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"Some General Principles

" of System Mbdeltng

, As dlscussed ln Chapfer 11, the first s?ep in sysfem model!ng ls
Ncareful definition of fhe problem(s) the model ls fo address.-/ This
process ldenflfle§ a number of varlable sets that must be included in th
model. These varlabie sets and thelr de+ermlna+lon are discussed at

length ir. Chapter IT and are displayed here In Figure (1):

- Exogenous
Inputs
Control lable P——————==> Desired System
Inputs Qutputs
=======$’Undeslred
Oufgu+s

Noncontrollable

Inputs

System Design

Parameters

vaarIables Identified as Par+ of the
| Problem Deflnlflon Process

~ Figure (1)

-/Thls Is part of the Feasibllity Evaluation phase discussed In
Chapter I1.



In addition to defining these relevant variables to be included (Insofar
as feasible) In the system model, the problem definition phasT produces

at least a tentative definition of system boundaries. That lsw it speclflesﬁﬂ

what is to be treated as endogenous and what is to be treated ad exogenous
In the mode! and rela*ud analysis. This "system definition" is made In
Iight of the perspective necessary to attaln a useful solution to the  ; .‘
problems belng addressed. Whether or not this system definition leads +0'dd"
a feasible system mode! or not Is a mafTer to be addressed when the model
Is formulated. Time and manpower constraints, gaps in avallable +heory,
etc. often restrict what can be Included In system models. Thls lnferacflon,‘
between the problem definition and the model building Is one of many
1terative loops in the problem solving process discussed in Chapter |1, |
Another useful function of fﬁe Feaslibillty Evaluation phase described

In Chapter 11 Is elimination of factors and approaches not feaslible as

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

Identified for solution. This aspect Is Important because I+ leads to

simplifications in the system model;

Some Baslc Questions to be Answered
Before Beginning Detailed Model Development
Given that the Problem Definition and other phases of the Feaslblll*y
EQaluaflon process have been carefully carrled out (not necessarlly
‘complefed since this Is an iterative procedure), a number of key quesflons
must be answered before detalled model building can begin. These are
dlscussed in what fol lows.
Time Frame. What model time frame Is necessary to adequately study
the relevant problems? Is a static model adequate? |f not, what Is the

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



R B R
, (slmulafed flme) s lnforma?lon ‘needed - from fhe modal? (Dallv. manthivi

k~;yearl5”refc.)
”“l,L, evei of Aggregaflon. Whaf ls fhe hlghesf level of aggr‘ ation fhaf
Twlllvprovlde useable answers ?o *he relevan+ problems? To dIsTaggregafe
'beyond whaf Is needed Is to increase model bulld!ng and operating costs.
| Defining the level of aggregation required will usually shed 1ight on the
klnd of model that Is approprlafe,'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 In the 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 Is often necessary in order to expeditlously develop

and de-bug a large model. Sub-models can be developed and tested independent|y
before Infegraflon into the overall model . Exper!ence has shown that this

Is much more efficlent than affempflng to develop a large model en_toto.
Further, If properly defined, sub-models can be delegated to different

people (wlfﬁ different expertise) for development Independently, This also

can lead to efficiencies and guality In model development. 7

| Model decomposition also can derive substantial benefits from fhé; 

bullding block approach--well defined sub-models can be used In numerous

different model applications. This area of model decomposlflon and fhe
specification of "well defined" sub-models is a very important one, We

will discuss this In more detall In the nex+ sectlon,



Some Principles of Model Decomposition
The Feasibllity Evaluation provides the model bultder wi h a deTaIIed X
specification of the Input and output variables of the overal model. The e
problem hg faces at this point Is the design of a model that wcll producen;'
the specified outputs given the specified Inputs. Decomposition identifies
the relevant system sub-structures that interact to glive the overalf system
Its unique behavior. These éub- frucfures can often be modeled ‘and tested

Independently as menfloned above.

This notlon of system decomposition is {1lustrated in Flgure (2):

- The System

['- 5o
Syston | L
Inputs "g ; —> QZLi
'3;' ‘""?u?fm'
A , ,

" System Decompos I +lon

Figure (2)

The figure shows a sysfem decomposed into three Interacting sub-systems
Interaction takes place through the "interface" variables VIJ--fhe outputs
f
ot the 1M sub-system that act as Inputs to the J*h sub-system, Figure (2)

Is equivalent to the following equations:



0,(f+DT) = f (x'(*), Ay (*), Vz'(f) VB‘CT))

S
-

#ssumlng‘a discrete time system or a discrete time approxlmaflbn to a.
continuous-time system. (Continuous +ime sfafe equations might be
appropriate for (1) In some cases.) |

In Equation (1) X{s X5 and X3 aré the vecfors of state variables for
 sub-systems one, two and three. The functlcas f,, fz and f3 specify the
equations which determine the structural Interrelationships that determine
outputs glvén Inputs for each sub-system. The sub-system outputs which are

inputs to other sub-systems are the tollowing functions of sub-system Inputs
. ' }
and state variables:

[V (teat) = s 10, Vo (0, Vg (1)
J 2,3 .
21 Jum» - fZchzm, (1), V50, Vyott))
o y=1,3

SJ(mw) - f3J<x3<ﬂ, ls(f), v,,m, 53(t)

J = 1 2

éysfem decomposition according to Figure (2) and Equéflons (1) and
(2) has special and useful properties if the structure of each subsystem
Is Independent of the structure of all other subsystems. (This means
that f1 Is Independent of t, and f3, etc.). If we can define a system

decomposition according to Figure (2) and Equations (1) and (2) that has



6

this Independence property then it is possible to develop anA test subsystem
‘ .

