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ABSTRACT

AN APPROACH TO THE DESIGN OF MANAGEMENT
INFORMATION SYSTEMS WITH APPLICATIONS TO FAMINE RELIEF

By
Allan Gerard Knapp

Management Information System (MIS) design often fails to account
for the effect that varying qualities of information and associated in-
information costs have on the overall system performance. The focus of
this dissertation is to develop an approach for ascertaining optimal in-
formation quality levels for given budget constraints in large-scale
systems. The methodology is applied to the problems encountered by a
country experiencing a food shortage.

The approach consists of three main components: a computer simula-
tion, a cost function, and an optimization procedure. The computer
simulation models the background system in which the information system
is imbedded; in this case, the demographic, consumption, and production
characteristics of the famine-stricken area. A government decision-
making component is also modeled to facilitate examination of policy
structure. Overall system performance variables, such as reduction of
fatalities and maintenance of high nutritional level, are defined to
monitor the effects of changing policies or information quality.

An information sampling component is added to the basic simulation
Model to enable the model's "true" variable values to be disturbed with

specific measurement error statistics. Sampling frequency, sampling
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error, and processing delays are applied to model variables, thereby
simulating surveillance sampling results received by system managers.
The variables being measured in the famine context include nutritional
level, consumption, and food storage level and location. The quality
of information received by system managers is varied, using the sampling
component, and corresponding results on overall system performance
studied.

The optimization stage can thus specify the "best" information
quality mix, in terms of expected outcomes. To tie the information
quality to actual surveillance, processing and transmission design, a
cost function is constructed. The design detail is restricted to this
cost function development so that relief system simulation can be ap-
plied at a macro level. Since increased costs are generally associated
with improved information quality, the optimization is performed at
several budget constraint levels. This provides comparisons of cost
effectiveness of individual information quality parameters.

The sampling component and the information quality concept are ef-
fective tools for validation of the simulation model and policy struc-
ture. Better information levels should lead to better overall system
performance. If not, then faulty model or policy structure or the pre-
sence of unexpected natural occurrences would be suspected.

The approach provides an evaluation tool for determining useful
real-world variables to monitor, desirable information quality levels
and comparative performance of separate information quality parameters.

It will also enable review of expected overall system outcomes in
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situations where the level of crisis, policy structure and information
quality are all subject to change.

Several general principles for relief efforts emerge from the
study: Tlong-term versus short-term fatality reduction goals must be
accounted for in distribution policies, the prevailing relationship
between rates of consumption and storage patterns should be ascertained,
and the Tevel of the crisis must be estimated accurately for effective
relief performance.

The approach draws on techniques and concepts from many fields of
study, including information filters and predictors, feedback control,
optimal statistical sampling, simulation modeling, experimental design,
statistical measurement and optimization algorithms. Portions of the
methodology can be applied gainfully, particularly the computer simula-
tion as an education tool and on-line decision aid. Modeling and solu-
tion techniques are discussed which have general applicability to
Management Information Systems. The dissertation concludes with major
findings, advantages and disadvantages of the approach and a discussion

of further research areas.
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PART I
COMPUTER MODEL AND COST FUNCTION DEVELOPMENT

Introduction

Famine is a real threat in many parts of the world today. Chronic
malnutrition is widespread, leaving populations weak and susceptible to
disease. A severe food shortage for even one season in such areas
vould lead to many deaths due to starvation.

Relief efforts are handicapped when adequate knowledge of needs is
not available. Each component of the relief system depends on communi-
cation of information. These components include transportation units,
field offices, and surveilance teams, as well as planners and decision
makers. A Management Information System (MIS) is one way to provide
the overall data communication needed. This dissertation is a proposed
method for addressing the MIS design problem.

Three major segments constitute the core of the approach. Part I
defines the problem and approach, and it contains development of two
major segments. First, a computer simulation of a country's experi-
encing a critical food shortage is described along with an information
system component that ties together surveillance data and information
quality and their effect on relief system performance. Information
filters, policy design, and model structure are all described in rela-
tion to system management. The second major segment is a cost function
that describes the resource commitments needed for various levels of

information quality.




In Part II, the third major segment ties the first two segments

together by presenting an optimization problem. The goal is to maxi-

mize performance of the overall relief system within a given informa-

tion system budget. Chapters 8 and 9 explore optimization alterna-

tives and likely approach outputs.

Part III consists of Chapter 10, providing results and conclu-

sions. Observations are given about the approach, the use of a compu-

ter simulation, further research, and implications for famine relief
systems.




CHAPTER I

THE PROBLEM AND THE APPROACH

Famine poses a serious threat to many nations in the years ahead.
In the last decade, food shortages have been caused by war, drought,
natural disasters, and crop failure (46). Conflicts in Biafra and
Bangladesh have resulted in destruction of food and disruption of nor-
mal distribution lines. The Sahelian drought has damaged many coun-
tries as the desert advances. Earthquakes, cyclones, and floods have
caused food and water shortages in such diverse countries as Peru,
India, and Iran. Successive crop failures led to a near catastrophe
in the Bihar state of India during the late 1960s (58, Chapter 2).

Unfortunately, the probability of famine's striking has not been
adequately reduced, even with the great strides made in food production
capability. The problems of overpopulation, inadequate or nonexistent
food distribution systems, economic inequality, greed, and corruption
combine to create a well-established global system with food shortages
a likely output. There is evidence that the earth is entering a period
unfavorable to food production, adding a negative environmental input
to the system (37). It will take a systematic and cooperative effort
to prevent catastrophic famines.

A food shortage has a devastating effect on individuals and on the
stricken society. Weight loss and body wasting, apathy, decreased work
output and self-centeredness are all common individual symptome. The
generally weakened condition of the population leaves it highly

3
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susceptible to epidemics. As food stores dwindle, rumors spread quick-
ly, leading to large-scale migrations and hoarding. Crime, civil dis-
turbances, and panic mount.

Planning to meet or offset the consequences of a food shortage can
encounter numerous obstacles. Political sensitivities sometimes cause
a nation to withhold needed aid. It is also difficult for many coun-
tries to acknowledge the existence of famine within its boarders for
fear of the unfavorable impression it gives (49). There is little re-
liable data from past famines. At least three factors have been noted
for the scarcity of detailed recordkeeping. An adequate reporting
policy has rarely been designed and used. Workers have consistently
had a "do" mentality, laboring diligently to aid victims but not taking
time to record activities and results. The third factor is the fear
that the extent of the disaster may reflect poorly on one's personal
efforts, causing silence.

Designs for famine relief sometimes come under the broader heading
of disaster relief, which includes short-term encounters such as flood,
fire, and earthquake. The special difficulties presented by famine in-
clude its longer duration, its often widespread area, and its gradual
overtaking of a weakened population. The dramatic intrusion of an
earthquake or flood demands immediate and clearly substantial action.
The requirements of famine relief are also substantial, but are not as
early seen. However, the generally slower development of a food short-
age allows prediction and time for planning to minimize the disaster's
results. The need for preparation was recognized long ago in the

earliest Indian Famine Codes:




Proceed from the beginning on a comprehensive plan and
publish it. Admist the manifold details of a Code, there

lies a danger that the broad principles of famine relief may

escape the notice of those who have to administer it. It is

only on a knowledge of principles that the various incidents

of famine administration settle into their proper places,

and it is obviously of importance that all controlling offi-

cers should understand the principles and bearings of what

they have to do (53, p. 12).

The main problem to solve in a food shortage is the distribution
of food to those who need it. Many systems must interact fluidly.
Planning decisions are needed on the goals of relief operations. Infor-
mation must be acquired concerning the relative welfare of the popula-
tion. Food transportation and storage logistics need to be examined.
Field Tevel programs of training, education, communication, and resource
acquisition support systems are necessary. The problem is not simple,
especially when the nations most prone to famine are underdeveloped and
unorganized,

The goals for a relief effort will vary by country and by crisis.
Normally, the main priority is minimization of the death total (46).
Other desirable results from the country's viewpoint could be to keep
social disruption low and minimize foreign dependence. Humanitarian
beliefs dictate that high nutritional levels, prevention of human per-
formance impairment, and equitable food distribution are necessary
goals. The major constraints preventing achievement of established ob-

Jjectives are limited money, personnel, equipment, and time. A shortage

of any one of these items can jeopardize an entire relief operation.

Information System Structure

The focus of this dissertation is on the information system needed

for famine relief. The importance of information is easily realized by




observing that any course of action will be based on available data.
Knoweldge of the situation is necessary. The many links between the in-
formation system and the transportation, field programs, system manag-
ers, donors, and affected population subsystems will be examined here.
But the thrust is to provide a systematic means of designing and imple-
menting an efficient, accurate information system that leads to posi-
tive results. Such a structure is often labeled a Management Informa-
tion System (MIS).

Figure 1.1 depicts the general structure of an information system
for famine relief. The blocks represent the major groups involved in
the relief process. The linkages are information flows, including plan-
ning, training, communications, and evaluations. The expected scenario
relating a real world food shortage to the structure of Figure 1.1
would be as follows:

Planners start with the goals and objectives of the fa-

mine relief system. They then provide the Teachers, Train-

ers, and System Managers with the necessary system design,

and work is done to prepare for disaster. As a good short-

age strikes, the Affected People are observed by Data Col-

lection teams. The surveillance results are tabulated by

Data Processing and transmitted to the System Managers. De-

cisions, based on planned policy and current observations,

then flow to Government Programs, Relief Agencies, Field Of-

fices, and the Transport System. Concurrently, Evaluations

are made of relief activities, and the Media and Donors re-

spond to the crisis. The cycle is closed as the Field Of-

fices and Media provide the Affected People with needed food

and reports on the extent of the shortage.

