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L?WATA, 

Page 12 The variable CRF in Equation L4 
should not be subscripted. 

Pape 19 Equation (L24) should read: 
SUPCfl(t) = CATI.(t) x (TCFLN(t) 

+ CAL."'(L) x TT 
- TIrncF(t)) 

C(t) 

Pane 51 Equation TI 29 should read: 
CAP(t+DT) CAP(t) + DT*CPL * (XP.L(t) + C.OUT3(l)) 

Pa e 65 Fly free instead of fly full (3 times) 

Page 72 Top line should read: 
PF(1), PF(2), PF(3), PF(4) =....... 

Page 15 In equation (LII), "C4" should be "'CL4". 

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

This report describes the progress made by the IMchigan State 

University interdisciplinary research team in developing a simulation'
 

model of the iigerian agricultural economy during the period April 1,
 

1969 - Ilovember 1, 1969. It supplements earlier reports submitted to 

AID dated April 26, 1968, October 31, 1963, and April 1, 1969. The
 

detailed framework of the model was microscopically illustrated in the
 

first progress report. The further evolution of our perception of the
 

development process and consequent requirements of the model have been
 

discussed in previous progress reports. 
This report will provide an
 

overview of 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, which are not fully programmed
 

and are being incorporated into a model of the iorthern Region of Nigeria,
 

some interesting problems involved in modeling the southern tree crop
 

economy will be discussed briefly.
 



Recent Research Progress
 

The research team has been working on several fronts during the past

Six mnths. In Hay,1969,Tfr. Tom Ianetsch and Earl Kellogg spent a few
 
Weeks in Nigeria gathering additional information for modeling several sub
sectors of the economy. Kellogg particularly accumulated information re
lated to beef production and marketing. 
During this visit, they also
 
presented a seminar on the simulation project at the Nigerian Institute of
 
Social and Economic Research at the University of Ibadan.
 

The primary modeling efforts have been (a)further development of the
 
Northern Region land allocation mechanism, (b) development of a moderniza
tion component permitting introduction of modern production inputs, (c)
 
modeling the dynamics of populationgrowth and composition, (d) further
 
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, (f) development of a processing.industry 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
 
Southern Region, where both perennial and annual crops are alternatives,
 
(i) estimating the importance of various factors affecting the demand for
 

beef and major food cropW.
 

The mechanism simulnting the enterprise responsiveness to changes in 
relative profitability in several ecological zones within Northern Uigeria 



hits been developed, further from that reported *in '!nfred ieupolt'si 
 orkin
 

paper (1). 
 To allow,more ready analysis of the location of various crops 
-

within the region, peveral fairly homogeneous areas are analyzed separately
 
and subsequently aggregated. 
In this way, the realism of the aggre'ate
 
responses should be improved, and the likely production areas can be spotted
 

more easily for policy-makers.
 

In consideration of labor shortages or surpluses in the 
igerian
 
economy, the changing size and composition of the labor force is incorpo
rated into the overall model of the 1TIgerian agricultural economy. 
The
 
agricultural labor force is compared to the labor required in agricultural
 
production and marketing. 
If labor is restrictive, the productive enter
prises' total size is restricted accordingly. 
At the same time, the popu
lation growth 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 combined with a processing and marketing sub
routine. 
In addition, Earl Kellogg bas determined the likely costs and
 
returns of alternative changes in the beef processinr and transport pro
cedures in I'igeria. 
 This phase of the modeling effort is nearly complete
 
and will result in iellogg's Ph.D. dissertation to be completed in the near
 

future.
 

A general processing model has been developed which tnkes as input
 
the flow of raw product from the production sector. 
The nodel then simu
lates the transformation mechanism nnd provides an accounting of volume
 
)f finished product(s), processing costs, profits, required facility invest
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ments, labor utilized, and product losses incurred in the transformation
 

process.
 

A modernization subroutine has been developed adjusting the speed and
 
extent of producer enterprise responses to various levels of expected
 

profitability, difusion effects, and overt promotion of modern practices.
 
The subroutine allows these respr.ses to differ as a result of manipulating
 

the extension funds and available manpower. 
If we can approximate the 
effects of changes in extension service efforts, we can provide an exten
sion "budget box" or executive routine which will allow a policy-maker to
 
experiment with various budget and manpower skill combinations. 
 In this
 
way, better informed choices among alternative extension service develop

ment efforts can be facilitated.
 

Ile 
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 behavior 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 both seem reasonable and fit the 
actual historical behavior of the i!igerian economy. 

Modeling the resource allocation decision mechanism in the Southern 
Region is conplicated )y the fact that both perennial tree crops and 
annual food crops are production alternatives. beveloping a model which 
4111 compare the appropriate profit potentials for perennial and annual 
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crops is somewhat more complicated than for annual crops alone. Further, 

the longer time-horizon brings into play time discount rates and short

run cash flow considerations. The fact that perennials, once planted, are
 

semi-fixed assets whose productivities are often responsive to short-run 

changes in management practice makes the problems involved fairly difficult 

in realistically modeling farmers' likely decision processes. However, 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. We 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 suggests are fairly realistic, and the dyna

nics of the development process as we see it, the mathematical relation

ships which are precursors to our computer programs are summarized and
 

n:tplained in the following section of the report.
 



The Northern Model
 

As indicated in Previous Progress reports, the agricultural economy 

of Nigeria was viewed, ior Purposes 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 Figure 1. 

Within this broad categorization the model includes much finer detail 

but the fr.trinsic differences between annual and perennial production 

processes and inter-regional trade patterns make this major dichotomiy 

a useful one. 

In this section of the report the broad outlines of the northern 

mode w ill be described in some detail along with the model comonents 

which make up this model and nreliminary results of simulation runs 

made 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 pr6grdm. "Th "Primary
 

reason for the modification was to intuoduce additional detail to permit
 

better simulation of cron competition including interactions between
 

export crop and cash food Production. The revised model also incorporates
 

beef modernization and population comnonents.
 

The current model views Northern Nigeria (the old Northern Region) 

as being made un of the four distinct sub-regions shown in Figure (2). 

The regions are defined on the basis of current cropping 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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Suitable for the production of groundnuts along with food crops. 

Similarly, Region II defines a cotton-food zone and Region. 

III a 'region. in which groundnuts and cotton can cornete 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 region can, however, 

produce various food crops which may become important for future 

regional soecialization in Nigeria. 

The overall organiza t ion of the northern model is shown in 

Figure (3). As shown, the production activities of the model are 

groundnuts, cotton, food produced in competition with groundnuts 

and cotton, food not produced in competition with groundnuts and 

cotton, and beef. (The current model includes as a component the
 

beef model developed during the first year of the program). 

The major outputs of toe model are physical outouts of the various 

production 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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Of key importance in determining the behavior of the model (and: 

its ability to simulate real world behavior), is the model component 

which allocates land and labor to. the various production enterprises. 

In summary, the total arable land in the four northern sub-regions 

of Figure (2) is determined by available laborgrelevant cash returns 

to labor, the proportion. of the population that is economically 

active, and a mechanization coefficient. Given total arable land, 
5, 

laid..available for cash crops is computed as a residual after
Sb 

subsistence food needs have been provided for.1 The land allocation 

mechanism then allocates this residual to the viable alternatives 

in 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
 

response of northern producers to changes in cro prices. Since 

groundnut 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 

This assumption of food self-sufficiency reflects what anpears
to be the present situation in Northern Nigeria. It is possible in themodel to allow the level of self-sufficiency po be ,afunction of other 
development variables. 

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

Possible 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 nroduction 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 run.
 

Modernization takes place only if the adoption of the proposed innova

tions is economically profitable for the producer and at a rate -deter

mined by the level of nrofitability. The major outputs of the 

modernization comnonent are average yields of the various crops
 

which are computed as a weighted average of the yields of land 

allocated to traditional and modem production. This component also
 

includes an innovation diffusion mechanism which allows for spontaneous 

diffusion of modern techniques if necessary pre-conditions are met.
 

Given this broad description of the model as background, the
 

following sections descrlbe 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.
 

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



Detailed Description of the Northern Model
 

In developing the northern model six basic model components
 

were designed which could be replicated and interconnected to simulate
 

the major agricultural activities and institutions of the region.
 

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

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

possible to simulate a large number of homogeneous activities 

(such as production, narketing and processing of crops) with

out developing a unique model for each activity. 

2) Properly designed building blocks can be used in a wide range 

of problem situations--in other countries etc. 

-The basic components developed for the northern model are the 

following: 

1)- Beef Production 

2) Land Allocation 

,3).- Marketing and Production. 

4) Modernization 

5) Population 

6), Processing 

Of these, the beef component has been described ,in detail-in the pro

gress report dated April, 1968 and will not be ditcissed. here. 

The remaining components are described in detail in what follows.
 



Land Allocation
 

The current model views Northern Nigeria as 'being made up of four 

distinct ecological sub-regions. In Venn diagrams it would appear 

as follows: 

71. Groundnut - food subregion 
2. Cotton - food subregion
 
3. Groundnut - cotton

food subregion
 
4. Food only subregion
 

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


Shavior 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 cash
 

I
market, or planting a cash crop. 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 

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

by marketing boards these are taken as policy variables; however, cash 

food prices are determined endogenously and the mechanism of cash 

food price determination is given in the last section. 

I The area of each region can contract but not expand in the time 
span of the model. 



10 

ocaio'BetenCah and Non-Cash Crops ithin a Sub-region 

The acres of land allocatible to cash crops is computed by equation'. 

(Li) . 

(,l) A (t)t) x EA1,(t) x APLit) x P wi
 

where:
 

ALi" Land allocatible to cash crops in sub-region i 

( 1, 2, 3, 4) 

LABA i = Effective labor available (man units) in sub-region i 

(computed in the population component).
 

EAP a 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 (L4)
 

APL i * Acres of cash crops cultivated per unit of labor 

at "normal" profitability (PF i = 1) (see Equation (L3)) 

B ;- Parameters that determine the magnitude of responses 

to profitability. 

The variable EAP (computed in equation L2) introduces the concept 

If an economically active population which includes those farmers who 

iave responded to recently-learned opportunities to start growing and 

ielling on the cash market. 

(L2) EAPi(t + DT) EAP (t).+ CTix DT x (1 -EAPi(t))
 

Where:
 

EAPi = Proportion of the population in region i that is
 

economically active. O<EAPt <l
 



C7i = A model parameter that determines the rate at which
 

farmers enter the economically active population.
 

DT = The basic time increment used in the simulation.
 

This'equation is a crude model of a diffusion process which gradually
 

increases the economically active proportion over time. EAP will
 

gVadually approach one in the limit an time increases. The parameter
 

CTi, whichdetermines 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 variables such as extension
 

expenditures, infrastructure developments, etc.
 

The variable APL in Equation (Li) is an endogenous model variable
 

aomputed by E,#Uaticn".(L3):
 

(3) APLi(t) MAX CAPLoi x CMj 6FF (t)/L4BA1 , 0 

Where:
 

APLi = Acres of cash crops per unit df labor in sub-region i 

APL oi Total acres.cultivatible per unit of labor in sub

region i at a given level of mechanization. 

CM u A mechanization coefficient that introduces the 

effect of labor saving investments. 

SF i Land required for food self-sufficiency in sub-region i 

(See Equation (L5)) 

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 (Li) are determined as follows 

for sub-regioke one and two (groundnuts - food and cotton - food): 
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"), Pr (t) (TLNFi (t)xcRi(t) + TLCFJ (t)x C1r±(t))IAIi(t) 
!- . (TLNFi(o x CRi(o) +.TLCFi(o) x CRFi(o)-)/ALi(o) 

P71 * Profftability indices ftr sub-regions ort'(i = 

and two (i = 2) 

ALi Total land allocated to cash earners in sub-region

TINFi = Total land in non-food in sub-region i.
 

TLCFi = Total land in cash food in sub-region i. 

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

CRP i = Net cash returns from cash food in sub-region i 

(/man year) 

Similiar equations compute profitability indices for sub-region 3 where 

.cotton, groundnuts and food compete and sub-region 4 where food is the 

only cash earner.
 

The model next computes the subsistence food laud required in each
 

region.
 

.(L5) S7i(t + DT) Sfli(t) + (DT/S3)(DEMRi(t)/(cALAi(t)) _
 

This equation determines, after an adjustment lag 83, the amount of
 

land SFi required to satisfy the regional rural demand for calories,
 

DEWRi, given that CALAi calories per acre are produced in region i.
 

Here again the index i ranges over the four regions included in the
 

northern model. 
DEMRi, ,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
 

/ 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 reflected in changes in the variable DEMRi.
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Given the land required for food-self-sufficiency and the land
 

allocated to cash crops in each region, total cultivated land is simply
 

(L6) TLi(t) = ALi(t) + SFLi(t) (ALi(t) > U)
 

Were:
 

ALi = Allocatable land in region i.
 

TL. = TotAl cultivated land in region I
 
I 

SFL Total land required for substistence foo,&in region i. 

Cash Crops in Sub-regions 1 and 2 

The model next allocates ALl, AL2, AL3, and AL4 to 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 shifts to the more profitable crop at a rate that is 

proportional to: 

1) The percent difference in cash returns per unit of labor that 

exists between the two crops. 

2) The amount of land currently allocated to the less profitable 

crop. 

3) A model parameter, Cl, which can be varied to match prevail-

Ina Zzrmer behavior. 

The equations that perform these functions for sub-region 1 and 2 are:
 

(LT) Ri(t) = Cl x (CRi(t) - CRF(t)) x XTLi(t)/(CRi(t)) + DALi(t)/DT
 

Where:
 

= The rate of change of non-food land (acres/year) forRi 


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

CRi = Net cash returns per unit of labor (lagged to include
 

behavioral effects). (L/man year)
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MW =FNet food cash returns per unit of labor also lagged 

S ., 2,. and CRF are computed by the production. 

and marketing model component). 

XT . = Total allocatable lend in cash food if BEi ! CRF 

= Total land in non-food in region i if CR 

C10 A model parameter that controls the speed of land 

adjustment. 

The Variable DALi in Equation (LT) adds any net increase in allocatable
 

land.(ALi) to the more profitable crop and subtracts any net decline
 

from the less profitable crop via Equation (L8).
 

WL). PAL (t) = MAX((A i(t) " ALi(t -DT).),o] 

if CRi(t) > CRF(t) 

= KM [(ALi(t). - Ai (t - *bT)),o] 

if CRi(t) < CRF(t) 

Giveni the rate of change of non-food land from Equation (LT) the 

model computes total non-food land (in regions 'one and two) as 

(L) TLNFi(t) = MAX ((TINF(t - DT) + DT x Ri(t)), 0 

This equation essentially computes the time integral of Ri(t), limited:r 

to preclude the possibility of negative land.
 

To complete the land allocation for regions one and twototal.casi'

food land is computed as a residual between total allocatabkiland, ALj,
 

and land allocated to non-food production, TLNFi:
 

(L) TLCFi(t) = ALi(t) - TLNFi(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 thbt1kb 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, population growth, etc.)
 

is added to 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 subtracted from the second
 

least profitable crop and so forth. With three competitive crops ther(
 

are six possible rankings with respect to profitability:
 

CR(l) > CH(2) > CRF 

CR(l) ! CR7' > CR(2) 

CR(2) > CR(l) > CRP' " 

CH(2) C _ c (1) 

,CRF > CR(l) > CR(2) 

CF > CR(2) > CR(l) 

Here CR(l), 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: 

(Lll) RJ3(t) = Ch x TLJ3(t - DT) x (CR3 - CRl)/CR3 + MIN[DAL 3(t),O]/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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TLJ3 Total land currently in the least profitab~le crop in 

region 3. (acres)
 

CR3 = Cash returns for least profitabIle crop in sub-region 3
 

(L/man-year)
 

CR1 Cash returns for the most profitable crop in sub-region 3 

(Lman-year) 

CL4 A model parameter that determines the. 'speed of adust. 

ment.
 

NIN ='The minimum operation. 

The variable, DAL3 , is the difference in allocatable, land in 'regiop 3 

in the past time interval and is given by 

(L12) DAL3 (t)= AL3(t) - A.3(t - yr) 

Given RJ3, the model computes a new value for.T1J3i--the total land,, 

in the least profitable crop. 

(L13) TLJ3(t) = MAX[TLJ'(t), 0] 

Where: 

T3'(t)- TLJ3(t - DT),. DT x RJ3(t) . 

Thus, equation (L13) computes TIJ3 as the time integral of RJ3, limited 

to preclude the possibility of negative land. 

The mode]. then allocates land to the second least profitable crop. 

