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AUSING THE SOFTWARE LIBRARY:
 

AN:EXAMPLE,FROM MICHIGAN AGRICULTURE
 

On a hot, humid day InAugust insouthern Iowa a young extension
 

agent arrived as expected to advise a local farmer on proper feeding rations
 

for hogs. Noticing the farmer outside working, the agent parked his car
 

immediately downwind of the farmer's odoriferous traditional style hog lot. 

After about 15 minutes discussion of the weather and related events the 

agent asked the farmer where the hog pen was located. Due to this obvious 

lack of familiarity with hogs, the young agricultural county extension agent 

was unable to involve the farmer inextension activities. Although itmay be 

argued that the extension agent had sufficient disciplinary knowledge to 

advise the farmer, this particular farmer recognized that inmany situations 

there is no substitute for hands-on experience. The capabilities and con

venience of an interactive language inan agricultural sector simulation 

which uses components from the software library isbest demonstrated in 

a hands-on situation.
 

For this demonstration itwas decided that itwould be necessary to
 

use a simplistic simulation and at the same time be general enough, com

prehensive enough to include a general agricultural sector. Simplicity
 

was required to make the simulation easily comprehended and compatible with
 

present software components to minimize modeling and computer costs inan
 

interactive situation. Comprehensiveness allows the interactor to see the
 

direct and indirect results of parameter changes. At the same time, a
 

small number of parameters reduces the complexity of policy changes and
 



These : requirements, were established tonmaximize tne, nanas-onI .mpacts. 


feel of the simulation and appreciation of the use of the software components
 

in this demonstration context.
 

After model conceptualization has taken place, there remain two im
 

portant steps which are generally overcome at a high cost in terms of resources
 

and time before a model is operational either for running to analyze alter-

The first step is from the
natives or to communicate to decision makers. 


formalconceptualization to a formal system model. The second is from the 

set of results under various alternatives.system model to a communicable 

It is highly desirable In many situations that the final result be utilized 

interactively by decision makers or project analysts in a conversational
 

to reduce the cost of
mode. One of the purposes of the software library is 


these two steps and to increase interaction capabilities with decision
 

makers and project analysts. 

.Project 80&5 

In 1966 the College of Agriculture and Natural Resources at MSU com

pleted a two-year study entitled "Project 80 - An Analysis of Michigan's 

analyzedRural Potential by 1890." A similar project starting in 1971 


Michigan's rural potential by 1985. This was called "Project 80 & 5."
 

The two projects were undertaken to aid long-range planning by the uni

versity, farmers, and agribusinesses.
 

The belief that the rural scene in Michigan was changing very rapidly led
 

+n +hp rnnrnginn that old rules of thumb would not be sufficient guides to
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decis6n making. The projects were designed to seek answers to three im

portant questions: (1)What will rural Michigan be like in1980 and 1985,
 

respectively, inthe natural course of events? (2)What do rural people and
 

others concerned want it to-be like in1980 or 1985? 
 (3)What can be done
 

to capitalize on the opportunities, avoid impending problems, or change
 

the natural course of events and redirect Michigan's rural economy toward
 

the ,goals?
 

Considerable monetary and human resources went into both of these pro

jects, Over 100 campus-based faculty members were involved at one time or
 

another. 
An even larger group of rural leaders and business representatives
 

directly concerned with the rural economy--participated in the project
 

by reviewing papers, offering suggestions, and submitting ideas for needed
 

programs. A series of 16 reports on Project 80 and a series of 15 reports
 

on Project 80 & 5 were published by the Michigan State University's Agricul

tural Experiment Station. Copies of these research reports (37-52 and 180-194)
 

are available from the Michigan State University Information Services, Room
 

10, Agriculture Hall. Project 80 & 5
was divided into three phases. Phase
 

I was designed to establish the general environment for rural Michigan in
 

1985--factors important to development inrural 
areas but largely beyond their
 

control--e.g., U.S. population and income, the general price level, interna

tional trade, market structures, federal farm programs, and so on. Phase
 

IIdealt more intensively with rural Michigan itself, its commodities, ser

vices, and people. Phase III is directed toward the question of what should
 

be done to shape the future as it "ought to be." Project 80 and Project 80 & 5
 

were both well accepted and seemingly widely used by farm leaders, business
 

decision makers, individuals involved in planning for research extension services
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and'other'university and research related activitie 

In terms of demonstrating the software library, Projects 80 and 80 & 
5 provide a!conceptual economic model. Although a formal agricultural sector 
model was not derived, checks for consistency were made arid the necessary 

ground work for such a model was laid out. Readily available data combined
 

with access 1o those involved in the projections aided the use of Michigan
 

agriculture as a focus for this demonstration. The results of Project 80
 
and Project 80 & 5 are basically the same as the base run of the Michigan
 

model our demonstration of the software library. 
However, certain values
 
such as farm income and per capita income were noL quantified specifically
 

in Project 80 & 5. They are in the computer model basically to demonstrate
 

this capability of the accounting component.
 

Michigan Production and Consumption of Agricultural Products
 

The state of Michigan between 1960 and 1970 increased its number of
 
consumers by 13.4%. This was a growth rate higher than the growth rate of
 
the United States. Michigan was one out of only two states in the north

central region that had a net in-migration inaddition to its natural
 

rate of increase. The increase inpopulation inMichigan has been accom

panied by an 
internal migration from farm to non-farm. Projections of the
 

future can be utilized inmaking plans for transportation, government
 

services, services to agriculture, etc. One output of this model is the
 

level of agricultural self-sufficiency which Michigan has and can be projected
 

to have in the future. Inother words, itmakes a 
projection of Michigan's
 
net imports and exports of agricultural products. 
 The model also projects
 

farm and non-farm population. 
Michigan production and consumption of agri
cultural products are listed separately. Some projections of land utilization
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and agricultural input demands for selected products from the non-fa sector 

are included.
 

The Model
 

Reality is infinitely complex; therefore, this model, as any model must,
 
extracts from reality those relationships which are considered to be deter

mining factors of the information sought. The level of accuracy inany model
 
should be sufficient to serve the purposes to which the model isput. 
The
 

purpose of this demonstration is to demonstrate the possibilities of using
 
an easily accessible software library to develop a 
simulation model. The
 

generalizations utilized in this model are very broad. 
 As more components
 

are added to the software library, they will 
facilitate the construction of
 

a
much more complex and usuable simulation model. In this particular
 

situation easy access to a recursive linear programming component would have
 

facilitated a much more realistic riodel. 
 However, design of such a component
 

isnot within the scope of this dermonstration.
 

A model isno better than its conceptual and mathematical base. There

fore, it isprescribed that researchers doing simulation work for purposes
 

other than the demonstration of software library components use the
 
components of the software library as tools and not as limiting factors.
 

Inother words, the model should be designed by the researcher; then, the
 

relevant components from the software library may be used for the purposes
 

of simplifying the programming step of the model building process.
 
Concentration of attention in the design of the Michigan demonstration
 

model was centered on the level of self-sufficiency in 16 different crop
 



and livestock actlvlties presently inproduction inthe state of Michigan.
 

[n Project 80 and Project 80 & 5 human consumption of agricultural products
 

were made. Projections were also made of production of agricultural pro

ducts inthe state of Michigan. Although no self-sufficiency ratios were
 

developed inthese projects, itwas quite simple to hook the two together
 

ina simulation situation using the accounting component of the software
 

library.
 

