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' 59‘The variable CRF in Equation- L4
‘should not be subscripted. :

3=?‘Lquat10p (L.24) should read:
"SUPCFN(t) = CALAH(E) = (TCTLI(t) - TLHnr‘r(t))
' + CALA(L) x T 'TCT (t)

- TDauation ¥ 29 should read:
CAP(t+D)T) = CAP(t) + DTHCPL * (XNL(t) + CPOUT3(1))‘

?Raﬁe 65 " Fly free instead of fly full (3 times)

Page 72 Top line should read:
AEEI PF(l)’ PF(Z), PF(B)’ PF(IF) E ceesseess

Péﬁé 15 In equation (Lll), "cg! shouldrber"CL4";,

Page 19 Line 4 should read:
- Total groundnut and cotton land, cene
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INTRODUCTION

‘vThiﬁ report describgs_the progress made by the Michigan State
Un;vers;ty interdisciplinary research team in developing a simulation’
model of the Higegian agricultural economy during the period April 1,
1969 - llovember 1, 1967, It supplements earlier reports submitted to
AID dateé April 26, 1968, Cctober 31, 1263, and April 1, 1969. The
. detailed fraﬁework of the model was microscopically illustrated in the
first progress report. The'further evolution of our perception of the
dévelopment process‘and consequent requirements of the model have been
discu;sed in pfevious progress reports. This report will provide an’
overviewvof recent accomplishments of the research team, and skeleton out-
lines of the major operational components of the model. After a fairly
detailed description of the components, vhich are now fully programmed
and are being incorporated into a model of the lorthern Region of Nigeria,
some interesting problems involved in modeling the southern tree crop

economy will be discussed briefly,
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f”Reeent‘Reseotch Propress

“JTheﬁresearch team has been working on several fronts during the past

nlsix;months. »In Hay;”1969, Dr. Tom Manetsch and Larl Iellogg spent a few
‘fweeks in Nigeria ‘gathering additional information for modeling several suh-
sectors of the economy. Kellogg particularly accumulated information re-
lated to beef production and marketing. During this visit, they also
pPresented a seminar on the simulation project at ‘the MNigerian Institute . of
Social and Econoinic Research at the University of Ibadan. s
The primary modelinp efforts have been (a) further development of the
Northern Region land allocation mechanism, (b) development of a moderniza-&”
tion component permittingp inl"oduction of modern production inputs, (c)
modeling the dynamics of population orowth and composition, (d) furthefl’#w
refinement of the beef production subnodel (e) development of a model to
determine the most efficient location of abattoirs and mode of cattle or
beef transportation, (£) development of a processing Andustry submodel,
(g) aggregating several submodels into a Northern Regional model, (h)

developing the initial concepts and corresponding computational routines

required to adequately reflect the farmers' enterprise decision in the

beef and major food crops.
The mechanism sim:lating the enterprise responsiveness to changes in

relative profitability in several ecological zones within Northern lliperia
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ffehas been developed further from thac reported 1n MAnfred Leupolt's'vorking
paper (). To allow more, ready analys;s of the location of various crops‘f
within the region, several fairly homogeneous areas are analyzed separately
4and subsequently aggregated. In this vay, the realism Qf the aggreprate
responses should be improved, and the likely production areas can be spotted
more easily for policy-malers.

In consideration of labor shor;ages or surpluses in the iligerian
economy, the changing size and composition of the labor force‘is incorpo-
rated into the overall model of the iligerian agricultural economy. The
agricultural labor force is compared to the labor required in apricultural
production and marketing. If labor is restrictive, the productive enter-
prises' total size is restricted,accordingly. At the same time, the popu~
latipn grouth rate affects the demand for food and food prices, farm prices
and incomes, and subsequent production decisions.

The beef production model described in detail in our first progress
report has been refined and corbined with a processing and marketing sub--
routine. 1In addition, Earl Kellogg has determined the likely costs and
returns of alternative changes in the beef prpcessing‘and transport pro-
cedures in lligeria. This phase of the modeling effort ig nearly complete
and will result in Rellogg's Phi.D. dissertation to be completed in the near
future.

A general processing model has been developed vhich takes as input
the flow of rauv product from the production sector. The model then simu-
lates the transformation mechanism and provides an accounting of volume

f finished product(s), Processing costs, profits, reouired facility invest-
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ments, labor utilized, and‘product'losses incurred in the transformé:i%ﬁlﬁt
pfocess.

A modernization subroutine has been developeé adjusting the speed“éﬁaﬁ
extent of producer enterprise responses to various levels of expected;
profitability, difusion effects, and overt promotion ?f modefn practices.
The subroutine allows these resperses to differ as a result of manipulating
the extension fu;ds and available manpover. If we can approximate the
effects of changes in extension service efforts, we can provide an egten—
sion "budget box" or executive routine which will allow a policy-maker to
experiment with various budget and manpower skill combinations. In this
wvay, better informad choices among alternative extension service develop-
ment efforts can be facilitated.

We are currently involved in combining several components of the
Northern Regional model and testing them for consistency and realism.

In addition, we are “tracking" the hehavior of the model through the past
decade, comparing it to available information about the behavior of the
economy not used in model formulation, and estimating previously unknown
parameters by choosing values which bLoth seem reasonable and fit the
actual historical behavior of the iigerian economy.

Hodeling the resource allocation decision mechanism in the Southern
Region is complicated by the fact that both perennial tree crops and
annual food crops are production alternatives. beveloping a model which

7111 compare the appropriate profit potentials for perennial and annual



crops 18 somcvhat more complicated than for annual crops alone. Further,
;iﬁé/idﬁger time-horizon brings into play time discdunt rates and‘ahbttéy
:tuh cash flow considerations. The fact that perennials, once planted, are
semi-fixed assets whose productivities are often responsive to short-run
,¢hanges in management practice makes the probiems involved fairly difficult
in realistically modeling farmers' likely decision processes. lowever, we
have made some progress in this area, and are initially modeling some of
the computational processes necessary for realistic comparisons among alter-
native annual and perennial enterprises.

Accurately estimating the demand growth for high calorie or high
protein foods is sometimes quite difficult statistically because the
countries are poor and underdeveloped. Ve have been able to estimate
roughly demand functions for beef and food crops which will serve as first
approximations in our overall model. We have taken these estimates and
transformed them into a form consistent with the variables and structure
of the rest of our model.

While the summary above provides a general description of the progress
made during the last six months, a more specific mathematical description
of several major model components may provide a clearer picture of what
has been accomplished.

To explicitly define the major factors we've considered, the struc-
tural relations our research supgests are fairly realistic, and the dyna-
ndcs of the development process as ve sec it, the mathematical relation-
ships which are precursors to our computer programs are summarized and

anplained in the following section of the report.



The Northern lodel

As indicated in nrevious progress reports, the agricultural economy

of Nigeria was viewed, éor nurposes of simulation, as two major inter-
acting agricultural repions--the southern tree and root crop economy -
and the northern annual crop and livestock economy. See Fieure 1.
Within this broad caterorization the model includes much finer detail
but the frcrinsicdifferences between annual and perennial production
processes and inter-regional trade patterns make this major dichotomy
a useful one. .

In this section of the report the broad outlines of the northern
moa;‘,\'111 be described in some detail along with the model comnoﬁen;é’”i

“’,"which make up this model and preliminary results of simulation runs

“ ’¢3&¢ to date.

General Description of the Northern Model

The current model incorporates a number of features of the model
developed by Leupolt earlier in this progrém. Thé ‘primary
| reason for the modification was to intwoduce additional detail to pe:mit
b;tter simulation of cron competition including interactions between o
export crop and cash food nroduction. The revised model also incofpbﬁatéiﬁ
beef modernization and nopulacion commonents. R
The current model views Northern Nigeria (the old Northern Region)
as beinpg made up of the four distinct sub-regions shown in Pigure (2).
The regions are defined on the basis of current cronping patterns
which in turn reflect differing climatic and soil patterns throughout

Northern Nigeria. Region I includes that land area which is uniquely
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MODEL OF THE NIGERIAN ECONOMY,
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sultable fo; the production of groundnuts alonngith food cropé.b
Similarly, Region II defines a cotton-food zone and Region

IIT a ‘region: in which groundnuts and cotton can comvete with each
other and with food for land use. Region IV defines an area, largely
in what has been called the "middle belt" of Nigeria, where groundnuts
and cotton cannot be grown effectively. This reglon can, however, |
produce various food crops which may become importaqt for;fqtutéj‘
.regional svecialization in Nigeria. B 1 |

| The overall organiza t ion of the northem model :la shown in
;nFigure (3). As shown, the production accivities of the model are
;.ér;undndts, cottén, food produced iﬁ competition with grouhdnuts
"and cotton, food not produced in competition with groundnuts and .
cotton, and beef. (The current model’ includes as a component the
beef ggdel developed during the firét year of the program).

The @éﬁor outputs of tie model are physical outputs of the various
§rgduction activities and measures of system performance including
‘contributions to GNP, tax revenue generated, employment, foreign
_exchange earnings, per-capita income and nutrition and demand for
industrial goods.

The model seeks to explore the impact of alternative development
strategies upon these outputs and includes as major policy variables
(from the user's standpoint) allocation of resources to various
modernization programs for the five production activities, marketing
board producer price policies for groundnuts and cotton, and tax

policies.
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}31? Of key. importance in determining the behavior of the model (and:
.'its ability to simulate real world behavior). 18 the model component .
which allocates land and labor to. the various production enterprises,
in summary, the total arable land iq the four northern sub-regim
of Figure (2) is determined by avallable labor,relevant cash returns
to labor, the proportion.of;the population that is economically
active, and a mechanization coefficient. Civen total arable land,
lad&;;vailable for cash crops is computed as a residual after
subgistence food needs have been provided for.1” The land alloca:ion_
mechanism then allocates this residual to the viable alternatives
ig‘each of the four regions on the basis of cash returns per unit |
of labor. The model includes behavioral and production lags which
provide for a smooth transition of allocatable land to the most
profitable option available in each region.

The land allocation mechanism described determines the supply
vresponse,of.northern producers to changes in cron prices. Since
ggoundnut and cotton prices are established in Nigeria by marketing
board and/or world prices, only food prices are determined endogenously
in the model from the interactions of supply and demand. Demand for

cash food2 in the model is determined as a function of non-farm

1/ This assumption of food self-sufficiency reflects what anpears

to be the fresent situation in Northern Nigeria. It is possible in the
model .to allow the level of solf-sufficiency to be .a function of other

development variables. ‘ ,
2/ "Food" in the model is an aggregate of all basic foodstuffs,
grains and roots, which dominate Nigerian consumpiton.



income (an exogenous variable in this model)% non-farm population and
food prices. The two latter variables are generated endogenously

by the model. At the present time beef prices are not endogenously
determined by the model though the work of Kellogg - * may make this
nossible in the near future.

The model incorporates a modernization component which permits
evaluation of the anplication of modern inputs to one or more of the
Crop enterprises., One possible application of this feature would be .
to study the effects of alternative allocations of extension and other
inputs to production campaigns along the lines of those recommended
by CSNRD. In summary, the modernization component is a general
purpose sub-routine which is called whenever the modernization of
one or more crops has been specified for a particular simulation zun.
Modernization takes place only if the adoption of the proposed innova-
tions is economically profitable for the producer and at a rate-dete¥4
mined by the level of onrofitability. The major outﬁuts of the
modernization component are average yields of the varioué crops
which are computed as a weighted average of the yields of 1land
allocated to traditional and modern production. This component aieo.
includes an innovation diffusion meéchanism which allows fot.sﬁontaheoué
diffusion of modern techniques 1if necessary pre~conditions are met. |

Given this broad description of the model as background, the
following sectiong degeribe the model and its structure in considerable
detail. While the description is necessarily mathematical, verbal
descriptions of some of the more important relationships will be

included for the non-mathematically oriented reader.

1/
='Future plans are to develop a rough model of the non-agricultural
economy which will generate non-farm income.



Datailed Description of the Northern Mbdel

In developiug the northern model six basic model components

wete designed which could be replicated and interconnected to simulate

the major agricultural activities and institutions of the reglon.

The advantages of this "building block" approach are two-fold:

1) By using a basic set of model building blocks repetitively it 1is

péssible to simulate a large number of homogeneous activities

(such as producﬁion, marketing and processing of crops) with-

Q«w out developing a unique model for each activity.

', 2);-,Proper1y designed building blocks can be used in a wide range

4. of problem situations--in other countries etc.

-The basic components developed for the morthern model aré:the

' following:

1

.2).

).
8.

:5)

6).

Beef Production

-Land Allocation

‘Marketing and Production -

Modernization
Population

Processing

tvOf these, the beef component has been Jdescribed in detail in the"prb;ﬁ”?

gress report dated April, 1968 and will not be discussed here;- -

~The remaining components are described in detail in what follows,



Land Allocation

¢+ i'The current model views Northern Nigeriafda*beihg madeiup of four.

Jdistinct ecological sub-regions. In Venn' dlagrams it would appear:

_ .0’ - 1.'Groundnut - food subregion
2. Cotton -~ food subregion
AN 3. Groundnut - cotton-
food subregion
<::::::::::::> - k. Food only subregion

" The purpose of this component of the model is to simulate the be-

a8 follows:

ii:havior of Northern Nigerian farmers in allocating cultivated lands to:
(1) subsistence food, (2) cash food, i.e., food that sells in the cash
market (3) cash crops, i.e., groundnuts and cotton, within the sub=-
region which is appropriate. For example- in region 1 and 2 the choice
must be made between planting food for subsistence or for the cagh
market, or planting a cash crop.1 The mathematical equations to follow
describe the allocation mechanism between cash and non-cash crops and
then cash crops for sub-regions 1 and 2, sub-region 3, and sub-region

b in that order. Since the prices of groundnuts and cotton are set

by marketing boards these are taken as policy variables; however, caeh'
food prices are determined endogenously and the mechanism of Qash'rﬁi'“”

food price determination is given in the last section.

1/ The area of each region can contract but not expand in the time'f¢n
span of the model. . o
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i mmtimﬂetvecashand Non-Cash copswmn Sub-reglon

Theiacres of land allocatible to cash crops is _computed by. equation

’( 1'

) J\m)ﬂ\ALi(t) =. LABAi(t) x EAPi(t) x APL (t) x PFi(t) 1

3 wheré'- ;ﬁ}r“
” 1 4;1‘° Land allocatible to cash crops in sub-region i
oo (1=1,2,3, 4
LABA; = Effective labor available (man units) in sub-region i
N (computed in the population component).
EAP1 = Proportion of the population in sub-region i that
is active in producing cash crops (see Equation (L2)).
PF; = A profitability index for sub-region i (see Equation (LY)
4APL1 = Acres of cash crops cultivated per unit of labor
at "normel" profitability (PF; = 1) (see Equation (L3))
-Biv- Parameters that detérmine the maénitude of responses
to profitatility.
The variasble PAP (camputed in equation L2) introduces the concept
f an economically active population which includes those farmers who
\ave responded to recently-learned opportunities to start growing and .
lelling on the cash market. , o ‘ |
(12) EAP (t + DT) = EAP,(t) + CT, x DT x (1 - EAP;(t))
Where: _ |
EAP; = Proportion of the population in regiony}ighqgwiggizf
economically sctive. 0<EAP;<1 e |
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iC?ijﬂ A model parameter that determines the rate at which
; farmers enter the economically active population.
vDT = The basic time increment used in the simulation.
@Eigféquation is a crude model of a diffusion process which gradually
increases the economically active proportion over time. EAP will ”
g:adually approach one in the limit as tiﬁe increases. The parametér
071’ vﬁ!éh,determines the speed of transition in each of the four
regions, may be set at some constant value which approximates existing
conditions or made dependent upon other varisbles such as extension
expenditures, infrastructure developments, et¢1' 
The varisble APL, in Equation (L1) is an endogenous model varigb;g i£ﬁ
cemputed by Equaticn (L3): - |
(13)  APLy(t) = MAX [APLy x cui-sm,i(t)/n.mi, ol
Where: | y el et
APL; = Acres of cash crops :péf“im;{f%t'ia*ﬁax? “‘i.:n?:;'\ﬂ{ib‘-'fégioh;‘if :
APLoi = Total aé;esfculfivétible per unit of labor in sub;i;Q‘
’ region 1 at a given level of mechaniiatioﬁ. |
CM = A mechanization coeff;cient that introduces the
 effect of lebor saving investments.
féFii = Land required for food self-sufficiency 1n'sﬁ5+régiéﬁ i
: (S8ee Equation (L5)) | o |
LABAi = Total labor available in region i - man units
MAX[a,b] = A function that takes the maximum of the terms
in brackets.
The profitability indices in Equation (Ll) are determined as follows :

for sub-regiore one and two (groundnuts - food and cotton - food):
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Xy “fg(i);,ﬂémmmp3§t} x'CRiét) + TLCFi(t) x CRFi(t))/ALi(t)
" (T1AFy (o * CRy{o) + TICF; (o) x CRFy(0))/ALy (o) |

‘PFi = Profftability. indices for sub-regions orz (1 = 1)

and two (i = 2)
ALi = Total land allocated to cash earners in sub-region
TLNF& = Total land in non-food in sub-region i.

1TLCF3 = Total land in cash food in sub-region 1.

CR, = Net cash returns from non-food in sub-region i (E/man year).

‘CRFi = Net cash returns from cash food in sub-region 1
N (&/man year)
fSiﬁil;E?;gguations compute profitability indices for sub-region 3 where
fcétﬁ&é,:g:oundnuts and food compete and sub-region 4 where food is the
ubnlyfcésh earner. | o
’J$hevque1 next computes the subsistence food land fequired_in eacﬁ )

region.

,;'(LS) SFLy(t + DT) = BFLy(t) + (DT/SB)(DEMRi(t)/(CALAi(ﬁ))k- SFLL(t))£ 

This equation determines, after an adjustment lag S3, the amounf of =
land éFLi required to satisfy the regional rural demand for caldrieé.
DEMRy, given that CALAj calories per acre are produced in regioﬁ i.

Here again the index i ranges over the four regions included in the
northern model. DEMR; ,~computed by the population component, is the
total calorie requirement of farm families in region i, plus or minus

an adjustment factor that can account either for a planned surplus

or a planned deficit.2

g/ Currently the rural demand, DEMRi, reflects the tendency of
Northern Nigerian farmers to be food self-sufficient. Any changes in
this behavior pattern would be reflectad in changes in the veriable DEMR; .
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Given the land required for food-self»sufficiency and the land
allocated to cash cfopslin each region, total cultivated land is simply
(16) TL(t) = AL (t) + SFLj(t) (ALi(t) > 0)
Wrere:
ALi = Allocatable land in region i.
TLi = Tobt&l cultivated lend in region 1
SFL; = Total land required for substistaécé’fgé@;iﬁfregiqﬁ"i. 
Cash Crops in Sub-regions l:and é”:
| Tﬁé ﬁodélwnext allocates ALl, ALy, AL3,'a;a”AL£rto the competing
cash crops in each region. It does this on the assumption that farmers
will gradually move toward that crop which maximizes the net returns
to labor. Land éhifts to the more profitable crop at a rate that is
proportional to:
1) The percent difference in cash returns per unit Bf 1g§or that
o exists between the two crops. g | S
qxé) The amount of land currently allocated to the 1ess profttdble’  )
.: crop. | ‘ .
'3)‘ A médél parameter, Ci,-whiéh can be varied to match prevail-
’ ing farher behavior. | R
The equations that perform these functions for sub-region 1 and 2 are:
(L7) By(t) = c1 x (cR;(t) - cRP(t)) x XTL,(t)/(CRy(t)) + DALi(t)/ﬁi "
Where: I

R, = The rate of change of non-food land (acres/year) for

i
groundnuts (i = 1) and cotton (i = 2)

CR; = Net cash returns per unit of labor (1agged to include

behavioral effects). (E/man year)



ngF’Q*Net food cash returns per unit of labor also lagged

i (CRI’ CRg, and CRF are computed by the production . .

T

3§}ﬁmqn§,mgrketing model component). .

