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Some General Principles
 

of System Modeling
 

As discussed InChapter 1U, 
 the first step In system mode'llng ls.
 

careful definition of the problem(s) the model -/
isto address. This
 

process Identifies a number of variable sets that must be included Inth
 

model. These variable sets and their determination are discussed at 

length inChapter n: and are displayed here in Figure (1): 

Exogenous
 

Inputs
 

Control lable 
Inputs System 

Desired System 
Outputs 

Undesired
Outputs 

Noncontrollable 
~Inputs 

System Design 
Parameters 

Variables Identified as Part of the
 

Problem Definition Process
 

Figure (1)
 

!/This Is part of the Feasibility Evaluation phase discussed In
 
Chapter II.
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Inaddition to defining these relevant variables to be included (insofar
 

as feasible) inthe system model, the problem definition phass produces
 

at least a tentative definition of system boundaries. That Is,it specifies
 

what is to be treated as endogenous and what isto be treated as exogenous
 

Inthe model and relat~jd analysis. This "system definition" Ismade In
 

light of the perspective necessary to attain a useful solution to the
 

problems being addressed. 
Whether or not this system definition leads to
 

a feasible system model 
or not Isa matter to be addressed when the model
 

Isformulated. 
Time and manpower constraints, gaps inavailable theory,.
 

etc. often restrict what can be included Insystem models. 
This interaction
 

between the problem definition and the model building isone of many
 

Iterative loops inthe problem solving process discussed inChapter II.
 

Another useful function of the Feasibility Evaluation phase described
 

InChapter II Iselimination of factors and approaches not feasible as
 

means of attaining solutions to the real world problems which have been
 

identified for solution. 
 This aspect is Important because-it leads to
 

simplifications In the system model.
 

Some Basic Questions to be Answered
 

Before Beginning Detailed Model Development
 

Given that the Problem Definition and other phases of the Feasiblllt.
 

Evaluation process have been carefully carried out (not necessarily
 

completed since this isan 
iterative procedure), a number of key questions
 

must be answered before detailed model building can begin. 
These are
 

discussed ;n what follows.
 

Time Frame. 
What model time frame Isnecessary to adequately study
 

the relevant problems? Is
a static model adequate? Ifnot, what Is the
 

length of the time horizon that must be considered? 
At what time Intervals
 



(simulated time) Is information neededfro'the.model? ( Ial mnk 

yearly, etc.) 

Levelof Aqreqatlon. 
Whatils the highest level of aggradation that
 

wlll provlde useable answers to the relevant problems? To disTaggregate
 

beyond what is needed Is to Increase model building and operating costs.
 

Defining the level of aggregation required will usually shed light on the
 

kind of model that Isappropriate, e.g., discrete entity/event versus
 

continuous flow models described by differential difference equations, etc.
 

Existing Models. What models or sub-models already exist that can be
 

used inthe given problem situation? Previous work, even If not useable
 

directly, can often reduce model development time and cost substantially.
 

Model Decomposition. 
How should a large model be decomposed Into sub

models? 
Decomposition isoften necessary Inorder to expeditiously develop
 

and de-bug a large model. 
 Sub-models can be developed and tested Independently
 

before Integration into the overall model. 
 Experience has shown that this
 

Ismuch more efficient than attempting to develop a large model en toto.
 

Further, if properly defined, sub-models can be delegated to different
 

people (with different expertise) for development Independently. This also
 

can lead to efficiencies and quality Inmodel development.
 

Model decomposition also can derive substantial 
benefits from the
 

building block approach--well defined sub-models can be used Innumerous
 

different model applications. This area of model decomposition and the
 

specification of "well defined" sub-models Isa very Important one. 
We
 

will discuss this inmore detail 
in the next section.
 



Some Principles of Model Decomposition
 

The Feasibility Evaluation provides the model builder wi h a detailed
 

specification of the Input and output variables of the overal 
 model. The
 

problem he faces at this point Isthe design of a 
model that will produce.
 

the specified outputs given the specified Inputs. Decomposition Identifies
 

the relevant system sub-structures that Interact to give the overall system
 

Its unique behavior. These sub-structures can often be modeled and tested 

Independently as mentioned above. 

This notion of system decomposition is Illustrated In Figure (2): 

The System
 

Inputs
Systom 1 .2,,02 i, 2-
 02
 

33 332
 

System Decomposition
 

Figure (2)
 

The figure shows a system decomposed Into three Interacting sub-systems
 

Interaction takes place through the "interface" variables V j--the outputs
 

of the Ith sub-system that act as 
Inputs to the jth sub-system. Figure (2)
 
Isequivalent to the following equations:
 



**01 (t+DT) * f1(1(t),1 1(t), Y21(t) 31(t))
 
-1) .02 O+PT) Uf2(xj(,-t),), V12(t) V32 M))
 

03(t+DT)'= f3(x3(t), 13(t), V 3(t), V23 t))
 

assuming a discrete time system or a 
discrete time approximation to a
 
continuous-time system. 
(Continuous time state equations might be
 

appropriate for (1) In
some cases.)
 

In Equation (1)x1 , 
x2 and x3 ore the vectors of state variables for
 
sub-systems one, two and three. 
The functrcns flo f2 and f3 specify the
 
equations which determine the structural Interrelationships that determine
 
outputs given Inputs for each sub-system. The sub-system outputs which are
 
Inputs to other sub-systems are the following functions of sub-system Inputs
 

and state variables:
 

V1j(t+At) = f j(x1(t), 
11(t), V21(t), V31 t))
 

j 2,3
 

2) V2j(t+At) - f2jx2(t), 
12(t), V!2(t), V32 (t))
 

J~x~ 12 1,33 
J 1,3
 

j, f3j+6) 13(t), "Vz (t) )
(t+13f(t) (t) 


System decomposition according to Figure (2)and Equations (1)and
 
(2)has special and useful properties ifthe structure of each subsystem
 
Is Independent of the structure of all other subsystems. 
 (This means
 
that fl is independent of f2 and f3, etc.). 
Ifwe can define a system
 
decomposition according to Figure (2)and Equations (1)and (2)that has
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this Independence property then It Is possible to develop an test subsystem
 

models Independent of one another. These Independently developed subsystem
 

models can then be linked together through the interface variables to
 

produce the overall model cf the system. Subsystems or components of a
 

system which are defined on the basis of the above conditions will be
 

called "well-defined subsysrems" or'Well-defined components." An example
 

of this kind of system decomposltion taken from a natural system involving
 

interacting flora and fauna in Isle Royale National Park Isshown in
 

Figure (3).
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An Example of System Modellin
 

The-purpose of this example is to give the reader furnur upuururU
 

the model IIng process in order to make it easier for him to learn to-develop; 

models himself. The subtitle of this-discusslon might well be "The Diry
 

of a System Modeller" because to be useful our example must Include the
 

false starts, iterations and refinements that are a normal part of model
 

development as a creative, learning process. We will begin with a primi

tive need for a model, work through (iteratively) a workable problem defini

tion and eventually develop a system model, if it appears feasible to do so,
 

which addresses the refined and 9xpendedneeds that become apparent as we
 

progress through the problem solving process.
 