~ models Independent of one another. These independently developed subsystem
\

models can then be |inked together through the interface variébles to
produce the overali model cf the system. Subsystems or compoﬁenfs of a
system which are deflned on the basis of the above conditions wiil be
called "well-defined subsystems" or 'wel|-defined components." An example
of this kind of system decomposition taken from a natural system Involving
Interacting flora and fauna in Isle Royale National Park Is shown in

Figure (3).






‘Ah Example of Sysfem Modelling

The purpose of this example is to glve the reader furTnar UXpOsUrY, 10,

 ffhe modelllng process In order to make It easier for him ?o lear _f develop;g

i’rnodals hlmself The subtitle of this-discussion mlgh+ well be "The Dféry

of a Sysfem Model ler" because to be useful our example musf Include fhe |

~ 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’definl-

tion and eventually develop a system modei, if It appears feasible to do so,
which addresses the refined and expandedneeds that become apparent as we

~‘progress through the problem solving process.

| First, a brief work atout the chcice of toplc for this examplé. Three

Avfacfors guided our choice. One consideration Is Its appropriateness as a -
problem amenable to modelling. A second is its relevance to aAreal‘world1

:~pfoblem worthy of Investigation. The third was sufficient familiarity with

';%he;subjacf matter of,fhe-problem‘fo_mak¢7§+udy,feasible,‘

Primitive Need Statement and Problem Defini+lon
With food shbrfages on the horizon for many overpopulated counti-tes due
l;+o shortages of basic foodstuffs and ferti!izer on Qorld markets and potential
erratic 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 thelr people. In ?hlnklng further about this problem It is clear
that in the event of a fbod crisis the range of actions by government and

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

might be:


http:governmer.ts

Davelopnent of ‘emergency food  stockp! les by’ governmant dur ing "fat"

years 5

36§§8j66men+36f'éméfgéhc§ f§6a Féégfyééfbyiﬁ;iJSféifhh!Qfdd;iSfddrfq§ f{
} “f5+“ yéafs. | . R | |
  6§§ernmenf,lmporfs of foodidurlng a food emergency (a course of ,
';acffon that would probably be Iimited in scope by worldwide shorfages)‘
ﬁi Qovérnmenf confiscation of domestic food for redistribution during

'dhlémergency. This type of action can help soften Thé impact of

»f;fheﬁérisis upon peoplé who are parflcularly vulnerable. (It's really

ftﬁﬁQf;faiF to Include this aspect of the problem at this point. This

’vfballcy,ac?lon was thought of af a later point in the modelling process

‘léwheb.a‘causal mop of system interrelationships was being thought

"fﬁf0ugh and developed.)‘

Quf+é clearly there is a relationship between food reserves availatle
before a crisis and the human misery and starvation that result from acute.
food Qhorfagé. I+ is also clear that there are penalf!es associated wifh
these food reserves--increased food prices and lowered standard of living
during "fat" years and assoclated political repercussions, costs of hol&!ng
snd managing food reserves and other significant factors that may become appar-

| éjf for incluslon in our thinking later. A sysfem model might welf be helpful
k‘fl; exploring some of these trade-offs.

In thinking about this problem over a perlod of several days some other
aspects became clear. In developing countries with strong tles to the rural
sector still in existence, (where food crises are most likely) we can infer
some things about {ikely occurrences in the event of food crisis. It is
clear that during times of food shorTagq,prlces would soar and many middle

to low Income people with rural family ties would either back migrate to



rural areas where food supplies are more abundanf 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 péople without rural family fiQS“A;‘
In an extremely vulnerable position. It is this latter group that stand
"imosf In need of external assistance from government, etc.
| With about tnis level of understanding of the problem work began on a
sémewhaf more specialized but related problem. As part of a graln management
~ system mode| for Korea, the author developed a model of urban food grain
demand, storage, consumption, nutrition and the Impact of malnutrition upon
’morfalify rate. This work contributed to increased understanding of some of
the details of the problém and serves to Illustrate the point that the past
experiences of the model builder provide him with raw material for develop-
Ing new modefs. The contributions of this particular mode! building exper-
‘Iencé 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"
sysfem model might play, a causal map df fhe»maJor sysfem.injérac+lons was

developed to explore further the feasibllity and usefulness of a system

mode! for this problem.

»

A Causal Map for the System
Ohe purpbse for constructing a causal map of the systenls maJor‘Infer-
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 feasibl-
I'1ty was not answered and more exploration was necessary. Another benefit

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



2undersfundlnq of fha problem and deeper lnslghfs 'ﬂfo i

tem: behav!or.jiThg
:cauqalfmap of Fiqure (4) was’ developed ln an hour or‘fwo Infefspersed wlfh
exfended perlods of menfal rumlnaflon (rumlnaflon for lllumlnaflon!) '
o Cen?ral In +hls map of system Interactions is urban-rural migration

‘ Induced by deteriorating nutritional conditions in urban areas. There ls,'

ln facf the posslbllify of an unsfable feedback loop:

5
k Starvation and death for low income
S urbanites without rural family tles

}uyqban‘malhufriflon‘ }~—¥¥—-——4E>' urban-rural migration

 Reduced farm market ngs ‘45—-- increased, pressure on rural food
o | - supply
‘This serles of Interactions could lead to hoarding in rural areas, a dry-
lné up of farm food marketings, starvation and death for vulnerable urbanites
and rampanf disorder and food fheff. Thinking along these |ines Ied to
fhe |nslgh? that government conflscaflons In rural areas, albeit a drastic
measure, mlghf be an Important means of achieving a more equitable distri=-
bufldn of féod and reducing the total impact of a food crisis. Further
thinking 5bouf government food acqulsltlonland distribution led to the Insight
that lags Tn‘lnformaflon and action could be disastrous. With pevple shifting
" rapidly between urban and rural areas-(and at times perhaps vice-versa In
fh; net) It would be very easy to have food at the wrong places with respect
to food needs. In develuping this causal map it also became clear that there
were other variables not Included in Figure (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 resources to increase the food supply.
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. Consumer income-Ciééééé
. Food theft.
", Other sources 6f tdéd;fi;e;ﬁwOrkfanimals;pdtheréanlmals;rseédfforf
| planting, etc. |
. Government delays ln food acqulslflon and dIsfrlbuflon.,f
e Effecfs -of shortages of ofher nufrl*!onal elemenfs besldes calorles,, k
:1.I.e. protein on human well-belng and morfallfy.
; 'Geographlc location of food stocks. |
+ Costs of "preventative medlcine"-;poilflcal dfsfavor, rising rood
“ prices, Increased foreign exchange deficits and perhaps others.
“V’(July 25, 1974, I2 00 noon) |
(July 25, 1:30 p.m.) Where do we go from here? A couple of hours,
soms Jogging and lunch have passed into history since writing the above
on the causal map and related insights. At this point we could exfol the
benefits of exercise and relaxation for creative enferprlses but let's Just
say that a couple of things have come into focus since last writing that
wlll ‘help In providlng direction at this point. First, I'm qulfe confident
af’fhls polnf, from +he foregoing that a sysfem model for this problem Is
%@llyworfh developing further. 1| also havé a new appreciation for the compléxf'
Ity of the probiem and the model that will be required to cope with it |
adequately in particular countries. Clearly such a model is not feasible
tor our example here. | also am of the opinior 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
emphaslzes major interactions and omits selected detall. 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 cecision is made at
this point to go ahead with a simplified system model that omits selected
detail on the basis of judgement and the besf information available., At
this point we are also faced with the decision: how much outside expertise
do we seek for this example model? Whiie on the basis of my background | am
- fomillar with many aspects of the problem--including food production, distri-
Bufion, consumprion and general demography, there are areas such as human |
nutrition in which my background is quite weak. For purposes of fhls‘éxampie
where and to what extent should | seek expert asistance? (July’25;,3:00 p.m.)
(September 3, 1974) Some vacation and parflcipafibn in a lot of other
matters have elapsed since writing the above. | will summarlze‘brléfly what
has taken plaée on this projecf‘slnce,July 25. Firstly, the decision w§s
made to seek some expert help In the area of human nutrition/malnutrition
befcre proceeding further Q}fh our model. | felt (again on the basis of
past experience) that a few:hourS-spenf this way would pay significant o
dividends Iin terms of'quél qqéli?y‘énd credlbll!fy. While my experience is .
far from an.lnfa!liblegulde;fff led to some useful and Inexpensive ihsighf§5
‘;;lh'fhlsmcase.‘ | o |
A ffiend on campus who is an expert in physiology provided important
observations and some basic journal articles dealing with effects of malnu-
?&lflon on human beings. To summarize the key Issues that affect our problem,
It turns out that a mode! that deals with both calorie and profein'difflclen-'
. cles would be significantly better ‘han one dealing only with calorle deflclen;.
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



probiem should include both calorie and protein defi¢lencies as dependent
variables. Another signiticant point that emerged from fhfé curserAstdy‘ '
was that there are some serious non-fatal consequences of malnutrition in young
children. Specifically, permahenf damage to the central nervous system can
result from severe but non-fatal malnutrition ln’young children. More than

90¢ of brain developmehf fakeg place in the first four years of Iife and |
ifreparable damage can be done by malnutrition during this critical period

of growth. Clearly a model for this problem should seek to comoute ﬁufr!-:

tional intakes for young children as endogenous variables.

Problem Cefinition Revisited ;

S Modallng of these aspects (proféln intakes and nutritional ln?akes of?
- young children) requires a good bit of model detail but appears to be:a
feasible undertaking. Thelr inclusion here in an example model IS no+ .
feasible howevef. We will focus our attention here on a three sector model
including rural, urban, and government decislion makers. The mode! willl
include only calories as the measure of nutrition and will not disaggregate
popula?lons.by age and sex. Gtven 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 Flguré?s
 (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. 546)
we might find that an additional sector or two will be required as the model

develnps but will start with these.



A General System Block Diagram

Figure (5) represents tha first Iteration of a genera! sysTem plock
diagram. The purposes of this diagram are:

. to explicitly define model components in férmS‘ofifhelrﬂlnoufﬂand

output variables.

. to explicitly define the lnferacflons among model componenfs ln

| fferms of specific variables. |

;“fo explicitiy define the model_exéégndﬂs_vartablééjandﬁfhalh*pcjnT{S)v'

»‘}of fmpac? upon the system. ‘

. _*o explicitly define policy varlables (confrollable inputs) and

‘ﬁfhelr pcint(s) of Impact upon- fhe system.
« Yo explicitly define the performance variables 1o be qsed py3dq§i$i§n
makers to evaluate system performance. SUEL
~ Note that this diagram Is really a more detalled verston of The "sys?em ,

ldenflflcaflon" diagram discussed Ln Chapter il.

(November 12, 1974) Back to this after devoting aftgpt[gqﬂtq mady o?her
aéffvl?les., (You can tell that this brojecf Is at the bottom of the
rpriorlfy list much of the time.) After re-reading the above relating to
fhis food supply example It became.clear that the block diagram of Figure
(5) should include variables which provlde measures of malnutrition by

Income classes particularly in urban areas. It is also clear that we should o

dIs-aggregate the urban population according to whether or not people have
rural tles that will provide tnhem food in event of emargency. Changes were
made in Figure (5) to include these factors (November 14, 1974). Another
point that Is becoming clear is that our model will require one or more

new components. One, a "market" component, tc provide #ood I inkages among

sectors and to generate market price of food and perhaps another to provide



:;”5The rural sector model

s fThe‘qrban sector model

;ﬂ;fTﬁé;gbVernmenf sector mode!