"T’X'Ii’L't‘{,!l‘otalkallocata.ble land in cash food if BR; > CRF
! = Total land 4n non~food 1n reglon 1 1f OBy < CRF
;01 = A model parameter that controls the speed or land

¢adJustment.

i;The Varidble DAL; in Equation (L7) ddds any net increase in allocatable
‘?iland (AL ): to the more profitable crop and subtracts any net decline
’lffram the less profiteble crop via Equation (L8).
” ,7‘€§*','(1'9) DAL, (t) = MAX[(AL;(t) = ALj{t - DT)),0]

if CR;(t) > CRF(t)

= MIN [(AL (t). - ALy (t - DT)), 0]
if CRy(t) < CRF(t) |
Given the rate of change of non-food land from Equation (LT) the :;'
model ccmputes total non-food land (in regions ‘one and two) as ' |
(19) TINF;(t) = MAX [(TINF(t - DT) + DT x Ry(t)); 01"
- This equation essentially computes the time integral of Ri(t)%»l#ﬁitédiﬁ%
to'preclude the possibllity of negative land. ‘

To complete the land allocation for regions one and two total:cash :

food land is computed as a residual between total allocaidb%Q?iaanféif ??
“and land allocated to non-food production, TLNFi: . o B

(L10) TLCF;(t) = AL;(t) - TLNF, (t)
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Cash Crops in Sub-region 3

The mechanism for allocating land to the three cash earners in
Sub-region 3 is similiar to that described thoigH considerably more
complex. In words, this part of the model shifts land gradually to
the crop with the greatest return per unit of labor. Any net increase
in land in sub-region 3 (due to price incentives, pcpulation growth, etc.)
is added %o the land in the most profitable crop. Any decreases in land
over time are subtracted from the least profitable option if possible.
If this is not possible the decrement is subbracted from the second -
least profiteble crop and so forth. With three competitive cropstthere
are six possible rankings with respect to profitability: i

CrR(1) > CR(2) > CRF

CR(1) > CRF > CR(2)

CR(2) > CR(1) > CRF | -

CR(2) > CRF > CR(1) .~

.CRF. > CR(1) > CR(2)

CRF > CR(2) > CR(1)
Kere CR(1), CR(2) and CRF are respectively the current time averaged :
cash returns (L/man-year) for groundnuts, cotton and cash food respect-
ively. The simulation model determines which of the six above cases

applies and then allocates land, beginning with the least profitable

crop. The following equations apply:

(L11) RJI3(t) = c4 x TLI3(t - DT) x (CR3 - CR1)/CR3 + MIN[DALB(t) ,0]/DT

Where:

RJ3 = rate of change of the least profitable crop in region 3

(the joint region in which groundnuts,cotton and food

are grown)
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ZTLJB = Total land currently in the 1east“profitab1e crop\in

region 3. (acres)

CCR3 = Cash returns for least profiteble crop in'sub-region 3 5

(&/man-year)

CR1

= Cash returns for the mbeég réii;aﬁiéf?r§?einféﬁﬁ4feéi;ﬁi§:
(&/man-year) R NCEAT ﬁ." ”i vf  .;-‘-: '
Gk = & st parameter”théﬁeég;efﬁiﬁéb%thé?épééa,Of‘aéﬁuséé
MIN ='The minimum operafion.

53The variable, DAL3, is the difference in allocateble land in region 6
kin the past time interval and is given by

(L12) DAL;(t) = ALy(t) - AL3(t - I7)

_Given RJ3, the model computes a new value<fbg;TLq3jfethe{#ﬁﬁé}i}é@g ,,Qi
 e1n the least profitable crop. | - |
(r13) TLI3(t) = MAx[Tms'(t), 0] .

- Where: . . . .- o ,ggf;aﬁ;,

o L TLI3I(t) = TLJ3(t = D).+ DT x RI3(t). . |

jiThus, equation (1r13) computes TLJ3 es the time integral of RJ3, limited
ffto prec‘ude the possibility of negative land.

The model then allocates land to the second least profitable crop.
This, apain, assumes that land shifts to the most profitable in proportion
to differential profitabilities that exist. In addition; any net
reduction in total land area in the region (DAL3) that could not be
removed from the least profiteble crop is taken out of this, the second

least profitable crop. This behavior is described by the following

equations:
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(L1k) ry2(t) = oLy x TII2(t - DI) x (CR2(t) - CR1(t))/CR2(t) + RESID(t)/DT
Where:
RJ2 = Rate of change of the second most profitable crop
| (acres/year)

TLJ2 = Total land in the second most profitable crop (acres)

CR2, CR1 = Cash returns of second and most profitable crops
respectively (&/man-year)
and

'(Lls) RESID(t)

MAX[MIN[TLI3' (t),0],MIN[DAI4(t),0]]
Where:
TLJ3' and DALy are defined in Equations (Li2fna563(ﬁi§)ﬁ
(126) TLI2(t) = MAX[TLI2'(t),0]
Where:
(117) TLJ2'(t) = TLI2(t - DT) + pr x RI2(%)
Again, a constraint is imposed go that land area is hon-negative.;
Land area in the most profitable .crop TLJ1l, is computed simply
as the residual between total allocatgble land AL3 and TLJ2 and TLJ3:
(118) TLIL(t) = AL3(t) - TLJ2(t) - TLI3(t)
Note that this equation aliocates any net increase in allocatable lar
to the most profitable crop. Net decrease in AL3, as described above,'Aré
removed from TLJ3 and TLJ2 if possible. If not, these latter areas
are zero and the net decrease applies to TLJL.
Given the total land areas according to a crop ranking on the basis
of profitability, the model then translates these into areas of groundnuts,

cotton and cash food by applying the known profitability ranking which
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‘currently perteain for the three crcps. 5The"following land areas are"
thereby defined: ST
TLIG(t) = Total land in groundnuts in sub-region 3.
‘TLJC(t)‘é'EOtalvlahéfiﬁkoottoi:inféub;region 3.

TLIR(E) = motg_i: land ‘ix‘{" ca.sh i'ood' in sub-region 3.

RSN

Cash Crops in Sub-Region L

ilsnd allocation in sub-region L (the food-only zone)‘isytrivial

o eing simply the total allocatable land (if any) after the-rood‘needs
: {of the regional population have been met.
(L19) TIMBCF(t) = MAX(AL)(t), 0)

Where:

TLMECF is the total cash-food land, n sub-region v

allocated to cash food production.'fﬂ3'ﬁﬁ”f‘
| Totals of Food and Cash Crops. for Northern Nigeria
: With the above land allocations in the four sub-regions determined |
}geit is a; simple matter to compute total areas for Northern Nigeria by
’lieropb Total cash food land in the north, TCFLN is given by:
. (L20) TCFIN(t) = TLCFy(t) + TLCFa(t) + TLJF(t) + TLMBCF(t)

Where

TLCFl,TLCFb== Total Iland in cash food (Sub-region 1 and 2)

TLJF3 = Total land in cash food (Sub-region 3)
TIMBCF = Total land in cash food (Sub-region L)
Total food land, ZLCl, is simply
(L21) zLC1(t) = TCFLN(t) + SFLy(t) +SFL,(t) + SFL3(,t) + 8FLy(t)
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Where- | | | v
SFLi is the land reqpired for food self-sufficlency in
each sub-region (Equation (L5))..
Total groundnut and food lend, TGLN and TCLN, are ;oyputed‘ggf,
(L22) TGIN(t) = TLNF,(t) + TLIG(t) - |
(L23) TCIN(t) = TINF,(t) + TLIC(t)
Where: SRR
.I.INFl, TI;NF2 = 'I'he total non-rood ‘1and in’ sub-regions
S F and 2 respectively o
"TIJG = ‘rotal groundnut la.nd 1n ‘sub-region

',TLJc = Tortal cotton land in sub-reglon 3.

N.’Prige_Determination Por Cash Food
e The land allocation component also contains the market mechanism
 }f§r cash food. It is assumed that the welghted average price of
cash food (subsistence foods including guinea corn, millet, yams and
casaava) moves in response to differences between aggregate demand ‘and
supply. The aggregate supply of cash food, measured in calories per~
year is computed by Equation (L2h) | ’ o »
(Lok) SUPCFN(t) = CALAN(t) x (TCFIN(t) - TLMBCP(t) + CALAM(t) % TLMBCF(t)

Where:

SUPCFN = Supply of cash food in Northern Nigeria' (calories/year)

CALAN = Calories per acre in the north excluding sub-region }
(primarily from grain production).
CALAM = Calories per acre in sub-region U (primarily from

root crops)
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TLMBCF = Total land allocated to cash food in’%ﬁ baregion )

PORE RS T

SR

TCFLM TLMBCF = Total cesh food land in the .northexcmding,,f

| sub-region 4. ” .
i An unlagged food price is generated by Equation (L25) This ‘variable.
' 13 lagged by Equation (L26) to account for behavioral effects. .
-k(L25) PFNU(t) = PFNU(t-DT) "+ DT x CL5 x PFNU(t-DT)x(DEMCFN(t) -
| SUPCFN(t) ) /DEMCFN(t)
e ,f
_PENU’=,Un1agged food‘p:icgf-wi[# g
‘ﬁEMCEN = Demand for cash food in‘ﬁhe north -_Calqries/yea;ﬁ%ﬁﬁg
B ‘ (This veriable is computed in the population x?;xﬁgﬁg
"component and is a function of non-agricultural - E
population, income, and food price) o
;SUPCFN = Supply of cash food as determined by Equation (Lah)
ECL5 = Price rate elasticity (This parameter is the precent

change in price per unit time per percent exggas

demand that exists in the market.)

(L26) PFN(t) = PFN(t-DT) + (DT/CL6) x (PFNU(t) - PFN(t-DT))

Where'7

?ﬁy - Price of food in Northern Nigeria (&/#)
;'?%NU = Unlagged food price
‘CL6 = A model parameter proportional to the behavioral
lag between excess demand and price change.
This concludes a description of some of the most important features

‘of the land allocation component of the model. For presentation here

many details have been omitted.
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The Production, Marketing and Distribution Component

This subroutine called AMP in the program has important functions to
fulfill within the entire system. It gathers information from most of the
other subroutines and brings thém together to perform the economis activities.
This subroutine is set up only once and the same set of equations applies
for all crops of the northern region. An advantage of this subroutine is
its relative simplicity and general character. The structure is such fhat
it fits all annual crops under consideration and still is flexihle enough
to meet specific needs of the single crops.

‘ Each crop enters the subroutine with its own variables. A set of |
constant coefficients 1s’def1ned for each particular crop.(see Table (Pl)).
Many other variables are}generated internally and vary over time. |
In this subroutine there are six categories of computations conducted.
1. dinput and output relationships A
*'i;iff wages and employment |

3. utilization and distribution of products

e ey i
[P R i

" 4. farm income

5. taxation

6. values added to GNP and prodﬁctivity measurements

The input-output relationships are determined by the incoming land
allocated to each crop (from the land allocation component), labor required
and available for each crop, the level of yield and mechanization. The
input-output relationships are computed below.

(Ffl) {LDD - LND x P¥

(P2) DEML = (C, x LND + C, x yLDD) /ot

5

lerescnt usage of this subroutine in the northern model equates
demand for labor (DEML) to the supply (LABA). Labor constraints are
introduced by the land allocation component i.s. the variable (LND) in
Equation (P1l) is based on a labor constraint
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" (P3) 'm = (CH x LABA / DEML) x {LDD

i (PA) 5 TLD = SMINIMUM:(YLDD, “YLDL)

e 3
where:
wpeyr io FLDD/w total ‘anéint “prodicéd ‘1f PY rdsches 'the ‘Biologlcal
maximum (K 1bs/year) = v
ke

Avis Y PTmigleld per acre> ‘(ibs/acre/yeéary " v
1iﬁbi-ﬂland-allocated to a”crdp‘fi{Kiaéféblyéhff"”
DEML = total labor demanded for a crop " (X' men/year)
My pitiy o pLABA = labor actually available Yor ‘a ‘crop’ (K men/year)
04 = labor requirements for cultivation (man-years/acre)
{":Cg' = labor requirements for harvesting (man-years/1b)
ywitand auCM:m g coefficient for mechanization
YLDL = total production feasible as a function of labor available
(K lbs/yeat) i - B IR Y
wilzvt LD = total production actually achieved (K 1b§7§ear)
Employment is calculated for the agricultural sector (primary sector)
and for the marketing sector (entire sector) as far as agricultural products
are -concerned.
~(P5) EMP = AMINI (LABA, DEML)"
(P6) EMPM = C10 x.OUTP
(P7) . WAGESM = WRM x EMPM’
~-(P8) WAGES = EMP x WR x C16 "~

-/PY is computed by the modernization component -and, 18 deternined by
production campaigns, diffusion effects, etc.

—/Labor available and demanded 1is computed 1n unite of adult men.working
250 days/year. GF o oEd o 2Oy CEESY o
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where:
“;fﬁf;EMP = men actually employed rin asri9u1ture§(family and ‘non-family
‘ o labor) ‘
(K Men/year) RS
MINIMUM (a,b). =-a function that . tekes the Minimm of terms in
brackets. ' -.':
EMPM = employment provided by the marketing sector (K men/year)
OUTP, = .Output actually marketed (see equation P16)
Cl0 =. a constant determining EMPM - : g
WAGESM !‘cash/wagea paid to the employer in the:marketing sector
(R B/year),
WRM = annual  wage rate in marketing (%/man/year)
WAGES = wages paid of the agricultural sector to non-family
s .o labor . (K.B/year) .
WR = annual’ wage rate in agriculfure (b/men-year)
(wﬁgg;gﬁg a;coqstan;,de;ermiping”thg;proportion,of non-fainily
Crodaps virmiyay r18DOT (X-of EMP) . . . - . SR
sanmhoxin@ utilization. and distribution of the total output-of one crop
depends on the number and kinds of products derived from the primary produce.
Since all of the primary products go through similar stages of handling,
storage and consumption with losses, conversion factors and change in
product character involved, a rather géneralized’set of equations was
developed to fit for all crops under consideration. The following equations
compute the primary and secondary products.'
“ (P9) " YLDL'® CL'# CO1 * YLD
(P10) ¥LD2 = C2 * YLD

,rg,hhmz W+l SRR TS S S T -0 R TR R RS THY

(Pll) YLD3 = C3 # YLD
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Khere:, Bartired s
Vogidead 13!‘96 1,25 3= products derived :from.JYLD::
C0l, 1, 2, 3 = constants
for a detailed definition -and thé) values of the
C- coefficients:see Tables (P1l):'and (P2),
¢€8, C7,.C6.» are;losses involved so that OUT 1, OUT 2 and OUT 3
i omdmeny et v -Fepresent the actually available quantities of
B met fLD 1,.YLD 2 and YLD 3 computed as follows:
(P12) OUT 1= C8 x YLD 1
(P14) OUT 3 = C6 x YLD 3
The largest proportion of food. crops and parts of groundnut production
are consumed on the farm and do not enter the commercial market. This also
represents the subsistence income paid in kind.

(P15) YLDW = C14 x EMP x (1 - C16)% o

(P16) OUTP = €9 * (YLD - YLDW)

where: -
YLDW = quantities consumed on,the farm  (subsistence income in
RN kind) . (K 1lbs/year/region) . .
(Cl4 '= quantities consumed by farm members (1b/capita/year)
! 'iC16 = :Proportion ofinon-famiiy labor (2 of EMP)
OUTP = quantity of the primary product available for~thejf
#9857 commercial market (K 1bs/year)

C9 = a constant for loss

i/'l‘hia relationship applies to cash crops such as groundnuts and cotton.
If this component is used to simulate the production of a food crop the
following equation applies: {LDW = LSUB x PY where: LSUB is the land
allocated to subsistence food.
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| 6uantit1es arriving on the commercial market aréfdi@tfibﬁﬁe&ﬁﬁé?ﬁggﬁ ;f

| consumption by non-farhi people “(OUTP1) éxi:“dff’“-'(oﬁri‘é)v aud ‘Kﬁ‘éfééégin‘g (ouTe3)
(P17) oOUTP 1 = C11 * QUTP

wibi 1o (P18): OUTP 2'wm 012?**6UTPFH:
(P19) » OUTP: 3= C13 * OUTP * :

T hwhere:'.Cl1, €12, C13 'are constants defined in' Tablé (Pi).

3o In:order to calculate farm incomé, one needs prices for inputs and
outputs.--:Wages:as a cost factor are alféady defined in Equation PR, The
cost of other non-farm inputs are computed in the modernization component
and given to the production component as an exogenous variable. The
producer price is derived from the marketing price with the hotion-in
-mind :that the traders are in a relatively strong position compared to the
farmers. Therefore, the trader attempts to shift all burden occurring '*
from losses and taxes to the farmer.

(P20) TAXM = TAXRM * PM % QUTP * PPRS -
(P21) PP = PM # C9 * (1.~TAXRM ~(PMAR)
Where:
wb osvsat «>PPRBIwdprbportion of ‘output sold
TAXM = tax to be paid by the trade sector (K &/year)
(sneyyas1 BB Producer price received by the farmer: (&/1b)

BY = qqugtingvpricel received by the-.trader - (&/1b)

B S

y - -

The marketing prices for all cash cropa are set by the Marketing
Joard. The food price is determined by demand ‘and supply.
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5?%& 345 #'xcﬁﬂﬂimarketiuglioﬂsﬁf? TR SRS S nﬂivﬁf?“ﬁﬂf
| , foRM = tax rate tolbe paid from the ‘traders' income ( in )
. PMAR = a profit margin held back by the trader ( in' %)
“iv;The.farmerJ earnings are composed of a subsistence income paid in
~kind: but: evaluated at: the producer price and normal cash payments for his
’ §01d3products.
wk i (P22) ;SUBI.-‘PP’*'YLDWﬂZ

(P23) INCP = PP * (YLD — YLDW)!x:PPRS -« ::-,

where: ..
SUBL = subsistence income at producer price (non~cash)
et o (K blyear) - .
wly : INCP = cash received by the farmers . (K b/year):
PPRS = proportion of marketable product soldl
The farmers'total income and cash income then is given by
(P24) FFGRI = PP * YLD - WAGES - CNFI
:(P:25) FFCI = INCP -~ WAGES - CNFI
where:
e 7. FFCRI/»: total income crop 'X: (cash:and kind:payments) from:
(K &/year) ERE S SR O A
FFCL = cash income from crop X =~ *(K'B/year):
CNF§‘5 cost of non-fa:m inputs (K B/year)
“}The cash income FFCI 1s available for taxation, non-agricultural |
\yconsumer-goods, education and capital investments in factors of productidn;
#1s - The farmers' tax obilgations are:

(PZ6) TAXP = TAXRP * FFCI

l l/In a situation in which excess supply exists in the market (cash
food market in this case) only a proportion of output can be sold. -
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leaving thevagricultural'ﬁrqgﬁdttoﬁwsector=wifﬁéé dé?;inébﬁé;?? 
:fiﬁﬁﬁgi,}[ﬁaan:ofﬂcash of . <ok -
©(P27) ' PFIP.= FFCI ' TAXP"
Llﬁgjnghgtaiygﬂ S I R T
'é%ﬁlxaé &9 amay TAXE —ﬂtaxrto\be:paid by thefagriculturalvaectbrnftomfthé&é
| | earnings of crop X (K &/year) Lz ssuheta hima
:ﬁTASRP = tax rate imposed on the earnings of: crop X within the
production sector: (X) -~ : « o ooAnl (E8%Y
- PFTP = net cash income of the agricultural sector:from crop X
{éaay~nwn} ~." (K B/year)
| The figures computed above are not calculated on the farm level but
feptesent the contribution or earnings of a particular crop to the aggregated
- agricultural sector within one region.
The production and marketing subroutine also computes figures necessary
; for the national budget (e.g. value added in:the production sector and
value added in the marketing sectors). It also provides the necessary
data for allocating land on the basis of financial returns to the factors
of production- (e.g. returns per unit of labor and returns: per unit of land).
(P28) VAP = PP * YLD - CNFI
(P29) VAM = OUTP: % PM * PPRS - INCP
1, ‘ whete' BRI
s@ﬁﬂ}xlx' VAPM- value added to the produrtion sector.by crop X:i(K b/year)
ﬁf:sqhqig t« 2VAM.="value ;added to: the marketing sector by crop: Xi:(K b/year)
1 ‘:;7f£§ gatnings of the factors of production: labor and land" are:6obtained
f,ﬁyl_i
| (P30) PFI = YLD * PP ~ TAXP ~ CNFI

P?I can be’ defined approximately as a joint qg& income to 1abot gg_



',, . VN ‘v o r; .L ‘-,,f oy

land combined.f This amount either reldted to land or to 1abor gives the

ieturns per‘unit and are measurements of productivity since not all costs
ate considered (e.g. capital cost, fixed assets, etc.)

(931) INM! = PFI / -EMP

' (P32) RLRE = PFI / DEML

(233)‘ ,;RLND = PFI / LND

where: o

| i, ‘ - 4 x

INMI = labor productivity actually achieved at the end of one_,
¢ %» 5 . ypar based on men employed (&/man -year)
EEE RLRE = labor productivity for planning purposes based on labor

: ~3j'§ ' required (h/man-year)

R

g : RLND = returns per acre (b/acre/year)
This subrOutine is flexible enough to calculate additional information
8 the need arises, e.g. per capita incomes or labor available  for the*

1

op-agricultural sector, etc..



TABLE P1: Definition of Coefficient in the Marketing and Production Seztor (Northern Regon!