First, a brief work aboit the choice of topic for this example. Three
 

factors guided our choice. One consideration Is its appropriateness as a
 

problem amenable to modelling. A second Is its relevance to a real world
 

problem worthy of investigation. The third was sufficient famillaritv.with
 

the subject matter of the problem to make study feasible.
 

Primitive Need Statement and Problem Definition
 

With food shortages on the horizon for many overpopulated counttes due
 

to shortages of basic foodstuffs and fertilizer on world markets and potential
 

eratic production due to weather and climatic factors, there is a need to
 

examine steps that governmer.ts can take to reduce the dimensions of potential
 

crises for their people. Inthinking further about this problem It is clear
 

that In the event of a food cIsis the r-nqe of actions by government and
 

private decision makers is limited. Included In feasible courses of action
 

might be:
 

http:governmer.ts
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Development ofemergency food stockpiles by government during!:"fat'
 

years.
 

Development of emergency food reserves by private Individuals during
 

"fat" years.
 

Government. imports of food during a food energency (a course of
 

action that would probably be limited inscope by worldwide shortages)
 

Government confiscation of domestic food for redistribution during
 

an emergency. This type of action can help soften the impact of
 

the crisis upon people who are particularly vulnerable. (It's really
 

not fair to include this aspect of the problem at this point. This
 

policy action was thought of at a later point inthe modelling process
 

when a causal mop of' system interrelationships was being thought
 

through and developed.)
 

Quite clearly there Is a relationship between food reserves available
 

before a crisis and the hdman misery and starvation that result from acute.
 

food shortage. It Isalso clear that there are penalties associated wifh
 

these food reserves--increased food prices and lowered standard of living
 

during "fat" years and associated political repercussions, costs of holding
 

and managing food reserves and other significant factors that may become appar

ent for Inclusion In our thinking later. A system model might well be helpful
 

Inexploring some of these trade-offs.
 

Inthinking about this problem over a period of several days some other
 

aspects became clear. Indeveloping countries with strong ties to the rural
 

sector still in existence, (where food crises are most likely) we can Infer
 

some things about likely occurrences inthe event of food crisis. It is
 

clear that during times offood shortag( prices would soar and many middle
 

to low Income people with rural family ties would either back migrate to
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rural areas where food supplies are more abundant or depend upon "CARE"
 

packages from their rural relatives for survival. It is also clear that this
 

increase in the number of people living directly off rural food sources will
 

reduce the food supply available for shipment to urban markets. While the
 

wealthy of the urban society will be able to purchase their food needs at
 

inflated prices, this leaves lower Income people without rural family ties
 

In an extremely vulnerable position. It is this latter group that stand
 

most In need of external assistance from government, etc.
 

With about tnis level of understanding of the problem work began on a
 

somewhat more specialized but related problem. As part of a grain management
 

system model for Korea, the author developed a model of urban food grain
 

demand, storage, consumption; nutritioi and the impact of malnutrition upon
 

mortality rate. This work contributed to Increased understanding of some of
 

the details of the problem and serves to Illustrate the point that the past
 

experiences of the model builder piovide him with raw material for develop-


Ing new models. The contributions of this particular'model building exper

lence to our example will emerge as we get further into the modelling process.
 

With this general understanding of the problem and the possible role a
 

system model might play, a causal map of the major system interactions was
 

developed to explore further the feasibility and usefulness of a system
 

model for this problem.
 

A Causal Map for the System
 

One purpose for constructing a causal map of the systenTfs major Inter

actions was to consider further the feasibility and desirability of construct-


Ing a system model. At this point in the study the question of model feasibi

lity was not answered and more exploration was necessary. Another benefit
 

gained from developing the causal map (it turned out later) was increased
 



understanding of th. problem and deeper insights into systemibehavior. 
 The
 

causal map:of Figure (4)was developed Inan hour or two interspersed with
 

extended periods of mental 
rumination (rumination for illuminationl).
 

Central inthis map of system Interactions is urban-rural migration
 

Induced by deteriorating nutritional conditions in urban areas. 
There Is,
 

in fact, the possibility of an unstable feedback loop:
 

S 	 Starvation and death for low income
 
urbanites without rural family ties
Qurban malnutrition  urban-rural migration
 

Reduced farm marketings increased.pressure on rural food
 
supply
 

This series of interactions could lead to hoarding In rural ireas, a dry-


Ing up of farm food marketings, starvation and death for vulnerable urbanites
 

and rampant disorder and food theft. Thinking along these lines led to
 

the insight that government confiscations in rural areas, albeit a drastic
 

measure, might be an Important means of achieving a more equitable distri

bution of food and reducing the total impact of a food crisis. Further
 

thinking about government food acquisition and distribution led to the Insight
 

that lags In Information and action could be disastrous. With people shifting
 

rapidly between urban and rural areas.(and at times perhaps vice-versa In
 

the net) It would be very easy to have food at the wrong places with respect
 

to food needs. Indeveluping this causal map italso became clear that there
 

were other variables not included InFigure (4)which should enter or re

enter our thinking about this problem. These include:
 

* Private food stocks in rural and urban areas.
 

* Re-deployment of production rerources to increase the food supply.
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* 	Consumer income classes
 

* 	Food theft.
 

* 	Other sources of food, ie.:work animals,.other animals.,:seedtfor'
 

planting, etc.
 

" 
Government delays in food acquslition and distribution.
 

* Effects of shortages of other nutritional elements besides calories,
 

i.e. protein on human well-being and mortality.
 

* 	Geographic location of food stocks.
 