Several of the component groups and linkages deserve further expla-
nation. The planners are responsible for the overall relief system, in-
cluding the information system as one component. This dissertation is
aimed at planners as an aid in the design and evaluation of data collec-

tion, processing, and transmission alternatives. The complex
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interrelationships among the many components allow a study of the infor-
mation system to shed Tight on other subsystems. Thus, the approach
discussed here also provides indications of policy, management, and
training requirements.

One planning element that ties directly to the information system
is the need for on-going surveillance. The advantages of simultaneous
consideration of long-term continuous and short-term crisis surveillance
are numerous. Crop conditions, weather reports, food reserves, retail
prices, and anthropometric measures can all serve as warning signals of
an approaching crisis. Extant information on population size and dis-
tribution, communication lines, and cultural and religious conditions
will aid planners in efficient design of emergency operations. A trust
and acceptance of survey procedures may develop as the surveys become
more commonplace. Cost efficiency can be obtained as equipment and per-
sonnel needs are evaluated. And possibly the greatest advantage is that
disaster planning will occur well in advance.

Advanced planning will provide relief system managers with a basic
policy structure to guide decision-making. Knowledge of overall relief
goals is a valuable aid in specific allocation and distribution judg-
ments. This leads tr the difference noted in Figure 1.1 between pre-
planned and on-going information linkages. Planning can provide a poli-
Cy structure, training, and direction for emergency procedures and eval-
uation. Once the crisis occurs, system management involves responses
based on current available data. Training and the master plan are used
to aid flexible, day-to-day decisions. Note that planners and managers
may be the same individuals, as there are substantial overlaps in the

distinguishable positions.



The decision linkages pictured in Figure 1.1 will depend on the

management structure of the affected area. One can envision a group
effort with representatives of the transport, field programs, and in-
formation systems serving in a guidance role. The literature suggests
that one dynamic leader with broad powers has generally had positive
results (45).

A missing 1ink in many past relief efforts has been the evaluation
of the systems. The evaluation component in Figure 1.1 is needed to
improve efficiency in system components, both during a crisis and in
future planning. The information and material linkages between compo-
nents should be singled out for frequent evaluation, to insure smooth
transfers of responsibility.

Two valuable assets outside the government system are relief
agencies and the international communications media. Interantional
groups, such as the Red Cross, CARE, United Nations organizations, and
the World Council of Churches, have a great deal of experience and
are able to draw on resources not available to the country itself. By
presenting an accurate picture of the stricken nation's needs, the in-
ternational press can help avoid senseless donations. The Titerature
abounds with such incredible examples as winter coats sent to the equa-
tor and building materials to starving countries.

The actual "relief" work occurs at the field office level in Fig-
ure 1.1. This is the system component where the most real-world data
are available, on operation of food kitchens, health clinics, fair
price shops, etc. The other components can be thought of as support
systems for the relief work, but the support systems are vital. Mayer

notes that "sooner or later, transport becomes the limiting factor in
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relief" (46). The transportation and logistics system includes entry,
storage, and distribution points and all vehicles and personnel needed
. to convey goods between the points.

Thus, many operations are needed for successful fighting of a food
shortage. The information system is central in that each component
needs an understanding of its current milieu and its often-changing re-
lationship to the other components. The information linkages have a
great bearing on the efficacy of the overall effort.

A note on the feasibility of the system outlined in Figure 1.1
needs to be made. Depending on the governmental structure, such a
broad-based plan may not be implementable. Many countries define fam-
ine relief as a nutrition problem, and the responsibility for handling
nutrition has been split among several sectors or ministries in the
government. The sectored bureaucracy is generally not amenable to a
sweeping system design (17).

Planning must take into account even more factors than those pic-
tured in Figure 1.1. The issues of overall goals and policies must be
addressed to provide a framework for implementation. And the govern-
ment setting and bureaucracy already in place must be examined as one
part of the practical implementation issue. Much wisdom is needed in
meeting "soft" impediments--religion, cultural, political, and social
obstacles.

One alternative to planning for the existing bureaucracy is revol-
ution (17). Revolution can provide a quick path to a multi-sectored
approach to the problem. But whenever revolution is more concerned

with the system than with the people, the humanitarian goals of famine
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relief are ignored. Witness the tragic famine and widespread malnu-
trition in Cambodia during the past several years (2).

A second opening for a systems approach may occur during an actual
disaster. The-e seems to be a relaxing of restrictions during a cri-
sis, allowing new constructs and implementations. This was the case in
Bihar in 1968 (58). It may be that one disaster is needed before a
broad-based approach to coping with the next disaster can feasibly be

implemented.

Information for Planners

The planners in Figure 1.1 desire an information system design
that fits the real world situation, is economical, practical, and makes
a real difference in relief results. We now examine the planners' in-
formation needs in evaluating alternative information systems.

The performance, costs, resource requirements,:and critical con-
straints of the alternative system designs will be of great interest to
planners. Performance is related to the stated goals of relief, such
as minimizing death or social disruption or the maximization of overall
nutritional level. Costs and constraints measure the money, time, per-
sonnel, and equipment allocations required.

Several pieces of information could be useful in evaluating alter-
native information systems. Recommendations for "best" alternatives at
several different cost levels would provide budgetary data and a shop-
ping list of proposed systems. "Best" refers to performance based on
goals. Additional aids would be an expected system performance level
and degree of confidence in each of the recommended alternatives. A

description of the minimum system necessary for relief operation is
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essential for comparison purposes. Knowledge of all possible undesir-

able results for each alternative would also be helpful to planners.
To help determine costs and performance, a list of the real-world
variables to be monitored (nutritional level, food storage, water
level, etc.) along with suggested measurement statistics is needed.
The statistics would include desirable frequency and accuracy of sur-
veys and allowable processing and transmission delays. Knowledge of
the effects of varying surveillance frequency and accuracy on system
performannce would be an invaluable aid.

There is a need for a general, systematic approach to obtain the
information for planners described above, There are lists of nutri-
tional surveillance items with desirable frequency and error attri-
butes (10, 25). These are largely intended for the case of thorough,
on-going surveillance and do not single out the most valuable informa-
tion needs. General Tists of possible variables to be monitored in a
food shortage also exist (7, 31, 41). But there is not a prioritized
crisis variable montoring 1ist with suggested measurement attributes.
Neither are there indicators of the relationship between list items
and relief system effectiveness. To obtain such a result, the list
must be based on information needed to make distribution and alloca-
tion decisions. Certainly such a 1ist will be peculiar to each country
and crisis. But there probably are items that would be common to all
countries’ needs.

A wide range of information systems has been mentioned in the
literature. A non-existent system resulted in a devastating famine in
China during the 1940s; virtually no one, even in the capital, knew of

the crisis (63, Chapter 4). At the other extreme, a rapid reporting
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system designed by a New York consulting firm was a valuable aid in
combating the Bihar, India, food shortage of 1967 (6). But the most
commonly voiced comment on relief data systems is the lack of re-

liable and organized information.

The Approach

The diagram of Figure 1.2 presents an approach to design that will
systematically lead toward desirable information for planners: data on
the real-world variables to monitor, data on measurement attributes for
each variable, 1ikely best system alternatives, and the costs and
other constraints for each alternative.

There are three major parts to the proposed 2pproach: generation
of information system alternatives, computer simulation of relief
operation effects, and an optimization procedure to indicate good
levels for system parameters. The generation of information system
alternatives is a standard part of cost-benefit analysis. It leads to
an understanding of the choices available. The common cost-benefit
form converts all constraints and potential benefits to a monetary
base for comparison purposes. Here, however, constraints G could be
measured in units of the limiting resource: man-hours, equipment
units, etc. The key figures on the benefit side are information qual-
ity statistics produced by the given alternatives. Information qual-
ity is measured by a set of parameters X including processing delays
and frequency and error of surveillance. Each environmental variable
to be monitored has its own set of X parameters. Thus, system alter-
natives can be characterized by the resources required and information

quality produced (G(X) and X).
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The major distinguishing feature of this approach is the use of a
computer simulation to evaluate relief system performance. Computer
models have often been used in the last three decades as tools in eval-
uating alternative solutions to economic problems (1, p. 5). Examples
of models related the famine relief problem are an agricultural sector
simulation in Nigeria and a study of crop-related labor in Bangladesh
(1, 21). These studies unearthed some of the root causes of food
shortages and some of the problems of food distribution.

It should be noted that a computer simulation does have definite
limitations. Not all the important factors affecting relief effective-
ness can be included. Biological and physical interactions can be
modeled to the extent that the processes can be converted to numerical
relationships. But psychological and cultural factors are very diffi-
cult to capture, due to the lack of numerical standards. Thus, a simu-
lation can only be one of the analyst's tools in design. There must
be appropriate inputs on the role of such intangible or nonnumeric fac-
tors as food habits, family ties, and village customs

The cornerstone of the current simulation effort is a model of
the population undergoing a famine. Economic, demographic, and produc-
tion components must be described. The model must be tuned to ade-
quately depict the environment in which the relief system must operate.
A macro view is necessary, at least initially, to adequately describe
the scope of the problem.

System management is modeled as a set of decision rules represent-
ing policy structure. The rules are activated by the results from
surveillance of several key variables. Thus, the intent of policy is

to provide guidelines for action based on available information, a
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Management Information System. It is assumed that the system managers
know the background environment of the country and the goals and frame-
work of the proposed relief system. The model decisions are limited
to the rates and timing of relief operations, These policy parameters
are dependent on the information received. The data provided to manag-
ers are obtained through statistical sampling procedures and informa-
tion filters. Modeling the sampling and filtering at a macro level
allows the simulation of varying data quality without information sys-
tem details.

The links between alternative generation, system simulation, and
optimization are the information quality parameters X, the policy rate
parameters P, and performance and constraint functions. The output of
the computer model is a performance function F(X,P), where F is a vec-
tor representing the measurable relief objectives. A constraint func-
tion, G(X), is produced by system alternative generation. G represents
monetary, personnel, and equipment requirements. Off-line analysis
work is done to select, for each X vector, the information system that
best allocates 1imiting resources.

