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PROP::SED__BUDGET

Lanual Year 01 *Year Q2 .
Personnal Positions Salary Rate mm ___ Salary Benefits mm Salary Benefits
Project Director 22,667 6.5 12,2783 2,087 8.7 '7,354 2,950
Project Officer 29,035 2.0 4,839 823 2.0 5,081 864
Pediatrician (Local national) 14,769 6.5 8,000 - 6.5 8,400 -
Research Assistant 6,410 12.0 6,410 1,090 12.0 6,730 1,144
Secretary 8,975 5.0 3,740 635 5.0 3,926 667
‘ 35,267 4,635 41,491 5,625

*Calculation based upon 5% p.a. increase

Year 01 Year 02
Personnel 39,902 47,116
Consultants .
B 5700/day 10 days 1,000 30 days 3,000
Travel & Per‘Diem
Interna‘tional Travel
@ $118C/trip 2 trips 2,360 3 trips 3,540
Per Diem @ $45/day 60 days 2.,700 240 days 10,800
Domestic Travei :
@ $135/trip, ( 3 DC-Ann Arbor R/T and As Year (1
3 Ann Arbor-Los Angeles R/T) 6 trips 810 810
Per Diem @ $35/day 150 days 5,250 60 days 2,100



PROPOSEC BUDGET - continued

Other Direct Costs

Telephone

Supplies

rinting & Reproduction

Contract Services (Computer usage)
Survey

Field Research Costs

Overhead

TOTAL

24,612

79,734

Year 02
350
1,300
350
1,300
5,000
6,500



MEMORANDUM TO THE ASSISTANT ADMINISTRATOR

TO : AA/TA, Mr, Curtis Farrar DATE: July 13, 1976
. - \ A .
FROM: zAB/PPU,‘Car1~Jl2,Fr1tz
t t
t

SUBJECT: PP Approval = "Efficiency of Health Measures"

Problem: Your approval is requestu? 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-year project and providing $104,000 rY 78 funds for Phase III subject
to satisfactory cempletion of the first two phases. Total cost of the
proposed project is $296,000,

Discussion: The gencral purpose of the project is to increase current
knowledge about the effectiveness with which alternative health

technologies influence infant and childnood health and mortality. The
specific products to be obtained are: ()]) a state of the art analysis of
the literature, (2) a simulation model ¢ infant and childhood morbidity and
mortality, (3) a linear programming model specifying the most cost offective
interventions to amelicrate morbidity and mortality and (4) a final

report sumnarizing findings and describing their policy implications.

The project will be implemented by means of a contract with the University
of Michigan if the roquest of TA/H for prvdominant 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 I1 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 ~xperts u:ing
techniques like Delfi,

Phase 11I 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 forwarded "~ the RAC for comments., Oa May 25, 1976,
the RAC reviewed the proposed | ject, The RAC found the research

area an important one but felt that the proposal lacked specificity. The
RAC took no formal action, since it was not requested to do so, but offered
the services of Dr. Earl Heady to review the project with the proposed
contractors and the project monitor, On Jure 14, Drs. Heady and Davis

met with the University of MichigfﬁiGéﬁtraccors and reviewed their
methodology, Drs, Heady and Davis were satisfied as to the appropriateness

5



of the méthodo]ogy proposed and the capabilities of ‘the contractors to do the
tasks outlined in the pProject proposal,

TA/H is submitting the original PP, as approved by the R&D Committee ang
considered by RAC, for your approval. Tuplementation of Phase I and II
will be completed and evaluated Prior to initiation of Phase III, TA/H
has extracted from the rescearch proposal the financial requirements for
Phases T and 11 and presented this budget for TQ funding as an attachment
to the PP face sheet.

Recommendation:  That you tpprove the attached "Efficiency of Health
Measures' pp authorizing the obligation of $192,000 TQ funds for
implanenting Phase I and 1I of the project and providing $104,000 of
the first two phases. '

Attachments:
PP - Efficiency of Health Measures
Tab A Minutes of RAC May 26 Meeting

Approved: :f) 7 ré)c/c'é/ ,A-’ %7 Y

Disappfoved:

Date :_ﬁq[}j R2R
i

Clearances:
TA/PPU:JCunning (Draft) Dpate 7/21/76
TA/RES:NRechcigl (Draft) Date 7/21/76

o~



ENVIRONMENTAL THRESHOLD DETERMINATION

TO: AA/TA, Mr. Curtis Farrar

ThRU: TA/PPU
\"

| LR
FROM: TAB/PPUy Carl R..Fritz
r‘ N W
SUBJECT: Envirohmental Threshold Detcermination

Project Title: Efficiency of Healih Measures
Projece #: e _
Specific Activity (if egppliceble) -
REFERENCE: My, Printz, the Environmental Coordinator, has reviewed '’
the PP for project proposal and discussed it with Ms. Wakefield. .
He and TA/PPU concur that a negative environmental threshold
determination is appropriate for this project.
On the basis of the Initial Environmental/Examination (IEE) referenced
zbove and attached to this memorandum I recommend that you make the

following determination:

. A 1. The propcred agency action is not a major Federal
action which will have a significant effect on the human environment.

. ... _ 2. The propesed agency action is a major Federal action
which will have a significant efiect on the human environment, and:

8. An Environmental Assessment is required; or
_b. An Envircnmental Impact Statement is required,

The cost of and schedule for this requirement is fully described in
the referenced document.

3. Our cnvironmental examination is not complete. We

will submit the znalysis no later than with our recommencation
for an environmental threshold decision.

Approved:Mgz

Disapproved:

pate: (.l 2270
VA

TA/OST, ACPrintz (Subs)



1.

B.l Pecamendatijang (Surpersededby attached Proposed Budget)

Grant $300, 726, 00 Ghana Assumption
5295, 380.00 Colambia Assumption

Total new AT $300, 726. 00 Ghana Assumptign

Obligatians $295, 880,00 Colambia Assumption

C.1 Description of the Project

mated 8 man-vears of labar,

C.2

Products” of the work will be the repores they produce: A survey of
t})e literature, 4 sinulation model angd g linear Programming model,

through A1p Health Planning network, (2) by the wide hetwark of pro-
fessional Journals ;mblislxadfin this arca ang (3) by a serieg ol planned
reyional conferences i, health Planning,


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

I.

D. Sumary Findings

The project proposed relates directly to the goals of the Key
Problem Area of Health Planning. These goals are to hring about a
more efficient allocation and mare equitable distribution of health
sector rescurces. This project is expected to yield significant new
infarmation cancerning the efficiency with which alternative inter-
ventions reduce infant and chilihood mortality.,

The external 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 essumed that the project will be rzady for implementation
in 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.

E. Project Issues

The sirgle project issue as identified by our external reviewers
is the feasibility of using Bayesian estimates for simulation model
variables. It is proposed that the project be initiated under the
assunption that this method of estimating project variables is feas-
ible and schedule an intensive review at month i§-20 of the project
to review this aspect of project implanentatim.: If the use of
Bayesian estimators has not proven feasible, the remairder of the
project should be cancelled at the Juncture., The proposed use of

Bayesian estumators is described in Annex II1.



1I.

Project Background ang Detailed Description

A, Backgraund
4 salient aspect of the uderdevelopment of the Thinl world jis




to mobilize resources effectively to address these prablems 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 de\;elognent in the health ministries
of the developing world and where it is present, it is focused on im-
planting a mcre rational and effective distribution of health infrastruc-
ture and resources. In few countries does the pattern of health resource
allocation derive fram a prior evaluation of how best to attack the
country's principai health problems. As a consequence, where a cohesive
integrated =2t of policies is required to attacka pressing disease pro-
blem, cne usually observes fragmented, mwoordmateq and often counter-
productive effarts 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 projyram. The result

is extensive inefficiency in the allocation of health sector resawuces
in most developing countries.

Efforts by eccnamic planners to influence the direction of govern-
ment policy are equally stymied by the dearth of health policy-oriented
research fram which they could draw quidance. Though they may be aware
of the pressing health problems, they have nowhere tc turn but to the
health ministries far quidance as to the effective ways of attacking
these prablems. Until recently, econamic analyses of the health pro-
blems of the developing world have Laen largely nonexistent.

The significance and rationale of this project arises fraom ocur
perception of these 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 et al., this project will further develop an analytical
framework within which disease processes and appropriate intervention
strategies ney be madelled. Unlike their research on tuberculosis
this study will focus on a health problem which arises fram the inter-
action of a camwlex of disease problems and far which policy actions

- may be both medical and nommedical,

the project should also test the validity of the hypothesis that
it is poss:.ble to estimate "Bayesian" ms:asareb, through survey analysis,
of tne impact of alternative policy interventions on the probability of
incidence or survival fram diffevent disease problems. Such measures
are probably not as accurate as the results derived fram careful, con-
trolled mediral research, Lut the latter kind of research is a slow,
time-consuning 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 tle best judge-
ments of the medical profession into a coherent analytic model. Where
professional ancertainty is great, the sensitivity of alternative assunp-
tions far policy outcomes can be explored, vloreove.r, 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 most likely to be effective in attacking the problen
of high levels of infant and toddler mortality. Far example, what is the
relative cost-affectiveness of policies to provide potable vater or pit

latrines relativc to the provision of curative health services? The



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

This project is the logical outgrowth of four Strands of health and medical
research relating to the problem of infant mortality or health sector analysas,
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 Ru;sell on the Pan American Health
Organization infant-mdrtality.data bank represents the most current and

ambitious effort. An earlier work by Frank Sloan of RAND and current research

the variance in infant and toddler mortality rates within countries, particularly

as they relate to models of fertility.

'

These studies can vield useful qualitatiye insights to policy makers into
some of the behuvioral, environmental and medical determinants of child sur-
vivorship. Tt is obviously important to know whether female illiteracy rates
and low birth weights are significant in explainin§ infant mortality, or
whether physicians or hospital beds per capita are insignificant. However,
although these results are helpful, they are Probably not sufficignt for a
ch%ice of policy actions to remedy the infant and toddler mortality problem.
Questions persis:; for example, how strong are the observed relationships?

What specific policy interventions may be used to influence these principal



A second strang of research is the recent intensive ang extensive work
of the Pan American Health Organization in describing the Characteristicg of
infant ang child mortality in Latip America. Summarized ip the recent work by

Ruth R. Puffer ang Carlos v, Serrano, Patterns of Mortality in Childhood, a

- econonic, demographic and health—behavioral variables. This work could alseo

Provide the baselinz data required for our Project.



An equally important strand of work relates to the operational and theo-
ret1ca1 research, past or currently underway, in many LDC's on the treatment
and prevention of 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-Amaqh and
Nicholas with tae Danfa Project in Ghana, David Morley and Dr. tansome~-Kuti
in Lagos, Nigeriz, 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 daif- _
ferent policies. It is precisely the wealth .of medical researcn experience whick
Suggests that it s feasible to estimate measures of the impact of alternatlve
Policy interventions which may be usefully integrated into an analytic policy
model.

Finally, a fourth strand of work is the linear pProgramming model of alter~
native tuberculosic policies in Korea developed by Feldstein, et. al. 1In nany
respects, this provides a basic framework fcr the preposed research, in that
many of the methodnlogical problems involved in our project: are quite similar.
An equally ambitious effort at developing a linear Programming model of the

nutrition sector is currently underway by AID in Coiombia (Colombia Sector

Assessment Activity).
| , :

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



simulateq for alternative objective fupctions, technologica} Parameters,

degrees of budget constraint and combinations of Specific medical

Problems,

Phase 1

Project Desiqr.

model the processes by which a child is exposed, as a fetus, infant or toddler,
to health ang medical Problems carrying significant risks of mortality, Through
such a model, one hmay explore the impact of alternative policy interventions

on the Probabiljty that a chilg will contract and succumb to these disease



Phase 1 will concentrate on threo principal tasks: (a) an extensive 1iters
ture review on the role, interaction and relative importance of the medical and
sociooconomic factors underlying infant mortality from specific disease ptnelo;
808, intra-utoro and by year for first three years after birth; (b) development
and simulation of a modsl of the infant mortality process which, in subsequent
phases, may be ampirically spacified as a linear Programming model for evaluatios
of alternative intervention strategics; and (c) the final choice of & baseling
population in a less developed country for which sufficient epidemiological,
soéioeconomic and demographic data exist to serve as the focus of the empirical
resoarch in Phases 2 and 3. At the present time, Ghana or Colombia appear the
most Quitublo for this effort.

Tho naturo of the modeling problem encompasses medico-tochnoloqical and
oeconomic {ssuas and may be briefly outlined, The nature of the disease problems
to which a child or fetus i{s susceptible and their potential severity will
differ as a child kassos through diffaerent Phases of its early life span. Tho
ante-natal, pori-natal, feo-natal, infant and toddler Phases characterize dis-
tinct poriods ancociated with difforent complexes of medical Problems with
spocific risks o nortality., 1t ig likely that the optimal mix of the policy
meauvures to reduce thege risks will probably also differ in each period. The
optimal policy mix for the child population will obviously be influenced by
t?o rolative fractiun of the child population in each age group, a demographic
characteristic heavily influonced by fortility levels. The proposed model will

primarily focus oy tho possible intorventions associated with the four or five



country's childhoogd Population. fThe selected causes would include diarrheal
diseases, low Infant birth weight, Pneumonia and chilg spacing.

In each of these periods, the probability that a child will contract a

with risk of mortality, and the degree of the child's responsiveness to treatment.
As a child moves from one period o another, its Susceptibility to diseases angd
to the risk of mortality is obviously also influenceq by its past history of
morbidity and by the effects of that morbidity, For eéxample, an infant of low

birth weight that has been weakened by a gastro-intestinal disease is likely to

incidence or survival are g 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 aétions may be directly focused on
the child or may be focused on improving the quality and quantity of inputs
(for example, msternal-child health education) to the child. Finally, in any
population pool, there is an obvious interdepéndence'bétween the state of health
of different individuals. A substantial boosting in the probability of survival
for one set of children, by explicit policy actions, is 1ikély 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 reduction in infant mortality rates, such as on fertility. The

specification of the constraints on the model involves economic and demographic



f&ctors. 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, :he Structure of this model will be specified in terms of
delimiting: (a) che relationship between the va;ious endowment variables and
the probability of alternative disease pProblems and survivorship during the
different phases of the child's first five years; (b) the set of ;elevaﬁt policy
interventions; fc) the direction and structure of their impact; (d) the intex-

dependencies between the probability of disease and survivorship across children;

project. The comprehensive review of the mediéal and socioeconomic literature
during this phas: will be instremental in clarifying many of the model's rela-
tionships, and will 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.

sensitivity of the model to alternative specifications, and assumptions, par-

ticularly assumpticns concerning the timing of the relationship between policy

actions and chances in the probability of disease and survivorship. Ultimately,
it will be hecessary to specify 'the model in a linear form'(although this does

not preclude non-linear assumptions) to facilitate the linear pProgramming

analysis of Phases 2 and 3,



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

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

clear that an empirical application of such a model has enormous data require-

ments in order even to structure the problem. Demographic data arc reeded to

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

and fertility claracteristics of the maternal population. Epidemiological data
on the structure and character of the disease problems atflicting 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 variables. “he range

and cost of feas’ble policy actions will be influenced, though not exclusively,

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

is 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 and could provide sufficient data for our analysis. For example, pro-
jects in Ghana (Danfa), Colombia, and India (Narangwal) have accumulated sig-
nificant data in this form. 1In conjunction with the interests of AID, negot:iationl1
!

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 xural areas (with a population of 50,000)



outside of Accfh, Ghana. fThese encompass socioeconomic, environmenta), health
behavior and utilization, epidemiological and demographic variables. Moreover,
8everal of the Ghanians in the University of Ghana Medical School (notably

Dr. Ofosu-aAmaah) are intensely interested ip the problems of childhood mortality,
In Colombia, and at this stage this 5eems to be the Preferable site, several
Projects are underway in the health and medical sector which woulg Provide syf-
ficient data for such a Study. The PAHO study collected detailed data on the
circumstances Surrounding the death§ of 4,200 children under age S ir Cali,
Cartagena and Medellin. fThe AID-financed health and nutrition sectoral models
will undoubtedly provide some overlan with the research of our Project, thug
economizing on the research requirements. A certain amount of cost anaiysis hag
already been undertaken in the health sector. Finally, the wHO Maternal-chilg
Health Project unc.er Dr. Aqualimpia could offer usefy) irputs to this prozecst,

A critical factor in choosing 4 country will be the interest of the Minig-
try of Health and/or the country's medical school in such a Project. pven with
an existing data base, Phase 2 will require additional field work to estimate
the cost of alte:mative policy actions for the empirical estimation of the tech-
nological relatinnships in the model.  The methodology used for the latter wil}
require the quidan-e of the medical Practitioners in the country with experience

in the rural arca”. The final choice will be made in conjunction with the views

of AID and its health sector Program efforts,



Phase 2

Prodeat Derian

During bPhase 2, the following activitiues aimed at empirically estimating the

eoonomie and medical relationships ir tha model will be carried out: (a) analysis

of results from ongoing oparational ruwsearch on the provision of health and
medical services {n maternal-child hoalth, (b) astimation of the cost of provi=-
ding alternative policy actions, and (e) devolopment, implementation and analysis

of a survey of medical practitioners with padiatric uxperience in the rural areas

of LbC's. The survey tnatrument would boe designed to develop Bayesiun estimates
of the model's mevfeal parametors.

AB a4 cohseqience of the review in Phase 1, the structure of the model will
have been speeified, e critical problem will then be to quantify the rela-
tionship between the 11} dirfforent ondowmont variabies wnd vVarious policy inter—
ventions, and (2) the probabilivy or contracting the survivina different disease
problems. Many cof thene technological relationships are not fully understood,
ard 1f underatuoa, are not firmly specified on the basis of controlled and care-
ful medical research. Thin haw been the principal stumdling block of any previous
research along the lines of this project. It {s also clear that providing the
full set of technological barameters through the normal process of medical re-
search would delay any comprehensive analysis of alterrative policy interventions
URLIL the dintant ruture,

It 18 a fundamental premise of this project that a sufficient woalth o€

practical experience and knowledge oxists at the Prcsent time to provide estimates


http:inter.ti

of thesa rolationships at g level of accuracy sufficient for policy analyses.
The key problem is to conceptualize agng specify the precise technological re-
lationships at a level with whion Opcrational practiticaers

€an relate and react.