• Costs of "preventative medicine'--political disfavor, rising tooa
 

prices, increased foreign exchange deficits and perhaps others.
 

(July 25, 1974, 12:00 noon)
 

(July 25, 1:30 p.m.) Where do we go from here? A couple of hours,
 

some Jogging and lunch have passed into history since writing the above
 

on the causal map and related Insights. At this point we could extol the
 

benefits of exercise and relaxation for creative enterprises but let's just
 

;say that a couple of things have come into focus since last writing that
 

will help in providing direction at this point. 
First, I'm quite confident
 

at-this point, from the foregoing that a system model for this problem is
 

well worth developing further. I also have a new appreciation for the complex

ity of the problem and the model that will be required to cope with it
 

adequately 
 in particular countries. Clearly such a model isnot feasible
 

for our example here. I also am of the opinion from what we've learned so
 

far in studying this problem and from past experience with models that we
 

can get further useful insights by building a simplified macro model that
 

emphasizes major interactions and omits selected detail. Furthermore, this
 

kind of a model will provide us with the kind of vehicle we need to study and
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illustrate the model building process. Therefore, the decision 
is m3de at
 

this point to go ahead with a simplified system model that omits selected
 

detail on the basis of judgement and the best information available. At
 

this point we are also faced with the decision: how much outside expertise
 

do we seek for this example model? While on the basis of my background I am
 

familiar with many aspects of the problem--including food production, distri

bution, consumpi'ion and general demography, there are areas such as human
 

nutrition in which my background is quite weak. For purposes of this example
 

where and to what extent should I seek expert asistance? (July 25, 3:00 p.m.)
 

(September 3, 1974) Some vacation and participation in a lot of other
 

matters have elapsed since writing the above. I will summarize briefly what
 

has taken place on this project since July 25. Firstly, the decision was
 

made to seek some expert help In the area of human nutrition/malnutrition
 

befce proceeding further with our model. I felt (again on the basis of
 

past experience) that a fewhours spent this way would pay significant
 

dividends In'terms of model quality and credibility. While my experience is
 

far from an. infallible guide, It led to some useful and Inexpensive insights
 

in this case.
 

A fMlend on campus who is an expert in physiology provided important
 

observations and some basic Journal articles dealing with effects of malnu

trition on human beings. To summarize the key Issues that affect our problem,
 

It turns out that a model 
that deals with both calorie and protein difficien

cles would be significantly better .hn
one dealing only with calorie deficien

cles. 
 Research studies also Indicate that calorie and protein deficiencies
 

together are relatively good predictors of the adverse affects of malnutrition
 

on human beings. It is therefore clear that any serious model for this
 



problem should include both calorle and protein defMlencies as dependent
 

variables. Another significant )int that emerged from this cursory study
 

was that there are some serious non-fatal consequences of malnutrition in young
 

children. Specifically, permanent damage to the central nervous system can
 

result from severe but non-fatal malnutrition in young children. More than
 

90% of brain development takes place Inthe first four years of life and
 

Ilhreparable damage can be done by malnutrition during this critical period
 

of growth. Clearly a model for this problem should seek to comoute nutri

tional Inteikes for young children as endogenous variables.
 

Problem Definition Revisited
 

Modeling ofthese aspects (protein Intakes and nutritional Intakes of
 

young children) requires a good bit of model detail but appears to be a
 

feasib:e undertaking. Their Inclusion here inan example model Is not
 

feasible however, We will focus our attention here on a three sector model
 

including rural, urban, and government decision makers. The model will
 

Include only calories as the measure of nutrition and will not disaggregatE
 

populations by age and sex. Gfven these simplifications (which can be
 

removed given time and resources) we will develop a model that Includes as
 

many of the factors and Interactions discussed above as possible (see Figure
 

(4)and related discussion).
 

These three sectors have been defined as above because this appears
 

to be a "well defined" set on the basis of the earlier discussion (pp. 5&6)
 

we might find that an additional sector or two will be required as the model
 

develops but will start with these.
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A 	General System Block Diagram
 

Figure (5)represents tha first Iteration of a generai sysTem DIOCK
 

diagram. The purposes of this diagram are:
 

to explicitly define model components in terms of their Inout and
 

output variables.
 

* to explicitly define the interactions among model components In
 

terms of specific variables.
 

to explicitly define the model exogenous variables and their point(s)
 

of impact upon the system.
 

, 	to explicitly define policy variables (controllable Inputs) and
 

-their point(s) of Impact upon the system.
 

* 	to explicitly define the performance variables to be used by-decislon
 

makers to evaluate system performance.
 

Note that this diagram is really a more detailed version of the "system
 

Identification" diagram discussed Ln Chapter II.
 

(November 12, 1974) Back to this after devoting attention to many other
 

activities., (You can tell that this project Is at the bottom of the
 

priority list much of the time.) After re-reading the above relating to
 

this food supply example itbecameclear that the block diagram of Figure
 

(5)should Include variables which provide measures of malnutrition by
 

Income classes particularly inurban areas. It isalso clear that we should
 

dis-aggregate the urban population according to whether or not people have
 

rural tIes that will provide tnem food inevent of emergency. Changes were
 

made in Figure (5)to include these factors (November 14, 1974). Another
 

poinVt that Isbecoming clear isthat our model will require one or more
 

new components. One, a "market" component, to provide food linkages among
 

sectors and to generate market price of food and perhaps another to provide
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mgtalion Inkagoi btw'n the rura and urban,sectors. 

With the broad.-out-I Ines of our model as depicted ln iFigure (5) let.,us 

begin detaileddevelopment of the model components 'which at this point Include: 

T sector modelThe rural 


'The urban sector model
 

* The government sector model
 

* A market model
 

• Perhaps a component for interfacing migration flows
 

we will attempt to include the factors determined to be relevant to our
 

problem in the above discussion (omitting population disaggregation by age.
 

groups and consideration of protein intakes to simplify somewhatl 
 We
 

recognize that our understanding of the problem is likely to improve and
 

that we may make further modifications in our problem definition or In
 

Figure (5).
 

Detailed Model Development--A Beginning
 

Let us begin detailed model development with the urban sector (because
 

most of the vulnerable people in the event of food shortage probably reside
 

in urban areas, i.e. the primary needs we're dealing with are In this
 

sector). Our objective will be to develop a model that will
 

I) take as Inputs overtime the variables indicated In Figure (5).
 