The functions F and G are the needed inputs for the third major
component of Figure 1.2, the optimization stage. As stated before,
information system alternatives are characterized by a set of informa-
tion quality parameters X and a required resources function G. The
simulation portion of the approach describes the effects that X will
have on desired relief performance F. The objective of the optimiza-
tion phase is to maximize performance levels, subject to constraints
on the required resources. This problem is difficult to define pre-

cisely in the general case and still more difficult to solve




17

analytically. The goals and constraints must be well-defined, and
assignment of relief system performance priorities is imperative for
computerization.

Valuable insights can be gained even before a precise optimiza-
tion. By studying the values of model outputs, one can obtain likely
results of particular decisions and policy structures. This provides
a powerful analysis tool, both for the design of efficient operations
and for validation of the computer model. The significant ties between
policy structure and the information system, including key environment-
al variables, can be examined. And simple sensitivity tests can indi-
cate which information quality parameters are most important for sur-
veillance purposes. Knowledge of component linkages and efficient
policy structure is a valuable aid to planners that goes beyond basic
information system specifications.

The planning process is cyclical in nature as the chart in Figure
1.2 indicates. Model results are continuously compared to real world
data and expectations in a validation process. For the model to be a
useful tool, system planners must have an understanding of environment-
al and relief processes and must be satisfied that the model accurately
portrays these processes. The model itself is updated, refined, and
made more complete as the planning and testing proceed. The analysts'
study of system performance leads to a better grasp of the monitoring
function. This, in turn, leads to a better definition of policy and
information quality parameters P and X.

An information system can provide crucial Tinks between planning,
implementation, and on-going operations. In fact, the three are very

interrelated. Data capture and processing the data into a useful form
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are essential for on-going operations and for system implementation.
Setting up the machinery to gather and process the data is a planning
and implementation function, but requires knowledge of basic opera-
tions. This dissertation is mainly a planning tool; it concentrates
on establishing a framework for tying a computer simulation to the de-
sign of information systems. The operations descriptions are general,
echoing the nature of the computer model. Accordingly, the specific
data and level of aggregation used here is not immediately transfer-
rable to specific country applications. But the framework for planning
should be.

The organization of this dissertation roughly parallels the se-
quence of events leading to the development of the approach of Figure
1.2. An application of the approach to a hypothetical country is fol-
lowed through the individual steps, including major findings, pitfalls,
and areas for further research. Part I covers the generation of in-
formation system alternatives and relief system simulation, along with
the validation process and a study of initial model results. Part II
examines the optimization techniques applicable to the problem. And
Chapter 10 presents major results and conclusions, notes potential ad-
vantages and disadvantages of the approach, and outlines several areas
for further research.

Chapter 2 describes the basic survival model designed by Dr. T. J.
Manetsch (38). The addition of a sampling component to simulate infor-
mat fon inputs to system managers is covered in Chapter 3, along with a
detailed description of the X parameters used in the study. Initial
model results and subsequent policy changes are discussed in Chapter 4.

Information system alternatives with related costs and X values are
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examined in Chapter 5. The roles of the system manager and informa-
tion filters are contained in Chapter 6. And Chapter 7 concludes Part
I with a summary of model and approach validation techniques.

The optimization section is divided into two chapters. The actual
optimization work for the current application is covered in Chapter 9.
Chapter 8 discusses pre-optimization work, methods for identifying the
most sensitive X and P parameters. By limiting the number of parame-
ters, optimization techniques are easier and less costly to apply.

Considering the cyclical nature of this systems approach, the or-
der of events in Part I described above is certainly not compulsory.
The simulation and system alternatives sections can be developed simul-
taneously, as can the components within the model. However, Part I
completion should logically precede Part II. And the sensitivity work

of Chapter 8 should precede the optimization of Chapter 9.

Summar

This approach is a proposed design. Much work is needed for im-
plementation, this dissertation is only an initial pass. The approach
is not a guaranteed solution to the whole problem of famine relief.
The many complex interactions require well-defined objectives and
tight coordination of efforts between the many subsystems depicted in
Figure 1.17.

The question of whether famine relief efforts should be pursued is
not specifically addressed here. It is assumed that man has an obliga-
tion to relieve needless suffering where he can. Certainly a food

shortage gives enough advanced warning that some sort of planning is

imperative.




CHAPTER 11
THE BASIC SURVIVAL MODEL

The survival model discussed in this chapter was created by Dr.

T. J. Manetsch and has been described by him elsewhere (33). A general
description and many of the important modeling features are included
here to provide necessary background material for the development of
succeeding chapters.

A computer simulation is an excellent tool for the systematic
study of famine relief because the extremely complex nature of the
problem requires analysis of several large, interconnecting, dynamic
systems. Demographic, economic, transportation, communication, and
system management components, and their interactions defy simple exami-
nation. The computer allows the testing of many distinct strategies
and system alternatives in a relatively short amount of time; perfor-
mance can be estimated without experimentation in real food crises.

And a simulation explores the process and structure of relief opera-
tions and responses as well as providing numerical calculations.

This survival model was constructed to study alternative strate-
gies for combating a food crisis and to shed 1light on areas for further
work. In particular, a rationing strategy and the question of optimum
timing and quantities of international food aid were examined (38).
Suggested research areas included the impact of information quality on

government decision making and the design of an overall information
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system for famine relief, topics that are addressed in this disserta-
tion. Chapter 3 contains a description of an information component as
well as several modifications of the basic model to allow it to speci-
fically address the information systems problem. This chapter con-
tinues with an overview of the scenario and scope of the model, fol-
Towed by a more detailed account of interesting modeling features and
a short summary.

The Scenario: a Country Facing
a Short Term Famine

The model describes a country on the brink of a food crisis and
examines the demographic, economic, nutritional, and relief operation
interactions over a one to two year time span. The important problems
of overpopulation and underproduction, possible causes of the crisis,
are not addressed. Rather, the scope is restricted to what can be
done with available resources when a severe famine occurs. The model-
ing is of a hypothetical country, so the simulation is not yet ade-
quate for use in any specific nation. But the general processes and
structures important to relief work can be discovered.

The country has a regular food deficit and must import grain an-
naully, but a balance of payments problem is assumed which restricts
the amount of imports available on short notice. The particular cause
(war, crop failure, natural disaster, drought, etc.) of the food short-
age is not specified; the country begins the simulation in Janaury
with storage levels well below the amount needed to feed the popula-
tion through the next harvest period in mid-June. A second, larger
harvest occurs in October. Thus, the severity of the crisis is set by

the initial conditions on total grain storage, specifically the amount
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in rural private storage (RSTOR). The real "crunch" of the food short-
age occurs just before the first harvest. There are other initial con-
ditions which influence system performance: population sizes, crop
conditions, nutrition levels, etc. These values must be set to corres-
pond to actual values in any specific application; currently, the
values are estimated from South Korean data.

Four population classes are included, three urban classes and one
rural. The rural class is assumed to have most of the available food
stocks, which it normally sells in the marketplace to the urban con-
sumer. One class, the urban rich, is generally able to buy food, even
at inflated prices. The urban poor constitute the remaining two
classes and are divided into those with rural relatives and those with-
out. In the event of food shortages, the poor with rural relatives can
either migrate to the farms or receive aid from relatives. The poor
without rural relatives are most vulnerable.

The consumption patterns, nutritional requirements, storage levels
and births and deaths peculiar to each population class are modeled
dynamically. In addition, malnutrition levels and deaths due to mal-
nutrition are calculated. These portions of 1ife relevant to famine
and famine relief work are simulated.

The production component calculates the extent and timing of the
harvests and increases rural private storage accordingly. The market
component computes sales and prices based on supply and demand of
the population groups.

The government component interacts with each of the other model
portions through decision rules on allocation and distribution of

available grain. The decisions include the rates and "triggers" to
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use for emergency actions: acquisitions from the rural (hoarding) sec-
tor, sales of government storage in the market, implementation of emer-
gency feeding programs. The rules are constructed on the basis of an
overall relief strategy, such as strong price controls or enforced ra-
tioning of available food. An additional part of the government com-
ponent is the data acquisition procedure needed to obtain necessary in-
formation values such as nutritional levels, private storage levels
and population size.

The world outside the country is exogenous to the model, the only
interactions coming through international food aid and grain imports
received by the stricken nation.

Each of the processes mentioned here has been modeled through the
use of a wide range of techniques including distributed and exponen-
tial delays, numerical integration, maximum functions, table functions,
andarithmetic computations. Although the detailed operations may not
be of general interest, the main equations and techniques are de-

scribed in the next section and referred to in later chapters.

Important Modeling Features

The demographic, economic, nutriticnal, and preducticn compenents
are highly interconnected. Thus, the format of this discussion will be
to follow the food chain through the model, beginning with nutritional
and consumption considerations and moving to production, the market-
place, and storage facilities. The information needed to monitor the
food chain processes provides a natural Tink to the government data ga-
thering and decision making component. Two distinct policy strategies

and the information estimation structure will be described. Figure
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2.1 indicates the main components of the food chain along with the

flows of food and related information.

Nutritional Level

A cornerstone in analyzing the effects of a food crisis is the
measurement of nutritional level of the population. Certainly, this is
one of the main areas of concern in evaluating famine relief opera-
tions and is one of the information links between population groups
and decision makers in Figure 2.1. The basic quantified form used in
the survival model is that of accumulated, per-capita, nutritional debt
(ANUTDP), which is calculated in Equation 2.1 as the difference over

time between required normal food intake and actual consumption.