; Food Food Region Intermediate fVari-i
Definition Unit [roundnut |Cotton Regims 1—3 4 } Output yable { Unit
! : :
C Proportion of net-yield (YLD) y 4 ! 2. 0. 1. 1. '
! 01 used for human consumption . . - 8 : :
ic; Cortent of calories/unit cal/tb’ |1500 % | 0. [.1870 : | s46. | Tota calories YD 1: 1000 K Cal.’
fC Amount of YLD 1 available Y 4 .91» ©0.: 1 Te9 g <9 *Calories avail. - OUT 1 1000 K Cal.-
i g after storage(minus loss) R for consumption ; A
' : T ol ovon s ; '
| S A EIE :
iC Proportion cf net-yield(YLD) Z zf .03 | 67|: .20 2
i 02 onsidered es grain residual z e R
iC, Content of 1DN/unit ZTON:| .73 [V |T g -7 | Total TDN grain 7LD 2! 1000 # TON
2 2 I CTR R residual
C; Determines YLD 2 available o O I TDF available as:0UT 2 ;1000 # TDN
! after storage(minus loss) y 4 S .9 .9, =79 .9 grain residual
;C3 IDN co~*nined in leaves,rough 41N | 183, © 183.~ “ 393. 393. ' Total TDN rough YLD 3 1000 # TDN
; forages, tased on YLD acre ' o 5o~ forages ¢ ;
C, Determining YLD 3 available ] S . TDN available as'OUT 311000 # TN
! after storage(minus loss) r 4 T3¢ 71 R -3 : rough' forage i g
!Cg Peterminas 7LD reaching the ; z Net quantities ZODT P thOO #
commercial market(minus loss) £ - .85 «35( ~« .85 .85 !handled on the : R
- - cormercial market.
S | : :
C, 0 Required laber for trade man-yeat .000016 .000067 - .00022 .00022 ;
** marketing, transportation per 1b = - ‘
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: : Food - Food Region | Intermediate Whri?'.',, T
! Definition = “7L;~Uhitf{:Groun§nut Cotton| Regions- 1-3 4 Output le Tnit:

Tetermines OUT P consumed 4 .0 ). 1. 1. OUT P consumed |OUT P1|1000 1
’ by non-rural N A .
people

C12 Deteruined OUT P exported T ,;57 i OUT P2 100651b‘

C12 Determined OUT P processedﬂ ;; 4 ‘};3 OUT- P3 100931?

5

L,, Amount considered as lbs/capita = ; ;:f . '"Qé; Consumed by o
subsistence income FPOP/yeay 630. .| 0. 860. | 860, rural people [fID W !1000°1b

i

Proportion ¢f non-family ,: y 4 . 0. »_;;O,f :' 6; : S :
labor a _ - N i

b 3

A mroone

o7 s

Ladiels .1 T LIOE YP RPN




TABLE P2: Other Coefficients

and Initial Values in the Marketing and Production Sector (AMP)

i

: Labor requirements ? C4 : CS § Pyz PP3 , P Mon-farm! PNFI
Cultivation Harvesting] man-year | man=year Yield Produce price | Market price inputs !Price of'
(man-days/acre) per acre | per 1b. | 1b/acre E/1b £/1b 1b/YLD ,non-farm

: inputs
i .

Maize 37 25 790, 0075

Rice (irrigated) 153 47 900. .020

Millet 40 20 535. .0068

Guinea Corn 40 20 890. .0070

Cassava 50 12 9000. .0063

Cocoyam 95 20 - 7000, .0007

Yam 95 20 e 10400. .0063 ~

Covpea 38 e - 440, 0075

Average Food crop o

North ., 45 .. 21 .18 .000052 | 700. .007 .009 .001 01
Scuth 69 22 .276 | .00001S | 5500. .0066 .0086 .001 .Cl

Crcundnut _ 28 28 .| .11 | .00016 | 700. 014 T .020 .001 .01

Cortoa . 20 20. ... .08 | .0003 260, .018 T 0,026 .001 .017

Government (Cottor) 10 10 - <04 | 0201 400. .018 .026 .001 i ,019

Soyatean ‘ 34 .22 .14 .03026 | 335. 011" .016 .001 01

Cocoa 20 10 08 | .02009 | 427, -045 061 .02 .06

Rubber 10 60 - .04 & .0)075 400, .061" .08z - .09 .02

0il Pain 10 10 i .04 | .0)0025 ;| 1200. .021 . 023 .06 -4 .01

Berniseed ! ! .14 .07020 30C, .021 . .028 I

2) Source: CSKEC Report

FAC Zeport o o
Annurl Abstracts of Statistics, Nigeria 1766

T. A. Philipp, An Agricultural Notebook

3) Statistical Yearbook 1966, Northern Nigeria

0. B. 0. Antheny, The Marketin

CSNRD Report
FAO Report

FAO - Socio~Economic Survey (hand notes)

owdee L

g of Staple Foodstuffs in Nigeria
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/. The Processing Component
"@éﬁgféi’vetcription of the Model"

T  bﬁev6fr£h§Y;ﬁr§6§és of the program is to penerate tﬁe ihVeétﬁént}h
%?reduired to maint&iﬁ processing capaéity in balance with the output levelé‘
;of commodities requiring processing. For this, we are assuming that total
capacity is proportional to the main input of the system, RM, the quantity
‘of raw ﬁaterial input. In this model the main input is raw material, RM,
which is the output of the production model (or sub-model, of the whole,
overall system). We are also taking as given,price of the input, P,
wage rates (i.e. traditional and modern), WRM, WRT, respectively and also
prices of the outputs, PO1-PO4. The investment of the modern part is also
given as a (policy) input, INVM.. -
| The model generates a number of outputs which are shown in Figure PR-1
‘By:arrows. Among them are the income (total revenue), INC=TR, value added,
gross profits, employment , wages pald, taxes, traditional and modern
capaéitiea, depreclation , exchange capacity, traditional investment and so
on. Another important function of the processing component is to compute
the returns to modernization which can occur f£rom reduced losses and
higher processing efficiency.
- In the next pages, we will present a more detailed description of
the model, including the structural equations of the component. In -the
model (see Figure PR-1), thue raw material (RM) of a given commodity is
passed through a smioothing delay to give us RMS. In this way we have
smoothed out the fluctuation of our input RM,

Then the total capacity CAP of the model is assumed to be exogenously:
given as "C*RMS" which would be about 10 to 20 percent more than the input

RMS.,



Figure PR.1.
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plensin sn aw el
‘ye*can’ compute the

"APM and from that we find DEPH.P,khen CAPT 44’ simply the d‘f‘er%:ge between
uAP and CAPII. abneny, nool

Havﬂig rINVMﬁ ‘ﬂefined “aé" e’i&og’e Sifé' vh"rfa'bi‘e liso,

o Sl}" il

Having this CAPT at hand we can find DFPT‘and IHVT as -ghotm’ in” the
Jlock Diagram (Figure PR-1).

D LRI R WAL B D S AL S I R &

Yow toifind thecHEXCESCAP"?we‘will(subfract3£ﬁﬁﬂinpuﬁ "R from the
!CAP".‘

!
P
P it

Since the WA, rav material available; is;bounded-by!the input RM and

J3 e 14
11so capacity of the model, therefonre we use the minimum block to get the

ey N

o R B
ippropriate flow of the material.

* o o M
'r'; [T ¥ 44 - m,w o 1 Lo e i T
3 e o

There would always be a processing loss which we will tnne cnre of
)y introducing the CLT and CLM in order to compute’:the 'CLA,'i.e. Average
oefficient of Loss. RS S

Then multiplying RMA by this CLA:would give us the IMMA,' net, raw
aterial available. Here we have the model built up in a way such that

:ach material would give/us say fou% different outputs as 01,..., 04.
'or example, in the case of groundnuts ue may have only twvo outputs, oil
nd cake, vhile for cotton it may be three or more different outputs.

Given the prices of these outputs we can compute the IdC or TR. In p
he rest of the model we are computin@ the value added, VALAD; gpross profit,
ROSP; employment, LIPP; wages paid; VAGLSPD; taxes; TAX:}

All of these are being computed for both traditional and modetn

ethods. Ue have distinruished traditional and modern variables by the

etter T, for traditional and letter M, for modern. o

A SN

‘ oo sl
For the full description of these variables and abhreviations see Table
PR-lo S

P ey |
: VSRR B oy TR
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Here we are assuming (for teat purposes).an oscillatory dnput -agiwail

. (PR1) RM = RM(0) + .3 RM(0) SIN [_t]

Then since in s_domain
,,',RMSB -——-————-———-—RMS _'!).i‘:" ¢
- RMS(8) T (s)
DEL x s * RMS(s) + RMS(s) = RM(s)
ity 1e@s  DEL .xf.eg-tv;RMS(t)»»,-,-*;RM(t)z:r.z.RMS(c)*#f.aasumingrsdr initial conditions

Since

ns 1S (RMS > RMS(t) & RMS(t«DT) -
dt DT x DEL
TS BEDERIL . U SE R AN

therefore:

(PRZ) RMS = RMS + DT * (RM - RMS)
S DEL

-« (PR3) CAP = C # RMS
(PR4) CAP = CAPT + CAPM
-.Considering the relationship'becween;the'chplféfy’in%ébtheﬁf’énh
lepreciation we have

t B
CAPH,(t) = CAPM(0) + f [INVM(K) * .‘l’,ﬁ_ DEPM(C)]ﬂt" Y

" where DEPM(t) = C2 * CAPM(t)
. A TSRS |
Differentiating both sidea of above integral equation and using the

Iefinition of derivative we have'

" CAPM(E) = e e cun(c-n'r) +__ DT
®© (1.+C2#DT) ' WM(L+czepTy INVMCO)

i ce + in FORTRAN

.
IR

(PRS) CAPM - (1 /1 +02*DT) * CAPM + (DT/VM*(1+CZ*DT)) WINVM

(AT
then -
(PR6) CAPT = CAP ~ CAPM
‘Now using the relation

: B L ,
CAPT(t) = CAPT(o) +f [INVT(G)V%;-_ Dzrr(;)]dt
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Which differentiating and using the definition of derivative and also
‘fknowing the value of CAPT from egn (6) we have ‘ |
INVI(t) = g}-‘ CAPT(t) - n VI CAPT(t-DT) + (VT * Cl1) * cm:(c)

which in FORTRAN rotation gives

(PR7) INVT = ((VT * (DT * C1+ 1)/DT) * CAPT - (VI/DT) * CAPT
Using the fact that

DEPT = (Cl) * CAPT
i.e. we are using depreciations as a proportion of the capacities botﬁ in
traditional and modern parts of the model.

Then by equations

X, = CLM (CAPM/CAP)

Xz = CLT (CAPT/CAP)

CLA = X, + X,

We will take into account the amounts of losses both in modern and
traditional part from which we find the average coefficient of loss, CLA.

The final stage of the process is done by calculating the net raw
material available, NRMA which will be distributed into four brands of
outputs proportionately.

‘The rest of the equations in the model are straight forward applicaé,

tions of definitions end simple programming language.






P0O2 = price of output 2
bofsbosn oeld wwln oo owb oo AT N FOR e
P03 = price of output 3
PRYER sWesfs n e prdatar o SRR R S
PO4 o price of output 4
R £ £1 SRS TR ! L
PRM = modern processing
eyt o . , T Y
PRT = traditional processing
PRET YT e UEREEE
RM = raw material
RMS = gmooth raw material
aelo wode v : . o .
TAXM = modern tax

: NS i
TAXT e traditional tax
SIN ‘. = gine function S N AL

TP A

VALADM = modern value added A
VALADT = traditional value added
IS 71V O S - - .
VOIM = value of input, modern
VOIT " ‘. *= value of input, traditional -
Vrioi:.i: = capital output ratio, traditionall
VM:ti o .- = capital output ratio, modemn f
WAGESPDM = wages paid modern
WAGESPDT = wapes paid traditional
WRM = wage rate modern LT
WRT = wage rate traditional - ' s
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Table PR-1 (Continued)
Samanangll aodtos benop ol el

EORRR, 3
S



The Modern izegj,gg Component

P - n'f
Frr tf . "t r 4

The primary purpose of this component 19 to give the model the

l.;

capability of exploring the impact of modernizing inputs upon system

Jot
behavior. The primary output of this component is an average pro-
ductivity (yileld/acre) that reflecte the extent to whicn moderni;ation
has tsaken place for a specific commodity. Thie average productivity
is an anput to the production component, AMP.
In this component the rate at which nzodernieetion takes plaee
is determined by the following factors: |
1) Profitability ~ no modernization takes place unless the net
returns from modern practices significantly exceed those-
of traditional practices.

2) Government or other overt programs to inttodnce modernﬂinputs.

3) Diffusion effects that propagate modern methoda from farmer
to farnmer. , : SR

The simpliiying assumption is made that seeds, fertilizer, pesti-
cldes, etc. are available and do notvconstrein the modernization -
process., The model does, however, compute demands for these inputs
which reflect quantities necessary for modernization to proceed at ;
the rate determined by the three factors cited above; LA |

A detailed description of the component including the more.:
important structural equations follows,

The profitability criterion influenclag the rate of'modernization

is an exponentially averaged function of the relative (modern versus

traditional) net raeturns to labor and is computed by Equation (M1).
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o p31y 4‘\?1

”’5“” 5 M BE () PBH/E4 L PRRI 'k F143 - PCR x ESB - E18 x OPL)/LABM
PYT X, PP(t)/LABT Yo o entae wofd

sy podere oo onk b
Wkefe°~ TRNRY
PC = profitability criterion (not averaged)
_PYM = attainable modern yield (#/acre)
P¥T = ayerage traditional, yield (#/acre)

PP = current prodncervouCpur,griee;b/#L«;-

B4 = the inverse of biological materials required per acre -
acre/i

P = price of biological materials B/#
PFRT x E143 = value of fertilizer, pesticide, etc. - b/acre
"PCR = price of credit - Z/year

«-FSB = a variable which in the absence of a subsidy is the
credit required per year to sustain modern production
(the model parameter E131). If, as a part of a pro-
duction campaign etc. a cash subsidy is granted, ESB
becomes the residual credit requirement subject to
interest changes (the model parameter E152)

s

LABM = labor required per acre - modern

£y ¢
LABT = labor required per acre - traditional

:‘ B

CPL = capital required per acre (modern) - B/acre

. o
Ly

318 - depreciation rate Y ;;

(M2).PCA(t), = PCA(t - DT) + DT x.(PC(t) ¢:PCA(t .~ DT})/DELL
i 4wt
Where: h

PCA = exponentially averaged profitability criterion

{0iM) o™
DELL = a constant that determines the weight farmers

give to past experience

o ambusmivs oo iD= the time increment used in simulation ..
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The fi b i
X?“ Iy pro ta il ty cxiterion, PCA, is inatrumenta{fin 9e§§£§inia§n

the rates at which farmérs will respond in a diffusion process or to'
Overt campaigns to introduce modern methods. We will' firat discuss the

“ptoduction campaign" stream of modernizatioen.

¥

The rate at which land enters a modernization process, RLMPf,oau
a waqult of ovétt;ptonotion'ié glven by Equation (M3): |

(M3) RLMPI(e) s 'BI(E) x FPCL(E) % EXTL(E)

\WEdpgst 1

EXT1l = units of pre-campaign promotion. This in
Wi nligdradal will be a policy 'variable during
simulation tuns.. .
J}’G"» , R o
E3 = the maximum feasible adoption rate per unit of EXT1
(acres/year per unit of EXT1)

FPCI =g’ function which introduces the effects of the
e profitability criteria, PCA, upon the adoption
rate

i e

: ’“'?The bariable FRCL 19 given by Equation cua) and 1s shown in
Figure (Ml) '

7

R

(M4) FPCl(t) = MAX(E7 x. (1 - EXP( - E8 x (PCA(t) - E9))), 0)
Where. .

PCA = the criterion measuring the farmers' perception. .
of the profitability of the new methods

MAX(a,b) = a function equal to the maximum of' terms within
the brackets

EXP = the exuonential function

EEE . 4 el

E7, E8 E9 - model parametets (See Figure (M1))

y/ One interpretation of this variable would be the extendion
worker equivalents engaged in pre-campaign promotion. Another might
be mass media units promoting adoption of the modern innovation,
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‘M&I&W xﬁ,{w)n OnRy (,)lgg);jmf Qﬂ‘“ﬂ‘g!’dﬁﬁ 11 433&5!’03("65 ‘(‘5 bqjﬁlﬂﬁflﬂ ‘3"1 %3

352 T
)
1, N
- - .- -o"' -
Lavliel ool ERD RN S A
” L4
’ .7
o) large = %4 .10 LT 5mall il
8 P E8
N o o
T IR R L N A R A N S R SR RN o Y (3
E9 !
SYSIRA((Te - ahe - o Figure (ML) .o -

¢rymAs shown. in . the figure, the. parameter ‘E7:determines: the”maximum
value of the function. E9 is a threshold below which no moderfiization
, ﬁgg,take placa.‘ ‘The parameter‘EB determines how rapidly the moderniza-
li%nriate changes with changes in the profitability criterion. It is
iﬁéieér thét a wide range of adoptor behavior can: be simulated by appro-
prig;ely agsigning values to these three parameters.:
The variable E3 in Equation (MS) is computed as:
(m)Eﬂﬂ-Eﬂ-F%xEﬂ(-BSxNM)‘

Where:

TCAM = the length of time the production campaign has
..been in operation. = .-

531, £32, £33 = model parameters described below
The purpose of this equatidn is to simulate the phenomena that
tends to make promotion easier and/or more efficlent as the program
progresses. Accordingly E3 has its minimum value (ﬁ31 - E32) at the
beginning of a campaign (TCAY = 0) and apbroaches its maximum value

(E31) vhen TCAM is large. Again, a wide range of real world situations
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can be simulated by appropriately assigning valéégfégwfhe model paf;; {Y w
meters. o
The modernization process is simulated as a séries of exponential
delays which allow for the possibility of "dropouts® and represents
the phenomena of réndom modernization_times for»indfvidual farms in
the aggregate. The equations which desérlbe th%%fpéocess followd™
(M6) RL(t) = R1(t - DT) + DT(RLMPI(t) - R1(t.~ DT))/XDEL2
(M7) XR1(t) = R1(t) x AS " |
(M8) R2(t) = R2(t - DTY +'DT(XRI(t) - R2(t - DT))/KDEL2
(M9):; RLMP(t) = !REMP(t = DT):+ DT(R2(t):'- RIMP(t - DTY)/ ‘XDEL2

Whexes: ... .
ors #iit RIMP.s gverage rate land leaves the modernization process
and begins producing at "modern" levels - acres/yr.
b P ,,' .
XDELZ - one-third of the average time required for modemiza-
g batalen tion - years

A5 = one minus the proportion of land that "drops out" '~
due to shoitage of technical assistance

‘ R1, XRl R2 = intermediate rates - acres/yea:
 }7f(M1o) AS(t) = MIN(ELZ x EXTA(t) /EXTR(t), 1)
:71Wharoz
we

EXTR = Extension workers (or'the equivalent) required to
sustain the modernization program

1ﬁ£TA ; Extension workérs available
El2 = an adjustable model parameter
MIN (a,b) = the minimum of & and b
As shown the parameter E12 determines the threshold at which drbpoﬁta

atart and the dependence of the dropout rate upoh the ratio EXTA/EXTR.
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‘In order to compute 1nputs required £or modernization it is

important to know how much land 1is in t;he modernizat:ion process at any
given time. The land in modernizatian due to:;;eéé promotion is simply
ti\ié ltii;ne’ integral of RLM’I(:) minus the drc:pout ra;é mjr.;:ma the rate
wi‘i;n; "c;ﬁﬁiefes modernizati;n. Bquation (Mll) computes .'J,‘RNSLI.'.‘-j tﬁ;
land in transition from traditi;nalvto ﬁéd;;ﬂ’ﬂracticea due:t;‘;v;;:
M(plerhaps extension) promotion. o G e ;
[((rjmf) VTRNSLE(t + DT) - TRNSLE (t) + DT(RLMPI(:I) - RLMP(t) - ("1 -AS)) x Rl(t))
| The model also computes the totél léﬁdy;h;;ﬁyhas’geé; mJL:rnxa.d

as a result of overt production cumpaigna, ZLMZD, as:

K

nysto. (M12) o ZLMZD(t + DT) = 2LMZD(t) + DT x RLMP(t). St
ot e We will now turn our attention to the simulation of moderniza=«
tion that takes place spontaneously--by diffusion from farmer to .::
farner.
The rate land "enters' a modernization process, RLMDI, as a result

of diffusion 18 given by: G S
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(M13) RLMDI(t) - FPCZ(t) x (TRADL(t) - TRNSLE(t) - TRNSLD(t))
x ZMODL(t)/ALTOTI -

Whete:
. TRADL = total land in traditional p.oduction (for the
_erop undergoing modernization).

crwenda e,

ZMODL = total land in modern production - acres.

TRNSLE, TRNSLD = total land in modernization due to overt
promotion and diffusion respectively,

ALTOTI = ‘total land allocated to the commodity in question
at the beginning of the simulation run.