The Michigan production and consumption of agricultural products model
 

utilizes seven (7)components of the software library. These are:
 

two demongraphic components, two table components, two delay components,
 

and an accounting model. The major subsectors, flows and output of the eco

nomic conceptual model are shown inFigure 1. Simplistically this model
 

can be described starting with the population and migration model and pro

gressing along the product flow arrows.
 

The population and migration model starts with 1970 population of
 

Michigan intwo groupings: farm human population and non-farm human popu

lation. Migration to and from both populations are assumed to be constant
 

in absolute numbers, and equal to the average age-sex specific migration
 

Age sex specific ,,.tality rates are considered
rates between 1960 and 1970. 


to be constant and equal to the 1970 rate. Fertility rates include the actual
 

1970 age specific fertility rates and the actual 1971 age specific fertility
 

rates. Fertility rates after 1971 are assumed to proportionately decrease
 

to values consistent with zero population growth by 1990.
 

The land allocation component separates land into two categories: non

agricultural demand for land and agricultural land. Total land in the state
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Figure1: 	Major subsectors, flows and output of the economic conceptual

model.
 



of Michigan is 36,492,000'acres. Thenonagricultural demand for land Js
 

assumed to be 3.00 acres per person in the nonfam population and 2.75
 

acres per person in the farm population. Conceptually, this demand for
 

land includes demand for urban residences, forests and recreational lands,
 

public forests, parks and recreation area, wildlife areas, private forests
 

and recreation land, highways and roads, other transportation areas, na

tional defense areas, industrial and service areas, and miscellaneous
 

and idle nonagricultural demands for land.
 

Nonagricultural demand for land is subtracted from total land to derive
 

agricultural land. It is felt that the present state of reality isbest
 

reflected by allocating nonagricultural land on a demand basis (that implies
 

elacticity of demand approximately zero) with agriculture--geting the
 

residual.
 

The resource allocation model estimates livestock numbers and proportion
 

of agricultural land ineach crop category. Crop and livestock categories
 

are listed in the agricultural production component block in Figure 1.
 

Livestock numbers for Michigan in 1980 and 1985 are drawn directly from
 

Projects 80 and 80 & 5. They are inthe model as a given exogenous conditioning
 

with the exception of the dairy cow population which uses another demogra

phic component from the software library. This component uses the 1970 popu

lation of dairy cows and exogenously determined fertility, mortality, and
 

cull rates. Cull rates include not only culls from dairy herds but also -he
 

ext of dairy herds from Michigan through sales either to the slaughter industry
 

or to other states' dairy herds. These parameters were estimated to coincide
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with the dairy specialists' projection for 1985. 

Output from the land allocation component, Michigan agricultural sta

tistics, and crop specialists projections to 1980 and 1985 combine to give
 

the proportion of agricultural land ineach crop category.
 

The yield projections component serves two functions for the overall
 

model. First, it is utilized directly in the model to determine total pro

duction given certain acreage allotments to each agricultural product.
 

Second, yield projections are utilized by the resource allocation component
 

of the model. However, as presently conceived, the quantities from yield
 

projections are not used directly in a programming methodology within the
 

resource allocation component but are taken into consideration by those de

signing the resource allocation component parameters. The yield projection
 

component consists of a group of equations where yield isa function of
 

time.
 

The agricultural production component consists of a series of equa

tions indicating the demand for both agricultural and nonagricultural inputs
 

as a function of the allocation of land to each particular crop and numbers
 

of livestock raised. For instance, one dairy cow would require XI quantity
 

of corn, X2 quantity of wheat, X3 quantity of labor, X4 quantity of capital
 

resources, etc. Yield projections would be multiplied by resource allo

cation to determine agricultural production going to the agricultural market.
 

All parameters ineach of these equations of agricultural production are
 

functions of time.
 

The agricultural market component isan accounting component which cal

culates net imports and exports of agricultural products. Ituses as data,
 



10
 

agricuIturar production-mlnus';iagrlcultural :demand minus human consumDtion 

/demand. 

The agricultural demand for agricultural products parameters are
 

decided by summing up input demands for agricultural products from the ag

ricultural production component.
 

The agricultural demand for nonagriculturally produced inputs component
 

is a summation of all inputs necessary for agricultural production not in

:luded in the component immediately above.
 

The human consumption demand component utilizes the population and a
 

linear interpolation of Projects 80 and 80 & 5's projections of food consumption
 

and demand for horse services by individuals. It is not necessary for agri

cultural production to be equal to agricultural demands for agricultural
 

products plus human consumption demand because the residual, either positive
 

or negative, is considered to be a net import or export figure for the par

ticular product involved.
 

Formal System Model
 

The economic conceptual model presented above can be regarded as almost
 

too simplistic to be considered a system due to the majority of the model
 

being exogenous in terms of most of the relevant numbers. However, at
 

the risk of the wrath of the systems scientists, we shall consider it con

ceivable as a system. The formal system Miodel derived is pictured in
 

Figure 2. The formal system model consists of six components. The char

acteristics of the human population component is basically the same as
 

described in the economic conceptual model. The livestock population
 

component and the land allocation component were, in the economic conceptual
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model, combined into one component. Because of the basic difference in their
 

place inthe agricultural sector system, itwas decided that two components
 

were more appropriate in terms of a formal system model.. The production
 

component inthe formal system includes both the yield projections and the
 

conceptual input-output table of the agricultural production component.
 

Using land allocation from that component, the production component computes
 

agricultural production.
 

Due to similarity of utilization and derivation of demands and supply 

quantities, the agricultural demands for agricultural products, aricul

tural demands for non-agricultural products, and the human consumption demand 

components are all combined in the system model into one component called 

the demand component. This component computes a summation of the inputs 

demanded in the agricultural production component; per capita demand for each 

agricultural product times the population inMichigan; and differences between 

supplies and demands, arriving at net import-export balances. 

The accounting component in the formal system model has its origin
 

directly from the software library. However, the simplicity of our model was
 

unable to show the large versitility of the software accounting component.
 

Calculations made in this particular model include: expenditures on inputs,
 

gross income, farm consumption, cash income, total profits, net profit,
 

value added, taxes, and per unit profits both net and total.
 

The formal system model, incombination with the software library com

ponents included to facilitate programming, was presented to a programmer
 

incombination with a text and decision-making process for the interactive
 

language. Output options were set up for the purpose of conciseness that
 

interactors with the demonstration model may more rapidly get their hands on
 

the data they are interested inobserving.
 



Policy Experimentation Options 

Policy experiments with the formal system model are categorized by 
component and involve changing parameter values. Parameters which may 
be so accessed via the conversation packages are: 

1. For the human population component:
 

a. The proportional rate of decrease of fertility rates.
 
b. Changes in the off-farm migration rates by age group over time.
 