ANUTDPj(t) = ANUTDPj(O) + Ig(RNUTPj(s) - PCONSJ-(S))dS (2.1)
where:

ANUTDP = accumulated per-capita nutritional debt (MT/person)

RNUTP = current required nutritional intake (MT/person-year)

PCONS = per-capita consumption (MT/person-year)

J = index on population classes.

A11 food types are combined to give a "total energy" viewpoint to
the nutritional calculations. This eliminates unneeded complexity for
the gross, macro problems addressed here, but obscures the vital de-
tails of actual relief work: prescribing diets, ordering acceptable
foodstuffs, etc. Quantities of food are converted to grain equiva-
Tents; the units used throughout the model are metric tons of grain

equivalent.
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Two physiological facts form the basis for the modeling of the
rest of the nutrition equations. First, as an individual's nutritional
level drops (nutritional debt increases), weight drops, and required
nutritional intake (RNUTP) decreases, up to a point. That is, up to a
point, the less one weighs, the less one needs to eat. The second
physiological fact is that the probability of death due to malnutrition
increases with nutritional debt, It should be noted that rarely is
death attributable directly to starvation. But malnutrition weakens
the body and makes one highly susceptible to disease, especially dysen-
tery and diarrhea (53). Deaths due to malnutrition are calculated here
as those that occur above the normal death rate.

Required nutrition falls as nutritional debt increases, as comput-
ed in Equation 2.2.
RNUTPj(t) = max(RNUTPN - UK4*ANUTDP(t) , UK5) (2.2)

where:
RNUTP = required nutrition per person (MT/person-year)

RNUTPN = normal required nutrition per person (MT/person-year)

Uk4 = parameter; rate of effe?t of nutritional debt on
required nutrition (yr=!)

UK5 = minimum 1ife sustaining nutrition (MT/person-year)

ANUTDP = accumulated nutritional debt (MT/person)

3 = index on population classes.

Death Rates

The assumption is made, based on the central 1imit theorem, that
the probability of death due to malnutrition follows a cumulative nor-
mal distribution on nutritional debt. This holds as long as the popu-
Tation starts with 1ittle or no malnutrition. Each urban and rural

class has its own probability distribution. Specific numerical data




are |
s
fn

leve
{fe

Hene
iy

]l

il



27

are estimated from controlled empirical studies (26). It is also as-
sumed that deaths occur only when nutritional debt increases. The hu-
man body adapts to the chronic malnutrition represented by a constant
level of nutritional debt. But the modeling is not yet adequate for
the case of returning to a malnourished state following recovery.
Hence, long term (greater than two years) simulations will not be ac-
curate. The probability functions, death rates and total deaths are

calculated by Equations 2.3.

ANTOPM (t) = max(ANTOPM; (t- at), ANUTOP;(t)) (2.3a)
POTH; (t) = F2(ANTOPM; (t)) (2.3b)
PDTHJ-(t - At) = FZ(ANTDPMj(t - At)) (2.3c)
DTHSM; () = max( (PDTH;(t) - PDTH; (t - at)) *

(POP;(t) + TOTHSM; (£) ) 3.0) (2.3d)
DRI () = DTHSH;(t) /nt (2.3¢)
TOTHSM; (£) = £ DTHSM; (k * at) (2.3f)

k

where:

ANTDPM(t) = maximum per-capita nutritional debt in the interval
(0,t) (MT/person)

ANUTDP = accumulated nutritional debt (MT/person)

PDTH(t) = probability of death due to malnutrition in the
interval (0,t

F2 cumulative normal distribution function

DTHSM(t) = deaths due to malnutrition in the interval
(t - ot, t) (persons)

POP = population (persons)

DRM = death rate due to malnutrition (persons/year)
TDTHSM = total deaths due to malnutrition (persons)

3 = index on population class

k = index on discrete time intervals At in model.
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The malnutrition death rate, DRM, is added to the normal death
rate to arrive at a total death figure. The birth rate is also af-

fected by nutritional level, falling with consumption.

Grain Storage
Physiological modeling has the same form for all classes, but the
consumption patterns differ for the rural and urban populations, due
to their distinct food acquisition and storage habits. The rural popu-
Tation is self-sustaining and stores quantities to Tlast through the
beginning of the next harvest period. The urban classes, both rich
and poor, buy supplies at regular intervals and expect to make their
on-hand storage last for a much shorter time than do their rural coun-
trymen. The difference in storage habits can be seen in Equations 2.4a
and 2.4b, representing urban and rural private storage, respectively.
USTORJ-(t) . USTORJ(O) +J'§ (UPURJ.(S) . CONSUj(s) {2k}
+ EMFSLj(s) = EMFDGLj(s))ds
RSTOR(t) = RSTOR(0) +f; (RH(s) - RSALES(s)
- CONSR(s) - EMFSU(s) - GAQ(s))ds b
where:
USTOR = urban private food storage (MT)
RSTOR = rural private food storage (MT)
UPUR = urban market purchases (MT/year)
CONSU = urban market purchases (MT/year)
CONSR = rural consumption (MT/year)
EMFSU = emergency food sent to urban relatives (MT/year)

EMFSL = emergency food received from rural relatives (MT/year)
(EMFSL is lagged version of EMFSU)
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EMFDGL = emergency food received from government programs (MT/year)
RH = harvest yield (MT/year)

RSALES = rural sales in market (MT/year)

GAQ = government acquisitons from rural stores (MT/year)

J = index on urban classes.

Note that urban food sources are purchases and emergency relief,
while harvests provide the only source for the rural class. Urban
purchases and rural sales are results of market activity, to be dis-
cussed later. Government acquisitions and emergency food programs are
also described later, as part of the decision making component.

Given the differing time scales of urban versus rural storage
habits, it is clear that their consumption patterns are based on dif-
ferent information inputs. Both groups have a desired base consumption
Tevel computed as the normal required nutrition rate (RNUTPN) plus a
constant times current nutritional debt, to make up for past malnour-
ishment. But the desired level is tempered by a food availability fac-
tor which differs substantially for urban and rural classes.

The rural individuals know their consumption requirements and the
expected time of the next harvest. They plan to stretch their food
stocks accordingly. Thus, the rural food availability factor (FR1) is
determined as an increasing function of the ratio (XFR1) of current
storage to storage desired. The form of the function is given in Fig-
ure 2.2a. Both XFR1 and FR] are dimensionless variables.

Note that if current storage exceeds desired storage, ratio XFRI
is greater than one and consumption can proceed at desired levels.

But for XFR1 values below one, self-imposed rationing occurs to make
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Figure 2.2a. Rural Food Availability Factor as a
Function of Actual to Desired Storage Ratio.
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Figure 2.2b. Urban Food Availability Factor as a
Function of Time Availability of Current Stocks.
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stocks last. During the course of verification work, discussed in
Chapter 4, it was discovered that the concave shape of this function is
a severe impediment to minimizing total deaths. Especially for values
of XFR1 greater than 0.5, consumption is too great, depleting stocks
too quickly and causing increased deaths in the latter months of the
crisis.

The time span for personally desired storage is much shorter for
the urban classes, and no convenient time-frame exists for them as does
time-until-harvest for the rural population. But given current urban
private stocks and nutritional needs, one can determine, using Equation
2.5, the length of time (XFU1) before stocks will be exhausted. Then
the food availability factor for urban classes (FU1) can be computed
as a function of XFU1. The shape of the function is pictured in Fig-
ure 2.2b. Note that virtually no consumption cutbacks are made unless

the time availability of current stocks is less than one week

USTOR(t)
XFUT;(t) = _— (2.5)
RNUTP, (1) * POP5(t)
where:

XFUT = time availability of current stocks at current consump-
tion rate (year)

USTOR = personal storage (MT)
RNUTP = current nutrition required (MT/person-year)

POP

population (persons)

J = index on urban population classes.
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Emergency Aid to Relatives

The emergency food sent from rural individuals to poor urban rela-
tives, EMFSU, was mentioned in the discussion on private storage (Equa-
tions 2.4). The amount of food sent is based on availability in the
rural sector (using FR1 again) and on the relative nutritional levels
of the two groups. Aid will be sent at a rate proportional to the per-
ceived difference in the groups' nutritional debts and the consumption
level of the urban relatives. Equation 2.6 describes the process. The
amount of grain actually received by the urban relatives (EMFSL) is
computed simply as a first order exponential delay of the amount sent,
to allow for transportation lags. The form of the delay is the same as

described in Equations 2.16.

EMFSU (t) = max ((FR1(t)*(RKI*(PANUTD(t) - RNUTDP(t))
dPANUTD(t) (2.6)

+ RK2* ) * POP,(t)) ,0.0)
dt
where:
EMFSU = emergency food sent to urban relatives (MT/year)
FR1 = rural food availability factor
PANUTD = perceived per-capita nutritional debt of urban

relatives (MT/year)
RNUTDP = rural nutritional debt per-capita (MT/person)

RK1, RK2 = parameters used to tune equation to real conditions

POPz population of urban poor class with rural relatives
(persons).

Food Production
The nutritional level of an individual is largely determined by
consumption patterns, and these two items are at the end of the food

chain. At the beginning is food production, which takes place in the
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rural areas. The model computes the total crop size, the timing of
the harvests, and the distribution of the harvest over time.

The different actual crops are aggregated into one grain-equivalent
figure. Output is calculated as the product of yield per acre, culti-
vated acreage, and a weather factor which could be randomized to simu-
late the vagaries of agricultural production. Harvests are set to start
in mid-June and October with the later crop's being the larger. At
these designated times, the calculated grain output is fed as a pulse
input to a distributed delay process (40, Chapter 10). The delay is a
set of n first order differential equations whose output is a stream of
harvest rates (see Equations 2.18). The time series of rates follows
an nth-order Erlang distribution. Since the delay process conserves
flow, numerical integration of the delay rates produces an accurate
estimate of total output.