FPC2(t) = MAX(E1l x (1 - EXP(PCA(t) - £9))),0) - a function
S (similar to FPCI of Figure M1) which introduces
'ei,dl nobtnsivinto. profitability as a determinant of the diffusion
rate.
%ﬁﬁ n BRESOOTO o0 ' : ot e gepal
MIN(a,b) - the minimum of a and b
ylgnbe Bi otaoeo T emt aov ey
Thie equation requires further explanation. Due to the nature
R IREIES ] S
of the function FPC2, adoption of modern methods by diffusion will only
aikg - T U A
take place if the profitability of modern practices significently
3 A U ”,'o .
exceeds that of traditional methods. Further, the rate of adoption is
- " Poan € ‘('l
determined in part by the differential that existe between modern and

YL
LI

oo b

& t

‘ traditiunal productivities. The diffusion rate is also a function ofs’

(Traditional land - land in modernization) X Modern land
Total land o e

s
s

The term in brackets is the land which as yet has not adopted modern

practices. Ceteris paribus, one would expect the diffusion rate to be

proportional to this variable. Inclusion of modern land as a mulii~
plicative factor is one way of introducing demonstration effects.
«-With no modernized land there is no demonstration effect and no

diffusion. As modern land increases, demonstratiou effects ircrease
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ffé#@gfhﬁtiszigmngnlhggﬁatheidiffusion3racasincreaaea§131heg:otglhland.J.]
'CQd)thﬁ!denominatot)ia a normalizing factor.  Evidence in:gsupport ofyche}
1 validity%ofuthis1f0rmu1ationAofuthe:diffusiqnhprocesamia@thQ‘fac: that

,uic.produces:an\"a%vsha?ed adoption. curve-similiar to many that. have
:occurred in reality, . S S T VOSSP o
wibitto-The rate land enters. modern:production, RLMD, A8 a résultuqﬁ
diffusion is the output of a three stage delay process similiar,to
that of Equations (M6, MB, and M9): . -
revty = KM14) R3(t) = R3(t.- DT) + DT x (RIMDI(t) = R3(t - DT))/XDEL3
(M15) R4(t) = R4(t - DT) + DT x (R3(t) - R4(t - DT))/XBEL3
(M16) RLMD(t) = .RLMD(t - DT)- + DT x (R4(t) - RLMD(t))/XDEL3
fhere:

‘R3, ‘R4 .= -intermediate rates

RLMDI = rate land enters modernization as a result of
diffusion - acre/year

L . L ¥ 1)
RLMD = rate land enters modern production as a result of
diffusion - acres/year

XDEL3 = one third of the delay involved in modernization -
years

[n this case there are no "dropouts' due to a possible shortage
{6! technical assistance (extension agents, etc.). This is due to the
fact that technical assistance is available from farmers already using
modern methods. On the other hand, the delay inherent in modernization
by diffusion will be conaiderably longer than that of an overt
"production canmpaign."

Given RLMD from Equation (M16) it is possible (and necessary) to

compute TRNSLD, the land that is in transition (from traditional to
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f‘imddem production) as 'a result of the ‘diffusion process. :.‘ G wﬂﬁ o
136 51or(ML7) © TRNSLD(t + .DT) = TRNSLD(t) + DT x (RLMDI{t)‘=.RLMD(t))
el 1ast It 4e anlaOAVinmortam‘:'"iri?the model to simulate -any -'fdro’ﬁbdc’a'-'* that .
| ‘océur ‘1¥ the ‘profitability of modern methods should drqp signific‘é‘ntlx
due to declining output prices, increasing input prices, etc. "In this
cése farmers who are using modern methods may fall back to traditional
practices. ' This dropoiut rate is the product -
" ZMODL(t) x FPC3(t)
iutiere ZMODL 18 ‘the ‘tofal ‘land in‘ modern production and FPO3 is given
by Eduation (M18)) - |
| (M18)- ?Pcﬁce’)‘- o MAX(E1Y %7(1°- EXP(''~ ‘ESL x: (E91 = PCA(t)))),.-0)
Where: : | ot
PCA = the profitability criteria of Equation (M2)
¥1 & 4k B1T, VB8, 891 - model parametere i
his function 1s hhown 1n Figure (M2)

PR Doy o

o FPCS(:)

' .
R TR sk By rranyron Fe XK - § |y JES

I -~ ~ .
. — 'y
S SRS B o w__‘”L‘ &, \s;f;;;y‘,‘ﬂSL KltBC‘“L
nlads i /m T \:’13\-‘&;72 :
\ ¢
E 81 Small ) . '
e smee e s Tiiemr el oyt i i ”‘\‘ v TEEv nobeasy 'pCA(t)
+ ; A
Y 3 . .

B9l .
‘Pigure M3



48

*ﬁf‘aﬂil‘ii) 18 lcleay ‘thae 16" the profitfabﬂity criteria relating‘modern

s e tuinb tb ‘trdditional’ réturns’ (PCA) 15 ‘greater than somu.threshold
*value} ‘B9, FPC3 18 zeto and there are no dropouts from modern ﬁfoinﬁ
“duction. " For smaller values of PCA, FPC3 is some pdsitive’numbét o
“"batween Zerb‘and'Eii'indicating that some bercehtage of the m&dérn‘}f

:1and’ reverts to traditional methods annually. Again the model para-

"metera'(E91, E81, and Ell) can be selected to simulate'a range of

real world conditions. e
Given this dropout rate and the rates land is being modernized by

prodgct%gn campaigns and Qiffusion, it 1s possible to compute the

totg}ﬁ@odg:n lanq ZMODL, vh;éhlis assumed to produce at modern p:q§u§-

tivities: o ( e
(M19) ZMODL(t + .bT), -zZMODL(t) + DT x (RLMP(t) + RLMD(t)

hael omriad - ZMODL(t) X FPC3(t)

- e 5+ B6 x ZMODL(t) x lu.x.mﬂ:(t:)/A.I:ro'r(t:)),jhh
sy batpqerm gb b

Where: - ‘ , .

RIMP = rate land enters modern production from production
campaigns - acres/year.

«#vods bR = rdte Tand enters modern production as a result of
diffusion - acres/year.

f }'u w

""ZMODL(t) x FPC3(t) = rate land "drops out" of modern
production due to low profitability
"RALTOT = rate of change of total land in the given commodity.
ALTOT = total land in the given commodity. ‘
E6 = a model parameter that determines the percentage of
land entering or leaving the given commodity that
enters or leaves modern preduction.

"The inclusion in Equation (M19) of the term involving "RALTOT"

requires further discussion, It is clear that over time the total
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%gpq.allocated by decision_mgkerq'to a given commodity will change.
Thg_gueation arises--~how shquld these changes:be allocated .to traditional
and modern production? The model formulation permits the user to make
a nq@be; of assumptions about this through adjustment of the parametef
EG‘W,EQr example, if E6 = 0 the model allocates all increases or decreases
ighsgfal laqd‘;o traditional production. If E6 = 1 the model allocates
chahggsjin }and area to traditipngl and modern production proportionally
according to the percentage each is of total land. Further, 1f . .
o ., , E6b=m]1 RALTOT > 0 ,

Phazpoaste - 0 pg e RALTOT < 0
the model allocates net increases in total land ptoﬁértibnaif§jé;h”1q
B5de¥n and traditional produdfidn'hnd‘subtfacté all Sééreédé;\fréﬁimf
traditional production etc. R

To’continue With the main stream of the model description, land
al1ddted to traditional production, TRADL, is readily computed as

(M20) TRADL(t) = ALTOT(t) - ZMODL(t)

e pay
y _ ZMODL = land in modern production as computed above.
ST 8 B R ¢ IO AL S ; :
ALTOT = total land allocated to the commodity in question
T, (an input variable to this component computed by
'Jil};;“; a the land allocation component).

mwr_'lln order to compute an average productivity for the given commodity
(the primary function of this model component) we compute total output,
oo, as

' (M21) OTOT(t) = PYM x ZMODL(t) + PYT x TRADL(t)
0hl;e PYM and PYT are hodern and traditional productivities pgx'a;tc

respectively. Average productivity, PYAYG, is simply oxt Shapsoed
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S - campuey 6 gen w (3YTCHDT (S50

(422 SBAYATG (L) )I0TOT(e) JALTOR(ES) * 70 = (I)TAION

where:

s} 35uy7 ALTOT -8 againn:ocal“leﬁd’élibéﬁféa’é35fhéhﬁiven commodity.

7To. remaining equations bfv;hg‘ﬁodetqiégfiph*hdipdﬁéﬁﬁ compute 'demands

TS FPLY A ’ :

or the various modernizing inputs:
"(M23) DEEX2 (t) = ES(t) x TRNSLE(t)
where: '

'''''

(measured in extension worker equivalents).
y TRNSLE =’ Jand in transition due to overt promotion - acres
E5 = extension worker equivalents per acre in transition

(provision is made in the model for this requirement to
change over time to simulate learmning effects etc.)

3(M24) . 'DBMAT(t) = E13 x ZMODL + (TRNSLE(t) + TRNSLD(t))/E4
where: A
1DBMAT = demand forbjological materials (seeds etc.) - péuﬁas

‘E13 = pounds of biological material required per acre of ﬁbdetn-
ized land ;

‘BQ = acres/pound of biological material for land in transition
from traditional to modern practices.

(M25) DFERT(t) = E141 x TRNSLE(t) + E142TRNSLD(t) + E143 x ZMbDL(é) +
E144 x TRADL(t) R
where:
* '/ DFERT = total demand for fertilizer -gﬁoﬂﬁds
- El41; E142, E143, E144 = per acre requirements - pounds/acre
in*(M26). EXTI(t) = E16 x DBMAT(t) + El/ . DFERT(t)
vhere!: \ '
EXTI = man units required to distribute :lnputa1

E16, E17 = man units/unit of bic-material and fertilizer

l/This variable makes 1t possible to assess the impact of alternative
strategies regarding the use of extension personnel in the distribution of

irputs.
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(427)  DCRDT(t) = RSB # (TRNSLEE) (+)TENSLD(E))+7 SODL (£55')
~:,c~;*£$~2£\‘\“mém5 ov oD,y REF (acre credit requirement definéd ifi Equation (M1)

o :‘v“w.,DQRDIvf“tqgglwgemand:for:credit to sustain modernization
%@Qa“”& SRUGES s working credit and credit for capital investment.

(M28). DINV(t) = CPL x (XRI(t) + R3(t)) + E18 x CAP(t)
'whére:
DINV = demand for capital invesiment

‘eer gwéaﬁftélfré&ui;éménﬁs pei acre .(vv sustain mogern
production) ~ k/acre

Taitite

XR]1 = laggedl' rate land enters modernization process due to
" production campaigns - acres/year

R3{Tllagged1 rate land enters modernization process due to
~ diffusion effects - acres/year

CAgf? total value of existing (modernizing) capital - b

El8 = depreciation factor vty
~ Assuming that demand for capital inputs is satisfied, the total value of
Bhosee - Lo v * S ,
- modernization capital for the given commodity is computed ‘as
ghouw Yo oo :

(M29) CAP(t + DT) = CAP(t) + CPL x XRL(t) + CROUTE3(1))
© Finally, the component computes the total cost 6f non?farm inputs (CNFI)
fo;‘ggg elsevhere in the overall model:
sy awere) PFRT(t) x DFERT(t) + DINV(t)
This concludes description of the major model structural relationships.
The component has been programmed, tested and 1is currently being incorporated
into the northern model."The modernization component will be used replicatively

once for each commodity in the northern model. Unfortunately, inherent

differences between the nature and economics of annual and perrenial

Yy

* The lag here accounts for the fact that demand for capital equipment
will. lag the decision to 4dopt modern methods (See Equations M7 and M14).
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production preclude the possibility of directly using this component in
modeling the southern tree crop economy. Tests of this model have led to
\éigfofmative insights into the interrelationships béfween overt efforts to
";tiﬁhlate ﬁbdernization (production campaigns etc.) and spontaneous’:-
&iffusion-processes. It 18 quite cléar that under favorable conditions
'(ﬁrofitability and availability of modernizing inputs) a burst of oveft
promotion can provide a "trigger" for a spontaneous diffusion process.

We hope that the available data will enable us to use the model to expibre
éhe impact of alternative promotion strategies upon diffusion effects and

overall productivity.
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n% 3zwnopwf,-y!;1 st syThe *Pogu ation Conponent: - '3 v&ufﬁﬁfq "“*J””&“W“

! h‘u et £ T Te it S R IR e SRS FL A 2 b1 *“‘?“‘)'
The purpose of the population component of the eimulationimodel of the

}oasLtes v vyt cedow oyt o "!’v""c‘t"!Iu

agricultural sector of the Northern Region of Nigeria ia to provide a demand

i . 1

for aubsistence calories in each of the four crop areas, a demand for food
ataples throuph the cash market from the segment of the population which is
not employed in agriculture, and to provide a supply of labor for the
agriculturai sector. ‘ 4

| The population of Northern Nigeria is divided along three dimeneione
into 162 cells or cohorts. Theae three dimeneiona are: occupation
(agriculture, non-apriculture, and unemployed), sen (male and female), and
age group (twenty-seven three-year age groups.) The initial data arrays
entered into the computer projram distribute the population along two of
the dimensions, age and sex. Two additional arrays, TLF and AGR, are used
to distribute the populatior into the three different occupational rategories.
The number of people employed in agriculture irn ecach age-sex cohort in the

North is given by:

- *
(POP1) Pop(t)kage,jeex,agric Pop(t)kage,jeex*TLerge.jeex AcR(t)kage.isex

where:

POP(t) = the number of persons employed in
. kage,Jsex,agric agriculture in a given age-sex cohort

Pop(t)kage.jaex

’

» the total number of persons in a pivea age-sex
cohort

= the fraction of persons in a given age-sex cohort

kage,jsex employed in the labor force
AGR(t)ka e,isex = fraction of the labor force in a given age-
Be, sex cohort employed in apriculture.

The number employed in non-agricultural occupations is piven by:

(POP2) POP(t)kape

= POP
e,)sex,nonag (t)kage

* -
yjsex TLFkaae,Jsex

POP(t)knge’j“x’a“
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mnagbgngﬂmberwoﬂupersono ﬁneﬁbib?eaﬁ’nostiygEhiid?eﬁkana older persons,

(POP3) POP(t) TEPOP(RY, D BOB(E 1 e -
kﬂse.jsex.unemp kage,jse _“kage, jsex,agric
é*& {fow ve onteofey aansteladus 1o Sowrob ardd oo f*"‘f"sﬁ{r!) G Forahoty ol
: POP . . o .
¥oald wlen ,o kage 1-139"01‘0“38‘: T S A
36 EAS FEEEA » * ) s

The number of equivalent man-units of labor employed in the agricultural
gadanluyan venae i b e v telpr e 0 o
sector at a given time t is:

S

P
(popa)ve:sAcrw(t)-'-"Z'~"f‘ L EQVDAY ' " x EMuAN, Uk
kage=1 gsex-; kage,jsex , kage,jeegﬂ
) P.‘?P.‘f’kasedesmsrie o
‘ “whete.

"!:

AGMU(:) = man-units of labor employed in the agricultural gector

TR ER : | o time t-
EQVDAYkage,jsex fraction of a reference man-day worked by

a laborer in an age-sex cohort .
EQVMAN = fraction of a reference man's physical energy

4 kage,js ) expended by a laborer in an ape-sex cohort.
The above relationship takes into account that different persons, depending
on their sex and age have different amounts of tima and physical energy to
devote to agricultural labor. For example. children, women, and older
;era;;; contribute fewer effective man-units of labor than a reference man
between the ages of 21 and 40. The man-units of labor in the agricultural
sector are distributed among :he four crop areas of the Northerr Region as
follows: | ' .

(POPS) LABAk DLABORk * ACMU(t)

where: -

LABA(t)ketea = gvailable man-units of agricultural labor in
. each of the crop areas in the ncrthern region,

DLABORk = fraction of the total apricultural labor force
area
located in each of the crop areas, assuming
uniform age-sex distribution and norinterarca
miprations:
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The available labor in each.of .the crop.aréga.of theyorthern Keploriis an -

P LIRE
output from the population component. ) KA R A
Ciri T
In order to determine the demand for Subsistence calories as well as

the demand for food staples flowing through the cash market, it ie necessary

,".,9 E
ot T IR T R AL L £

'Hivide the population into a farm population and a non-farm population.

1 ,:7(‘,‘\"’ RIARARY

Note that this is a slightly different distinction than a division of the

population ;nto rural and urban.‘ There 13 likely to'be'a smaller percentage
,f';’ R
of the population actuelly 1iv1ug on farms and growing their own food than

the percentage of the population which mighc be classified as rural depending
on the size of the population center in which they live. The division into
[

‘@ farin’and'don-farm population is made on the basis of the number of males

3@pigqu‘1q agriculture and the number of ma;gq.emplqyed ifi non~agricultural

i

occupations. =
POP6) TPOPAG(t) - TPOPR(t) # [TOTOCC(t) male 'agric/(TOTOCC(C)male.agtic +
'ro'.rocc(t)male nopag)]
wheve't

st
TPOPAG(t’ n'total population liviny on farms in the orthem
Region- . . e ot

uTPOPR(t) = total population in the lorthermn Region:

= total number of males employed in

~TQTOCC(t)
B agriculture

male,apric

TOTOCC(t) = total number of males employed 1n

malg’“°“9g, agricultural occupations

The remaining population (the non-farm sector) of the ilorthern "egion
fegtymby

‘(POP7) TPOPNA(t) = TPOPR(t) - TPOPAG(t)

Wherel

‘TPOPNA(t) = total non-farmipppulation in the liorthern Reglon. .
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1 mpepne demand for subsistence calories in. each,of, the £rep, axess.is
'coneidered te be bropqr&;qnﬁ;vgpf;Qe“g;ngibqgiogrpf,;hetgﬁbprnforge‘gctoes

gﬁeg)gf the areas.

™ ~£y$?93§%‘ DEMR(t)katea [DLABORkarea,azfic ~TROPAG(E). # CALP?]/yw
[1.0 - SPOIL) .

VA IS

.
4il3 ﬁ?“?ﬁ?? KA ERE

DEMR(t)) urap = demand rate for subsistence.calories, per. year
. in each crop area

CALPP = average per capita calories required ?et year

SPOIL = percent of subsistence food which spoils between the
field and the table.

DLABO ‘ = fraction of the total agricultural labor
- Rkarea,agric force located in each of the crop areas,

, assuming the agricultural population.and
farm population have the same distribution
_among crop aread.

oo U

‘ﬂlggykﬁisxap output variable from the population component.
The demand for cash feod (staples) in the llorthern Negion iara function
ogﬁghe‘;otal non-farm population, the average price per pound,of food. -
staples, and the average per capita income:
(POP9) 'DEMCFN(t) = TPOPNA(t) * exp[ELASFC + ELASFP * loséPEN(t) +
ELASFY * loge(YNFN(t)/TPOPNA(t))]
3whe§e:
QgMCFN(t) = demand for food staples, calories per year
ELASFC = empirical constant
" ELASFP = empirically determined price elasticity

PFN(t) = averape price of food staples, pounds sterling per
pound

ELASFY = empirically determined income elasticity

YNFN(t) = total income earned by the non~farm population,
pounds sterling per year.
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Equation (POP9) is a transformed version of the standard log~log form
of demand equation expressed as a function of price ane iecome. DEMCFN is

> an output veriable from the population component.

The updating mechanism for the population component operefes'en two
different cycles: a major cycle DTY of three years and a minor e§c1e DT
equal to the time increment utilized by the rest of the model (currently
0.25 years). The reason for having a major cycle of three years in the

1P0Pu1ation.eohpbneht 13'that';hejpppe;eﬁieﬁ?is divided into 27 age groups of
three years each. Thus, the population may bevegifted‘becyeen the age
¢e?hle‘rt:e’only epce every th:eebjeers.
- 'Iu'the cufrene version the birth retea,’BIRTﬂRkage, are assumed to
‘remain constant during the duration of the simulation, i.e. it 18 assumed
N that there is no effective birth control program and that the country has
.; not yet entered the period in which birth rates begin to fall naturally.
IOn the other hand, the death rafes, DEATHRkage;jsex,‘and the 1nfant“boftality
"1 rdte,INMOR,are assumed to be deciining during the duracibh of a simulation

run'as a result of the introduction of improved health practicés. The

[ TRV ’ 1
AN ST E‘f,,r

decline in the infant mortality rate is computed as:

r {)(POP10) INMOR(tm) = INMOR(Em-DTY) # (1.0 - DECINM)DTY * ™
where: B

tm = average time during major cycle time'petibd,’E +(DTY/2)

Heov 1INMOR(tw) = averap. infant mortality rate duting the major
cycle of DTY years .

DECINM = fractional decline per year in the infant mortality
¥ rate

irars sareV Lo s
tan navic D DIY = major cycle of three years

The decline in deatl rates 13 computed as follows.
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(POP11) nmmn(:m),,age fsex -%zAmn(tm DTV age, jaex * . o-vzcm*u)”"y
where'
thnu»ﬂzm Yoy ey gy Cohee e Seinnta gy T aofan i) 144 [H”O!?WQH”TMQ wely

S DEATHR(tm) - age-sex~apec1fic death rates
CEral Feios et kage Jsex aptioktnn wdy ol bavelew odsl 2

, DECDTH = fractional decline per year in the age-sex-specific
wra , (3)20790Y ) onite ) death rates. | AREEERE el
iobu~ - -The. next step in the populatfon updating mechanism is to 'deléte” the
" decedents from each age-sex cohort ‘and ‘shift ‘the 'remdining population‘into’

the next older age~sex cohort: . 71'fx:;: Ly
(OPLE)  FORCEADM e e = POF(Op g fouy *
e K‘L"‘.,‘.')'. . e
Vil

(1.0 - DEATHR(tm)kase_ 1 j“x)

L R L [T o
PRI . : ;

The number of males who enter the youngest age cohort is a function of the

v-tatal number of .births, the infant mortality zate, and the sex ratio at
birth:

anksual oo

(POP13) POP(ﬁ.xbff&;r e-1",m;1'e" TBIRTH(tm) * (1.0 - INMOR(tm)) *

1 '

per Dy ot e T ey 0 - ’ O B A ARt
[SRATIO/(I 0+ SRATIO)]
53.?"2&,‘:.!331.91!"19‘33!"«‘::' P R R N N RRCEN TR RPTIY" 5 |

arteoflo} o 3TBIRTH(tm). = total number of births during ‘the majof time!"
cycle (see Equation POP15)

Phea g chapr.
CRIIE A

SRATIO = the number of males born per femule born s
Thk> number of females who enter the youngest age cohort is given by:

* (1.0 - INM *
(POP14) POP(t+D’rY)k ages1,femala TBIRm(tm) (1 m oa(tm))

(1.0/(1.0 + SRATIO)]
Ihdxtbtal number of births ggring a major time cycle 1is:

..+ (POP15) TBIRTH(tm) = POP (t) * BIRTHR(tm), "% DTY
éage-l kage,fema1e kage

PR S

Although Equations POPS5, POP6, and POP7 are correct conceptually, in
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the computational procedure of the simulation model the number of man~-units
of labor employed in the agricultural sector, AGMU(t), the total farm
‘population, TPOPAG(t), and the total non~farm population, TPOPNA(t), are
computed by these equations caly at the beginning and the end of each major
cycle. These two values for each varlable are then used to calculate a '
rate of change of that variable: i
(POP16) RAGMU(tm) = [AGMU(t+DTY) - AGMU(t)]/DTY e
(POP17) RTPAG(tm) = [TPOPAG(t+DTY) - TPOPAG(t)]/DTY
)I(éOPIS) RTPNA(tm) = [TPOPNA(t+DTY) - TPOPNA(t)]}/DTY .
sty It

Ay 7., Wheres .