2. For the livestock population component:
 

a. Slaughter rates 
 in1985
 

b. Dairy cow fertility rates by age group 

c. Dairy cow cull rates by age group
 

3. For the land allocation component:
 

a. Per capita demand for non-farm land from the farm and
 

non-farm sectors. 

b. Proportional crop land allocations
 

4. For the production component:
 

,a. Commodity yields 

b. Unit input requirements by commodity in 1970
 
c. Rates of change of unit input requirements by commodil
 

5. For the demand component:
 

a. Per capita consumption demand by commodity
 



6 For'the accounti ng component: 

a. Farm-gate commnodity prices
 
,b. Net revenue tax rates by comuodity
 

There are also several output options available. The parameters which 

can be changed are: 

1. The points in time for which printing occuv 

2. Those components for which a detailed printout is required
 



SUBROUTINF. MICIIOO 
F~QM-ION ILINI K40ePRTo NPRT, TPRT(6)9 RCFRTR, PMRFBC19p2)9

4. 	 VPM1'FL(4)9 VPMRF24, VPMRF3(4)o VPMRF4(4), 
A'RGMFI(4), ARGMF2(4)9 AiRGMF3(4)9 ARGMF4(4),
 

+. POPL7O(7), POPL85C7), FERTDC(3), CULLR(319,

+ 	 VPZODLF(4)9 VPCDLNC4)9 VPCL(3,3), VYLD(3ti7)9
 
+ 	 RINP7O(17,±2,9 R'RINP(17912)9 VPCOErI(3917)9
 
+ 	 PRP(17)9 RTAX(17), PLNF 
COMMON IPRINTC/ IPlT9NPVAR9VAROUT(7597)# POPIP TPOPFTYGA,


4. 	 VAL-AD, AGLND, AGLNOCo TYGAL, TPDEMP TPFT, 
+. C3RT, ".ORT, GFR, FERTR(19) 9 TFERT, TPOPG1, 
+. TPOIPG2t TPOPG3, TPOPG4, PPOPG19 PPOPG29 PPOPG39 
+. DEPRAT, FPOPG±, FPOPG2t FPOPG3, FOOPG4, PFPGi, 
+. PFPG2, PFPG3, FOPRAT, PCNI, AGLNPC, POPLS(7), 
+. GYPU(17), COST(17), PFTPU(i7), POPOC(3), AGLNOL, 
+. (CRPLNO(iG), AGPROD(17), COtIAIDCI?)9 COND)EM(7), 
+. S.PDEEMWi), NETEXPI TPFTN, COSLAB, FARMY, 
+. 	 YPCAP, XLAE3S, TDEM(12) 
fCOM-40NJ MICH/ YEAR, To UT, NENT, NCR, NI, NINP, TDOPNF, TOPLI 

+ TPNFL, CULLOC, DEMNFL, TYC, ANLND(7)9 YC(17), 
+. EXPIMPC17)t YGA(iT), PFT(17), VALAOC(10)p
+. 	 VALADLC?), DEMINP(17,121, FRM.LAB, POPF(1992), 
+. POPNF(19,2), PRINP(12) 

DATA DUPDT I 15., .5 1 
DATA DETPRTSELPRr / 0., 1./ 
PATA NENTvNC.R,NLv NrNP / 17, 10, 7, 12 

INITIALIZE MODEL VARIABLES 

POPF(1,1) 22684a
 
POPF(291) = 10 754e
 
POPF(391) =19431*
 
POPF(491) =2iR
 
POPF(5o1) =20584.
 
POPF(691) = 367*
 
POPF(79i) q223.
 
POPFC8,1) =97,010
 
OOPF(991) = 10451. 
POPF(i±ol) =12022a
 
DOPF(iigi) =13073*
 
POPF(12,1) =12560.
 
POPF(i3,i) =11159.
 
POPFC14,i) =8949*
 
POPF(15si) =6669.
 
POPF(169i) = 4I497*
 
POPF(1W91) =3475s
 
POPF(1891) =21259
 
POPF(i9,1) =1446.
 
POPF(i,2) = 2982.
 
POPF(2,2) =11927.
 
POPP(3,2) =20676.
 
POPP(492) = 25761,
 
OOPF(592) =22613o
 
POPF(692) =10266.
 
POPF(792) =8783.
 
DOPF W,2) =9423.
 
POPF(9,2) = 99is
 
POPF(iO,2) 11l371.
 
OOPF(ii,2) 12467.
 
POPPC12*2) 1313W
 
POPF(1392) =12729.
 



POPF(14 2) = 10154o
 
POPF(15,2) = 76?q, 
POPF(16,2) = 5306. 
POPF( V 2) = 3775. 
POPF 1892) = 2055. 
POPF(19,2) = 1259o 
POPNF(1,i) = 76928. 
POPIF(2,1) = 301997. 
POP'4F(391) 433121. 
.0OPNF(4,i) 456573, 
POPNF(591) = 4162] 
POPNF(691) 364538. 
POPNF(7Ti) 2='0872, 
POP4lF(8,1) 239514.
 
POPVF(9,1) : 233128o
 
POPNF(iU,1) = ?56374a
 
POPNF(1191) = 259334* 
POPNF(2,) = 233663. 
POPNF(13t1) = £08766, 
POPNF(149i) = 172239. 
POPF (15,1) = 133671o 
POPNF(169i) = I D16n, 

POPNF(179i) = 8t1gi. 
nOPNF(1e i) = 4q646. 
POPNF(19,i) = 334tio 
DOPNF(1,2) = 797,
 
OOPNF(292) = 315413
 
POP4F(3,2) = 4505.q,
 
POPNO(4,2) = 473083.
 
POP4F(5,2) = 413907a
 
POPNF(692) = 31571.
 
POPNF(792) = 214723,
 
POP4F(82) = 230367.
 
POPNF(q,2) = 27.5o',
 
POPNF(1C92) = 2479i3.
 
POPIF(L112) = 245347.
 
POPNF(i?9) = 21q430.,
 
POPNF(13,2) = 18A59q,
 
POPNF(1492) = 151925.
 
POPNF(1592) = 11569.,
 
POP4F(1692) = 8391?,
 
POPNF(1792) = 5qt4,
 
POPNF(1892) = 31465,
 
POPNF(i9,2) = 1.36 ,
 
POPOC() = 7.1001.
 
POPrYC(2) = 247039
 
POP.)C(3) = 2?1309,
 
PRINP(il1) = 3.00
 
PRINP(12) = 1o5"
 

INITIALIZE DUM 'PARANETERS
 

NITER = OIJR/IT + '1.000000 
T x -OT 
YEAR = T + 1971. 

IPT= 0 
TF(SELPFT ,GT, C. CALL PRINTS 
IF(SELPF.T *Elo 0.) IPRT 1; 

REGIN TIME LOOP
 



'10250 ITER=tNITER
 
T- .T + nT
 
YEAR YEAR + 3T
 
CALL POFULN
 
CALL LVSPOP
 
CALL LAND
 
CALL 'PPODN
 
CALL DEMAND
 
CALL ACCENT
 
IF(YEAR ,LT, TPRT(IPRT)) GO TO 250
 

C FILL SELECTE) OUTPUT TABLE'
C,
 

IF( ELPPT *GTo 0) CALL PRINTS.
 