This, again, 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 profitable crop is taken out of this, the second
 

least profitable crop. This behavior is described by the following
 

equations:
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(Li14) RJ2('t) = CL4 x TZJ2(t - D) x (CR2(t) - CRl(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, CR. = Cash returns' of second and most profitable crops 

respective]y (L/man-year) 

and
 

(L15) RIESID(t) = MAXMIN[TLJ3'(t),O],MIN[DAI,3 (t),o]] 

Where:
 

TIJ3' and DAL 3 are defined in Equations (Li2j an d'(MJ)
 

(L16) TIJ2(t) =MAX[TLJ2'(t),O
 

Where:
 

(rT) TL2' (t) TJ2(t - DT) + DT x RJ2(t) 

Again, a constraint is imposed so that land area is non-negative., 

Land area in the most profitable crop TLJl, is computed simply 

as the residual between total allocatable land AL3 and TLJ2 and TIJ3: 

(L18) TLJI(t) = AL3 (t) - TLJ2(t) - TIJ3(t) 

Note that this equation allocates any net increase in allocatable lax-

to the most profitable crop. Net decrease in AL3 , as described above, are 

removed from TLJ3 and TLJ2 if possible. If not, these latter areas 

are zero and the net decrease applies to TLJ1.
 

Given the to)tal land areas according to a crop ranking on the basis
 

of profitability, the model then translates these into areas of groundnuts, 

cotton ard cash food by applying the known profitability ranking which 
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Currently pertain for the three crops. The following land areas are
 

thereby defined:
 

TLJG(t) = Total land in groundnuts in sub-region 3. 

TLJC()= Total lahdin cotton in sub-region 3. 

TLJF(t) = Total land in cash food in sub-region 3. 

Cash Crops in Sub-Region 4
 

SLandallocation 
in sub-region 4 (the food-only zone) is,.trivial 

being simply the total allocatable land (if any) after:the food needs 

of the regional population have been met. 

(LI9) TLMBCF(t) = MAX(AL(t), 0) 

Where: 

TLNBCF is the total cash-food land in su -region 4 

allocated to cashlfood production. 

Totals of Food and Cash Crops for Northern Nigeria 

With, the above land allocations in the four sub-regions determined 

it is a simple matter to compute total areas for Northern Nigeria by 

crop. Total cash food land in the north, TCFLN is given by: 

(L20) TCFLN(t) = TLCF1(t) + TLCF2 (t) + TLJF(t) + TLMBCF(t) 

Where: 

TLCFI,TLCF2 = Total land in cash food (Sub-region I and 2)
 

TLJF3 = Total land in cash food (Sub-region 3)
 

TLMBCF = Total land in cash food (Sub-region 4)
 

Total food land, ZLCl, is simply 

(L21) ZLCl(t) = TCFUI(t) + SFL1(t)+SFL2(t)+ SFL3(t)+ SFL4(t) 
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Where: : 

SPLi is the land required for food self-sufficiency in 
each sub-region (Equation (L5)):. 

Total groundnut and food land, TGLN and TCLN, are computed as 

(L22) TGLN(t) = TLNF(t) + TLJG(t) 

(L23) TCLN(t) = TLNF2 (t) + TLJC(t) 

Where:
 

TWF 1 , TLNF2 = The'totalmno-food 'Iand in sub-regions
 

1 and 2 respectivl
 

TITG = Tot&l: groundnut landlin sub-region
 

TLJC U=Total cotton land in sub-reglon 3.
 

Price Determination For Cash Food 

The land allocation component also contains the market mechanism 

for cash food. It is assumed that the weighted average price of 

cash food (subsistence foods including guinea corn, millet, yams and 

cassava) 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 (L24) 

(L24) sUPCFN(t) = CALAN(t) x (TCnf'(t) - TU'BCF(t) + CALAM(t)'x.TLMBC(t) 

Where: 

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

CALAN = Calories per acre in the north excluding sub-region 4 

(primarily from grain production). 

CALAM = Calories per acre in sub-region 4 (primarily from 

root crops) 
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TLMBCF = Total land allocated to, cash. food. in the sub-region4 

TCFLM - TLMBCF = Total cash food land in the .northe"eluding, 

sub-region 4. ' 

An unlagged food price is generated by Equation (L25). This variable. 

is lagged by Equation (L26) to account for behavioral effects. 

(L25).PPNU(t) = PFNU(t-DT)+ DT x CL5 x PFNU(t-DT)x(DMCFN(t)-

suPerN(t) )/DEMCFN(t)
 

Where: 

PFNU Unlagged food price -3/# 

DEMCFN = Demand for cash food in the north - Calories/year. 

(This variable is computed in the population
 

component and is a function of non-agricultural
 

population, income, and food price)
 

:SUPCFN Supply of cash food as determined by Equation (L24)
 

CL5 = 	Price rate elasticity (This parameter is the precent 

change in price per unit time per percent excess 

demand that exists in the market.) 

(L26) 	PPN(t) = PFN(t-DT) + (DT/cL6) x (PFNu(t) -PFN(t-DT)) 

Where:
 

PFN Price of food in Northern Nigeria (L/#)
 

PFNU = 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 them together to perform the economic 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 that
 

it fits all annual crops under consideration and still is flexiblh, enough 

to meet specific needs of the single crops.
 

Each crop enters the subroutine with its own variables. A set of
 

constant coefficients is defined for each particular crop. (see Table (P1)).
 

Many other variables are generated internally and vary over time.
 

In this subroutine there are six categories of computations conducted.
 

1. input and output relationships
 

2.' wages and employment
 

3. utilization and distribution of'products
 

4. farm income
 

5. taxation
 

6. values added to GNP and productivity 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.
 

((i) YLDD - LND x Pf
 

(P2) DEML = (C4 x LND + C5 x fLDD)/C?
1
 

l/Present usage of this Rubroutine in the northern model equates
 
demand for labor (DEML) to the supply (LABA). Labor constraints are
 
introduced by the land allocation component i.e. the variable (LND) in
 
Equation (P1) is based on a labor constraint
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(P3) rLDL - (CM x LABA / DEL) x iLDD 

4i,04) - LD,= MINIMUM'- (TLDD, -ILDL) c 

where: 

LD,.-, total 'a*ount produced :if PY r~arcies"the iological 

maximum (K lbs/year) , ' " 
" ' , : PZ = yield per acre' '(1bs/acre/yeAr) 

"LND-land allocated to acrop (K acres/year) 

2
DEML - total labor demanded for 'acrop ,_(K men/year)
 

, ' LABA - labor aczually available 'or a crop" (K men/year)
 

C4 -labor requirements for cultivation (man-years/acre)
 

'labor requirements for harvesting (man-years/lb) 

S.-CM a coefficient for mechanization 

fLDL = total production feasible as a function of labor available 

-(K lbs/year) 

LD total production a'ctually achieved 


Employment is calculated for the agricultural sector (primary sector)
 

M = (K lbs/ear) 

and for the marketing sector (entire sector) as far as agricultural products
 

!are concerned.
 

(5) EMP - AMINI (LABA, DEML)'
 

(P6), EMPM - C1O x' OUTP,; ,
 

(P7). WAGESM w WRM x EMPM'
 

(P8) WAGES - EMP x WR x C16
 

-/Pf is computed by the modernization component and,is ,detern~nedby 
production campaigns, diffusion effects, etc. 

-'Labor available and demanded is computed in units of adult me,, working
250 days/year. j 
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where: 
IV men actually employed 4n ;ag iultUre (family and 	non-family 

labor) 
(K Men/year) 

4INI (a,b) =na fuctAonthatftekes ,the-Minimum of terms in 

brackets. . 

EMPM = employment provided by the marketing sector (K men/year) 

OUTP,=.Output actually marketed (see equation P16)
 

ClO =. a constant determining EVMPM 

WAGESM - cash/wages paid to the employer in the marketing sector 

(K b/year) , . 

WRM . annual ,wage rate in marketing (b/man/year) 

WAGES - wages paid of.the agricultural sector to non-family 

j abor (Kb6/year) 

WR = annual" wage rate in agriculture (b/men-year)
 

a cons tanp, daterining the, proportion of non-family 

~ ,labor (%-of EMP) 

Thg:utilizationand, distribution ofthe 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 similartstages of handling,
 

storage and consumption with losses, conversion factors and chanRe in
 

product character involved, a rather generalized'set of equations was
 

developed to fit for all crops under consideration, The following equations
 

compute the primary and secondary products.
 

'.(PO) '-TLDl 'w ClV* Mb~l ~D
 

(PO) MLD2 - C2 * YLD
 

(Pll) ZLD3 w C3 * ?LD
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whe e. 

-.~1j~P~1, 2 ,-3.Prqducta derived fo4l; 

CO1, 1, 2, 3- constants 

for a detailed definition and thd~values of the 

C- coefficient.-see Tables (Pl)YAnd (P2). 

,Cqp C7, C6,. arplosses, involved so that, OUT 1, OUT 2 and OUT 3 

. , 'represent the actually avail.able quantities of 

.LD I1,.LD 2 and !LD 3 computed as follows: 

(12) ,OUT 1 - C8 x fLD 1 

(P3) OUT 2 - C7 x ZLD 2
 

(14) OUT3- C6x D 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 

revresents the subsistence income paid in kind.
 

(P15) YLDW - C14 x EMP x (1 - C16) 1
 

(P16) OUTP - C9 * (MLD - rLDW)
 

where:
 

rLDW - quantities consumed, onthe farm ,(subsistence income in 

kind) (K lbs/year/region) 

iC14 '- quantities consumed by 'farm members (lb/capita/year) 

'.Cl6 -Proportion of non-faniily labor (% of EMP) 

OUTP  quantity of the primary product available for thel

commercial market (Klbs/year) 

C9 - a constant for loss 

V'This 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: fLDW LSUB is the land
LSUB x Pf where: 

allocated to subsistence food. 
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Quantities arriving on the commercial market are distributed beita
 
consumption by non-farfn,'pe-ople (OtJTP1) e -O6r(OUTP2) !and pr cessing (U.P.3) 

(Pl7) OUT? 1 - Cll * OUTp 

(18).0 -"OUr? 2!o C12' OUTP b' 

(019)fOUTP13f- C13 OUTP
 
'r) ~bwhete: l, C1, C13 are constants defined in' Table (P). 

o In order to calculate farm 'income, one needs prices for inputs and
 
outputs.".Wages as a cost factor are already defined in Equation PP. 
 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 notion 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 a TAXRM * PM * OUTP * PPRS 

(P21) PP - PM * C9 * (l.-TAXRZi -. PMAI) 

Where: 

a:) PPRSIlJprbportlon-of 'ouiput-sold 

TAXM = 
tax to be paid by the trade sector (ItL/year) 

....,p.ro ucer price received by the farmer. (L/lb) 

P2 = marketing price1 received by the,trader (J/lb)
 

The marketing prices for all cash crops are set by the Marketing
3oard. 
 The food price is determined by demand and supply.
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i ~.-

TAXRM - tax rate to be paid from the tradersI income ( in Z) 

PMAR - a profit margin held back by the trader ( in ') 

10; 	= marketing loss,-.q 

The farmers earnings are composed of a subsistence income paid in 

kind; but evaluated at the producer price and normal cash payments for his 

sold products. 

zt:	(1P22)"SUBI - PP * LDW

(P23) INCP - PP *(ZLD -i fLDW)' x PPRS
 

where: ... . ....
 

SUBI - subsistence income at producer price (non-cash) 

"(K /year) 

INCP - cash received by the farmers (K b/year) 

PPRS  proportion of marketable product sold 1 - . 

The farmers'total income and cash income then is given by 

(P24) PFGRI - PP * YLD'- WAGES - CNFI 

:(P 25) FFCI - INCP - WAGES - CNFI 

where: 

PFCRItotal-income crop. X,(caah.and kindpayments) from 

(K b/year) 

FFCI - cash income from crop X (K"b/year) : 

CNFI.- cost of non-farm inputs (K b/year) 

)The cash income FFCI is available for taxation, non-agricultural 

conasumergoods, education and capital investments in factors of production.
 

.'-' The farmers' tax obilgations are: 

(P26) TAXP - TAXRP * FFCI
 

I/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.
 



leaving the agricultural pro4ution :sector with':a net income 

yi, i.).~,vficash of
 

(Q27) PFTP,.- FFCI -TAXP
 

6ki ToI z , -TAXP - tax rto be paid by the 'agricultural',sectorvfromf the,, 

earnings of crop X (K b/year) . i:o 

TAXRP = tax rate imposed on the earnings ofi crop XTwithin the 

production sector () ": " 

PFTP = net cash income of the agricultural sector7from crop X 

C4 r- i;"?r (K L/year) 

The figures computed above are not calculated on the farm level but 

represent 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 (eog. returns per unit of labor and returns per unit of land). 

(P28) VAP - PP * rLD - CNFI
 

(P29) VAM A0UTP:* PM * PPRS - INCP
 

where: 

S ,,,VAP ,=value-added to the produntion sector by crop X (Kb/year) 

6 11.-'h': :,r , VAM.-'value added to-the marketing sector by crop XI,(K-b/year) 

The earnings of the factors of production labor andland'are obtained 

by 

(030) PFI LD* PP- TAXP CNFI 

'PPI' canbe defined approximately 'as a "onntcometo labor ,d 



"ncombined. Thisamount, either'related to' land or t abo .ives the. 
returns Ver unit and -are'vmasurements of productivi'ty since not"all costs 

are considered (e.g. capital cost, _fixed assets, etc.).

(P31) INMz * FI /-EMP
 

(P32) RLRE - PF / DEML
 

(P33) RLND - PFT / LND
 

where: 

,INf - labor productivity actually achieved at the end of one,
 
.;ypar based on men employed (B/man-year)
 

RLRE = labor productivity for planning purposes based 
on labor 

required (b/man-year) 

RLND- returns per acre (L/acre/year) 

This6subroutine is flexible enough to calculate additional information 

a che need arises, e.g. per capita incomes or labor available'for th" 

'on-agricultural sector, etc.. 



TABLE P1: Definition of Coefficient in the Harketing and Productfon . eztor (Northern Revion) 

fiWood Food Region Intermediate :Vari-

Definition Unit roundnut cottonjRig c n s 1-3 1 4 1 Output able i Unit 

C Proportion of net-yield (YU) 2 2
01 used for human consumption£ . 

1CI Cot tent of calories/lunit call -500 : 
0.- 18701 546. Total calories YLD 1I1000 K Cal. 

Amount of LD 1 available Z .9 0. .9 < .9 Calories avail. OUT 1 1000 K Cal.after storage(minus loss) I, 'i "- " ' forconumpioconsumption,. : 'for 

SC Proportion cf net-yield(LD) Z .05.. 67 -. 20 .202 considered Es grain residual f 
-C Content of IDN/unit.2 .7.i .77. Total TDN grain ID2 1000Tog n2D TDN

: ;:7': residual
Determines YLD 2 available 
after storage(minus loss) . .9 

ITD available as 0UT 2'1000 # TDN.9 .9 .9 grain residual 

C 3 TD co-nined in leavesrough #TDN 183. 1.7-- 393. 393. Total TDN rough YLD 3'i000 # TDN , 3foragesjh* foiag-3, based on fLD acre 


C6 Determining YLD 3 available TUN available asOUT 31000 # TDNafter storage(minus loss) .3 .7 7 rough forage
 

C9 Determinas 2LD reaching the ,equantities '' * commercial market(minus loss) 5•85 on•85' •.955 - 85Ned . !handled ntethe .. . 

commercial market* 
C Required labor for trade man-year .000016 .000067 .00022 .00022


marketing, transportation per lb i I I
 



TABLE PI: Northern Region (Cotiued) , .- -

I 	 Food, Food Region Intermediate VaDefinition 	 i7:"-Unit' Groundnut Cotton Regios 1-3 4 Output le Unit 

Determines OUT P consumed 
 Z .0 )- 1. 1. 	 OUT P consumed OUT P1 1000 lb 
by non-rurali 	 ...... people
 

eter-idnedt12 OUT P exported >-Z 0. 7 , .10 -0.  khO. 	 UTP2 100 b 

!t1 Determined OUT P processe 	 .3 
 1000lb
. 90 0. "0. 	 -OTP3

I-

OUP 100
L4 susstneAmount considered as nom P-/ea 60lbs/capita 
 Consumed 	 bysubsistence income 	 Consu:"d byFPO/yea~ 630. 0. 860. -860. rural people IfLD 1000 

b 0. - 0.Proportion cf non-family
labor
 



TABLE P2- Other Coefficients and Initial Values in the Marketing 
Labor requirements Cie2d 

(mndasare e 	 ar prl. bareCultivation Harvestng(man-days/acre) man-yearper acr manjyeafieldibarper lb. 

i 	 I 
Maize 	 37 25 
 j 790. 
Rice (irrigated) I153 47 900. 


ilet 
 40 20 535.
Guinea Corn 40 20 890.
Cassava 
 50 12 9000.

