO0I-1p.9nd Vlue (m 	 l.eti Let us, for theollne 00u 	 menat, consider oni,441 property damage and the cost of icedFig. st.t:'ehid vallic of the clnirvol'anl's Infornation-hich hypothesis dcwcriheg . n and disrwegar pImrnnientthe cfhkt of kcding7 (there 	 sibiliy costs. retponi no Iosernncnt tesponsibility cost.) 	 iflI, i%Itre, the preferte,decision I,. to seed because the expcec. 
eIlrswp 

l 



iss of s 1.§.0t) rillion for the alterna. 
.live of Inut sceing. If I1.. is true. then 
by chonsin n( t io seed, the governnicnt 
saves the SO.25.million cost of seeding; 
the loss tu,pcctcd from properly damage

Is lhe sam. for both alternatives: 

$116.00 niiltui i. If i1, is (True. seeding
is a poor chciK : lhe c',icctcd loss from 
property di'l:m is S167.61 million.$51.61 million nore than for the al-
tlinalive of ot seedit. At the present 
lime, tl e government does not know 
what the clairvoyan %ill sy, but prob-
abilities have bccn assigned to his an-
swers: 

"(If) :.4 9 

.4 (12) 
P(Il.) .02 

The expected loss corrisponding to the 
dccision situation i Fin . 8 is then com-
puted by unhipli th. probability of 
each of the clairvoyant's answers by 
the cxpcled loss ,issociatc; with that 
answer and miuflinp .)ir the three 
possibAW ansvte; 

(.49) (S69.42) -+ 49) ($116.00) +
(.02) ($1) ok)) .: ? 17 million (13) 

Cooirq'I:ihis with the expected
loss for ihe bct alicn.itive (seed) 
Withoil th- cla nvoo.rinl's information, 
which ;.. S' .33 i li, we w e ihatit is $1.16 riillihi lcs this difference 
represents the cxpcc.; \.lic of the 
clairvoy)'ars infor:,n iaiin in alloin 
the go\crviici :o naike a better de­
cision. It i. r.I: x .y small number 
comparTe, ,%ith tiu t e d JOsse! be­
catISc 'lh iiit i iil , i, not expected 
to t.c of i l ch v ,l we---tlie rohability 
zssipnl, ,,i+.in iti O}:i g is LI­le i cd iln 
ready a Vo\ ;dcai'. h clair-hot the 
voyant's iitiforlri.lton Ot povernment 

should ceid, ,ilh thc clair\voy nls in-
linmatlion, wiw4i.h .49, lh)l,.illly the 

crnuicn! \6!l sa c the cost of seeding 
( $0.25, ui llih n ), aild \ iih the lo %\p ro b -
Lbilily .0 2 it %ill ai citl li c p o te n tia lly 
disastrous ilte . rcJ from 

sll, S167.1, milior -- St 16 1nil.sa\ ii, 

S 1.61 

we F.Cl Vc same aisiler . before for 

litc vahle o f i ,,hoill. ti.tlon 


lion - . ilhoii lv thit% reasoning 

S1 16 nilh,In (14) 
and %\t cin .cc tit il'e valtic is very 
t nsili c ,to i: sm ail lio tubtily as. 

1'Jo , +iii jp c l r th e IP ;oseinm l 
tC~simicilt 15i~il 

are inchi!,td 'lhIe pt :.td va eli ofpicilrc illofialrion is lhin much hilicr 

1A1& ."I%/ 

r.sponsihillty costs can be saved by not 
seeding. If the decision %%ithoutperfect 
information is to seed. the cxpccted
saving from engaging tlie clairvoyant is 

(.49) ($0.2 + S23.28) + 
(.02) (S31.61 4. S3.37) 

$13.63 million (15) 
Thi%figure represents 11.7. percenl ofthc expected property dnninge if the 
alternative of not sceding is taken for 
the nomrinal hurricane. 

The value of information largely de. 
lives from the fact that it allows the 
govcrnmeat to avoid the responsibility 

ffr sceding if seeding turns out to have 
no effect. The largc increase oer thevalue computed in Eq. 13 is due to the 
contribution of the govcrnnicnt respon-

sibility costs. Most of the increase of
SI2.47 million, namely Si 1.41 million, 
comes from the first or H.. terni. 

The value of information depends on 
th cxctent to which the government is 
wilibn to assurne responsibility for 
ser('. a hurricane. If responsibility 
wer not an issue, the golernment
iould seed operationally now, and in-
formation would have a comparatively 

low value in the context of this dcci-
sion. The value of information is great. 

CHOICAOF 
WH(THIfi TO OPERATIONAL COST 
EXPM IENSULTOF IINo OUTCOME,. "W 
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Fil. 9. Value of a seedlng ex pe llmcn l (i.oicnment responsibilily cost Included), 

##^ ( 1 

co-ts at large enouth to make the dc. 
cision osscnLially even b,=twccn seeding 
and not seeding. Still hig-her responsi.
bility costs cause the value of informa. 
ion Io decrease (24). 

Vahle of Further Seeding Fxperlments 

The analysis of the value of a seed. 
in. cxperiment is ,imilar to the deter­
mination of the value of tile clair. 
voyant's information. The difference is 
that the resolution of uncerlainly is only 
partial. The information obtainc." in 
the experiment is used in Bayes' cqua­
lion (Eq. 5) to revise the prior piob.ability assignments to the hypolhcses. 
The original decision ik then re.valated 

'silh the posterior probabilities (Fig.
9). The result of the experiment is un­
certain when the decision to experiment 
is made; consequctnly, the value )f ex­
pcrimentation must be computed as an 
cxp-clation over the possible poslerior 
decision situations. The situation can 
be diagramed in tree form as shown in 
Fig. 9. 

The analysis for Iwo experimental 

seclings is Riven in Table 2 (25). The 
values assumed above for the govern-

TOTAL 
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! b o all huilcancstlo Ptrctnt Q1hurrins that ilqIjuiWi jo be I4toijake for ..... lon " shehslIT mina4 .of*that! but1 tiurrkcin ?Iistropriinlght b9 seedcd opcrationally. The o'etI i ut-6c A. . ...operatro r %uto ob ada onumerical rvsults for the single nominal -, obeculae 
urcasnmnitrizcd 

a se 1211ht fI 1he
c 

Of
'Cd 

tt1e 
ifalhrlra
1211 two COlUmnsj *.-0u~

SoU'ld be doubldin the x.. 
let-,tcm olunn of ablo 3,andareextend1ed to muliple hurricanes in the 

rem ain ing columns, ".- " 
Even if only half the hurri'ancs 

could be seeded bccntusc of tactical con-sldcrations having to do with 
t*tion, hurricane rijeciory, andiSO on
the expected annual bencfit from
fect Information ,* 0 

per.
is $26 .......niillion.nd Itwe 

assume that only half the hurricanes 
could be seed-d, and discount tho ex. 
pecled beneits erfect Inform ationfor all future hurricane seasons at adiscount rate of 7 pfrcent,'we arrive at
$370 million. This figure represents the
value of a ,perfect cxperlment that 
Would determine wicthcr H, Is true,
A ngle repitilion of the 1969 Htir.