Harvested grain enters rural, private storage. The rural indivi-
duals then sell grain on the market with quantities offered (RSUP)
based on consumption needs and the price of grain. No sales are of-
fered if the rurals realize they do not have enough for themselves.
Sales increase with high prices, although rapidly rising prices, indi-
cating food shortages, depress rural sales.

The buyers in the market place are the urban classes. Their de-
mand depends on desired consumption, price level, and the amount of
outside aid received from rural relatives or government sources. When
supply exceeds demand, all classes buy their desired amounts. But the
rich, with higher disposable income, can pay higher prices and are
given preference when demand exceeds supply. Once the demands of the

rich are met, the remainder is split among the poor classes.
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Price Level

Price is determined by supply and demand levels as in Equation

2.7, a classical Walrasian market price mechanism (54).

3
PRE) - one( 2 UDEM;(t) - SLSD(t) - RSUP(t) )
3=1

(2.7)
* PFD(t) / DEM0
where:
PFD = food price (monetary unit/metric ton)
UDEM = urban food demand (MT/year)

GSLSD = government desired domestic sales (MT/year)
RSUP = rural sector desired sales (MT/year)

DEM0 = average aggregate demand (MT/year)

cM1

market price response coefficient

J = index on urban population classes.

Government Decision Points

As seen in Figure 2.1, the government acquires food either through
foreign imports (GIMP), emergency food aid (EMFINT), or direct pur-
chases from the rural sector (GAQU). Sales are made from government
stores as a price control mechanism. Equation 2.8 describes the stabi-
Tization calculation used. Price control is the main feature of one
of the policy strategies to be discussed later, and simulation results
indicate that it is an effective allocation measure until government
supplies are exhausted (38).

GSLSD(t) = (PFD(t) - PFDD) / PFDD + GNSLS (2.8)

where:
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GSLSD = government desired domestic sales (MT/year)

PFD = current food price (monetary unit/MT)

PFDD = desired food price (monetary unit/MT)

GNSLS = normal level of government domestic sales (MT/year)

CGP = policy control parameter (dimensionless).

Grain storage is a vital component of the food chain in any dynamic
simulation. Equations 2.4 have described the inputs and outputs affect-
ing the levels of personal storage. Government grain stocks are sepa-
rated into rural and urban components, dependent on physical location.
Rural storage is generally long term and, thus, its capacity is higher
than that of short term urban stores. Equations 2.9 calculate the
levels of government storage, based on input and output rates. The
transportation 1inks between rural and urban sites involve an important
government decision, the rate of movement of grain (see Equation 2.10).

t
GSR(t) = GSR(0) + fo (GIMP(s) + EMFINT(s) + GAQU(s) ()

- REMFDG(s) - GSRU(s))ds

GSU(t) = GSU(0) + j't (GFRRU(s) - GSLS(s) - EMFDG(s))ds (2.9p)
where: &

GSR = government rural grain storage (MT)

GSU = government urban grain storage (MT)

GIMP = imported grain (MT/year)

EMFINT = international emergency aid (MT/year)

6AQU = governmental acquisitions from rural sector (MT/year)
REMFDG = emergency food aid to rural sector (MT/year)
GSRU = grain sent from rural to urban storage (MT/year)
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GFRRU = grain arriving at urban storage (lagged value of
GSRU) (MT/year)
GSLS = government domestic sales (MT/year)

EMFDG = government emergency aid to urban poor (MT/year)

The general food chain is modeled to include production by the
rural sector; imports by the government sector; sales in the market
place determined by consumption needs, prices, supply, and demand; pri-
vate and government storage; consumption; and the resulting nutritional
Tevel. When a food crisis occurs, the chain breaks down. The rural
sector hoards its small supplies, not offering grain in the market.
Without substantial international aid, the government's supplies are
depleted as it must sell grain to keep prices down. Sales decrease,
prices soar, and the urban poor are unable to buy food. Those with
rural relatives receive some aid, but the poor with no relatives starve

and many die.

Relief Strategies

The government decision making component simulates strategies of
response to such a food crisis. Two particular relief designs have
been simulated and tests run to check their performance. The objective
used is to minimize total deaths. Other objectives are obviously pos-
sible. A second goal, that of minimizing total nutritional debt at the

end of a year, is considered in later chapters.
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One plan for relief is to allow the price control mechanism of
Equation 2.8 to operate, providing free emergency aid to the poor when
prices are too high. Unfortunately, this strategy does not reduce the
large number of deaths in the urban poor classes. The emergency aid
program is ineffectual since the lack of grain signaling the failure of
price control also precludes distribution of free food. So when the
government wants to aid the poor, it cannot. The main computation in
the price stabilization strategy is a modification of Equation 2.8
which increases desired government sales (GSLSD) with perceived urban
nutritional debt (TPUND).

The second modeled strategy is based on rationing available food,
spreading nutritional debt evenly across all classes. Rationing and
equalization of nutritional debt are based on the physiological process
of needing less food as weight drops. This strategy has been shown to
be much more effective than the price control scheme above (38).

The decision rules to implement a relief plan must stipulate what
is to be done, when to do it, and at what rate. Figure 2.1 indicates
five activities which the government can influence: acquisition from
the rural sector, sales from government stocks, emergency aid to the
urban poor, foreign import orders, and the transportation rate from
rural to urban sites. An additional item to be discussed is the "trig-
ger" used to declare existence of a food crisis.

The approach used in constructing decision rules for the rationing
strategy has great generality. Key information quantities are esti-
mated and compared to desired values. The direction and size of the
difference determines the type and level of relief response. This is

commonly called a closed loop feedback control (55, Chapter 6). A
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simple example should help explain the concept. Rural-to-urban trans-
port of government grain must take place at some rate. A feedback con-
trol loop is instituted by setting a desired level of government rural
storage (GSRD). The size of actual rural storage (GSR) is ascertained
and compared with GSRD. (The model assumes perfect knowledge of GSR,
since government supplies are well known compared to other estimated
values, and there are procedures extant for their measurement.) The
difference (GSR - GSRD) is multiplied by a parameter designating the
rate at which the gap will be narrowed. A maximum function is included
to insure non-negative transport rates. The result is equation 2.10.

GSRU(t) = max (CGI1*(GSR(t) - (GSRD), 0.0) (2.10)
where

GSRU = government rural-to-urban transport rate (MT/year)

GSR = government rural storage (MT)

GSRD = desired government rural storage (MT)

CG1 = parameter determining rate of transport (year']).

Recall that increasing GSRU decreases GSR, from Equation 2.9a.
Thus, if GSR is greater than desired, GSRU works to reduce the differ-
ence. If GSR is less than desired, no food is sent, allowing rural
stores to increase through imports and acquisitons.

Government import orders are determined using a similar feedback
control Toop. The total amount of government storage plus previous
orders is compared to desired storage plus the expected amount of sales.
If supplies exceed demands, no orders are made. But, in general, since
the country cannot produce enough to feed itself, demand exceeds actual

storage and imports are ordered.
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Declaration of a famine is an important timing consideration, since
relief operations will begin with the announcement. Numerous early
warning signals exist (25, 53). The "trigger" used here is the per-
capita storage deficit. It is calculated by computing a desired stor-
age level, subtracting estimated actual total storage and dividing the
difference by the estimated population total. The computations are
given in Equations 2.11. If the final figure (EDPC) is above a pre-set
level, an emergency is declared. (The Tevel 0.0 was used in simulation

runs, although a small negative value may be better.)

ETDSTG(t) = (TTSH(t) + SF)*ETPOP(t)*(RNUTPN-EIMP(t) /

(2.11a)
ETPOP(t) ) ;

ETSTG(t) = GSR(t) + GSU(t) + ERSTOR(t) + LS USTOR; (t) (2.11b)
3=

EDPC(t) = (ETDSTG(t) - ETSTG(t) )/ETPOP(t) (2.11¢)

where:
ETDSTG - estimated total desired storage (MT)
ETSTG = estimated total storage (MT)

EDPC = estimated storage deficit per-capita (MT/person)
TTSH = time until start of next harvest (years)

SF = safety factor for time of harvest (years)

ETPOP = estimated total population (persons)

RNUTPN = normal nutritional requirement (MT/person-year)

EIMP = estimated imports (MT/year)
GSR = government rural storage (MT)
GSU = government urban storage (MT)

ERSTOR = estimated rural private storage (MT)
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EUSTOR = estimated urban private storage (MT)

i} = index on urban population classes.

Notice that desired storage is the product of the time until the
new crop is ready, the estimated number of people, and the desired per-
capita consumption rate. The use of TTSH plus a constant safety factor
at the time of desired storage is too crude an estimate for optimiza-
tion work, as explained in Chapter 4.

The aim of the rationing strategy is to equalize nutritional debt
across population classes. The three main control activities that the
government can use are acquisitions (GAQU), sales (GLSLDU), and free
food programs (EMFDGU). The specific decision rules use accumulated
nutritional debts, private storage levels of the population classes,
and the average available rate of nutrition per-capita (ARNUT) in feed-
back control Toops.

ARNUT is calculated in Equation 2.12 by estimating the total
amount of avajlable food and dividing it equally among the citizens
and across the time until the next harvest. Estimated imports are in-
cluded since those supplies are expected, As mentioned earlier, the
use of TTSH and a constant SF does not work well under optimization
conditions.

ARNUT(t) = (ETSTG(t)/(TTSH(t) + SF) + EIMP(t))/ETPOP(t) (2.12)
where:

ARNUT = average available per-capita nutrition rate (MT/person-
year)

ETSTG = estimated total storage (MT)
TTSH = time until harvest start (years)

SF

safety factor for harvest timing (years)
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EIMP = estimated imports (MT/year)

ETPOP = estimated total population (person).