IF(IPRT .GT. NPRT) GO TO 260
 
IF(OETPRT ,LT. 1,) GO TO 250
 

C 
C PRINT OETAILED OUTPUT
 
C
 

IPRT = IPRT + £
 
PR14TBGC TpPOPMITPOPFTPOPNFPOPOC
 
PRINT934,VALAD,TPFT,TYGATYC,OEMNFLgAGLNDXLABS
 
PRINT906,ASLNrLAGLNDCPCNI
 
DRINT908,POPLS
 
PRINT912 ,ANL'ID 
PRI4T916 VALAnL
 
PRI'JT92C ,r.PLNn

PRINT9 24 IVALADn
 
PRINT928 (AGO 3D(T-Nr)gCOMAIO(IENTtGCONOEM(IENT)PEXPI4P(IENT)g
 

+ 	 YGA(IENT)YC(IENT)tPFT(IENT),IENT=±,NENT)
 
PRINT9 32, PFTPU
 
PRINTC936,SUPOE4
 
IF(IPRT ,GT, NPRT) GO TO 260
 

.250 	 CONTINUE
 
260 IF(SELPRT .EQ 0.) RETURN
 

C PRINT SELECTEO OUTPUT TABLE
 
C
 

IF(NPRT ,LT. 5) 270,290 

270 	 PRINT960 ,(TPRT(I)pT:itNPRT)
 
00 280 I:1,NOVAP
 
PRINT965,(CVAOJT(IqJ),J=iIPRT)
 

280 rONTINUE
 
GO TO 310
 

293 PRINTq50, (TORT( I),I9=1NPRT)
 
DO 330 11,NPVAR
 
0 RI4T955,(VAROUTaItJ)tJ=1lIPRT)
 

300 CONTINUE
 
3±0 	 CONTINUE 
C
 
C FORMAT STATEMENTS
 

900 	 FORMAT (2HT9XSHPOPMISXt5HTPOPF 5X,6HTPOPNF XSHPOPoC/±H
 
+ F5.,5X,6E ,".L4)

4 FOR4AT (6HOVALAD,5X,p4HTPFT,6X,4HTYGA,6Xt3HTYC,7X6HOEMNFL4X, 
+ 5HAGLNP,5X,5HXLABS/iH ,7E10,4)

05 FORMAT (HO ,3EX*AGLNOL±.X*AGLNOC*4X9PGNI±H 0.4V
 
905 FORMAT(6HOi'OPLS/tH ,7i0.4)
 
912 FORMAT(6HOANLND/1H ,7E10.4)
 
916 FORMAT(7HlVALAL/tH 97E10,4)
 



4X 3HY~
 
92s 	 FOR'IAT (7HOAGpRO,,XHCOMAID4X96HCONOEM4X6EXPIMP
,7EI0,4/))+ 7X,2HYC,8X,3HPFT/17(i&H 

f. FORt4AT(6HCPFTPU/iH ,7E10s4/2(IH 97Ej.41I))
 

9 OcRM1TC7H3SUPfl--m/3(iH t7EiOe4/)) 

950 FRA(11X6reqx/ 
955 FORMAT( '1W3,6Ei~s4) 

960 	 FbRMAT(*1*18Xtf4(r5,QviOX))
 
965 	 FORMAT(* *Aj~v4FI5s2) 

END 
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RINP70(17p12)9 RRINP(17t12)t VPCOEM(3tT),
 
+ 	 PRP(17) v RTAX(17) q PLNF 
COMM.ON /PRINTC/ IPjTsNPVAR, VAROUT(75,7), POPH1 TPOPF, TYGA,
 

+ 	 VAL4D, AGLND, AGLNDC, TYGAL, TPDEM, TPFT,
 
+ 	 CBT9,CDRT, GFR, FERTR(19), TFEPT, TPOPGI, 
+ 	 TPOPS2t TPOPG3, TPOPG4o PPOPGI, PPOPG2, PPOPG3,
 
+ 	 DE3RATv FPOPGlt FPOPG2, FPOPG3, FPOPG4, PFPGI,

+ 	 DFPG?, PFPG3, FOPRAT, PCNI, AGLNFCI POPLS(?), 
+ 	 GYPU(17), COST(7), PFTPU(17), POPOC(3)q AGLNOL, 
+ 	 CRPLND(10)q AGPROD(17)9 COMAID(17), CONDEM(17),
 
+ 	 SUPD'M(17)9 NETEXP, TPFTN, COSLAB, FARMYt
 
+ 	 YOCAPt XLMBS, TDEM(12)
 
COMMON I MICHf Y-AR, Ts DTt NENT, NCR, NL, NINP, TPOPNF, TPFL,
 

+ 	 T.PNFL, CULLOC, OEMNFL, TYC, ANLND(7), YC(17),
 
+ EXPIMP(17), YGA(17), PFT(17)9 VALADC(iJ),
 
+VALADL(7), OEMINP(17qi2), FRMLAB, POPF(19t2),
 
+ 	 POPNF(19,2), PRINP(12)
 
DIMENSION ARF(19,2), ARNF(ig2), 8THF(1992), BTHNF(192)
 
DIMENSION CL-N(19,2), R(lq,2)v OTHF(19,2), OTHNF(iQt2)
 
DIMENSION EQMD(19,2), FRTR70(19), FRTR71(19), PLRF(i992)
 
oIMENSION PLRNF(1Ip2), PMRF(19,2), PMRNF(19,2)
 
IHENSION POPSF(2), POPSNF(2), RTPF(1), RTPNF(i), TMRIM(19,2)
 

DATA FRTR7,3 f , u, Ot .001018, ,0682469
 
+ 	 ,1762,60, .154191, .0762609 .032468t .3082599 
+ 	 .000450, 8*00 / 
DATA FRTR71. f' 3., 0 0 ,q a00093i," ou612±8, 

+ 	 .16J023, .1398369 .068544, ,0284.7y .006344,
 
+ 	 .0004 8*0,'
 
DATA DR / 03335FI .000376, .0002639 .00043i, 900J7229 .0007609
 

+ *000.60, *001402, 002284, .003434, .0050529 .007536, 
+ o010949t 90164961 s0251839 .038616, e0592209 .017224, 
+ 	 .030912t
 
+ 	 .004212, ,OOP477, 000450v ,0009291 .001962, 002109f
 
+ 	 .001903, .0024919 .0038069 .035875) .008744, 013603, 
+ 	 ,021369, .031688, .044781, .061792, .083534, 0511729
 
+ 	 .037175 /
 
DATA TMPIh9 / 391, 1206., 2734., '26., 167., 956.,
 

+ 1453., 1010., ±20., -42., -132., -229.,

# -512., -1007., -1348, p -779., -110., -133.,
 
+ 	 56., 
+ 	 278., 11139, 2728., 322., -1402., -4262.,
 
+ 	 2554.9 3362., 503, 1i63., 104, -31.,t
 

-173., -712o -12059, -981., -352., -168.,
 
+ 	 2a f 
DATA EQhO f J, 0 0, .1 .2, ,2 s,2t .2, ,2 , .2, .2, 92 

+ o2 s, ot 0, 0., ,I 

•)ATA CLEN f]1, 4. 	 1, 4o Po, ,4., 165., 15 4, 15 

DATA DELNL,KNPLfnELFLKFL / 1, 1, 10,1 /

nATA NOrTHP3F9RkvFRTR / 0, .48659 *0092 /
 
DATA NCN.EX / 1-, 2 /
 
OATA KMF / 4 /
 
TF(r ,GT. 0.) 5,q
 
CALL DEL(TPOPNFiTPNFLRTPNFOELNL DTpKNFL)
 

4 



CALL oELcrPOPFTOFLPRTPFDELFLDTKFL)
 

C HUMAN POPULATTI 
C
 

CALL OEtOGn(POPFP)PSNFTPOPNFSRNFCLENARNFORCDRNFOTHNF,
 
+ TOTHNiFNO8THPBF37FERTRCBRNFOTHNF ,TBTHNFPLRNF, 

+ 	 PMQNFTIRNFIPGRNNFIPGR1NFNCINSEXOTT,1) 
CALL OEMOGO(POP2FPOpsFTPOPFSRFCLENARFORCORFDTHFTDTHF, 

+. 	 NOBTH, Pa FERTRCORF, BTHF,TBTHF ,PLRFPMRFTMRF,PGRNFI
 
+ 	 PGRTFtNC,NSEXOTTi)
 