ricane Debbie experiment has an ci-
' petled+ value of $5.39 millioncontext of ilia In thenonmintl hurricane , ­g. about 4.7 . percent. of expected property-+) .
 

c'-
damage. For the decision to seed aIn-,.. gle hurricane in the billion-dollar range,
the expected value of the experimentis ten times as high, about $50 million,
For one hurricatie season the value Is
4.7 percent 9f S220 nillion, or $10.2
million (it is assumed again that v--
orts tactical considerations might pre.
cUde seeding In half of the cases). For
all. future hurricane seasons, 'with adiscount rate of 7 percnt, the value is 

of tho experiment and ten times the 
present ' annual budget for Project 
Stormfury. 

Experleg~ental apbiyDeson
CapaIility

The occurrence of hurricanes IS A 
random, 0sheonctin, Therefore. it Istincertii %heihcr there will be an op.
portunity for an cxperlniental seeding 
before -,the arriva~l of a threateningStorm- that., nilght be operationallyseeded, Oppomttsiis for experimentalstedingi have ben ica , In the 
few years' thera e b~~teenexpoimental wedins, and only sixthese have
been conldevicd on t reeDrliangs,

(1961), IlouI.1,77c7 
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Item 
. 

out seeding 

p d is notp-­
n plo, nlaltoatscedl,, I$notparmined. 

of the Atlantic Ocean accessible to air.
craft based. in Puerto Rico, nd few 
hurricanes have p through thisregion. thr 

There are many other regions of the 
ocean whea hurricanes might b foundtha _" €.,r, t , thel n
D .~
perimental sceding-ha. ' n Present criterion foe xa.Is, the hurri. 

$146 million compared with an expni-e. lorins of the' subseuent developntmenial cost of about S500.O00, The of iliabenefit hurricane requires other aircraftto cost ratio is therefore About
'300. Even 

fitted with the appropriate itrument.itonly a single hurricane lion. The requiromen t n equipment,seasonis conhidered, the expected en. crew training, anId communicatIons andCfIS are 20 times greator than the cost 

cane will be seeded only if tiie proba.bility is less than .10 that It will come 
within 50 miles of a populatd landarea within 18 hours After seeding.
However, a decision to expand t 
present experimental capabily of 

..
Project Stormfttry would need to bemade well before the experiment Itself.
\Wheres the seedilng itself requires only
that. an aircraft be -ftted with sliveriodide p.otechnic generators, the mon. 

support facilities aro substantial, In ad.dillon, permission may be needed from
nations whose shor. might be threat. 
eased by the Seeded hurricane. The ex.perimeral decision,, then, ivolves anInvestment In the capability to pertorm
an experimental Seeding. Whethorexperiment Is rerfornied ondepends Onthe uncertain occurrences of h .rricanesof Camille threatening . 

(196)). and ll .pelmoloileedne x
.: : p rlunlyor 
 e~l +,. i -.;.:,.,,. n~hlr
In the P ..•ilic tbe)tbbk (1969) (7). ip lm'ntai teed. 
,ppois more than-
 N iceli.l ii the Allaonid (n) T..to.MIS have been lin.ied to a smanll regiot fe, It app advisablnalrs to ds.e.op a 

In the experialnal areas,The expected ime before another ex.
perimental opportunity for Project 
Stornil'ury's pretenit capability IsaboutOne full h1urri10ane1 season, There wasno opportunity during 1970, Prelil.nary .stestimtes of the coit of AcpAbil. 
Ity to seed hunieannes Inthe 'acriflo ,'reabout $i million (27), -The Incidence
of eaxtrimnentatly cedAh i hlt.-°ri-es 

. I huruican 
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ofocials. This decision cannot b "
 avoided because Inaction Is equivalent

to a decision 
 not to permit seeding.
Fither the Government must accept theresponsibility of a seeding that may beperceived by the public as deleterious,
 
or It must accept the responsibility for
not seeding and thereby exposing the
public to higher probabilities of severe 
Storm damage. 

Our report to .tholNational Oceani

and Atmospheric Administration 
 re­onimended that seeding be permitted
on an emergency basis. We.hope thatfurther experimental retuls and a for.
mal analysis of the tactical decision to 
sece aparticular hurricane will precede'the emergency. However, a decision 
may be required before additional cx.
porimental or analytical results arealable. A hurricane 

, 

Capability 40 conduct experimental hur.
ricane seeding In the Pacific ocean,,
since the berionts expected from, thiscapability outwciah the costs by a fac. 
tor of At least 5 (29). 
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Conclusions from Ila Analysis <. , 

The decision to seed a hurricane Im- .
 poses aigreat responsIbility on public 

illthe Intensity 
populous

coastal AreA Of thea Unlied States wouldconfront public ofliclals wl an aoniz.
Ing but un.vodabl choice. Ip

Tho."eIsion-to seed hurricanes
not be resoisri 'on 

can 
strictly scivntiflegrounds. Itls a comiplex decision vshosetintortaln consquercea eaffect many 

people, '4ppropriaic: 11gal nssdInsitution, shoultd 4 political
linld
d . for
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REf1( NA1. STUDT ES 

All of the follow..ing stulies Present sta1tistical inforratior, 

V con!:u..inil, infant,ar--3 Mhlh~drlrtlity and relatod variables for specific 
Correlations and causal relationships are measured
geographical areas, 


and discussed. ,9..
 

ortalitv in Tule, University of M4ichigan,,Adla' ha, A. L., A Stid of Inan 
HD, 1970. This study lo,ks out the urban-rural diff!rentiations,.,do°rographic
 

variables, socio-economnic, educational and environrontal characteristics of
 
couples in Turkey who have experienced infant mortality,
 

Arriaxa, Fruardo, Nortalltv Decline P.nd Its Den rachic frcts In L 
.. 1970 hsbook
.University of Cal, 3erkley
Populatl.on iPonotraph -ri, •, ...