Bpeaifically, the way in which any nedical Of health action relates to the proba-

bility of eontracting or SUIVIVING i ldnens can be speerfing in terms of a
diserete ohain of physiological—bohuvimrul rolat;onships. Each 1ink _n the
ehain {n an Oporationally relevant valisas relationship wich which a medical
practitioner ig likely to have hag CRUerlence, whoreas the combined effect of
all linke in the chain are not ag Leadlly expeyion-ce and perceived. By focusing
on these diseroto links in the choln $or various lewvels of a child's resource
ehdowment variatles, and for specific healeh and diceause problems, jt should be
poseible to elicit informed andg reasorable judgments ag to the mégnitude oy

edach relationship,

There are two Possible sources of thig information, One source ig the
inereanlng nimber of ongoing opeiationagl research projects ip medical care
delivery in many developing countries.  This woyld include tne functiona) analysig
Yesearch by Johns Hopkins ip Taiwarn aned Indta, the Danfa kural Healeh Project in
Ghana, the YWk of Dean Wilson I Gusterala, of Dav:d Morley and Dr. Rarsome-xuti
in Nigwriva, and cemparable projecty currently underway 1p Colombia, Indonesia,
Thailand and Konya,

Mere projects are amatting at a very micro-level considerable experience
éhdrknowlwduo on the oporational problems dcllverinq health services to the

maternal-ehy g Population and on the problems in effecting change in health

lated “Wiranmantal and behavioral variablegs,



Second, the project would undertake a survey of approximately 200 to 300
medical and healih 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 of the effect of different health and
medical actions or a child's probability of contracting and surviving different
diseases. The sBurvey 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 *o.carefully specify (a) the
physiological characteristics of the child for whom an action is taken, (b) the
environmental situation and the average level of family inputs provided to tho
child, (c) the pricise nature of the medical or health action taken. The respon-
dent would be asked, for each of these “"situations," the likely effect of the
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-
case problems and human and nonhuman resource slates will yield between 100 and
200 "sltuations“ 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 theﬁe technqioqical 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 agercics and universities in order to draw a sample of individuals



with a considerable experience in the problems of delivering pediatric health
services in the context of rural less devolopod country environments.

Finnll&, en0 of the professional invostigators will spend approximately
four monthe in the host country gathering the supplomentary data necessary for
the ostimation of the modal. Procise ostimates must be made of the financial
costes of providing alternativo servicos, as well as the foreign exchange and
skilled manpower requirements, Wher some sarviceec would have to be provided in
the context of larger programs with multiplo outputs, the joint cost requirements
would have to bo estimated, Similarly, estimates would be required of the
pattern of healsh uervige utilization, in order to account for the large fraction

of the child population that concaivably would not be reached by specific types

of policy actiora,

Phage 3

Mroject Desian

By the beginning of Phase 3, most of the data nccessary for the empirical
gpecification of the model will have been ussembled. The principal tack of
Phave 3 will be to complete the specification of the wodel, and to do a linear
proyramning analycis of the rarge of possible policy actions, given the epide-
miological and deneographic characteristics of the pop&lntion. and the rasource
congtrainta that impinge on policies. The analysis should reveal the optimal
mix of policy actiony required to yield either the groatest increase in the
probability of susvival and/or the greatest qain in terms of the economic bene-

flts to bo derived. The rodel can be simlated by varying tha objective function,

(e



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 rix to changes in the baseline disease mix in the population or
to the demograph:c characteristics of the population. In this way, the model
may provide useful policy guidance to other countries interested in formulating
an integrated cchesive policy to attack the infant mortality problems. The

final results of the survey, the specification of the model, and .an evaluation

of the linear Programming analysis will be published and distributed to relevant

operating agencies in the health field.

Narrative Synopsis of Proposed Project

Sector goal - The increased efficiency of utiliﬁ%tion and more equitable
distribution! LDC resources to improve health.

Project purpose - To increase current knowledge concerning the effective-
ness with which alternacive 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) Completicn of validated simulétion model.

(3) Completion 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 biblioyraphy has been prepared.

Inputs:

-- U.S. Contractor -- estimated 96 m.m. professional personnel
-= AID - funding, monitoring and evaluatinn

== Host country - access to data sources.



111,

A. Technical Aralysis

As previously stated in I.B., the project pProposal was submitted to three
external experts ror comment. 1In general, they found the pProject 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 meathod of developing estlmates for the model varlables.
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 opiqi:n was that (1) the model results are critically needed in the short
run to better plan health programs, (2) empirical field research for more definji-
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 aiternatives for MCH
services. They felt that the tradeoff between these factors was one which
favored project implementation 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 stétus of infants and children.

The amounts of effort proposed and the technical design appear adequate
with the proviso thac if the problems of reliability of data prove more diffi-

cult than expected, *he project should not proceed to Phase 3, but should be

terminated at the end of Phase 2.



Phase 1 - An extensive.literature Survey ang development ana simulation

resulting from Phase 2,

Resource Reguirementi Phase 1

Phase 1 jg €Xpected to be completed within 12 months. Three Principal
investigators will devote 4 combined total of approximately 20 man months to

this phase, Two of the Principal investigators will be €conomistg with experi-
——MSts



During Phase 1, several trips to Washington will be necessary for discuge
sions and exchange >f resource materials. Additional domestic trips will be
required to obtair or copy research materials avéilable in other U.S. institu.ions.
One of the principa) 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 mémber of the project to spend 3-4
months in the U.S. in collaboration on the modeling process.

During all threec phases of the project, the investigators will be supported’
by a full-time graduate 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 investigatof staff as in
Phase 1. One of the li.S.-based principal investigators would spend approxi-
maﬁely 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 Sample of medica)

Practitioners, One of the Principal investigators will also visit several

LDC professionals in the host country, on 4 consultant basis, to assist in

great,






FINANCIAL PIAN - INFANT MORTALITY STuDY
! K ’
PHAGE, A . PUASE B PHASE C
Man Man Man Total
- — Morths Dollars  Monthg Dollars  Months Dollars  mollars
Pringipal Investigatarst
5ject Diredtar 6.5 14,365 8.75 21,250 .5 17,400 53,015
Jeét Officey d 5,662 2 6,230 2 6,853 18,745
liat¥ician fray _
hest EiMAtry s 6,5 8,000 6.5 8,800 4.5 6,525 23,325
Researen Assistanes 12 7,530 12 8,000 12 . . 10,000 25,500
Bearerap 5 4,378 5 4,812 5 3,293 14,480
TOFAL BALARIES 23'9"53"F L ;3'9'.‘9'97 . ,
University Cveriiead 5 1,713 30,200 87,501
 Bubtoal 1 L) 50,505 - TIT T
itan Dllars ltom Dollars rten Dollars
Copying = T30 </ T30 T 400 1,050
Telephone 300 350 400 1,050
Bupplins _ 1,200 1,300 1,400 2 700
hitéfﬂ.’ationa-l Travel 3 tripy 2,000 4 tripe 2,648 2 trips I,324 -5,972
Hternational Per diem 2 m, 2,400 &mn, 3,576 1 mo, 1,200 13,176
baestic travel 6 teipg 800 6 trips 880 ¢ trips 800 2,480
Baiestic per Jiug 150 m/days 3,750 0 m/days 1,600 59 m/days 1,259 6,600
%’i’puber 1,300 1,300 20,000 12,000
Bnsul tants W0 mviays 1000 3 nvdays 3,000 10 ™days 1,000 5000
Burvey - 5,000 - 5,000
| Field Regearen ¢ogt 6,500 6,500
Subtoral iy 135,030 32,507 073 83,325
TOMAL 78,530 113,291 104,059 295,44y
- (See rew Proposed Budget which is attached
Jo Pp Facesheet, )



Ghana Assumpt fon

cosT EﬁfIMATES(REVISEQ) INFANT MORTALITY STUDY
*“—

VYHASE A PHASE B PHASE ¢
Man Man Man Total
_ B Months Dollarg Months Dollarey Months Dollars Dollars

Principal Ihventigatorgy
Poject Ditectop

¥ 14,368 8.75 21,250 6.5 17,400 53,015

Project Officer d 5,662 2 6,230 2 6,853 18,743
Pediateiciag Lrom

host eountry 6.5 8,000 6.5 8,800 4.5 6,525 23,325
Research Asdistantg 12 7,500 12 8,000 12 10,000 25,500
Seeretary 5 4,375 5 4,812 5 5,293 14,480
TOTAL SALARIES 19,897 49,092 46,071 135 055
University overhead 25,588 31,713 30,200 87,501
Subtetal } 65,480 80,805 76,271 221,556

Ive Dollara Item Dollars 1Itenm Dollars

Copying == 300 350 400 1,050
Telephone 300 350 4«00 1,050
Supplies 1,200 1,300 1,400 3,900
International Travel 3 tripa 3,000 4 tripe 3,500 2 trips 2,500 11,060
International per

diem 2 wm, 2,400 8 mm 9,576 1 mm. 1,200 13,176
Domestie travel 6 exips 800 6 trips 880 6 trips 800 2,480
Domestic pep Jdiem 150 man days 3,750 60 mdys 1,600 50 mdys 1,250 6,600
Computer 1,300 1,300 20,000 22,600
Conunltants 19 in/daya 1,000 30 mdya 3,000 10 mdys 1,000 5,000
Survey - 3,000 - 5,000
Fiald Reaeareh 6,500 6,500
Subtotal II -1, 050 3?".356_ 28,950 78,355
TOTAL 78,4238 116,161 105,221 _299,972"

—_— —— —_——me T Ju

(See new Proposed Budget which is attached
Jo PP Facesheet)




10.

Notes for Financial Plan

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

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

Copying costs are based on an estimate of 500 copies per month at $.05
per copy.

Supply costs ale estimated at $67 per month.
International per diem is estimated at an average of $40.

Domestic travel in phases 1 and 2 is based on an 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 round trips

between a U.S. university and Washington and one trip to UCLA in Los
Angeles.

- Domestic per diem is based on the assumption that the LDC investigator

spends 120, 30, and 30 man days, respectively, in the U.S. at $2¢ por

day. The remaining days relate to periods spent collecting materials
at other U.S. based institutions.

"Consultant costs are based on an estimate of $100 per day.

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

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

"/)(/)



III.

C. Social Analysis

-

The intended beneficiaries of the Project are initially health sector
Planners and decision makers but the project results are all specific to the
ultimate target ¢roup 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 L3C's
ana 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 .mproved health status upon
implementation of the most effective program mixes identified by this project.
There is no assurance that the pProject results will be implemented spontaneously
and indeed there are serious impediments to the impiementation of expected fin-
dings of the rost effective interventions being preventive medicine, environ-
mental sanitation and simplest curarive medicine in character. This project
idea, however, has grown out of the repeatedly expressed fclit need of LDC health
Planners for information on effectiveness of a.ternative interventions in order
to present more.convincing cases ror orienting health sector investments toward
sinple preventive interventions. ©ais pProject will forr a part of a broader
effort to strengthen national pPlariing capability and provide the information
to identify and describe the most effective use of national health sector

resources.

D. Economic Analysis

Current literature indicates there are no valid techniques available for
conducting cost-benefit or cost-cf{{cctiveness analyses of projecte 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 admitted, included



V.

Iv,

the likelihood for failure in their calculations. The uncertainty of imple-
mentation of projact findings for reasons described under C above make impos-
sible a cost-effertive 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 héalth 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 substastial contribution te the rational planning of health programs

in doveloping countries.

A. Anulysis of Administrative Arrangements

The project will be carried out in its entirety undar a contrart presumawly
with a U.S. univeralty. The contractor then will establish relationships with
LDC personnel and identify and mobilize data sources in LDC's in ordexr to carry
out the resecarch.

The technical office has experience in working wath some of the individuals
and institutions alrcady identificd for Colombia and will assist the contractor

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

B, Implementation Arrangemeants

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

group of LDC rescarchers. The project manager has made initial contacts with

a group in Cali, Colombhia,



Phase 2;

Phase 3:

Review of the literature.

Survey of pediatric Practitioners ang the development

of prior estimates,

The conduct of field Surveys and the development of

revised estimates,

Development of a linear Programming mode} based oy,

tae improved estimates,



o

Review of

Literature 12th
Month
—~ 1Sth
Sth Month
Month Development and
Sirulation of Model
25th
Month
13th Survey of
Month Pediatric
Practitioners
20th 30th
Month Field Month
Research
26th 36th
Month Development and Month

Simulation of Linear
Programming Model

Month One is assumed to be the month of project approval.
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C. Evaluation
—<codation

"The Project w!ll be evaluated ip stages. a number of intermedigte reports
will be demanded at each major stage. Thesge reaports will be reviewed by consu}
tants with éxpertisz in the field. At Present the following Sequence of Jeports
is envisioned:

l. After the 12th month 4 Critical review of the literature will be submi tteq.

2. In the 12th month, the Survey instrument to be vused ip the pediatric

evaluation Services,

D. Conditions, Comments ang Negotiating Starcus

)

No special conditions, Covenants or negotiating status concerns are

applicable,
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COSTING OF PROJECs OULIULS/LINPULS

(In $000 or equivalent)
Project Paper

New
_ Rev ¢

Title Efficiency of Health Measures

Project Outputs

reject Inputs ; _
IR 43 | 04 ] @5 | TOTAL
| 1iterature, simula- ; pedia- field | iinear
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A% B2 1re PROJ ECY DESIGN SUMMARY Life of Prejecy:

Frem FY ___ 26 wFY__ 79
RAMEW
LOGICAL F EWORK Tetel U. 5. Fynding £28] o

- Dote Prepored: 22411238
Project Title & Number —Efficlency of Hzalth Messures

NARRATIVE SUMMARY OBJECTIVELY VERIFIABLE INDICATORS . MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS
- Preg-am or Secror Gool: The brocder obective 1o Mecsures of Goal Achievemenr: v . Assumptions for achieving gool 1orgers:
which this project comrvibutes: 1. Improved health statys. il national sratisties
The incriased efficlency of utf{lization 2. Increased availability of health 2. national statistics
and zore equitable distridbution LDC services to currently disen-
Tesources to Icprove health. franchised groups.

Preject Purpose: Conditions thet will indicote purpose hos been

- —
Anw_npﬁonl for och.eving purpose:
Te increase current knovledge concerning | echieved: Endof project stohs.

That the an:liytical instruments proposed
the effectiveness wvith vhich alternative Identification of optimal activiey Expert evaluation. can be made o;erational vith existing
bhealth sector technologles influence Dixes to {mprove maternal and ch{ld erpirical data sources.
health status in the target groups of health 1in differing epideniological,
infants and chiléren under five. social and environmental s{tuations.
|
]
Ourpurs: Mognitvde of Qurputs: Assumptions fpr ochieving outpurs:
1. Suzary of existing literature concern 3. Completion of literature reviev., 1. direct That the use of Bayesfan estirators will
ing elfectiveress of alternative health 2. Cormpletion of validated sirulation 2. direct suffice in the production of valid fnputs
22‘2;&2;:;}'2;:::;&; influence fnfant model. 3. direct for the simulation model.
2. Vslidated model vhich sizulates the 3. Coopletion of linear prograrming | g. expert evaluation
interaction of epiceriological, environ- wodel.
®eztal and technical factors in the causs- &. Identification of least cost intert
lity of infaat aad childhood portality. ventions for typfcs) LDC situationg.

3. linear prograz=ing zodel which cocbines
results of the sizulation codel of disease
Causality & resources required for inter-
vention to ifdentify least cost Interven-
tion alternatives,

tnputs: " Implementation Terget (Type ond Quontity) Assumptions for providing inputs:
Ualversity of Michigan ~ §5.25 zx pro- 1. 45.25 o.m.
fessional personnel. 2, $281,000

AID - funding, ooritoring and evaluation.
Kos: country - access i dats sources.
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Country: Project No: Project Title: Date: /X/ original Appro-ed:
I revision
Interregional Efficiency of Health Measures 12/15/75
CPI NARRATIVE
1. 4/1/7s5 Initiate literatyre review of costs and
effects on health status of obstetric
and pediatric intervention
2. 9/1/75 Initiate development of simulation model
for impacts of alternative interventions
on infant and child health
3. 3/31/76 Complete literature Survay report
(required rapcrt)
L, 3/31//6 Complete developzent simulation model
5. 4/1/76 Inftiate sfrulation model iterations
6. 4/1/76 Iniciate development pediatrician
Burvey instrurent
7. 6/30/76 Cocplete simulation model (required report)
8. 7/15/76  Initfate international pediatrician survey
9. 10/15/76 Complete international survey and analysis
of results
10. 11/1/76 Initiate elaboration of linear programming
model of costs and impacts on health of
alternative obstetric and pediatric inter-
- vent{ions
11.  12/15/76 Initiate survey of pediatricians in
selected LDC
12. 4/1/77 Complete analysis of pediatrician survey
(required report)
13. 5/1/77 Initiate fterations of LP model
14. 8/1/77 Cenduct sensitivity analysis of model
15. 12/1/77 Complete LP model]
16. 3/30/78 Final report
&



WORLD WHWEALTH ORGANISATION MONDIALE

ORGANIZATION DE LA SANTE
1211 QENEVA 27 . SWIITZERLAND "un OENEVE 27 - SWUSSE
TVelegr . UNISAN E.Geneva TeHgr.: UNISANTE.Gendve

T4l 34 6061 Télax. 27821

In 1eply please sefer 1n 10 June 1975

Pritee de rapneter 1a réf¢rence:

PLRSONAL

Dear Dr Davis,

Thank you for sending me Professor Heller's research 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 fully the purpose of the proposed
rescarch.  This area of child health is one in which expenditure of considerable
amounts of public money is being decided upon on rather weak grounds by most
goveraments at various levels of development.  Comsiderable savings could
result {rom even the smaliest element of rationality being introduced into the
decision-making process. [ also subscribe to the fundamental premise that
there is sufficient wealth of diffuse knowledge and experience to warrant the
formal study of the Impact of alternative pulicies ou the child health problem,

On the three stagens of the proposed study, I have the following conment s.
As 1 see it, the kingpin or stage A 1s, bevond an analysis of determinancs, (he
structuring of a technelopy marrix making explicit the strength of relacion..ip
betveen policy-controlid determinants - like the medical ones - and risks ro
child healths  Tiw desipn of such a technology matrix will no doubt have a
strong bLearing on the ensuing survey: the extent to which envirommental anu
behavioural determinants are included in the technology matrix will determipe
the scopc of the pProposed survey in stage B,

In respect of stage i5, 1 have some doubts as to the productivity of gpn
international survey = boyond a review of published data -~ in respect of
obtaining empirical estimares of either marginal effectiveness or unit cost
of the availahle technelopy, The approach focussing on an already known
population like the Colombian one, would secm more profitable for the purpose
of such rescarch, The above relevence to structure of the technelogy matr;.
also raises the question of the validity of a survey based on medical
practitioncrs (pediatricians) alone in order to quantify cffect of non medical
deterninants - let alone their cost, No doubt stage B will be quite an cuercise
In delphic techniques, and rrom past experience I would venture a guess that
the broader and more multidisciplinary the team of national consultants is, the
more meaningful the empirical estimates will be,

Dr Joe 1, DuJis

Health Planning Officer

Office of Health b
Technical Assistance Bureau \k Oq

B v tmange of Crarn



Dr Joe H “is
Agency [+ .nternational Development
Washingten 10 June 1975

About stage €, T would return to the issue of the objective function
of the model,  The authors propose the dimension "Infant survival" ag a
basis for setting an economically neaningful objective function, with
teference to demographic and other externalities, This ig where, in my
view, the crux of the study lies, The validity of the model and the .
credibility of itg conclusions will depend on the acceptabilicty of the
objective function, I would be tempted to Suggest that the closer the
objcctive function is to satisfying the requir:ments of a real life decision
situntion, the more wmeaningful the results - at least o one set of readers,
Also, as nmost decisiens are about the next marginal dollar, and as the weight
of the past and curreut situation on the productivity of the marginal dollar
makes cvery decisiop nighly dependent on the locale as well as the rationaic,
this pleads for the study to focus on supporting a real decision precess in g
well-defined situation, In addition to the interest of academic circles,
Goverument commitment to some major child health investment should guide the
choice of the country,

In summary, I have no reservaticn towards the gereral design of this
study, which I feel wiry confidence deserves -to be financed. My minor points
of comment concern more the process and the setting in which the study is
conducted, and are motivated by my wish to sce it succeed fully, i.e. to the
point of actually infliuencing the situation in child health,

1 shall now take the libercy to show the PToOposal to interested colleasues
in Wil0, from whom Professor Heller might want to obtain support in due course,

Yours sincerely,

CI L el rc gt o E L
t— .