35 otigtr --:RAGMU(tm) = rate of change of man-units:of agricultural labor
during major time cycle tm

o,,’

RTPAG(tm) = rate of chanpe of the total farm population during
¢ (.u~s4r'" -t r . major time cycle tm

RIPNA(tm) = rate of chanpe of the total non-farm population
feso o during major time cycle tm :

Tﬁus. the values of AgMy (t), TPOPAG(t), and TPOPNA(t) as used it dquations
POP5,: POP#,. and POP9 are computed each time increment DT by’ the following
equations: |

(POP19) AGMU(t) v AGHMU(E-DT) + RAGMU(tm) * DT

vt aell

'(POP20) TPOPAG(t) = TPOPAG(t-DT) + RTPAG(tm) * DT o
H’([I’OPZI) TPOPNA(t) = TPOPNA(t~DT) + RTPNA(tm) * DT o

where:
D1 = the time increment used in the overall simulation model

- A more detailed description of the population component is found in the

Fortran sub-routines in the Appendix.
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The first group of variables and parameters which had to be estimated

: : : BT R
s Rty oronr S a o Dot Ly Baargndy o s

‘for the processing of the population component were the basic demographic

[N
l“;' . i }

variables'" the age-sex distribution, the uge-specific birth and death

I

rates, sex ratio at birth and the rate of decline in the death rates (it

¥
e

was assumed that birth rates have remained relatively constant) The best

available sOurce of demographic data on Nigeria st the simulation starting

Y :

‘time was the 1953 Census of Nigeria. However, this census had seversl

’ deficiencies in terms of our purposes. There ia peneral agreement among

NI

T4

':werecollected by a 1/18 sample survey conducted in 1961.

demographers that the census was underreported by approximately 10 percent.

'The age distribution brcakdown in 0- 1, 2-6 7- lb 15 49, and 50+ age groups

i i -

showed too many people in the larpe 15-49 ape group. These age groupings

"and the biased distribution made it difficult to construct a reliable age

\distribu ion of the Wigerian population. Finally, the 1953 Census did not
provide data on ape-specific birth and death rates. For these reasons a

‘published analysis of demographic data for Dahomey was used as a guide in

arriving at reasonable figures for Niperia.1 The Dahomey demographic data

The age-sex distribution curves for Niperia were estimated by o

distributing the total population of Nigeria (arrived at by incressing the .
figure reported in the 1953 Census by 10 percent) according to the agefsex
distributions found in Dahomey. This approach seemed reasonable because

the percentape distributions across age proups appear to ’0 fuirly sirilnr for

 different Afeican populations.

1Brass. et al., The Demography of Tropical Africa, Princeton University
Press, 1968,
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Age-specific death rates for the northern region were also derived from

death rates for Dahomey, although they were ratioed down to yield a crude death

rate of about 26 per thousand instead of 33 per thousand as found in Dahomey.

FJ.‘

This was done to yield an overall growth rate of 2 0-2 5 nercent which has

been estimated for Nigeria by the Okonju, Ferguson and others. Furthermore,

B R AR

in light of the probably more advanced state of development of Nigeria even
in 1953 over that of Dahomey in 1961, a lower death rate is justified. The

decline in death rates for the period of the simulation runs was arbitrarily

iy Ty PRI AV O §

‘estimated to be 1. 7 percent per year and the decline in infant mortality rates

Gy el b
- ‘3 B
I 1

to be about 1 percent per year.

JERETRR LR S

P
o7t

Age-specific birth rates,which were assumed to remain constant throughout

. : :
y RN Pt N WU PRI
LN TR :

the simulation run,were based on birth rates for Dahomey which had been

. PRI ‘..,; ,i ,,j', s I(, N St R TAR
estimated by an analysis of survey data on births during the previOus year and
! ",r,?" Pio.oor oo : v"'

on childrenneverborn to women of child-bearing age. Birth rates were increased

oot ._)‘.y. ..

-~y f‘
lf 5 percent to: raise the rate of natural increase to produce enough births

to maintain a smooth awe—sex distribution curve over anine-year trial simu-
lation period.
I 3

S R

Based on these adjusted figures from Dahomey, the total Nigerian population
\ ¥

grew from 34,233,000 in 1953 to 43 635 370 in 1962 at an annual rate of 2.4

percent in the North and 2.7 percent in the South. This figure for the 1062

[

population 1s close to the estimates of Okonju, ferguson and others.

The second group of parametors to be estimated included those dealing
with the labor force, The age-sey, specific distribut101 of the proportion of
people in each cohort working in the labor force, TLF

kage,jsex

tion of the labor force in cach cohort working in the agriculture AGRkage jsex
Al | A

, and the propor-

determined by an analysis of both the 1953 Census and the 1963 Census. The

proportion of time worked by laborers in cach cohort, EQVDAY , as

kage,isex

compared to a reference man between the ages of 18 and 45 and the amount of
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’1Ph3°1¢°1 energy expended: EQUMAN, .ce,jsex» 88 compared-to:a reference man
between 21 and 39 :were ‘rather arbitrarily estimated.- For example, it was
assumed that a woman of age 30 in the labor force would be able to devote
approximately 80 percent as much time to her work as a reference man and
that :she would expend gbout 87.5 percent of the physical ‘energy expended
by a_reference man. e e e e s
The - geographical distribution .of labor across the crop areas, ‘.07
DLABORK&fe&;jdcchp' was ‘based on data reported in the 1953 Census and 'the ¢
1963 census. AT : S S R RS S 5
14 -Rural-urban sdgration -was arbitrarily estimated to be‘.750 percent
per year for men and .375 percent per year for women. = .. : - i gl ineivh
.-+ The third group of parameters included those required for the food ‘it
demand. equations. The elasticitics used in the log-log cash food demand
equation were estimated by means of a regression analysis of Jata reported
from urban consumer surveys conducted in seven urban areas between 1959 and
1966 and from food price data reported in the Annual Abstract of Statistics
Nigeria, 1966. The income elasticity for food staples was found to be 0.33
and the price elasticity was found to be -0.96 (this value may be somewhat
high). The constant term in the demand equatién ELASFC was adjusted to: '/
make the quantity demanded consistent with the population level, the food '
Price index, and the income levels utilized in the simulation model. The
daily subsistence requirement for food staples CALPP was cstimated to be ' .
about 1900 calories per person per day. This fipure was based on the age
distribution of the population and on data published by the Food and
Nutrition Board of the U.S. National Academy of Sciences in 1968. The

spollage rate of subsistence food was arbitrarily estimated at 13 percent.



If-general, the cchanges of ‘the beef model may be classified as: (1) '
parameter changes due to newly acquired information (2) parameter changes ‘
to achieve internal consistency (3) equation changes .to more closely
approximate -reality (4) neﬁreﬁuatibns added to provide more detail (5) %'
addition of the beef transportation‘and distribution components. Co

In the fall of 1968, Mr. Laybourne Larson, former U.S.A.I.D. Livestock
Advisor in Nigeria, was consulted in an attemnt to make the beef model more *
realistic. Many of the chanpes made were a result of discussions witﬁ him.

‘The T.D.N. ylelds of the grass in modern grazing reserves and animal - -
feed crops (C9 and C10) were increased to 500 pounds per acre and 3,700 "
pounds per acre respectively. These parameters appear in equations (211) e
and(212) respectively. | T
Since the beef production model is now integrated with the northern

cropping model, T.D.N.. yields from food and cash crops’ are now endogenous -

variables.  The parameters are the same as those in equation (20R) in the

".: “q

April, 1968 progress report. C o e i
~The death rate functions for the traditional and modern herds have 11

been {ncreased and lowered respectively as shown below. - TR /l§ﬂ5
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These new functions are in equation (2) in the demography lub-roueinuy
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The prcportion of .all.femates-lactating. in the traditional:;;
herd was changed from .65 to .5. This parameter>appeata in equation f20)

of the demography sub-routine. ‘ 2,

Parameter Chahgea Made for Model Consistency

Tests of model validity included internal and external consistency
checks. Some parameters were changed so that the model could pass these
tests.
vioii ¢ In a demographic model, certain relationships exist between the birth
'HrQZQé;’deafh rates, sales rates, sex ratios, sales sex ratios, theoretical
extraction rates, actual extraction rates and herd size growth. In the
following development of internal consistency checks, these definitions
are used: BR = proportion of total females calving: DRM,DRF = proportion
of males that die and proportion of females that die respectively; SR =
Population of males divided by population of females; ERT = proportion
of the total herd that may be sold, keeping the total population constant;
PM,PF = population of males and females, respectively, SM,SF = gales of
males and females, respectively.

Assuming the population of males and females is unchanpged through time,

the following equations hold.

(1) dPF = BR/2 * PF -~ DRF % PF -~ SF = ()
dt |

() O w BR/2 % PP - DRM A PM - SH = O

Sy

The extraction ration is defined as: fff

(3) ER = SM 4+ SF
PF + PM

Solving for SM and SF in equations (1) 165312) lndiiubBC1tuting?1nto
(3) gives: '

PRI o TR TP PN
; FEAMY At e
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ranat(4) ER-w BR/2 % PF - DRF * PP + BR/2 * PF - DRM_* PM :
T PF + PM

This reduces to:

(5) ER = BR % PF - DRF * PF - DRM * PM
PF + PM

gt Lol ool

g}y&@ipg by PF gives:

(6) ER = BR - DRF - DRM * SR
A . 1+ SR

This 18 the equation of the theoretical extraction ratio that can be
compared with the extraction ratio that is calculated by the program. If
the herd size is increasine, the extraction ratio of the model should be
lower than the theoretical one. Conversely, if the herd size is decreasing,
the model extraction ratio should he higher th-n the theoretical one.

Another test was developed to check the consistency of the sex ratio
. of sales with assumed birth rates, death rates for males and females and
the sex ratio. The sales sex ratio is defined as SM _ _ . Solving

SF + SM
equations (1) and (2) for SM and SF and substituting gives:

BR
3 sal . T2 * PF - DRM * PM
(7) 8Sales sex ratio BR ¥ PF - DRF * PF + BR * PF - DRM * PM
AR S AR R ‘ 2 ' 2 7
dividing by PF gives:
donne : E—R-
- .2 - DRM * SR

lﬁg?vfsaleg sex ratio AR - DRF + BR = DRM * SR

2 2

1

v by 3 H
O4mplifying the denominator yields
BR - DRM * SR

(9) Sales sex ratio = 5
BR - DRF - DRM * SR

Checking equations (6) and (9) with the data given by others indicated
that the death rate for females was higher than the death rate of males.
This seems reasonable as the age distribution of the females is older and

they encounter more stress from calving and nursing calves than the males.
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Therefore, the ‘death rate. fo:;femnles"ﬁns changed to" 1 7*timeszthe'ﬂeath

rate of males.

Equation Changes
Total cropland (which expands at théﬁegﬁénse of grazing land in
Northern Nigeria) is now computed by the crop eectore of tﬁe ng;;h;tn
model. In the earlier beef model expansion of erop. land was an exoéenoua
model variable, Total crop land and the grazing land‘reefdualzaré'now computed
as follows:
FFLND = TL(1). + TL(2) + TL(3)

. where:

. FLND = Total crop land in the normally fly full. region of ::
Northern Nigeria

TL(l). TL(Z) TL(3) = respectively total crop land 1n the

groundnut-food, cotton-food and. groundnut-
cotton-food zones.

* J

"G % LGO - FFIND |
T Pden
vhere:
LG = * total fly full grazing ma

LGO = total fly full grazing land at the beginning of a
simulation run . ,

The rate that animals are added to the modern grazing reserves 1is a
function of the rate of increase of their traditional nutrition lebgls
and the difference between the acheived nutrition level‘qu the ggg;:ed one,
Bquation (1972) computes this. | | o
(1972) RAA = RTDN * C16 + C36 * (TDNAM - TDNAD)
_where:
RAA * Rate animals are added to the modern sector (K animals/year)
RTDN = Rate of increasa of TDN (K pounds/year? )

.CIG @ The reciprocal of the TDN required per animal year under

"modern" nutritional standards (K animal years/Kpounds TDN)
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C36 = a model paiﬂﬁééér?EHAf‘éétefmineé the influence

which the difference between the(achgivcd@uutiitiéh_

.level.and the desired nutrition level in. the modern::

sector ﬁas‘9n$thq,rate,animals are added to the modern

. gector.,

TDNAM = pounds of TDN per animal in the modern sector
TDNAD = desired TDN level per animal in the modern sector.

Fquations (2181) and (2182) compute the income desired from cattle
in the traditional and modern sectors respectively.

(2181) YAT = SUPT * PA + PAD * (DMT + DFT)

"% (3182) ¥AM = SUPM % PA + PAD % (DMM + DR)
" where: |
| YAT = incoﬁ; héki?ed from éaéti& in the traditional
sector | - - |
éﬁé% = number of cattle sold in cfaditionalw'éécéor
PA = Price of cattle in k's per animal | o
PAD = Value received for dead animals--mostly hide
sales.
DMT = number ofmales that died
DFT = number oL females that died.

The total income derived from the beef industry is the addition of the
traditional herd income and the modern herd income. Equation (219) reflects
this.

(219) {TA = YAT + YAM

~where:

YA = Income derived from the beef industry
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L Jraa

' wo"equations were added to the program to check for consistency with
" data collected by others. The birth rates; death rates for males and
‘females, sales rates, sex ratios, population, and 'age at maturity or sale
must be consistent. Equations (2163) and 2164) calculate the approximate
‘time to maturity implicd by the parameters ‘of the model.

M £V VIE Cot B T e
(2163) TMM = 2 *SRM/(BRM ~ 2 *DRM * SRM)
9L yaen : L L
(2164) TFM = 2/(BRM - 2 * DRM)

cedme s e T by thner oo o

where: o e
('é' . Y i ‘uvA‘g’ 7. "’, Sy N T / 5, }

TMM, TFM = time to maturity for males and females respectively
SRM = gex ratio (number of males/number of females)

BRM = birth rate as a proportion of all females

“Iﬁﬁ%tz!“f.‘
DRM = death rate

The times to maturity estimated by equations (2163) and (2164)

RER RN Rl

genarally corresnond to estimates made hv athara. i
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Preliminary Tests of the Norfhern Medel

s+ 1.The major components of the system were modeled, simulated and tested
;dndividually as part of the overall model building process. During these
tests, conceptual and programming errors ware detected and corrected until
the component appeared credible and ready for inclusion in larger models.

- The components were then integrated into the Northern regional model shown

+in Figure (3). Extenaive model tests were continued within the context of
the larger model to eliminate programming errors anq inconsistencies
between related model components. - This refinement process led to a model
which was deemed ready for preliminary comparison with time series data
generated by the Northern Nigerian economy.

These initial comparisons served a number of purposes:

a. They led to additional conceptual changes in the model which

w“?if ' made it behave more realistically.

, b.' They provided information indicating which qodel,parametgrs,wara
| v“moat important in influencing the abiiity of the model to track
past behavior of theINorthern Nigerian agricultural economy.
¢, They helped 1dentify'che model parameters which have the greatest
impact on the performance of the economy as measured by such

variables as income, foreign exchange earnings, value added, and
gso forth.
The 1;forﬁation produced by these tests will provide guidance in determing
priorities for future data gathering activities. These tests should also
suggest which "uncertain" parameters might be varied in any further attempt
to make the model behave mére realistically. These preliminary comparisons

with recent Northern Nigeria time series data are described below.
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Esaentiaily thé’ﬁodel (which at this tiﬁg coﬁtains only "ballpark"
Apg;gmeter estimates for the most part) was given farmer prices for groundnuts
and cotton over the period 1953-1965. Since these priceslwere determined
largely by world prices and/or marketing board policies, they can be
considered exogenously determined. Tie model then simulated this 13-year
perioﬁ, generating annual groundnut production, cotton production and an
.aggregate cash food price index for Northern Nigeria. TI sum-of-squared
errors between the simulated data and actual data was then calculated and
aggregated. The following equatione define this measure of model performance:

.., I8S 1“TSSG¢+ TSSc + IS8,
where:

‘§S§,!;t9;g1 sum of squarad deviations of the modal
' from actual data.

vrre o fa ! . . C ‘

'T88 , 1SS , ’rSSF = total sum of squared deviaticns
Gz . ¢ of groundnut, cotton and food

' series, respectively.

y

The tndividial squared deviations, T8Sg, TSS, AND TS5, are computed as

!rollaﬁ :,i sy oiba g vl g 0 e - A L 2

TR el 1"3“ ’.‘ij RSt
Tt T

[

ere?

Y .13; - E
% > fi—i— = mem of real world observatioms.
i=1

A .
xij = the simulated value of the 1th time series in year {.

Division by the mean i; in this equation normalized the errors of each’
time series so they carry approximately equal weight in the overall measure

of fit, TSS.
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Given the performance measure. Tss, the model wag further refimed and

. i
3

uncettain" parameters were adjusted within the liiely tange of actuel
values until it coarsely tracked real world deta and ptodueed a "raepectable"l
value for TSS. It was disturbing during theee tests to nore that the model
could be made to look "respectable" in a number of differemt.ways~-eome of
them clearly unrealistic. This is due to the fact that inaufficient realﬂ
world time series:hre'aVailaBle at the preaentmcime for compavison with
the wodel. The model was finally coarsely tuned om the basis-of the most
reasonable and consistent set of underlying assumptions, Uaing the reoulce
of thie'ptocedure as a "base" xun, a serles of "sensicivity" runs of the
model were made in which individual model parametere were varied by 20%
and,the impact on TSS and other criteris such as regional lncuume, foreign
exchange, etc., were computed. Some of the more important results of ;hese
sensitivity runs are ehown in Table 1. | | )
The firs: run in Table I provides a standard against which subséquent
‘runs can be evaluated. In runs (2-17) the parameter lisced in column 2
R
(and only that parameter) is changed by 20% and the 1mpact upon measurps
of system behavior noted. In addition to a tabulation of values of TSS,
kSSF, Tsscand TSSG vhich are measures of how well the model fits da:e from
the Northern Nigerian economy, Table I includes a number of economic measures
which provide an indication of how important variations in any given paremeter:
are in determing the performance’of the economy., These are defined as
follows: -
CFICNA = Cash farm income from crops in Northern Nigeria

accunulated over a 20-year simulation run-~Billions of
Nigerian pounds,

1/ As seen from the defining equation, perfect tracking would correspond
to a TSS value of zero. If the model produced zero outputs, TSS would be
apyroximately 39.
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- FOREXNA' = Foreign exchange Géafning from crops and beef in
Northern Nigeria accumulated over a 20-year simulation
run~-kiillions of pounds.

'™

'+ CFIPC = Cash farm income per person in the rural economy of
Northern Nigeria--k/person.

In all 16 separate parameters are tested for sensitivity in Table I. . These
are defined as follws:
‘PLO1 = Cultivated acres per equivalent man unit in region 1
: (groundnut-food) with traditional mechanization and
normal prices.,
APLO2 = Same as above for reglon 2 (cottor-food).
EAP(1) = Percent:of rurpl:popudation that is economically. active . i)
in region 1 (groundnut-food) at the beginning of the
simulation run. (1953)

EAP(2) = Percent of rural population that is economically active
in region 2 (cotton-food) at the teginning of the simulation

run (1953)

B(1,1) = Profitability elasticity (see Equation (11)) for groundnuts
when profitability index (PPl) is greater than one.

B(1,4) = Profitability elasticity (Equation (11)) for food in region

4 when profitability index (PFa) is greater than one.

B(é.l) = Profitability elasticity (Equation (11)) for groundnuis
B when profitability index (PFl) is less than one.

CL7(1)

a parameter that determines the rate of change of the
economically active population in region 1 (groundnut-fcod).

o
CL7(2) = A paramcter that determines the rate of change of the ,
' economically active population in region 2 (cotton-food).

1 OL7(4)

A parameter that determines the rate of change of the
economically ¢ctive population in region 4 (food only).

CL5 = A parameter that controls the rate of food price adjustment
in response to differences between supply and demand--
Equation (L25).

CM(4) = Mechanization roefficient in region 4-~the ratio of "effective’
to actual labor force.
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Pf(l). P4(2), Pb(a). Pf(é) = The productivities in yield per acre in
; the farm sub~regions of the northern
model.