, 	
0-5 mortality but it is good bac)ground.ma-ierialdoes not specificnlly address 

for unrdorstrndin- the tipict on age structure and other effects of reasures 3 
that lower mortality.A 

and
Chandraseiar, S., Tnf,nt ,orttlitv, Poruilation Gro-,th F lv nnij in 

Carolina Press, Chapel Ill 19?2,.This is, aI n The University of North 
revie' of infant mortality trends in the world as well as in India, ca'jses and 

strateg~ies.
-*preventive 


Hamer, J. H., The Cultixri. Asne of Infant Y.ortalitvy in SubsAharan Afin 
discussion are presented7 	 Northwostern University, P-, 1Q75. Statistics and 

availableindicating rmagniturte of infant mortality in this region of'Africa , 
i-	 medical rcsourIees, social organization and customs that pertain to infant, 

mortality. 
Y.,l 

-rat~ile Stidv of~ Infant dChildhood Suvivor­IHarrin~'ton, Judith, ACf:n 

shio) in %'estAfrica, Cornell *.niversitXY, FAD, 1Q71. This is an excellent'
 
detailed anlysis of factors that inflence infant and childhood mortality
 
in Wost Africa. A lu,,d doscription of the pattern of ortality inthis
 
area and acomprehensive bibliography are included.
 

In 	 .fnc. and Childh.od; Iarrint'ton, Judith. ..... Dvolor~ent and .ortAlit.. 
S...f...t....st U C2aI Department of PopulationPlanning - C , 

analysisthatsupportsUniversity of Vichisan. 197, This 1t an interst nc 
K 	the idpa th~t sconoric dc',olor'morit can be crucial in lowering~ the hi'ah ratesA
 

of~ childhnod mortility.,,but it can also work'to increase mortality"
oinfant andt 
I> 	 This roport strosos mR1nutr.tion.as the mostsoriousfactuor-ledinmr to mortality 

in this ago Croups bWt points out that a synorgisticnetwork offre r 

of: 	Vatak A Pan Anoricatiand C. Sorranco, Pa.m inCIdb~qd 
HAlth 0rA'rtAo, Pciontific-)Publication O'71Q7). This tuyrvows 
the llndorlyinp and ascoainc O0'.nis o dath for 35,O0 ohdildron babyow the 

-~Puffer,,)Ruth 

qq'f i%vo~in- 134~% ailn .LA tln AiA Ynd tnok siNorthi .lo.-te V4( in A c 
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..... or, Ruth, LAtt~jrn -rSci.tific Fu ,YlTctie'n ,.,-Pan A'rican Health Orgaizaio,
jpyF c't of 1eath in TI11-L~. reviewshe studyadlts by se, t*"e underlyin7x naa..nd othe characteNistis , ":.*on ctties in 1itin,l-Anorcr i an 
 one .I
, in North A:erica,.


V ,-3 than, K. Stdo 
­

n , ito,, in,Tra. J4 ­aK. nd St,, ---o- a: ti
rilth an 3il. .l n np,. m ..... :::..Y :.d..
.. .. 1The, !,1nqGandhi.ram Institt.­iTl .n.sdu ... ...
ho t yds th Chalti 10,11,infant mortit,z,-- Chapter1M . Thesoproblems of measrzti. discussesinfant m.ortality. Chapter . 
'crt J.lty in an 10 takes a lookurban aroa, Bombay, and Ch0ter at infant11 analyzes factors affectinginfant and varly childhood muortalityv in Inclia. 

.alace, 1lelen, et al., and Cild lth.Practices# Problems, R's-urces!i ! ..
 
off e 4,C.C. Thoas, Publisher, tinfield, 1l1.
This i.q irobably the nr:.'est, most rv'talle booY,on tho 

1973,
the discu~ssion conc,r' the subject; Most ofUSA, but severalinf~tnt and chnldho,,.-orMdity chaoters review.internatioand .ortality problems. a 

, John and J. Go-on, The Khanna .t1. 
­

J.Wyon. 
­

asschuotts, Harvard University Press, Cambridge,l,7.,Ch.at7.
reviews thq DOahs and P-pulation Pressure".rates and causes of infant and childhood mortaltiy This chapterin Punjab, India. 4 

S Inte 
 School of Ptib'.ct Health Library, Universttynun'-otis rvopotr of .ohI an, there arfromi heaith nnistrios of various countries.
r---ep Many of thesets contain morbidity and mortality st"tistics for the 0-5 Age e 
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to ortAnt complicationsdar ! n ad priture delivery, .. 4and -i d care of the no!. c,rrent methods. of diag'nosis­.. born . .
hen "prevention.-measures . @n s sfail to delay . :,,.untimely births. 

Bohiqr, !oi "-oath,, 
 and Disease in Infants andCe~utrj0on", ToIdlers of ProeindustrialAmi-rhn J-~,rtnl ofThis.nrtio rovi.,.dta rev 
Public !("alt~h Vol. 54, 1?* July 1964.

days n p .. ic !ortt..y rates ,romiY.4-' to four years in several L"Cs co"paored with the LSA.rates. .seven 
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and introduces a methodology for calculatine relationships.
 

Ndale, A. E., 
"The Bui t-_n Failure Rate of .Tr.uni7.ation at Infant Health 
Clinics",T L.cet, Feb. ?2, 195. There is a need for lookAnp at the 
failure to i-",unizc move children in LDCs. This article suggests ways in which 
i--Uniz'.t., rit---.. . b-.es be .or!3 

Falkner, Frank, "Key Issues in Infant Mortality", The Jonrnal of Tronical 
Per!at.ric; and Envrn,'ntr.. Tnfant Child 1ieal th, Vol. 1?, 41, 1971. This is 
a review of curi.ant discussion of causes of infant mortality in the USA.
 

Feldstein, 1'., "A 3inary Variable Xulti.-le R.earession Method of Analysing Factors
Affectinr Perinatal Mortality and Other Cutcom.,:es of Fr&Fgnancy", Jo,-nal of
the,I'mov1r,
Stat4 stical So-e"tv,, Vol. A 1'9, 1966. Regression analysis is used 
to deter ine relations.ips betu.een perinatal mortality, maternal age,
parity and social class in iritain.
 

Gcijerstfim, GunnAr, "Low Birth Vei; ht and Perinatal Mortality", Public 
Heali th omts, Vol. ,l,# '1, Nlov. 1-96Q. This article renorts on the 
lar.-e pc.nta.-e of' !o.: birth weight babies a.ong the inf-ant fatalities and 
compares Swedish and USA data. 

Gopalan, C. M. Behar, P. Robinson, et al., '".,orld Wide Exnerience: Soecial 
Problcvs and pre:.entive Prora-mresl, , Journal of t ronical Pediatrics, Dec. 1q68.

This is a rood review of oarticular health prohlems of children in india,

Latin An.iorcan and Africa w-t> soecial reference to preventive programs developed
 
to tce2t these problems.
 

JoJlffo, Der'rick and C. 'Wiliams,.other and Child Health: Deliverina the 
Servi-e ;, ('),/for-! Xedical u'_blications, London, 1972. 'his is a eood comore­
hensivw revicw of issues concerninz the health of mother and child, population

problems, .easi.ree.nts of health, health services, etc.- geared towards LDCs.
 