I1) produce the urban sector output variablesovertime (including
 

decision criteria) Indicated in Figure (5).
 

A good place to begin is with the parts of the model that are best
 

understood. This certainly Includes population dynamics. We have essen

tially four urban popul3tions with which to deal:
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I) Lower incomewith-'no strong rural, family ties.
 

2) Lower income with strong rural family ties.
 

3) Upper Income with no strong rural family ties.
 

4) Upper income with strong rural family ties.
 

The equations which describe the population dynamics at tnis ievei or
 

aggregation are straight-forward. Interms of first order difference
 

equations, they are:
 

1) PUi(t+DT) = PUM(t) + DT*(BRM(t) + MIGINIt) - DRI(t) - MIGOUTi(t)) 

where:
 

RU Urban population In Ith category (i 1, ... , 4)
 

BR = Birth rate--persons/yr.
 

DR = Death rate--persons/yr.
 

MIGIN - In-migration (persons/yr.)
 

MIGOUT a Out-migration (persons/yr.)
 

The birth-rates are functions of population sizes and per capita nutritional 

levels and can be approximated as: 

2) BRI(t) = MIN[MAXE(B11 (1 + B2i* ( RNUTPi))) 0.), Bit]PU() 

'74
 
wharq:
 

B11  the normal birth rate for the Ith population at normal
 
levels of nutrition--proportion/yr.
 

RNUTPJI 	normal nutritional requirement for urban people In
 
the ith category--MT (grain equivalent)/person-yr.
 

PCONSU = actual nutritional intake of people in ith urban
population--MT (grain equivalent)/person-yr.
 

ldeally, BR should also be lagged to account for lags between
 
nutritional levels and birth rates. While this iseasy to do, we choose
 
not to because this effect isof secondary importance and we choose to
 
omit It for simplicity.
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B2 = %change inBR per %change inper capita nutrition 

MIN, MAX = "minimum" and "maximum" functions, respe tively
 

This birth rate function isshown in Figure (6)below:
 
BR 

PCONSU,
 

Figure (6)
 

The death rate, DR,, 
isalso a function of nutritional levels or,
 
more precisely, the accumulated nutritional deficit per capita. 
 It has 

been shown elsewhere- / that deaths due to malnutrition, DTHSM, can be 

computed as: 

3) DTHSMI(t) = MAXE(PDTH(ANUTDPI(t)) - PDTH(ANUTDP (t-DT))) PU (t)P 0) 

where:
 

DTHSM I a deaths in population I Intime Interval 
(t-DTt)
 

ANUTDP = 
average nutritional debt per person-MT grain/person
 
The variable PDTH(ANUTDP) Isthe cumulative probability of death at a given
 
level of nutritional deficit, ANUTDP, and has the general shape shown on the next
 

page InFigure (7).
 

,-Manotsch, T. J. "Consulting Report on Grain Management Model and
Systems Science Training Based on a Field Trip to Seoul, 
Korea. 16-29
June 1974." Consulting Report. Seoul, Korea: 
 Korean Agricultural Sector
Simulation ProJect. 
 June 1974.
 



PDTH= probab ility
 
of doedli
 

1.0
 

0 ANUTDPJ (MT grain/
 

person)
 

Figure (7)
 

Equation (3) Isvalid for modelling a single food crisis and the resulting
 

Impact upon deaths. 
 It Isnot valid If,for example, the nutritiona
 

debt (ANUTDP) decreases then increases again. More elaborate models
 

are needed to handle these more general situations.
 

11/19/74 Given Equation (3)we can write an equation for the total death
 

rate, OR,, in Equation (1).
 

4) DRI(t) = DTHSMi(t)/DT + DROirPUi(t)
 

Here DRO I is the normal proportion of deaths per year (inabsence of
 

malnutrition) and DT Isthe time increment used In the simulation mo(
 

We also need to compute total deaths due to malnutrition:
 

•5) TDTHSM (t+DT) = TDTHSMiM + DTHSMiM
 

We'll postpone development of equations for the in-and out-migration
 

variables until more of the basic model structure is Inplace and turn
 

our attention to modelling of nutritional intakes and nutritional debts.
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Nutritional debts per-capita, ANUTDP ,are computed by:
 

6) ANUTDPi(t+DT) = ANUTDPIt) + DTCRNUTP- P-ONSU,(t))
 

where:
 
RNUTP nutritional requirement per capita in Ith 60puiation
 

RP .group--metric tons (grain equivalent) per person
 

per year
 

CONSU I= 	consumption per capita in Ith population group-
metric tons (grain equivalent) per person per year
 

ANUTDP has units of MT per person.
 

Food can come to urban consumers by two means: purchases and
 

emergency aid provided by government or private sources. Furthermore,
 

consumers will in general have private food stocks upon which to draw
 

at least for limited periods of time. We can write:
 

7) PCONSUt(t) = RNUTPNI(t)*FU1,
 

Where RNUTPN I Isthe normal (inabsence of malnutrition) required food
 

Intake per person and FU1 Is a function (>0) depending upon the size o4
 

private food stocks. FUl has thieform shown below:
 

FU1
 

I 

I 
II 

I"UTRi) 

U3TORE1 Mt 

0 YDSTOR .05 RNUTPI*PU(t) 

Figure (8'
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12/5/74 	 The parameter YDSTOR isthe normal desired storage level of trban people
 

measured In years of consumption. (Usually this will be on t e order of
 

.05 indicating that families want to keep on hand something I ke a two
 

week supply of food.) The variable USTOREi(I)/RNUTPI*PU(t) has the
I 


units-years and represents the portion of year available food stocks
 

will last at consumption equal to required levels. Figure (8)and
 

Equation (7)say that when available food supplies drop below normal,
 

levels consumers begin to cut their consumption. 

Urban food storage, USTOREi, Iscomputed as: 

8) USTOREI(t+DT) = USTOREI(t) + DT*(UPJRIt) - CONSUI(t) + EMFDi(t)) 

where: 

UPUR i = urban purchases (MT/yr.)--from market model 

CONSU= PCONSU (t)*PUI t) = total consumption of Ith 
urban population group--MT/yr 

EMFD i = Emergency food from government or private sources 
(Determined inother components of the model.) 