Dr M. P
Project Systems Analysis

G\ ¥
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UL LD 51ATES GOUVERNMENT
Memorandum

Memorandum of telephone conversation from
Dr. Burton Weisbrod to Rr. Joe Davis

TA/H, Dr. Joe H. Davis & Q:&(i:::}kﬂfwi;

Proposal to study Efficiency of Health Measures to Prevent Infant
and Toddler Mortaiity

Dr. Weisbrod felt that (i) 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 pre~
viously addressed this particular problem; (2) that the methods and
techniques of simt.lation modeling and linear programming were correctly
applicable to this type of analysis; (3) that the principal contractors
who authored tre proposal were quite competent in the area of proposed
activity and (4} ¢that the major ar-a of uncertainty in successful com~
pletion 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 numerical
estimates of effectiveness of options to be used in the modeis. He
indicated. that thece is no way to assure that estimates developed in
this way are accurate estimators of the true values. He indi:ated,
however, that the multistep process for developing the estimators
proposed in this project is probably the best way to develop expert
judgement estimater.

In general he thought that the pProject warranted support due to the
importance of *he »olicy area it addressed. Even though the pro-
posed 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 preferatle choice for this project.

Buy U.S. Savings Bonds Regularly on the Payrell Savings Plan

DATE: January 29, 1976
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DEPARTMENT OF STATE
7 Wasninglon. D C. 20129
June 26, 1975
MEMOR?M5UM

To: Ail/TA/ii - Dr. Joe H. Davis

~
~

From: S/F - Charles R. Frank, Jr., C.l'"

I apolcaize for taking so long to review the

proposal p.  Isrth by Peter Heller and Robin Barlow
that you ax - 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 prouramming techniques to evaluate policies.

I do not feel qualified to juédge the crucial inter-
mediate step -- gathering of data by means of a
survey of LDC pediatricians. I feel that the authors
might be asiked to elaborate more precisely what kinds
of data thev irtend to get and how they intend to

get it in tni. survey,



ANNEX IX

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




10-1 AN EXAMPLE: THE PIRIOR AND
POSTERIOR DISTRIBUTION

In a ceriain couatry, it rains 40 of the days and shines 607 of the days,
A barometer manufacturer, jn testing his instrument, has found that
somctimes crrs: op rainy days ji crroncously predicis “shine 109 of the
time, and on shiny days erroncawsly predicts **rain® 2075 of the time,

The best prediction of lomorrow's weather before looking at the

Tasee 10-) Prior Probabilitics, p(o)

State 0 Rain (0,) Shine (0,)
Priorprohahili(ypw) B 40 60

the barometcr ang seeing it predict "rain,” what is the Posterior distribution 9
That is, with this new mformation i1n hand, can't we Quote belter odds on
rain than Table 10.) 2

31n this analyns, gt s Ahummed that there 4 A0 other available information (such a3 a
weather report, or visuy) observation of how the weather is developing),
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The answer is, of course, yes. To see why, we first formally set out the
reliability of the barometz, in Table 10-2. This information is combined with

TasLe 10-2 Conditional Probabilities, p(x/6)

Nlc 0
Prediction Rain (6,) Shine (0,)

-—

“Rain" (z,) 90 20
“Shine"™ (z,) 10 80
b3 1.00 1.00

the prior probabilities in Table 10-1 to define the sample space shown as the
entire large rectangle 1 Fraure 10-1. Tt has four subdivisions, each repre-
senting the probability oi a specific state of nature. and a barometric pre-
diction. Thus, for example, tne probability of the state of naturc 0 being rain
and the barometric prediction (1) being *“rain’ is?

P01, 21) = p(0,) - p(2,/0,) (10-1)
= (4)(.9) = .36 10-2)
Similarly, the probability of the state shinc, and the prediction “rain™ 1s
Py, 1) = p(0,) - p(r,/0y) (10-3)
= (.6)(.2) = .12 (10-4)

State of nature 8

Ran ( 4) Shine { 6)
(6) ()= 12 \

“Rain” -
L
8 (41(9)a 36
$ % Onginal sample space
b A8 After “ran” prediction,
[ sampie space 8 [, ]

*Shine” 04 J

I'IG. 10-1  How nostertor probabibitics are determined.,
¥ We use the conditional probability theorem

PiY. 1) = ply) - plefy) (10-3)

For reference, see for example Wonracott and Wonaacuou, op. cit., Chapler 3,

2
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Of course, after “ran* has heen predicted, this sample space is po longer
relevant, I js replaced by tl.e new, shaded sample SPACC; now rain is seen to
be three times ay prebable as shine (.36 versus .12). This leads us directly to
Our posterior distribution jn Table 10-3. Comparin s this with Table 10-1, we

TABLE 10-3 Posterior Probabx!i(ics,p(ﬂ/z)
—_—— —_—

Stare 9 1 Rain (/8] Shine ()
Posterior proba biluy 75 28

p(0/“rain")
—_—

5¢€, as expected, just how the 0dds on rain nnprove once (he barometer has
predicted it

Since this s o ‘Mportant, we now write down its full formal confirma.
tion. From (10-2) and (10-4)

P(prediction *rain™) =p(8) =36 4+ .12 = 48 (10-6)
Using (10-5) again

P(0,/x,) = EL“ 7) = ié = .75
px) 48
Similacly 0.2) 1 (10-7)
P(0y)z)) = PO 1) .12 25
Mz, .48

. B0.1) _ p(0)p(z/0y
P0/z) = %(; == (10-8)

the prior probabiiuics p(6) fave the proper betting odds on the weather, But
after the evidence 1 . wecan do better: the posicrior probabilities £(0/z)
now give the proper betting odds, (This may be intuitively trasped by
8ppeahing to the relagive frequency mterpretation. OF alf the times the barom.
eler registers “rain. what proportion wiy fan - actually occur? The
answer: 75%.) As a Simple summary, we note that the prior probability
distribution js adjusted by (he empinical evidence 1o yield the posteriop
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distribution. Schematica'ly:

f )
Prior probabilily of | 14 posterior
\ .. yields .
probabilities | * nd Zr:l‘lz::ﬁ: " | probabilities (10-9)
J10)) p(x/0) plo/z)
PROBLEMIS
10-]

10-2

103

Suppose another barometer is used: on shiny days it erroncously
precicts “rain® 30% of the time, but on rainy days it always correctly
predicts “ram "

(a) With the prior probabiliues in Table 10-1, calculate the posterior
probability of rain, once this barometer has predicted “rain.” What
is the posterior pr ybability of shine?

(b) What do you think of tlus argument: **Since the barometer
always predicts ‘ruin® when it does rain, a ‘rain’ prediction mecans
that it is dead certam that it will rain.™

() Explain why the posterior probabiity of rain is now /less than

in Table 10-3, cven tFough this new barometer 1s a better predictor
when it rains.

In a population of workers, supposc 40% arc grade school graduates,
50%, are high scool graduates, and 10% are college graduates.
Among the grade “chool graduates, 10% are unemployed, among the
high school gradu~tes, 52, aie unemployed, and among the college
graduates 20 are nnemployed. If a worker 1s chosen at random and
found to be uncmployed, what is the probability that he is:

(a) A grade school yraduate?

(b) A high school grajuate?

(¢) A college graduaie?

A factory has three inachines (0,,0,, and 0,) making bolts. The

newer the machine, the farger and more accurate it 1S, according to
the following table:

Machine -——» 0, (Oldest) 0, 05 (Newest)

Proportion of totai
output produced by 10 40% " 50%
this machine

Rate of defective o o .
bolts it produces 3% 27, 17




200 DECISION THEORY

Thus, for example, 6, produces half of the factory’s output, and of all
the bolts it produces, 1% arc defective.
(a) Suppose a bolt is sclected at random; before it is examined, what
is the chance it was produced by machine 0,7 by 0,7 by 6,?
(b) Suppose the bedt 1s examined and found to be defective; after
this examination, what is the chance it was produced by machine 6, ?
by 6,7 by 0,?

=>10-4 Supposc a man is drawn at random from a group of ten people,
whose heights 0 have the following distribution:

0 (Inches) p(6)
70 .1
71 3
72 2
73 2
74 .1
75 .1

(a) Graph this (prior) distribution of 6.
(b) Suppose also that a crude measuring deviee is available that
makes errors with the following distribution:

e (Erzor in Inches) ple
-2 A
| 2
0 4
1 2
2 R

Surely this can help us a little in estimating the man's height. For
example, suppose his measured height using this crude device is
x = 74°. We now have further information about 0: that is, this
measurcment changes the probabilitics for 6 from the prior distribu-

tion p(0) to a posterior distribution p0/x = 74), Calculate and graph
this posterior distribution,
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102 OPTIMAL DECISIONS

(=) Example

Suppose a salesman reqularly sells umbrellas or’lemon

afternoons at football games. To keep matters simple, su

ade on Saturday
three possible options (artions, a,):

Ppose he has just

a; == sell only umbreljas,

dy = sell some umbrellas, some lemonade.

@y = scll only lemonade,

If he chooses a, and it rains, his
It will be more convenicnt io des
thus his losses will be —20 of 10 respectively.

If he chooses action @ or ay,
information may be asseimbled ¢

Profit1s $20; but if i shines, he loses $10.
cribe evervihing as a Joss (negative profit);

there will also be certain losses. All this
onvemently in the following loss table:

TABLE 19-4  Loss Function /(a, 0)

o~ State
m Rain (0,) Shine (6,)
a. "‘20 lO
a, 5 5
ay 25 —‘7

Suppose further that the probabilit

of the weather is as follows:

y distribution (long-run relative frequency)

Taprr 10-5 Probability Distribution of ¢
State 0 Rain ) Shine (6,)
Probability p(0) .20 .30

What is the best action for 1

he salesman to 1ake? (You
out, belore reading on; it will e

are urged o work this
casier that way.)
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L(a) = —29 (:20) + 10 (.80) =4 (10-16)
Formallys
Kay)) = i(a,, 0, PO + Kay, 6,) 6,) < .}: l(a,, 6) p(g) (10-11)
Similarly, we evaluaie
L() = 5(.20) + 5(80) = 5 (10-12)
and
L(a;) = 25(.20) — 7(.80) = —¢ (10-i3)
In general
La) =¥ I(q, 0) p(6) (10-14)
[
The optimal action

is seen to be a,,

the only option that aj
calculations a;

in fact, this js

which minimizes the expected loss;
information and

lows any cxpected profit, Ajl our
¢ Summarized in Tapje 10-6.

TABLE 1C-6 Calculation of (he Optimal Action q

Lia) = expected Joss

5
—.6 - minimum
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section). The objective remains the same: to minimize expected loss. We now
pausc to reconsider in detail:

1. The probabilitics p(0).
2. The loss function /(a, 0).

1. The probabilities p(0). of course, should represent the best possible
“intelligence on the subject. For example, supposc the salesman moves to
another state, with weather probabilitics as given in Table 10-1. If he has no
baromcter, he will have 1o use the (prior) probabilities in this table. But if
he can cqnsult the barometer (described in Table 10-2), then of course the
posterior probabilitics £(0/x) in Table 10-3 should be used. (Sec Problem
10-5 below.)

The logic of Bayesiun inference is laid out in the block diagram, Figure
10-2. Incidentally, in the calculation of the average loss L(a) in (10-14) it
would not hurt to use kp(0) instead of p(0 as weights, where k is any
constant (independent of 0 and a). For &p(0) would gencrate losses kL(a),
which would rank in the same order as the true losscs L(a) and, hence, point
to the same correct optinuzing acuon. This is a very use{ul observation. Thus,
for example, our umhrella salesman need not undertake the last step in
calculating the posterior probabilities of rain in (10-7); he can forget about

Probabihty ot data Prior distnbution
pxlty pl8)
i
\
'
]
Postenor :
drstnbution '
P("‘) ]
- '
)
: Loss {{a, 0)
Thrs )
if possible; !
olherwise |
that —e
'
[}
4 Y
Expected loss L(a);
find Lhe smallast

FIG. 10-2 The logic of Baycsian decisions 10 mininize expected loss,
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the denominagor P(x), and yse (10-2) and (10-9) instcad-—without afi'ecling
his decision_«

2. The loss funm'on, Ue, 0), In ourexample, we assumed that moneta
loss is the appropriate Consideration, This may be valid Cnough jif the
decision js made (“game js Played™) oyer and over 2gain: whateyer Minimizes

€ expected loss cach game wij] minimize tora) €Xpected loss in he long

10-1
(b aip chance (lottery ticket) on a $210,000 prize.} (1015
Mos; People woyd prefer choijce (a), even though its expected Monctary vajye

$100,000 )= $100,000
is less than that of choice (b): (10-16)

$210,000 (12) = $105,000

210,000 ,

M (dollars)
FIG. 103 Auhor subjective evaluation of money,
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based not on mancy itsell as in (10-16), but rather on a subjective valuation
of moncy, or the “utitity’™ of money. As an illustration, Figure 10-3 shows
one author’s subjective evaluation® L(M). Since utility is the more appro-
priate measure, the decision should be based on expected utility, vather than
sapected money. Usirg Figure 10-3, the expected utilities of the two choices
are:

®) w() =y (10-17)
B w(}) = L4, (}) = .70,
which is a clear victory for choice (a). In decision situations, a loss-of-wiility
function of this kind should typically be uscd as our loss function /(a, 0);
herealter we shall interpret losses in this way.

PROBLEMS

10-3 Using the losses of Table 104, cu.culate the optimal action if:
(3) The ouly avaiable probabilities are the prior probabilitics of
Table 10-1.
(®) The barometer reads “rain™ (so that the posterior probabilities
of Table 10-3 are r2levanu).
(¢) The barometer reads “shine.™
(d) s the following a true or false summary of questions (a) to (c)
above? If false, correct at.

If the salesman must choose his action (order his merchandise)
tefore consulting a barometer, then @, (umbrellas and lemonade) is
best.

However, if e barotncter can be censulted first, then the sales-
man shoukd

Choose @, (umbreltash if the barometer predicts “rain.”
Choose a3 (lemorade) of, the barowreter predicts “shine.”

But a bright salesman could have seet this obvious solution without
going ¢ all the trouble of karmng about Bayesian decisions.

106 A farmer has to decide whether to setl his cora for use A or use B.
His losses depend o tts water cont:nt, (determined by the mill dur-
ing peocessing, after the tarmer's deision has been made) according

t———

$ Wbis vtility cumve s Mg peesenal. amd emporary. It i debined empirically for an in-
didual by asking bum which. bets bt peafices. b otber words, many bets like (10-15) are
wad to dufipe wuhty.
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DECISION THEORY -
to the following table:

\ State 0
Action q \’ Dry Wet

Use 4 I —10 30

Use B 20 10

@ If his only additional information js that, through long past

" experience his corn has been classificd as dry one third of the time,

what should his decision be? .

(b) Suppose he has developed a rough-and-ready mcans of deter-
mining whether it is wet or dry—a method which is correct 3/4 of the
time regardless of the state of nature. If this indicates that his corn is
“dry” what shovld his decision be?

(c) How much is the-method of part (b) worth, that is, how much
does it reduce his expected loss ?

=107 A school is to be built 1o serve 125 students, who live along a single

road.

L

Let 2, = distance student i lives from origin
@ = distance of school from’origin

Thus
(% — a) = distancc of student i from school,

(8) Where is the optimum place (mean, median, mode, midrange?)
to build the school in order to _
1. Minimize the distancc that the farthest student has 1o walk,
2. Minimize the tota) walking done, that is, minimize the sum of
the absolute deviations:

Zh'l-"'

*3. Minimize the sum of the squared deviations:

2 (x; - a)

W
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(Hint. Caleu'us suggests differentiating with respect to a, selling
the result equal to zero.)
4. Maximize tl.c + umber of students who live where the school
is built, and ¢o not have to walk av all. ’
(b) Does the fouilowing accurately reflect your conclusions in
qucstion (a) above ? If not, correct it,

v

In (2) we are concerned only about the total walking done; walk-
ing is considered a loss, no maiter who does it. In (1), on the other
hand, only the walking done by the two cxtreme pcople is con-
sidered a loss; walking done by any others is of no concern whatso-
ever. (3) is a comrnromise; we imply that although all walking is
some kind of luss, the more a student has walked, the greater his
loss in walking one more mile. Thus the person who walks 3 miles
(7, ~ a = 3) contributes 9 1o the loss function, whereas the person
who walks 1 milc contributes only 1.

10-3 ESTIMATION AS A DECISION

In our carlier example the states & (rain and shinc) and actions a were
categorical (i.c., nonnuinerical). But this was not an essential part of the
theory; in this section we consider a numerical cxample.

Example

Supposc the judge at a beauty contest is asked to gucss the height 6
of the first contestant, wirom he has never scen. Yet he is not in complcte
ignorance; suppose he knows that the heights of contestants follow the
probability distiibution p(0) shown in Figure 104,

(1) Suppose, in order to encourage an inteiligent guess, the judge is to
be fincd S1 il hie makes a mistake (no matter how large or swall); “a miss is
as good as a mile.” What should the rauonal judge gucss?

0 (inchcs) p(o; p(#)
64 B
65 R A
66 2 [~
67 2 2[- , ,
68 3 —
_ 69 1 J‘ I T l 0

FIG. 104 Prior distnibution of heights 6.
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(ii) Suppose the rules become more severe, by fining the judge Sz for
an 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
$z* for an crror of z inches: this is the same as (b), except that the loss
becomes moit severe as his crror increases. What is his rational guess now?

TasLE 10-7 How the Optima! Estimator of 0 Depends on the
Loss Function

Then the Corresponding

If the Loss Function i(a, 0) is: Optimal Estimator a js:

(i) Oifa = Oexactly, Mode of p(0)
1 otherwise
(“the 0-1 loss function™)

(i) la — 0 Median

(Gii)) (a — O Mean

Solution. (i) The most likely (modal) value 68.
(i)) The median valuc 67.

(iii) The mean value 66.8.

Thus (i), (i), and (iii) are like (4), (2), and (3) in the schoolhouse Problem
10-7, with the same solution.

To translate this into the familiar language of decision theory, the girl's
height is the state of nature 0, and the guessed height (estimatc) is the action
a to be taken. The fine the judge must pay is the loss function /(a, 0); since
a and 0 are numcrical, the loss function is mosi convenicntly given by a
formula, rather than a table. Each or the three loss functions, along with its
corresponding optimal estimator, is shown in Table 107,

The quadratic loss function (#i) is the one that is usually used in
decision theory. It is graphed in Figure 10-5. It is justified not only by its

i(a,0) = (a~9)?

!
’

FIG. 10-5 The quadratic loss function,
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intnitive appeal, but 2lso by its attractive mathematical propertics. For
example, itis easily differcatiated (an important requirement in minimization
rmhlcms); on the othar hand (1) obviously cannot be dilferentiated; nor can
(1), since it is an absoluce value function.