Cocoyam 
 95 20
fam 95 20 	 7000.
40 

Cowpea 34 22 ... 	 4 ..Average Food 	crop
 

North 45. -	 .1821 	 .000052 700.South 	 69 22 .276 .000015 5500. 
Crcundnut 
 28 28 .11 .00016 700.
Cotton 
 20 
 20 .08 .0003 260.

Government (Cotter) 10 10 .n4 .0)01 400. 
Soyaean 34 22 .14 .0)026 335.

Cocoai 20 10 .08 .0)009 427. 
Rubber 10
1 60 .04 .0)075 400.Oil Pah 10 10 
 .04 .0)0025 1200.6
Be~~niseed ___________ 	 1200o14 .0)020 300. 


2) Source: 	 CSNM Report 
FAO necort 
Annurl Abstracts of Statistics, Nigeria-166-
T. A. Philipp, An AgriculturalNotebook 

3) Statistical Yearbook 1966, Northern Nigeria

0. B. 0. Antheny,The Marketing of Staple Foodstuffs in Nigeria 
CSNRD Report 
FAO Report
 
FAO - Socio-Economic Survey (hand notes) 

and Production 

LlbI
Produce priceP 

.0075

.020
 

.0068 

.0070
 

.0063
 

.0007
06

00 76 ... 

.007 

.0066 


.014020 


.018 


.018 

.031" 

.045 

.061 

.021 

.021 


Sector (Al!) 

!/l
Market/bprice 

... 

.009 


.0086 


.026 


.026 

.016 

-61 

.02 " 

.8
 
.028 .... 

Non-farm' PNFI 

bFLDon-f armT 
inputsbfD :Price of*nnfr
 

inputs 

I 

.. 

.001 .01 

.001 .CI 

.001
 

.001 , .017

.001 .019 

.001 .01
 

.02 .06 
. .01 



ie Processing Component
 

"General ejcription of the Model" 

One of the purposes of the program is to generate the investment
 

required to maintain processing capacity in balance with the output levels
 

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 material 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), IM, WRT, respectively and also 

prices of the outputs, P0l-P04. 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 paid, taxes, traditional and modern 

capacities, depreciation , exchange capacity, traditional investment and so 

on. Another importat function of the processing component is to compute
 

the returns to modernization which can occur 
from 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 .tho
 

model (see Figure PR-1), te raw material (RM) of a given commodity is
 

passed through a smoothing 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 exogenotsly' 

given as "C*PIS" which would be about 10 to 20 percent more than the input 

RMS. 
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-APH'and~o fecarcomt ''"i th i fn e 
API'and from that we find DuI;IT'PT I..n' is Simply 'the difference between 

3AP and CAPHt. 

Hlaving this CAPT at hand we can find !)EPT and.-IIIVT as, shownn the 

3lock Diagram (Figure PR-I). :11 , 

• 1ow t o find the-!'EXCESCAP" 1wd will'subrac the4it; ut ITJi" from the 

'CAP". 

Since the 1u!A, raw material available;iis;bounded~b t,:he inputr.1 and 

ilso capacity of the model, therefore we use the minimum block to get the 

ippropriate flow of the material. 

There would always be a processing loss which we will take care of 

oy introducing the CLT and CUt in order to compute" the "CLA'T v'rage 

:oefficient of Loss.
 

Then multiplying RTA -by this CLAi would give us the IIRfA, net, raw 

taterial available. Here we have the model built up in a way such that 

tach material would give us'say four different outputs as 01,..;, 04. 

lor example, in the case of groundnuts we may have only two outputs, oil 

nd cake; rhile for cotton it may be three or more different outputs. 

Given the prices of these outputs we can compute the IUC or TR. In 

he rest of the model we are computing the value added, VALAD; gross profit, 

ROSP; employment, EILPP; wages paid; WAGESPD; taxes; TAX 

All of these are being computed for both traditional and modern 

ethods. We have distinguished traditional and modern variables by the 

etter T, for traditional and letter H, for modern. 

For the full description of these variables and abbreviations see Table 
PR-l. >, 



Here we are assuming (fo -test purpopss);,an oscilatory input:-aei.:vi 

(PRI) RM- RM(0) + .3 RM(O) SI$. [2'f t] 

Then since in sdomain
 

- 1 - -RM(s)
1 + sxDEL
 

DEL x s * RMS(s) + RMS(s) - RMs) 

i . DEL x.;.RWS(t) qR$(t)iassumingo. I(t)initial conditions 

Since
 

la c2uMS M RM(t) RMS (t -DT)
DT x DEL'
 

therefore:
 

(PR2) RMS - ENS + DT* (RM - RES)
 
DEL
 

.- ,-(PR3) CAP.=C * RMS
 

(PR4) CAP - CAPT + CAPM
 

Considering the relationship betteen .the 'capi- i,,etenf nd1 


lepreciation we have 

CAPM,(t) *.CAPM(o) + ftINvH() *dt 

where DEPM(t) n C2 * CAPM(t) 

Differentiating both sides of above integral equation and using the 

lefinition of derivative we have: 

CAPH(t) - . CAPM(t-DT) + DT
(C2*DT) VM(1.+C2*DT) INVM(t), 

i.e. in FORTRAN
 

(PR5) CAPM = (l./.+C2*DT) * CAPM + (DT/VH*(l+C2*DT)) *NVN
 

then
 

(PR6) CAPT , CAP - CAPM 

Now using the relation
 
ft,'


CAPT(t) - CAPT(o) DEPT(O)Jdc
+ J(INVT(t)-.2.-
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Which differentiating and using the definftion off'derivative and: also 

knowing the value of CAPT from egn (6) we have 

INVT(t) - VT CAPT(t) - VT CAPT(t-DT) + (VT * Cl) * CAPT(t)
DT DT
 

which in FORTRAN rotation gives
 

(PR7) INVT - ((VT * (DT * Cl + 1)/DT) * CAPT - (VT/DT) * CAPT 

Using the fact that 

DEPT - (Cl) * CAPT 

i.e. we are using depreciations as a proportion -ofthe capacities both in
 

traditional and modern parts of the model. 

Then by equations 

Xi n CLM (CAPM/CAP) 

x2 a CLT (CAPT/CAP) 

CLA nXI + x2 

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 applica

tions of definitions and simple programming language.
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Table PR-1 (Continued) 

P02 = price of output 2 

P03 - price of output 3 

P04 - price of output 4 

PRM - modern processing 

PRT - traditional processing 

RM raw material 

RMS - smooth raw material 

TAXM - modern tax 

TAXT = traditional tax
 

SINM sine function 

VALADM = modern value added
 

VALADT - traditional value added
 

VOIM - value of input, modern
 

VOT" : value of input, traditional
 

VT . - - capital output ratio, traditional! 

t - capital output ratio, modern 

WAGESPDM - wages paid modern 

WAGESPDT - wages paid traditional 

-RMwage rate modern= 


WRT = wage rate traditional
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The Modernizstion ComD6nent 

The primary purpose of this componept is to give the model the
 

capability of exploring the impact of modernizing inputs upon system
 

behavior. The primary output of this component is an average pro

ductivity (yield/acre) that reflects the extent to which modernization
 

has taken place for a specific commodity. This average productivity
 

is an input to the production component, AMP. 

In this component the rate at which modernization takes place 

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 introduce modern .inputs.
 

3) Diffusion effects that propagate zodern methods from farmer
 
to farner.
 

The simplifying assumption is made that seeds, fertilizer, pes.ti

cides, etc. are available,and do not constrain 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. 

A detailed description of the component including the mor64' 

important structural equations follows. 

The profitability criterion influenciag the rate of modernization 

is an exponentially averaged function of the relative (modern versus 

traditional) net returns to labor and is computed by Equation (Ml). 
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R) CtP TPt)- PMRT BT H18' x CPLQ /LAB14~(MV'ty)'k " (P M/'4 k 43)/L- PCR x,,\EiB -

Where: . 

PC profitability criterion (not averaged)
 

PYM. -attainable modern yield (#/acre)
 

PyT ayerage traditi:onalyel1 (#/ace)/
 

PP - current producer output-,priceb/C#.,
 

E4 - the inverse of biological materials req4red per acre 

acre/#
 

~prie ofbiological materials hn/# 

PFRT x E143 - value of fertilizer, pesticide, etc. - h/acre 

'PCA price of credit - %/year 

* SB- 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).
 

LABM = labor required per acre - modern
 

LABT " labor required per acre - traditional
 

CPL - capital required per acre (modern) - h/acre 

E18 - depreciation rate 

- PCA(t - DT) +DT. x,,(PC(t,) rPCA(t -"DT))/DEL1 

Where: 

PCA - exponentially averaged profitability criterion 

DELl - a constant that determines the weight farmers 

give to past experience 

,DT - the time increment used in simulation 
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The profitability.bilteryn, pCA , 	 renina 

. .r: , .i ,e n s, m e n a"u 	 i t l pd" 

the rates at which'farvrs will respond in a diffusion process or to'
 

overt carmaigns to introduce modern methods. 
We will firisi1discuss the 

"Production calitsh" stream of modernization. 

The rate at which land enters a modernization process, RIPIas 

' sult 	of overtpromotion is given y Equation (43): 

(M3) RLUPI(t)mE3g(t):xFPC1(,t)'x, EXTlt) 

EXT1 units of pre-campaign promotion.1 This in 
;6ieal will 'be a polic 'variable during 
simulation runs. 

E3 = the maximum feasible adoption rate .per unit.of EXTI
 
(acres/year per unit of EXTI) 

FPCl' 	'a' function which introduces the effects of the 
profitability criteria, PCA, upon the adoption 
rate' 

' The Vaiab1e FPCI is given by Equation (44) and is shown in 

Figure 	(Ml):
 

(M) PPCl(t) - MAX(E7 x.(1 - EXP( - EB.x (PCA(t) -39))), 0) 

Where: 

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

MAX(d',b) - a 'fdinction equal to the maximum of~terms within 
the brackets 

XP = the exponential function 

E7, E8, E9 - model parameters (See Figure (Ml)) 

_ One'inteipretation of this variable-would be the exteniion

worker equivalents engaged in pre-campaign promotion. Another might

be mass media units promoting adoption of the modern innovation.
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Lar,v'V, !,:,. .. .. small 

E9 . , 

7.s . _ P. f:Lgt~re,: ithe -parameter ET' determfthes the :ijaximum 

Value of the function. E9 is a threshold below which no moderhization 

i .¢alake pe 1he parameter E8 determines how rapidly the moderniza

ikn 'rate changes with changes in the profitability criterion. It is 

clear that a wide range of adoptor behavior can~be simulated by appro

prieeqly assigning values to these .three parameters. 

The variable E3 in Equation (H3) iscmue s
 

(HS) E3(t) -E31 - E32 x EIP( -E33 x TCAM) 

Where: 

TCAH the length of time the production campaign has 

.,been in operation. -: .. " 

E31, E32, B33 - model parameters described below 

The purpose of this equation is to simulate the phenomena that 

tends to make promotion easier and/or more efficient as the program 

progresses. Accordingly E3 has its minimum value (E31 - E32) at the
 

beginning of a campaign (TCATI - 0) and approaches its maximum value 

(E31) when TCAM is large. Again, a wide range of real world situations 
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can be simulated by appropriately assigning vales't 'I the model para

meters.
 

The modernization process 
 is simulated as a series of exPonential 

delays which allow for the possibility of "dropouts" and represents
 

the phenomena of random modernization times for individual farms in
 

the aggregate. The equations which describe this process followtv
 

(M§) Rl(t) - Rl(t- DT)+ DT(RLMPI(t) - IR(t- DT))/XDEL2 

(M7) XR(t) - Rl(t) x A5 

(M8) R2(t) - R2(t - DT)'+,DT(XRit) -R2(t - DT))/KDEL2 

0(9)i RUP. I '.-, DT) -,+ RI O (f XDEL2P(t): :RLHP (t DT(R2 (t) R .. DT 

Wheteti 

", Iil .RLMP,,mw average rate land leaves the moderniza'tion process
and begins producing at "modern" levels - acres/yr. 

XDEL2 - one-third of the average time required for modOrniza
'j'! ! , tion - years 

A5 - one minus the proportion of land that "drops'out :u" 
due to shov.tage of technical assistance 

RI. XRl, R2 - intermediate rates - acres/yeaz 

(1410) A5(t) -MIN(E12 x EXTA(t)/EXTP.(t), 1) 

Wheret 

IMrR -Extension workers (or*the eqivalent) required to 
sustain the modernization program 

EXTA - Extension workers available 

E12 - an adjustable model parameter 

HIN (a,b) - the minimum of a and b 

As shown the parameter EL12 determines the threshold at which dropouts 

start and the dependence of the dropout rate upon the ratio EXTA/EXTR.,
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t i~,jL~912-om 2: Mit'. 

_EXTA 

Figure (M12) 

In order to ,compute inputs required for modernization it is
 

important to know how much land is in the modernization process at any
 

given time. The land in modernization due to overt promotion is simply
 

the time integral of RLMPI(t) minus the dropout rate minus the rate
 

land "completes" modernization. Equation (Mll) computes TRNSLE - the 

land in transition from traditional to modern practices due to overt
 

(perhaps extension) promotion.
 

(Mll) TRNSLE(t + DT) - TRNSLE (t)+ DT(RLPI(t) - RLMP(t) - (1 - A5) x Rl(t)) 

The model also computes the total land which has been mdtirnizcd 

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

" 2 (H12) ZLMZD(t + DT) - ZLMZD(t) + DT x RLMP(t). 

We will now turn our att.aution to the simulation of moderniza-:

tion that takes place spontaneously--by diffusion from farmer to , 

farmer. 

The rate land "enter"" a modernizat ion process, RLMDI, as a result 

of diffuion is given by: . - , 
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(M13) RLMDi(t) = FPC2(t) x (TRADL(t) - TRNSU(t) - TRNSLD(t)) 
x ZODL(t)/ALTOTI 

Where:
 

TRADL total land in traditional p-,oduction (for the 
crop undergoing modernization). 

ZMODL  total land in modern vroduction - acres. 

TRNSLE, TRNSLD w 	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.
 

FPCI(t) = Mx(Ell x (1- EXP(PCA(t) - E9))),O) - a function
 
(similar to FPCI of Figure Ml) which introduces
 

ndI 1,nli, , profitability as a determinant of the diffusion
 
rate.
 

MIN(a,b) = the minimum of a and b
 

This equation requires further explanation. Due to the nature
 

of the function FPC2, adoption of modern methods by diffusion will only
 

take place if the profitability of modern practices significantly
 

exceeds that of traditional methods. Further, the rate of adoption is
 

determined in part by the differential that exists between modern and' 

traditiunal productivities. The diffusion rate is also a function oft' 

(Traditional land - land in modernization) x Modern land 
Total land
 

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

practices. Ceteris paribu3, one would expect the diffusion rate to be
 
.€,
 

proportional to this variable. Inclusion of modern land as a multi

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 increase
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and, certeris.naribus, tr diffusion irata increases :o IThe .total land 

•k)the5denominator )is a normiaUzing factor. -dence i9?suport of che 

I val4dity of this -.formulation of. the,-diffusion process is: ithq fact that 

Jtit produces -an "a":, shaped adoption curve -simiiar,to many t1hat.,have 

1:occurred in reality. .. . 

',J T!,.he rate land enters modern Tproduction,, RLMD, , s resultof, 

diffusion is the output of a three stage delay process nimTliar,.to 

that of Equations (M6, 148, and M9),: 

N; R3(t) R3(t,-DT) + x 

(M15) R4(t) - R4(t - DT) + DT x (R3(t) - 44(t - DT))/XDEL3 

i MO4) -	 DT (RULI(t) -, R3(t - DT))/XDEL3 

(16) RLMD(t), - RLMD(t - DT) + DT x (R4(t) RLMD(t))/XDEL3 

4here:
 

R3, R4 . intermediate rates 

RLHDI * xate land enters modernization as a result of 
diffusion - acre/year
 

RLMD - rate land enters modern production as a result of 
diffusion - acres/year 

XDEL3 = 	 one third of the delay involved in modernization 
years 

In this case there are no "dropouts" due to a possible shortage 

of 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 considerably longer than that of an overt
 

"production caipaign."
 