At this point, even this urban component model isbeginning to get 

complex enough to warrant drawing a block diagram to aid In seeing 

interrelationships and to assist Infurther development of the component 

and linkages with other components. 
 InFigure (9)we diagram the relation

ships developed thus far In solid lines.
 

12/6/74 
 After drawing the block diagram for Equations (1-8) we developed the
 

rest of the structure of this model component. They appear In dashed
 

lines In Flgure (9). 
 The primary objective here was the development of
 

the necessary equations for computing UDEMIt), the food demand of the
 
ith urban population group. 
This variable enters the market component and
 

affects 	the purchases (UPUR1 ) the ith group makes inthe market. 
The
 

following equations compute urban demand as a function of appropriate
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varIableI;.-(a't this point Itappears that income. food ,onrIce.-nuti+InAi' 

needsandi storago deficits are "appropriate"). 

We begin by catculatlng urban demand In the absence of a i income
 

constraint, UDEM(t) (under extremely adverse conditions peo le may not
 

be able tobuy the food they need because of inflated prices).
 

9) 	UDEM;(t) = (RNUTPI + UKI*ANJTDPi(t))PUi(t) + UK2*(USTORD(t) 

USTORI(t)) - EMFDi(t) 

wkere: 

RNUTP i = required nutrition--MT/personLyr. 

ANUTDP i = nutritional debt--MT/person 

UKI = rate at which consumers wish to reduce nutritional
 
debt--/yr.
 

PJ = urban population--persons
 

USTOR i = urban storage--MT
 

USTORD = desired urban storage--MT
 

EMFD I = emergency food received--MT/yr.
 

Desired urban storage isgiven by:
 

10) USTORDI(t) = YDSTOR*RNUTPI*PUi(t)
 

where YDSTOR is the proportion of a year's consumption consumers
 

wish to'have on hand at any given time (a .05 years).
 

12/9/74 Given UDEM I we now Introduce the effect of available Income upon
 

food demand. At least Initially a straight forward approach will-be
 

taken. Consider:
 

11) UDEMi(t) = UDEMI(t) IfUDEMI(t)*PFD(t) < UK31*AINCI(t) 

- UK3*AINC i(t)/PFD IfUDEM I(t) (t)> UK3i AINC1 (t)*PFo 

where: 

UK3i = the maximum proportion of available income that can 
be spent on food 

AINC1 = available income of ith class $/yr. 



This says that a total food demand for the Ith population group s
 

inelastic until an income constraint Is reached. Demand falls directly
 

with the ratio AINCI/PFD as 'he income constraint is exceeded.,
 

Another matter to be attended to before leaving the urban!,component
 

is to make required nutrition per capita (RNUTPI) dependent upon the
 

nutritional debt. Importantly, nutritional requirements decrease as
 

body weight decreases (due to a nutritional debt). This fact can have
 

a substantial Impact in making scarce food resources sustain an 
increased
 

number of people. Up to a point, spreading food scarcity uniformly
 

across a population can make the entire population more efficient In the
 

use of nutritional intake and result in survival 
for the entire population 

(apart from normal attrition). An appropriate equation for modeling 

this effect is of the form: 

12) RNUTPI(t) - MAXE(RNUTPN - UK4*ANUTDP ()), UK5] 

whare: 

RAJUTPN1 the normal nutritional requirement, MT/person-yr.-/ 
(when the nutritional debt is zero) 

UK4 a the change in nutritional requirement per unit of 

nutritional debt (MT/person-yr.)/(MT/person) 

UK5 a minimum nutritional requirement MT/person-yr. 

This will c',nclude our discussion of the urban component for the time
 

being at least. We may find that we'll have to modify this part of the
 

model later as things develop. We'll next consider the rural cimponent
 

bocause it will be easier to consider government and market components
 

after the urban and rural components are structured.
 

-MT = metric ton grain equivalent (lest thee forgot)
 



The Rural Component
 

12/10/74 
 The rural component includes production and sales as walli as consumption
 

and storage functions. We'll begin by developing some of the Itructural
 

relationships Ina block diagram that can be readily translate: into model
 

equutions. The question arises at this point: 
 How should the rural sector
 

be disaggregated (ifat all)? 
The need to disaggregate by income classes
 

Isnot as pressing as In the urban sector since rural people are not as
 

vulnerable to food shortages as are urban people. 
 Ifthere are a significant
 

number of rural people who would be unable to feed themselves Inthe event of
 

bad crops,thert this type of disaggregation would be important inour partikular
 

problem. 
At this point we'll make the simplifying assumption that there is
 

but one rural population.
 

* The rural component block diagram is
as shown in Figure (10). We began
 

by drawing the structure that Is Identical to that of the urban component.
 

That Isthe structure relating to food storage, consumption, nutritional debt,
 

deaths due 	to malnutrition and populatlon dynamics. 
Next we developed a simple
 

mechanism for producing food (upper left portion of Figure (10).) 
 This mechanism
 

provides a seasonally fluctuating harvest (PROD) the magnitude of which isM
 

function of area planted In two commodities (Al and A2) and the yields of
 

these commodities. Distributed delays DEL1 and DEL2 are used to produce'
 

harvests which occur at different times of the year (for example summer and
 

fall). 
 The variable PROD has the general shape over time appearing below:
 

PROD(t)
 

J 

THI, TH2 * 	 tire of start of 
harvests one and two 

LI
 
THI TH2
 

one crop year
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In Korea 	the first peak would correspond to the barley harvest and.the
 

second to 	the rice harvest. Inboth crops we can Introduce the Impact
 

of weather or other factors by writing appropriate equations for the
 

yield 	variables.
 

1/6/75 Now comes the harder part. How do we develop equations that will
 

simulate the behavior of rural people under conditions of food shortage?
 

Specifically, we must develop model structure that will:
 

1) Describe how rural people react in meeting the food needs of
 

their relatives living Inurban areas
 

2) Related to 1), determine the quantity of food rural people
 

are willing to sell on the market.
 