We reenipnasize that the probability distribution p(0) used in the decision
process ought to reflect the best available information. Thus we may be
forced 1o use the prior disiributior, P(0) il we have not yet collected any data.
bev after data is collected, the posterior distribution p(0/z) is appropriate,

PROBLEMS

These are extensions of Pioblem 10-4,

10-8 Suppose you have to guess the height of the man drawn in Problem 10-4,

with only the pricr distribution P(0) known. Find the optimal estimate
of 0

(8) Assuming /(a, 0) = 0 ifa=20

= ] otherwise. (10-'18)
(b) Assuming /{a, 0) = ja — 0. (10-19)
(¢) Assuming /(a, 0) = (a — 0)t. (10-20)

10:9 Repeat Problem 10-8,.afier the man's height has been crudely measured
0s * = 74, so that the posterior distribution p(0]xr) is relevant.

10~ ESTIMATION FOR NORMAL DISTRIBUTIONS: BAYESIAN
VERSUS CLASSICAL

This comparison is best shown with an extended cxample, illustrated in
Figure 10-6; from this we shal draw conclusions later.

(a) Example

Suppose it is essential to estimate the length 0 of a beetle accidentally
canzht in a dehcate picee of machinery. A measurcment z js possible, using
8 devive which is subjct 19 some cIror; suppose z is normally distributed
avout the true value 0, with o = |, Suppose z turns out to be 20 mm.

I Question (@). What is the classical 955/ confidence interval for 07

Nolution.  Our informat-on on the sampling distribution of =z, that is,

p(x/0) = NG, 6Y), specifically N(0, 1) (10-21)
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can be “turned around" to construct the following confidence interval for §:

6 =20 4 1.96(1)
=20 & 1.96 (10-22)
and, of course,
point estimatc of 0 = 20 (10-23)

Question (). Suppose we take the cffort to find out from a biologist
that the population of ali beetles has a normally distributed length, with
rean 0, = 25 mm and variance a; = 4. How can this bc used to define a
posterior distribution of 07

Solution. 1t will be uscful 10 develop a general formula applying for

any 6,, o,, cic., and then solve it for our specific example. Since our piior
distribution is .

PO) = N(0,, 03 (10-24)

and the distribution of our empirical evidence z is
P(z[0) = N(0, 0% (10-21)
repeated
it can be shown® that the posterior distribution is also normal; specifically:
POlz) = N(ab, a) (10-36)

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

PO) = K, e~ ireprasgyt (10-25)
P(x[0) = Ky e-01/2a* ) a0 (10-26)

where Ky and K, and other similar constants introduced in this footnolc ar: of a form not
critical to the argument. Since

P(=,8) = p(0) p(x/0) (10-27)
we can-use (10-25) and (10-26) to write ‘
P(x,0) = KKy e-1in) (ul.;»u’-;oo.n:unlc'm'-huo'n (10-28)
Now consider only the exponent, which may be rearranged to
1 1 0,
—'[0.(33 + ;—,) - 20(;‘0; + o—';) + x,] (10-29)
Let
1 I 1
a + a a (10-30)
6,
at S=b (10-31)
{coml'd)

&
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where
! =L + 1 (10-32)
a o o
) T
by T
o + pr (10-38)
Now apply this 10 our example, Since
0} =4
0= |
6y = 25
=20
it follows that
I 1.1 5
a"at1=]
and
25 20 |05
b=y 105
s T T =
Thus
mean = gb = 21 9
‘variance = g g
Hence the posterior distribution may be formally written
P0/x = 20) = N(21, .8) (10-39)
compared with the prior
P(0) = N(2s, 4) (10-40)
-Jsing lhcsc_«.lic-;m-l‘iwo:\;:*m:;;; r:-n—l?l‘()—-;; ;t:c Wiitten
!
= 510~ 200 4 X, (10-32)
-— -2% (6 ~ atyt 4 i) (10-33)
Finally we u.c rhis lo wnite (10.28) 24
P2, 0) Ky e-11720) 001 (10-34)
and
’(0/1) mel(TIiTo.) = A’, e-Via)la_q)t (lo_J’)


http:necessa.ry

212 DELCISION THEORY

== Bayesian 9395 prodat.Lly interval —-
2A213%v3

(Posierer]
plO/x = 20) = NI, 3)
PO) = Nibo. ol ) = N28,4)°

Bayesan estimate
1 I . 1

Mmlm 4 "B 0

Classical estimate

~— Chuical 959 conlicence interval >

x21% 0= 202196

Based only on [ine ev.dence x, 40 s dilnbulon |
Mx/0) = Nib,o¢) = N, 1)

FIG. 10-6 Baycsian versus classical estimation.

The Baycsian logic is shown in Figure 10-6. A prior distribution is
adjusted to take account of observed data (§), with the weight attached to the
observed x depending on its probability p(z/0). The result is the posterior
distribution, with mcan (21) failing, as expected, between the prior mean (25)
and the observed vaiue (20). (Asa bonus, variance is reduced in the posterior
distribution. Althouga this decs not always happen, it is evident that it must
happen for normal distributions; for ( 10-37) shows that the posterior variance
@ is less than of, and also less than o? incidentally.)

Question (c). With the posterior distnibution (10-39) now in hand,
defining a Baycsian csumate of 0 requires only a loss function. Suppose this
is the quadrauc loss function: what is the Bayesian point esumator of 07
Find also the 953 probabulity interval for 0.

Solution. For the quadratic loss function, the postcrior mean (21) is
the optimum csumator. (Note that because POz} is normal, this is also the
posterior median and mode, so that all the loss functions in Table 10-7
yield the same answer. This s reassuning, and frequently happens in pracuce.)

To construct a 95% probabulity anterval, we know from (10-39) that,
Biven the obscrvation r e 20, there is a 957, probability that 0 will fall in the
interval

21 & 1968,
=2l £ 1.76

W
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Note that this 1s narrower (more precise) than the classical interval (10-22),
reflecting the value cf the prior information p(0).

PROBLEMS

10-10 As our method of measuring (bcctlc§) becomes more and more
precise (¢ -+ 0), show that in the posterior distribution p(0]z),

the mean —» z
(10-41)

variance -+ 0

In other voords, if we use an crrorless measuring device, we can
be certain thet the tiue 0 will be jts measured value .,

= 10-11 Using Figure 0-6, what would youexpectintuitively of the posterior
mean if two independent measurements of the beetle had yiclded

an average of 20 mm? (For an extension of your answer, sce the
section imtacduaicly lollowing.)

(b) Generalization

Suppose that a samiple of n independent measurements I, Ty ..., z,
can be token rather than st 1 sinele z. Using the sample mean 7, what now
is the Bayesin estimate of 09 1p particular, what happens as we gct more and
more obscrvations (1 - w)? .

This problem may be solved, using (10-36) to (10-38) with one important
change. Smee our data row 15 1 instead of = we must make this substitution
in (10-38), ..nd also supsiitute

o! = a
oo
for vt in (10-37) and (10-38). [Of course, (10-42) is just the variance of a
sample mcan when a2 is the variance of a single observation.] Thus, our
generalized definition of a and b 1n (10-36) is

(10-42)

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

<+ for n = 1, this reduces 1o (10-38) (10-44)

In the limit, as sampl: size n —» co0:

lon (10-45)
a g

nx
bo I3 (10-46)
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Incidentally, exactly these same results follow, whether n — o0, or

g} — (10-47)
Thus, evaluating (10-36)
posterior mean = ab =~ % (10-48)
posterior variance = a =~ 8 (10-49)
n

Apgain thc normality of this posterior distribution ensures that its mean,
modc, and median coincide. Hence, regardless of which loss function we may
usc:

Bayesian estimator of 0 =~ ¥ (10-50)

95% probability interval ~ ¥ + 1.96 —ff’- (10-51)
n

We conclude that, as n — w, Baycsian estimation approaches the classical.

This is exactly as it should be: as more and more data are collected, less and

less weight nced be attached to prior information; and with an unlimited

sample, prior information is completely disregarded, as in classic-il estimation.

The ciassical and Bayesian approaches arc 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.c.,

if g§ — oo, as stated in (10-47)). Thus the less the prior distnibution tells us,

TasLe 10-8  Rclation of Classical and Bayesian Estimation. (Although Normality
is Assumed, Results are Instructive for Other Cases Too)

And Gets the Answer:
Procedure | Point and Requires, In Our
to Interval Along With Example In the Limit, as
Estimate 0| Estimates Obscrved x (n=1) (n-—+cworo} -
Classical |Point estimate 20 F
Confidence p/0) 20 £+ 1.96 2 4 l.96—g:
interval Va
Bayesian |Point estimate P10}, p(0) 21 Same as classical
) and loss function
Probability p(x]0), p(0) 2] £ 1.76 | Same as classical
interval
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the less weight we attach 1o i, To sum up, the two reasons for completely
disrexarding prior mformation are (1) if present data is jn unlimited supply,
or (2) if prior information 1s uscless,

(c) Is 0 Yixed or Varighle?

Inthischaprer we regardthetarget to be estimated asarandom variable—
for example, the beetle's length 0 1n Figure 10-6. Yetin al preceding chapters,
we have regarded the targer as a fixed parameter-—for example, the true re-
gression cocfficient b Nevertheless, we may often find jt uscful 1o think
of B as having a subjective probability distribution—with thys being a descrip-
tion of the betting adds w- would pive that #is bracketed by aay two given
values. 1t may be helpfil to boil down our best prior knowledge of £ into
a prior subjective distribyuon of 1. Then the postenior subjective distribution
of f would reflect how the samphing data changed the betting odds.

PROBLEMNS

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

anda sampleof fouri+ - 2nden obscrvations on the trapped beede
yields an averagciens - r of 20 mm,
(@) Calculate the Bave,an point estumate for 0, the length of the
beetle. For two reason- this estimate is closer to the observed valye
of 20 than the Bayesiin estmate (21) in Fizure 10-6, Explain,
(b) Calculate the Baycuan 9547 probability interval for 0,

= 10-13 Suppose that, in a fuidom sample of ten students on an American
college campus, you tir only onc is a Democrar, Which would
you rather quate as vo, - “heg estimate™ of (he proportion » of
Democrats in the populi 0 (whole campus):
(a) The classical citimate,

P2ty
a0

or
(b) The Bayesian estimate which, assuming this subjective prior

’\b
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distribution:

p(z)

0 1 ¥

and a quadratic loss function, yields? the estimate

x+3 4

n46 E

=25

10-5 CRITIQUE OF BAYESIAN METHODS
(a) Strength

Bayesian inference is the opumal statistical method (in the sense of
minimizing loss of utility) if there is a known prior distribution p(0) and loss
function /(a, 0). Compared to classical methods, Bayesian mcthods often
yield shorter interval estimates (c.g. Table 10-8), morc credible point
estimates (c.g. Problem 10-13), and more appropriate hypothess tests (e.g.
Problem 10-15 below). Bayesian methods may be increasingly useful in
economics because samplc size is often very small.

(b) Weakness

The major criticism of Bayesian estimation is that it is highly subjective.
The prior p(0) and loss function /a, 0) arc usually not known®—nor is there
often any hope at all of specifying them exactly. For example, what is the loss
function for an cconomist measuring a population’s uncmployment rate,
with inevitable statistical error? We have zlready seen that this is not as
serious a difficulty as 1t scems at first plance, since in many problems any of
the three loss functions of Table 10-7 lead to the same Bayesian estimator.
Hence, selecting the “wrong™ onc involves no error in the final estimate,

! For proof, scc for exampic, B. W. Lindgren, Sratistical Theory, 2nd Ed. New York:
Macmillan, 1967.

8 The other required information for Hayevian inference is p(r/0), the distribution of sample
data z. But this can often be borrowed from classical statistics, (For example, recall how
we borrowed a classical deduction in (10-42).)
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The other mformation required—-the Prior distribution p(0)-usually
emains unknown 100, Muoreover, there are ofien difficulties i inlcrprc(ing
0 as a random vanable: an teonomist cannoy regard the unemployment rate
0 as a random variable (as though it were drawn from bowlful of chips),
Instead, he o, think el p(0) as a subjective distribution rcﬂccling his prior
betting odds o 0. But he Ay not view evep this as cn(ircly salisfaclory.

() Compromise

These issues may be clirified by considering the dilemma an ¢Conomisg
may fuce. Suppose he gy CSAmMAlng g, (he Inargina| Propensity 1o Consume,

Athand s a rood deal <[ prior Knowledpe (drawn from ¢conomic theory,
Previous studies, or (e hike) before he collects data. For ¢xample, previoys
studies may indjeqqe £ 10 be close to .75; morcover, he may be almost cerlain
that .S < 5 < | He now hay several options:

I Ignore 1y, prior krowledge, ang opt for the classical cstimate
regardless.

2. Uise prior knowlcdgc m['nrm.'l“)' 10 truncate hijs classical estimate at
Sand 1. Foy example, 51 e felsan estimate f = 23, quole instead ,3 =.5;
i he gets an estimare #o= 52, quote 1t as js,

3. A variant on this truncation option jg simply to ignore the result if
the estimaied #exceeds 1, or 15 less thap .S,

4. Use prior knowlegpe formally by Postulating subjective prior
distribution suc)y as:

»ip)

075 19 8
Possibte prios distnbution of .

IUis evideng thyy none of these options s cntirely sauisfactory; yet one
oplion musg be chosen [jus uuing nothing with the prior knowlcdgc Is a
dccision»--dccismn (1) n fact). Judgment on which of these options is best
involves Cxammmg the consequence of each.

Option (1) tmpies that of (he data are particularly unrehable, so thag
for example ff < 23 b mmplausible answer would be used regardless, This
Seems to be the least attractjve option,

Option (2) implics that an unfortunate cstimate like § = 23 would be

’\’1/
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pulled up to the more “respectable” value of .. Furthermore, any estimate
less than .5 is handled in exactly the same way; thus, # = .47 would be pulled
up to .5. This raises two questicns: (a) Should not the estimate .47 be pulled
up higher than the estimate ,23? (b) Should not an estimate g = .51 be
pulled up some also, toward onr prior cxpectation .75? It is-evident that
truncation is in the spirit of Bayesian inference, since it does use prior
information. The difficulty is that it is bad Bayesian inference, because it
involves a “switching™ decision procedure:

@IFsS<p<i,it comgletely ignores the prior restriction, placing
complete faith in the data; on the other hand,

®IE>t1orf<.s,it complctely ignores the data, placing complete
faith in the pric- restriction. in this casc, there is just a playback of an
arbitrary assumption, without adjustinent.

Option (3) involves discarding an estimate that your judgment (prior
information) tells you is unreliable. This is a better approach than (2) in the
sense that you avoid using a figure® that appears to be the product of statistical
analysis, but is in fact just an arbilrary initial assumption.

Option (4) is the Bayesian compromisc: in all instances the final estimate
reflects both prior information and the statistical cvidence; thus the unfor-
tunate switching decision procedure in (2) or (3) is avoided. Like these other
methods, (4) does involve a (somewhat arbitrary) prior spcciﬁcalion-——using
a functional form that may make some economists uncomfortable. Yet it is
less arbitrary than the prior restriction used in (2) or (3).

The two “lesser evils™ among these four options seem to t+ 1) or (4).
‘Which is more appropriate in any specific case will depend on | .- the out-
look of the statistician and the use 10 which the result must be '+ Thus, a
conscrvative statistician mav be inclined to bury a result out of !¢ with his
good judgment, while publishing unaltered a result that is in line. Thus, he
can let his statistical results “spcak for themselves” (while still reserving the
right to muzzie thein completely in special instances). On the other hand, a
less conservative statistician will inchne 1o (4) on the grounds that all new
statistical information should be presented, rather than buried—even though
it may be misleading (after all, maybe itis nor misleading). While both agree
that a statistical result should be restricted in some way by prior information,
this statistician will feel that the Bayesian approach is more reasonable and
better justified mathematically.

A final, and oficn very important, reason for choosing (4) rather than
(3) is if the staustician cannot “‘opt out™ of estimating B. For example, an
cconometrician building a many-cquation model of an cconomy must use

* For example, .23 adjusted to .S,
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some consumption functjon Thus, if he estimates Animplausible valye of B,
he cannot jug forget aveut ir, e must use some /4, in (he Same way that an
auto manufacturer myst yge Some carburclor, cvep though he fecls none is
fully satisfactory, The model won't run withou g,

In such circumstances 1here IS one additiona| vplion. The tconometrician
may choose o discard (hn mplausible £, in favor of reestimating it, This may
be a reasonable cnough approach in certain Gircumstances; bug ¢ raises the
practical diificulty of where pe will find another sample in the nonexperi-
mental world of cconomics. There s also a major theoretical diﬂicuhy: if
his estimator has 4 substantial Spread (variance), the tconomelrician may be
able 1o confirm brecoucened noton of what the marginal propensity 10
consume should pe, simply by reestimating until sych a f turns up. This, of
course, would represent an even more rigd application of prior knowledpe,

Again we conclude : Sanstical analysis s, be tempered bygood common
sense. Moreover, there o no single approach, infallible in 4)) circumstances,
Butif an estimate mus be denived. the two oSt reasonable options secm to
be: the Bayewan mcethod, with the problem it raises of specifying a prior
distribution; or sumply recsimating an implausible g, recognizing. that this
procedure tends 1o lose jyg staiistical validity as ¢ js repeated,

*(d) Classical Methods as Bayesian Methods in Disguise

Suppose a Bayesian wishes o estimate 0 with no prior knowledge, In
desperation he might use the ““equiprobable" prior

pP0) = ¢, a constant (10-52)

Further SUpposc that, rather thag using the familiar and altractive quadratic
loss Tunction, i, opts for the 9-1 Joss function. He thyg will estimate 0 with
the mode of e posterior distribution

M0/z) = "(L:,(”gﬂ) ' (10-53)
Hut because of (10.52) (10-8) repeated
= [ ;é;]p(z/o) (10-54)

To find the mode, he finds the value of 0 which makes p(/r) largest. But
since tige bracketed term [elr(x)) doesn't depend on 0, he only nceds to find:

the value o! 0 thay makes p(x/0) largest (10-55)

But this statemeny 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
“equiprobablc™ prior. This seems a very unflattering description of MLE,
since neither this prior nor this loss function is easy to justify. But in many
cases, MLE is not nearly this restrictive. If p(0/x) is unimodal and symmetric,
as it often is, then its mean, mode and median coincide; in such circumstances
MLE is cquivalent to Bayesian estimation using any of our three loss
functions.

As if the discussion of MLE above has not been damaging enough, we
consider an even more questionablc application. Suppose we are estimating
a population proportion = (as in Problem 10-13). It has been proved!® that
a classical statistician using MLE will arrive at the same result (estimating
= with z/n) as a Bayesian using the quadraric loss function and the prior
distribution shown in Figure 10-7.