IF(T sEO. 00) iJ,ir5
 

10 	 TPJFL 73B4021.*EXP(-1.)'(I.+(EXP(ioi36)-.)/i336) 
TPFL 440937,*EXP (-1. )*(1.+ EXP(1.±336)-1dl/i.1336) 
no L2 K:1,KNrL 
RTPNF(K) =TPNFL
 

12 	 CONTINUE
 
no 13 K=i,9(FL
 
RTPF(K) TPFL
 

13 CONTINUE 
C 
C FERTILITY RrATFS 
C 
Is IFCT .LE, 1.) 2091,3 
20 00 25 IC=1,NrC 

FERTR(IC) =FRTR70(IC) + T*(FRTRZ?1(IC)-FRTR7Q(IC))
 
25 CONTINUE
 

GO TO 45 
3c IF(T *LE. 200~ 35t45 
35 1)O 40 ir~1,N,' 

FERTRC 	IC) =FEPTR(1C)*(L*.DT*RCFRTR). 
IONTINUE
 

1; MIGRATION PATES 

45 	 PPMRFI = TAflULS(VPM~RFiKMFARGMFi',YEAR) 
PPHRF2 = TA9ULS(V0HRF2tKMF9ARGMF29YEAR) 
PPMIF3 =TLAULS(VPMRF39 KMFtARGMF39 YEAR) 
PPMV4 = TtABULS(VPHRF4vKMF9ARG M4l6YEARl
 
0O 75 JS=IpNSEX
 
6~o 5o ir=i,4
 
PMRF(lCJq) =PPrIRFi'PMRF86CgJS)
 

50 	 CONTINUE
 
n0 55 IC=5,q
 
PMRF(ICJS) =PPMRF2*PMRFBCICJS)
 

55 	 CONTINUE
 
00 60 	 IC=iOi3 
PMRFtICJs) =PPMRF3*PMRFBCIC9,JS)
 

60 	 CONTINUE 
f00 65 IC=i4,10 
PMRF(ICgJS) = PPIRF4'PMRFS(ICgJS) 

65 	 CONTINUE 
00 79 IC=iN'4
 
PMRNF(ICpJS) = -(PMRF(ICJS)*POPFCIC, JS)+TMRIM(!CJS))'/
 

+ 	 POPNF(ICJs) 
70 	 CONTINUE
 

CONTINUE
 

C BIRTHS, 1EATHS9 MIGRATION 

rALL DEMOGO(PONFPOPSNFTPOPNFSRNFCLENARNFORC0RNF%0THNF, 
+ 	 TDTHNFNOBTH, PBF, FERTPCBRNFBTHNFTBTHNFPLRNF,
 



I.OM ZF,T4tNF, PGRN NFPf RTNF, NC ,NSEX, ,T, 2)
 
CALL DEMiOGD(PO'F ,POPSF,TPOPF,SRFCLENARFDRtCORFDTHF,TnTHF,
 

+ 	 NOE4T',P'RF ,FcRTPCBRFBTHFTBTHFPLRF,PMRFTMRF,0GRNF,
 
+ 	 PGRTFqiACq NSSX,OTqT,2)
 

FR4L13 = Is
 
00 85 1C1i,Nr.
 
030 10 JS=ttNScx
 
FRMLAB F<MLA3 + J760sEQMOlC9CJS)*POPF(ICfJS)
 

80 CONTINUE
 
as (',ONTTNUE
 

POPII = TPOPNF + TPOPF 
IF((NOPFT oNE. 1. sORs YEAR sNEs TPRT(IPRT) )RETUR 

C 
c STATISTT4"S FOR DRINTING
 
C
 

CBRT =1003.#C'9FTOPFC3RN.FaTPOPNF)/POPMI
 
POR=10.C.(CRFTPOPF.CDRNFTPOPNF)IPOPMI'
 

TPOPGI 0.
 
TPOPG2 I
 
TPOPG3 =0.
 
TPOPG. 0.G
 
FpOpGl 0.
 
rPOPG2 = G.
 
9POPG3 =0,
 
FPOPG4 =0.
 
GFEITR =0.
 
GPOP to
 
TFE.RT Go0
 
n0 L00 YC~i#4
 
FPO0G± FPOPGi + POPF(IC,1.) + POPF(IC,2)
 
TPOPGI = TPnPGL +. PflPF(IC,±) + POPF(IC,2) + POPNF(IC91) +.
 

4+ POONF(Tng,?) 
L00 CONrINUE 

00 110 IC=5,jg 
'rPOPG2 = POPG2 +POPF(ICti) + POPF(IC92) 
TPOPG2 TPnOr,? +POPF(IC,1) + POPiF(IC92) +. POPNF(ICtil +. 

+ 	 POP4F(TC92)
 
GFERTR = GFERT~t +
*:T(C*PP(Ig)PPFI~
 
GPOP = GP3P + P0PF(I%'01.) 4. POPNF(IC,1)
 

110 	 CONTINUE 
00o 120 IC:1lii4 
FPOPG3 = FPOPG3 + POPF(ICgi) +. POPFCC2) 
TPOPG3 = TPOPG3 + POPF(IC,±) + POPF(IC,2) + POFNF(IC,1) +. 

+ POPNF(TP,92) 
120 CONTINUE 

no £30 ic=i5,iq
 
FPOPG'. = POPG4 + POOF(IC91) + POPF(IC,2)
 
TPOPG4. = TPOPG4 + POPF(TC,1) .+ POPF(ICp2) + POPNF(IC,±I +
 

+ POPNF(IC,2) 
133 CONTINUE 

no 140 IC=4,1i
 
TFEIRT -=TF--RT #. 59*FERTR(IC)
 

143 	 '%#ONTINUE 
GFR = iL00. FERT./GPOP 
PPODG1 = i0l.*TP0P",flOPMI 
PPOP'2 = u',(T0'O0G2+TPOPG3)/POPHI 
PPOPG3 =i3re *T0OPG4/P0PMI 
DEPiAT = (PP0P'Jl+DP0PG3)/PPOPGZ 
PFI = 10o.*FPJP~l/TooPF 
PFPG2 =160.'CFP0PG2t.FPOPG3)/TPOPF 
DFPG3 	 = 0.F0G/PP 



FOPRAT = (PFPGL+flFPG3$IPPPG2 
IEr'JR-
E ND
 



SUJIOUTINF LVSPOP 
WM1ION /LINKf K(4nflT, NPRT, TPRT(6), RCFPTR, PMRFB(1992), 

VPMRFi(4), VPMRF2C41v VPMRF3(4)9 VPMRFI4(4)',
+9 AR.GMI(43, ARGMF2(14)9 ARGMF3('.)9 ARGMF4(4), 

4 P3DL70C7)9 POPL'q5(?)9 FERTOC(3), CULLR(319 
* 	 VOCOLF'(4d, VPCnLNC4), VPCL(399)9 VYLOC3917),
 

+ 	 RINP70(l7,I2)q RRINP(i7,12)9 VPCOEM(3917)9
 
4+ 	 DR~P(i7)q RTAX(17), PLNF 
POH1ON 1PRINTC1 IPRTNPVARt VAROUT(75p7)t .OPHI, TPOPFl TYGA, 
+ 	 VALAD, AGLND, AGLNOC9 TYGAL, TPDEM, TPFT,.
 