1/9/75 After giving some thought to 1) and 2) above, it seemed reasonable 

to assume that rural families would meet at least part of the food needs 

of their urban relatives before selling any surplus Into the commercial 

market. We'll tentatively specify the following equations: 

13) EMFSU!(t) = MAXC(FRI*(RKI*(PANUTDI - RNUTDP) 

+ RK2*PURND I( ))JI(t)) 0.)
, 


where:
 

EMFSU I * 	emergency food sent by rural people to relatives Ii 
the Ith urban population group--MT/yr. (1=2,4) 

FRI * 	a function similar to FUI that reduces food shipments 
when rural stocks are low 

RNUTDP = 	rural nutritional debt per capita--MT/person 

PANUTD i = 	 perceived nutritional debt of urban people In Ith 
population group (a lagged version of ANUTDPI)-
MT/person 

PURND = 	 perceived rate of change of nutritional debt of urbanpeople In ithpopulatlon group (MT/person-yr.)--this
 

Is an estimate of the difference between urban
 
nutritional intake required and actual Intake.
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PUI = 	 number of people in the I urban population roup. (i=2,4 

RKI 	 a parameter > 0 that determines the extent to'which rural
 
people seek to reduce the nutritional debt of~thelr urban
 
relatives
 

RK2 = 	 a parameter thai determines the extent to which rural 
people alleviate the perceived shortage In nutritional 
intake of their urban relatives (0 < RK2 < 1) 

By adjusting the parameters in this equation we can introduce a wide range
 

of assumptions regarding the degree to which rural 
people meet food
 

needs of their urban relatives. The MAX function in this equation builds
 

Inthe assumption that no private emergency food flows from urban areas
 

to rural areas.
 

1/10/75 Now we consider modeling the behavior of rural people In supplying
 

food to the commercial market. At the outset three factors appear to be
 

of primary Importance:
 

1) the amount of food available in rural storage to meet the
 

consumption needs of rural 
people (and to some extent their
 

urban relatives) until the next harvest period
 

2) the current market price of food and
 

3) Its rate of change.
 

We'll begin by considering the following equation for the most part
 

taken from the Korean agricultural sector modely
 

1/13/75 At least tentatively we'll take rural food supply as:
 

14) RSUP(t) = MAXCRF2*(RSTOR(t) - RSTORD(t)), 0.J
 

where:
 

RSUP(t) = rural 
supply offered in commercial markets--MT/
 

--/G. E. Rossmlller, et al., Korean Agricultural Sector Analysis and
Recommended Development Strategies, 1971-1985. Michlgan State University,
 
1972 (pp. 136).
 



RF2 = a function (possibly dependent upon price and Its rate 
of change)
 

RSTOR(t) = rural food storage--MT
 

RSTORD(t) = rural food storage desired--MT (a function of
 
consumption needs, time until 
next harvest period
 
and market price--see Equation (15)).
 

This equation says that rural families will sell 
excess food (above what
 

iIs needed to supply themselves and possibly their urban relatives until
 

the next harvest period) If the price Is right. The MAX function ensure
 

that supply Is non-negative.
 

A very important model equation Is that which specifies the desired
 

food storage of rural people, RSTORD. 
A tentative relationship Is given
 

as Equation (15):
 

15) RSTORD(t) = ((RNUTPR(t) + 1.*RNUTDP)*PR(t) + EMFDSU(t))*FR3*
 

TTSHCt)
 

where:
 

RSTORD = 
desired food storage of rural people--MT
 

RNUTPR a rural 
nutritional requirement (MT/person-yr.)
 

PR a rural population--persons
 

EMFDSU  emergency food sent to urban relatives--MT/yr.
 
(see Equation (13))
 

FR3 - a function of 
food price that !ndicates the willingness
 
of rural people to reduce food Intake when prices are hig
 

TTSH = total time (in fractions of a year) remaining until
 
the start of the next food harvest (when more food will
 
become available).
 

Inwords, Equation (15) 
says that rural people desire in storage
 

enough food to last themselves and their urban relatives (at a level 
of
 

support specified by EMFDSU) until 
the start of the next harvest period.
 

1/75 
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Thl storag l i!also ai (probably weak) function of market prices. The 

function FR3 has the general shape shown inFigure (11): 

FR3
 

I
 

PFD
 
2, PFDN
0 


Figure (11)
 

The Independent argument of this function Isthe ratio of curren
 

food prices to "normal" food prices.
 

The variable TTSH issimply the minimum of TTSHI and TTSH2,.the
 

times to the.start of harvests of food crops one and two.
 

The Government Component
 

We are now In a position to develop a tentative model for the govern

ment componont. Inaccordance with our problem definition, this component
 

must provide for food Imports, sales of food Into the domestic market,
 

food storage In rural and urban areas, and food confiscation Inextreme
 

circumstances. The component must allow for delays in food transport
 

and in Information flows. Itmust also compute government financial
 

variables Important indetermining its transactions Infood or Important
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as criteria for decision makers to evaluate. A block diagram describing
 

some of these interrelationships appears inFigure (12). (We choose to
 

begin our modeling of this component by sketching inblock diagram form
 

a set of intornal relationships that will Interrelate the government
 

sector inputs and outputs shown InFigure (5)).
 

1/24/75 
 There Isa hierarchy of government decisions to be modeled specifically
 

In the component. (The model should, however, permit the model user to
 

explore a reasonable range of alternative decision rules). The hierarchy
 

of decisions we must model consists of the following:.
 

1) Determination of food Import orders as national needs and
 

resources dictate.
 

2) Decisions which ship food back and forth between rural and urban
 

government stockpiles as urban and rural 
food needs dictate.
 

3) Determination of domestic government food purchases and sales.
 

4. Government confiscations of food Intimes of extreme emergency.
 

We must now develop explicit mathematical relationships to mo0el these 

decisions. 

Consider first the decision determining the rate of food Import. 

16) GIMPO(t) - G1KGSTKD(t) - GSTK(t) - GPSTK(t)) + GNSLS(t) IfGBAL > 0
 

a 0 
 If GBAL < 0 

where: 

GIMPO Import orders (MT/yr.) 

GSTK • government food stock (MT) on hand (sum oT rurai STOCK 

GSR plus urban stock GSU)
 

GSTKD a desired level of government food stock (MT)
 

GPSTK a government stock In Import "pipeline"
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GI a function'with general shape shown in Figure (13)
 

GNSLS normal domestic government sales and/or releases
 
(MT/yr.)
 

G
 

-- maximum Import rate
 
" (M4T/yr.)
 