[T ST

o shkiiulioan 'lnuv EY SR PR : :
Thc runs tabulated are by no means exhaustive—-much more of this kind of.

R A L S STITE ST TR TV IR I IV TIRNTE

teeting remaiue to be done. The runs ahown illuatrate what can be learned

' : kT
e ! * "

from sensitivity enalyeie.
ERE RS SR s r

‘ From rune (2-5) it is seen that vari ablee such as acres cultivated per

'ylt :

(X
[ SANE I
Bd s

unit of labor and indicies of economic activity are quite important in
'&etermining the performance of the model This suggests that effort

directed at obtaining better estimates of these parameters might sobetantially
improve modei accuracy. In fact, comparison of runs (2-5) with rune (978)
suggests that these parameters might be more important 1n‘dece;m1ning{ |

system behavior than parameters which measure the impact of prices upon

subaequent enterprise selection decisions. .

Runs 9-11 test the impact of the parametere which determine the rateus
P ARSI

of change in the "economically-active' population in the Northern aub-regiono.

Vi

These parameters are seen to have some impact upon model perfotmance but‘
less than might have been expected. | | ‘
In run 12, the food price adjuetment paremeter CL5 wes examinedA
for sensitivity and found to have a relatively‘weak influence upon model
behavior. This suggests that high precision may not be necessary here
and that data gathering efforts might be more profitably directed elsewhere.
In run 13, it was assumed that farmers in the sub-region specializing
in fcod edopted mechanization which effectively increased labor productivity
20%. This resulted in lower food prices to the consumer but tended to
reduce farm income slightly under current behavioral assumptions.

Perhaps the most interesting simulation results contained ir. the table

are those of runs 14-17. In thece runs, it was assumed that yields per acre
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s

were increased by 20% for each of the four major cropping activities of

; e s P ol

Northern Nigeria. Run 14 with increased groundnut yield showed significant

MY 75 1

“Increases in foreign exchange earnings and farm income. In run 15 the

it

impact of a corresponding increase in cotton yield was less significant due
to the smaller scale of cotton production. ‘ .
" In run 16, a 20%Z increase in the yield of food (mainly grains) grown

in competition with groundnuts and cotton :as poatulated. The impact on

foreign exchange earnings and farm income was greater than when either

1

groundnut or cotton yilelds were increased by the same proportion. The
increased food yields allowedifarmers to release land and labor from food
crope. Hence, the acreage and outputs of groundnuts and cotton increased

more than the previously cited case due to the very large acreage of food

O R IR T ' : :
crops in the sub-regiona. These results focus attention on an important

TR DR RN : '
question: Should extension and research programs give more emphasis to

f&éd oropa grown in competition with crops such as groundnuts and cotton?
Much current thinking seems to be aiming these resources directly at the
export and import substitute eommodities. |

In run 17 the yield of food in the food-only zone was increased by
20% ao in run 13, food prices were lowered and the impact on farm incoma

. ’

lnd exchange earnings was neutral.
.t
h The tests described above represent a beginning; but much more
testing is plaunned for the Northern model, includirg activation of the

modernization components and exploration of alternative budget allocations.



TABLE I: ELECTED RESULTS OF NORTHERN MODEL SENSITIVITY TESTS

.

~®

O e o i | @O ® w
Run # | Description Varied Parameter | CFICNA | FOREXNA | CFIFC | TSS ISSp, | TSSg .| TSSg
1 g Base Run % 1850 | 9,278 8.29 1.887 | .200 | .828 nigssl'“
2 f APLO, + by 20% 6.0 2.026 172.7 8.57 4.896 | .200 | 3.837 ~;§59
3 | APLO, 3 by 20X 6.0 1.945 . 87.00 8.44 7.463 | .200 .827 §3436
& EAP(1) 4 by 20% .750 1.922 45.42 8.32 2.369 | .200 | 1.309 ;§59
5 EAP(2) 4 by 20X .5 1.895 15.29 8.29 |'2.122 | .200 .825 1io95
6 B(1,1) 4 by 20X 1 : i 1.890 ' 9.228 5.29 '1.887 ! .200 |..828 i§59
7 B(1,4) 4 by 20% 1 1,891 9.309 .29 | 1.872 | .185 ‘.szg ;ééeo
8 B(2,1) ; by 20% .57 1.886 3.189 3.26 1.893 | .200 | .834 | .859
9 CL7(1) 4 by 20§ .05’ 1.89 | 14.26 8.30 | 1.904 | .200 | .844 | .859
10 | CL7(2) 4 by 202 al 1805 | 15.14 8.29 | 2.085 | .200 | .828 i:§57
11 | CL7(4) 4 by 202 03 1.891 9.293 8.28 1.874 | .1864 | .828 | .859
12 CLS , bx 20% 1 - 1.893 §.179 8.28 1.892 | .206 | .828 ;358
13 Q:(4) 4 by 202 I 1.888 | 11.010 8.26 2.045 .328Jﬁ .828 .é59
14 PY(1) 4 by 202 - | 700 #/acre ; 1..89 130.3 8.51 3.699 | .200 2.639 .859
15 | PY(2) 4 by 202 260 #/acre % 1921 | s2.72 8.37 4.438 | .200 | .828 | 3.410
16 { PY(3) 4 by 202 700 #/acre i 2.007 156.7 8.54 5.452 | .200 | 2.428 | 2.825
17 % PY(4) + by 202 | 5320 #/acre ;A'1.890 8.386 8.25 1.049 | .248 | .828 | .874
i i
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'PART IIT

An Initial Conceoéion:of a Southern Region Crop Sector

Simulation of the trce crop economy in the South (defined hs the Eo:mer
. Weotern, Mid-Western and Eastern Regions) is handled as follows. : ?

The South is dividgd into.four crop sectors rooghly determined by 7;
climatic and soil conditions (see Figure 1). Sector 1 is the orea in whlchw“
* cocoa can be prown and hence competes with food and oil palm for land ano |
- labor. This sector covers all of the Western Région (except Colony Provincef

and Egbado, Oyo &nd Okitipupa Divisions) and Afenmai Division of the Mid-West.
2 Sector 2 1s composed of the area in which oil palm alone competes or -

could ccmpete, with food for inputs. This includes all of the Eastern
. Region with the exception of the following divisions: Brass, Degema,
‘Nsukka, Udi, Abakaliki, Ogoja, Obudu and Ikom, |

The Mid-Western Fegion minus Afenmai and Vestern Ijaw Divisions

comprisea Sector 3, where oil palm, rubber and food all compete for
Mresourcee.

The remainder, including Lagos, those parts of the West not in Sector f
1, those parts of the East not in Sector 2 and Western Ijaw Division’ of the;
Mid-Weat, comprise Sector 4, the Aarcas where only food can be economically éL
farmed. ~

At present, vork is progressing on the development of a comnuter
simulation model of Sector 1, the Cocoa-Food (or simply Cocoa) Sector. It
muat be remembered that the model described here is constantly bYeiag revised
in successive iterations of the modeling process. Therefore, this paper
should be considered only an exposition of preliminary ideas and agsumptions.
Our aim is to have a model feneral enough to be applicahle to all four crop

sectors, yet specific enough to be mesningful in each.



176

ThewModel‘Structurezc

s s . s Yoty 2 - o N . ,;“l ?!"\.'ﬂ
i40F R SR 13 { ; .

Very broadly, the model accounts f;f aeven'pfesent uses. or streéma,
" of the available land in Eﬁé eéc;;?Sectof and then simulatea, over time,
'zzansitions from one use to another, the rates of transition being determined
A‘by economic and cultural considerations. The amount of land in each use is
then used to calculate the production outputs as well as the demand for
i’:;rg‘u'ious inputs; narely, biological, chemical, labor extension and finance.
The seven categories, or streams of land use in the Cocoa Sector are as
follows:

| 1) Traditional--lan& in Ameionado trees farmed under traditional
methods:

2) Improved--land in Amelonado trees managed and cultivated with
modérn techniques and inputs-*

Mb) Replanted--land in Upper Amazon trees using modern methods of
management and cultivation, planted on land formerly in Amelonado
trees;

4) Newly planted--same as 3, except on land formerly in the food-fallow
rotation or in virgin forest;

‘55: Food-Fallow--1land in the food-fallow rotation;

6) Forest-~virgin bush and forest.

75 011 Palm--transitional "bush" oil palm
We do not suppose these seven streams to be exhaustive. Not covered here,
for example, arc forest reserves and towns. Those included are, however,
the most meaningful for che purposes of this model,

Fach of these land uses--let's call them "present uses'--has one or

more alternatlive usen to which the land can be trenaferred. In the intereots

of economy, we do not necessarily conaider aevery conceivable alternative to
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8 present use, hut rather we restrict the list to thosa?whlch“ire‘bdiﬁ
realistic and significant. For example, we assume a farmer, once having
’adobted techniques of iﬁproved managerial control of his Amelonado trees, will
nﬁf revert to traditional methods. Thus, transitions from the improved
stream to the traditional stream, vhile conceivahle and nerhaps even likely,
;te not considered.

bﬂagarding the étreﬁms of replanted and nevly planted trees, we male
'the aasumption that a farmer's planting of Upner Amazon cocoa trees
implies his concurrent adoption of modern methods of management and
cultivation. In tnis way, Upper Amazon cocoa production is a "modern”
broductiou, agriculturally as well as biologically.

Before discussing each stream and its alternatives in detall, I
wiuh fo point out zn important feature of the model. Ore of the policy
alternatives available to the povernment of Migeria is to allow nrivate
enterprise to supply modern inputs (as well as credit) to the apricultural
sector in coordination with the povernment's nroduction campaigns. Such
a policy would save the Jovernumentnot only the cost of the innuts them-
selves (seedlings, sprays, cxtension apents, etc.) ~ut also the adminis-
trative and manpower costs of supplying and distributing those factors.
Hence, different simulation runs of the model can show the results of
government supplied inputs versus thuse of privately supnlied inputs.
1. Traditional

The Traditional stream is divided into four productivity cohorts,
.ich represented in the model by an exponential delay. The first includes
the acreape of seedlings and young trees in the gestatiosn period (no yield).
This cohort has a delay of six years. The next delav (eipht years)

repreuents the cohort of treem approaching maturity (rising productivity).
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‘Third, we have the mature trees (maximum yield) with a delay"bfi%ﬁeiva years:
and,- finally,-there are the old trees whose productivity is declining
(a-delay of fourteen years).

. The alternafives considered open to a farmer holding acreages in
any- of these groups are five in number. He can increase the yield of
his trees by applying techniques of improved managerial coentrol,or he can
:-remove his Amelonado trees and replant with the Upper Amazon strain, at the
same tim~ adopting the modern management and cultivational technidues.
Thirdly, a farmer could enter his land into modern oil palm production,
Finally, the traditional trees can be cleared and the land entered into the
food-fallow rotation.

Since we are limiting our considerations to significant alternatives,
we assume that farmers with trees which are producing at maximum yield
(third cohort) or with increasinpg productivity (second cohort) will not
even consider clearing away those revenue-producing capital assets, even
if, in the long run, replanting with Upper Amazon trees would be more
profitable. Hence, in this model, the orly alternative such farmers face is
improved manaperial control.
2. Improved
The stream of Amelonado trees under improved managerial control is

handled in the model exactly the same as the Traditional trees with one
exception. Since further improvement is not an alternative vhich we consider,
land ir: trees in the first and fourth cohorts of this strearm has only
alternative uses: food~fallow, replantinp and modern oil palm. By the
same token, under the assumption discussr.d above in 1, land in the second and

third cohorts faces no alternatives.
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\Upper Amazon tre s farmed under modernimanagerial and'cultivational”
techniques on land formerly in Amelonado cocoa make up the third atream,f‘
or present use, of land. The reasoning behind the distinction between
replanted "modern" cocoa and newly planted "modern" cocoa (on virgin or
fallow land) 1s this: first, each is the target of a distinct government

_policy and campaign; and, secondly, yields of cocoa from each aré different
due to different soil ferzilities.

The Replanted stream has the same four production stages as the

. Traditional and Improved trees, although the delays associated with these
stages are of different lengths, The first stage of the Replanted or Newly
‘Planced streams, the gestation period (three years), is very crucial, more
80 toward the beginning and less so as the production stape nears. It is
at thig time that the farmer can still afford to abandon cocoa, renove
the trees and use the land more profitably, should his perception of his future
in cocoa become rather pessimistic. That is, this is the period before fhe
- trees are producing, before too much has been invested in them.and they
grow too big to be cleared from the land ecasily and economically.

The model structure of the Replanted stream, then, bepins with the
gestation stape, represented by a delay of three years. The secoﬁd delay
in the stream, onc of ten years, represents the period of rising productivity,
This 18 followed by the stages of maximum yield (a delay of 20 ycars) and
declining output (eight years).

Should a farmer in the Replanted stream decide to glve up cocoa
production, there are only two alternatives the model a’lows him: modern
oil palm or food production. This i3 because, as mentioned earlier, wve do
not consider cases of backsiiding, whether from modern to traditional trees

or from modern to traditional methods.
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Furthermo;e,rqp}yAgg:msrswpigh‘qg:eaggg of trees in the gestation

Er S A4V RLR Y S

wkstagg.fgcg this decisipn. ~As outlined earlier, land in trees with increasing
‘(6f'mai1mum yields do not, for the purposes of this model, face any alternative
’uses. Trees in thg stage of declining yields, the fourth delay, would
normally face the alternatives of renlanting and cash food production. 1In
the interest of computer time and space, we simplified the model by excluding
ghem from the decision aub-rqutine. This simplification is justifiable on
two counts. First, since government replanting and new planting campaigns are
fairly recent, few acres are currently in replanting or newly planted cocoa,
and these represent only relatively young trees. Thus, plann=2d simulation
runs of fifteen or twenty years would bring few 1if any trees into the
stage of declining productivity. Secondly, the useful life of the whole
simulation model probably won't be long enough to make consideration of the
replant?ng (second generation, say) of modern treces very meaningful.
4. Newly Planted
Modern cocoa planted on land formerly in virgin forest or in the
food-fallow rotation makes up the Newly Planted stream. The model Structure
of this stream 18 exactly the same as that of the Replanted stream discussed
above, The model's handling of the alternative use relevant to this stream
is also identical to that outlined for the Replanted stream.
5. Food-Fallow
Land in the food-fallow rotation comprises the Food-Fallow stream,
or present use. By 'food", we mean both subsistence food and food growm
for market, or "cash" tood. The model simulates this use of land as a
series of two delays, the firat representing fallow land, and the second,
land actunlly in food production. The lenpths of each delay and their sum are

determined by the length of the rotation cycle and the extent of land use.
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For eéxample, delays of two ‘and’ thiee yeera respectively'eoeid represent a
five-year cycle; i.e.’' two years of feiiaw and three years of cultivation.
‘Thé alternativee facing 8 farmer with food fallow land are. a) nevw
Planting or cocoa, b) modern oil palm, c) planting traditional cocoaq |
 (Amelonado, traditional methods and’ inputs). and d) plantinn improved .
' cocoa (Amelonado trees, modern inputs and techniaues) New plantinp. remember
means Upper Amazon cocoa with modern inputs end manayerial and cultivational
* techniques. b |
Although we assume government campaigns will enly'be directed at tﬁe
- Flret two alternatives, we must also assume there Qili be a certain number
of farmers who won't be reached by these campaigns. -They will continue to
enter the c0coa axport economy with traditional plantings (mainl;‘in the
new cocoa areas of Ondo Province). Others, while exposed to the promotion
campaigns, are constrained from or are otherwise incapable of entering the
modern cocoa sector, and so may enter the Traditional stream or enter the
Improved stream using modern inputs from pelvate suprliers.
6. Forest o
Virgin forest andbushland can be put to five alternative uses:
" a) new plenting of modern cocoa, b) modern oil pelm. ¢) cash food production,
d) traditional cocoa, or a) improved cocoa with prirate inputs. The last two
of these are included for reasons outlined in the precedinp paragraph.
7. Modem 011 Palm ' -
Traditional o1l palm productien is not reallywe celtivational practice.
Bather 1t 18 a process of mere collection of wild palme scattered throughout
the bush forest. For this reason, such lond ig included, for the purpoae

of lavd use docistons only, in the Forest stream. The supply response for

any given yaar's output will, of course, he handled differently,

.,
5
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,+Modern oil palm means-.cultivated oi}:palm using modern techniques. -

This stream~is«atillsin»thu,verj early stages of being modeled, therefore

no description ic made here. ' -

ubroutine Decide

Land allocation among the alternative uses 1s based upon the farmers’

perception of the profitability differentials

= (DPV{ - DPV4) o e L
1y ° DPVJ 1 y 1= 1»‘-'4:11.1 3y =1,..0,12

t

where: : b
PDyy = the profitability differential of alternative 1 to
! ' present use }, % difference B
'PDPVi(S)”- the maximum annual average-of the disconnted prebeﬁ:
value of returns from alternative i (present use j),
~ b/year/acre; and
ny = the number of alternative uses open to bresent use j.
The reason j runs from 1 to 12 is that more than one production stage within
the cocoa streams goes througithis decision process.
In general, comparing the discounted present value of the future
returns accruing to an alternative, say replanting, with chat of a present -
use, say traditional, would be meaninpgless in view of the fact that each
s based on a different planning horizon. In this case, the planning
horizon for replanting 12 40 years, while that of continuinp with traditional
- cocoa 18 the remaininpg economic life of th: trees in questicn, perhaps ten
.years. (See Table 1.)

To avoid this difficulty, we assume farmers are interested in the

present valuc of the average annual retuins they can expect rather than the
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present values of all future returns over the entira planning horizon.
To find the maximum average annual returns; the model calculates ' “f”?

k
DPVy = max [ (TR = TC,)/(1 + r)i/k.
k(1,17]1=1

where R I AR
DPVj = ag defined abqve o
k . anrintegral ﬁumbér of‘ygar§ |
n = the meaningful planning‘hofiion,wyeafs (aée Table 1)
‘!‘R1 = total vevenue in yéa: i, B/ac§év~
TCy = total cost in year 1, b/acre
.r = the discount rate b
In effect, the model makes the actual planning horizon. of the farmers as
that value of k between 1 and n which gives the maximum average annual
returns.
Total revenue in year i is calculated, simply as
TRy = PY, * Yy

uhara ¢ .

TRy = total revenue in year i, b/acre
PYq = producer price in year 1, /ton ..
s Yi = output or yield in year 1 tons/acr
.. 81nce we aremodeling here a farmers' decision function, tha streams
. of producer prices and vields over the next n years should reflect the
farmers' perceptiona of what prices and ~roduction outputs are likely to he
during that period of timc. Presumably , one way to handle the price stream
would be to somahow hase it on recent past experiences and trends, hovever,
ve have not yet decided on ho! best to actually model a stream of future

prices,
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fote ;Enﬁyﬂfiﬁﬂm-°f yielda:usednisﬁbanicnlly the age-specific biological
{c?gf¢§f£gg. These capacities, in th: cases of traditional cocoa and food,
are de;ived from experience., As regards modern'cocoﬁ; however, these
capacities, as claimed by agronomists, must be adjusted downward to account
ggr';he,farmers'tealization that they, the farmeré, are not experts working
uudgg optimum conditions at a modern research station.

On the other side of the ledper, total cost to the farmer in year 1

is determined by the followinp equation: ' ‘

N . | al o ‘“ | .
;7«731 = PXyq % Xy + PXZI*X21 + Px * x 34, (Gli + cz + 631{ Sy

Y1 ghare s’

Fops
(f

A kaiee b ow e

fci - ’otal cost 1n year i, B/acre _
’bxli = price of labor in year 1, b/maﬁ-d#}
X,4 ™ man-days/acre of labor used in ye&t i
bx21 = price of biolopical inputs in yearei, b\/tgmwE
’321'- tons/acre of bioiopical inputs in vear ?
ngi = price of chemical inputs in year 1, B/ton L
X44 " tons/acre of chemical inputs in year 1
¢11 s cash subsidies in year 1 E/acre .
G21 = subsidiea in kind in year 1 Bb/acre .
G34 ™ credit loans in year I B/acre
Ry = loans repayments in year 1 b/acre
All of “hese variables are streams over the n years of the planning
hotizon. Some, such as repayment schedules and the form and amount of
luﬁdidien, are government policy variables. The input prices are determiy o

by the mavket, and the quantities of inputs used are derived from technological

and empirical data.
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t,..t o A8aln, these variables should’ reflect’fhrme’"" mecta’t’ions of their

_Tz(the variables') actual future values.’ This!is’ particuiarly &%ﬁ%i@ﬁﬁ% in the
case of government subsidy.and loan programs.’ A" with proauéé§'23c02 g
..Prices, since farmer expectations of future subsidies are based éé&é&nét

.on experience, the difference between .these expectations ‘and governmené
pronouncements will diminishesthe government lives up to 1ts promises

T
[

and thus modifies the farmers' experience.
o LR A O S St | ;,\‘,‘ Lk
In making their estimations .of the:profitability differentials of

the various alternatives to each present use, the farm decision-makers

rl R

require certain informational inputs, particularly information on £uture

- producer prices, expected yields for modern cocoa, government or private

X oAy
3

Bubsidy and loan programs, and expected costa. ‘The model provides this

{!:l

:needed information through 1nformation units._wp’ .

t g i N H At e '.'
N LTY ST

“We introduce the concept of an 1nformation unit 80 that consideration
A ye”

Ty

SIANREE I R L
a3can be given‘to various possible alternative means of diaseminating informa—

vl TR R

'tion and promoting production campaigns. Of course, promotional extension

agents will be the main form of 1nformation units.' But, 1n addition, radio

L N A TR

'broadcasta, film shouings and newspaper coverage can be used by both govern-
ment and private agenciea. The uoe/of neuspapers anp other prlnted matter
is, at present, not a feasible medium,(however, aa literacy rates increase
in the population, this means of communication may become more significant

in Nigeria. o R

. The number of information units provided from government and private,
sources for promotion of alternative k to present use j is calculated,by,Up '
:the followinp equation:

EINFkj L] EINFij + EINFij
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:fwherei | . za&dﬁ‘e%éiveﬂobrfnnifonﬁ% eiﬂz ,v{f;gkﬂqnm§
EINij = information units for alternativedggto preaentt

use j
£

EINFij = government supplied information;unita

EINFPRJ = privately supplied information units
Notice that the model not only allows for private suppliers of inputs but
also provides for those suppliers conductinéfpromotionalLcampaigna to

create a demand for those inputs.