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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1316drnp'Oroduction) as a result of the diffusion process: '

- -..(Ml7)" TRNSLD(t +,DT) = TRNSLD(t) + DT x (RLIDI(t) :-.,RLV(t)) 

,z Itis aloo -important -iI the model to simulate -any "dropodfe that, 

6Orddr ci f the 'profitability of modern methods should drop significantly 

due to declining output prices, increasing input prices, etc.-'In this. 

des farmers who are using modern methods may fall back to traditional 

Oactice. This dropout rate is the product 

ZMODL(t) x FPC3(t) 

t, -it 'ZMODL is"the t otal l"nd in. modern -production 'And FF03: Is given 

by quation (M148), 

" Ml8): FPC3(t) - MAX(Ell ,ii "- EXC - "E8l' (E91 , t ) 

Where. 

PCA - the profitability criteria of Equation (M2) 

:'- v -EIE81, 'E91 model 'parameters
 

his function is bhown in Figure (M2).
 

7PC3(t)
 

A , *c 

4.~-E~Larie, 
.4. 

2 81 Small U:i 'C,' 

E91
 

.Figure,."$ 
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e,rofiibeiity driterta relatingmodern 

U'rbiftb (tb 'tdditinal returns (PCA)- is 'greater tha some threshold 

value, R91', VFPC3 is zero and there are no dropouts from modern pro

"'duCtion. "or smaller values of PCA, FPC3 is some positive number 

be~aeen zero and Eli indicating that some percentage of the modern 

land reverts to iraditional methods annually. Again the model'para-

Smeters (E91, E81, and Ell) can be selected to simulate a range of 

real world conditions. 

Given this dropout rate and the rates land is being modernized by 

production campaigns and diffusion, it is possible to compute the 

total modern land ZMODL, which is assumed to produce at modern produp

tivities: ,1
 

(H29) ZMODL(t + DT). n ZMODL(t) + DT x (RLP(t)+ RLMD(t)
 
-ZMODL(t) x FPC3(t)
 
-tE6 x ZMODL(t) x RALTOT(t)/ALTO1T(t)).4
~, iIt7v. p j •' 

Where: 

RLMP - rate land enters modern production from production 

campaigns - acres/year. 

0dfb. -rate iana' enters modern production as a result of 

diffusion - acres/year. 

ZMODL(t) x FPC3(t) - rate land "drops out" of modern 
production due to low profitability 

"RLTOT - rate of change of total land in the given commodity. 

ALTOT - total land in the given commodity. 

E6 - a model parameter that determines the porcentage of 
land entering or leaving the given commodity that 
enters or leaves modern production. 

'The inclusion in Equation (119) of the term involving "RALTOT" 

requires further discussion. It is clear that over time the total 
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land allocated by decision makers to a given commodity Wil1 change. 

The question arises--how should these changes be allocated to traditional 

and modern production? The model formulation permits the user to make 

a number of assumptions about this through adjustment of the parameter 

E6. For example, if E6  0 the model allocates n1l increases or docreaen
 

in total land to traditional production. 
If E6 - I the model allocates 

chanjes in land area to traditional and modern production proportionally 

according to the percentage each is of total land. Furper, if
 

E6 1 RALTOT > 0,,
E6 o RALTOT7O 

the mbdel allocates net increases in total land proportionally to 

"i and traditional production and 'subtracts all decreases from 

traditional production etc. 

T6ocontinue "4ith the main stream of the model description, land 

allcca4td to "traditional production, TRADL, is readily computed as 

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

' 'hre: 

ZMODL - land in modern production as computed above. 

ALTOT a total land allocated to the commodity in question

(an input variable to this component computed by
the land allocation component).
 

In order to compute an average productivity for the given commodity
 

(the puimary function of this model component) we compute total output,
 

DTOTO as
 

(M21) OTOT(t) - PYM x ZMODL(t) + PYT x TRADL(t) 

Ohere PYM 'nd PYT are modern and traditional productivities per acre 

respectively. Average productivity, PYAYG, is simply 
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where: 

Sii ALTOT, -is again'total, land al-ocateid 't theiven commodity. 

.To 'xemaining equations of the moderniatio' component compute 'demands 

Dr the various modernizing inputs: 

(123) DEEX2 (t) = E5(t) 	 x TRNSLE(t) 

where:
 

DEEX2(t) = production campaign demand for technical assistance 

(measured in extension worker equivalents). 

iTRNSLE ' land in transition due to overt promotion - acres 

E5 * extension worker equivalents per acre in transition 
(provision is made in the model for this requirement tochange over time to simulate learning effects etc.) 

{(W24): DBMAT(t), - E13 x ZMODL + (TRNSLE(t) + TRNSLD(t))/E4 

where:
 

,DBMAT - demand forbiological materials (seeds etc.) - pounds 

113 - pounds of biological material required per acre of modern
ized land 

R4 - acres/pound of biological material for land in transition 
from traditional to modern practices. 

(125) 	 DFERT(t) - E141 x TRNSLE(t) + E142TRNSLD(t) + E143 x ZMODL(t) + 

E144 x TRADL(t) 

where:
 

DFERT - total demand for 	fertilizer - pounds 

E141, E142, E143, E144 - per acre requirements- pounds/acre 

,(M6) EXTI(t) - E16 x DBMAT(t) + Eli 4- DFERT(t) 

where: 

EXTI - man units required to distribute Inputs1 

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

!/This variable makes it possible to assess the impact of alternativestrategies regarding the use of extension personnel in the distribution of
iputs. 



51
 

(WZ), DCRD(t)'-1%SB (TNI()()8LD))+Zf(~) 

Aere: 

• .ESB r . . ' rJO R racweedit 
...... requ1rement.defined in Equation (Ml)v"wr, 

DCRDT  total demand -for-credit to sustain modernization
Sworking credit and credit for capital Investment. 

(28). DINV(t) * CPL x (XRl(t) + R3(t)) + E18 x CAP(t)
 

where:
 

DINV - demand for capital invesLment
 

'Ci' 'Capital requirements 
per acre .(Lu OuBLBLn moaern 
production) - L/acre 

"XR1 - lagged1 rate land enters modernization process due to 
production campaigns - acres/year 

R3-
 lagged1 rate land enters modernization process due to

diffusion effects - acres/year
 

CAP = total value of existing (modernizing) capital7-';
 

E18 - depreciation factor
 

Assuming 
 that demand for capital inputs is satisfied, the total value of
 

modernization capital for the given commodity is computed as
 

(29) CAP(t + DT) - CAP(t) + CPL x XRL(t) + CROUTE3(l)) 

Ftitally, the component computes the total cost of non-farm inputs (CNFI) 

for use elsewhere in the overall model:
 

(W30) CNFI(t) - PFRT(t) x DFERT(t) + DINV(t)
 

This concludes description of 
 the major model structural relationships. 

The component has been programmed, tested and is 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 

-/The lag here accounts for the fact that demand for capital equipment

will 
lag the decision to ddopt 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
 

informative insights into the interrelationships between overt efforts to
 

stimulate modernization (production campaigns etc.) and spontaneous
 

diffusion-processes. 
It is quite clear that under favorable conditions
 

(profitability and availability of modernizing inputs) a burst of overt
 

promotion can provide a "trigger" for a spontaneous diffusion process. 

We hope that the available data will enable us to use the model to explore 

the impact of alternative promotion strategieR upon diffusion effects and 

overall productivity.
 



The purpose of the population component of the simulation model of the
 

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

for subsistence calories in each of the four crop areas, a demand for food
 

staples through the cash market from the segment of the population which is
 

not employed in agriculture, and to provide a supply of labor for the
 

agricultural sector.
 

The population of Northern Nigeria is divided along three dimensions
 

into 162 cells or cohorts. These three dimensions are: occupation
 

(agriculture, non-agriculture, and unemployed), sex (male and female), and
 

age group (twenty-seven three-year age groups.) The initial data arrays
 

entered into the computer pro;Tram distribute the population along,two of
 

the dimensions, age and sex. Two additional arrays, TLF and ACR, are used
 

to distribute the population into the three different occupational categories.
 

The number of people employed in agriculture in each age-sex cohort in the
 

North is given by:
 

=
(POP1) POPWt kape,jsex,agric POP(t)kage,Jsex*TLFkage,jsex*AGR(t)kage,lsex
 

where:
 

POP(t)kagejsexoagric = the number of persons employed in
 
agriculture in a given age-sex cohort
 

POP(t)kage,jsex " the total number of persons in a given age-sex
 
cohort
 

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

kapejsex employed in the labor force 

AGR(t)kage,jsex fraction of the lnbor force in a given agesex cohort employed in agriculture.
 

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

RO2 POP(t)kage,jsexnonag 
POPW kage,jsex * TLFkape,Jsex
 

POP(t)kaesexag
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,2 J* berlof, persodg --6nefy ,aren 0se persons, Is: 
(POP3) POP' - -41OP, 

"a'jsextunemp kagepjsex kagejsex agric 
, 'F r' ! r , 

" 
I d 

'UP 

'. 

The number of equivalent man-units of labor employel in the agrcultural 

sector at a given time t is: 

. 

27 2
 
(POP4).AGMU(t),' . - EQVDAY',, E AN 

kagel1 Jsex-l kage,jsex kage,jsex,. 

POP (,9kage, Jsqx, prlc 

where:
 

AGMU(t)  man-units of labor employed In the agricultural sector
 
at time t 

EQVDAY'age.e fraction"of a reference man-day worked bya 
laborer in an age-sex cohort
 

EQVrANka 4 - fraction of a reference man's physical energygjsex expended by laborer in age-sex cohort.a an 

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
 

persons 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 the four crop areas of the Northerr. Region as 

follows: 

(POP') LAAkarea(t) = DLABORkare * AGMU(t)a 

where,:, 

LABA(t)kare
a - available man-units of agricultural labor in'each of the crop areas in the northern region.
 

DLAORkarea = 
fraction of the total agricultural labor force
located in each of the crop areas, assuming
 
uniform age-sex d0.tribution and no,interar,-a

miprations
 



The available labor in each ,of.tbe crop ,ard.of- the . ortern 'iegfono4s an 

output from the population component.
 

In order to determine the demand for subsistence calories as well as 

the demand for food staples flowing'rlirouph the cash market, It Is nceeany 

to' 4vide the population into a farm population and a non-farm population. 

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

population i,1to rural and urban.,-There is likely to be"a smaller percentage 

of the population actually livitg on farms and growing their own food than 

the percentage of the population which might be classified as rural depending 

on the size of the population center in which they live. The division into 
" 7 " :I 


, jj 1I 

a f n4 n'on-farm population is made on the basis of the number of males 

emp ,oyed in apriculture and the number of males .employed in non-agricultural 

occupations."' 
P'O6 T =~ 'TTCCt,dPAG(t) ~t) 

POP6)TPOPR(t) * [TOTOCC(t)aeagric/(TOTOCC(t)male agric + 

TOTOCC(t). na)]
 
MiocC~tmale ,nopag.
 

Ohe-re ;
 

TPOPAG(tj n total population living on farms in the :orthern 

,TOPR(t) , total population in the :!orthern region'
 

TQTOCC(t)male ,agric - total number of males'employed in
 
agriculture
 

a total number of males employed in
 
TOTOCC(t)male ,nonag agricultural occupations
 

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

is~gLv*p by,
 

'( OP7) TPA(t) - TPR(t) - TPoPAG(t) 

ideret,
 

,TPOPNA(t) "total non-far 
 p#,pj.t ton in the 11orthern vagion. 
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istl~,'Slkr~s in, e h th trnAp)qv4a.s 

considered to be proportq4,to etbe 1 .distrlbttiop .pf tte jbpororce 4cross 

each of ,the areas. 

TO - (epqp8) DEMRt)kar a *[DLABORk rea,agrio. .. TPOPA(t).,, CLPeJ/! 

,.~ [1,0- SPOIL] 

D 4karea - demand, rate for subsistence,.caloriesperyear 
in each crop area 

CALPP - average per capita calories required per year 

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

DLABOL .. = fraction of the total agricultural labor• - karea,ag'ric force located in each of the crop areas,
 
assuming the agricultural population an
 
farm population have the same distribution
 
among crop areas.
 

DEMR,is an output variable from the population component.
 

The demand for cash food (staples) in the Northern Re~ion isa.function 

of~the total non-farm population, the average price per poundof food-,-? 

staples, and the average per capita income: 

(POP9) DE4CFN(t) - TPOPNA(t) * exp[ELASFC + ELASFP,* logePFN(t) + 

ELASFY * loge(YNFN(t)/TPOPNA(t))] 

,where: 

DEMCFN(t) = demand for food staples, calories per year 

ELASFC - empirical constant 

ELASFP - empirically determined price elasticity 

PFN(t) - average 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 and income. DEMCFN is
 

,''an output variable from the population component. 

The updating mechanism for the population component operates on two
 

different cyc]e.-: a major cycle DTY of three years and a minor cycle PT
 

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
 

"poulation cob'onent is that the population.is divided into 27 age groups of
 

three years each. Thus, the population may be shifted between the age
 

cohorts only once every three years.
 

In the current version the birth rates, 'BIRTIIRkage are assumed to
, 


,remain constant during the duration of; the simulation, i.e. it is assumed
 

>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. 

On the other hand, the death rates, DEATHRkae.Jsexp and the infant mortality
 

! -ra-eINKOR,are assumed to be declining during the duration of a simulation
 

ruh eas a result of the' introduction of improved health practices. The
 

decline in the infant mortality rate i.s computed as:
 

' (POPI0) INHOR(tm) *IM0A(m-DTY) "(1.0 - DE&I )- Ty
 

where: 

tm w average time during major cycle tithe period, i + (DTY/2) 

r lH0AOR(ft) = everag" infant mortality rate during the major 

cycle of DTY years 

DECINM - fractional decline per year in the infant mortality
 
rate
 

DTY a major cycle of three years
 

The decline in death,rates is computed as follows:
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(POPll) DEATHR(tm)kagejsex . DEATHR(tm.DTY)kagesex ,.(1.ODECDTH)DTY 

where:
 

DEATR(tm)kage,jsex age-sex-opecific death rates 

DECDTH  fractional decline per year in the age-sex-specific 
(3) death rates.:) 

,., t'. v,,Thez next step in the population updating"medihanism is- t ' del i the 
decedents from each age-sex cohort, and'shift 'the teniAifntrg populatz~nvinto 

the next older age-sex cohort: .
 

(POP12) POP(t+yT)k, popet)kag5 .,, *
5 
ageJsexjsex
 

(1.0 - DEATHR kageljaex 

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

.tqtak.number. of births, the infant, mortality rate, and the 'sex ratio at
 

birth.
 

(POPl3) POP(t.xDTY)karelma TBIRTH(tm)
e * (1.0 - INHOR(tm)) * 

J (SRATIO/(1.0 + SRATIO)] 

,-TBIRTH(tm). - total number of births during he maJoi e ] 

cycle (see Equation POP15) 

SRATIO a the number of males born per female born 

T'. 
number of females who enter the youngest age cohort is given by; 

(POPl24) POP (t+DTY)kagel, female = TBIRTH(tm) * (1.0 - INMOR(tm)) * 

[1.0/(1.0 + SRATIO)J
 

1h4,letotal number of births during a 
major time cycle is:
 
27
 

(POP15) TBIRTH(tm) = I POP(t)kap e 
 * IiPTHR(tm)ksg * e 
kageo "n, aecale
 

Althouph Equations 
 POPS, POP6, and POP7 are correct conceptually, In
 



the computational procedure of the simulation model the number of -man-units
 

of labor employed in the agricultural sector, AGMIT(t), the total farm
 

population, TPOPAC(t), and the totol non-farm population, TPOPNA(t), are
 

computed by these equations oily at the beginning and the end of each major
 

cycle, These two values for each variable are then used to calculate a 

rate of change of that variable: 

(POP16) RAGMU(tm) - [AGMU(t+DTY) - AGMU(t)]/)TY 

(POP17) RTPAG(tm) - [TPOPAG(t+DTY) - TPOPAG(t)]/DTY 

(POPl8) RTPNA(tm) = [TPOPNA(t+DTY) - TPOPNA(t)J/DTY
 

Twhere: 

'pir- t/AGIV(tm) rate of change of man-units; of agricultural labbr 
during major time cycle tm 

RTPAG(tm) - rate of chanpe of the total farm population during 
.- major time cycle tm 

RTPNA(tm) - rate of chanpe of the total non-farm population 
(f- during major time cycle tm 

Thus, the values of AGMU(t), TPOPAG(t), and TPOPNA(t) as used ift equations 

POP5,PON. and POP9 are computed each time increment DT by'the following 

equationk . 