/,
 
/
 

(GSTIK - GSTK - GPSTK) 

Figure (13)
 

This relationship orders imports whenever food stocks fall below desired
 

levels. Italso prevents importation when government resources (GBAL)
 

do not permit. A question here Is "how isdesired s+ock level, GSTKD,
 

determined"? The answer depends upon how the government values reserve
 

stocks of food. Ideally substantial reserve stocks are desirable for
 

future emergencies--but reserve stocks cost money to maintain and there
 

may be short run food shortages (or high prices) that clamor for depletion
 

of government stocks. We will tentatively assume that government
 

desired stock levels arefixed at some point that reflects compromise
 

between these conflicting factors. Therefore we take: 

17) GSTKD(t) = constant at some value set by policy. 

2/24/75 Given Import orders as determined by Equation (16) we Introduce the
 

importation delay by means of a distributed lag. GIMP, government Imports-

MT/yr., Is therefore computed from:
 



36
 

18) CALL DELAY(GIMPO, GIMP, RI, DELIM, DT, KIM)
 

DELM represents the total delay between the sending of order' for importec
 

food and the arrival of food Ingovernment warehouses Inrura areas
 

(presumably near ports).
 

Given GIMPO and GIMP as computed above we can compute thgc~,arnman+ 

"pipeline" stock (needed In Equation (16)) as: 

19) GPSTK(t+DT) = GPSTK(t) + DT*(GIMPO(t) - GIMP(t))
 

GPSTK Isthe quantity of food ordered but.still Inthe "pipeline," that
 

Is, Inthe process of being delivered to government warehouses.
 

Government stocks in rural areas are computed as: 

20) GSR(t+DT) = GSR(t) + DT(GIMP(t) + GP(t) + EMFINT(t) + GCONR(t) 

- REMFDG(t) - GSRU(t)) 

where: 

GSR u government fooc STOCKS in rural warehouses (MT) 

GIMP food Imports arriving at government warehouses (MT/yr.) 

GP z government food purchases (MT/yr.) 

EMFINT = emergency food arriving from International sources 
(MT/yr.) 

GCONR = government confiscation of food In rural areas (MT/yr.) 

REMFDG emergency food supplied in rural areas (MT/yr.) 

GSRU = government food shipment from rural to urban warehouses 
(MT/yr.)
 

Wemust define explicitly (mathematically) each of the above (GP, EMFINT,
 

0., Let us begin with GSRU. to
GSRU). Normally food flows from rural 


urban areas to meet the needs of urban consumers. Hence we expect that
 

food not needed to maintain rural stock levels is reoldly trans-shipped
 

to urban warehouses for release through (normally) private marketing
 

channels. We will therefore take:
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21) OSRU(t) = MAX[CCi*(GSR(t) - GSRD(t)), 0.) 

GSRD Isthe desired government rural stock level and the'paraieter CG1 

determines how rapidly the bureaucratic decision process resp ,nds In 

making stock adjustments. Itcan also account for lags Inprqcessing and
 

handling. The MAX function prevents shipments from becoming n gative
 

(an lmposslble condition).
 

We use a distributed delay to model the transport dalty inshipping
 

food to urban warehouses so GFRRU (food received at urban warehouses) Is
 

calculated from:
 

22) CALL DELAY(GSRU, GFRRU, RTRU, DELT, DT, KT)
 

2/26/75 Before going further Into government decision making determining
 

food flows we will develop equations for government food stocks inurban
 

areas and the level of government budget available for food transactions.
 

23) GSU(t+DT) = GSU(t) + DT*(GFRRU(t) - GSLS(t) - EMFDG(t))
 

where: 

GSU = government food stocks Inurban areas (MT) 

GFRRU = government food shipments received from rural warehouses 
(MT/yr.) 

GSLS = government sales into urban markets (MT/yr.) 

EMFDG * government emergency food released to urban area 

2/28/ !4) GBAL(t+DT) = GBAL(t) + DT*(GSLS(t)*PFD(t) + GFREVt) - GIMP(t)* 

PWLD(t)*ER - CHI*(GSR(t) + GSU(t)) - GP(t)*PFDR(t)) 

ihere:
 

GBAL - government balance Infood account--Won
 

GSLS = government sales in rural areas--MT/yr.
 

PFD = food price inurban areas--W/MT
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GFREV = government revenue into food account--W/yr.
 

GIMP government imports--MT/yr.
 

PWLD world food price--$/MT
 

ER = exchange rate--W/$
 

CHI = cost of holding inven tory--W/MT-


GP = government purchases--MT/yr.
 

PFDR = rural food price--W/MT.
 

Before going further we must establish a reasonable and consistent 

strategy for government to follow in determining: 

1. Food Imports (GIMP)
 

2. Sales Into urban markets (GSLS)
 

3. Emergency food distributed Into urban areas (EMFOG) 

4. Emergency food distributed Into rural areas (REMFDG)
1 

5. Food confiscations in rural areas (GCONR)
 

6. Government food purchases (ifany) in rural areas (GP)
 

A "reasonable" approach would .be one adapted to the seriousness of
 

the domestic. food situation--relatively normal market operations when
 

the domestic situation is near normal going to mere drastic action only
 

when serious food shortage dictates.
 

3/3/75 We have already tentatively specified a relationship for government
 

Imports (Equation (16)) consider now government sales GSLS. Normally
 

the objective of tie government will be to rinve food into urban areas
 

where It is needed (apart from short run strategies to reduce seasonal
 

price fluctuations). We will therefore take government desired sales,
 

GSLSQas some proportion of the urban stock level inexcess of a desired
 

value. (Desired sales are Ipgeneral different from actual sales because
 

of the fact that the government may not be able to sell all itwishes at
 

prevailing prices).
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25) GSLSd(t) = MAX[cG2*(GSU(t)- GSUD), 0.) 

where:
 

3SLS0.desired government sales (inurbat areas)--MT/yr.
 

3SU* urban food 	stock--MT 

;SUD = desired government urban stock level--MT 

The MAX function eliminates the possibility of negative sales. 

3/5/75 
 Inthe event of a food crisis urban prices soar and the government
 

may not be able to sell the amount GSLSD (and perhaps only a small fraction
 

of this amount), 
 Inthat case they may resort to emergency food distri

butions if food stocks are available and ifthe severity of the situation
 

warrants. 
We will tentatively postulate the following relationship for
 

emergency food releases into urban areas:
 

26) EMFDG(t) = MAX[(CG3*GSU(t*TPUND(t) -
TPUNDO)), 0.)
 

where:
 

TPUNDO  a threshold level of nutritional debt
 

TPUND = 
the total perceived urban nutritional debt given by:
 

3/7/75 27) TPUND(t+DT) TPUND(t) + (DT/CG4)*(TANUTD(t)*GDE TPUND(t])
-


where:
 

TANUTD(t) w the total urban nutritional debt computed as:
 

28) TANUTDt) = 	E ANUTDPI t)
 
I
 
the sum of nutritional debts for the several different
 
urban populations. The parameter GDE accounts for
 
government errors 
inestimating nutritional debt,

I.e., GDE > 1 results inoverestimation, etc.
 