Kessner, D. J. et a]., Infant 'eth: An nalivsis by 1?'Aternal Risk and .health
 

Care, 'ashin0tcn, D. C.: Tnstitute of i-.edicine, Nation'.1 Academy of Sciences,
 
1973. .,w York City data for arprc-Xm-atoly 100,000 births are analysed to de­
t,:r'ine the relationships between infant mortality, maternal risk variables
 
and prenatal care.
 

Morloy, li'ivd, "A Iedical Service for Children Under Five Years of Age in West
Africa" in The ?.'.-nl Son4 otv of T. nical :edicio and Mv,!iene Transactions, Vol. 
57, 1963. M.orley des2cri.es in great detail a medical service desivned to meet 
the nnee's of children inder five in rural Ni.!eria. Costs of treatment and 
prsonn.l as i:ell as organization of ser,'ices are given. 

'or'-l-v, ')in, -in of Hviere. London,
"",asl. erian Children", Jon:rnal 

1963, o. 115. 
 In Africa reasles areFound to bo an outstanding cause of 
oeath beca-ise of all the con-licati-ns that follow-diarrhea, bronchopneu­
monila, malnutrition. 
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'c.rris, J.N., & J. A. Heady, "Social and Biolo ical Factors in Infant Mortality"
Tnhr r'ot, Fb. , 0, '6,Marzh 5, 1?, 1955. This is a ser.es of articles
that his become a classic stud)" of infant mortality in n-and and Wales dur.na194:? and 1950. Age of mother, parity, father's occupation among other variables 
are considered. 

Naranz---! Project, Punjab, India, Johns Hcokins University, Baltimore, Maryland,International Health Division. Ann'z .l reports arer.ethozlolr-y and data issued describingfrom their project, "Integration of Health Services andFa-,ly Planning". 
 Data includes infant and childhood mortality rates and in­tro-uction of new health services.
 

Pan American Health Cr;anization, "Perinatal Factors 
Affecting Htman Development",Scientific Publication ­ 185, ',',ashin_!ton, 1Q69. 
These are Droceedings of asnecial session that preDsented papers discussinR maternal factors affecting
birthweirrht, mental perfor.ance of children| perinatal conditions that affect
the new born's development.
 

"Report of the Connm+itee on Infectious Diseases,' AcadevmyIllinois, 1970. of PediatricS, vanston,
This manual reviews the etiolozy, epidemiolo.y and diagnostic
tests and treatment of those infectious diseases most prevalent among children.
 
Russel Louise, Deter-inrants o Infant and Child 
 'ortqlity: Reo-t of theFesibi itv St.,-, 
 art 

' 
i, National 1-lannin< Assocatien, AID Contract 'o./-C-7-~ 5 , 1;74
 . This renort reviews the lit- rature thatdiscusses vari: us dtter-inants of infant mortality- maternal nutrition,medical cure, r.aternal a:e, etc.. 


th-it 
It also describes the statistical orocedures
i',l he used for developin7 a causal-effect model that will explain
rclatio-.sh'ps lead.i-
 to infant 
 -ortality.
 

rin;ro, Sam, E. Schlesiner, R. Nesbitt, Ifant 
Perintal, Yaternal and
-1dhoo. "n-t-il--
 ...." n
)',in ~~~~-sthe Unitedofr S'ates,ng""Hiarva'd University 'Prlen
tn ress, Camrid.,r
ecle-t revie., cf* e. (, infant
,...tality in the USA 

an- nerinatal trends, deter-inants ofard international comparioons among the more developedL1unt.r!es is presented. 

Sloan, Frank, Sur.ivwtl of Pro7en'v in Develonint Countries: Anplvsis of Evi­e fr.- Cos.a :ic-.L,'e '-cst 
An 

9akistnnd
andTirtond

R-773-AI, 1 71. 's study 

Corooration,

identifies reional dife!'rences and potential
deter,:inaits of in'ant and childhood mortality in several LDCs. 
Nutrition
and female literacy reveal themsel,es to be 
important variables.
 

We-r.an, 
-yron, "Annu.l Su-"-ary of Vital Statistics, 1972 with ObsmMtons 6n
Chinv", .>Aaric:;.,Vol. 5?, V.i6, Dnc. 1973. This is a brief su-mary of infant
and childhood mortality trends in the USA and the rest of the world. 
Worl3 11,]-Oth Cr=-r,izatinn, "!!unan Development and Pu lic Health",Report Ser5.~.o, Technical#5 G-neva, 1?.. This is an intcrostin7 articlethe T'any that discusses

genetic,g perinltal, nutritional,etc.- 'hich
affect hm-n dovelopment. 
 Ax 



dorld Health Cran±?.Atirn, "The Cr anization and Ad-ninstrat-nn of Maternal 
and Ch . Pealth S-vices", echnical ?1enort Series, z-4?8, lq6l. This report 
prfesents r- sons for jor,-in7 co-orehensive n'rternql and child health services 
qnd th lo:istics of .n a"'..,n arministrative tasks. 

World HeaOth (:rpnization, ""'he Prevention of ?erinatal Yorbidity and 
Fort-tlity", P1ubic *Thq!th Paper 4:1, Geneva, 1972. This is a reoort of a 
s,,-n-r held in To:rs Anril ?-6 196. It nresents statistics on oerinatal 
mortality, soecific nel!ical Drob'.ens, suz;,estions for or-anization of 
care and strateries for reducin- morbidity and mortality. 

Worl.: K'.'rV th Crranization, "The Frevention of Ferinatal F.ortaltiy and 
'or, tv'", Technical ?.ecort Series, #457, Genava, 1970. This report dis­
d:i' 'acto,'s i.nfl1 .nnin the outcome of preanancy, long term sequelae, 

:i-s of care and educational needs. 

World "eralth Crranization, "Trends in the Study of Morbility and Mortaltiy" 
Puhblc '--alth .-apers, ;??, Geneva, 1965. This report revie-ws nroblems of 
notification of irfectious diseases, national health surveys and research on 
mortality and morbidity trends.
 

,:FA',,TAN C!.TLD'CCD >-'ORT.\LITY ;.'D UTRITTCN 

Ayurod, " rcn - d ortality in Infancy and Early Childhood: Past 
and Present ;-elationshi.ps", Arm-rican Journal of Clinical 'Iutrition, Vol. 24. 
April 1")71. This is a cornarison of i.nfant mortality and nut-_tional deficiencies 
of children in LDCs connarel "-th these same problems in England in the early 
1900's. 