This prior distribution is obviously hopeless, the worst we have yet
encountered. (1t 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
“', = s} ~-w)

FiG. 107

0 Again, see for crample, B. W. Lindgren, Stutistical Theory, 2nd Ed., New York:
Macmillan 1967,
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all sample estimation, it should be

G AS A BAYESIAN DECISION

Suppose there are 1wo species of beetle, Species S, is harmless, while

species S is 2 scrious pest, requining
sighted 1n a new, as yet uninfested territor
information uscful in establishing whethe

insccticide be used or not?

an expensive msecticide. A beetle is
y: but this sighting provides no
r the beetle was So or S,. Should

TABLE 10-9 Probabilities of States of Nature, and

Loss Function

—
po) .7 3
State 0 S S,
(Harmlcss (Harmfu}
Aclion a Specics) Spevies)
. ————, ———— e

ay (don't spray) b1 100
a, (spray) 15 15

e ————

To answer this questicn, we need o Know the costs l(a, 0) of a wrong
decision, and the probabilivies p(0) of i being onc species or the other;
these are givenn Table 10-9. Obviously action @, (don't spray) is appropriate
il the state ol nature 15 So (harmiess beetle) while ay is appropriate if the state
is S,

Question (a). Should we spray, or not?

Solution. 11 wil| be convenient to renerahze the Joss table, calling
Na,, 6,) == l,,, for short. As ainays, we calculate the expecied losses La), by
weighting clements i each row of this table by their appropriate probabilitics:

L(a,) = p(0,) loy + p(0,) In

= (75 + (.3) 100 =: 335 (10-56)

and
L(a) = ()15 + (315 := 15 o min

Thus the optimal action is ay: spray.



222 DECISION THEORY

We sce that this problem may be cexpressed in terms of hypothesis
testing: action a, (don't spray) may be interpreted as accepting H, (harmless
beetle), while action g, (spray) may be interpreted as accepting H, (harmful
beetle).

Question (b). Suppose that prior information about the bectles is that
specics S, is 9 times as common as Sy. Given this new information about
P(0), what is the optimum action?

Solution. Don't spray, as shown in Table 10-10.

TaBLE 10-10 Calculation of Optimal Action,

a priori
p(0) 9 N
Staie 6 S 8
Action a (Ko (Hy) L(a)
@, (don't spray) 5 100 | 14.5 «- min
a, (spray) 15 .15 V5

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

Question (¢). So far we have assumed no statistical information on the
beetle that has been sighted. Now suppose it has been captured, with its
length measured as 27 mm. Suppose further that the two species are dis-
tinguishable by their lengths, which are normal random variables with ¢ = 4
and nmicans 6, = 25 and 6, = 30 respectively. What now is the best action
a posteriori? [Assume p(0) and losses given ia Table 10-9.) .

Solution. 1t will be most instructive to develop a general solution,
leaving substitution of particulars 10 the end. Losses are calculated as in
(10-56), substituting the appropriate posterior probabilities p(0/x) for p(0):

L(ay) = p(Bulz) loo + p(B,/3) Iy (10-57)
Similarly
L(a)) = P(0o/2) 1y + p(0,/x) 1, (10-58)
We choose action a, iff (if and only if)
L(a,) < L(a,) (10-59)

Substituting (10-57) and (10-58) into {10-59), and collecting likc terms, we
obtain the criterion: choose a, iff '

p(0,/x) fln - 4] < POo/x) [l)g — lso) (10-60)

~)
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The brackeied quantitics

ro = ho — I (10-61)
and

o=y =1, (10-62)

are called resers Hos easy 1o see w hy: the reprecif the beetle s harmless
(rodiy the exualosy incurred i we used the wrongacton -thats, sprayed (a,),
rathes than net sprayed (ag). | valiatng (10-61) we see that fois 15 — 5 == |0,
the difterence i cohuinn elements 1 Table 10-9. Our much farger regret
ry == 100 - 1> represents our act losw if we cmploy the wrong action (don't
spray) on a beetle that turns out to be harmiul.

Returning to (10 60), it may now be wiitten in terms of reprets:

O 1) ry < P(0y/x) ry (10-63)
that s
10,/ x) Fo
ETRE I 10-64
PO (10-64)

The posterior probab:hities i this cquation can now be expressed in
full using (10-8), and noting that p(r) cancels,
200 pie) g

0y) p(x/0g) n

Recall that this as our criterion for action @ (don't spray), interpreted as

acceptance of f/;: (beetle harmless, 0 = a,). An appropriate cross-multipli-
cation of (10-65) leads us 1o an important theorem, called the

(10-65)

Bayesian Likehhood-Ratio Criterion:
Accept Hy o

10 ro p(0)

/r(r/Ou) n /)(0.)

(10-66)

where ris the reeret if 0, s tree, 1(0,) is the pricr distribution, and pz/0)
1s the distiibution of the observed data.

As stated carlier, p(x/0)) is often borrowed directly from classical deduc-
von, and v the distiibution of the estimator r, given the parameter 0,
Specifically, appears i mavimuim hikelthood estimaton as the likchihood
function. Thus the efi-hand <de ol (10-60) 1» called the “bikelihood ratio.”

This cutesion s certanly reasonable, 1 0, is a sufliciemly implausible
explanavion of the data [ic. JUESU/BET sufliciently fess than £(£/0,)], then the
hkelihood ratio will be small cnough to satisfy this mequality, Thus M, will
be accepted, as it should be.

To illustrate further, consider the very simple case in which the regrets
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distribution, Then criterion (10-66) reduces to

Accept Hoiff v is observed closer to 0, than 0, (10-67)

Again, a very seisonable result,
Evaluaung (10-7 * when ro # 1y or p(0g) = p(0,) is obviously a more
complicated matter. 5 o keep things simple, we assume that 0 < 0,, and that

pleilo) and p(x/0,) are normal with a common o, Then (10-66)—our criterion
for accepting H,--becornes

a,? ]
‘,--(l/-a )(:-l‘l—l_ ) LQ_P(OO)

TV TPAPRTIAN e p(0) (10-68)
This may be reduced™ to: accept 1, iff
af ro p(0y) 8, +0
r< =" o [-L--l] + 9t (10-69)
0, -~ 0, ry p(0,) 2

(The Jogarithms used throughout this section are natural logarithms, to the
base e. The conunon logarithme of Appendix Table VI can be converted
to natural lozarithms by multplying by 2.30.) We note that the right-hand
side of (10 69) v ndependent of 72 as in all hypothesis tests, this can be
evaluated pror (o observing x. At the same time it does depend, as expected,
on background iformaton A0) and regrets. Moreover, when ro = r, and
p0,) = p(), then the log term disappears and this reduces to the special
case (10-67).

Finally, the pacticalar problem of the beetle Spray can now be solved.
Substituting the mformation piven in question (c) and Table 10-9 into

2 Details: taking loganthms of (10-68):

| n 1
-5 (== 0,0 ¢+ ) (t~0R <k (10-70)
where
K = log L7178 (10-711)
Rurrnn‘;ing (10-70):;
2:—, (20, = 200 — 0! + 01 < X (10-72)
200, — 99)x — (0} - 0)) < 202K (10-73)

that s, aceept Hy il
P ¢l X (0} - 0})

g g0 10.74
0, ~0," " 30, =1, (10-74)

Uaung the definition of & in (10-71), (1v-19) may be written as (10-69),
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distribution, oy crerion (10-66) reduces to

ceept Hy Ml obuzrved closer 1o 0, than 6, (10-67)

Acain, avers foqnongble Fesult,
Evaluati: (10-06) when Ta 3¢ 1y or p(0y) 70,) is obviously a more
compheated maner, T heep thines sunple, we assume thag 0y < 0, and that

PO and prjo)y are normal with a common . Then (10-66)—our criterion
tor accepting /1y hecomes

., ? 1
e~ rohis e o p<00)

T s (10-68)
This may be reduced” ol accept 1, iff
¥ -
e T [.’9.[’.(.0_0)] 4+ 0 t0, (10-69)
o, - 0, ry p(0,) 2

(The Tovarithing used thoouzhout this section are natural logarithms, to the
base ¢ The commaon foanthms of Appendix Table V] can be converted
to natural Jogacithig oy multplying by 2.30.) we note that the right-hand
stde of (10-69) 14 ndependant of +: as in all hypothesis tests, this can be
evitluated proe o abaery g AChe same time it does depend, as expected,
on backpeoand mformaton 70) and regrets. Morcover, when ro = r, and
MO = i) then the log term disappears and this reduces to the special
cave (10.67).

Finally, the particnly oblem of the beetle SPray can now be solved.,
Substituting (he Wformation piven in Question () and Table 10-9 into

2 Detats e lopanthmg of (10-68):
L og

) 1 ,
== 0t Tale =0t <k (10-20)
where
f0.P(00)

K == log [,l 7(6,) (10-71)

Rc.'ur.ml;ing (10-70):
27';, (20, = 2000 ~ 0} 4 g1 < £ (10-72)
200, ~ 9)e ~ (0! 0y) < 2a*k (10.73)

that js, aceept My il
@ ey O ah

| 2—( m (10-74)

U.\mg the definition of & i (10-7), (10-79) may be written as (10-69),

0



10-6 MYPOTHESIS TESTING AS A BAYESIAN DECISION 223

The bracketed quantitics
ry 2 o = lo (10-61)
and

e

7y

loy = I (10-62)

are catled veoret. fuis easy to sce why. the regret if the beetle is harmiess
(re)1s the evua lessincurred it we used the wrongaction—that s, sprayed (a,),
rather than notspaayed () Frviduaung (10-61) we see that rgis 15 — 5 = 10,
the difference e column <lements m Table 10-9. Our much larger regret
fy = 100G -~ 15 represents our act loss 1if we employ the wrong action (don't
spray) on ¢ beetle that turns out to be harmful,

Returning to (10-60), 1t may now be wrilten in terms of regrets:

hat | p(0Jx) ry < p(Bo/x) ry (10-63)
mat s
Poilz) . o ]
H0oJ7) " r (10-64)

The posterior probab.hitics in this cqration can now be cipressed in
full using (10-8), and noting that pur) cancels,
B(Q_\_)il’(flol) T

M) px/00)

Recall that tns 1s our oriterion for action a, (don't spray), interpreted as

acceptance of Hy: (oscde harmless, 0 = 0,). An appropriate cross-multipli-
cavion of (10-65) leads us 10 an important theorem, called the

(10-65)

Ba)csnan Likchihood-Ratio Criterion:
| Accept Hoafl

I ploy /)(0,,)

o

(10-66)
l—rhr_/—(—)') < rn /;(0 )

where r, 1s the renet xl" 0, is wree, p(0,) s the prier distribution, and p(z/0,)
15 the distribution of the observed data,

As siated enlien, p(2/0,) 15 otten borvowed directly from classical deduc-
ton, and 15 the distiibution of the esmator r, viven the parameter 0,
Speaiticrily, nappears in maniaum hikehhood csumation as the hkehhood
functron. Thus the lettchand ade of (10-60) 15 catled the “likelihood ratio.”

Thin coienon 1 certinely weasonable. I 0 is a sufliciently implausible
explaianon of the data {re. ptr/0,)1s sulliciently less than p(«/0,))], then the
b chhood citio will ve small enough 1o sausty this incquality. Thus Hy will
be accepted, asat should be.

To illustrate fuither, consider the very simple case in which the regrets
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(penaltics for error) are assumed cqual, and the prior probabilities p(0,)
and p(0,) are also assumed equal. The right-hand side of (10-66) becomes I;
thus 44, is accepted if the likelihood of 0, gencrating the sample [p(z/0,)] is
greater than the likelihood of 6, generating (he sample [p(z/0,)]. Otherwise,
the alternative 17, 45 accepted. In simplest terms: we select the hypothesis
which is more likely to generate the obscrved x. In this sense, this could be
viewed as hypothesis testing, within a maximum likelihood context, shown
in Figure 10-8a. In b we make the further assumption that the two likelihood
functions (centered on 0, and 0, respectively) have the same normaltt

P(x]8)

'l
6  Ciilical value (]

Acceptty, !
il x observed in | Accept Hy
this range H

(a)

Plx/dp). Pz/6y)

00‘01
L™

A
Critical value

!
Accept H, : Accept M,

()

FIG. 10-8 Hypoihesis testing, using the Baycsian likelihood ratio [special case when
Yo = 1y and p(0,) == p(0,)). (a) For any p(«[0,). (b) ¥ p(x(0,) = N(0,, o),

Min fact, normality is not required; the two distributions need only be unimodal and
symmetric,

N
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226 DECISION THEORY
(10-69) yiclds: accept H, iff

%< 159|og [-:;—‘;E—%;] + 275 (1075)

< 32108 (—7—) +27.5 (10-76)
255,

< 3.2(~1.29) + 21.5 (10-77)

<234 (10-78)

Since we observed a 27 mm beetle, this condition is violated, and we reject
H,. But what does scem strange is the critical value in (10-78): cven if the
beetle were 25 mm-- exactly 0,, the length we would expect of a harmless
beetle-—-we would sull sprav, With further thought we see that this answer
1s, after all, reasonable. The heavy damage involved if the bectle turns out
to be harmful induces us to spray to avond this risk. [From (10-75) we confirm
that it is in fact the relative size of the two regrets that explains this result. ]

(b) Comparison with Classical Metiods

Baycsian testing 1s more complicated than classical testing, yet often
more satisfactory. Classical testing uses only the probabitity function
P(x/0), while the Bayesian method also exploits the prior distribution p(0)
and regrets (the loss function); we have seen in the last section how unportant
both these can be in setung up an appropriate test. Restated, the classical
method scts the level of vpmificance (probability of type I error) at 5% or
1 Z%—somctimes arbitranly, sometimes with implicit reference to vague
considerations of loss and prior belicf, Bayesians would arguc that these
considerations should be explicitly introduced--with all the assumptions
exposcd, and open to criticism and improvement.

PROBLEMS

10-14 Using p(0) and losses piven in Table 10-10:
(2) Reconstruct the hypothesis test of qQuestion (c) above. With your
measurement of 27 mm, what would you do? Why does our previous
argument (spray even if heetle is 25 mm) no longer hold?
(b) Supposc that species S, and S$, werc cqually frequent. Would that
alter your decision?

(c) How l'rcqucfu would specics S, have to be in order to alter your
decision ?
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Fig. 1. Maximum sus.
tained  winds over
time,

Seeding initiated

siems in\Qrgc part from uncertainty
about the consequences of taking cither
decision. A hurricane is complex and
highly variable, and at present metcor-
ologists cannot predict accus tely how

the behaviop of a hurricag- 1 evolve
over time. (The effect of . 1S up-
certain also; conscquently, . shavior
of a hurricane that is secd il be a

combination of two unceriai cflects:
natural chin ey and (e changes in-
duced by sevuin iy

The sceding decision wouid remain
diflicult even if e uncerlaintly were
removed, Suppose that, if the hurricane
is not sceded, the surface wind intenasi.
fies as shown by the curve w(t) m Fig,
I and that, if the huericane s seeded,
the behavior of the wind Is that shown
by the curve vw'(1). The cifeat of the
seeding has been 1o diminish the wind,
thus jeducing Property damage, ver the
wind speed wty) when the hunicane
strikes land at ame ty is higher than the
wind speed when the secding was iniis-
ated at time ¢, Lven if (he decision.
maker were  certain of w(4) and
w{(1,), he would stll have a didicult
choice. If he chovses not (o wead, the
Citizens nay have more property dam-
age. On the cther hand, if Fe chooses
1o sced, the Ginizens may not nerccive
themselves as betier off becanse of his
decision. Qns(u.nl. they may perceive
only that the sionn vecame worse after
the seeding and they may blame the
decision maler  for  his choice. The
trade ol between accepting the respon-
sibility for seeding and acceptiae iy her
probabilitics of severe property damape
is the crucial were in the ducision 1o
seed huuicancD

Decision under Uncertunty

The decision Tty seed a thicatening
huiicane would e taken abong 12
hours before the harricane 15 pradicred
10 strike the const, At this tme the con.

Landfali

sequences are uncertain for both alterna-
tives; the decision-maker docs not know
what amount of property damacge will
be sustained if the hurricane is sceded
or is not sceded. We may illustrate the
situation facing him in the form of a
decision tree, as shown in Fig. 2. The
decision-maker nmust sclect one of the
two alternatives, seeding or not seeding,
The decision cannot be avoided (or ip-
action is cquivalent (o sclecting the
alternative of not sceding. Each alter-
native jeads to a sct of possible conse-
quehges; property damage caused by
the hurricane and the responsibility in-
curred by the governnent, These con-
sequences are. in turn, related to the
mtensity of the hurrizane and whether
or not it was seeded. The conscquences
for cach alternative are uncertain at the
time the decision s made; the uncer-
tainty wil! be resolved after the de-
cision-maker selects his choice. This
decision  under uncertainty may be
cxamined according to the usuaj pro-
cedures of a decision analysis, We use
the information that js currently avail.
able to develop a probability distribu-
lion over chanpes in the intensity of
the huniicane ag mcasured by i'; maxj.
mum sustained surface wind speed for
cach of the wwo decision alternatives,
Then we use data from past hurricancs
to infer a selation between wind speed
and property damage. By assessing the
conseauences in preperty damage and
sovermaent responvibility and the prob-
abulity that these cancequences will be
achieved, we are able 1o determine
which of the decision alternatives s
the preferred choice.

Uncertainty in Hurricane Wind Chanyges

We began our analysis by considering
the change nRimon sustained sy
face winds over o 12 hour penod for 3
hurnicane that iy not seeded, I enoush
data had been available on e changes

in hurricanc wind speeds with time,.a
probability distritution fo wind changes
could have been based largely oa these
past data. Wind-chanse data were not
available, but data werc available for
changes over time in the ceatral pres.
surc of hurricancs, The central pressure
and the maximum wind speed of a hup-
ricanc are closely related; Holliday has
shown that the available data can be
summarized fairly well by a lincar rela.
tion (10). Wc combined this relation
with obscrvations of the change in cen-
leal pressure over a 12-hour period,
using the asstunption that the discrepan-
cies from the Holliday relation are inde.
pendent aver a 12-hour period and in-
dependent of the change in central
pressure. These assumptions imply a
probability distribution on wind changes
over a 12-hour period that js normal
with a mcan of zero and a standard
deviation of 15.6 percent (17).