(POP19) ACMU(t) u AGMU(t-DT) + RAGMU(tm) * DT 
(POP20) TPoPAG(t) - TPOPA(t-DT) + RTPAG(tm) * DT 

(POP21) TPOPNA(t) - TPOPNA(t-DT) + RTPNA(tm) * DT
 

where:
 

DT - 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.
 



The first group of variables and parameters which had to be estimated 

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

variables: the age-sex distribution, the age-specific birth and death
 

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

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

available source of demographic data on Nigeria at the simulation starting
 

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

deficiencies in terms of our purposes. There is general agreement among 

demographers that the census was underreported by approximately 10 percent.
 

The age distribution breakdown in 0-1, 2-6, 7-14, 15-49, and 50+ age groups
 

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

and the biased distribution made it difficult to construct a reliable age
 
dlstribuion of the 
Tigerian population. Finally, the 1953 Census did not
 

provide data on age-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
 

%7orecollected by a 1/18 sample survey conducted in 1961.
 

The age-sex distribution curves for Nigeria were estimated by
 

distributing the total population of Nigeria (arrived at by increasing the
 

figure reported in the 1953 Census by 10 percent) according to the age-sex
 

distributions found in Dahomey. This approach seemed reasonable because
 

the percentage distributions across age groups appear to .o fairly sirIlnr.for
 

d fferent %frijtca;. populations. 

IBras, et al., The Demopraphy 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 par thousand instead of 33 per thousand as found in Dahomey.
 

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,
 

in light of the probably more advanced statn 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
 

estimated to be 1.7 percent per year and the decline in infant mortality rates
 

to be about 1 percent per year.
 

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

the simulation runwere based on birth rates for Dahomey which had been
 

estimated by an analysis of survey data on births during the previous year and
 

on children never born to women of child-bearing age. Birth rates were increased 

12.5 percent to raise the rate of natural increase to produce enough births 

to maintain a smooth ane-sex distribution curve over anine-year trial simu

lation period. 

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 IQ62
 

population is close to the estimates of Okonju, Ferguson and others.
 

The second group of parameters to be estimated included those dealing
 

with the labor force . The age-sex specific distribution of the proportion of 

people in each cohort working in the labor force, TLF and the propor
kage,jsex' an0h rpr

tion of the labor force in each cohort working in the agriculture AGRage,Jsex 

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

proportion of time worked by laborers in each cohort, EQVDAY
 
kage,Jsex' o
a
compared to a reference man be:tween the ages of 18 and 45 and the amount of
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physical energy ependEQVM ascompared,jsex , 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 end 
that she would expend about 87.5 percent of the physicalenergy expended
 

by a.reference man.
 

The-geographical distribution of labor 
across the crop areas,
 

DLABO'kareaJoccup 
 was based on data reported in the 1953 Census and the ,
 

1963 census. t.. . .; , i ",i , i!j 

I.i 
 Rural-urban Zigration was arbitrarily estimated to be'.750 percent
 
peryear for men and .375 percent per year for women. T, 

- The third group of parameters included those required for the food--*':" 

demand equations. The elasticities used in the log-log Cash food demand
 

equation were estimated by means of a regression analysis of Jata reported"
 

froq-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 equation 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 estimated to bet-')
 

about 1900 calories per person per day. 
This figure 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
 

spoilage rate of subsistence food was arbitrarily estimated at 13 percent.
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,Chan aea in the _jorthern 'ligeria Beef Induatr 

1 1466I A nee the Progres7 Rep.ort to AI. -Dated 

April 26, 1968 

iltteneral, the changes of the beef -model may be classified as (1) 

parameter chanRes due to newly acquired information (2) parameter changes 

to achieve, internal consistency (3) equation changes to more closely 

approximate -reality (4) new equations to provide more Xadded detail (5): 'A 

addition of the beef transportation and distribution components.
 

In the fall of 196S, Mr. Laybourne Larson, former U.S.A.I.D. Livestock 

Advisor in Nigeria, was consulted in an attevmpt to make the beef model more 

realistic. 
Many of the changes wade were a result of discussions with him.
 

The T.D.N. yields of the grass inmodern grazing reserves and animal
 

feed crops (C9 and C1O) were increased to 500 pounds per acre and 3,700
 

pounds per acre respectively. :These parameters appear in equations (211)
 

and(212) respectively.
 

Since the beef production model isnow 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 (20P) in the
 

April, 1968 progress report.
 

The death rate functions for the traditional and modern herds have
 

been ,increased and lowered respectively as shown'below.,
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.5
 

.4 ' 

.... Old DR Phmict6n-,-. 

'iNew DR 	 Function 

TDNA LBS/
680 	 1020 1360 7o 2040 2380 2720 animal year
 
Former New
 

VAL3 (1) .55 .55
 
VAL3 (2) .22 .3
 
VAL3 (3) .13 .22
 
VAL3 (4) .11 .2
 
VAL3 (5) .10 .14
 
VAL3 (6) .09 .1,
 
VAL3 (7) .08 .1
 

.TRADITIONALDEATHRATE VS. TDNA, 
DR
 

.5 '! .. .. a 

.2 Old DR Function
 

.1 -Ne.R Function
 

0 __"_""--_---__........ _ " TPRA LW S/
680 1020 1360 1700 2040 2380 2720 animal year 

VAL4 (1) .5 .5
 
VAL4 (2) .17 .17
 
VAL4 (3) .10 .08
 
VAL4 (4) .08 .06
 
VAL4 (5) .07 .05
 
VAL4 (6) .06 .05
 
VAL4 (7) .05 .05
 

Former New
 

MODERN DEATH RATE VS. TDNA
 

These new functions are in equation (2)in the demography sub-routine.
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The prcportion of.all.femaes.lactaelng, in the traditional,i
 

herd was changed from .65 to .5. This parameter appears in equation (20)
 

of the demography sub-routine.
 

Parameter Changes Made for Model Consistency
 

Tests of vodel validity included internal and external consistency
 

checks. Some parameters were changed so that the model could peas these
 

tests. 

In a demographic model, certain relationships exist between the birth
 

rates, death 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 a proportion of total females calving: DW,DPF - proportion 

of males that die and proportion of females that die respectively; SR U 

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 - sales of 

males and females, respectively.
 

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

the following equations hold. 

(1)dPF BP/2 * PF - DRF * PF - SF O
 
dt
 

dt -B R/2* PF - DRM* PM -
 SM W0
 

The extraction ration is defined as:
 

(3) ER - SM + SF 

PF + PM 

Solving for S11 and SF in equations (1) and, (2) and, substituting into 

(3) gives: .. .. 
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rf~4)~~R~ W/2 P~ DP PP + -BRI2 *,PF - DPIL *P14 
PP + PM 

This reduces to: 

(5) 	 ER BR* PF--Df* PF- DRM-*,PM
 
PF + PM
 

dividing by PF gives: 

(6) ER- BR- DRF-	 DRM* SR 
I + SR 

This is the equation of the theoretical extraction ratio that can be 

Ifcompared with the extraction ratio that is calculated by the program. 


the herd size is increasing, 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 be 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 sales sex ratio is defined as SM__ • Solvingthe sex ratio. 

SF + SM 

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

- *BR PP - DI1 * PM 
PI - DRY P R

2

(7) Sales sex ratio 

PP RH *BR PP - DRF *PP + BR *F 
2 2
 

dividing by PP gives:
 

BR

2 - DRM * SRRM * SR 

(8) Sales sex ratio RR -- DDRF + BR DRM SRVB 

2 2 

5implifying the denominator yields
 

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


BR - DRP DR14 * SR
 

Checking equations (6) and (9) with the data piven 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 

calving and nursing calves than the males.
they encounter more stress from 
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Therefore, 	 othe 'death Yaktelt fbr females Vas' canged- t& L ti the kdaath
 

rate of males.
 

Equation Changes
 

Total cropland (which expands 
 at the expense of grazing land in
 

Northern Nigeria) is now computed by the crop sectors of "t"henorthern
 

model. In the earlier beef model expansion of crop land was an exogenous 
model variable., Topl crop land and the grazing landiresidua l are now computed 

as follows: 

FFLND -TL(l). + TL(2) .+ TL(3) 

where: 

JFLND = 	Total crop land in the normally fly full region of i-l 
Northern Nigeria 

TL(l), TL(2),'TL(3) * respectively total crop land in the 
S.groundnut-food, cotton-food: and .groundnut

cotton-food zones.
 

LG. LGO -FFLND 

where:
 

LG - total fly full grazing land
 

LGO * 
 total fly full grazing land at the beginning of a
 
simulation run
 

The rate that animals are added to the modern grazing reserves is a
 

function of the rate of increase of their traditional nutrition levels
 

and the difference between the acheived nutrition level and the desired one.
 

Equation (1972) computes this. 

(1972) RAA - RTDN * C16 + C36 (TDNA* - TDNAD)
 

where:
 

RAA = 
Rate animals are added to the modern sector (Kanimals/year) 

RTDN a Rate of increase of TDN (Kpounds/year2) 

€16 * The reciprocal of the TDN required per animal year under 

11modern" nutritional 
vtandards (Kanimal years/Kpounds TDN)
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C36 - a model parametet.that determines the influence
 

which the difference between the acheivod, uutrition 

level. and the desired nutrition level in the modern, 

sector has ,on the rate animals are added tothe modern
 

:pector.
 

TDNAM - pounds of TDN per animal in the modern sector 

TNAD - desired TDN level per animal in the modern sector. 

Equations (2181) and (2182) compute the income desired from cattle 

in the traditional and modern sectors respectively. 

(2181) YAT - SUPT * PA + PAD * (DIT + DFT)
 

(218,2) hYAN - SUPfl * PA + PAD * (DM4 + DFlf)
 

where: 

income derived from cattle in the traditional
TAT = 

sector 

SUPT - number of cattle sold in traditional sector 

PA- Price of cattle in 16's per animal 

PAD - Value rcceived for dead animals--mostly hide 

sales. 

DHT - number ofmales that died 

DFT * number ot females that died. 

The total income derived from the beef industry is the addition of the 

herd income. Equation (219) reflectstraditional heard income and the modern 

this. 

(219) fA - TAT + TA4 

where:
 

U- Income derived from the beef induetrj
 



Equations Added 

w- Two 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 implied by the parameters 0f the model. 

(2163) TM4 = 2 *SRM/(BR4 - 2 *DRM * SRM.)
 

(2164) Tm = 2/(BPM - 2 * DRM)
 

where:
 

TMM, TFM n time to maturity for males and females respectively 

SRM - sex ratio (number of males/number of females) 

BRM - birth rate as a proportion of all females 

DRM - death rate 

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

enerallv carraannnd tn Patimnatn mna1A hu nthpv..
 



68
 

Preliminary Tests of the Northern Model
 

1, iThe major components of the system were 'modeled,simulated and tested 

Individually 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 

,inFigure (3). Exten3ive model tests were continued within the conte: of
 

the larger model to eliminate programming errors and 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
 

made it behave mare realistically.
 

b. 	They provided information indicating which model parameterswere
 

most important in influencing the ability of the model to track
 

past behavior of the Northern Nigerian agricultural economy.
 

c. 	They helped identify the model parameters which have the greatest 

impact on the performance of the economy as measured by such 

variables as income, foreign excbange earnings, value added, and 

so forth. 

The information 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 more realistically. These preliminary comparisons
 

with recent Northern Nigeria time series data are described below.
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Essentially the model (which at this time contains only "ballpark"
 

parameter estimates for the most part) was given farmer prices for groundnuts 

and cotton over the period 1953-1965. Since these prices were determined 

largely by world prices and/or marketing board policies, they can be 

considered exogenously determined. 
TLe model then simulated this 13-year
 

period, 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 equations 
 define this moasure of model performance: 

T. ss,,SS,,.+TSS + TSS
G C F 

where: 

= sumT -S total of squared deviations of the modot 
from actual data.
 

TS9 TSSC, TSS F n total sum of squared deviations 
of groundnut, cotton and food 
series, respectively.
 

th-ivi: 441 squared deviationP,, TSSC, TSS AND TSSF are computed as
 

C 

where:
 

- real wo:ld observat L on in year J.
 

_J-X man of real world observations. 

i-1
 

Xij - the simulated value of the ith time series in year J.
 

Division by the mean X 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 ."aefurther refined"hnd 

"uncertain" parameters were adjusted within the ,ilzely range of actual
 

values until it coarsely tracked real world data and produced a "respectable"1
 

value for TSS. It was disturbing during these tests to note that the model
 

could be made to look "respectable" in a number of different ways--some of
 

them clearly unrealistic. This is due to the fact that insufficient real
 

world time series are available at the present tirie for compavison with
 

the Isodel. The model was finally coarsely tuned on the basis of the most
 

reasonable and consistent set of underlying assumptions. Using the rcsults
 

of this'procedure as a "base" run, a series of "sensitivity" runs of the
 

model were made in which individual model parameters were varied by 20%
 

and the impact on TSS and other criteria such as regional incume, foreign
 

exchange, etc., were computed. Some of the more important results of these
 

sensitivity runs are shown in Taile I.
 

The firs, run in Table I provides a standard against which-subs~4uent
 

'runs can be evaluated. In runs (2-17) the parameter listed in column 2
 

(and only that parameter) is changed by 20% and the impact upon measures
 

of system behavior noted. In addition to a tabulation of values of TSS,
 

',SSF, TSSrand TSSG which are measures of how well the model fits dita 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 
accumulated over a 20-year simulation run--Billions of 
Nigerian pounds. 

I/ As seen from the defining eqution, perfect tracking would correspond
 
to a TSS value of zero. If the model produced zero outputs, TSS would be
 
aploroximately 39.
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:,'FOREXNA - Foreign exchange teatning from crops and beef in 
Northern Nigeria accumulated over.a 20-year simulation 
run--1illions of pounds. 

CFIPC - Cash farm income per person in the rural economy of
 

Northern Nigeria--b/person.
 

In all 16 separate parameters are tested for sensitivity in Table 1. Th"e
 

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 region 2 (cottor-food).
 

EAP(1) - Percontof ruroi;population that is economically,active,
 
in region 1 (groundnut-food) at the beginning of the
 
simulation run. (1953)
 

EAP(2) -
Percent 3f rural population that is economically active
 
in region 2 (cotton-food) at the beginning of the simulation
 
run (1953)
 

B(1,l) - Profitability elasticity (see Equation (11)) for groundnuts

when profitability index (PFI) is greater than one.
 

B(1,4) - Profitability elasticity (Equation (11)) for food in region
4 when profitability index (PF4 ) is greater than one. 

3(2,1) - Profitability elasticity (Equation (11)) for groundnucs

when profitability index (PF1 ) is less than one.
 

OL7(1) - a parameter that determines the rate of change of the
 
economically active population in region 1 (groundnut-food).
 

CL7(2) - A parameter that determines the rate of change of the
 
economically active population in region 2 (cotton-food).
 

ML7(4)
- A parametcr that determines the rate of change of the
 
economically ictive population in region 4 (food only).
 

CL5 - A parameter that controls the rate of food price adjustment

in renponse 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(1), P4(2), P4(3), Pf(4) " Ehe productivities inyield per acre in 
the farm sub-regions of the northern 
model. 

Thc runs tabulated are by no means exhaustive--much more of this kind of
 

testing remains to be done. The runs shown illustrate what can be learned
 
I TIT 

from sensitivity analysis.
 

From runs (2-5) it is seen that variables such as acres cultivated per
 

unit of labor and indicies of economic activity are quite important in
 

determining the performance of the model. This suggests that effort
 

directed at obtaining better estimates of these parameters might substantially
 

improve model accuracy. In fact, comparison of runs (2-5) with runs (6-8)
 

suggests that these parameters might be more important in det rmining
 

system behavior than parameters which measure the impact of prices upon
 

subsequent enterprise selection decisions.
 

Runs 9-11 test the impact of the parameters which determine the ratea
 

of change in the 'economically-active" population in the Northern sub-regions.
 

These parameters are seen to have some impact upon model performance but
 

less than might have been expected.
 

In run 12, the food price adjustment parameter CL5 was examined
 

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 adopted mechanization which effectively increased labor productivity
 

20%. This resulted in lower food prices to the consumer but tended to
 

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

Northern Nigeria. 
Run 14 with increased groundnut yield showed significant
 

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

impact of a corresponding increase in 
cotton yield was less significant due
 

'o the smaller scale of cotton production.
 