+ 	 IB8RTI CORT, GFR, IFERTR(19)9 TFERT, TPOPGi,
 
+ 	 TPOPG29 TPOPG3, TPOPG4, PPOPGi, PPOPG2, PPOPG3,
 
4 0EPRAT, FPOPGi, FPOPG2, FPOPG3, FPOPG4, PFOG19 
4 PFPG22 PFPG3, FOPRAT, PCNI, AGLNPC, PG LS(71, 
+ 	 GYPUAi7)t COST(17), PFTPU(17), POPOCC3), AGLNOL,
 
+ 	 CRPL4JD(i9 ),.AGPROfl W),9 COMAIO (17) CONDEM (17), 
+ 	 SIJOEM(17), NETc-XP, TPFTN, COSLAB, FARMY,
 
+ 	 YPCAP, XLA'qSq TOEM~i2) 
tPQI*1ON /MICH~/ YEAR, T, Or, NENT, NCR, NL, NINP, TPOPNFt T3FLs
 

+ 	 TPNFL, r.ULL9C, OEMHNFL, TYr, ANINOC?), YC(i7)9 
+ 	 EXPIMP(±71, YGA(17), PFT(17), VALADC(1O),
 
+ 	 VALAEL7), 0EMINP(17912), FRMLA8, POPF(19,2),

+' POPNF(i9,2), PP.INP(i2) 
O0tIENSION ITHn;(?), )ELOC(3), OELPOC(3), ORDCC3)o OTHOC(3) 
DIMENSION HKC~r.(3), DLRDC(3), ROAVOC(3), ROUTDC(3), RPnC(10,3) 
flATA flprO f .0109 .020, .02/
'lATA NOBTq4, OnF!) / ,1 s5/ 
D3AIA DELO)'! 2., 3., 4.5I 
nATA KCrC / ~ r,6a 3 /
 
flATA NKCNCOCO~SEX): / 10, 3, 1 f
 

C DAIRY IRO POPULATION 

CALL DEMO.C(POPD7,ROUT'lC,ROAVDCRPOCoELDCDELPDCKCOCPOPSOC,
 
+ 	 rPoPOC, SRDCORDCCORDCOTHOCTOTHDCNOBTHC ,PBFl,, 
+ 	 FEiTrJC,'-RR'lC,BTHDC,TaTHOC,CULLOC,CULLR, PLRDC,PGRNOC, 
+ 	 PGRTDC,9 NKDCNCDCNSEXDCDTtT,0)
 

C
 
C OTHEO LTVIFSTfCK POPULATIONS
 

POt'LS(1) =POPL70(i) + (POPL85(i)-POPL?O(±))*T/i5*
 
POPLS(2) =POPIC(2) + P-OPOC(3)
 
10o 3. IL=:!,NL
 
P')PLS(IL) = OPL70(IL) + (POPL85(IL)-POPL7G(IL))#T/i5* 

30 r~ONTINUE 
RE TU'RN 
-.Nr 



G 

PC 


20 

30 


0 

P, 
C 

'.5 


SUBRRIUTI'4E LANfl
 
rCOMION /LINK/ I(NOPRTq NPRT, TPRT(6)9 RCFRTR, PMRFB(19921,
 
+ 	 VP'IRFi(4), VPMRF2(4)p VPMRF3(4), VPMRF4(4)9
 

+ 	 kRGMFi(41q ARGMF2(4), AiRGMF3C4)9 ARGMF4(4),
 
+ 	 PDPL70(7), POPL85(7), FERTDC(3), CULLR(3)',
 
+ 	 VP~nLF(4)9 VPCOLN(4), VPCL(3,9), VYLD(3,17),
 

+ 	 RINP7O(17v12)9 RRIIIP(17,12)9 VPCOEM(3,17), 
* PROW1), RTAX(17)9 PLNF
 

InON1ON /PRIN!C/ IPRTqNPVAR, VAPOUT(75,7,v POPM1, TPOPF, TYGA,
 
+ 	 VALAD, AGLND, AGLNDC, TYGAL, TPDEM, TPFT9 
+ 	 CBRT, CORT, GFR, FERTR(19), TFERTt TPOPGi,
 
+ 	 TPOPG2, TPOPG3, TPOPG4, PPCPGI, PPOPG2, PPOPG3, 
+. OE'RAt& FPOPGi, FPOPG2, FPOPG3, FPOPG49 PFPGi,
 
4+ PFPG29 PFPG3, FOPRAT, PCNI, AGLNPC, POPLS(7),
 

4. GYPU(1), COST(17), PFTPU(17)9 POPDC(3), AGLNOL, 
+. ',PLND(iO)p AGPROD(i7)9 COtIAID(17), CONDEII(17), 
+. SUPOEM(i7), NETEXP, TPFTN, COSLAB, FARMY, 
+ 	 'YPCAP, XLABS, TDEM(12)
 
COM40N /MIN!/ YEAS, T, OT, NENT, NCR, NL, NINP, TPOPNF, T3FLq
 

* 	 TPNFL, CULLOC, DEMNFL, TYC, ANLND(7), YC(i7),
 
* ~EXPIMP(i7), YGA(17)9, PFT(17), VALADC(10),
 

+ 	 VALADL(7)9 DEIIINP(i7,12)l FRM4LA83, POPF(19,2), 
+ 	 00 PNE(1jg2) 9 PRINP U2) 
flIMENSION APGCL(3)9 DCL(IO)o PHLR(7b PHLR7O(7), RPHL'R(7)
 
DAT4 ILFLFDLFKLNSLNDLN / 4, 1970., 5., 4, 1.970., 5s
 
DATPA PHLclO 2., .D1, .001, .3p .00001, .0001, 2. #
 
OATA RPHLQ -.1,l . 0. 0., o 0., 0., -.067/
 
r)ATA A RrfCL /9j7Q. 1980.,p 1985.
 
nAT 'CL /
 
DATA TLNO 36,4q2000.
 

FARM WM NONFARM LANn 

PCDWILF =TAQ--LS(V~PCOLFKLFSLF,OLFYEAR) 
0CD4LN. = TAS.-LS(VPO'#LNKLNSLNOLNPYEAR)
 
OE'I1FL = DOIIvLP*TPFL + PCONLN*TPNFL
 
IF(O-MNFL oGT. PLNF*1LND) DEMNFL = PLNF*TLND
 
AGLqfl TL~n - flEMNPL
 
AGLNPC AGL~nfTP3PF
 

LIVFSTOrK LANn
 

00 20 IL=19ML.
 