Thercfore, present information s
consistent  with rather large natural
changes in hurricane intensity over a
12-hour period. There js about one
chance in six that a hurricane whose
maximum sustained wing speed is 100
miles per hour will intensify over a 12.
hour period to a maximum wind speed
of over 115 miles per hour; there ig
also abuut one chance in six that the
winds would naturally dindinisl to Jess
than 85 miles per hour. In assessing
these probabilitics only general histor.
cal and mctcorologice! informatjon has
been used. Jn a specific hurricane sitya.
tion additional mcteerological informa.
uoa might indicate that the hurricane
would be more likely 1o intensify or
more likely to diminish,

Effect of Secding

The next step is 10 develop a prob.
2bility distribution for the wind speed
if the hurricane is seedey, The change
in wind speed over 12 horrs would then
be a combination of the naturai change
occurring in the hurricane and the
change caused by seeding, With the im.
ited data available it js 1casonable to
assume that ithe two offvcts would be
independent of ¢yl other and act in
an additive fashion; for evample, {f
the natural change is an intensification
such that the mavimum stistained wind
speed s incicased from 100 to (100 +
¥) pereent, amd if the efect of weding
is 1o diminish the masunmum sustained
wind speed from 160 1o (100~ y) per.
cent, the net obseived change over 12

g\ 'Y
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Fig. 3 (upper 1011). Probability distributions on 12-hour wing changes for the
against mazimun sustained wind speed.
and unsceded hurricane,

Prop:iy damage plotted
age for the seeded

with the uncertainty about the natural
change in the hur icane over 3 12.-Lour
period, we obtain 3 probability distriby-
tion for w' that js normal with a mean
of 110 percent and a standard deviation
of 18.6 percent:

PO -2 £ 109, 18.670) (3)
We have now developed probability
distnibutions for the wind spzed w' over
a 12-hour period following the intia.
tion of seeding for cach of the three
hypotheses. To oblain the probability
distribetion for o Bal represents pres-
eatyinformation about (he change in a
seeded hurricane, we multiply cach of
the above distnibutions by the proba.
bitity that iy presently assiened o cach
of the hypotheses being true and sum
over the wuree hypotheses:

3 .
HESEDY PPy @)
t .}

Assipning Probabilities

to the Hypothesey,

The dast clement i develening g
probabiluy dstihuton for we jy o as.
S the probuabalitics Py, e,
and P, These rrobabilities should

take into account both present melcor-
ological information and mcteorological
information before the results of the
1969 Debbie experiments. The modecls
we have jus constructed allow us tg
examine the effect of experimenial ob-
scrvations, such as the Debbic results, in
revising the probubilities assigned to the
three nypotheses, If a wind spced w' =
1 has been observed after a sceding ex.
Ferintent, the posterior  probabilities
P(H,ju) arc related 1o the probabilitics
P(H,) a:signqd before the experiment
by.Bayes’ cquation (S, /6, 17):

= Pt'lrny
POHL) = Ay (5)

where the denominator g

Plu) = P(w =) =

’
2P = win) ey
('}

The extension to several independent
experiments s straightforward, The
Debbie revulty are considered as two
independeny eapenments in whicl ge.
ductions of 31 g 15 percent in wind
speed were obwerved over a 12.hour
petiod. The posierior probabilitics as.
sighed to the hypotheses are computed
by multiplying logether the appropriate

(6)

seeded and unseeded hurricane,
Fig. § tlower left). Probability distributions on property dam

w, Maximum sustained surface wind speed (mph)

Fig. 4 (right)

values of two normal probabhily den
sity functions. The probability densit:
function for the Debbie results jf hy
pothesis H; is true, Pluy=69 percent
2 =85 percent]H,), is

P(69¢%, 85%(H,) = 1.50 X 214 =121
P(697:, 85¢1H) = 0.372 X 1.64 = 0.61
P69%, 85%|H,) = 0.195 X 0.836 = 0,173

M
These numbers €an be used 1o computc
the posterior probabilities appropriate
after the Debbi.s recults from any sct o:
probabilitics assigned 10 the hypothese:
before the Debbic results were knowp,
For cxample, suppose (hag before the
Dcbbic experiments the three hypoth.
eses Hy, H.,, anyg Hy were considered
to be cquully likely, that s, cach had
a probability of 173, Then, after the
Debbic results are incorporated through
Bayes' equation, the corresponding pos.
terior  probabilities assigned  to  (he
hypotheses are

l'(ll.?chbic) =
P 32X 1Y e
N2 x I 4 0.61 x1/3 + 0.17) x 173
= .4
PUI1L|Debbic) = NE]
TR
P{1LIDebbe) = 04

M
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Howcver, meleorologists did not believe
that Hy, H., anit Hy were equally likely
before the Debbie experiments, They
thought that sceding was unlikely to
have any cflect but that, if sceding did
have an cffect, it was more likely to be
a reduction i wind speed than an in-
crease, because o reduction was ex.
pected from both the Simpson theory
and the computer maodel stidics. Fur-
ther, the four fiedd experiments that
were conducted before Debbie all led
to no change or 1 reductions in the
maximum wind speads (/).

We dclcrmincg\yprobabilily assign-
menls for the thice hypotheses to reflect
present ioforniation by 1wo conditions:
(i) Mel -« idsbbie. metcorologisis be-
lieved tho! "} was more likely than H,
if sccding hud aay cffcet on a huri-
cane. (if) Since Debbie, meteorologists
belicve that 11, and M. are cqually
likely.

These conditions led us to wse the
piobistilities

P(H) = 49

P{H.) = .49 (9

P(H.) == .02
in our analysis. These posterior prob-
abilities correspond to the pre-Debbic
probabitities

P(H,) == .15
rOL) =275 (1e)
P{H;) =z .10

This set of probability assignments im-
plies that priar 1o Debhie the odds were
3 to | that seeding would have no cf-
feet but that, if sceding did have aa
cffcct, the odds were 3 to 2 for wind
teduciion rather than wind intensifica-
fion. Since the Debbic results, the
chance of sceding causing an average
intensification of hurricancs is assessca
at 1 in 50, and the “null™ hypothesis,
H., of no cffcct and the “beneficial”
hypothesis, H,, of an average reduction
are judged cqually likely,

The probabiliy assiznments (Eq. 9)
represcating present information were
teviewed with Project Stormfury ofti-
cials before being used in the analysis,
However, the reaults of the analysis are
not particulatly scisitive 1o the specific
numbers, as we discuss below.,

Probabilit: Diviributions on
Wind Speed

We now can compule the probability
distributions on wind speed for the
sceding snd  nolsceding  alternatives
(from Eqs, 1-4 and Eq. 9), These dise

tributions ‘arc plotted in Fig. 3 as
complementary cumulative distribution
functions, By rcading the ordinate val-
ucs corresponding to an initial wind
intensity of 100 percent, we find "that
the probability assigned to intensifica-
tion if a hurricane is sceded is .36; if
the hurricanc is not seeded, the prob.
ability is .50, The probability of intcn-
sification by 10 percent or more is .18
il a hurricanc is sceded and .26 if it is
unseeded.  For any particular  wind
speed, the probability that this specd
will be exceeded is always greater if
the hurricane is unsceded than if it is
sccded  because the complementary
cumulative distribution function for the
not-sceding allernative is always above
the curve for the secding alternative.
This result is called stochastic domi-
nance of the sceding alternative.

We have now specified the urcer-
lainties about the outcomes of the de-
cision to seed. The same methods could
be applicd if the outcome were specified
by scveral variables rather than simply
by the relative change in maxinwum sus-
tained wind spced. Much of the uncer-
1ainty in the outcome is the result of
uncertainty about the natural change in
hurricane behavior, not about the effect
of sccding. This characteristic holds
even morc 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 sceding
would have a significant effect on these
features of hurricanes, substaatial vari-
alions may occur from natural causcs.

The uncertainty about the natural
behavior of a hurricanc makes the is-
sue of government responsibility of
paramount importance, The intensifica-
tion after secding illustrated in Fig, 1
is a distinct possibility. Even if further
cxperiments confirm that the “bene-
ficial* hypothesis, H,, is true, therc
would still be about enc chance in ten
that a scceded hurricane will inteusify
by 10 percent or more. Metcorological
advances and improved computer mod-
cls may cventually allow many of the
natural changes in a hurricanc to be
predicted accurately, but this capability
may requirc many ycars to achicve.

Wind Changes and Property Damage

The winds of a hurricane canse prop.
crty damae ditecly and indirectly, the
latter by creating a high storm tide that
can flood low-lying coastal arcas. The
data available for past hurricancs do

not distinguish wind and slorm-tide
damage; conscquently, a detailed basis
is lacking for a causal modecl relating
wind and property damage, In our
analysis. we assumed a gencral power
law of the form

d=cw's (13)]

where d is property damage in millions
of dollars, w is the maximum sustained
wind speed in miles per hour, and )
and ¢, arc cmpirical constants lo be
determined from historical data on hur.
ricancs, We cslimated ¢, from dala
obtaincd from the American Red Cross
on residential damage from 21 hurri.
canes. Since the Red Cross data were
available for countics, we could isolate
the damage caused by precipitation.
induced flooding rather than by the
wind or the storm tide by assuming that
such damage occurred well inland.
(The Red Cross data arc the only stas
tistics available that permit even this
crude distinction between causes ‘of
damage.) Corrcctions for construction
cost inflation and population growth
were included, and ¢, was determined
as 4.36 by a lincar least-squares fit of
the logarithms (Fig. 4). Thus, a change
in the wind speed by a factar x implics
a change in property damage by the
factor x 1o the power 4.36, If x is 0.85,
corresponding to a 15 percent reduction
in maximum wind speed, the corrc.
sponding reduction in property damage
is 51 percent (16),

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

Since the probability assignments to
wind changes were made on relative
rather than absolute changes in maxi-
mum sustained wind speeds, the scaling
factor ¢, can be assigned as the last
step in the analysis, We assume a nomi-
nal hurricane whose maximum wind
speed at the time of the sceding deci-
sion is such that, if no change occurs
in the 12 hours before landfall, the
property damage will bs $100 million,
The analysis for a more or a less severe
hurricane can be obtained by 2 suitabie
change in scale factor (19).

Using this relationship hetween prop-
crty damage and maximum wind speed,
we can develop the probabihty distrie
butions for property damage for the
nominal hurricane, whether seeded or

unteeded, baigure S shows that the sccd-(\ 4

1
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lug aitc:native stochastically dominates
the got-secding alternative: the prob.
ability of cxceeding a particular amount
of property damage is alvays greafer
If the hurricane is not seeded than if it
Is serded. Hence, if property damage
is the criterion, the better alternative js
to sced.

Further Analysls of the
£lecision (o Sced

The decision to sced is shown in the
form of™ decision tree in Fig, 6. The
decis’on (o sced or not to weed is shown
at the decision node denoted by the
small square box; the corsequent reso-

lutionof . the uncertainty abouwt wind,

change is indicated at the chance nodes
denoteéd by open circles. For exposi-
tory clarity and convenignce, especially
in the later stapes of the analysis, it is
convenient to use discrete approxima.
tions tn the probability distributions for
wind change (20) (Table 1).

As a mcasure of the worth of each
slternative we can compute the ex-
pected loss for cach alternative by mul-
tiplying the property damage for cach
of the five pussible outcomes by the
probability that the outcome will be
achieved and summing over the possible
consequences, The expected loss for
the seeding alternative is $94.33 million
(including a cost of $0.25 million to

RESOLUTION OF

UNCERTAINTY; -
CHANGE N PROPERTY
MAXHAUM DAMAGE
SUSTAINED LOSS -
WIND {millions of
dollars}
PROBABILITIES
ASSIGNED YO +32% $335.8
. OUTCOMES .
+16 191.1
[} 100.0
SEED:
-16 48,7
EXPECTED LOSS
- 594.0‘2-!10 $0.25 COST OF
- 5 = $0.25
I $94 a3| SEEDING = $0.25 - 16.3
DO NOT 432% 3358
SCED:
EXPLCTED LOSS ’
l"'..’"gﬁaool 416 1011
0 100.0
{ Expected Vatuy =10 46.7
b e [nutlions of doullarg) .
! .
- 16
. Fig. 6. The weding decivion for the nomina hwricans.

1196

Athe social

carry* out the seeding); the expected
loss for the not-sceding alternative is
$116 niillion; the dillerence is $21.67
million or 18.7 percent,

These results should be examined to
scc how much they depend on the spe-
cific assumptions in the model Sto-
chastic dominance is a general gesult
that docs not depend on the specific
form of the rclationship between prop-
erty damage and maximum wind speed
(scc Eq. 11); rather, it depends on the
probabilitics assigned to hypotheses H,,

a and Hj, The probability of H, must
be raised to .07 before stochastic domi.
hance no longer holds. Even if the
probability of H, is raised much higher,
seeding still results in the least expected
property damage. If P(H,) is .40,
P(H.) is .40, and P(H,) is .20, the
expected loss for the sceding alternative
is $107.8 million—7 percent Jesy than
for the not-sceding alternative, Varia.
tion of the exponent ¢ from 3 15 6
docs not change the decision: if ¢y is 3,
the expected property damage with
sceding s 14 percent less; if €y is G, the
expected reduction in damage is 22 per-
cent. If the criterion of expected cost js
replaced by a nonlincar utility function
reficcting aversion 1o risk, the relative
advantage of the sceding alternative s .
even grester (27). The results of extea.
sive seasitivity analysis may be sum.
marized as follows: The cxpected loss
In terms of property damuge appears
to be about 20 percent less if the hurr-
canc is secded. Varying the assumptions
of the analysis cuuscs this icduction to
vary between 10 and 30 percent but
docs not change the preferred alterna.
tive,

Government Responsibility

The analysis in the scclion above
indicates that, if minimizing the ex.
pected los in terms of property damage
{and the cost of sceding) s the only
criterion, then seeding is  preferred.
However, an important aspect of the
decision—the matter of government -
responsibility—has  aot yet been jn. -

.eluded in the analysis. We have caleu-

lated a probability of .36 that a sceded
hurricane will intemsify between seeding
and landfall and a probability of .13
that this intensification will be at Jeast
10 percent. This high probability s
largely the result of the great natural
variability in huren we intensity, It iy
advisable to comsider b, ™ the legal and
comequences  that  might
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oceur if o <fbded hurricane intensified.

The crucial isstie in the decision to
sced o hurricane threatening a coastal
arca is the relative desirability of re-
ducing the eapected property damage
and avumirg the responsibility for a
dangerous 2 i ervatic natural phenom-
enon. This is diflicult to asscss, and to
have a simple way of regarding i we
use the concept of a gnvernment re.
sponsibility cost, defined as follows.
The governmient is ficed with a choice
betieen assuming the responsibility for
a hurricane and aceepting hicher prob-
ubilitics of pr(\pét¢ damage. This situ-
alion is comparable to one of haggling
over price: What increment of prop-
erty-damage reduction justifies the as-
sumption of responsibility cntailea by
seemnp 2 hiusicane? This increment of
property damace is defined as the gov-
erament sciponsibility cost. The ge vern-
ment responsibility cost is a means of
quantifying the indircer social, legal,
and political factors aelated to seeding
a hurgicone, Itis disimzuished from the
dircct measupe --property damage—that
is assumed to be the same for both

modificd and natural hurricanes with
the sanic manimum  sustained  wind
specd.

We deline the government responsi-
bility cost so that 1t iv incurred oniy
if ¢he huriicanc is secded. It is conceiv-
able that the public may hold the gov-
ernment rosponsible for not seeding a
severe hurricane, which implics that a
responsibility cost should also be at-
tachcd to the aliernaiive of not sceding.
Such a cost woold strengthen the impli-
cation of the analysis in favor of per-
mitting sceding.

The assessment of poverament fe-
sponsibility cost is made by considering
the sceding decsion in a hypothetical
sitiation in which no unccilainty is
present. '?llpp(lsv the povernment must
choose between two outcomes:

1) A seeded hurncane that intensifics
16 pereent between the time of sceding
and laudfall.

2) An unscedod hwrnicane that inten-
sifics more than 16 percent between the
time of sceding and lamdfadl. The prop-
city dumage from omeome s 1 por-
cent moie than the propenty damage
from outcome 1.

Moo s pear sero. the government
will choove outconie 20 10 vis large,
the povernment will niefer outcome 1,
We then adjust v vonl e choice be.
comen very dhilicoit. that i the govern:
ment is indiberent to whoh owmtcome it
teceives, For example, the indifference
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Table 1. Probabilitics awigned to wind changey ucwmul in the 12 hours belore lmnhu

landfall. Discrcte approaimation for five outcomes. .
Probability that wind
Representative * change will be
Intcrvat of changes In s value In disccte within imersal
maximum untained wind spproximation
. % 14 I not
seedcd sceded
Incrcase of 25% or more +32 038 054
Increase of 10 to 25% +16 14 206
Liitle change, 410 (o —~10% ] N A80
Reduction of 10 to 25% -16 293 206 ,
Reduction of 25% or more - AN 034

point might occur when x is 30 percent.
An increasc 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 defined by the indifTer-
ence point at 30 percent is (.30) (S191
million), or $57.3 million. The respon-
sibility cost is then assessed for other
possible changes in hurricanc intensity,

The assessment of government re-
sponsibility costs entails considcrable
introspective effort on the part of the
decision-maker who represents the gov-
crnmcnt.ﬂ“hu dilficulty of dctesmining
the numbers docs not provide an excuse
to avoid the issue. Any decision or pol-

icy prohibiting sccding implicitly deter-
mines a set of government responsibility
costs. As shown in the last section, sced-
ing is the preferred decision unless the
government  responsibility  costs  are
high.

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

1} A sceded hurricane that intensi-
fies 32 percent and an unseceded hur-
ricanc that intensifics cven more, caus-
ing 50 percent more property damage.

2) A sceded hurgicanc that intensi-
fies 16 percent and an unsceded hurri-
canc that. causcs 3O percent more
property damage.

.

CHANGE IN
MAXIMUM  phopgRTy  COVERMMENT — pop
SUSTAINED  DAMAGL  RESFONSIBILITY ooy
WIND cosr
nilkions of {percent of (mitlans
PROBABILITIES dollan) proparty damagel of doltars)
1
ASSIGNLO 10 % $2058 v $503
"¢ 1914 0 M4
0 1000 " 080
sueD:
EXPECTEO LOSS 18 43 0 “J
. $11007 ¢ 5039
cost o .
SECDING = 50.2% N oy 183 ° "
< U — f - V]
00 NOT .
$tio
ExXPECYED LO3S e [ IR} ~— LR
0 1000 L *o
-1 “wy -— “wr
C:) Unpetiad Value
Inatteane ul Yoiten)
M i[5 ) - 1Ha

Fig. 7. The seeding decivivn
cost included),

for the nominal hurticane (povernment 1esponsibility
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Intensifics nor diminishes (0 pereent
shange in the maximum sustained wind
speed after the sceding) and an un-
sceded hurricanc that intensifics slightly,
causing § percent more property dam-
age, :

4) A sceded hurricanc that dimin-
Ishes by more than 10 peicent and an
unsceded: hurricane that diminishes by
the same amount. (M the hurricane
diminishes aficr sceding,  everyone
agrecs that the government acted wise-
ly; thus, responsibility costs are set at
zero.)

N

RESULT OF SEE

INFORMATION

CHOICE QF
WHETHER
TO GATHER
INFORMATION

ODTAIN
INFORMATION

DO NOT
OCRTAIN
INFORMATION

| ' Lepecied Volue (milions uf dolla)

Fig. & Uvpeord value of the clairvoyant's
the eflect of sceding? (There is no gosernmy

hive

DECISION

with¢'these ‘government responsibitity
costs included is diagramed in Fig. 7.
Even with these large resnonsibility
costs. the preferred decision s still to
seed. !

The responsibility costs needed to
change the decision are a substantial
fraction of the property damage caused
by the hurricane, For the $100-million
hurricane chosen as the example for
this scction, the average responsibility
cost must be about $22 million 1o
change the decision. If the hurricane
were in the S1-billion class, as Camiile

PROPERTY
DAMAGE
(milkons of
dollars)
$358
191.1
100.0
48.7
183

DING OUTCOME

20s5.8
191.1
100.0
467
169

3.8
1919
100.0
467
163

058
1911
100.0
487
183

422%
416

J15.8
1914
100.0
4467
16.

D0 NOT
s€eo

358
191
100.0

4.7

18.)

3158
191

.