If all population classes started with equal levels of storage and
equal nutritional debt levels, consumption of food at the rate ARNUT
would insure equalization of the rationing strategy. But since initial
Tevels are unequal, additional control variables are needed. The gov-
ernment calculates desired private storage levels for each class based
on ARNUT and knowledge of consumption habits. These desired values are
used as target levels in one feedback loop. Comparison of nutritional
debt across classes forms a seond feedtack Toop. The acquisition rate
is used to equalize rural versus average urban nutritional debt and the
sales rate evens the debts for rich versus poor urban classes. Since
some of the urban poor receive aid from rural relatives, the emergency
food program is used to equalize nutritional debt across the two urban
poor classes. Notice in Equations 2.13, 2.14 and 2.15 the use of feed-

back Toops and ARNUT.

GAQU(t) = max(GC30*(ERSTOR(t) - GRSTRD(t)), 0.0)
+ CG36*(AEUNDP(t) - ERNTDP(t))*PR(t)

(2.13)

GSLSDU(t) = ARNUT(t)*(PU3(t) + CG31*(PU;(t) + PUp(t))

EATNDPq(t) + EATNDP(t)  (2.14)

+ CG32*(EATNDP(t) - —
2.0

*PUs(t) + C634*(GUSTRD3(t) - EUSTOR3(t))

EMFDGU;(t) = ARNUT(t) * PU4(t)
5t R EATNDP (t) + EATNDP,(t)
+ CG27(BATNOP, (8) - ——————————— (2.15)
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*PUj(t) + CG34*(GUSTRDj(t) - EUSTORj(t))

where:
GAQU = government acquisitions from rural sector (MT/year)
GSLSDU = government desired domestic sales (MT/year)
EMFDGU = government emergency food (MT/year)
ERSTOR = estimated rural private storage (MT)
EUSTOR = estimated urban private storage (MT)
GRSTRD = government desired rural private storage (MT)
GUSTRD = government desired urban private storage (MT)
ERNTDP = estimated rural nutritional debt (MT/person)
EATNDP = estimated urban nutritional debt (MT/person)
AEUNDP = average estimated urban nutritional debt (MT/person)
ARNUT = average available rate of nutrition (MT/person-year)
PR = rural population (persons)
PU = urban population (persons)

CG30,CG34 = control parameters for private storage feedback
Toops (year-1)

CG36,C632,

CG27 = control parameters for nutritional debt feedback
Toops (year-1)

d = index on urban population classes (j=1 signifies poor
with no relatives, j=2 signifies poor with relatives,
j=3 signifies rich class).

Each of the control loops contains a population multiplier. These

are used to adjust the units of the control parameters (CG36, CG34,
etc.) so that the parameters represent the rate at which the differ-

ences between compared values will be narrowed. The exact population

figures are used in these basic model equations although estimated

values (to be discussed next) would give a more accurate portrayal of
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the decision process. Note also that the control parameters' values
will be dependent on each other because the distinct feedback loops

are added.

Information for Management

In any relief activities, very few information items are perfectly
known. Uncertainty and error are introduced in the model to help as-
certain their effects on performance and make the model more realistic.
Three estimation forms are used to allow for simulation of different
types of processes. A first order exponential delay describes the time
interval between the making of a decision and its implementation. A
similar delay with randomness models the lag time and measurement error
of data acquisition. And an nth-order distributed delay is used to
simulate Tlarge grain shipments.

Once a decision rule is invoked, desired values of grain acquisi-
tions, government sales, etc., go to the programs that will physically
implement the decision. The organizational and communication lags for
each variable and class (if necessary) are represented by Equation
2.16. This type of delay is also used to simulate the transport lag of
food aid sent to urban relatives (Equation 2.6).

VARLj(t) = VARLyj(t - ot) + 2L % (VARU;5(t)

DEL;
(2.16)
- VARL;5(t - at)
where:

VARL = Tagged implemented value of variable

VARU = unlagged desired value of variable

DEL = average implementation delay (years)

At = time increment of discrete modeling process (years)
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i = index on variables

J = index on population classes.

Information items required by system managers include population,
private storage levels, and nutritional debt. Each sampled population
variable, by class, is estimated with appropriate transmission delays
and measurement error, according to Equation 2.17. The uniform random
variable RR causes a zero mean uniformly distributed error term at each
time increment At. And since At is small, many such independent er-
rors are added over the course of a simulation run. So the cumulative
effect on EST is a zero mean, normally distributed random error. This

error is compounded by the deviation from NEW caused by the delay term.

ESTyj(t) = ESTyj(t - 6t) + ((1. + SD{*RR)*NEW;j(t)

- EST-ij(t - At)) *L e
DELij
where:
EST = estimated information value
NEW = actual information value
DEL = average delay time in information transmission (years)
SD = standard deviation of measurement error (same units as NEW)
RR = uniformly distributed random variable (-1/2, 1/2)

A t, i, j = as in Equation 2.16.

In transporting large quantities of grain, the arrival of the car-

9o at its destination will be distributed in time around some mean

value. This is modeled by the series of first order differential Equa-

tions 2.18 (40 Chapter 10). The two specific distributed delays in the

Reat o e - . T e oo ™
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government component are for rural-to-urban transport of government
grain and the arrival of foreign imports. Recall that this same model-
ing procedure is used to produce harvest rates in the production compo-

nent. The input is a one-time pulse in the case of harvests.

dry5(t) Ky
- (NEW, (£) = ry5(t)) (2.182)
dt DEL,
1
dro; (t) K;
2i e Al (rij(t) _ y‘2]_(t)) (2.18b)
dt DEL,
1
dry (t) Ks
i g
. = o (rKi_]’i(t) g ;) (2.18¢c)
where:

re = output of delay = grain arrivals (MT/year)

NEW = grain dispatched (MT/year)

ry...ryg = array of intermediate rate variables of the delay
K = order of the delay (describes the distribution)

DEL - average transportation time (years)

= index on variables.

Summar,
The basic survival model described here was constructed as an aid
in evaluating strategies for famine relief and identifying fertile
areas for future research. The model describes a hypothetical country

facing a short term food crisis and simulates the dynamic demographic,
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economic, production, and decision-making processes over time. The
model is highly aggregated and does not adequately detail a specific
country, but it sheds 1ignt on important issues to be faced by any re-
life operation. Additions and modifications to the basic model are
discussed in Chapter 3 where the model is augmented with an informa-

tion system component.
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CHAPTER III

MODELING AN INFORMATION SYSTEM

To allow evaluation of the effects of information quality on the
performance of famine relief efforts, appropriate modifications of the
basic survival model of the preceeding chapter are necessary. This
chapter describes a general approach to modeling an information system
component.

An aporoach to assessment of information systems is described and
a specific application is considered with the addition of a sampling
component to the basic model. Much of the material refers to this spe-
cific application, but the approach should be clear. The model's gov-
ernment component is organized for information system addition, provid-
ing modeling 1inks among surveillance, data processing, communication,
and decision making functions. To keep additions at the same level of
aggregation as the basic model, a sampling component is devised based
on information quality. The important concepts of measurement error,
sampling frequency and processing delay are included while the complex
details of surveillance technique, communication networks, etc., are
avoided. The last section of the chapter covers several small but im-

portant modeling problems often met in simulation work.

Modeling and Evaluation

It is important to realize the context of a computer simulation

in the overall information system for famine relief (see Figure 1.1).

47
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The model is one of many tools to be used by the system planners. Its
purpose is to provide insight into the processes and structure likely

to be encountered during a food crisis. The basic model of Chapter II
examines specific aspects of the affected people, the system managers
and very simplified versions of transport and logistics, government
programs, and outside aid. Our attention now turns to the surveillance,
data processing and communication components; the heart of the informa-
tion network. The problem becomes one of estimation, since many dynamic
variables can never be known perfectly. The evaluation of an informa-
tion system includes Tearning how precise the data must be for efficient
relief work, together with the cost of obtaining the desired data
quality.

The system evaluation is largely a sensitivity analysis. The dem-
ographic, production, and market components are fixed, objectives of
system performance are defined, and observations are made of the rela-
tionships between system performance and changes in information qual-
ity. Important problems to solve include determination of data items
having most effect on policy performance (and those having least ef-
fect), optimal levels of information quality with given cost con-
straints, and the interrelationships between data items and policy
structures.

Two performance objectives are used in this study. These are
minimization of total deaths and total accumulated nutritional debt,
both observed at the end of one year (T=1.0). These goals are chosen
because they specifically measure the well-being of the people in-
volved. The main damage of a food crisis is to the population, as

opposed to additional economic and facilities losses incurred by war
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or natural disasters. The time frame of one year is chosen to allow
the population to move through one complete harvest cycle and to assess
how well prepared the people are to face another possible crisis.

Many other objectives are possible: maximization of storage,
minimization of economic loss, minimization of social disruption, etc.
The goals used here are limited to two for several reasons. First, in
optimization studies, the technique changes needed in going from one ob-
jective to two are generally more difficult than in going from two to
many. It is assumed that several objectives may be used and two will
give needed generality without introducing unneeded complications.
Second, each country must choose its own performance objectives, and
the fact that both deaths and nutritional level are standard measures
for judging famine extent provides a general case (46).

A third type of generality achieved by choosing deaths and total
nutritional debt as criteria is that they are inversely related. Any
functional relationship between them is too complex to determine with-
out considerable effort. The inverse relationship is easy to see by
examining the combination of processes that lead to deaths and nutri-
tional debt. An increase in the number of deaths means fewer consum-
ers. Since total available foods is fixed, fewer people means higher
per-capita consumption, causing higher nutritional level, or lower nu-
tritional debt. Similarly, a decrease in deaths is followed by an in-
crease in nutritional debt. Since this is a dynamic process, the debt
level must be measured significantly after the initial harvest, by
which time most deaths have occurred. (This is another reason for

choosing one year as the measurement point.)
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The single goal of minimizing deaths can lead to a precarious
situation. Through a similar chain of events as described above, a
very small death rate will cause a large nutritional debt, leaving the
population weak and vulnerable to disease. So two criteria are chosen
to provide generality and to give a comprehensive measure of the ef-
fects of famine on the population.