Baert, J., et al., "Diet Supplementation for Entire Ccr.unities, Grorth and
 
Fortality of Infants and Children', An rican Joral of Clinical Nutri.tion",
 
Vol. ?3, 6, June 1 )70, This article discusses a controlled e<periment in
 
N rthern Feru, measur in. the effects of food supple-ments with different
 
levels of nrotein on the health status of four villages. One control group
 
included 6-3u -onth old children.
 

Benroa, Jose, "Nutrition Re'abilitation Centres", The Ioiirnal of Tronical Pediatrics 
Dec. 1967. This artclo dTcr.'is the equiuzont, nersonnel and orcanization of a 
nutrition r-hibilitatin centre. Benfgoa presents cost estimations of treament 
for malnutrition in hositals, reh-b centres and preventive measures. 

Berg, Alan and Robert .uscat, "Nutrition and Development. The View of the Planner", 
mrin Jo':n1 of ClE-: cal Nutrtio_ . Vol. 25, Feb. 197?. The first sec­

tion -)f this articl -... ,.,w. and literature on the magnitude andd-ta pattern
 
of ch~ldhood mortality in LDCs.
 

Bori,, Alan, Tho Nutritinn Factor, It!; Roe in Na'tio-al Devolonmont, The 3rookinzs 
Institut,, ,ashinton, P. C., P73, This is a vnry intercstinr book dealing
with problums of nutrition in LDCs vith implications for development policy 
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m.ikino. Be. discusses strateg.ies for alleviatinc malnutritionde volop anda "practical, systemvatic apnroach 
tries to 

to program formation."
 
Ctr'lle> 
 KAll.2•ort4.ity . 1in Zone of Senepal" M.1"~~sf.j.'I Rural ortality in ChildhoodjHtrrin-'ton, Po-ulatein Planninp 

For snecific reference and
soeak to J.
Dept.,of this .studz is 

niversity of Michigan.to exanine the The purnoserelationshipand fertility. betw!en weanine,Data from the infant mortalitySene.al areaat Chil-hood mortality by a:e, sex, birth 
is presented and analyzed, ]2okingorder, seasonal variation, etc.,

Cook, R., "The Financial Cost of Y-alnutrition,,,Jur Jo-irnal1968. of Trooical Pediatrics,This article estimates the costs of malnutri7on in ch-i1dren­treatment expenses and "child life wasteage".
 
Harfouche, Jaal, "The imnortance of Brcastfeeding,,,:Vol.1,ied.a The JournalPVol. of Tronical1'' -3, Sept. 1970, Monopraph 10.adva.:,!. jes of breastfeedino, This article reviewsthe bioloiical processes1_ the 
critical of lactating,"uort2nce and theof optimum weaning; procedures.
 
Jelliffo, Derrick, 
 Child utrtion in Develoninn. Countries, A Handbook for 

~)l~.;rkos -'asl.'*problems of childhood D. C., AID, l ~ T s is a : oodnutrition in the tropics, review of
Intervention strategies for.
allevi:ttinr theseproble-s 
 are presented.


Jelliffe, Derrick, Culture, "Social Chanrmr, andin Tro nicaJ ierions", Infant FeedL!W, Currenti. Trends, rral
This is an interetin-~ VieC! 
of Cl-nical'".utr-t4on, Vol. 10. Jan. 196?,of te 'M~Ort.nce Of trainflu&'eos c'f~mc r~'iz-,tion cn tcnal customs and theinfant feedin habits and the ecoloPy ofprotein-.alory !lnutrition.
 

Kno' el, John, "3 reastfe=dinr, 
 Fertility andof so:rc Early infant Yorta'itvGerman Data", An Analysis
interestinc Pr-nul-: tion S4l-ii.s, ,Sopt,*ork reiatinn Vol.. 1tlenlth of breastfeedin- 1967. Anto fertility and infant mortalityis introduced.
 

Knutsccn, 
 KArl, "reoastfeedinnrliabits
Trooicl Ve3 _rcs, Vc]. and Cultural Context", J-urnal of15,7", 
 Juno 1Q99. This is abeh-vio: study 6 breas-tfeedingir three Ethiopian co-n.unities.
 
Koncazc&, Zbiniew A., 
"Infart V-ilnutrition in Sub-Sahara Africa: A Problen
of Soc'o-Wcrno-ic Doveloont ,, C-a. dn jo .nl of#3, IQ72. This Stu.ies. Vol. 6,article discussesfintor. tho cultural, ecenomic, and ecolc~icalarfoctin.. malnutrition and the macnitudeAfrica. of theAlso discussnd a-e the rroblem in Sub-Saharanimolications of malnutrition for socio-Oco-O07 ic devo on-Ort."­
Je'llf(,, Derrick, Tnfarinf. '!,o:.r h-O3('.a'f?,ti0 , Gen,.v., ll'iq_ 

Subtrirics and Tronics World ealth' 
 . S--ris-
guid!o to tho un,,,;t.Aj-f.1n, of t.hn 
?9-, T 7t is a oractica1+multirle "actor.- thtt.ticn. , i. liad to inpan t malru­of l oo: f'vd is o n in ant foevdin.-to o• tchild.the t and rors -.
rarr.s that will improvo quality 
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Kita, ., J. Urrutia, C. Ahert.uz,.i, "Influence of Recurrent Infections on 
Nutrition and Growth of Children in Guatanala", A- rivan Jour.il of Citnical 
Nutriti-n, Vol. '5, nov. 197?. . study in Guta.-.nla c.nlucte6 from 191% to 
)'J )e"u. ;n c-ctenhes the of in.fecticn on thM nutritional 
status o°" children at certain sta:-,es of Fro-,'.th. 

Morley, D.vid, "Factors Influencin7 the Gro,th and Nutritlonal Status of 
Infints and Y:.unf, Chil-,ren in a .iiyerian Villa-e", Trans Roval Societv of 
Trcric&l '"f-cinoand !1y, . ne, Vol. 6?, .2, 196. In Africa the second 
six 7onths of life are critical. Innunity to endemic disease acquired 
befrc birth is vaninr, 5unnly of b.-east milk is diminishing, and improper 
supolcnental foo s a-o bein, added to the diet. 

Morle.,, T!vid, "The !anarement of the Child "wthDehydration in a West 
Afric-.n Village", Th" '.,'-st African Ye,.ical Jnv'rra.l, Feb., 1965. A detailed 
descrIntion of the creration, medicine and staff for the rehydration of 
chi !:ren in rural areas°
 

"The M'flanr!a Project", Tho Jourral of Tro-ica 1'e htris, Sent. 1966. This 
article revi-e.'s the "esults of various food preraration4.iven to severely mal­
nourished c','tdrP.n as v.rt of a comprehensive treat.ent urogram. 