In run 16, a 20% increase in the yield of food (mainly grains) grown
 

in competition with groundnuts and cotton 
as postulated. 


foreign exchange earnings and farm income was greater than when either
 

.. The impact on
 

groundnut or cotton yields were increased by the same proportion. The
 

increased food yields allowed farmers to release land and labor from food
 

crops. Hence, the acreage and outputs of groundnuts and cotton increased
 

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

crops in the sub-regions. These results focus attention on an important
 

question: Should extension and research programs give more emphasis to
 

food crops 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 commodities.
 

In run 17, the yield of food in the food-only zone was increased by
 

20% as in run 13, food prices were lowered and the impact on farm income
 

and exchange earnings was neutral.
 

The tests described above represent a beginning; but much more
 

testing is planned for the Northern model, includig activation of the
 

modernization components and exploration of alternative budget allocations.
 



TABLE I: ",ELECTED RESULTS OF NORTHERN MODEL SENSITIVITY TESTS 

(1) 1 (2) (3) 1 F (4)09 1516 (6) (7) (8) (9) (10) 
Run Base Value of £.x £x 10 

Run I Description Varied Parameter CFICNA FOREXIA CFIPC TSS TSS TSSG TSSc
 

1 Base R= 
 1.890 9.228 829 i1.887 .200 .828 '..859
 

2 AFLO 1 by 20% 6.0 2.026 172.7 8.57 4.896 .200 3.837 .859
 

3 APLO2 + by 20% 6.0 1.945 87.00 8.44 7.463 .200 .827 6-436
 

4 EAP() t by 20% .750 1.922 45.42 8.32 2.369 
 .200 1.309 .859
 

5 EAP(2) t by 202 .5 1.895 15.29 8.29 2.122 .200 
 .828 1.095
 

6 , B(1,1) by 20Z 1 1.890 
 9.228 *-.29 1.887 
 .200 -.828 .859
 

7 B(1,4) + by 20% 1 1.891 9.309 8.29 1.872 .185 ..828 860 

8 f B(2,1) + by 20% .5 1.886 3.189 I 8.26 I1.893 .200 .834 .859I 

9 CL7(1) + by 20$ .05 1.894 j14.26 
 8.30 1.904 .200 .844 .859 

10 j CL7(2) t by 20% .1. 1.895 15.14 8.29 2.035 .200 .828 1.057
 

11 CL7(4) + by 20% .03 1 1.891 9.293 8.28 1.874 .1864 .828 .859
 

12 CL5 t b3 20Z 1 11.893 9.179 8.28 1.892 .206 .828 .858
 

13 C(4) by 202 1 1.888 11.010 8.26 2.045 .328 .828 .889
 

14 PY(1) t by 20% 700 #/acre 1.89 130.3 8.51 3.699 .200 2.639 .859
 

15 PY(2) t by 20% 260 #/acre - 1.921 52.72 8.37 4.438 .200 .828 3.410
 

16 PY(3) + by 202 700 #/acre 2.007 156.7 8.54 5.452i .200 2.428 2.825
 

PY(4) + by 20% 5320 #/acre 1.890 8.386 8.25 1.24 
 828 .874
7 . . 8
 



PART III,
 

Ah Initial Conception of a Southern Region Crop Sector
 

Simulation of the tree crop economy in the South (defined 
-s "the former
 

Western, Mid-Western and Eastern Regions) Is handled as 
follows:
 

The South is divided into four crop sectors roughly determined by
 

climatic and soil conditions (see Figure 1). Sector 1 is the 
area in which
 

cocoa can be grown and hence competes with food and oil palm for land and
 

labor. This sector covers all 
of the Western Region (except Colony Province*
 

and Egbado, Oyo Lnd Okitipupa Divisions) and Afenmai Division of the Mid-West.
 

Sector 2 is 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 Region minus Afennei and Western Ijaw Divisions
 

comprises Sector 3, where oil palm, rubber and food all compete for
 

resources.
 

The remainder, including Lagos, those parts of the West not in Sector
 

1, those parts of the East not in Sector 2 and Western Ijaw Division of the
 

,Mid-Weat, comprise Sector 4, the areas where only food can be economically
 

farmed.
 

At present, iork is progressing on the development of a computer
 

simulation model of Sector 1, the Cocoa-Food (or simply Cocoa) Sector. 
It
 

must be remembered that the model described here is constantly being revised
 

in successive iterations of the modeling process. 
 Therefore, this paper
 

should be considered only an exposition of preliminary ideas and assumptions.
 

Our aim Is to have a model general enough to be applicable to all four crop
 

sectors, yet specific enough to be meaningful in each.
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The Hodel Structur 

Very broadly, the model accounts for seven present uses, or streams,
 

of the available land in the Cocoa Sector and then simulates, over time,
 

transitions from one use to another, the rates 
of transition being determined 

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
 

various inputs: namely, biological, chemical, labor extension and finance.
 

The seven categories, or streams of land use 
in the Cocoa Sector are as
 

follows:
 

1) Traditional--land in Amelonado trees farmed under traditional
 

methods:
 

2) Improved--land in Amelonado trees managed and cultivated with
 

modern techniques and inputs,
 

3) Replanted--land in Upper Amazon trees using modern me:thods 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;
 

5) Food-Fallow--land in the food-fallow rotation;
 

6) Forest--virgin bush and forest.
 

7) Oil Palm--transitional "bush" oil palm
 

We do not suppose these seven streans to be exhaustive. Not covered here,
 

for example, are 
forest reserves nnd towns. Those included are, however, 

the most meaningful for Zhe purposes of this model. 

rach of thef;e land uses--let'n call them "present uses"--has one or 

more alternative the land can bei,,,en to which tr~nnferred. In the intereots 

of econory, we do not necennarily consider every conceivable alternntive to 
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'i r e a present use, but rather we restrict the list to thoselwhlch ' both 

realistic aid significant. For example, we assume a farmer, once having 

adopted techniques of improved managerial control of his Amelonado trees, will
 

not revert to traditional methods. Thus, transitions from the improved 

stream to the traditional stream, w7hile conceivable and Perhaps even likely,
 

are not considered.
 

Regardinp the streams of replanted and new*ly planted trees, we male
 

the assumption that a farmer's planting of Upoer Amazon cocoa trees 

implies his concurrent adoption of modern methods of management and
 

cultivation. In tnis iray, Upper Amazon cocoa production is a "fodern" 

production, agriculturally as well as biologically.
 

Before discussinp each stream and its alternatives in detail, I 

wish to point out rn important feature of the model. Ore of the policy
 

alternatives available to the government of Nigeria is to allow nrivate 

enterprise to supply modern inputs (as well as credit) to the apricultural 

sector in coordination with the povernment's production campaigns. Such
 

a policy t,'ould save the jrverrlentnot only the cost of the innuts them

selves (seedlings, sprays, extension agents, etc.) -ut also the adminis

trative and manpower costs of supplying and distributing those factors. 

Pence, different simulation runs of the model can show the results of 

Fovernment supplied inputs versus those of privately supnlied inputs. 

I. Traditional 

The Traditional stream is divided into four productivity cohorts, 

each represented in the rodel by an exponential delay. The first includes 

the acreage of seedlinps and young trees in the pestntin period (no yield). 

This cohort has a delay of six years. The next delay (eip.ht years) 

reprevents the cohort of tr-eR approaching raturity (rising productivity). 
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Third, we have the mature trees (maximum yield) with a delay of twelve years:
 

aodor~fnally,.-there are the old'trees'whose productivity is declining,
 

(a delay of fourteen years). 

The 	alternatives 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 ccntrol,or he can
 

remove his Amelonado trees and replant with the Upper Amazon strain, at the
 

same 	timr" adopting the modern management and cultivational techniques.
 

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 increasing productivity (second cohort) will not 

even consider clearing away those revenuc-producing capital assets, even 

if, 	 in the long run, replanting with Upper Armazon trees would be more 

profitable. Hence, in this model, the or.ly alternative such farmers face is
 

improved managerial 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 iihich we consider,
 

land it,trees in the first and fourth cohorts of this strear.has only
 

alternative uses: food-fallow, replanting and modern oil palm. By the 

same token, under the assumption disacissr.d above in 1, land in Lhe second and 

third 	cohorts faces no alternatives.
 



,Upper Amazon trjs .farmqd under modern.managerial and !cultivatIona1.
 

techniques on land formerly in Amelonado cocoamake up the third stream,'
 

or present use, of land. 
 The reasoning behind the distinction between
 

replanted "modern" cocoa and newly planted "modern' cocoa (on virgin or
 

fallow land) is this: 
 first, each is the target of a distinct government 

policy and campaign; and, secondly, yields of cocoa from each are different 

due to different soil fertilities. 

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 

Planted streams, the gestation period (three years), is very crucial, more 

so toward the beginning and less so as the production stape nears. It is 

at this time that the farmer can still afford to abandon cocoa, rer.ove 

the trees and use the land more profitably, should his perception of his future 

in cocoa become rather pessimistic. That is, rhis is the period before the 

trees are producing, before too much has been invested in them and they 

grow too big to be cleared from the land easily and economically. 

The model structure of the Replanted stream, then, begins with the 

gestation stae, represented by a delay of three years. The second delay 

in the stream, one of ten years, represents the period of risinp productivity.
 

This is followed by the stages of maximum yield (a delay of 20 years) and
 

declininp output (eight years).
 

Should a farmer in the Replanted stream decide to give up cocoa
 

production, there are only two alternatives the modal allows him: modern
 

oil palm or food production. This is because, as mentioned earlier, via 
do
 

not consider cases of backslidinp, whether from modern to traditional trees
 

or from modern to traditionsl methods.
 



Furthermore, only farmers with acrgages of, trees in the gestation 

stage face this decision. 
As outlined earlier, land in trees with increasing
 

or maximum yields do not, for the purposes of this model, face any alternative
 

uses. Trees in the stage of declining yields, the fourth delay, would
 

normally face thL alternatives of replanting and cash food production. 
In
 

the interest of computer time and space, we simplified the model by excluding
 

them from the decision sub-routine. 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, planned simulation
 

runs 	 of fifteen or twenty years would bring few if any trees into the 

stage of declining productivity. Secondly, the useful life of the whole 

simulation model probably won'it be long enough to make consideration of the 

replanting (second generation, say) of modern trees 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 is exactly the same as that of the Replanted stream discussed
 

above, The model's handling of the alternative use relevant to this Itream
 

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 grown 

for market, or "cash" iood. The model simulates this use of land as a 

series of two delays, the first representing fallow land, and the second, 

land actunlly in food production. 7Te lenpths of each delay and their sum are 

determined by the length of the rotation cyele and the extent of land use. 



For example, delay 
oftwo 'adtn 
ree years respectively would represent a
 
five-year cycle; i.e.' two years of fallow and three years of cultivation.
 

;The alternatives facifg a farmer with food-faliow land are: 
 a) new
 
planting or cocoa, b) modern oil palm, c) planting traditional cocoa
 
(Amelonado, traditional methods andinputs), and d) planting improved
 
cocoa (Ame'lonado trees, modern inputs and techniques). New planting, remember
 
means Upper Amazon cocoa with modern Inputs and managerial and cultivational 

techniques.' 

Although we assume government campaigns will only be directed at the
 
,',first two alternatives, we must also assume there will be 
a certain number
 

of farmers who won't be reached by .these'campaigns. They will continue to
 
enter the cocoa export economy with traditional plantings (mainly 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 pclvate suprliers.
 

6. 	Forest
 

Virpin forest andbushland can 
be put to five alternative uses: 
a)'new planting of modern cocoa, b) zodern oil palm, c) cash food production,
 
d) traditional cocoa, or o) improved cocoa with private inputs. 
 The last two
 
of these are included for reasons outlined in the preceding paragraph.
 

7. Modern Oil Palm 

Traditional oil palm production is not really a cultivational practice. 
RAther it is a process of mere collection of wild palms scattered throughout
 

the bush forest. 
 For this reason, such lend is Included, for the purpose
of lavd use decisions only, In the Forest stream. The supply response for
 
any given year's output will, of'course, be handled differently. 



.*!odqrn oil palm means cultivated oit:PAlm using'imodern techniques, 

'This stream Is atilliin-the very early stages of being modeled, therefore
 

no description is made here.
 

ubroutine Decide
 

Land allocation amonp the alternative uses is based upon the tarmers'
 

perception of the profitability differentials
 

PDij P(DPVj - DPV1 )- 'i2DPVj ,t-1,.,jiJ = I.',1 

where: 

PDij * the profitability differential of alternative I to 

' present use J, % difference 

.tDPVi(j) - the maximum annual average of the discounted present 

value of returns from alternative I (present use J), 

b/year/acre; and 

nj the number of alternative uses open to present use J. 

The reason j runs from 1 to 12 is that more than one production stage within 

the cocoa streams goes throughthis decision process. 

In penetal, comparing the discounted present value of the future
 

returns accruing to an alterriatire, say replanting, with hat of n present 

use, say traditional, would be reaningless in view of the fact that each
 

'6s based on a different planning horizon. In this case, the planning
 

horizon for replanting 11 40 years, while that of continui, with trfditlonal
 

cocoa is the remainin, ecot:omlc life of ths trees in question, perhaps ton
 

.years. (See Table 1.) 

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

present value of the average annual retuens they can expect rather than the 
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present values of all future returns over the entire planning horizon.
 

To find the maximum average annual returns, the model cAlculates 
k 

DPVj - rax Y (TRt - TCi)/(l + r)/k. 
kc [1,17]i-1 

where: 

DPV - as defined above 

k a an integral number of years 

n a the meaningful planning horizon, years (see Table 1) 

TRi n total revenue in year i, h/acre 

TCj a total cost in year i, b/acre 

x = the discount rate 

In effect, the model makes the actual planning horizopn 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
 

TR * Py *Yi 

TRi a total revenue in year i, b/acre 

PYi,- producer price In year i, /ton 

Yi a output or yield in year i tons/acri 

Since we aremodoling here a farmers' decision function, the streams 

of producer prices and yields over the next n years should reflect the 

farmers' perceptionq of what prices and -roduction outputs are likely to be 

during that period of tire. Presumably , one way to handle the price stream 

would be to somehow base it on recent past experiences and trends, however, 

we have not yet decided on ho" bect to actually model a strf..am of future 

prices.
 



The stream of yields. used is,.bgmically the age-specific bolopica1 
capacities. These capacities, in th 
 cases of traditiotial cocoa nnd food,
 

are derived from experience. 
As regards modern cocoa, however, these
 

capacities, as claimed by agronomists, must be adjusted downward to account
 

for the farmers' realization that they, the farmers, are not experts working 

wader optimum conditions at 
a modern research station.
 

On the other side of the ledger, total cost to the farmer in year i
 

is determined by the following equation:
 

TC" Pxli * x1 + PX21,*X2 + PX*i X3 C ,1 +a G31)+.R 

4here:l 

TC -. otal cost in year i, h/acre
 

4xli - price of labor in year i, 
 b/man-d.sy
 

X *iman-days/acre of labor used in year i
 

*Xprice of biolopical inputs in year i, h/ton 

X 
2± 

- tons/acre of biological inputs in year i 
Ma* price of chemical inputs in year i, h/ton 

x3i ,tons/acre of chemical inputs in year i
 

Ci ' cash subsidies in year i L/acte
 

G2± subsidies in kind in year i 
h/acre
 

G31 = credit loans in year I h/acre
 

Ri loans repayments in year i h,/acre
 

All of '-hese variables are streams 
over the n 
years of the planning
 

horizon. 
Some, such an rc,)ayncrit qchedulen and the form and amount of
 

*ubsidien, 
are government policy variables. 
 The Input pricen are determih=f 
by the market, and the quantities Cf inputs used are derived from technoloxcZ
 

aid empirical data.
 

http:b/man-d.sy
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. ,4Again, these variables should rfl expectaIons of their
 

,(the .variables') actual 
 future values. Thbi particularly important in the 
case of government subsidy and loan programs.- A':iith producer cocoa
 

-.
Prices, since farmer expectations of future subsidies are based somewhat
 

o9n experience, the difference between -these expectations and government
 

pronouncements will eiminishesthe government lives up to its promises
 

andthus modifies the farmers'. experience.
 

In making their estimations 
of the profitability differentials of 

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

require certain informational Inputs, particularly information on ifuture 

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

subsidy and loan programs, and expected costs. The modelprovides this
 

needed information through information units. 
fj. -. , .-. , " 1• " . 