¥ i’¢i5 R AN N TR '
i So, each time a present use j calls DECIDE, the profitability diffe-

rentials, PDij’ of all the alternativee i relevant to that use are cal-

culated. The PDij are then ranked from highest to lowest, and the profit-
Phliaeit '

ability responee ie calculated for earh ranked alternetive k in thia order.
;r,fJ'h oty ‘. i SRS . f'< :J"

The aaeumption here ia that the most profitahle alternative ia moat likely

[ ‘ PR vyt
FoGeb ' b

to be the first choice of moet of the deciaion-makera making a choice.

The profitability reaponse function determines the reaponse of the farmers
P ] 1 3
to the profitability differential they see facing them with alternative k to
r"‘m L"l",’ v"'1"' N BN N H Lo 4 . .
present use J.
LR rant Yeworteen oo e e g
PRkj max [03kj(1' - exp [ Czkj(Pij Cl j)]), 0]
ad bl NSRRI ITS BT L TP N AR BRELLR Sl

where'

ey f)"‘ "
PRkJ the profitability teaponaes, proportion of the maximum

§u'p Trarr e

acres/year/info. unit

. '
wing Y G RESRLE i

Pij -'the profitability ditterential as earlier defined
lEl;;';Pthe“response threehold b/year/acre

CZkJ = a parameter determing the shape of the curve |

C3kj = the maximum proportion of the maximum number of acrea/

year an information unit can convert from preaent use j

to alternative k under conditions of infinite profitability

inormally 1)



Graphically, this function looks like this. f,l fyyaffF:fiﬂ,.mn

;*,;ﬁgnpeajgwadkaavrﬁnnfnils vo01 adtmy nol:snxolni = 'gﬁ%Iﬂi\

i wau
C3k
grineT obloarerainl has Lo AaiThvog. e . PRILT

. . [
: c2kj>1 e ool * e o \-. Czk 81
sk hnl rastralond hdilaqme n!nﬁsv;rw j.wy%}ﬂfﬁ

y; - It

e o .. -
I et o owratiopiee saaviod oLt le ving : C2kj LY LY
e L

Y aanlkeangs 20&n1:nﬁ¢1q01ﬁjfauhnu% 58 SHR IR S TECANRNRSRR LI -) ) JE SRS S LN

PR E e G T S W RPN Lo X
Notice that there is a definite positive profitability differential Clk ’
\’,lt! Q,jj-r} ""ilf v‘,_.; gL ».‘n .’{l(‘\ g‘ oY BT j
which must be surpassed before there is any responSe.
O 70 TR CARTC TR DF WS BTN SIS TS PP EE TN T S B BT AL
Both Clkj and czkj reflect the farmers attitudes and behavioral
IS LA el e Chere e
characteristics which affect the rate of their response to the profitability
".",bi"i‘.i "!' P '.»'-".‘" ! L "
differentials of the various alternatives facing them. The factors determining

eladtr o I

' both of these parameters are the degree to which the trees are fixed assets,

I8 i . Pt oy ,;i:

R

risk aversion, the amount of inconvenience the farmers may see in an

Ea c,uf":r. I veob by HAETET RN I R s
alternative use (including particularly the extent and quality of roads
; £ 'J'.Lt' ;s Lo S ' v
and the transport system), the ape of the present trees, farmers attitudes

towards government programs and promises in general, and cultural inertia.

Rather than incorporate a diffusion mechanism into the model, ve decided to
include the diffusion effect within the parameter C2kj which determines the
!J'}} - ’ i N oy LRl

ahape of the response curve. Thus the rate of response for a given pro-

fitabi]ity differential is directly proportional to the rate of diffusion.
Sl

As profitability increases, the response function approaches C3kj as

a limit, This parameter is determined as followa'
. r o . SO R A X
3,4 = MIN TLA;. EINF * C 1

c', kj' : L [ }'J/(' kj (\‘Sq)l‘ i )l 4

where:

SRR S S LTI I FOEE s 4 S 0

C3kj = ag earlier defined

R .
PN PSR IR e ¥
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G5 the maximum nunber, of acres/year an information unit can

S

v . .convert depending .on;training, efficiency and: physical

v o Hipitations .

+FIH?kjuf¢$P9:anber of information,units promoting:alternative

w0 K to present use J

b - : v .
'I‘LAkj = the total land in preggpt~use'jgavailab1e for conversion

to alternative k.
g§%§ﬁquagionksegs.the maximum of the response. function equal to the lesser
of the limits imposed by the amount of land available for transition and the
efficiency of the information units. The amount of land available for
ﬁtransition‘from use j to use k is a préportion, Cdkj, of the total land in
use ;jﬂ’ ;.'I:LJ.
The profitability response, PRkj,,;s multiplied by the number of
:$?5?§§§§}gg,upitg, EINFy4,. and the efficiency of an information unit, C5
(in acres/year). The product then fepresents the rate at which farmers want
to convert from present use j to alternative k. After a one-year decision
and administrative delay, this rate is constrained by the supply of scarce
ﬁ“;ngggg,, The scarce inputs are biological materials, chemical materials,
technical assistance,extension agents and financing (subsidies and credit).
J}AA;quggh_we assume labor inputs are not scarce, the price of labor may
fluctuate, perhaps causing an increased demand for credit.
The supply of scarce inputs is controllable, either directly or
Mj}pdirgctly, by the government. In the case of alternative uses with.' *~
government inputs, the government, as direct supplier of the inputs, can
easily control their availability. The supply of inputs from private

sources can also be controlled through government imposition of import licenses

and other market-regulating practices. Thus, the supply of scarce inputs
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;f9§;ggn important:government policy control Ghtiable _ iﬁiéﬁ aiohgfwitﬁﬁthéf;if

aﬂ;umbetfofwinfarmatioﬁ*unitb“ﬁsed ‘and the’’ cocoa producer pricea, can be o

| used .to control the transitions among the ‘various land uses.

%axnzujzhewinput*constraint 18 calculated by”fhe'following équation:

| ATRN,y = min[DTRNkJ; é9kj * FINCE,j, Céyy * CHEMAViy, C7yy*BIOAVq,
po el O OByt R TAEXTyy)"

vhere: "

,,,,,

nAIRNEj*-ﬂtﬁe*aétdhl'transitioﬁ“ffbﬁ'pfésgﬂffuée '3 to altegnative
ponuldon k, acres/year

/DTRNy4 =’ the''desired transition; scres/year '
fFINCEkj's.finaﬁéing availalle for tfaﬁsit?oﬁ'f;om"j'fd'k; 1
C9kj = thé rate of transition made possible by éﬁgilaﬁlgji
»ils v 'finencing, acres/year per b

‘BIOAViy = blological materials availsble for transition from
more un T to K, 1bs.

e . R . PRI PR e prgt i
’°7kj = the rate of transition possiblé’by the availabie °

2t vblological inputs, acres/year/1b: = ° e
TAEXTij(-ftééhﬁical aés@éténce"éxtehsionvhgénés'QVailéﬂigj%or
vinoots o ctransition from § to k
OBEj'- acres/year of trensition per extension wvorker aV?ilablg.
Cng‘-‘acre/yeat poséible per pound of chemical
CHEMAVy, = chemical inputs available "
1f the .supplies of these three inputs are abundant enough, all those farmers
wanting to conVef;their land, DTRN, ,, will be able to do so, ATRNkJ;' L
Otherwise, the input which places the tighthéfZthétrafhtidéféfﬁihes'gﬁégv
. actual transition rate.

Finally, ATRNkj~becomea part of the input rate--other present ﬁbeé:ﬁay
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’aiqgféohtributé'toitheninputarate--to sfream?kq ;and; the- numberaoibacresd?
this represents is,substracted from: TLj; .the,total land 4n:yse: §s2 2 Weinow
return to the. ranking for, the.next most-profitable altetnativegncalculate
its.profitability response and proceed as:before,-

S S RO IS ST R

APrbdﬁétion
Foe s ;The'gutput of the ¢ocoa sector-in-any-given.year is.calculated;. vk
siwply;.88... :\. .. .-

P y’ ,121« 3108

R SN LA v

=1 ]
PovoWheXeLo o i s
TCP.=.total cocoa production, tons: -y, .

,Yj = yleld of use (age group) j, tons/acre-

,TLj,=fnumber~of acres in use (age group) j.
Regggence!to4Figure 2 will show twelve age groups (delays) of cocoa abﬁve
the gestation stage in the four cocoa streams. Hence, j runs from 1 to 12.

wlinhe yleld of any age group of any -stream in a particular. ycar depends
on a number of factors. Some of these factors are the same for any age.;
.and type of tree; others, those subscripted j, do.depend:on-the particular
age group and stream under consideration.
Yy EgpruaDy R Ly R
where: -

¥4 actual yield in tons/acre .

X35!<yield under optimum conditions (biological:capacity)ss:f

W.= a random variable weather factor

Dj" a random variable disease:factor .

P = price response factor

LJ = labor availability factor

CJ = chemical input availability factor
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'rheaeaadjustménts of s thes optimun: yle1d; diie £o” condd tdonis b"‘réﬁ’ri‘a“ﬁ;lﬁ’g 4als,
 *&;§éfticu1arwyeat,&a11 have: values: 1ying between zero” and one s i
QJG?UThe%produétion’bf food'1is handled differently. 'Although food 18" -""
- grown both for subsistence and for market, for the purposes of this‘iodél,
we are only interested in the output qf‘cash (market) food. The portion of
total food production which is Subsiéﬁénce may vary from year to year, depend-
ing on’the size and growth of the rural 'population and on market food prices
and market stability. An unstable market with high food prices relative
to farm income will induce greater dependency on subéiéteﬁce'food:crops.
The growth and size of the urban population and the deéree‘bf rural
'dependency on the market food ecoromy are the'main determinants of the
output of cash food.” An importént potential influence on cash food produc-
tion in the West is competition with food impbrted'from”qpﬁer regions of
Nigeria. If food grotm in the Middle:Belt, gay,ican be' marketed in the "
“West at a:lowenough price in a stable'enough market, Western ‘farmexs '
. may specialize’in.export erop production and’ rely on the 'North for ‘their
food.
1.i 0 These contepts~eoncerning” food 'production have not yet:Been incorporated

into the model.

Concldéionj

This, theﬁ, is the stage to which thé model of 'the cocéoa economy of
Western Nigeria has héen devéloped. Six uses of land ‘have been defined and
structured, and the decision function determining transitions among these :
has been modeled. This decision function assumes Nigerian cocoa farmers are
economically rational; hence, decisions are based on-the farmers' perceptiéns:

of alternative profitability differentials. ' " 'ti * pt
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Cocoa production for any given year depends on the amoﬁnt of_;and,in
each cocoa stream and the yields of each age group of trees. The 9ie1ds 1n.
4a particular year are affected by factors such as weather, disease, producer
Price, and availability of inputs. This last factor would be reflected in
the input prices.

We have yet to model.the output of cash food and the demand for
inputs, When the model is "complete”, it must be programmed and debugged.
Test runs and sensitivity runs will then be ‘necessary to polish up the
parameters and the data. Finally, we must generalize the whole model so
it can be used for the rubber and oil palm economies elsewhere in the

South.






PART 1V

Beef Marketing and Transportation in Nigeria--An Allied Study

f

As indicated in the beef production model, the majority of the cattle
in Nigeria is»nroduced in the northern part where the tsetse fly infestation
is minimal. ’However, the large urban and rural populations in the south
account for‘about 1/2 of the total beef consumed in Nigeria. Therefore, the
physical distances from production areas to important consumer areas inlthe

south are quite substantial, Cattle are often walked or railed 700 to 1t000

\.
1

mile distances, through tsetse fly areas. As a conscquence weight and

death losses are often substautisl. Also, prices in the south are often

<y ¢

twice the price in some northern areas.” o o

The beef transportation study wasiinitiated to%evaluate alternative
methods of transportation and to develop an optimum transportation plan
through time for beef distribution in Nigeria. The interaction between
alternetive transportation plans and the supply and demand for beef was

. ea

also evaluated. . N

| To accomplish these purposes, Nigerif wasﬁoivided into 15 di%ferent
areas as shown in Map 1. A model was buiit‘to determine the costs of .
;trsnsporting beef by five different methoés between all combinations of h
shipping and consuming areas. The five nethods evaluated are: '(1) trekking ‘
of live animals, (2) rail hauling ofllive animals, (3) truck hauling of
live animals, (4) meat transport by refrigerated trucks, (5) meat transport
by refrigerated rail car. |

Using the costs resulting from this model, supply and demand estimates

for the 15 areas, costs and locations of modern slaughter facilities, and

rall car availabilities, a- transhipment linear program was developed to

compute the least cost configuration for Nigerian beef distribution. The
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: Zaulte of thia model give the quantities of both meat and4live cattle

e oy e

x

ipped between areas method of shipment uaed, quantity slauahteted in i

11

each area at both modern and traditional facilities number of rall cara to

' u

LA

be allocated annually on each route and the minimum total coat of distributing

i

the beef under the conditions epecified.
2 An additional model waa constructed to evaluate the likely consequencca
of alternative transportetion schemes on the prices of beef and, hence, supply
and demand of beef through time. To do this supply and demand functions

were estinated from information gathered in Nigeria. The quadratic program-
ming technique was used to develop this price equilibrium model.

Some representative sets of results from these models will be given to
illuatrate their usefulness. It must be emphasized that the data used for
tnia study is, of course, relatively weak. Consequently, no definite policy
conclusions should be drawn without better informstion. MNowever, the results
may be suggestive of general policy directions which might be desirable,
given the level of information currently available in Nigeria.

The first model (hereafter referred to as TRNSCST) specifies in detail
the costsﬂof alternative transportation methods that users incur. Because
of its detailed specification, TRNSCST can be used to evalnate poliecies to
improve the efficlency of beef transportation. Examples of these policy
alternatives include (a) vaccination against trypanoaoniaaia infection ‘
(b) improved water and feed supply along trek routes (c) supplementary -
feeding of animals hauled by rail (d) feeding stops on long rail haulé and !
(e} proper conditioning of cattle before and after the trip. Tables 1, 2, 3,
and 4 indicate the costs involved in the three main methods of transporting

live cattle in Nigeria on three primary routes. For rail or truck hauling,

freight and shrinkage costs account for most of the total transportation costs.



Table B-1: Costs of Transporting Cattle from Kano to the West

- —

Category CoSt-zfcoqu of Total : Category “Cost—f/cow % ofiTotali Category - i z COSt—ifcoy 7 of Total

[ad

Fortality Cost .63 . &.54 | Hortality Cost .12 1.6 | Mortality Costs 57

Salvage Costs - 1,147

Shrinkage Cost - : 4,43

6

: i , - , . 12
Shrinkage Cost 4.46 T 32.2 i Shrinkage Cost -  3.34 . L&, 46
 Other Expenses . = .40 - 4s
2

4

Other Expenses .40- - 2.9 jOther Expenses -~ .40 > 5.
Freight Cost 8.37° 60,36 : Freight Costs 3.95° | 40.

pyv—

Droverig Fee 1.9

O~

i B \6

Attendant Costs . .59 - 7. * Food Yoney 1 .20 .1

£ = . ; N s . Interest Costs - .40 .2

: - » A Water and Fee Cost =~ 1.12 .. <11.9
Total ~  £13.86 %:00.00°1 | . £7.0- - 100.00 ; . T 69,45 1 -100.00

able B-2: CoSts of TEsnsporting Cattle from Kamo to the West -

e L e - -

v

o — T mm - i - WALK-WITH VACCINATION ~ :
Category - Cost-£/head % of .Total|Category Cost-g/head Z of Total: Category . ~ Cost- /head % of Total

3

¥

Mortality Cost ...63 -4.54 Mortality Cost .12 . 1.6 . Mortality Cost .28

T ‘ ‘ Salvage Cost .58
'Shrinkage Cost . 1.14
‘Other Expenses -~ = j40

N
oW
L LY §

Shrinkage Cost 4.46 32.2 Shrinkage Cost 3.3 44,

Other Expenses <40 2.9 Other Expenses -~ «40 5.

Freight Costs 8.37. .60.36 Freight Cost 3.05 40. |Drover's Fee . 1.19 -
. S jAttendant Charge  .59° = 7. :Food Money P 520
) : s : < R ‘Interest Cost S0 40

= SR IS ___'Water and Feed -~ -~ 1,13 -
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1—‘5103 N~

qoiv e

e
$

ONwWwn

YT

L
NV ™S OW

N .

3

L B
«

]

00

¥

]

Total =~ £13.86 100100 | o . £1.500 - 100.00. | ' < 5732 100
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Table ‘B-3: Costs of Transporting Cattle from Maiduguri to the East

;-m oo

. D2 8. F &2 - R SR T - - s g
TRUCK - N BRI RAII. B WALK = € ‘
.”t ,:, .4 & ;: e ;‘;’; - LT .*» o Lo} s :
N u ¥ EAd i ¢ - ': ;' Aa 5 X
Category Cost—£/cow p 4 of Total Category SESE Cost—!i/cow Z of Total Cate“gory.; - Cost-£/cow Z“of Iotal
‘ . : - ' oy = , - e I
Mortality Cost .81 4.9 ' Mortality Cost - .2]_: S2a ' I-?ort’alit} Cost .72 ol 6;.1 i
: ‘- - 3 w T . 12 ‘2:

S T © = & & " salvage Cost- - 1:45
Shrinkage Cost 5.05 - 30.6 »Shrinkage Cost _ ‘4.33,.‘ -, 48.2°  ‘Shrinkape Cost 52557 46“‘8 ,
Other Expenses .40 . 2.4 - iOcher Expenses - .40 =~ 4.0 ‘Other nxpenses = 40 ;i 304
Freight Cost 10.25 62.1 - '}'reight Costs - '3.83 - 38.3- iDrovers' Fee ' . = 1,39 S 11 7
~ S 7.4

&e]

SR IR I Nt

T Attendant Cost - ~7~r ‘ ’Food Honey > N r24 , 2.0
R S ‘, . g S Interest Cost 350 = ,:.,-: 432,
= L c AR ‘Vater and Feed Cost 1.61 ~ ' 13:6

‘o
t

; R S : B TS 5 TP
Tetal =~ - £16.51 100.00; & . < . . g10.°: T 100.00 £11386 | 7100700
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* 'Table B-4: Costs of Transporting Cattle from Sokoto-to the West: = s HmoE M
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1aer %o

Category Lt-i-lhead z of- Total‘Category Coa:-zjhead Z of Total’ Categor] £ 7 Cost=g/héad

i

o 73}
.

Mortality Cost .54 4-3 " |Mortalfty Cost=  .153 1.2 luortaliey cost = faa .
i o Salvage Cost =~ +88 -

[
= W0
s

LD

Shrinkage Cost 4.25 34.2 : Shrinkage Cost " T 4097 48.4 Shrinkage Cost .. 3.76 ©
Other Expenses .40 . 3.2 Other Expenses 40 - 4.7 Other Expenses - $40 %
Freight Cost 7.25 58'3 . Freight Cost =~  3.20 -~ 37.2  |Drovers' Fee- - 1.01 =

S R Attendant Cost< 61 . 7.2 Food Momey =~ = = 177
T 3 & 7 . linterest Cost - 35 -

s
-I-\NtNUls

Y

o

ETA

-~

BTSN ST S ITRY

e

- .2 5 B Water and Feed Cost .94 v 11. 8
Total £12, 44 " 100. 00 : St 28,465 % 100.00 : = F: 27.95 : « 5;}100.007
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However, death forced sales because of disease and tissue shrinkage are &

. ) ;
: .::-.“‘ '

more important percentage of the total costs: of trekking. Since the 5
trypanosomiasis disease is an important factor in trekking losses, ani
effective vaccination program- can reduce costs sipnificantly as seen by £
comparing Tables 1 and 2. If such a policy is implemented (as is being

considered in Nigeria now) it very possibly could change the shippers =

prefe*ence from rail hauling to trekking. This effect will be illustrated in
' . H t

4

the next model. L A R i

S
, ; ; . - . |
Using the costs calculated by the TRNSCST model, supply and demand ¢

4

estimates for the 15 areas, costs and locations of modern slaughter ; |

,fscilities, and- rail car availabilities the transhipment program computes ;

o

|
the least cost beef transportation design for Nigeria. A few results will'
l ' f‘.
illustrate the usefullness of this model. T f?