Two benchmarks are easily identifiable to judge the performance of
the information system. The worst possible case, from a quality-of-
information standpoint, would be continuation of normal policy, and
the best possible case would be the use of perfect information in
specifically designed relief activities. Normal policy in the model
involves price controls to determine food allocation, does not make
much use of additional nutritional data, and will be 1ittle affected by
informational quality. This "worst" case represents operation without
specific famine relief information and will be the minimal cost system.
The availability of perfect information is referred to in the litera-
ture as the clairvoyant case (22). System performance using relief
policies and imperfect information should fall somewhere between the
two boundaries.

The quality of a given data system is modeled here with four para-
meters: the standard deviation and bias of measurement error (the
error is assumed to be normally distributed), the sampling frequency,
and the delay time between measurement and availability of information
for system managers. The parameters can be varied to account for real
world activities, but the activities themselves are not included in
the model. As an example, a decreased delay time is possible if data

are transmitted by telephone rather than messenger. To account for
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this change, the d=lay parameter is decreased; no mention is made of
the cause. Again, this approach is taken in the interests of general-
ity. Specific communication devices, sampling techniques and statisti-
cal methods will differ in cost and applicability from country to coun-
try, and would only add complexity that is unnecessary at this stage
of model development. Chapter V does probe into some of the specific
sub-systems as part of cost analysis.

The four chosen parameters provide a great deal of flexibility and
generality. The delay term represents the sum of all surveillance,
data processing, and communication lags. To achieve a given delay time
in an actual application, adjustment can be made in one area to compen-
sate for Tong lags in another. The use of a sampling frequency para-
meter follows the real world data acquisition process and provides a
convenient base for determining the amount of data generated and the
surveillance costs. Bias is included to account for regular errors in
reporting observations. Possible causes would be bureaucratic disor-
ganization, machinery errors, or corruption. This parameter is not
used in studying the current model. Random measurement error is pro-
duced by the standard deviation parameter; error distributions are as-
sumed to be normal with mean equal to the true value. Normalcy is as-
sumed because the variables estimated (accumulated nutritional debt,
private storage, etc.) are averages derived from many samples. Al-
through the error term of each individual sample may not be normal,
the central 1imit theorem guarantees that the distribution of the

average value approaches normalcy as the number of samples increases.
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Organization of the Government Component

Policy structure and information gathering are intertwined; de-
sired policies dictate the types of data needed, and the quality of the
information helps determine the likelihood of success of implemented
policies. In general, better data allows more knowledgable decisions
and leads to more successful outcomes. It is important to realize in
the planning stage that the only data available during the crisis will
be estimated values of actual dynamic variables and a priori knowledge
of probable variable movement. This is especially significant when
using a computer simulation, because both the actual and estimated data
streams are typically present. Care must be taken to differentiate the
two.

The modeling of the rural and urban populations, the market sector
and the production component is done using actual values. The calcula-
tions follow the natural relationships and clearly call for the use of
"true" variables. The same is true of the bookkeeping equations needed
for actual government storage and imports. But the introduction of
man-made decisions requires a second stream of values, the estimated.
Many simulation applications, such as queueing or inventory models,
can assume that estimated and true values of information are equal, if
the error is small or unimportant to the problem being considered. But
the difference between in-hand data and real world conditions is prob-
ably the most important concept in information system evaluation.

The organization introduced here follows the logical sequence of
events present in any information system. The inputs to the data pro-
cessing functions are the true values of the variables to be estimated.

As depicted in Figure 1.1, data are collected, processed, and
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communicated. Along the way, measurement errors are introduced and
calculations and transmission time cause natural delays. Lagged, es-
timated, stochastic variables are used in making decisions.

Since the information stream is being represented by data quality
parameters, the surveillance and communications components are modeled
as one unit. It is assumed that these are the functions most respon-
sible for the introduction of errors and delay. The sampling component
described in the next section provides for error, delay, and the sam-
pling frequency. This forms the core of the modeling additions; much
of the rest of the organization needed involves correct computation se-
quence.

The required order of calculation is simple: estimation, complex
computation, and decision rule use. Variable estimates are made with
a sampling component, an exponential delay (see Equation 3.1), or some
other means. Then calculations can be made to determine target levels,
rates of change, and aggregated statistics. An example of an aggre-
gate statistic is the average available nutrition rate (ARNUT), which
cannot be computed until estimates of imports, storage, population,
and a computed figure for time of desired storage are known. The form
of the calculation is given in Equation 2.12. ARNUT can now be used
in the decision rules for determining allocation, sales, and emergency
food rates, because it is an estimated variable.

A particular change of the basic model is mentioned here as an
example of the need for consistent calculations when evaluating the
information system component. The Equations 2.13-2.15 determine acqui-
sitions, sales, and emergency food levels in the basic model. Each

uses the exact population figure, a practice that is perfectly
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acceptable except when the precision of the inexact variable is part of
the problem being studied. Thus, an estimate of each population class
has been added and used in the revised model. See Equation 3.8 for

the new form.

Sampling Component--SAMPL and VDTDLI

A simple method is needed to introduce data quality parameters in-
to a simulation. Simplicity is desirable, since one of the reasons for
approaching information system evaluation through the use of parameters
is to avoid the detail of describing particular surveillance and com-
munication methods. At the same time, the method must approximate the
real delays, measurement error and sampling frequency in the system.
The randomized exponential delay of the basic model (repeated here as
Equation 3.1) accounts for delay and measurement error, but the form
of the calculation assumes constant sampling; a new input is processed

at each time increment of the model

at
EST, (t) = EST,(t-at) + * ((1. + SD, * RR) *NEW, (t)
k k DEL k k
. (3.1)
- ESTy(t-ot)
where:
EST = estimated value of variable
NEW = true value of variable

DEL = parameter; average delay (years)
SD = error parameter

1
RR = uniform random variable ( ~, —)
-2 2
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st = time increment of discrete model (years)

k = index on variables.

Certainly the sampling frequency is an important characteristic of
the information system, not only from the standpoint of data quality,
but because of the direct relationship between sampling frequency and
cost; more sampling implies higher costs. A further drawback of the
exponential delay is that there is only one measurement error parameter,
a sort of percentage standard deviation. A parameter representing
systematic bias in the observations is also desirable.

The following routines are quite easily implemented and allow more
generality then Equation 3.1. A sampling frequency is given and, at
the specified intervals, random measurement error is introduced. The
actual variable, plus or minus a bias term, serves as the mean of the
distribution function. The sampled value is then stored in the compu-
ter as the model advances through a given delay period, after which
the sample serves as the estimated value to be used in decision rules.
For the periods between sampling points, some form of filtering can be
done to attempt to follow the actual variable. The simplest filtering
scheme holds the sampled value as a constant estimate throughout the
interval.

The details of sampling component (SAMPL and VDTDLI) modeling
features are now presented. The description follows the order of cal-
culation in the routines. A complete listing of the FORTRAN code is
contained in Appendix B. These routines are described and validated

in more detail in Chapter VII.
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The discrete model translates the sampling interval parameter of
X into a specified number of simulation cycles, using Equation 3.2. A
simple counter (NCNT) is set to zero each time the sampling procedure
occurs. The counter NCNT is incremented by one each cycle DT and is
checked against the sampling interval size NSAMP. Thus, measurement
of desired variables takes place only at specified intervals. Note

that SAMPT can be dynamic.

NSAMP, = SAMPT, / DT + .5 (3.2)

where:

[

NSAMP = number of simulation cycles in samnling interval
SAMPT = sampling interval (years)
DT = simulation cycle increment (years)

k

index on variables.

The measurement of a desired variable, corresponding to data col-
lection, is simulated in SAMPL with the introduction of bias and ran-
dom standard error parameters. Two estimation equations are possible,
depending on the characteristics of the true variable. One method of
estimation computes an error term proportional to the true value. The
second method generates a normally distributed error with fixed stan-

dard deviation. The equations used are 3.3 and 3.4 respectively.

EST,(ST) = VAL (ST) * (1. + SD * Y) * BIAS (3.3)

ESTk(ST) = \IALk(ST) b SDk ) Bll\Sk (3.4)
where:

EST = estimated value of variable

VAL = true value of variable
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BIAS = measurement bias

ST = sampling time
Y = standard normal random variable
k = index on variables,

Straightforward calculations show that the expected value of the
estimates in both equations is the true value plus the bias term. The
estimate variances differ: Equation 3.3 produces a variance equal to
VALﬁ * SDE while the variance of EST from Equation 3.4 is SDZ. (Re-
call E(Y) = 0.0, var(Y) = 1.) Both calculations produce normally dis- ‘
tributed errors, since Y is a normal random variable. The difference
is in the standard deviation of the error: one is proportional to the
true value; the other is fixed.

The form of Equation 3.3 is preferable for discussion purposes
since the standard deviation can be described as X% of the true value.

But this method becomes an inaccurate model if the true values vary
considerably or approach zero. Since the size of the error in Equa-
tion 3.3 depends on the size of the variable, the implication would be
that measurement techniques get better as the variable decreases.

The choice of error estimators is based on examination of time
series data for true variable values. Private storage levels vary
considerably but the low values stay comfortably away from zero except

possibly for short periods just before harvest time. An additional

reason for using Equation 3.3 for storage levels is that it would be

conceivable that with less grain to measure, error would be reduced.
Per-capita nutritional debt estimation must be done with Equation

3.4 since the true values are small (on the order of 10'2MT/person)
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and can be either positive or negative. Per-capita consumption rates

are also small (approximately 2*10“]MT/person—year) but approach zero

only during the most dire emergencies.

Subroutine SAMPL produces estimates values for sampled variables.