;;j:A;hafkef‘model

. Pébhaps a comﬁonenf for 1h+erfaclng migration flows

" We Qlll.affémpf 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 siﬁpllfy somewhat) We
recognize that our understanding of the problem is Itkely to Improve and
that we may make further modifications in our problem definition or In

Figure (5).

Defélled‘Model-Developmenf--A Beginning
Let us.begln defailed mode| developménf with the urban sec*or'(because
most of the vulnerable people in the event of food shortage probably reslde’
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
1) take as Inputs overtime the variables Indicated In Figure (5),
11) produce the urban sector output variables over time (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 popuiation dynamics. We have essen-

tlaliy four urban populstions with which to deal:
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‘ fi}lj;Lowerancome wlfh no. sfrong rural family *!es.\

jfﬂgéiﬁ;Lower lncome wlfh sfrong rural famlly ties.

:   35é;Upper lncome with no sfrong rural family tles.

“;4)T'Upper income with strong rural family ties.
The equations which describe the population dynamics at this level ot
aggregaflon are sfralghf-forward. in terms of first order dlfference
equations, they are:

1) PUS(HDT) = PU, (1) + DT#(BR (1) + MIGIN,(+) - DR (+) = MIGOUT, (1))

i
| '-wherq:

th cafégbry (1 =1, eavpy 4)

PU' = Urban population In |
 ( BR = Birth rate--persons/yr.
DR = Death rate--persons/yr.
" MIGIN = in-migration (persons/yr.)
"~ MIGOUT = Out-migration (persons/yr.)
Tﬁe biffh'réfes are functions of population sizes and per capita nutritional

levels and can be approximated as: 1/
o [PCONSU' RNUTP']

RNUTP J]] 0.1, By IR (1)

2) BRi(f) = MIN[MAX[(B1'(I + BZI*

74
© . . -wharsg?

B‘i‘- the normal birth rate for the Ifh populaflon<af normal
levels of nutritlion--proportion/yr.

RNUTP' = normal nutritional requirement for urban people in
the ith category--MT (grain equivalent)/person-yr.

PCONSUl = actual nutritional Intake of people In lfh urban
population--MT (grain equivalent)/person-yr.

l/ldeally, BR should also be lagged to account for lags between
nutritional levels and birth rates. While this is easy to do, we choose
not to because this effect is of secondary importance and we choose to
omlt it for simpliclty.
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B | = % change In BR per % change in per capita nutrition

| Thls birth rate function is shown In Figure (6) below:

MIN, MAX = "minimum" and "maximum" functions, resperlvely
BR

”fPCQNSQiT;
Flgure (6)

The death rate, DR', is also a functlion of nufrltlonalvlevels~6r;
more precisely, the accumulated nutritional defici+ per caplta. It has

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

computed as: .
3) DTESMl(f) = MAX[(PDTH(ANUTDP,(?)) - PDTH(ANUTDPI(f-DT))) PU‘ff);,O]”
where:-
DTHSM‘ = deaths in population | In time Interval (+-DT,+)
ANUTOP = average nutritional debt per person-MT grain/person
The variable PDTH(ANUTDP) Is the cumulative probabillty of death at a glven

level of nutritional deficit, ANUTDP, and has the general shape shown on the next

page In Figure (7).

l/Manefsch, T. J. "Consulting Report cn Grain Management Mode! and
Systems Science Tralning Based on a Field Trip to Seoul, Korea. 16-29

June 1974," Consulting Report. Seoul, Korea: Korean Agrlculfural Sector
Simulation Project. June 1974,



11/19/74

© PDTH, = probability
Ry of‘deafh

- ANUTDP, (MT grain/
person)

Figure (7)
Equation (3) is valid for modelling a single food crisis and the resulting

Impact upon deaths. It Is not valid if, for example, the nutritiona
debt (ANUTDP) decreases then increases again. More elaborate models
are needed to handle these more general situations.

Given Equation (3) we can write an equation for the total death

rate, DR', In Equation (1),

4) DR}(?) = DTHSM, (+)/0T +‘DRo,uPu (t)

|
Here DRO' I's the normal proportion of deaths per year (in absence of

mainutrition) and DT is the time increment used in the simulation moc

‘We also need to compute total deaths due to mainutrition:

'5) TDTHSM'(f+DT) = TOTHSM, (1) + DTHSM|(f)

i
We'll postpone development of equations for the in-and out-migration
variables until more of the basic mode! structure Is in place and turn

our attention to modelling of nutritional intakes and nutritional debts.
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Nutritional debts per-capita, ANUTDP, , are cbmppfeq-by:
6) ANUTDP, (++DT) = ANUTDP, (1) + DT(RNUTP,‘;'PQQNsuf(f))
where:
RNUTP‘ = nutritional requirement per capita in i*h Lopula?lbn
~group--metric tons (grain equivalent) per person

per year

=BONSU‘ = consumption per capita in I*h population group--
‘ metric tons (grain equivalent) per person per year

ANUfD? has uni+s 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 perlods of time. We can wr}fe: -

'7) PCONSU, (1) = RNUTPN, (+)#FU1,

Where RNUTPN‘ is the normal (in absence of malnutrition) required food
intake per person and FUl Is a function (> 0) depending upon the size of

private food stocks. FUl has the form shown below:

FU1

, USTORE, (1)
0 YDSTOR = ,05 — RNUTR*POCT)

: ,|
L
v

Flgure (8



=

13/5/74 The paramefer YDSTOR is fhe normal deslred storage level" of rban people

”"measured in years of consumpflon. (Usually *hls wlll be on f e order of

12/6774

.05 lndlcaflng fhaf famlltes want to keep on hand something | ke a two

week supply of food.) The varlable USTORE (f)/RNUTP'*PUi(f) gas the

.units-years and represenfs the portion of year available food sfocks

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

'Equaflbn (7) say that when available food supplles drop below nqrmal;

levels consumers begin to cut their consumption.
Urban food storage, USTORE', is computed as: |
- 8) USTORE, (+4DT) = USTORE, (1) + DT*(UPUR‘(f) - CONSUi(f) +fEMFD‘(f))
where: ‘
UPURI = urban purchases (MT/yr.)=-from market model!