We introduce the concept of an information unit so that consideration
 

can be given to various possible alternative means of disseminating informa

tion and promoting production campaigns. Of course, promotional extension 

agents will be the main form of information units. But, in.addition, radio 

broadcasts, film showings and coverage be.used by both governnewspaper can 

ment and private agencies. The use of newspapers ano other printed matter
 

is, at present, not a feasible medium, however, as literacy rates increase
 

in the population, this means of communication may become more significant
 

in Nigeria.
 

The number of information units provided from governmentand privFayq 

sources for promotion of alternative k tD present use j is, calculaed .b,, 

the following equation:
 

EINFkj EINFGkj + EINFPk
 



where: 11 *ni 0.' nil't Iz Z1*v,4 

EINFkI - information units for alternative,,4to present 

Ilse j 

EINFGkj - government supplied information units 

EINFPkj , privately supplied information units
 

Notice that the model not only allows for private suppliers of inputs but
 

also provides for those suppliers conducting 'promotional campaigns to
 

create a demand for those inputs.
 

4- A"
So$ each time a present use j calls DECIDE, the profitability diffe

rentials, PDij, of all the alternatives i relevant to that use are cal

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

ability response is calculated for earh ranked alternative k in this order.
 

The assumption here is that the most profitable alternative is most likely
 

to be the first choice of most of the decision-makers making a choice.
 

The profitability response function determines the response of the farmers
 

to the profitability differential they see facing them with alternative k to
 

present use J.
 

PRkj max (C3kj(. - exp - C2k(PDkj -- Cl .., .0 
• , + , :: +rf' + . 

where:
 

PRk4 'the profitability responses, proportion of the maximum 

acres/year/info, unit
 

PDkj - the profitability differential as earlier defined 

Clkj . the response threshold L/year/acre 

C2kj " a parameter determing the shape of the curve
 

C3kj - the maximum proportion of the maximum number of acres/ 

year an information unit can convert from present use j
 

to alternative k under conditions of infinite profitability
 

(normally 1)
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Graphically, this function looks like this: 

C3kj 

.C2kj >l .. . . • .. C2 =1 

J, C2,

,' .. .. 
. 

.Notice that there is a definite positive profitability differential, Clj,
 

which must be surpassed before there is any response.
 

Both Clkj and C2 kj reflect the farmers' attitudes and behavioral 
te c whi
 

characteristics which affect the rate of their response to the profitability
 

differentials of the various alternatives facing them. The factors determining
 

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

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

alternative use (including particularly the extent and quality of roads
 

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, we decided to
 

include the diffusion effect within the parameter C2 which determines the
 
Vlll , :kj 

shape of the response curve. Thus, the rate of response for a given pro

fitability differential is directly Proportional to the rate of diffusion. 

As profitability increases, the response function approaches C3kj as
 

a limit. This parameter is determined as follows:
 

C3kj MITU[TLAI j/(EIM kj * CS), 1] 

where:
 

C3k as earlier defined 



the ,max.,num number of,' qcea/yea.,ancinfor ation runit" can 

.. convrt.depending on .training, efficiency, and, physical 

EINFkj, 	 the. number of information, units, promoting ,alternative 

k to present use j 

TLAkj a the total land in present use J available for conversion 

to alternative k.
 

Thip equation sets 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
 

transition from use j to use k is a proportion, C4kj of the total land in
, 


usej TLj. 

The profitability response, PRkj, is multiplied by the number of
 

information units, EINFkj ,* and the efficiency of-an information unit, C5
 

(in acres/year). The product then represents 
 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
 

Inputs. The scarce inputs are biological materials, chemical 
materials,
 

technical assistance,extension aeents and financing (subsidies and credit).
 

,,Although 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
 

indirectly, 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 throu..h government imposition of import licenses
 

and other market-regulating practices. Thus, the supply of scarce inputs
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,f Ail A IMportait 'governu~t rofll'y~ioiitf*~Z rvrii'" -Ti along with the.
 

Znulberi of infornkfiajn' units "usedlnd' the cocoa pioucer prices, 
 can be 

used .to control the transitions among the :variious land uses.
 

SThe)input constraint is calculated by lhe following equation:
 

ATRNkJ u mmn[DTRNkj , C9kj * FINCEkj , C6kj-* CHEMAVkj, C7kj *BIOAVkj,
 

-
. :C8 kfJ*TAEXTkj ]V
 

where:
 

ATRNk mthe atultransition- from present use J to alternative 

k, acres/year 

,DTRNj * the!desired transition; acres/year' 

INCEkj.m -financing availalle for transition fromj 'to k, h 

C9kj = the rate of transition made possible by available'. 

'financing, acres/year per B, 

TBIOAVkj biological materials available for transition from 

S to'k, lbs. 
.(0
 

.Ckj -,thb rate of'transition possible by the availabile 

biological inputs, acres/yearlb. 

TAEXT' technical assistance extension agents available for
kj' 

transition from j to k 

Cek. acres/year of transition per extension worker available. 

C6j acre/year possible per pound of chemical 

CHEMAV;j - chemical inputs available'
 

If theasupplies 'ofthese three inputs are abundant enough, all those farmers
 

wanting to convttheir land, DTRNkj , will'1be able to do so, ATN k j
 

Otherwise, the input Which places the tightest constraint determines the 

actual transition rate. 

Finally, ATR7kJ becomes part of the Input rate-othei present uses may 
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als contribute to)thepinputJ rate--to a tream -sn&, the nuner og)acresr 

.this represents Sr,substractedO fromt.TLj.,>theitotal .nuand:use: lje.know
 

return to the.ranking forthe7next mot.:profitabl1e alternative calculate
 

itsprofitability response and proceed as!before.*
 

Production
 

.The output of the cocoa sector in any-iven year tse calculatedj,. -. 

siuply as..2
 

TCP u, ~Y kTL
 

TCPN-,total cocoa production, tons 
 , 

Tj = yield of iuse (age group) J, tons/acre 

,TLj - number of acres In use (age group) J. 

Re~g encelto Figure 2 will show twelve age groups (delays) of cocoa above
 

the gestation stage in the four cocoa streams. 
 Hence, J runs from 1 to 12.
 
: _,The yield of any age group of any.stream in a particularycar 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 onr,the :particular 

age group and stream under consideration.
 

Yj Xj *W * Dj * P * L Cj 

where:
 

actual yield in tons/acre
 

Xj m.
yield under optimum conditions (biological capacity)ts-4
 

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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Theseriadjustmdnts ofIthe- optimied.y d tOiiditioiis pidviihg'IiQ,.
 

a)particularYear,4"all have values: lying between' .ero'and one.;
 

,fff,,The prodution'of food is handled differently. 'Although"fobd t'' 

grown both for subsistence and for market, for the purposes'of: thiii-rodei,
 

we are only interested in the output of cash (market) food. The portion of
 

total food production which is subsistence may vary from year to year, depend

ing on'the size and growth of the rural'population and on mhrket food prices
 

and market stability. An unstable market with high food prices relative
 

to farm income will induce greater dependency on subsistence food .crops.
 

The growth and size of the urban population and the degree-of rural
 

dependency on the market food ecoribmy,are thelmain determinants of the
 

output of cash food.-, An importantpotential influence on cash food produc

tion in the West is competition with food imported from'other regions of
 

Nigeria. If food 'rotfi in the Middle Belt, say,can be, marketed in the
 

1West at a~lowenough price in-a stable enough market, Western"farmers ' 

may specialize.in export crop production and, tely 'on the North fortheir 

food.
 

:',These €on~eptsconcerning 'foodlpr6duction have'not yet':"Veen incorpotated
 

into the model.
 

Conclusion
 

This, then, is the stage to-whichthe model 6fthe 6oeoa economy of
 

Western.,Nigeria-hasibeen developed. Six uses of land ihave been defined and
 

structured, and the decision function determinIng transitions among these
 

has been modeled. Thisadecision function'assumes Nigerian -cocoa farmers are 

economically rational; hence, decisions are based'on'.the farmers' perceptions
 

of alternative profitability differentials.
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Cocoa production for any given year depends on the amount of land in 

each cocoa stream and the yields of each age group of trees. The yields in 

a 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 debugfed.
 

Test runs and sensitivity runs will then be necessa:y 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. 
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PART IV 

Beef Marketing and Transportation in Niseria--An Allied Study
 

As indicated in the beef production model, the majority,of the cattle 

in Nigeria Is pnroduced 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 in the 

south are quite substantial. Cattle are often walked or railed 700 to 1,000 

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

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

twice the price in some northern areas.-' 

The beef transportation study was initiated to evaluate alternative 

methods of transportation and to develop an optimum transportation plan
 

through time for beef distribution in Nigeria; The interaction between
 

alternative transportation plans and the supply and demand for beef,-was
 

also evaluated. 
-

To accomplish these purposes, Nigeria was divided into 15 different
 

areas as shown in Map 1. A model was built to determine the costs of
 

'transporting beef by five different methods between all combinations of
 

shipping and consuming areas. 
 The five methods evaluated are: (1) trekking
 

of live animals, (2) rail hauling of live 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 modem slaughter facilities, and
 

rail car availabilities, a. transhipment linear program was developed to
 

compute the least cost configuration for Nigerian beef distribution. The
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results of'-this Model give the quantities of both meat and ive cattle 

Sipped between areas, method of shipment used, quantity slaughtered in 

each area at both modern andtraditional facilities, number of rail cars to 

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

the beef under the conditions specified. 

An additional model was constructed to evaluate the'likely consequences 

of alternative transportation schemes on the prices of beef and, hence, supply 

and demand of beef through time. To do this, supply and demand functions 

were estimated 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
 

illustrate their usefulness. It must be emphasized that the data used for
 

this study is, of course, relatively weak. Consequently, no definite policy
 

conclusions should be drawn without better informetion. However, 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 costs of alternative transportation methods that users incur. Because 

of its detailed specification, TRNSCST can be used to evaluate policies to 

improve the efficiency of beef transportation. Examples of these policy 

alternatives include (a)vaccination against trypanosoniasis infection 

(b) improved water and feed supply along trek routes (c) supplementary 

feeding of animals hauled by rail (d) feeding stops on long rail haula 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 

-- TRU . ...	 L - WA K'.. 

Category Cost-£icow-Z of Total ' Category Cost-£/cow Z of Total Category - Cost-t/cw % of Total 
?brtality Cost .63 4.54 fortality Cost .12 1.6 Mortali-1ty Co~ts 5 

Salvage Costs - 1.14 12.0 
Shrinkage Cost 4.46 32.2 Shrinkage Cost 3.34 44.5 i Shrinkage Cost 4.43 46.9 
Other Expenses .40- - 2.9 1Other Expenses- .40. - 5.3 Other Expenses .40 4.2Freight Cost 8.37 6036 'Freight Costs 3.35- 40.7 Drover's Fee 1.19 126tAttendant Costs-
i 	 .59 7.9 Food lioney .20 2.1 

S-Interest 	 Costs - .40 4.2 
Water and Fee Cost 1.12 . 11.9 

Total £13.86- :.'00o0-t 	 " £..O 100.00 . -£9.45 * -100.00 

'able 'B-2: Cots of Tfransporting Cattle ftom Kano to the West' 

"T lK 'RAIL AwALK-wITH VACCINATION 

Category Cost-£Ihead X of .Total Category Cost-£/head. % of Totalt Category 	 Cost- /head % o-total 

Mortality Cost -. 63 4.54 "MortalityCost .121.6 	 ortality Cost ;.28 5.3 

C 	 Salvage Cost- .58 10;9Shrinkage Cost 4.46 32.2 Shrinkage Cost 3.34 
 44.5 ,Shrinkage Cost 1.14 21.4
Other Expenses .40" 2.9 jOther Expenses .er Expenses r Expenses 	 75.440 
Freight Costs 8.37. 60.36 fFreight Cost 3.05 40.7 IDrover's Fee 1.19 22.4 

-" lAttendant Charge .59. 7.9 Food Money "20 3
F7
'Interest Cost -;40 -5 

- -	 .Water and Feed 1-13 21;-2 

Total £Of3..o0 100.00-	 £5.32 -400o
 



Table "B-3,- Costs of Transportinp Cattle from 14aiduguri to the East 

TRUCY~ '4 ~ W2.ALKF 

Category Cost-/c6w % of Total Categoi i Cost-Ecow of Total Cateor ' Cost~£Icow Zof Total 

Mortality Cost .81 " 4.9 Mortality Cost .21. -2.1, - .tortality Cost -72 7 
..... - Salvage Cost-. 1.45 < *., 12L2* 

Shrinkage Cost 5.05 30.6 ,Shrinkage Cost ,4.3 48.2 'Shrinkage Cost 5155 4C8
 
Other Expenses .40 2.4 iOther Expenses .41) 4.0 -Other Expenses .- >
.40 34 
Freight Cost 10.25 = 62.1- Treight Costs '3.83- 38.3 " Drovers I Fee- 139 - l1 7 

;Attendant Cost •74 7.4 'Food Money -24: 2270 
- -... Interest Cost .50 -4t 

.- Water and Feed CAst 1.,61" 13-6. a.".. o" o * =n-* ;;-oo-
Total £16.51 100.00- - .. no n I6.00. 11L86 710000
 

Table -4: Costs of Transpoitinst Cattle-from Sokototo the West , . 

TRI. -iK" 
 RAIL :"-WAIJC
 

Catejory Cost /head % of Total!Category Cost-£thead % of Total'CateoryX Cost £/head Z ofTotal 

Mortality Cost .54 4.3 jMortalfty Cost\ .153 1.9- 1ortalt o6Cost 44 5 
iSalvage Cost ,88 - . 11.-1

Shrinkage Cost 4.25 34.2 
 Shrinkage Cost 4.097Otr eg nssh4t. : Cost 3.20: 48.4 Shrinkage Cost 3.76Other Expenses .40 "3.2 e Exene 0 - -. 47.3Freight Cost 58.3 Other Expenses .40-, 4.7 .I SVOFreight Cos't 3.20--- 37.S, Other ExpensesDrovers' Fee 1.01 12 

tendant Cost .61f 7.2 Food Noney - -. 17 
'Interest Cost. .35-. 4;4 

t d "-Water and Feed Cost .94 c 1187 -Total £12.44 100.00 £8.46 'i * 
0- 7.95 00.00
 

S.O ... 7- 1 
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However, death, forced sales because of disease, and tissue shrinkageare aI
 

more important percentage of the'total costs of trekking. 
Since the 


trypanosomiasis disease is an important factor in trekking losses, an
 

effective vaccination programcan reduce costs significantly as seen by
 

comparing Tables 1 and 2. 
If such a policy is implemented (as is being
 

considered in itNigeria now), very possibly could 'change the shippers' . 

preference from rail hauling to trekking,.l This effect will be illustrated in
 

the next model. 

Using the costs calculated 1y the TRNSCST model, supply and'demand 

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

facilities, andrail car availabilities ,the transhipment program computes 

the least cost beef transportation design for Nigeria. A few results will' 

illustrate the usefullness of this model
 

Table 5 gives the least cost transportation pattern with 'pliciesi as
 

they now exist in Nigeria.! The three supply distributions assumed represent 

(g) the migration of cattle to the southern grazing areas in.ihe dry 6eason , 

as the tsetse fly recedes, and (b) movem'nt north-'as the wet season ensuies 

and the fly moves northward again, and (c) the weighted average supply in 

each location during the whole year. In this run, all 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 distrib*tion 

system.
 