: Table 5 gives the 1east cost transportation pattern with policies as §
i ' .
‘they now exist in Nigeria.t The three supply distributions assumed represent

j
{(d) the migration of,cattle to the sOuthern grazing areas in ths dry Season‘

t

as the tsetse fly recedes, and (b) movament north as the wet season ensues ;

and the fly moves northward again, and (c) the weighted average supply in
each location during the whole year. In this run,xall rail cars available
were used since rail hauling is relatively cheaper than trekking or truck

£

shipment for most routes. This supports the: -contention of many Nigerians

that the number of rail cars is a limiting factor in the beef distribution ;

system. f : - ?@ |
Consequently, another run studied what changes would occur if the

availability of rall cars was not a 1imiting factor. This result is given

in mble 6. It can be seen that the number of rail cars utilized was not f

increased significantly--only six additional.under the "averagévsupply



.fabie B-5: Optimunm Transportation Pattern for Beef in Nigeria Under Present Conditions

; Humber of | i Number of Number of
Number of | Cattle Number of | Cattle {.Number of | Cattle
Rail Cars | Shipped Rail Cars | Shipped i Rail Cars ! Shipped
l  Average ! Wet Season | | Dry Season
Activity , f | Supply | f supply | | Supply
: : : 1
X441-Frozen Heat Shipment by Rail-Bornu to West = 13,8690 - 13,850 - 13,860
" X451-Frozen Meat Shipment by Rail-Bornu to East - 3 8,140 - 8,140 - 8,140
_"54 Modern <laughter Level-Bornu - - 22,000 - . 22,000 - ..+ 22,000
.- ¥110-Live Animal Trek-Sokoto to Ilorin - 6,792 - - e 7,167
W1l4-Live animal Trek-Sokoto to West o - - - 77,766 - 93,058 - 67,566
W210-Live Animal Trek-Katsina to Ilorin - = - 6,592 iy LR
~W214-Live Animal Trek-Katsina to West - P - 1,623 e R
. W36-Live Animal Trek-Kano to Niger - = : = - 667 . o= e
W37-Live Animel Trel-Kano te Zaria - 9,352 - 14,377. L 4 452
- W6l4~-Live Animal Trek-Niger to West - 1,713 - - R Sy ey
W812-Live Animal Trek-Rauchi to Makudi .;' i6,425 - 11,220 - - ey oF
W9i2-Live 4nimal Trek-Adamawa to Makurdi - 15,417 - 16,317 . D 14,992
W815-Live Anirmal Trek-Adamawa to East - 33,560 - 23,660 . - 39.910
L1112-Live Animal Trek-Renue to Makurdi , - 7,936 3,386 - 12,286
D1312-Live Animal Trek-Sardauna to Makurdi A - 12,039 - 13,289 - 9,489
R26-Live Animal Rail-Katsina to Niger - - 5.1 7,995 - L=
R214-Live Animal Rail-Katsina to West : 23.7 26,402 © o 14.1 15,707 17.4 19,384
R314-Live Arimal Rail-Kano to West 1.26 1,638 . - - - 1.2 1,560
R414-Live Auimal Rail-Bornu to West 36.6 25,953 30.4 21,557 38.¢9 27,584
R415-Live Animal Rail-Rornu to East . 63.7 ‘55,209 75.7 65,609 54.4 47,148
Ryl4-Live Animal Rail-Npuru to West R6.3 96,138 87.7 97,698 83.2 92,685
R614-Live Animal Rail-Niger to West - - - - 10.7 20,865
R815-Live Animal Rail-Bauchi to East.... .37 481 - - 1.7 - 2,210
- Total Fail Cars Used ' . 212 398,821 212 - 415,375 208 339,298
Total Cost of Tramsportation £'s CLusg oo £6,513,251 .. .. £64,608,193 sy oo £6,6105203.
Z Carried by Rail . 55% L 532 . <58Z. .
Z Trekked 45% 47% ’ 427



Table B-6: Optimum Transportation Pattern with Uhl;pited Rail Cars Available

o | Wet Season{ : Dry Season
Number of | Average [Nusber of | Supply Nurber of | Supply
» S . Rall Cars | Supply . ’Rail Cars | Distribu- |Rall Cars gﬂistributior1
Activity : i = histribution! tion ! i
X441-Frozen Meat Stipment by Rail-Bornu-West = 13,860 - 13,860 - 13,869
X451-Frozen meat stipment by Rail-Bornu-East - 3,140 .- 2,140 - 8,140
S4-todern Slaughter Level-Bornu el 22,000 - 22,000 oo 22,000
wll0-Live rattle Trek-Sokoto to Ilorin it 6,792 - 6,592 - 7,167
W1l4-Live Cattle Trek-Sokoto-West T 77,766 - 86,466 - 67,566
W37-Live Cattle Trezk-Kano-Zaria T 9,352 - 14,377 - 4,452
W912-Live Cattle Trek-Adamawa-Benue ' . 21,842 T 27,517 LT 14,992
1j915-Live Cattle Trek-Adamaw-East = 27,135 - T 12,460 - 39,910
P1112-Live Cattle Trek-Plateau-Benue -. 7,936 - - 3,386 - 12,286
D1312-Live Cattle Trek-Sarduana-Benue - 12,039 - 13,989 - © 9,489
R26-Live Animal Reil-Katsina-Niger - S .4 . 8,580 - -
R214-Live Animal Fail-Katsina-West - 23.7 26,402 20.9 ~23,283 17.4 19.384 .
R314-Live Animal Fail-Kano-West 1.3 1,690 <47 . 611 1.2 1,560
R414-Live Animal Fail-RBornu-West .26.6 25,953 30.4 21,557 38.9 27,584
R&15-Live Animal Fail-Bornu-East 63.7 55,209 75.7 . 65,609 54.4 47,148
R514~1ive Animal Rail-Nguru-West 86.3 96,138 87.7 97,698 83.2 92,685
R614-Live Animal Rail-Njger-West o N 1,755 - - 10.7 20,865
R815-LIve Animal Rail-Bauchi-East = - 5.3 6,890 8.6 11,180 1.7 2,210
Total Rall C?rs Used PR 218 L, 228 208
Total Cost of Transportation in £'s 24,511,170 o £4,593,433 B £4,410,203
% Carried by Rail _ : 57% .. 58%. 58%

% Trekked _ . e 432';54 - 42Z 42% -
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atonditionbiv Thessavitigs 167 toean’ UBEHBUELGR cbETs Ebunted to about B2, 10
9512 Eroms the  original’ £4;511.170% ' By providing Tore rail cars, the per-
ucentage-hauléd by rail ofily increased by 2-3%. There Qighzwﬁﬁﬁéiﬁééyp;éasons
for this small increase'in use of rai] cdts’as more'become available; =
First, the trek distance from area 1 - a large produciné area to tﬂe
western consuming area is about 25% shorter than the longer rail distance.
Because trekking is cheaper no additional rail cars will be used to ship from
étéa 1. Secondly, two large producing areas (9 and 13) are not served by
thé Nigerian rail netwdrk. As a consequence, distances traveled iR the
:eastemn. consuming region are much shorter if the cattle are trekked
directly rather than walked to a rail station and then taken down on rail
:ears. -Therefore, increasing the number of rail cars available for beef *
shipment-will not affect the pattern of shipment from these two areas.'

The impact of a vaccination 'program for cattle being trekked is”shown
in-Table 7. This policy changes the shipment pattern significantiy:
Essentially the rall system would not be used. The total transportation’
cost is:réduced by approximately 207 from £4,513,251 to £3,568,515. However,
further refinements of the modél should indicate that as the number of cattle
usidg “trek ‘routes increases the costs will also. If this would be”réfiécted
in.the-model, the:cost reduction would be less than suggested in'nableJ7.
Again, it should be emphasized that the information used in these estimates
vag 'the best dvailable, but not necessarlily accurate. Additional experiments
vith this model deal with the requirements for modern slaughter facilities,
refrigerated meat shipment, and the interaction between meat and cattle
shipment patterns and transport requirements.

A third model was constructed to evaluate the congsequences of lowering
he transportation charges on the supply and demand of beef in the 15 areas.

jupply and demand eq:ations were estimated for each of the 15 areas from
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,; -data taken;from_consumer surveys and time series that, wete}available‘:nln
essence, this model calculates the equilibrium price structure: resulting from
' the transfer costs that exist among the 15 areas. The model:allocates- supplies
wWror

among the areas until the following condition holds.

. wherye: .

COBRTRERLG L ERY. S ant v
. %1 7,Price injarea.1 ..,

gg”'xp¥ice“igxareg 2

i

TR transfer cost ‘between .area 1 and. 2., S B T

That is, cattle will be shipped from area 1 to area.2. 1f the diffarence: in
Prige between two arcas 1s rroatcr thar the cost of rtransfor. This:'will:
continue until the price differential 1s cquel-to. the transfer:chareo: Ag
thigmlgads}to the, nmaximization of a\quhdratic.functiOn, the quadrdtte: ! i
_upgqgrdmming»technique was used to solve .the problem, - .. ERR AN
flfables 8 and 9 compare the equilibrium price 8tructures and shipment
Patterns that result from alternative transportation systenms, »Ron:1: uged
musggkking costs as gbe,trgnsfer charges. This Probably best reflects the.
s:p}"es.ent:,gait}qat:ion in“Nigeria. ‘The. cheapest transportation rates (whether
.ggil”otrtrek cost) were used for ‘tranafer charges in run II.. In run III,

transfer costs were set -at rates that, ‘Wwould be consistent wich a- ‘trypanosomiasisg
;mvaccination program. St oin ety gede S ES RTINS B
~In general, the trend_isﬂfq:,priceq,to.inctease in the producing areas
'(1—9) and decrease in tha large southern consuming areas (14 and 15) as' the
lpwer cost transportation systems are implemented. Total shipments to the
southern areas increase from 416,750 to 474,992 while total production;in

Nigeria increases from 910,000 to 933,000 as transfer losses are lowered to

the probabl.c situation under a vaccination program. . S el


http:area,2.if
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g

,! Additional experimem:s witbr the model will allow. demand to grow through

A’:J"g

t:ime as a function of income and population increases, along with some

«7'

e altemacive supply assumptione. By taking the supplies and demands generated
2 by this model, the transhipment mddel can give the specific transport method

; to be used and hence, the likely future requirements for rail cars, slaughter
‘ facilities, and Supporting itputs needed to support the optimum transportation

pattern.



" Table B-7 Optimum Transportation Pattern with 1 Trypanosomiasis Vaccination Prom:ani

>y drai” e e 22
i3 ™
S - ] ; Vet Season Pry Season
B - Average t Supply ' Supply
e Number of | Supply Nurber of Distribu- | Number of | Distriby-
Activiey = Rail Cars | Jistribution {Rail Cars; tion Rail Cars | tion

X441-Frozen Meat Shiprment by.Rail-Bornu-West - 13,860 - j 13.860 - 13,860
X451-Trozen leat Shipment by Rail-Bornu-East - 8,140 - 8,140 - 8,140
S4-todern Slaushter Level-Bornu - 22,000 - : 22,000 - 22,000
W1l4-Live Animal Trek-Sokoto-West - 84,558 - | 93,058 - 74,733
W210-Live animal Trek-Katsina-Ilorin o - 5,160 - | 6,592 - -
W214-Live Animal Trek-~Katsina-West 1 - 21,254 - 25,322 - ’ 19,414
W36-Live Animal Trei-Kano-Niger L L - - - 607 - _
W37-Live Animal Trek-Kano-Zaria DU EORE 9,352 - 14,377 - 4,452 .
W310-Live Animal Trek-Xano-Ilorin v SO - 1,632 - - = p 1,532 0
W410-Live Animal Trek-Bornu-Ilorin R - - - - = 5635
W£12~Live Aninmal Trek-Bornu-Benue N B - - - 1,529 N -
17414-Live Anirmal Trek-Bornu-West : R - 25,950 - 21,585 - 21,950
W415-Live Animal Trek~Rornu-East I - 55,325 - 64,171 - 47,200
¥514-Live Animal Trek-Nguru-West - - 96,155 - 89,675 - 92,655
Wolié~Live Animal Trek-Niger-West : - 1,713 - - : - 20,888
W815-Live Animal Trek-Rauchi-East - 6,900 - 11,200 - 2,250
W912~Iive Animal Trek-Adamawa-Benue - 33,881 - 39,977 r- 24,481
W915~-Live Aniral Trek-Adamawa-West - 15,096 - - - 30,4521
P1112-Live Animal Trek-Plateau-Benue - 7,936 - 3,386 - 12,286
D1315-Live Animal Trek-Sarduana-East - 12,039 - 13,989 . - 9,489
B=-6-Live Animal Rail-Nguru-Niger - : - 6.1 7,930 i - -
— - m— L. . —— .. — i € — o —
Total Rail Cars Used 0 5 i 6.1« o0 ;
Total Cost of Transportation @ £3,568,515 i £3,640,738 %_53,477;903
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Téble B-g,“*PriceTStructures.for Alternative Tzansfer Charé;s
(in £'s per head)

Dbt SR

e
pid P

area “Ri, I Run I b TIT

1 L 21,2 19.4 20,3
2 19.7 19.2 19,6
3. . 19.6 19.9 20.2
4 14,0 15.8 16.2
5 - 17.3 . 18.5 18,4
7 . 2103 22-6 2209'
8 R 19 00 . 20-9 .21’0'3‘,
9 171 17.1 17.6:
10 . 24.3 24.3 24,3
11 19.3° 19.4 10:7,.
12 22.9 23.3 22.6,
13 16.2 16.7 18,3,

15 . 26,8 26.8 }24_1_ .
R“§¥137 Trek éoétstuaed as transfer charges

Run II Least. cost pattern used:as transfer Lharges

! I

ﬂ' III Least cost pattern resulting from a. erypanosomiggis
" yaccination program used as transfer charges..’



tterns for Alternative Transf

 Table B-9: Shipment Pa er Charpes
Agmymdl eI 07 (dnonumber of cattle) AR
Route * Run I * Run II ‘ Run III
1-14 Sokoto to West B P 141,317 : 114,468 127,843
2-14 Katsina to Vest N ‘24,216 : 10,664 : | 24,025
2-6  Katsina to Niger i : =t 10,644 % -
3-6  Kario to Niger - : - b - % .10,014
3~7 Kano to Zaria - : =08 8,392 & . 5,513
3-14 Kano to West “ fB8,2430 1 3,076 : | -
4-6  Bornu to Niger ol P 11,379 ¢ - : -
4-7 Bornu to Zeria ;E ‘¢ 11,552 ¢ - : -
4-8  Bornu to Bauchi e P 18,769, % 9,995 ! . 8,104
4-12 Bornu to Benue e F4,949 - 037,912
4-14 Bornu to West o © 8,265 % 65,451 : 68,575
T L P U
9-12 Ag:;:wz°t§é§:nue 3 {94,924 103,318 © 100,542
9-15  Adamawa to East h ! 89.900 557 ¢ . 1,730
11"15 Platean to East * H ’9'90 ’ : 89’583 . '92’795
13-12 Sarduaﬂa to Benue N . ;g’gg; : ;g’g;g . 16,648
13-15 Sarduana to East o 3h. RERRAT e . 44;;66
Total shipped to th 'q<,‘,n‘; mE OEE i . -
i DA A8 s e | e
Total shipped to th TQb5Y e R R T AR ar
Total number of catiizozigdiizéﬁ‘léi 1:j ng§759. y 436,669 . 474,992
i . ,.. nl‘. - )2 e H
n Nigeria {910,000 : 933,000

922,137
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PART v
‘Puttire Plans

_,,'!,éf.fs apparent from the foregoing discu~sion, the major components and
'mechanisms of the northern regional model have been com leted and are now
being integrated into a tightly-linked regional model. As we continue this
Process, we plan to modify and make more realistic some interactions between
mgjpr components of the model which may not have been comprehensively |
éons;qered in thevpast. 4For example, the ylelds of many crons in northern
Niggria are heavily dependent upon the relationship between the date of
plantingland the onset of the rainy season. Vith labor supply appearing
to be a limiting resource at planting time, it seems likely that yields
Q# some crops are dependent upon the number of acres of other crops to be
planged. Further, the number of acres of a food crop that are required
for subsistence are dependent upon the expected yield. This particular -
interaction between sectors of the northern regional model may serve as
agkillpstration of the kinds of Interactions between subsectors of the
ré?ipnal model which Will.bé examined and modeled during the next.few. .,
",',09':_}‘8' \ Lo ‘ - . . ARCEEE L R PEI P N

. As the northern regional model components are connected together, and

N
510 I

ngcked for consistency and realism, much more sensitivity analysis of
R}fFicpi?r structural and parameter components will be undertaken in an '
g?fgrt to diagnose any remaining conceptual, behavioral, and programming -
’lérrors in the model, and to further identify high priority development. |
g}ternatives and data ’needs. We plan to begin developing a generalized
obtimization program vhich will adjust "uncertain" coefficients in the:

model so that model behavior will more closely coincide with the behavior :

of the real economy, at least as it has heen observed over the last decade



AR

{ or so. Not only can a generalized optimization program serve to improve
the fit of the model with historical behavior , but it can be later used
to”determine policies which would best achieve the goals of a particular
policy maker in situations where he can specify a unique goal or weighted

v

" combination of goals as his ultimate objective. ’
90" e 'have done some initlal ¢once§tua1123cion'3f the?ﬁoéelimechenieps
which“will need to te developed for a realistic simulation of the southern
“““trée~root crop agricultural economy. We now plan to concertedly move into
building a Southern regional model which is comparable to our Northern
‘model in scope and detail. We foresee that substantial effort will be
required to develop a comprehensive model of the Southern region: howeper,
“"the process should be greatly simplified compared to what it would‘hape
been because many aspects of the northern model which we have developed
will be adaptable to aspects of the Southern agricultural economy. Ve
dé foresee scme particular facets that may be somewhat different fromfthe
situation seen in the north. For example, the longer planting horizon
involved in an agrirulturel sector where perennial tree crops are quite
‘prevalent introduces some important questions about flows of investment,
"'Bhort-run nutritional requirements,and expectations of‘potentiel profits
required hefore a perennial tree'crop‘ehterprise‘ie‘heguh, modified, or
liquidated. Similarly, the closer proximity of southern farmers to more
highly industrialized areas suggests that there may be some closer tie-ins
with the non-agricultural economy in the South compared to the North Since
hired labor is often used in southern crop production, regional flows bf
migratory labor within the agricultural sector may be more imnortant‘iﬁ:
the southern repion. At the same time, the proximity of the aéricultorel

labor force vo more industrialized areas may make labor aﬁailabiiitp'for
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’"rgEfEHﬁlaeelf-eufficiency 1a particular commodities may also be examined.

S ) B b
] é i ‘ ’:"';»q v.a ﬂv‘iﬂrﬂ G

‘i?for asriculture in: the qouthern Region more heavily dependent upon

o1 A8 SRt S I VATS Sen i SR X ST R

',fconditiona 1n ‘the' 1ndustrie1 economy ‘of Nigeria.'

e by ;.i.

Zs we' complete the "orthern Regional model and begin to work in earnest

*l*-;

i

’on the Southern Regional model, we must also anticipate which mechanisms
_will be’ required to simulate the interactions between these two major

_ﬁééhbieeetors within our overall model of the economy. Of particular interest

will be'an interregional trade mechanism which will allow £lows of goods,

?%wﬁigticﬁieriy/foed;:tu'go from one region to the other if price discrepancies

between the two areas are sufficiently high to warrant producing food in

“'one area and transportimg it to the other. By incorporating such a mechanism

in the model, it will be possible to study the likely impact of regional
pradﬁetiohAspecializetien‘on'beth the utilization of resources within each
area and the consequent levels of nutrition and farm income which would

result. At the same time, the opportunity costs of policles requiring

We tentatively plan to have some conprehensive seminars in both the
United States and in Nigeria. These seminars will be designed to promote

critical discussions and constructive suggestions for model modifications

“and change. Not only do we hope to seminar with Nigerian, AID, and other

?lanning personnel in Nigeria, but we also hope to supplement these
seminars with follow-up discussions and information.gathering in Nigeria
to supplement the information which we now have available. We hope that
these seminars can be completed by the end of April or May so that the
last six months of model construction and experimentation can be directed
toward alleviating any major problems which might be diegnosed. In B0
doing we wiil have the model in the best possible condition (within the

resources of the current grant) for any subsequent work to apply the model
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We plan to maintain the same basic research team P¢F3°“nelr9“{£h§ij

simulation project over the next year, capitalizing more on some of the

SRR

training and experience which several of our graduate studentvcolleagues

' have been accumulating during the beginning phases of the project.. In

addition, ve also hope to capitalize on the knowledge of both host-country

and expatriate experts on the Nigerian economy during our visir there. -

Further, the experience and knowledge of two MSU Nigerian graduate students
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acquainted‘with_the‘Southern economy will,belquite helpful, especially,,

since their research plans are currently oriented toward studying elements '

of the southern agricultural ‘economy within Nigeria. ‘Mr. Earl Kellogg. .

1e¢ E e

' will ,soon be leaving the project to join the staff at the University of.

Illinois.. As a by-product of this contractual research, he will be | .
publishing a Ph D. thesis at Michigan State University covering in much

more detail sore of ‘the beef production and transportation model components.
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