CONSU, = PCONSU, (f)*PU () = total consumption of i1h

urban population group--MT/yr

EMFD' Emergency food from governmenf or private sources
(Determined in other components of the model.)

Af fhls point, even this urban component model is beginning to get
complex enough to warranf drawing a biock diagram to ald In seelng
Interrelationships and to assist In further development of the componén*
and linkages with other components. In Flgure.(9) we dlagram the relation-
ships developed thus far in solid Iines. |

After drawing the block diagram for Equations (1-8) we developed the
rest of the structure of this model component. They appear in dashed
Ilnes in Figure (9). The primary objective here was the dnvelopment of
the necessary equations for computing UDEM‘(f), the food demand of the
I*h urban population group. This variable enters the market component and
affects the purchases (UPURI) the l+h group makes in the market. The

fol lowing equations compute urban demand as a function of appropriate
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ﬁvarlableu (ar thls polnf lf appears ha iidc@ﬁe;ffoad?bnléé:1hd+ﬁi+|ansrﬁ

dtoraqo deflclfslare "éppropr“awéﬁ);«
“%beqin by catculaflng urban demand ln the absence of ak lncome
nconsfraln+"UDEM'(+) (under exfremely adverse conditions peoqle may- nof
?be able fo buy the: food they need because of Inflated prices)..

9) UDEM;(f) = (RNUTPI + UKl*ANJTDP'(+))PU (+) + UK2#(USTORD(t) -

. USTOR, (1)) - EMFD, ()

‘whgre:
RNUTP; = required nufrltlon--MT/person;yf.
ANUTOP, = nutritional debt--MT/person

UK1 = rate at which consumers wish to reduce nutritional
~debt=--/yr.

PU' = urban population--persons
USTORi = urban storage~-MT
USTORD, = desired urban storage--MT
| EMFDI = emergency food recelved--MT/yr.
Daslred urban storage is given by:
10) USTORD, (+) = YDSTOR*RNUTP,*PU, (+)
',.where YOSTOR is the proportion of a year's consumption consumers
A wish to'have on hand at any given time (= ,05 years).

12/9/74 Glven UDEM; we now Introduce the effect of avallable Income upon
;fdod demand. At least initially a straight forward approach will be
~taken. Consider:

1 UDEMl(f) = UDEM!(+) If UDEM;(?)*PFD(f) < UK3

] |
= UK3*A|NCl(f)/PFD f UDEM;(T)*PFD(T) > UKS'*AINC'(f)

*AINCI(f)

where:

UK3, = the maximum proporiion of avalilable income that can
be spent on focd .

AINC, = available income of i™ class  $/yr.



This says that a total food demand for the ifh population groﬁp is
Inelastic until an income constraint Is reached. Demand falls directly
with the ratio AINCI/PFD as *he income constraint is exceeded.z'

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
8 substantial impact in making scarce focd 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 populafionrg
(apart from normal attrition). An appropriate equation for modellng’wy
this effect is of the form:
12) RNUTP, (1) = MAX[(RNUTPN' - UK4*ANUTDP‘(+)), UKS]
~ whare:

RNUTPN = the normal nutritional requirement, MT/person-vr.l/
(when the nutritional debt Is zero)

UK4 = the change in nutritional requirement per unit of
nutritional debt (MT/person-yr.)/(MT/person)

UK5 = mintmum nutritional requirement M7/person-yr.

This will csnclude our discussion of the urban component for the t+ime
being at least. We may find that we'll have to modify this part of the
mode| later as things develop. We'll next consider the rural compenent
because It will be easier to consider government and market components

after the urban and rural components are structured.

l/MT = metric ton grain equivalent (lest thee forget)
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The Rural Component

The rural component includes production and sales as wall as consumption
and storage functions. We'll begin by developing some of the Sfruc?ural

}elaflonshlps In a block diagram that can be readily transiated

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

into model

be disaggregated (if at all)? The need to disaggregate by Income classes

Is not as pressing as In the urban sector since rural people are not as
vulnerable to food shorfages as are urban people. |f there are a slgnlf!can+
number of rural people who would be unable to feed themselves In the event of
bad crops, then this type of disaggregation would be important in our parfl“ular

problem. ‘At this point we'll make the s!mpllfying assumption fhaf There Is

buf one rural population,

The rural component block diagram is as shown In Figure (10}, We began

‘f'by drawing the structure that is Identical to that of the urban component.

‘That Is the structure relating to food sterage, consumption, nutritional debt,

deaths due to malnutrition and population dynamics. Next we developed a slmplev‘
mechanlsm for produc!ng food (upper left portion of Figure (10).) This mechanlsm:
provides a seasonally fluctuating harvest (PROD) the magnlfude of which is a
function of area planted in two commodities (Al and A2) and the ylelds of

these commodities. Distributed delays DEL, and DEL2 are used to produce’

harvesfs whlch 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

TH1, TH2 = tire of start of
harvests one and two

THI  TH2
one crop year

L 4
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1/6/75

1/9/75

f29f[}:

In Korea the first peak would correspond to the barley harvest and.the
second to the rice harvest. .In both crops we can introduce the Impact
of weather or other factors by writing appropriate equations for the
yield variables.. |
Now comes the hérder part, How ao we develop equations that wil|
’Slmuiafe the behavior of-rurél people under conditions of food shor?age?»‘
Specifically, we must develop model sfrucfu}e that will:
| 1) Describe how rural people react In meeting the food needs of
+heir relatives |lving In urban areas.
~ 2) Related to 1), determine the quantity of food rural people
are willing to sell on the market.
After gliving some thought to 1) and 2) above, it seemed reasonable
to assume that rural famllle; would meet at least part of the food needs
“of thelir urban relatives before selling any surplus Into the commercial
We'll tentatively speclfy the following equations:
IB)N EMfSUl(T) = MAX[(FRI*(RK{*(PANUTD' - RNUTDP)

+ RKZ*PURND'('I'))PUI(H), 0.]

where:

, EMFSUl = emergency food sent by rural people to relatives |

the 1th urban population group~-MT/yr. (1=2,4)

FR1 = a function similar to FU! that reduces food.shlpmenfs
when rural stocks are low

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

PANUTDI = perceived nutritional debt of urban people In l*h
population group (a lagged version of ANUTDPI)--
MT/person

PURNDl = perceived rate of change of nutritional debt of urban
people In ithpopulation group (MT/person-yr.)--this
Is an estimate of the difference between urban
nutritional Intake required and actual Intake.



30

1
1

PUl = number of people in the i*h urban population ?roup. (i=2,4

RK! = a parameter > 0 that determines the extent to!which rural
people seek to reduce the nutritional debt of\fhelr urban
relatives : \'

RK2 = a parameter thati determines the extent to which rural

people alleviate the perceived shortage in nutritional
Intake of their urban relatives (0 < RK2 <n

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 thelr urban relatives. The MAX function in this equation bullds
In the assumption that no private emergency food'flows from urban areas
to rural areas.

1/10/75:;" Now we consider modéllng the behavior of rural people in supplyling

“kfood to the commerclal 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) unti| fhé next harvest period

>2‘) the current market price of food, and

3) lf§ rate of change.

iWo'll begin by considering the following equation for the most part
taken from the Korean agricultural sector model;/

1/13/7% « At least tentatively we'll take rural food supply as:

14) RSUP(1) = MAX[RF2% (RSTOR(+) - RSTORD(+)), 0.]

where:

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

1/

—'G. E. Rossmiller, et al., Korean Agricultural Sector Analysis and
Recommended Deovelopment Strategies, 1971-1985, Michigan State University,
1972 (pp, 136).




T§17; 
‘RF2 =3 function (bdsSIbjy;dependéhfﬁhbbd bflc&:bﬁa'l+s’h§¥é'§
" . of change) R o S
"RSTOR(H) = rural food storage--MT
RSTORD(+) = rural food storage desired--MT (a function of
. consumption needs, time until next harvest period
and market price--see Equation (15)),
 Th|s equation says that rural families will sell excess food (above what
VS needed to supply themselves and possibly their urban relatives until
fhe 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
tood storage of rural people, RSTORD. A tentative relationship is given
as Equation (15): |

15) RSTORD(t) = ((RNUTPR(t) + 1,*RNUTDP)¥PR(+) + EMFDSU(+))¥FR3#

TTSH(t)

where:

RSTORD = desired food storage of rural people--MT
RNUTFR = rural nutritional requirement (MT/person-yr.)

PR = rural population--persons

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

FR3 = a function of food price that Indicates the willingness
of rural people to reduce food intake when prices are hig

TTSH = total time (in fractions of a year) remaining unti|

the start of the next food harvest (when more food will
become available),

1/15/75% In words, Equation (15) says that rural people desire In storage
enough food to last themselves and thelr urban relatives (at a level of

support specified by EMFDSU) until the start of the next harvest period,
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|
This storage 1s also o (probably weak) function of market prices. The 

K

function FR3 has the general shape shown in Figure (11):

FR3

8f- - - -

PFD
- BFON

Flgure (11)
iff""‘,ﬂ'rho;‘lndependenf argument of this function Is the ratio of cdrréh1
fbod prices to "normal" food prices. -

The variable TTSH is simply the minimum of TTSH1 and TTSHZ,. the

times to fhé.sfarf 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 component. In accordance 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 In extreme
clrcumstances. The component must allow for delays in focd transport
and In [nformation flcws. |t must also compute government financlal

variables Important In determining its transactions in food or important
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as criteria for decision makers to evaluate. A block dlagram describing
some of these interrelationships appears in Figure (12). (We choose to
begin our modeling of this component by sketching in bloqk diagram form
a set of intcrnal relationships that will lnferrelafe the government |
sector inputs and outputs shown in Figure (5)), |
1/24/75 ~ There Is a hierarchy of government declsions to be modeled speclfically
V ln the component, - (The model.should, however, permit the model user to
éxplore a reasonable range of alfernaflve decision rules). The hlerarchy
of decisions we must model consists of the following:.
1) Determination of food import orders as national needs and
resources dictate. ‘
25 Decisions.whlch 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 in times of extreme emergency.
We must now develop explicit mathematical relationships to model these
decisions.
Consider first the decision determining the rate of food import.
16) GIMPO(+) = GIXGSTKD(t) -‘GSTK(T) - GPSTK(1)) + GNSLS(t) I+ GBAL > 0
=0 © 1$ GBAL < 0
where:
GIMPO = Import orders (MT/yr.)
GSTK = government food stock (MT) on hand (sum or rural sTOCK -
GSR plus urban stock GSU) o
GSTKD = desired level of government food stock (MT)

GPSTK = government stock In Import "pipeline"



2/24/75

»

61 = a funcflon with general shape shown in: Flgure (13)

GNSLS 2 normal domestic government sales and/or. releases

(MT/yr.
%
1 _._ __ _ RO .—-—--maxlmum tmpor‘r rate
e AR
! . , :
 EEE
e
Aiim ?
S

(GSTKD = GSTK = GPSTK)