PHLR(IL) = PAiLR7,)(IL) + RPHLR(IL)#T
 
CONTINUF
 

ANL40(2) = PHtLR(2)*(POPLS(2).POPOC(l))
 
tAGLNOL =ANLNtI(i) + 4NLNU(2)
 
n)o 33 1L=3,NL
 
ANLND(IL) =PHLR(IL)*POPLS(IL)
 
AGLNOL = ArLNOL +. ANLNO(IL)
 
f ONTINUE
 
IF(A4GLNO. .LE, AGLND) GO TO 45 

tINLNO (IL) = NLNl (IL) *AGLNO/AGLNDL
 
CONTINUE
 
AGLNnL= Gn
 

CROF LA V3 

AGLNDC =AGLNfl - A.LmflL 



TPCL =0. 
00 50 ICR=Itq
OCL(ICP) =TABILF(VPCLKCL9,iICR~.ARGCL.YEAR), 
TPCL = TP.*L + 0 CL(ICR) 
P.RPLNO(ICR) = CL(ICR)*AGLNDC 
CONTINUE 
PCL10) =to - TPDmL 
CRPLND(10) = PCL(10)AGLNOC
DETU'R N 
FN0
 



SUBROUTINE PROUPIN 
COMOI1N /LINK</ 
 KN')PRT, NPRT, TORT(619 RCFRTRq PMRFB(19,2)9
+ 
 VPMRFI(4)9 VPMRF2(4)9 VPMRF3(L4), VPMRF4(4),

+ 
 ARGMrl(4)9 ARGMF2(4), ARGMF3(4), ARGMF4(4),

+ 
 P3PL7OC7), POPL85(7), FERTOC(), CULLR(3),
+ 
 VPCOLP(4), VPCDLN(4), VPCL(3,g)t VYLO(317')'
+ 
 RINP7O (±7,121, RRINP(17,±2)q VFCOEM(3pl7),
+ 	 PRP(17), RTAX(17l, PLNF
V(Q-o I:PRlNTCf IPRTNPVAR, VAROUTC75,7), POPMI, TPOPF, TYG~,


+ 
 VALAD, AGLN0, AGINOC, TYGAL, TPDEM, rPFT,
+ 
 GBRT9 CDRT, GFR, FERTR(19), TFERT, TPOPGi,
.* TPUPG2, TPOPG3, TPOPG49 PPOPGj, PPOPG29 PPOPG31
+ OEPRt&T, FPOPGi, FPOPG2, FPOPG31 FPOPG4, PFPGI,
+ 
 PFPG29 
PFPG39 FOPRAT, PONI, AGLNPC, POPLS(7),
+ 
 GYPU(±'), COMMU, PFTPUC1719 POPOC(3), AGLNOL%
+ 	 fZ'RPLNDCi0), AGPROO(17)9 COMAIDU17, 
CONDEM(17),

+ 	 SUPDEI1(17), NETEXP, TPFTN, COSLA8, FARMY,


YPCAP, XLAB9 TDEM(i2)

COMHON11 MIC41 
 YEAR, T, OT, 	NENT, NCR, NL, NINP, TPOPNF, TPFL,
+ 	 TPNFL, CULLOC, OEMNFLI 
TYC, ANLND(7)t YC(17)q


+ 	 cxprmp(17). YGA(±). PFT(17)t VALAD(,t
+ 	 VALAOLCT, DEMINP(17,±a),

+ 	 FRMtLA89 POPF(±99,)

POPNF(±g,2), PRINP(12)
r'IIENSION ARGVDJ), RINP(±7,±a)l RINPDH(i2), YLO(±7)

DATA POCCS / *5
 
DATA KY!' / 3 /

DATA ARGYn / 19649t 1980., 1985.
 
DATA RINPOH Do0. 0., 0., Ott 
400., 4.009p 0., 150*9
+ 	 6000.,1 60,9 10,9 Of 

AGRICULTURAL 	PRODUCTION
 

00 20 TENT~tNENT
 
YLD(IENT) =TABULC(VYLOKYDNENT,1 ,IENT,1,ARGYDoYEAR)


20 CONTINUE 
00 30 IENT=JqN0%R 
AGPRor (IENT) 	=YLD(IENT)*CRPLND(IENT)
 

30 'PONTTNUE
 
AGP'ROO(II) =YLD(ii)*(POPLS(i)+PDCCS*CULLDC)
 
DO 40 IEflr~t~,NEiT
 
AGPROOC1FNT) =YLD(IENTP'POPLSIENT.NCR)
 

40 CONTINUF
 

C AGRICUJLTURAL 3SMAND FOR~ INPUTS 

'?1NPOH(10) z. 0 2#*T
 
nlO 70 JIN=19A~INP
 
no 56 IENT:1I,N-IT
 
Rr~40(IENT,JIN) =RINP7O(IENTJIN) + RRINP(IENTJIN)'


50 O'NTTNUF
 
no 55 IENT=iPNCc?
 
0IEMINP(IENT,JT4) =RINP(IENTJIN)*CRPLN3(IENT)


55 '0NrINUF
 

fEMtNPU12JIA = RINP(±aJIN)*POPLS(2) + RlNPOH(JrN)*poPoCc±)
nO 60 TENT=13qNcNJT
fEMINP(lENr,JIN) 
= 
INP(IENTqJIN) *POPLS(lENT-10)
 

70 CONTINUE
 
RETJR'e
 
END
 



SUBROUTINF OTMANI
 
CO4ON /LT'4KI Kt.IPRT, NPRI, TDRT(6), RCFRTR, PMRFB(19,2)9

+ 
 VPMRF1(4), VPtIRF2C4), VPMRF3(4), VPMRFI.(4),

f. ARGMF1Cs.), ARGMF2(4d, ARGMF3(4)9 ARGMF'.(4)9

+. *PL70(7)r D0PL85(7)t FERTDC(3), CULLtR(3)9

4 VPCOLF(L4], VPCOLNC4), VPCI.(3t9), VYL')(3,1?'),
+. RINP7OCI7t12)o RP~INP(i7912)9 VPCDEM(3117),

4. PRP(i7)t RTAXCI7), PLNF
COM'ION 
e'pRrNTCf IPRT,NPVAR, VAROUT(75,7'), POPtI, TPOPF, TYGA,


+. VALAn, AGLND, AGINOC, TYGAL, TPDEM, TPFT,

+. VBRtt CDRT, GFR, FERTR(±9), TFERT, TOOPG19
 
+. TOOPG29 TPOPG3, TPOPG49 
PPOPG1, PPOPG2, PPOPG3t
 
+. DEPRAT, FPOPGi, FPOPG2, FPOPG3, FPOPG4, PFOGit
 
+ PFPG2, PFPG39 FflPRAT, PONI, AGINPO, POPLS(7)9

+ GYPU(17), COST(t7), PFTPU( j7), POPDC(3), AGLNflLt
 
+. 
 PRPLNO(ID), AGPROO(i?)t COtIAIO(17), CONOEM(17),+. su'fEM(17), NETEXP, TPFTN, COSLAB, FAR'IYt 
+. YPCAP, XLAR3S9 TOEM(i2) 
COMMON /MICHf YEARt T, 07t tIENT, NCR, NL, NINP, TPOPNF, TPFLq

+!. TPNFLq CULLOC, DEMNFI, TYC, ANINOC?), YC(i7),
+ EXPIMO(±7, YGA(17)9 PFT(17), VALADC(iD)t
 

+. VALADL(7), 0Et1INP~i7qi2)p FRMLAB, POPF(92)t

+. POPNF(19,2)q PR.INP(i2)
 
fliMENSION ARGDEM(I)t PCDEM(i7)9 TDEmmI(i7)
 
DATL4 (OEM f 3 f
 
DATA ARGOEM / 19760t ±980., 1985./ 

C DEMAND r0R AG PRUOUCTION AS AG INPUTS 

DO 3o IENT:1,NENT
 
PoOM4ID(IENT)=V 
CONTINUE
 
00 40 IENT~iNEFJT
 
COMlaIOU ComhinI(1) + DEMINP(IENT,5)

CONAID(2) = CflMAID(2) + OEMINP(IENT,6)
 
COMAID(7) = 'MATf)C7) +. fEMINP(IENT.8)
 
IF(IENT .Lt. 11) GO rO 40
 
COMAIO(e) = ONIAIO(8) +. DEI4INP(IENT,99


4 'ONTINUE
 
COflAID(F) =DFJMTNP(6,7)
 

C
 
C- DEMANn rOP. AG PRoflUCTION FOR HUMAN CONSUMPTION
 

00 50 IENTz1,NEN~T
 
PCOE?4(IENT) TA'ULF(VPCDEMI(EMNENTUliENT,1,ARGDEMYEAR)
 
'ONOEM(TENT). PrCoE'1(rENT)*POPMI 

C TOTAL DEAAND 

TDEimi(IE'T) = 104AIfl(IENT) +.PONOEM(IENT)
 

C EXPORTS/I MP0 RTS 

EXPIMP(IENT) =AGOROD(IENT) -TOEMICIENT). 
CONTINUE
 
RETURN
 
SND
 



SUSP.0UTINE AmCC-JT
 

10 


20 


26 


27 


COlMtION /LINK(/ '(NOPRT, NPRT, TPRT(6), 
RrFRTR9 PMRFB(19,2).