The NatiP" .al Academy of Sciences, ".aternal. Nutrition and the Course of Prognancyt 
Su-"-ary i..,.rcrt", Co-:itte on :Matqrnal 1:nfrit.on, Fooe and Health, National 
Research Co'incl, 2!ashuinoton, D.C., 1970, This doc'xr.ent reviews find.ngs 
ccncornin : the relationship between the nutritional status of a nrepnant 
woman and incidence of toxemia, maternal anemia, and fetal development. 

"Nutrition n M-nternal and Child Health", The J.i° rnal of Trnnical Pediatrics, 
Vol. 14, :,3, 1268, :-'nncranh # 5. T'iis article incluJes a r.uide to treatment 
of mllnnurishcd children in hospitn.s and heal-Lh centres and recipes for infants, 
toddlers and school children- using indigencus foods. 

"Nutrition Issue", The Jr'irnal of Tro-ical Pe-!iatrics, Vol. 15, #3,Sept. 1969.
 
This issue includes art4cles on protein-ca-ory nqlnutrition, socio­
cultural factors lea-;'nr to malnutrition, studies of births and Aoaths in a
 
defined area in Africa.
 

Plank, S. and M. Vinn.-si, "Infant Feeding and Infant Mortality in Rural
 
Chilo", :"em]lttn \'rfl %!et.hCr"-n1i7 4tlon, '48, 1973. Data is presented from 
Chue *.hnrel'itionshis infant feedinr practices, medical
he -twecn 

care, soco-cultural factors, parity and infant mortality.
 

Plripirow, T. and A. lh -'ns, "A Study in H'man Antonartrn ,utrition", Tho 
Jevrnil o " ',n 4- °, %d iei,, 6. Dec. 1071. 1500 pregnant women from 
.. ntr'.:l ,.re .4ivon d. ,tarv sun loaent; and it "w'as-Vond that those worien 
recoivin , stpp]m,;nts for a lon.or period hid less cemolications of preanancy 
and their children w,re born at higher birth woirhts. 
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"A Proros1l to Conduct Co-:unitv %xEoriments in the Reduction of Malneurlsh ent 
.nColor- iia", run .icion Para Ls Educacion Superior, Cali, Colombia, Aug, 1973. 
This pronosal describes the nutritional status of a village Dodulatton and 

n"... y;vt,!s ;.%n--oach for seieocti.n, stratorices to reduco diarrhea, disease 
and malnutr .tilon.
 

hobsoni, Johnt nil.rtnu.ton, Its Ca,'saticn ard Control, Vol. I and II, Gordon 
and 3r',Pch, N. Y., 2.72. An excellent two voluxe text book that exlores th 
ccoloy of malnutrition -withmost exar.oles from. LDCs.is this one written by 
two University of :ichiran faculty, *-th eminent in their field. 

Rul;:,on, ,ichael, RPerort on To-ical .Tnvesti;ation and Analvsis of Nutritionl 
Suv,lo-...ts in F-i-riv iTrhnin- r-ra-s in .ndia and Fikistan, North Carolina, 
!!e;e.-Arch 7r~n--e rnst~tut, 19?M. This reoort discusses the relations.'ip 
betveoen nutrition, infant .norta2ityand fertility. Rulison presents a model
 
siulat~ng the relaticnshin of mortality and fertility.
 

St. Gocrgo, Jchn, t al., "Factors Influencing Birthweight in Normal Pregnancy",
 
Tho Jo-r-] of T ..... !catrcs, Vol. 16, # 3, Sept. 1970. Several
 
factnrs, renetic and onvror.nental influence the development of the foetus
 
and its,- .oiht at birth.
 

Salarror , J. 3. et.al., "Xalnutrition and the Co-mon Comr.unicable Diseases in
 
i}ura- Cxitep ala", Arrerican Jcnirnal of Public health, Vol. 59,43, Yarch 1968.
 
This article not only discusses the interactions of infectious diseases such
 
as , whoo,)in:1 coe:h, w'ur.os but also describes
ith nutritionalstatus 

the 'rnl--!.' f.h-lt ani'is from these interacticns and becomes the fatal
 
mech'ini.r% oY death.
 

Scri'; :, N. S., et .l, "Nutrition and Infection Field Study in Guratemalan
 
, .......... .. En-,.o-ental HnalthAi "Study Plan and
 

,
Axnerirnntn'rnit Denj it 65:-..?, i:ay 1967;II "Field Reconnaissance, 
Adminitative and Technicalttudy Area; POulation Characteristics; and 
Or, inlzJt~on for Field Activies", 141 ?87-901, Jr'ne 1967; III Field 
Proe{ires, Collection of ata and .ethods oi Yeasurements", 15:6-15, July 
l967; IV "_, ahs fr Infants and Preschool Children", 15:439-449, Coct. 1967; 
V "Diseaso 11ri{dunee A"on;, ?reschool Children Under Natural Village Conditions 
W1th lntroveli [D;et and ;,ith i[edical and Public Health Services"t, 161 ?3-?.34-
VI "Acute Di-rrheal Di.s,-ase and :utritional Disorders in General Disease 
lnc- u)nc, i6144'-43?, :.'arch 1968; VII "Physical Growth and Devolooment of 
Pre.chool Child-en, 17: 107-1lP, July 1968; VIII "An Evidemiological 
A))l;:U f Yts '.i5dom and Errors, 17:814-827, Nov. 116. These articles 
pjvo a con.Utlt.(, aC'Vcnt of the exn ri-.ental dosign and results of the famous 
Guatcrilan field sturiy. *'rticlo V and VII in particular presents data 
on the hl:alth stTitus of the children. 

Scrims.. ,i, , . and C. Taylor, J. Gordon, Interantiene of ,utritlon and 
Jnf,,etir,n, .;old ealth broanization Y'ono,.arnnh Series .f57, Genova 197, 
Thi: ";ufl .!ocnnt,.! st*uly rf.s'rib-s the relattonship betweon vita-in elfi­

concic:s Arotin and caloory r.-lnutrition and the varios diseases inciting 
or r011ltin, from poor nutr'ktion-il status. 
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wr.cro lovol. Also discussed are the effects of health services on infant and
childhood mortility.
 