Consequently, another run studied what changes thewould "occur if 

availability of rail cars was not a limiting factor. This result is given 

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

increased significantly--only six additionalunder the "averagd 'supply 
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Table B-S:: Optimum Transportation Pattern for Beef in Niperia Under Present Conditions
 

-ubrojNumberof Number of'Numberof Cattle Number of Cattle 
 Number of Cattle
Rail Cars Shipped Rail Cars Shipped Rail Cars Shipped
 
Average 
 Wet Season I I Dry SeasonActivity 
 !Supply Supply I I Supply

X441-Frozen Heat Shipment by Rail-Bornu to West 
 _ 13,860 
 - 13,860X451-Frozen Meat Shipment by Rail-Bornu to East 
- 13,860 

- 8,140 - 8,140  8,140
54 Hodern laughter Level-Bornu 22,000 22000 
 22,000

U1l0-Live Animnl Trek-Sokoto to Ilorin - 6,792 .22001-1114-Live tinimal Trek-Sokoto to West -

7,167
77,766 
 - 93,058W210-Live Animal - 67,566Trek-Katsina to Ilorin 
 - 6,592.-W214-Live Animal Trek-Katsina to West 



- 1,623 - - W36-Live Animal Trek-Kano to Niger 
 -
 - - 607
.37-Live Animal Trek-Kano to Zaria 
 -9,352 
 -14
*.614-LiveAninal Trek-Niger to West A4377--4521 1373-W812-Live Animal Trek-Bauchi to I-akudi -- 6,425 6T2 ii,0
11,20- -. h"
W912-Live Animal Trek-Adarxqawa to F.akurdi- 15,417 16,317 1,9924-W915-Live Aninal Trek-Adamawa to East 33,560 23,660 39,910
D1112-Live Animal Trek-Benue to Makurdi 
 - 3,56D1312-Live Animal Trek-Sardauna to Makurdi 3,386 - 12,2862,039 - 13,989 - 9,489R26-Live Animal Pail-Katsina to Niger 
 - -
 4.1 7,995 -R214-Live Animal Rail-Katsina to West 
 23.7 26,402 14.1 15,707 

-"
 

R314-Live Animal Rail-Kano to West 17.4 19,384

1.26 1,638  - 1.2 1,560
R414-Live Alimal Rail-Rornu to West 
 36.6 25,953 30.4 21,557
R415-Live Animal Rail-Pornu to East 38.9 27,584
63.7 55,209 75.7 65,609 
 54.4 47,148
R514-Live Animal Rail-Nguru to West 
 86.3 96,138 87.7 97,698 
 83.2 92,685
R614-Live Animal Rail-Niger to West
 

R815-Live Animal Rail-Bauchi to East 
, .37 481  - 1.7 2,810 

-Total Fail Cars Used 
 212 398,821 212 415,375 208 389,298
Total Cost of Transportation L's
Carred y Rll : : - 4 193
X4,513,251 .1£4,608,19,3. 2 389,29814,410 i203% Carried by Rail 

% Trekked 5N53 
 582~57 
 %. 
 42%
 



Table B-6: Optimum Transportation Pattern with Unlimited Rail Cars Available 

Numb of Season! DySaonveragelet 
Number of Averame Number of Supply Number of j Supply 

Rail Cars Supply Rail Cars Distribu- Rail Cars T )istributiorPis tribution .tionActivity 
.. _____... ___ ... ..I 

X441-Frozen Meat Slipment by Rail-Bornu-West -. 13,860- 13,860 - 13,860 

X451-Frozen meat stipment by Rail-Bornu-East - 8,140 S,140 8,140 

S4-11odern Slaughter Level-Bornu . -- 22,000 - 22 ,000 -. 22,000 
- 7167W110-Live rattle Trek-Sokoto to Ilorin 6,792 6,592 67,56686,466 . 6.77,766

W114--Live Cattle Trek-Sokoto-West - 4,45214,377
9,352

W37-Live Lattle Trk-Kano-Zaria 14,992
27,51721,842
912-Live Cattle Trek-Adamawa-Benue 39,91012,460-27,135
W,915-Live Cattle Trek-Adamma-East 


3,- 12,286
D1112-Live Cattle Trek-Plateau-Benue -- 7,936 - 13,989 - 934 9 
- 12,039


D1312-Live Cattle Trek-Sarduana-Benue 
- 4.4 8,580 

-
R26-Live Animal R.il-Katsina-Niger 
R214-Live Animal Fail-Katsina-West 23.7 26,402 20.9 23,283 17.4 19,384
 

1,560
R314-Live Animal Fail-Kano-West 1.3 1,690 .47 611 1.2 
R414-Live Animal Fail-Bornu--West .26.6 25,953 30.4 21,557 38.9 27,584 

R415-Live Animal Fail-Bornu-East 63.7 55,209 75.7 65,609 54.4 47,148 

R514-Live Animal Rail-Nguru-West - - 0.7 20,86586.3 96,138 87.7 97,698 83.2 92,685 
. 1,755R614-Live Animal Rail-lliger-West 
-5.3 6,890 8.6 11,180 1.7 2,210

R815-LIve Animal Rail-Bauchi-East 


218 228 208
Total Rail Cars Used 

£4,410,203Total Cost of Transportation in £'s" £4,51,170 £4,593,433 

57% . 58% 58%% Carried by Rail 5 57% 58%% Trekked 43%22 42% 



tonditionb- Th. saW 6toa
In distri bt o sts amounted to about £2, l0 
I!,Tifrom' the; origizal , E4,51,1170 , By pr'viding iore r~il cars, the per

ocentage'lhauled by rail only increased'liy 2-3g. There aretwo primary reasons 

for this small increase in use of raij' carsas more rbecome available.
 

First, the trek distance from area 1 - a large producing area to the
 

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
 

area 1. Secondly, two large producing areas 
(9 and 13) are not served by 

the Nigerian rail network. As a consequence, distances traveled in the 

,eastern consuming region are much shorter if the cattle are trekked 

directly rather than walked to a railstation and then taken down on rail 

,cars,--.Therefore,'increasing the number of rail care 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 significantly.
 

Essentially the rail system'would not be used. '
The total transportation


cost is: reduced by approximately 20% from £4,513,251 to £3,568,515. 
However,
 

further':refinements of the model should indicate that as the number of cattle
 

udidgtrek 'routes increases costs will If would bethe also. this reflected 

in the-.model, the~cost reductionwould be lesb than suggested inT.able 7.
 

Again, it should be emphasized that the information used in these estimates
 

Was !the beat available, but not' necessarily accurate. Additional experiments 

ith this model deal with the requirements for modern slaughter facilities, 

refrigerated meat shipment, and the interaction between meat and cattle 

ahipment patterns and transport requirements.
 

A third model was constructed to evaluate the consequences of lowerinp
 

:he transportation charges on the supply and demand of beef in the 15 
areas.
 

upply and demand eq.-.,ations were estimated for each of the 15 
areas from
 



data taken from consumer surveys and time series that ,were-avajtablero.,In 
essence, this model calculates the equilibrium price structure resulting from 
the transfer costs that exist among the 15 areas. The model allocatesesupplies
 
amonfg the areas until the following condition holds.
 

w4ere:
 

1"Prie n area,1, , p.price in area 2 

t. 2 transfer cost between,area 1 and, ,2.;
 
That is, cattle will be shipped from area 1 to area,2.if, th 
differenc, in
 
piac betwcen two areas.. is prctcr than 
 thc. cost 'of..transfur., 
 Thiswi-11",
 
con t$nuo until the 
price difftrcntia1 is cqual theto transfdr:charpoe, As
 
this lpads 
 to the, maximization of aquadratic TunctiOn, Ehe qudrdt±d,:!^r.', 

• ,rogrd~ing technique towas used solve :the problem.
 
Tables 8 and 
 9 compare the equilibrium price structures and shipment
 

patterns 
 that result from alternative transportation systems, 'Runlused 
trekking costs as the.transfer charges. 
This probably best reflects the,,
 
presentsituation in.,Nlgeria. 
 The cheapest transportation rates (whether
 
rail or trek cost) were used for transfer charges in run II. 
 In run III,

transfer costs were setat rates that, ould ,be consistent !ticha trypanosomiasis 
vaccination program.
 

In general, the trend 
isfor prices, to increase in the producing areas 
(1-9) and decrease in the large southern consuming areas (14 and 15)as' the
 
lower cost transportation systems are implemented. 
Total shipments to the
 
southern areas 
increase from 416,750 to 474,992 while total productionitn'
 
Nigeria increases from 910,000 to 933,000 as transfer losses are 
lowered to
 
the probabl.e situation under a vaccination program. 
 ,
 

http:area,2.if


Additionaj experiments wi Whthe. modeJ will allow: demand to grow through 

time as a function ,of income' and. pppulation 'increases, along with some 

alternative: supply assumptions. B 'taking the supplies and demands generated 

by this model, the transhipment:m6deI can give the specific transport method 

to be used and hence, the likely future requirements for rail cars, slaughter
 

facilities, and supporting inputo needed to support the optimum transportation
 

pattern.
 



Table B-7 Optimum Transportation Pattern with a Trypanosomiasis Vaccination Program 

Wet Season' Dry Season 

Number of 

Werage 

3uupply jNurber o 

Supply 

T*istribu- Number of 

Supply 

Distribu-

Activit Rail Cars listribution Rail Cars! tion Rail Cars tion 

X441-Frozen Neat Shipment by.Rail-Bornu-West - 13,860 -13,8P.60 13,860 
X451-Frozen Heat Shipment by Rail-Bornu-East - 8,140 - 8,140 -8,140 

S4-Modern qlaughter Level-Bornu 
W114-Live Animal Trek-Sokoto-West 

-
-

22,000 
84,558 

-
-

22,000 
93,058 

-
-

22,000 
74,733 

W210-Live Animal Trek-Katsina-Ilorin - 5,160 - 6,592 - -
W214 Live Animal Trek-Katsina-West - 21,254 - 25,322 - 19,414 
W36-Li :! Animal Trek-Kano-Niger - - 607 -
W37-Live Animal Trek-Kano-Zaria 9,352 - 14,377 - 4,452 
!310-Live Animal Trek-Kano-Ilorin - 1,632 - - - 1,532 
W410-Live Animal Trek-Bornu-Ilorin - - -

W412-Live Animal Trek-Bornu-Benue 
U414-Live Animal Trek-Bornu-West 

-

-
-

25,960 
j.. 

-
1,529 

21,585 
-

21,950 
W415-Live Animal Trek-Bornu-East - 55,325 - 64,171 47,200 
W514-Live Animal 'rek-Nguru-West 
W614-Live Animal Trek-Niger-West 

-
-

96,155
1,713 

-
-

89,675 
- -

92,65520,888 

W815-Live Animal Trek-Bauchi-East - 6,900 - 1,20 - 2,250 
912-Iive Animal Trek-Adamawa-Benue - 33,881 - 39,977 1 - 24,481 

W915-Live Animal Trek-Adamawa-West 
D1112-Live Animal Trek-Plateau-Benue 

-
-

15,096 
7,936 

-
-

-
3,386 1 

-
-

30,421
12,286 

D1315-Live Animal Trek-Sarduana-East - 12,039 - 13,989 - 19,489 

Pf-6-Live Animal Rail-Nguru-Niger - - 6.1 7,930I 

Total Rail Cars Used 0
 
Total Cost of Transportation E3,568,515 6 3,640,738 0
 

,£3,58,55 38 3,477,003
 



IeB88: " rrTce7Structures for Alternative iins fer Charges. 

(in 's per head)
 

*Ruh-,I- Run II Rk I 

1 .• 21.2 19.4 20 -0 1 

2 19.7 19.2 -19 i6 
.3 19.6 19.9 20.2' 
4 14.0 15.R 16.21 
5 . 17.3 18.5 184 
6 24.6 25.0 25,.3 
7 21.3 22.6 22.9T 
8 19.0. 20.9 21.3 

.9 17.1 17.1 17.6: 
i0 24.3 24.3 24,.3,1119.3 19.4 19 ,z 

22,. 9 23.3 22.6. 
3 16.2 16.7 18 3,, 

14 30.1 28.4 26.3 
5 26.8. 26.8 24..i
 

Run IT Trek costs used as transfer charges 

R I,. Least, cost pattern used as transfer charges 

R ;1-,Least,,cost pattern resulting fropn as-rypanosomiasis 
vaccination program used as transfer chargbs'.: 



Table B-9.: 
 Shipment Patterns for Alternative Transfer Charges
 

-(in- number of cattle) 

Route Run I Run II 
 Run III
 
1-14 Sokoto to west 
 : 141,317 114,468 127,843
2-14 Katsina to West 
 : 24,216 : 10,664
2-6 Katsina to Niger 24,025


i

3-6 : 10,644
Kario to n;iger ; 
3-7 

- - 10,014Kano to Zaria 

3-14 Kano to West 8,392 :" 5,513
 
4-6 Bornu to Niger 

8,243 : 3,076 .
 11,379': 
 -4-7 Bornu to Zeria 
-" 


. 11,552.:4-8 - .Bornu to Bauchi 
 18 769, :4-12 Bornu 8,104to Benue 
 " 
 4,0494-14 Bornu tor.est - 37,912 

4-15 Bornu 8,265 65,451 : .. 68,575'' -";
7_ 34,898':,: 34,752* uvu to Zaria : 

5-14 : -Nguru to Wes t 2,0949-12 Adamawa to Benue ' "94.924 103,318 
 100,542
9-15 Adamawa to East 557 '1,730
: 89,990
11-15 Plateat, to East : 89,583 92,795
14,897 : 15,357 : 16,64813-12 Sarduana to Benue 
 : 33,52313-15 Sarduana to East 35,979
 
,- 44,564 

Total shipped to the West (14) 
 : 276,965
Total shipped to the East (15) 
. 296,97 320,985


: 139.785
Total shipped to the South (14+15) 
: 1, 
 : 154,007
 

. 416p750 
 436,669 
 : 474,992
Total number of cattle prodlicd:in Nigeria 3,
 
: 910,000 922,137 
 933,000
----------.. 
 .... : . .. ..
 



PART V 

Futrze P.ans 

iAs.s apparent from the foregoing discu-oion, the major components and 

mechanisms of the northern regional model have been coM leted are nowand 

being integrated into a tightly-linked regional model. As we continue this 

process, we plan to modify and make more realistic some interactions between 

major components of the model which may not have been comprehensively 

considered in the past. For example, the yields of many crops in northern 

Nigeria are heavily dependent upon the relationship between the date of
 

planting and the onset of the rainy season. 
Ilith labor supply appearing
 

to be a limiting resource at planting time, it seems likely that yields'
 

of some crops are dependent upon the number of acres of other crops to be
 

planted. 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
 

an illustration of the kinds of interactions between subsectors of the, 

regional model which will be examined and modeled during the next,.,few, .' 

months.
 

As the northern regional model components are connected together,and 

checked for consistency and realism, much more sensitivity analysis 'of' 

particular structural and parameter components will be undertaken in an-' 

effort to diagnose any remaining conceptual, behavioral, and programming 

errors in the model, and to further identify high priority development, 

alternatives and data needs. We plan to begin developing a generalized 

optimization program which 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 been observed over the last deca'de 



or:so. 
Not only can a generalized optimization program serve to improve
 

the fit of the model with historica] behavior ,but 
it can be later used 

~ ~~de't policieswiich would best achieve the goals of a particular
 

rpoliey'"aker in situations where he can specify a unique goal or weighted
 

%coimbnation' of goals as his ultimate objective. 

We have done some initial conceptualization of the model mechanisms 

which'will need to -..e developed for a realistic simulation of the southern
 

'tree-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: however,
 

the process should be greatly simplified compared to what it would have
 

been because many aspects of the northern model which we have developed
 

will be adaptable to aspects of the Southern agricultural economy. 
We 
e
do foresee" som particular facets that may be somewhat different from the 

situation seen in the north. For example, the longer planting horizon
 

involved in an agricultural sector where perennial tree crops are quite
 

prevalent introduces some important questions about flows of investment,
 

Ishdrt-run nutritional requ rementsand expectations of potential profits
 

required before a perennial tree crop enterprise is begun, 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 oIf
 

migratory labor within the agricultural sector may be more irnortant in
 

the southern region. 
At the sae time, the proximity of the agricultural
 

labor force to more industrialized areas may make labor availability for
 



for agriculture in the Southern Region more heavily dependent upon
 

)Li we complete the "orthern Regionalmodel and begin'towork in earnest 

on"the Southern regional model, we must also anticipate which mechanisms 

will be required to simulate the interactions between these two major
 

a6ub-sectors within our overall model of the economy. Of particular interest
 

will b'e'an interregional trade mechanism which will allow flows of goods,
 

particuiarly food,' to 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 transporting it: to the other. By incorporating such a mechanism
 

in the model, it will be possible to study the likely impact of regional 

production specialization on both 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 policies requiring 
regional self-sufficiency in particular commodities may also be examined.
 

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
 

planning personnel in Nigeria, but we also hope to supplement these
 

seminars with follow-up discussions and informationgathering in Nigeria
 

to supplement the information which wie 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 diagnosed. In
so
 

doing we will have the model in the best possible condition (within the 

resources of the current grant) for any subsequent work to apply the model
 



to planning in Nigeria, 

We plan to maintain the same basic research teara personnel or the, 

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

training and experience which several of our gradiiate student colleagues
 

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

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

and expatriate experts on the Nigerian economy during our visit there,. 

Further, the. experience and knowledge of two MSU Nigerian graduate students
 

acquainted with the Southern economy will,be quite helpful, especially,
 

since their research plans are currently oriented toward studying elements
 

of the Southern agricultural economy within Nigeria. Mr. Earl Kellogg
 

will soon be leaving the project to join the staff at the University of-


Illinois. As a by-prduct 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.
 