The estimates are then used as inputs to a discrete, variable delay ro

u-
tine, VDTDLI.

The form of the delay follows that of familiar discrete

boxcar routines (35). VDTDLI has the added capability of handling

changes in the delay rate, as might occur with a change from messenger

to telephone service. The variable delay capability is not used in the

current study, but is described here as an indication of the particular

problems encountered with information flow.

A boxcar delay routine is so named because it operates much like a

string of railroad cars on a circular track. The car at the front of

the train empties its load at the designated output point. A new car

with the latest supplies (or information) joins the train's tail. And

each car moves forward one position. Equations 3.5 describe this pro-

cess. The equations must be solved in the order presented.
0UT = CARy (3.5a)
CARi_] = CAR_i, for i=2,3,...,N (3.5b)
CARy = IN (3.5¢)
where:

OUT = output of routine
CARj = ith car in the array
IN = input to routine
i = index on cars
N =

number of cars.
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The delay parameter of information quality is related to N, the
number of array positions, by the simulation increment DT. The calcula-

tion is simply done in Equation 3.6.

Ng = DELAYk/DT &b (3.6)

where:

N = size of delay array

DELAY = delay parameter in X (years)

DT = simulation increment (years)
k = index on variables.
Notes

that the relationships of Equations 3.5 and 3.6 require that
the array, or train, be updated each simulation cycle. There must be
an input and output each cycle DT.

Changes in delay time always cause addition or deletion of informa-
tion from the tail of the train; the newest data values are affected.
An increased delay causes the newest data to be held for the extra peri-

od. Equations 3.5a and 3.5b are retained, but Equation 3.7 replaces

Equation 3.5c.

C/-\Rj = IN , for j=N,N+1,N+2,...,NNEW (3.7)

where
3 = index on new cars in array
NNEW = new size of delay array
N = old size of delay array

CAR = array element.

A decreased delay does not cause loss of data. Rather, the newer

information under the old delay scheme is superseded by new data from
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the new scheme. This implies that implementation of the new methods
cannot force the old information through the system any faster. The
only modification to Equations 3.5 is that N is recalculated to fit

the new, shorter delay. Note that conservation of flow is not a criter-
ion in modeling information transfer

The output of VDTDLI is a lagged, randomly measured estimate to be

used in decision rules of the government component. The routine needs
an input and provides an output at each time interval of the discrete
model. SAMPL calcuiates a new estimate only once each sampling inter-
val, so additional inputs to VDTDLI are necessary. The simplest scheme
is to retain a sampled value from SAMPL as a constant input to VDTDLI
throughout the sampling interval. This common zero-order hold (11,
Chapter 2) will be the base method used in this study. SAMPL and VDTDLI
offer three opportunities for further estimation or filtering proce-
dures. Filtering techniques can be used in SAMPL to include the re-
sults of previous measurements of the variable in the estimation pro-
cess. Polynomial smoothing or similar methods can predict inputs to
VDTDLI between sampling points which, hopefully, will track true values
more closely than the zero-order hold. And a priori knowledge of the
variable observed can lead to modified estimation procedures. This

estimation problem is discussed in more detail in Chapter 6.

Model Variable Choice
The problem of the particular variables to be estimated with the
modeling pattern of SAMPLE and VDTDLI is now examined.
Each variable included has the potential of generating four dis-

tinct information quality parameters. Thus, too many variables could
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result in complexities too great for standard analysis. Most of the
sensitivity and optimization literature on computer simulations deals
with less than three or four parameters, and the more powerful routines
balk at more than fifteen parameters (60). Computation costs and stor-
age requirements for optimization work seem to increase factorially
with the number of parameters.* An additional consideration is that
only the estimated values directly linked to a famine relief informa-
tion system will be examined in studying data precision. Generation of
computer outputs with too many data items can obscure important re-

sults by the glut of numbers produced.

We turn to real world conditions for a means of limiting the num-
ber of variables and parameters. The total number of values to be es-
timated is dictated by policy structure. The variables fall into two
categories based on need for additional sampling specifically during a
famine. Many items are included in existing information systems.
Population, government storage levels, crop and harvest conditions are
already monitored in almost all countries. Design of an information
system for famine relief will be especially concerned with the vari-
ables not yet sampled often enough. Nutritional debt and private
storage are decision variables from the current model that fall into
this second category. These are the generally unknown data items
called for by the policy design. Another criteria for choosing vari-
ables to estimate in a sampling component (the alternative estimation
scheme would be an exponential or similar delay) is the rate at which

alahrs p e e v o

*As an example, a standard least squares regression including Tin-
lear, quadratic and interaction terms for n variables requires ’l+2n+(§)
parameters and the inversion of a square matrix of that size.
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the variable varies with time. Population levels and crop conditions
normally tend to change slowly, relative to consumption and nutritional
levels. In general. more rapid changes make the estimation process more
difficult. More frequent sampling is required, and simple modeling tech-
niques may not capture real world behavior.

An alternative approach for 1imiting the number of variables and
parameters to be analyzed would be to use the sampling component for all
estimations and select only the most sensitive variables for the infor-
mation system evaluation. This is certainly a valid process. The

point made in the previous paragraph is that examination of the real

world conditions and objectives can eliminate much needless analysis,
allowing concentration on the items perceived to be most crucial.
Per-capita consumption has been added as a decision rule control
variable, to be used in much the same manner as nutritional debt. The
resulting form of the government acquisitions decision rule is given in
Equation 3.8. Sales and emergency food rate equations of the basic
model have similar alterations. Note that acquisitions increase when
rural consumption is greater than average urban consumption. Estimated

values are used throughout.

GAQU(t) = CG30 * max (ERSTOR(t) - GRSTRD(t)) (3.8)
+ CG36 * (AEUNDP(t)-ERNTDP(t)) * EPR(t)
+ CG35 * (EPCONR(t)-AEUPCN(t)) * EPR(t)
where:
GAQU = government acquisitions from rural sector (MT/year)
ERSTOR = estimated rural private storage (MT)

GRSTRD = government desired rural private storage (MT)

¢
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AEUNDP = average estimated urban per-capita nutritional debt
(MT/person)

ERNTDP = estimated rural per-capita nutritional debt (MT/person)

EPCONR = estimated rural per-capita consumption (MT/person-year)

AEUPCN = average estimated urban per-capita consumption (MT/
person-year)

EPR

estimated rural population (persons)

€G30, CG36, CG35 = control parameters.

Per-capita consumption forms part of the rate of change process
of nutritional debt, providina a sort of derivative control for the
decision rules (11, Chapter 2). In practical terms, knowledge of con-
sumption provides a tool to help avoid serious overcompensation for
differences in nutritional level. That is, when allocation is based
on relative nutritional debts, sustained allocation priority can cause
an overshoot, a reversal of roles between the two classes. The con-
sumption level takes account of the differences in amounts of food
recently received by the two classes and proportionately decreases the
allocation to the class that is eating more.

The addition of consumption level as a control variable is a case
where policy structure and real world conditions coincide to dictate
the change. The derivative control was needed to increase the power
of the decision rules. Consumption rates as well as nutritional level
have been recognized as important pieces of information by the United
Nations, which is encouraging all nations to adopt some form of nutri-
tional surveillance (25). It should be noted that many other data
elements are needed for comprehensive famine relief, especially water
levels and disease incidence. Consideration of these items is prompted

by real world conditions, but they fall outside the scope of the
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preliminary model used here. The current focus is on allocation of
food as a means of equalizing nutritional levels. Eventually water
distribution and health care may be added to the policy structure and
nutritional modeling.

Three variable types have been chosen as inputs to the current
sampling component: nutritional debt, private storage, and the new
variable, per-capita consumption. Each variable type actually gener-
ates four estimates, one for each population group. Given the four
data quality elements, a total of forty-eight possible parameters
exists. Fortunately, similarities in the processes modeled and the
time streams of the variables allow considerable numerical duplication.
The time requirements of surveillance and transmission processes are
assumed to be similar for each variable type, allowing the use of just
one delay parameter. The sampling error of nutritional and consumption
data are assumed not to vary significantly across population classes,
so one sampling frequency, standard deviation and bias are postulated
for each of these variable types. The assumption relies on the ability
of the sampling teams to measure different groups equally well. The
cormon sampling frequency corresponds to a real world situation where
surveys are taken of all population groups simutaneously.

There are substantial differences in the size and rate of change
of rural versus urban private storage. Recall that rural storage must
last until the next harvest (nine months at the Tongest) while urban
classes desire stores that last one to three weeks. Thus four separate
parameters must be used for rural private storage, although the urban

classes can share four parameters.
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These economies in parameter use have reduced the total needed to
thirteen: one delay and four each of sampling frequencies, standard
deviations, and biases. It was mentioned earlier that bias parameters
are not used in this study. The main reason for this deletion is that
the causes of bias will be specific in each country and are left as an
area for further research. A secondary but important reason is the re-
lative ease of analyzing nine parameters instead of thirteen.

The nine remaining data precision elements form a set of variable
inputs that will be used extensively for sensitivity analysis and opti-
mization work. The importance of this parameter set is underlined by
assigning it a vector representation, X, the vector of information

quality parameters.

Additional Assumptions and Modifications

The three previous sections cover the major additions needed to
allow evaluation of the information system. Several further modifica-
tions are presented here that apply specifically to the modeling effort
for this dissertation. Although the particulars are not of general sig-
nificance, they are discussed for two reasons. The assumptions behind
the changes are noted to provide background for results described in
the next chapter. And it is hoped that the reader will gain some knowl-
edge of the types of problems and subtleties inherent in a computer
simulation of a famine.

An assumption made throughout the study is that there will be no
outside aid beyond the purchased government imports. A main purpose
of this model is to examine efficient means of allocating available

resources. This allocation problem exists even with substantial
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