.
21st 
A-ily .Plani5 -nd Fertlity, presented0,,ti.rw,o the irotein Ad,.-isory Group, at the(a -'i!-.oo). Tn*,s rtice tal]lv 

U.N. in Faris, June ?1, 1972,abut the effectshealth status of nutrition onof the newiborn fertility andchi ld;it then discusses on the nutritional the effects of fertilitystatus of mother and child. 
World Ho:ilth Cr~qn!-zation, "Health AseectsWorOn-: P'aper # F for of Ponulation Trends andthe '.'orld Prospects,,
cxcolient ?opultt0o Conference,revie: of literature 1974. It is an 
population tre(irs on 

and analyes of the effects of fertility andinfant, and childhood mortality.influe-:ee of preschool mortality on fertility. 
Also discussed is the 

Wray, Joe D. and Roy E. 3ro-rn, "Fimily Flanning, Nutrition and Fublic HealthSerin CeO,"' .sent(d-tThil.; the
r,-tu.p," b:,)th dosc.ib2s the maternal deoletiento svndrorelo-w brth "ei rht in'-nnts, which contributespoor nerformanceseen a'wng women in lactaton and inand discusses infant mortality and 
LDCs is often

its relation to thiscycle. 
Wray, Joe D., "'I.4i 
Symposil.: 

setter ':utrition Decrease Fertility", presented at aon 
Tutriticn0, Fertility and Renroduction, IX Tnternational Congressof Nutrition, Yoxico City, Sect. 197 .
in reb"itrn This paper discusses infant mortalityto nutrition and Lhc effects of fertility on infant and childhood
mortality 
:ind nutritional status or .otherand child.
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Denonson, Ahram, Control o_'CoZ-7unieabl Diseases !An 

Opie-!iology 1970. Another classic reference on
 

Health A',sociation, ,,.hin.'ton, D. C. 
in , American Public 

of co '-1nicable diseases and preventive and curative measures. 
Bryant, John, 
 e,,Ilth a d th,- Develoinc, Wrld,196?, Cornell University Press, London
A Oesc-iptjvo auD.'oach to health oroblems in LDCs with some data to
put tlin.fs in pers;pnctivo.
 
Buck, Alfred, et 
 H-alth and Dis:Fe'sEnviron-ont in ?'ivr 

al., in Cld, Enidempolovy, Culture andVil4-,rs,is a varya; The Johns Hopkins Press, Baltimore, 19?0. Thiset of tho co.-nunity,trredieal ;r.r'ves, envir,)rr-L.ntal conditions 
social or-anization economics,and epidemiological features ofdisea.;o in Central Africa. 

Fol-onfold, Ahihii 
,.Th .Enirinriolo-v of Tronical Diseases, Charles C. Thom-s,
.ubl s~ hr.... r e v i &
parasiti.he )9ad viral djselTios as well 
dehr of b cterial, Mycot icas malnutrltlon und rental disorders intho tro~~jc5 * 
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Kin-, .e c-il 
C-re in Daveloinn-HnOrohi, Co'intries, Oxford University Press,1966 r'.rsintErestin.r chapters onSnrv-11 ces, ~.rrotein the or"-aization of healthcalory nalnutrition,ni',ati.on o!' tho ur~f~r fives. specific 
un~e'-five clinics, i't',-u­-:rat-rents for cerrtain are included.
 

Paul, -iugh, 
 The Contr,l of .iseases, F and S Llninzstone, LTD# London,
1964j. A classic toyt book'C 
on diseases, social and co--unicable,
 

11o2lack, TP. !-., Tri'ils.ofro-hv~hctc A-entsD._MO, Geneva, 1Q66, This is a .iuide 
for. the Control of Connunicableto the orfanization and evaluation
of control tests.
 

Scott, !ivi., 
 _ 4Press, 1965. 
n GhIa, 1901-1q60, London, Cxford t niversityAn intervstin. study about the major enide-ic diseases- nlavue,
yellow fever, smallpox, tryvanosoniasis, influenza- trends and control measures
in GhanR.
 

Sector Analysts D-visien, Bureau for Latin American, AID.
workin 
 This division ison a series of health no-els, access to medical care, nutritionand a-rreulatural development, and an overall health sector, disease oriented
model..
 "' "
 

I'eprman, 
"yron, "Co!-:nunitv Asoects of Child Health", reprint from Brnnemann's1P'C-eicer
of Peri'' , Vci.
in i;nfnt.triort.ality and T, Chat. 7, 1072.or-'anization This article discusses trendsto promote better nedical care. 

ATrc'x r I~c.~,?'.~~ 1 

Food -An ATI -q ynj7!,ttnonRo~o, u lictiooononA7u'i uhei'in o , United Nations,his nub-licaiondeveocrn.-)nt, includes food productivity,iport and 3x-ort livestockfigures, and processing statistics from r!cstcountries heponrvin7Keyfiiz, Nathnrn, to the U.N..et al., Causes cf Death, Tife T0ales for National Poul ion, .
Siminur Press, :. Y., 1972. A rood sourco ofleadin- causeslisted, It includes of death in countresLDCs but data is limited for many.
 
Wo)2"-ld t 
h Crmi nit" n Ann'.l e
pub1at on. and VitAl Statstics,This is an excellent reference source and 

Annual 
at. not .7:1jor livbrari.os. should be availableIt includes both mortality and rorbidityfor a statisticslar;o selection of countries thrcu;-hout the world.
 

http:livbrari.os
http:ni',ati.on
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Health Srvico, k, 1.. 


Pf V.t .;-L-*HofVthH3t.hitistics, U.S. Dept. of .LM, PNiblic 
70.
 

"De1ivery nf He-Ith Care Services in less Develoed Countries- A Literaturo 
Search", ',D/csd-3h23 oerfcred for Ar.cricn Public Health Association by the 
Bilo-rical Sciences Com.unications .project,Washington, D. C., 1973. 

Harrinnton, Ju,!ith, A Co-rar.-tive Stud of Tnfrnt and Chtl.!hood Siirviv-r­
shin - .fr-c., FHD, 71?l. A goo-! bibliog-aph.v"t Cornell University,
iS inc~uhded. 

H-a1+h and Devecmnent-kn Annotated indexed B9bliovrahn, The Johns Hopkins 
Univer-ity,0eot. of :nternational Health, 3altinore, 1,aryland, 1972. An 
excellent and all-inclusive bibliorraphy. 

Chan'rasJkh-r, S., Tnfint "ortltv, Po-aultlonG-o-.th an-i Fa-ilv F'lannine Tn 
In.ia, Thn University of Aorth Carolina rress, Charel Hill, 1972. A good biblio­
graohy is included. 

Jellhffe, Derrick, Tnf int Nutr.tion in the SubtrooIns ani Tronis, 'orld Health 
Cr0-anizaiion, Geneva, )68, '.'cnocraph Series 490..Good f'otnotes and references. 

Russel, Loise, Doter!-.inits of Infant an-! Child VortnlAtv: Renort of the 
FeasiY ]1tv St,,iv, rt-t I, National Fla-ninr Association, ATD Contract # AID/

.-/7otr-C-73-12, 1974. An annotated bibliorraphy is presented. 

Scrim.shai, T. S. (it al,, Tnteractons of iutr-ton and Infectlon, World Health 

Crpanization '/ono-r-rh Series #57, Gereva, 13(. A co7n!ete technical and not-so­
technical biblioraohy(fantastic in scope) has been rut toqether. 