Figure (13)

Thls‘reiaflonship orders imports whenever food stocks fall below desired
quels. I+ also prevents importation when government resources (GBAL)
do_nof permit, A question here Is "how is desired stock level, GSTKD,
determined"”? The answer depends upon how the government values reserve
stocks of foed. Ideally substantial reserve stocks are desirable for
future emergencles--buf 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
deslired stock levels are fixed at some point that reflects compromise
béfween.fhese conflicting factors. Tﬁerefore we take:

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

Given Import orders as determined by Equation (16) we Introduce the
Importation delay by means of a distributed lag. GIMP, government Imports--

MT/yr., 1s therefore computed from:
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18) CALL DELAY(GIMPO, GIMP, Ri, DELIM, DT, KIM)
DELIM represents the total delay between the sending of orders for importec
food and the arrival.of food iIn government warehouses in rurai areas
(presumably near ports).
Given GIMPO and GIMP as computed above we can compufa‘+he»govarnman¥fi
"pipeline" stock (needed in Equation (16)) as: -
| 19) GPSTK(++DT) = GPSTK(t) + DT*(GIMPO(t) -~ GIMP(t))
GPQTK Is the quantity of food ordered but still in the "plpeline," that
ls,.ln the process of being delivered to government warehouses.
Government stocks in rural areas are computed as:
20) GSR(++DT) = GSR(T) + DT(GIMP(+) + GP(t) + EMFINT(t) + GCONR(T)‘V
- REMFDG(t) - GSRU(t))
| where:
GSR = government food stocks in rural warehouses (MT)
G!MP = food imports arriving at government warehouses (MT/yr.)

GP = 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.)

Wzimusf define explicitly (mathematically) each of the above (GP, EMFINT,
ceey GSRU). Let us begin with GSRU. Normally food flows from rural to
urbun areas to meet the needs of urban consumers, Hence we expect that
food not needed to maintain rural stock levels Is rapidly trans-shipped
to urban warehouses for release through (normally) private marke*lng

channels. We will therefore take:



2/26/75

2/28/"

57

| 21) GSRUGH) = MAX[COI®(CSR(H) - GSRD(H)), 0.1

GSRD. Is the desired government rural stock level and the' parameter CG1

determines how rapidly the bureaucra+ic deﬁislon brocess resb nds in
making stock adjustments. It can also account for lags In pr Fesslng ahd
handling. The MAX function prevents shipments from becoming nLgaflvev.
(an: Impossible condition).

We use a dlsfrfbuféd delay to model the transpart datey In shipping
food to urban warehouses so GFRRU (food received at urban warehouses) is
calculated from: B

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

Before going further into government decislion making determining
food flows we w]ll develop equations for government food stocks in urban
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 In urban areas (MT)

GFRRU = government food shipments recelved from rural warehouse
(MT/yr.) _ .

GSLS = government sales into urban markefé (MT/yr.)
EMFDG = government emergency focd released to urban area
24) GBAL(+4DT) = GBAL(t) + DT*(GSLS(+)#PFD(+) + GFREV(t+) - GlMP(fsn
| PWLD(+)*ER = CHI*(GSR(*) + GSU(t)) = GP(+)*PFDR(t))
there:
GBAL = government balance In food account=-Won
GSLS = government sales in rural areas~-MT/yr,

PFD = food price in urban 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 lnven}ory--WYMTéy
GP = government purchases--MT/Yr.; e
PFDR = rural food price~-W/MT, vv | | |

Before going further we must establish a rpéSénable and»;qns!éfahfi
strategy for government fo follow In determining: =

1. Food Imports (GIMP)

2. Sales Iinto urban markets (GSLS)

3. Emergency food distributed Into urban aréas (EMFDG)

4, Emergency food distributed Iq?o rural areas (REMFDG)

5. Food confiscations In rural areas (GCONR)

6. Government food purchases (if any) in rural areas (GP)

A "reasonable" approach would.be one adapted to the seriousness of
the domesflélfood situation--relatively normal market operations when;' 
the domestic situation is near normal going to mere drastic actlion only
when serious food shortage dictates.

3/3/75 We hava already tentatively specified a relationship for government
Imports (Equation (16)) consider now government sales GSLS. Normally
the objectlive of tte government will be to mive food into urban areas
where [+ Is needed (apart from short run strategies to reduce seasonal
price fluctuations). We will therefore take government desired sales,
GSLSD, as some proportion of the urban stock leve! In excess of a desired
valua., (Desired sales are In general different from actual sales because
of the fact that the government may not be able to sell all it wishes at

prevalling prices).



25). GSLSD(H) = MAX[CG2#(GSU(H) = GSUD), 0.]
o Eéyspif}dqslredJgovernﬁen? saJ§sf((ﬁ ﬁﬁbé3;§E;£§f¥1ﬁT/fF{} 
asu = ‘urban food stock-oMT g
§§UD”:“deSIréd governmen+ grbahf§+6ék,1699|;¥MT
ThgiMAkffuﬁcflbn eliminates the possibllity éfvnegaflve sales.

3/5/75 = ;  - jn the event of a food crisis urban prices soar and the government
>may not be able to sell the amount GSLSD (ﬁnd perhans only a small fraction
| of this amount). In that case they may resort fo emergency food distri-

butions if food stocks are available and if the severity of the situation
wgrranfs. We will fentatively postulate the following relationship for
jemergency food releases into urban areas:
26) EMFDG(t) = MAX[(CG3#GSU(+)*(TPUND(t) - TPUNDO)), 0.]
where: ‘ '
TPUNDO = a threshold level of nutritional debt
~ TPUND = the total percelved urban nutritional debt given by:
3/1/75 2 TPQND(++DT> = TPUND(t) + (DT/CG4)#(TANUTD(+)#GDE - TPUND(t))
”'where:‘
TANUTD(t) = the total urban nutritional debt computed as:

28) TANUTD(t) = £ ANUTDP,(?)
i

the sum of nutritional debts for the several different
urban populations. The parameter GDE accounts for
government errors In estimating nutritional debt,
l.e., GDE > 1 results in overestimation, etc.