Y 16.3
(R F1Y 330
(3] ] 1910
0 1000
.18 I}
- 182
information—which hypothesis describes -

cnt responsibility cosl,)

average zesponsibility cost of $200 mil
lion would be needed. In other words,
an expected reduction of $200 million
in property damave would be foregonc
it the government decided not to ac-
cept the responsibility of seeding the
hurricanc, -

The importance of the responsibllity’
issue led us to investigate thé legal basis)
for hurricanc sceding in some detail
These investigations were . carricd ouy;
by Gary Widman, Hastings Collcge of
the Law, University of California, AF
firm legal basis for opcrational sceding!
apparcntly does not now exist. The doc.
trine of sovereign immunity provides
the government only partial and unpre-
dictable protection against lawsuits, anc:
substantial grounds for bringing suck
lawsuits might cxist (22), A better Jega.
basis for government seeding activities
is nceded before hurrizane secding
could be considercd other than as ar
extraordinary emcrgency action. Spe.
cific congressional legislation may be
the best means of Investing a ‘govern.
ment agency with the authority to sea
hutricancs threatening the coast of the
United States,

Value of Information

One of the most important concept:
in decision analysis is the value of in
formation: How much j would M
worth to make the decision after rathe
than before uncertain'y is resolved? I
the case of hurricane modification, how
much should be the government pay &
fearn which of the three hypotheses
H,, H,, or H,, is actually true (23)
We imagine that the government ha
access 1o a clairvoyant who has thi
Information and is willing to sell it
the government, if he is Paid before h.
makes the information available, It H
easivst to understand the calculation i,
terms of the decision to seed one hurri
canc threatening a coastal area,

Let us consider the choice betwee
the two dccision situations shown
Fig. 8 The government can choose
buy the information an:! make the d¢
cision after it has learncd which hy
pothesis is true, or it can choose not t
buy the information and can make th.
sccding decision on the basis of th
present uncertainty,

Lct us, for the moment, consider onl-
property damage and he cost of sced
log and disregard government respon
sibility costs, It Hyis true, the preferre,
decision is to seed because the expecie
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16ss of $116.00 million for the alterna-
‘tive of hot sceding. If M. is true. then
by choosing not 10 sced, the governnient
saves the $0.25.million cost of seeding;
the loss expected from property damage
Is the same for hoth aiternatives:
$116.00 miliioa. If Hy is true, sceding
b 8 poor chuico: she evpected loss from
properly daniye is $167.61 million,
$31.61 million more than for the al-
ternative of not seeding. At the present
tinie, the povernment does not hnow
what the clairvoyant will suy, but prob.
abilitics have been assigned 10 his an-

swers: \E

S{HG) == 49
P{H,) = 49
P(L) = .02

The expected loss corrgsponding to the
decision situation in Fie. 8 is then com-
puted by muliplying the probability of
cach of the clairvoyant's answers by
the expected Joss associated with that
answer and summing over the three
possible ansvoess:

(12)

(.49) ($69.42) + (.49) (§116.00) 4
(.02) ($11600) 2 39217 million (i3

Conipuring this with the expected
loss for ihe alternative  (sced)
without 1l claiivovant's information,
which wos §9.0.33 aullion, we see that
itis $1.56 radhon less This difierence
represents the oxpected value of the
clairvoyant's informatsn in allowing
the govermmoi 1o make a better de-
cision. Tt i a relvncly small number
comparet with the evpected losses be-
cause the inlermation is pot cxpeeted
1o be of ynuch value-—the nrobability
essipnments indicate that seeding is ul-
ready a gocd deas Witheut the clair-
voyanl's information the povernment
should seed, witii the clairvoyant's in.
formation, with probaluiy 49, the gov.
eranient will save the cost of seeding
($0.25 nullion), and with the low prob-
sbility .02 1t will avert the potentially
disastrous intenvin. ation expected from
Hy, saving SE67.00 mdlon - S116 mii.
lion == $51.61 nullion By thyy reasoning
we gl the same arswer (. before for
the value of information

best

(.49)(5023) . (.00) ($51.61) ==

$1.06 mulhon (14)

and we can see that the vatue s very
wensitive to the smail probabihty as.
signed (o ),

Now suppese that the poverament
tesponsibihity costy asvumed previowsly
dre inchuded. The evpected value of
petlect information 1 then much higher

1A T auny

sspontibility costs can be saved by not
seeding. If the decision withom perfeet
information is to secd, the expcected
saving from engaging the clairvoyant is

(.49) (30.25 4 $23.28) +
(.02) ($51.61 + $53.87) =
$13.63 million (15)

This figure represents 11,78 pereent of
the expected property damage if the
alternative of not sceding is taken for
the nominal hurricane,

The value of infermation largely de-
rives from the fact that it allows the
governmeal lo avoid the responsibility
far sceding if seeding turns out to have
no cflect. The large increase over the
valic computed in Eq. 13 is duc 1o the
contribution of the governnient respon.
sibility costs. Most of the increase of
$12.47 million, namely S11.4] million,
comes from the first or H, term,

The value of information depends on
the extent to which the government is
wiliing to assume respomsibility  for
setog a hurricane. 1f responsibility
were not an issue, the government
would sced operationally now, and in-
formation would have a comparatively
low value in the context of this deci-
sion. The valuc of information is great.

CHOICE OF
WHETHER YO
PERFOAM
EXPERIMENT

NESULY OF
ERPERIMENT

PERFORM
EXPEAHIENT

DO NOY
PERFOPM
EXPLAIMENT

D Lopectod Volue bnudtions of dotians}

OPERATIONAL
SEEOING
NECISION

couty am large enouch to make the de-
cision vssentially cven between seeding
and not seeding. Still higher responsi-
bility costs cause the value of informa-
lion 10 decrease (24).

Value of Further Seeding Experiments

The analysis of the value of a sced-
ing experiment is similar to the deter-
mination of the value of the clair
voyant’s informatinn, The difference is
that the resolution of viceriainty is only
partial. The information obtained in
the experiment is used in Baycs' cqua-
tion (Eq. 5) 1o rcvise the prior piob-
ability assignments to the hypotheses.
The original decision is then reevalualed
with the posterior probabilitics (Fig.
9). The result of the cxperiment is un-
certain when the decision to experiment
is made; consequently, the value Jf ex-
perimentition must be computed as an
expectation over the possible posterior
decision situations, The situation can
be diagramed in tree fonn as shown in
Fig. 9,

The analysis for two experimental
secdings is given in Table 2 (25). The
valucs assumed above for the govern-

.
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Imitiiong of

oulcoMt dollers)
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1030
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Fig. 9. Value of a secding experiment (government responibility cost included),
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and introduces a methodology for calculating relationships.

Durdale, A, E., "The 2uilt-Tn Failure Pate of Tmmunization at Infant Hdealth
Cliﬁics", Thn Larcet, Feh, 22, 1942, Thero is a need for lookine at the
failure to i-munize more childrer in LDCs, This article suggests ways in which
I=muniz~tion rates can ba i-zroved,

Falkner, Frank, "fey Issu»s in Infant Mortality", The Journal of Trovical
Pocdiatrics and Znviroaments” Tnfant Child Health, Vol., 17, #1, 1971, 7ais is
a review of current discussion of causes of infant mertality in the USA,

Feldstein, M., "A 3inary Variable Multi-le Fegression “ethod of Analysing Factors
Affecting Perinatal Mortality and @ther Cutcomas of Frégnancy", Journal of

the HMoval Statistical Seciatv, Vel. A 129, 1966, Repression analysis is used

to deter inc relationstips cetween perinatal mortality, raternal age, ‘
parity and social eclass in Zritain,

Geijerstam, Gunnar, "Low Birth Yeicht and Ferinatal Mortality", Publie
Health Reports, Vol, 24, # 11, Mov, 1969, This article reports on ths

lar-e parcentaze of low birth weight babies among the inkant fatalities and
compares oswedish and USA data,

Gopalan, C, M. Behar, P, Robtinson, et al., "+orld Wide Sxperience: Svecial
Froblems and praveative Frozrammes®, Journal of Tronical Pediatrics, Dec, 1968,
Tais 1s a good review of varticular health prehlems of children in India,

Latin American and Africa with special reference to preventive programs developed
Lo me2t these problems,

Jeiliffuo, Derrick and C, Williams, Mother and Child Health: Deliverine the
Services, (Xford Yedical futlicatiens, London, 1972, “his is a good ccmore=-

hensive review of issues concerainz the health of mother and child, population
problems, meastrements of hedlth, health services, etc.- geared towards LDCs.

Kessner, D. J. et al., Infart Death: An Analvsis by Faternal Risk a=d Health
Care, Washinrmten, D, C.: Ins%itute of iedicine, lation-.l Academy of 3ciences,

1973, Mew York City data for arpreximately 100,000 births are analysed to de-
terrmine the relationships between infant mortality, maternal risk variables
and prenatal care. .

¥orloy, Divid, "A Medical Service for Children Under Five Years of Age in Vest
Africa” in The R2oyal Sosiotr of Tronical Medici-e and Yvriene Transactions, Vol.
57, 1963. Yorley descrites in great detail a medical service desiened to meet
the needs of children wnder Tive in rural Vigeria., Cosis of treatment and
porsonncl as wvell as orpanization of semvices are ziven,

Yorlev, David, "Yeaslas in Nicerian Children”, Journal of Hyvolene, London,
1963, o. 115. In Africa reasles are “found to ba an outstanding cause of

death becatse of all the complicatiszns that follow-diarrhea, bronchopneu-
monia, malnutrition,
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Yerrds, J.N., & J. A, Heady, "Social and Biolooieal Factors in Tnfant Mortality®
in The Taweet, Feh. 17, 13, 24, ¥awroh 5, 12, 1955. This is a series of articles
that his bacome a classic study of infant mertality in Badand and Valss during

1943 and 1950, ice of mother, parity, father's occupation among other variables

are considered,

.
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Raranz=2l Project, Punjab, India, Johns Hepkins University, Baltimore, ¥aryland,
International Health Division. Annual reports are issued deseribing

rethodelsy and data from their project, "Integration of Health Services and
Family Flanning™., Data includes infant and childhood mortality rates and in-
troduction of new health services,

Pan Amorican Health Crganization, "Perinztal Factors Affecting Human Development"
Scientific Publicatien » 185, “ashington, 1969, These are proceedines of a
speeial session that prasented vaters discussing maternal factors affecting
birthweight, mental performance of children; perinatal conditions that affect
the new born's development. '

"Report of the Cormi‘tee on Infectious Diseases! Academy of Pediatrics, Zvanston,
Illinois, 1970. This rmanual reviews the etiolozy, epidemiology and diagnostic
tests and treatment of those infectious dis=ases most prevalent among children,

Russell, Louise, Ueter—inants of Infant and Child ortality: Renowt of the
Feasibility Studv, rfart i, National Flannine ~ssocatien, AID Contract 0.
ATD[CH [otr=Co73-212, 1974,  This resort reviews the litorature that

discusses varisus deter~inants of infant mortality~ matarmal natrition,

medical care, rateraal 4ze, ete.. Tt also describes the statistical orocedures
that w171 b used for developinzg a causal-effect model %hat will explain
relatio~ships leading to infant rmortality,

“Mapiro, Sam, E. Schlesinzer, R, Fesbitt, Infant, Perinatal, Materwal and

- ldhoed Sortalit- in the United States, darva=d University Fress, Carmbridee,
<My An excellant review ef infant and verinatal trends, deter~inants of

rooctality in the USA and international comparisons among the more dsveloped

countries is presented,

Sloan, Frank, Suwr+vival of rrotany in Develoning Countries: An Andysis of Evi-
dnrico Trom Costa sicr, Mevico, Zast Fakistan and fusrto 2ico, Rand-EErsgfation,
R-773-AT2, 1971. Tais study identifi=s regional differences awd potential
determinants of in~ant and chilghood mortality in sevaral LDCs, Nutrition

and female literacy reveal therselves to be important variables,

Weerman, Mvron, "Amnnal Su~mary of Vital Statisties, 1972 with Obsavations Bn
Chim*, rediatrics, Vol, 52, 46, Dnc. 1973, This is a brief su~mary of infant
and childhood mortality trends in the USA awd the rest of the world,

Wor1ld Headih Crravization, "Human Develobriont and Public Health", Technical
foport Series, 485, Gameva, 1972, This is an Interosting article that discuszes
the many variables-anviron~eqtal, fonetic, perinatal, nutritional,etc.- which

affoct human Jovolopment, .
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World Yealth Crranizatien, "The Crranization and Administiratinn of Maternal

and Child dealth Sorvicss", Technical Renort Series, #4728, 1367, This repnort
prosents raasons for vors ié*ﬁv comnrehensive miternal and child health services
and th loristies of orrani-ation and administrative tasks,

world Health Crzanization, "The Prevention of Perinatal ¥orbidity and

Fortality", hublic Aealth Faper 42, Go“eva, 1972. This is a revort of a
serinapr held in Teours dnril 22-76, 173? It presents statistics on verinatal
mortality, smecific medical problems, suzgestions for orzanization of

care and strateries for reducinz morbidity and mortality.

Viorls® Znalth Creanization, "The Frevention of Perinatal ! cortaltiy and
Yorhi - tv", Tec“ﬂicql 2ecort Series, #457, Genava, 1970, This revort dis-
da:s factors inrluencing the outcome of pregnancy, long term sequelae,
wtaiards oP care and educational needs,

World Health Crranization, "Trends in the Study of Norbidity and Mortaltiy"
Pub’ic Fealth rapers, £27, Genava, 1955. This report reviews problems of
notification of ihfect1ous diszases, national health surveys and research on
mortality and mordbidity trends,

INFANT AND CHILDHCCD NMOXITALITY AXD HUTRITICN

Ay¥rod, V.,"Nutriticn and lortality in Infancy and Zarly Chilchood: Past

and Fresent felationshins', imerican Journal of Clinical llutrition, Vol. 24,
Abril 13971, This is a cornarison of infant mortality and nutztional rleficiencies
of children in LDCs compared rith these same problems in England in the early
1900's, :

Baert, J., et al,, "Diet Supplementation for Entire Cemmunities, Growth awd
Fortality of Infants and Children®, Amarican Journal of Clinical Xutrition",
Vol. 23, #6, June 1975, This article discusses a centrolled experiment in

N rthern Feru, measur 1n~ the cffects of food supplements with different
lovels of vrotein on the “iealth status of four villages, Cne control group
included 6-3G month old children.

Bengoa, Jose, "lutrition Rehabilitation Centres", The Journal of Tronical Pediatrics
Dec, 1947, This article dascribes the eguiorment, personnel and oreanization of a
notriticen rehabilitation contre, 3enpona vresents cost estimaticns of treament

for malnutrition in hospitals, rehab centres and preventive measures.,

Berr. Alan and Robert Muscat, "Nutrition and Develooment: The View of the Plawner",
American Jo:rral of C]‘*‘cql wtrition, Vol, 25, Feb. 1972, The first sec=-

tion of this article reviews ¢-ta nnd literature on the magnitude and vattern
of childhood mortality in LCCs,

Bere, Alan, The Mutrition Factor, Its Role in Natio~al Develonment, ”ho 3rookings

Institute, Vashington, D. C., 1977, This is a vary interestine book dealing
with problums of nutrition in LDCs with imclications for developrment policy’
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miking, Bers discusses stratemies for alleviatineg malnutrition and tries to
devolop a "practical, systemitic avnroach to program formation,"

C.rtvelle, ¥, and i, Leridcw,”arc1stfesdinr, Mortality in Childhood and
Fertility in a Rural Zone of Seneraly For specific reference speak to J,
Kirrineston, Porulation Flannine Dent,, University of Fichiean, The vurrose
of this study is to examine the retationship betuween weaning, infant mortality
and fertility., Data frem the Senzpal area is bresented and analyzed, lQoking
at childhood mortality by aze, sex, birth order, seasonal variation, etc.,

Coock, R., "The Finarcial Cost of Kalnutrition", Journal of Trovical Fediatrics,

—

June 1968, This article estimates the costs of malnutrition in children~e.
treatrent expenses and "child life wasteage",

Pediatries,Vol, 15, =3, Seot. 1979, Menoerach 10, This article reviews the
advartares of treastfeeding, the biolorical processes of lactating, and the
critical irporiance of optirum weaning procedures,

Harfeouche, Jamal, "The ‘mportance of Breastfeeding". The Journal'gg Tronical

Jelliffe, Derrick, Child “utrition in Develonins Countries, A Handbook for
Fielduarkers, washineton, D, C., AID, 1949, This is a 7ood review of

prodlems of childhood nutritian in the trornics, Intervention strategies for
alleviating theseproblems are presented, '

Jellifre, Derrick, Culture,"Soeial Change, and Infant Feedineg, Current Trends

in Tronical kerions®, American Jeurnal of Clinical sutrition, Vol, 10, Jan, 1962,
This is an interestin- view of the imoortance of traditicnal customs and the
influGreos of moor-ization cn infant feeding habits and the ecology of
protein-calory milnutrition,

Xnodel, John, "Brenstfeeding. Fertility and Infant Mortality, An Analysis

of some Early Gorman Data", Penulation Studies, Vol, 21, # 2y Sent, 1967. An
inrterestine -ork r2lating lensth of breastfeeding to fertility and infant mortality
is intrcduced,

Knuts:zen, Karl, "3Ireastfeedine Habits and Cultural Context", J~urmal of
Trovical tediatrics, Vel, 15,#2, Juneo 1959, This is a2 study 6f breast feeding
beharvior in threo Zthiopian cormunities,

Koncazeki, 7Zbienicw A, "Infant ¥alnutrition in Sub-Sahara Africa; A Problen
of Socia-Ecenomic Dovelon~ent ", Canaedian Jonrnal of Afwripan Studies, Vo1, 6,
#3, 1972, Tvis article discusses tho cultural, econemie, and ecolceical
factors affectin- ralnutrition and the maenitude of the problem in Sub-Saharan

Afriea, f)sg discussed are the implications of malnutrition for socio-
oconomie develoomn-t,

Jelliffo, Derrick, Tnfﬂﬁt Yutrition in the Subtyrsrics a1 Tronies, World Haalth
Orqnwizwtion, Seneva, 1954, 7919 rath Saries 129, This text 1s a oracticfal
ruide to the unterstandineg of the miltirle factors that laad to in“ant malnu-

triticn, Zpphasin is on infant feeding ard arofrars that wil} imorovo quality
of 1cod frd to thg child,
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Mata, L, J. Urrutia, C, Aksrtuz2i, "Influence of Recurrent Irnfections on
Nutrition and Growth of Children in Guatamala", A—errican Journal of Clinical

Nutriti-n, Vol. 25, Nov. 1972, A stuldy in Guatamala conducted trom 1% to

1977 »menls Aata eoncornine tho influences of infecticn on the nutritional
status o” children at certain stages of growth,

Morlev, David, "Factors Influencinz the Growth and Nutritional Status of
Infants and Young Children in 2 liigerian Villarce", Trans Reval Societv of
Trerical Medigine and Yveiene, Vol, 62, 42, 1959, In Africa the second
six months of life are critical, I~munity to endemic disease acouired
before birth is waninm, sunnly of breast milk is diminishing, and improper
supnlenental foods are being added to the diet.