Equation (27) also Introduces an exponential lag

Into the estimation of nutritional lebt and CG4 Isthe
 
parameter that determines the length of this lag.
 

4e turn now to simulation of government food confiscations in rural
 

areas GCONR. Consider:
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29) GCONR'(t) = MIN[MAX[CG5*(TPUND(t) - TPUNDI)(GSUI - GSU), 0.3, GCONMXJ
 

This equation says that government will seek to confiscate food in
3/12/75 


rural areas at the rate CGONR' when:
 

a) the perceived urban nutritional debt Is In excess of threshold
 

TPUNDI and
 

b) government urban stocks are below desired value GSU1.
 

The MIN and MAX functions In Equation (29) Insure that GCONRI Is
 

greater than zero but less than an upper limit, GCONMX (MT/yr.).
 

Actual confiscations result from Introducing a lag and a constraint
 

based on the availability of food in rural areas (to confiscate).
 

30) GCONRI(t) 0 if RSTOR < RSTORM
 

where:
 

RSTOR a rural food storage (MT)
 

RSTO4 a minimum level of rural food storage
 

31) GCONR(t+DT) = GCONR(t) + (DT/CG6)*(GCONR
t (t) - GCONR(t))
 

The parameter CG6 determines the length of time that elapses between a
 

government decision to confiscate fcod and the arrival of confiscated
 

This food must then be transfood at a rural government warehouse. 


shipped to an urban warehouse through the mechanism described InEquation (21).
 

Progranrning What We Have So Far
 

3/13/75 At this poir. I'll begin programming the model (even though the
 

structure of the relatively simple market component has not been specified),
 

A good way to review and perhaps refine the structure that has been
 

specified is to begin programming It. I need this review now as It
 

dIffIcult to keep enough of the model In my head to make further development
 



possible. 
 I'll begin programming the government component because it's
 
freshest In my mind. 
 I'll use SIMEXI as a founcation for a FORTRAN-

FORDYN model. 
 The government component will be programmed as a subroutine
 

of the SIMEXI executive.
 
4/16/75 
 Since writing last, much of the model has been programmed in FORTRAN.
 

We now need equations for a market component so the programming can be
 

completed.
 

Market Component
 
A market component is needed to compute actual food transactions
 

among buyers and s 
llers and to compute market price overtime. Specifically,
 
this component must interrelate the Input and output variables shown 
in
 

Figure (14):
 

i 

I 
PFD(t) (urban food prlce)
 

" PFDR(t) (rural food price),
 

sales)
GSLSMt (governmen 
 . MARKET 
 i I1,
2;3UPUR,(t) (urban purchases)
 

GSLSD(t) (desired 
 COMPONENT 
 UDEMl(t) (urban demand)
government salos)
 

RSUP(t) (rur 
 RSALES(t)
 
desired sales) 
 (rural sales)
 

Figure (14)
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4/22/75 The food market price mechanism (a competitive one) Ismodeled by
 

a Walrasian equation wherein: 

32) dPFD(t) = CMI*(DEM(t) - SUP(t) (PFD rban i $dt DEM(O) )*PFD(t) food prce
 

DEM here isaggregate demand given by:
 

3 
33) DEM(t) = E UDEM i(t)
 

I=I
 

the sum of the demands from the several Income classes. SUP(t)is aggregate
 

supply given by:
 

34) SUP(t) = GSLSD(t) + RSUP(t)
 

the sum of government and rural desired sales. Equation (32) says that
 

urban food prices, PFD, move in response to excess demand. The multiplicative
 

term PFD on the right of (32) makes price Increases for a given % excess
 

demand proportional to current price levels (as market behavior indicates
 

should be the case). CM1 Isa constant model parameter.
 

Indetermining the transactions that clear the market several cases
 

arise:
 

a) DEM(t) > SUP(t) (The normal case during a food shortage) 

Inthis c3se sellers can sell at their desired rates and 

35) GSLS(t) = GSLSD(t) (MT/yr., 

RSUP(t) = RSALES(t) (MT/yr.) 

On the demand side, however, buyers are not able to acquire food at 

desired rates. We will assume here that high Income people (by being 

able to outbid other consumers) have top priority Insatisfying their
 

demand. Honce:
 

36) UPUR3(t) = MIN(SUP(t), UD M3(t))
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We further assume that any remaining supplies %Url 
- UrUK3 T)) are
 

dIviaed between consumers 
ingroups 1 and 2 inproportion to their demand

(UDEMI(t) and UDEM2 (t)):
 

UDEM (t)(SUP(t) - UPUR3 (t))37) UPUR1I(t) 1-1,2
 
2 
E UDEM i t) 

The second major case arises when:
 

b) DEM(t) < SUP(t)
 

Inthis case consumers are able to realize their consumption plans and
 

38) UPURI(t) = UDEMi(t) 
 i=1D2D3
 

We will assum 
that actual sales inthe market split between farmers and
 
government on the basis of desired sales: 

39) RSALES(t) - DEM(t)*RSUP(t) 

RSUP(t) + GSLSD(t) (ruralsales MT/yr 

40) GSLS(t) - DEM(t) - RSALES(t) (government sales MT/yr.) 

Finally, we compute rural prices as a 
simple proportion of urban
 

prices thus assuming a constant proportion markup:
 

41) PFOR(t) = CM2*PFD(t) 
 C1 < CM2 < I
 

These equations are readily programmed as a FORTRAN subroutine. In
 
this form they constitute a model component that Interacts through time
 

with the other components discussed.
 

This completes our first Iteration description of the structure of
 
the model. We will now complete programming, assign tentative values to
 
model parameters and Initial conditions and move toward tests of this
 

tentative structure. 
Model tests will undoubtedly lead to detection of
 

conceptual errors and to Improvements which can Improve model 
realism
 

and usefulness.
 