Equation (27) also Introduces an exponential lag

Into the estimation of nutritional debt and CG4 Is the
parameter that deiermines the length of this lag.

Ye turn now to simulation of government food confiscations in rural

areas GCONR, Consider:
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29) GCONR' (1) = MIN[MAX[CG5* (TPUND(+) - TPUND1)(GSU1 - GSU), 0.], GCONMX]
3/12/75 This equation says that government will seek to confiscate food In
| rural areas at the rate CGONR' when:
a) the perceived urban nutritional debt is In excess of threshold
TPUND! and
b) government urban stocks are below desired value GSu1t,
The MIN and MAX functlons in Equation {29) insure that GCONR' Is
vgreafer than zero but less than an upper Iimit, GCONMX (MT/yr.).
Actual confiscations result from introducing a lag and a constraint
based on the avallability of food in rural areas (fo confiscate).
30) GCONR'(t) = 0 if RSTOR < RSTORM
where:
RSTOR = rural food storage (MT)
RSTORM = a minimum level of rural food storage
31) GCONR(++DT) = GCONR(t) + (DT/CG6)#(GCONR'(t) - GCONR(t))
The parame?er'CG6 determines the length of time that elapses between a
government decision to confiscate fcod and the arrival of confiscated
food at a rural government warehouse. This food must then be trans~

shipped to an urban warehouse through the mechanism described in Equation (21),

Programning What We Have So Far
3/13/7% . At this poir.t 1'11 begin programming the model (even though the
structure of the relatively simple market component has not been speclfied).
A good way to review and perhaps refine the structure that has been
speclfied Is to begin programming it. | need this review now as It

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



possible. 1" begin programming the government component because it's
freshes+ In my mind. 1'|{ yse SIMEX! as a founcation for a FORTRAN-
FORDYN model. The government component will be programmed as a subroutine
of the SIMEXI executive. |

4/16/75 Slnce writing tast, much of the mode! has baen programmed In FORTRAN
We now need equa+lons for a markef componenf so the programming can be

complefed

Market Componenf »
A market component Is needed to compute actual food fransac#lons
among buyers and sellers and to compute market prlce ovar flme. Speclflcally,
this component must interrelate the input and oufpuf varlables shown In

Figure (14):

T2 PRD(E)  (urban food prlce)
Ao --—> PFOR(+) (rural food pr!co)

GSLS(t) (governmeqz;_

sales) 1.2 3UPUR,('I') (urban purchases)

MARKET 1.2
r?""""“'UDEM,(f) (urban demand)

GSLSD(1) (desired COMPONENT
N
government salus)

‘RSUP(+) (rural | L RSALES(t+)
desired sajes) (rural sales)

Figure (14)
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4/22/15 The food market price mechanism (a competitive one) is ﬁ?deled by

a8 Walrasian equation wherein:

dPFD(E) DEM(+) - SUP(+)
ar = M =—510)

32) ) *PFO(+) (PFD = {ban food price $

DEM here is aggregate demand given by:
3

33) DEM(1) ='ZIUDEMI(T)
the sum of the demands from the several Income classes, ”SUng)xls aggregate
supply given by:

34) SUP(t) = GSLSD(t) + RSUP(t)
the sum of government and rural desired sales. Equaflén (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 glven % excess
demand proportional to current price levels (as market behavior indicates
should be the case). CM! is a constant model paramrfer.

In determining the transactions that clear the market several cases
arise:

a) DEM(T) > SUP(t) (The normal case during a food shortage)
In this case sellers can sell at their desired rates and
GSLSD(+) . (MT/yr.,
RSALES(t) (MT/yr.)

35) GSLS{t)

RSUP(+)

it

On the demand side, however, buyers are not able to acquire food at
déélred rates. We will assume here that high Income people (by beling
able to outbid other éonsumers) have top priority in satisfying thelr
demand. Hence:

36) UPURB(T) = MIN(SUP(t), UDEMS(f))
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We further assume that any remalhlng supplles \SUFLT) = UPUKS(T)) are
dlviied between consumers in groups 1 and 2 in proporflon to thelr demand'

(UDdW1(f) and UDEMz(f))

UDEM, (+)(SUP(+) - UPURg(1)) o
37) UPWR, (1) = . 1=1,2
2 , e
T UDEM, (+)
=1

'Tﬁé second major case arlses when:
b) DEM(t+) < SUP(t)
In this case consumers are able to realize thelr consumption plans and
38) UPUR, (+) = UDEM, () | - i=1,2,3
We will assumy that actual sales in the market split between farmers and

government on the basis of desired sales:

. _DEM(+)*RSUP(+) |
39) RSALES(t) RSUP() + GSLSOTE) ~ (rural sales MT/yr

40) GSLS(t+) = DEM(t) - RSALES() (government sales MT/yr,)
Flnally. we compute rural prices as a simple proporflbn of urban
' prices thus assumlng a constant proportion markup: |

41) PFGR(T) = CM2#PFD(t) Cl <CM2 < 1

These equations are readily programmed as a FORTRAN subroutine, In
this form they constitute a model component that interacts through +ime
n}fh the other components dlscussed.

| This completes our first Iteration description of the structure of

the model. We will now complete programming, asslén tentative values to
model parameters and Initial conditions and move toward tests of this
tentative structure. Model tests wil| undoubtedly lead to detection of
conceptual errors and to Improvements which can Improve mode! real|sm

and usefulness.