Vorlev, Tavid, "The Management of the Child with Dehydration in a West
Africzn Villaece", Tha Wast African Medical Jorral, Feh,, 1955, A detailed

descrintion o the creration, medicine and stalf for the rehydration of
children in rural arcas,

"The IMilanda Project", Tha Jourral of Trorical Fediatrics, Sent, 1966, This
article reviews the reosults of varicus foed preraratiorSaziven to severely mal-
nourished children as part of a comprehensive treatrent vrogram,

The Naticnal Academy of Sciences, "Yaternmal Nutrition a=d the Course of Pregnancys
Su-rary ferort”, Comritt-e on Matarnal “mtrition, Foo? and Health, National
Research Coincil, “ashinaton, D.C,, 1970, This dociment reviews findines
cencarning the relationship between the nutritional status of a ovreenant

woran and incidence of texemia, maternal anemia, and fetal development,

"Nutrition in Yaternal and Child Health", The Jomrmal of Trooieal Pediatries,
Vol. 14, #3, 1958, Mancerarh ¥ 5, This article includes a guide to treatment

of malrourished children in hospitals and healih centres and recipes for infants,
Loddlers and school children~ using indigencus foods,

"Nutrition Issue", The Jrurnal of Troniecal Pesliatries, Yol. 15, #3, Sept. 1969,
This issue includes articles on protein-c2lory malnutrition, socio-

cultural factors lea“inr to malnutrition, studles of births and ~eaths in a
defined area in Africa,

Plank, 5. and M, Vilanesi, “Infant Feeding and Infant Mortality in Rural
Chilo", Hullatin World Hoalth Crranization, #48, 1973, Data is presented from
Chilo showine the relationshivs between infant feeding oractices, medical
care, socio-cultural factors, parity and infant mortality,

Prinrose, T. and A, Miceins, “"A Studv in Human Antopartum MNutrition", The
Journal of Henroductive ¥edicina, # A, Doc. 1971, 1570 preenant women from
Yontreal wire ziven dictary sun loments and it was Found that thoso weren
recelvine suppla-ents for a lonsor peried had less cemplications of preegnancy
and their childron wern born at higher birth weights,



http:1:nfrit.on
http:Fro-,'.th

W\ Fronosal to Cenduct Corrmunity Exveriments in the Reduction of Malncurishment
in Colomuia"™, run?acion Para L2 Sducacion Superjor, Cali, Celembia, Aug, 1973,
This pronosal describes the nutriticnal status of a villape population and
nresants o osvstess anuroach for selectinz siratesies to reduce diarrhea, disease
and malnutrition.

Robson, John, ralnuirition, Its Causaticn ard Contrel, Vol. I and II, Gordon

and 3reach, N. Y., 1972, An excellen® two voluma text book that exnlores the

ecolory of malnutrition with most examples from LDCs.is this one written by
two University of Yichican faculty, Zoth eminent: in their field.

Rulison, ¥ichael, Renort on Torical Investication and &n3lvsis of Nutritioml
Sunnlevonts in family Plannins Procrars in india and Fakistan, North Carolina,
Vesearch Trinise Institute, 1377, This reoort discusses the relations*ip
betvern nutrition, infant mortality and fertility. Rulison presents a model
simulating the relaticnship of mortality and fertility.

5t. Geeree, Jehn, et al,, "Factors Influencing Birthweight in Normal Pregnancy",
The Jo rn:l of Tropical Pacicatrics, Vol. 16, # 3, Sect., 1970. Several
Tactors, genctic and onvironmental influence the development of the foetus

and its weizht at birth,

Salaron, J. 3. et.al., "Yalnutrition and the Common Communicable Diseases in
Hural Guitemala®, Arerican Joumnal of Public Health, Vol. 58,43, March 1968,
This article not only discusses the interactions of infectlous diseases such
as mensles, whooning couzh, mumns with nutritionalstatus but also describes
the syvnidrere that ariszs from these intsracticns and becomes the fatal
mecharism of death,

Serirshaw, W, S., et al,, "Nutrition and Infection Field Study in Guatemalan
Villares, 1952=1084" Archivaes of Znviro~mental Health:I "Study Plan and
Experinental Desien®, 14 657-532. 2y 1967;I1 "Field Peconnaissance,
Administrative and TechnicalyStudy Area; Pooulation Characteristics; and
Orranization for Field Activies", 141 787-801, Jvne 19€7; III Field
Procedures, Collection of Zata and Methods o1 Measurements", 15:6-15, July
1967; IV "Deaths of Infants and Preschool Children", 15:439-449, Cct. 1967;
V "Diseasa Incidence Aron# rFreschool Children Under Natural Villace Conditions
With Imoroved Diet and with HMedical and Fublic Health Services", 161 223-234;
VI "Acuto Ditrrheal 2isease and utritional Disorders in General Disease
Inci-ence, 16142037, arch 1958; VII "Fhysical Growth and Development of
Preschoel Children, 17:107-11R, July 19%58; YIII "An Ecidemiological

Appraisal of Fts Visdom and Errors, 17:814-827, Nov., 1768, These articles
Piva a complete acchint of the exverimental Hesign and results of the famous

Guaterilan field study. Article V and VII in carticular presonts data
on the Lhealth status of the children,

-~

Serimshaw, N. 5. and C, Taylor, J. Gordon, Interacticns of Matrition and
Infection, worl? Yealth Lroanization Mononranh Series # 37. Genova 1968,
This »oll Zoenmanted stuly deseribas the relationship hetween vitarin defi-
ctencies drotein and calory ralnutrition and the various diseases inciting
or resultine from pcor nutritional status, QK
\\a
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Fhila,, 104y, Tis hook includas S2veral articles that discuss the

elfects of mitoprnal nutrition on Prematurity, infant hirth Weisht, toxenia,
ete,, and ia. TOMAre=ant qnA eflfants or Mitrients cn tre hexlth status of
Infants apn ciildren,  35:q Hillman ang Jolt's articles in Particular,

Wohl and Goodhart, ed. Modeprn Tutrition in Hoalth and stease, lea and beirer.

Horld Health Crnnnization, "Nutrition in?reennncy and Lactation. Technical
Renort Sories %392, Ceneva, 1955, This dozument, discusses the effects of

ciet on the physiolorical statas of lactation and bregnancy ang the relation.
ship of thes~ States Lo tha health of the foetus ang the newborn child,

L3EAT 23 erroneen HCATALITY AND 1ys1R ZLATICNSHIP T Ferprirry

David, 4, s, Infant and Childhaog Yortality ang Fertility Zehaviop Con~

- T ——e N - . . . ~ . - . ——
feronne, 2esearch Triancg “nstitute, \Vopty Carolina, reo. 17, 1971,
-—.“M- 3 3 3
This incliiag the broceedines of 5 confereace vhich reviey the current
issues concerning the relationships of childhnog mortality, fertility and

health Services ang Mtrition,

"Health and Fanily Planningn s, Howrlq doalth, Jan, 1974, This issye is devoted
to mother and child haattp benefits Teceived frop fa=ily Planning, Also diga
Cussed are the relationshins between morbidity ang mortality anq family size,
Parity, birty interval, ete,

Kennedy, Frederick, Penort en Tonirad Invﬂstiqation and Analwvsis ef Fromoting

Fa-ilv Planming Dhroney foalth Servicas, “esearch riange Institute, North
Carolina, 1970, This is an interesting revort fer AID linking relationships
between ‘ufant a;g childhoed mortality ang fertility, 4 rodel 1is developed

looking at tho irmpact of h221th services o7 childhood mortality,

McDarmott, Halsh,"?odern Fedicing ang the 2emograchic Disease Patterm of

Overly Traditional Societies; 4 Technolozical YisTit", he Joirnal of

}’o'h'r:’{l E_‘E_(_:_:ttinn(j.ncci-‘ll Zdition of Yannoep Tor Yiorld Ee?lth). Vol-.—_ll-l, # 9,
Fart 11, Sent, 1054, This a classie and insightfy)] article on the relationship
of population Prowth, onvironmenta) conditions, infant mortality ang

medical technolugy.

Omran, Abiel, Health Zonafits of Fa~ily Flarains, Maternity-Centerod Family
Plannine Frovram Paper, cé?Z?h, Cet. 1971, WHC, ¥CH, 1971, This bapor reviews
the rnlitinwship betveen family s5izg, 5pizing, unwanted bregnancies ang beri-
Nital, infrant and child mortality, T+ also discussgs the nreventatjve aébects

of farily Planning brograms fop re“uction or c¢hildhood mortality,

Prnﬁcrvnnd, Plorra, Famiyy, Plannin~ Prorrams 4p Africa, Dovolopment Centrg
of tw, Criasization for resnomic Croparation and l)cvoloor':ont, Faris, 1970
Pradervan- asnods that hiyrh infant moriality {s one of the main obstaclog
to fanily Planning Accoptance in Yest Africa,

Sukin, Hopa, LA Perspect vy o1 the Nortality—Fortility Relation:hips in Lesy
Dovedapag Countring wity, Imolication for Policy Yakinen, 1924,  This Paper
roviews thg Htoraturg that doscrings this ro]ationship on both a macro apd
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micro lovel., 41so discussed are the effects of hsalth services on infant and
childhood mortality,

wishik, Samua, lutrition, Family Mlammine and Fcrtility". bresented at the
21st Mectine of the jrotein Advisory Grcup, U,N. in Faris, June 21, 1972,

(a ~imo0). Tnis article tals about the effocts of nutrition on fertility ang
health status of tho aewdorn child;it then discusses thse effects of fertility
on the nutritional status of mother and child,

World Health Croanization, "Health Asrects of Ponulation Trends and Frospaects",
Workinz Faper ¢ B for the World Fopulation Conference, 1974, Tt is an
excollent review of literature and analy€es of the effects of fertility and
vopulation trends en infant, and childhood mortality, Alsos discussed is the
influe~ce of breschool mortality on fertility,

Wray, Joe D, and Roy E, 3rown, "Family Flanning, Nutrition and Fublic Yealth
Services"oresented at the

This ranor both doseribes the maternal deoletinn Syndrome which contributes

to low birty “eizht infants, boor verformance in lactation and in LCs is often
Seen among women and di scusses infant mortality and its relation to this

cycle,

Wray, Joc D., "yi1) Better Mutrition Decrease Fertility", presented at a
Symposivrn on Nutriticen, Fertility and Reoroduction. IX Tnternational Congress
of Nutriticn, Mexico City, Sent. 1972. This p2rer discusses infant mortality
in relvtion to mutrilian and the effecdts of fertility on infant and childhood
mortality and nutritional status of mother and child,

MISCULIANACHS
-_—‘mc—

Benenson, Abram, Control of Communicable Diseases in Man |, American Publie
Health Avsociation, +shington, D, C. 1970, Another classic referonce on
opidemiclopy of communicable diseases and Preventive and curative measures,

Bryant, John, Yoalth ang the Develorine ferld, Cornell University Press, London,

1959, A desc iptive Anproach to health oroblems in LDCs with some data to
put thines in perspactive,

Buck, Alfred, ot al., Hea}th and Disesase in Ckad, Ericemeolory, Culture and
Environ~ent in rivo Villares, The Johnz Hapkins Fress, B1ltimore, 1970, This
s a vory crenlate assessment of the com~unity, social orzanization, economics,

redical sorvices, environmontal conditions 2nd epidemiological features of
discase in Central Afriea,

Folsorfald, Ambhan, Tha En%dnmiolovy of Tronical Diseases, Charles C, Thomas,
Bublistors, 1998 he text reviews the epidemiolory of bicterial, mycot ic,
Parasitic and viral discises as %ell as malnutrition and mental disorders in
tho tronics, ‘
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Kin~, Maurice, Medical Care in Davelonin~ Countries, Oxford University Press,
Hatrohi, 1946 Scre interesting chacters on the orzanizaticn of health
‘snrv%cos, nediatrias, nrotein calory malnutrition, un-er-five clinics, immue
nization of the upder fives, specific irsatrants for ceriain are included,

Paul, Hurh, The Contrasl of liscases, £ and S Lininzstone, LTD, London,
196%, A classic tovt book on diseases, social and communicable,

Pollack, T, ¥,, Trials »f Frovhvlactic Acents for the Cantrol of Cormunicable

Diseas-s, Wuo, Geneva, 1365, This is a Fuide to the orcavization and evaluation
of control tests,

Scott, Divid, Enide~ic Nisense in Ghana, 1901-1949, Lendon, Cxford Yniversity
Press, 1965, ftn interesting study abput the major enidemic diseases- nlague,
Yellow fever, smalleox, tryranosomiasis, influenza- trends and control measures
in Ghana,

Sector Analysis D*visien, Bureay Tor lLatin American, AID, This division is
workine on a series of health riodels, access to medical care, nutrition

.and asrigulatural development, and an overall health Sector, disease oriented
model,. .

Werman, Yyron, "Cormmunity Asvects of Child Healthw, reorint from Srennemann's

Practicn of Pediatrics, Val, Ty Chapt, 7, 1972, This article discusses trends
in infant mortality and crranization to cromote better medical care,

ADDTTIONAY, STATIS *ICATL 2LFE25NCES

Food and “orienlatural Croanization Produstion Yearboo¥, United Nations,
Romo, Anmmal puhlication, This nublication includes Tood productivity, livestock

develocmant,, import and ejnort fizures, and processing statistics from mcst
countries helonging to the e

Keyfitz, Nathan, et al., Causes of Death, life Tanles for National Ponulation,

Siminar Fress, ¥, Y., 1972. & gggd Scurce of leadinz causes of death in countries
Hsted, It includes LDCs but data is limited for many,

World 2211th Crreanization Anmea =nidemiolorical and Vital Statistices, Annual
pblieation, This is an excellent reference source and should be available
al nost rajop libravigs, It includes both mortality and morbidity statistics
for a Jarpo selaction of countries thrcurhout the world,
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9T Al CGRALHTES

Innotated Biblicoravhy of Vital+Health Statisties, U.S. Dent. of H2W, Public
Health Sorvice, HGMHA, 19790,

"Delivory nf Health Cara Services in less Develeored Countries- A Literature
Search", rID/esd-2423 perfermed fer American Ffublic Yealth Associaticen by the
Biolorical Sciences Communications Broject, Washington, D. C., 1973.

Harrineton, Julith, A Comrarctive Study of Tnfant and Childhood Survivar-
ship in "est Vfrica, “Cornell University, F4D, 1971, A 7007 bibliography
is included.

Hoalth and Pevelcoment-An Annotated In-exed 8ibliozranhv, The Johns Hopkins
University,Uept. of International Health, 3altirmore, Maryland, 1972. An
excollent and 2l11l-inclusive bibliopraphy.

Chandrasckhar, S., Infant Mortalityv, Zorulation Growth avd Fa~ilv Flanwnine In
Intia, Tho University of JNorth Carclina rress, Chapel 4ill, 1972. A geod biblio=-
graohy is included.

Jelliffe, Derrick, Infant ’ufr**ﬁon in the Subtronics and Troonies, World Health
Crzanizaiion, Geneva, 1948, onorranh Series #27, Good f~otnotes and references.

Russel, Louise, Doterminants of Infant and Child Vortalitv: 2e-ort of the
Po=°1H~] ‘tv Study, rart I, Tational Fla-~ninz Association, ATD Centract # AID/

—_—

Cl/Jotr=C-73-712, 1974, An annotated bibliosraphy is vresented.

Serimshaw, Y. S. et al., Tnteractions ef ilutrition and Infeation, World Health
Cr?hnlé1tion Yonorraph Series #57, Gereva, 1968, A comnlete tachnical and not-so-
technical bibliozravhy(fantastic in scope) has been nut tocether.

World Health Crzanization Publications; Check any veference catalorue. Public
Health Papers and The Technical Series Reports are usually listed by topic.
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PERICDTCITS

A1l of the follewin~ periodicals fuently carry articles concerning various
asneets of infant and childheod mortality marticularly in Less Develoz=d Countries,

Ecolazy of Food and Nutrition

Taternationil Journal of Zealth Services

Journal of Tntarnational Health

Journal cof Tronical Yedicine arnd Yyeiene

Journal of Tronical Pediatries

——

Pediatrics

World Y¥,1lth Oroanization 3ulletin

World Health Oreanizztion Chronicle
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Efficiency of Health Measures
- Contractor to be selected

Marjorie Belcher, DAA/TA, clarified the backaround of this project
4t containina a sianificant research component for which the RAC review
and advice was sought, although the proposal has been developed as a
General Technical Service nroject.

Dr. Linder, Chairman of the Subcommittee consisting of Drs. Carter,
Mcntaomery, and Heady, rerorted as follows:

This presentation aprears to be a preliminary formulation in that
there is ne formal indication of the institution or the principal
Imvestigqators proposed.  Subsequently, there is reference to the fact
that Drs. Peter Heller and Robin Barlow of the University of Michigan
had been instrumental in drafting the concept and plan of work. This
needs to bu clarified in providing a more firm basis for project
appraisal. In contrast, Dr. Heady has indicated that he likes the
idca of presenting the research concept to RAC for review as a possible
reans of developing a better proposal. In reviewing the four phases
of the proposed study, Dr. Linder noted with interest the prediction
of likely outcome to be a shift in responsibility for the delivery of
health scrvj?cﬁ from rrofessionals to paraprofessionals. He cited the
gqeneral princirle that one should not insist on statistical precision
Leyond the level required for the conclusions and actions sought.

Yhis is a well drafted proposal. The scientific honesty concerning
the reliability of the data collected in months 15-20 of the workplan

is _ommendable. However, the subcommittee members are skeptical for
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Dr. !lcady stated that the proposal was well summarized. He would
lik:: Lo See a formal rroposal for RAC consideration.

Dr. Lona urged further discussion on the optimization of practices
and the appropriate dearee of refinement of data for practical use.
Dr. Lwanson nointed out the rroblem cf treating diseases in holistic
terms in a probabilistic nodel, and suacested the advisability cf limit-
it the study to a sinale disease or some sub-set of diseases. There 1is
not cnowth infcrmation for mere evaluative statements. Dr. D. Petersscn
auked how is 1t tossible to develor a simulation model when the values
o1 the outputs arc uncertain. Dr. Long asked how the RAC might work
with ALID staff in further review of the basic idea.

by. Joe Davis, TA/H, aareed that the RAC input was useful. An
i) erimental Advisory Grour which TAYH is attemntincg to establish has
reccived accet tances from only about nalf of those aporoached. The
concep b for this project has grown cut of experiences in the assessment
Af nealth sectoys. The collection of practitioners views represents a
Cosaible short-cut tc the more elaborate collection and analysis of
baoic data.  This 1s a prorosal to test the usefulress of this approach.
¢ lembia and Ghana arce possible countries with an interest in martici-
pation.  Even thouch the data may lack some precision it will be more
valuible that the rresent Pasis for many health intcrvention decisicons.
A status report ~f the Colombia project mentioned py Dr. Carter is due
At the next BAT meeting and may indicate that it 1s to be closed ocut.
The gamina aps reoach used at Michigan state is considered to be useful
[ training objectives, but not as a tool to develop decisions for the

field. The lack of =pecification in this project 1is recognized and is
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a function of lack of staff; a contractor is needed to develop such
detail.

Di. smuckler commented that while it would be inappropriate for
the KAC subcommittee to assist in this effort, RAC members might be
able to contribute to a sharpening of the proposal. Dr. Long suggested
specific involvement of two or three RAC members in revision of the
proposal. RAC cannot review it before the October meeting and consul-
tation he said is needed now. Those members who might be available

were requested to indicate their interest. No RAC action was taken.

(Note: Dr. Heady has agreed to assist in this matter).