World Health Cr-nnization Publications; Check any -freferenco catalovue. Public 
Health Papers and The Technical Series Reports are usually listed by topic. 

http:Po-aultlonG-o-.th


All of the foll2oin-- P.,riodicals f-.uently carry artic).es concorning v.arious 

of infant a'. h mh£o.or.3l+., rrticu..rly in Less Deveiop3d Countries. 

Ecolo_ of Food and Nutrition 

t .tJornl of H'ealth 3er,,lces 

Journ.-] of into~rn. ti-mil -Iealth 

Jourrl ef Tronc.al 'c ic.ne .r.d Hvcipene 

Journal of Tronieal Pediatrics 

Pediatri -s 

Worl - Or-i--.tion ailletinH-lth 

World Health Orpanzntion Chronicle
 

http:Tronc.al
http:artic).es


Efficiency of Health Measures
 

- Contractor to be selected
 

Marjorie Belcher, DAA/TA, clarified the backaround of this project
 

the RAC reviewx.;containinci a sianificant research component for which 

.cndadvice was sought, although the proposal has been developed as a
 

Gineral Technical Service project. 

Dr. Linder, Chairman of the Subcommittee consisting of Drs. Carter,
 

Mcrtonm2ry, and Heady, renorted as follows: 

This presentation appears to be a preliminary formulation in that
 

formal indication of the institution or the principal
thurt, i! nc 

inveticiators propcsed. Subsequently, there is reference to the fact 

that Dys. Peter ficller and Robin Barlow of the University of Michigan 

had b1,en instrumental in drafting the concept and plan of work. This
 

a more firm basis for project
neuds to b2 clarlfied in providing 


dI1ordisdl. In contrast, Dr. Heady has indicated that he likes the
 

a possible
idf.a of 1-rusentinOi the research concept to RAC for review as 

Wilai:; of develol in(. a better proposal. In reviewing the four ohases 

of the proposed study, Dr. Linder noted with interest the prediction 

likely outcome to be a shift in responsibility for the delivery of
of 


he,tlh service -, from professionals to paraprofessionals. He cited the
 

princirle that one should not insist on statistical precision
(ileral 


beyond the level required for the conclusions and actions sought.
 

This is a well drafted proposal. The scientific honesty concerning
 

the reliability of the data collected in months 15-20 of the workplan
 

Sib.)munendable. However, the subcommittee members are skeptical for
 



/;i rous easons.~ D'r. Carter- believes' that .the ,%!ork can' t be~done~ as" 
ouLA fidhereommends dsapproval.Sec.-, 

r'~ommhd~'
'>'An he i~'ppovai The proposal is 4too di fse ­

111(1dvoyue. 1The reference to a prior project on alternatve approaches 

~uqtthe nleed to have a progress report. Dr. Montgomery suggests 

r awork, alhoug -dat are questionable. 

qustions.I.. appropriateness of the Delohic aporoach except in thethe 

ff.rot phase. Dr. Heady likes the presentation, and considers this to .'<S 

hi. i worthwhile project. While linear proqramming models are possible 

in thil, area, he has reservations about the design, and needs to see, 

l:hce f;p(cifications. Uence, there is no adequate basis for evaluation.
 

or. '.-ider summarized that while there is 
not enough specificity to
 

advice, favorsiivt, he the approach to confront health planners with
 

a rmw emphasis on the judgments of opeiations analysis. Health
 

i'Iinners must move away from policy 
based on compassionate judgments.
 
Th:.'P alqears to be the 
wave of the future. Further, this is not a 
i:iL ,tr
Of right or wrong decisions, and any incremental improvements­

,
h,,,tremenrdous nractical significance. 

•rneeno RAC action is requested, Dr. Linder suggested additional 

wo emphasisMick with on phases 1 and, 2 for later RAC review. Clearly, 
-wri tis research oriented project.
a 


-

r. Montomery commented on the Delphic approach as being
 

.tI~htiri.te to socio-economic conditions regressed on health 
status 

ra-'hur than to predictions about the future impact. 
This application 


', he thought through in 
more detail. 
There is considerable
 

lioor-iture and ex~perience on 
this approach which suPports the
 

11.iainto judgments rather than to predictions. 

-' 

'
 
*
 

.: - ' .. 
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Heady stated that the proposal was well summarized. He wouldDr. 


formal rronosal for PAC consideration.lik, i se a 

Dr. Lont urged further discussion on the optimization of practices 

of data for practical use.,nMd the iriropriat- denree of refinement 

treatinq diseases in holisticDr. ,wanson ioanted out the :roblem of 

advisability of limit­
torms in a .robalbilistic model, and suacested the 

in(: t.hie study to a sinule disease or some sub-set of diseases. There is 

for more evaluative statements. Dr. D. Peterson nmt ,nouzih infcimation 

it ';sible to d-veloi' a simulation model when the values.sk.d ho" is 

how the RAC might work' thlhI wu i !-c unertain. Dr. Long asked 

of the basic idea.with AID staff in further review 


useful. An
lit. Joe Davis, TA/ii, aoreed that the RAC incut- was 

Grour which TA'H is attemotinco to establish has
ix; rimental Advisory 


aeDroached. The
 
rer.u i,,d accej t.-hCe: from only about half of those 

"t l for this .)rcject has qrown cut of experiences in the assessment 

collection of practitioners views represents a
'i: .th sectors. The 


tc the more elaborate collection and analysis of
 ,.1], short-cut 

a :eronosal to test the usefulness of this approach.i , .. idata. This is 

in vartici­c lmlia and Ghani are ipossible countries with an interest 

may lack some precision it will be more
,-tjiofn. Even tho uch the data 

v:ilu thIb that the tr,.-scnt basis for many health intervention decisions. 

the Colomlia I:roject mentioned by Dr. Carter is dueA stitus re;tort -f 

,it thc next PAC mntinj and may indicate that it is to be closed out. 

,ach used at Michipan State is considered to be usefulTho* Jamiu al i r 

but not as a tool to develop decisions for thefo, titintni ,],,.ctivC5, 

and is
twld.i The lack of :specification in this project is recognized 



a contractor is needed to develop such
 a function of lack of staff; 


de ta ii1 

i,.;iuckler commented that while it would be inappropriate 
for
 

the RAC subcommittee to assist in this effort, RAC members might be
 

Dr. Long suggested

able to contribute to a sharpening of the proposal. 


specific involvement of two or three RAC members 
in revision of the
 

RAC cannot review it before the October meeting and 
consul­

proposal. 


Those members who might be available
tation he said is needed now. 


No RAC action was taken.
 wC-t, requested to indicate their interest. 


assist in this matter).
(Note: Dr. Heady has agreed to 