+. 
 VOMRFIC4)o VPMRF2(4), VPMRF3(4), VPMRF4(4),
+ 
 ARGMci(4)v ARGMF2(4), ARGMF3(.), ARGMF4(4),


4.POF'L73(7, POPL85(7), FERT0Cc3) CULLR(3),
0. 	 V0'IDLF(, VPCOLN(4), VPrL(3t9), VYLO(3,17),+ 
 RINP70(l7,±z), fRRINP(17,12), VPlCOEM(3,i7),
 
4 
 PR*(l17)1 RTAX(itj7), PLNF


,OM40N iPRINTC/ IPRT, NPVAR, VAROUTC7597), POPMI, TPOPF(1),
+ 	 '7YG(±, VALAO(I), AGLNO, AGLNDC, TYGAL(i),

+ 	 TPDEM(II TPFT(I),9

4 CB.ZT9 COPT, GFR, FERTR(ig), TFERT, TPOPG1,.
* 	 TP')PG2, TPOPG3, TPOPG49 PPOPG±, PPOPG29 PPOP33
 

0EPRATo FPOPGi, FPOPG2, FPOPG39 FPOPG4p PFPGl,
4. 
 PFPG2, PFPG3, FOPRATv PONICI), AGLNPC,

POPLS(j.,7), 	GYPU(i,17)9 COST(lo17)p PFTPUCiI7),
+. 
 POPnlC31, AGINOL, CRPLNO(l,10), AGPROD(l,17)o;


4. COtAIO(ivl7) , CONDEM(i,£7) , SUPDEMC±,17)t
+. NETEXP(i) 
TPFTN(i1 C0SLAE(ji)

4. 
 FARMYCI), YPCAP(±), XLAgS(1), T0E'1(1,12)


COMOIN / M104f YEAR, To 
DTP 	NENT, NCR, Ni, NINP, TPOPNF, TPFL,

4., 	 TP'NFLP CULLOC, OEMNFL, TYC(i), ANLNU(7),


+. 	 YC,(ij97), EXPIMP(i,17), YGA(I9i7), PFTCl,17)q

4. VALAOC(l.,£U)p VALADL(i,7), 0EMINP(±,±7,£z)#

4. 
 FOMLAq(i)t POPF(±q92)9 POPNF(19,2), PRINP(1,12)
0IMENSICN E-V0(1,£7ql2)f FCONR(i,±7)9 PCCONFUi,17)p PFTN(1,±'7)0IMENSION PTAX(jpl7), RHUT(I,£,±), TNUTC1,i), IPTAX(j)

ntMcENSION TAGOE'4(i)

DATA NRrG,NN0TNCINp,NLrNP f 1, 0, 4, 9
 
DATA PCCONF 17*09
 
DATA PRIND 0, .069o00c, 05udJ, 


+. 	
1.000, .024±, 90167v o.1220,'.04679 
.010q 1.000, 30000, 1.500


00 £00 IR=INREG
 
PRINP(1f,±£) =PRINO)(IRgij) + o04*0T
 
PRINPCIRvU) PRINP(IR,±a + *04*DT 

XLAR3S(IF) =FPMLAI(I-
VALAI)(IR) =0.
 
NtTEXP(TR) 0.O
 
C0SLAqiIR) =0.
 
TPFT(IR.) = no 
TAG)EM(IP) 0.
 
TYG4L(IR) =3m
 
TPTAX(IP) 0
 
TPFTN(IP) )a

TYfC(IR) 0.
 
TYGA(IR) 0.
 
'105 KIN=10NTP
 
TOEM(IR,KIN) =0.
 
C
(ONTINUE
 
TF(NNUT 9GT. 0' 1092!
 
0O 0 01iG
~ 
TNUT(TR,K41~ = 3.
 
CONTINUF
 
no 15 JENI,9NENT
 
IF( JEN *NE. 10) 26,27

SUP)EMU(RJEN) =AGPRODIrRJEN)/(CON0E(IR'jEN)+COMAIDotIRJigJI 
GO TO 2e
 
',Urd)EMIP,JEN) 
= 0.

;8 YGA(IRYJEN) =PRC)(IR9 JEN) .AGPROD Q REN
TYGAtTPI T YGA(IR) i. YG8(IRqJEN) 



TAG')EM(IR) TAGDE'1(I) + (CONDSM(IRoJEN) + COtiAIO(IqJN)

+~ Pq(RJEN)
 

FCONR(I~,JEN) =PC^,ONF(149JEN)*TPOPF(IR)

YC(lRJEN) =PRP(I~,JEN)4(AGPROD(IRJEN)-IFC0NR(lP JEN))

TYC(IR) =TYC(TR) +YC(IR,,JEN)
XLA3S(IR) = XLAR'S(IR) - DEMINP(IRgJEN,±±) - DE?4INPIRJ.EN,12)

OFT(IRoJEN) = yrflR,JEN)
 
00O 30 KIN = itNT'JO
 
EXPCIRPJENPKIN) =PRINP(IR,KIN)*OEMINP(IRJEN IKIN)

PFT(IRJEN) 
 PFTCIR ,JEN) - EXP(IRJENKIN)
TDE.4(IRIKIN) TrOEM(IRKIN) + DEMINPIRJENKIN)

30 CONTINUE
 
TPFT(IR) TmF(IR) + P.FT(IRJEN)


C
 
fi VALUE ADDE
 
C
 

IMtEN *LE, NJCR) 35.45
 
35 VALAC(Ir,JEN) = YGtA(IRqJEg4)


flO 43 KINi,'9JCINP
 
VALAOtC(I0,JElN) VALADC(IF,9JE.N) - EYP(lRJENKIN)

40 	 CONTINUF
 
VALAD(IF) = VAI.Af(IR) + VALAOC(IRJEN) 
GO TO 	55
 

45 	 VALADL(IRJEN-NrR) =YGA(IRPJEN)

TYGAL(IR) =fYGtAL(IR) + YGA(IRJ2N)
 

VAL4DL(IRJEN-NCR) VALAOL(IRoJEN-gCR) - EXP(IRJENKIN)
 
so CONTINUE
 

VALtAD(IF) = ALAr)(IR) *VALAOL(IR,JEN-NCR) 

TAXES 

55 PTAX((IRgJFN) = TAX(II~,JEN)*PFT(lRvJEN) 
TF(PTftX(IqtJE') .LT* 0s) PTAX(IRJEN) = 0. 
TPTAX(IF) =TPTAY(IR) + PTAXCIP.,JEN) 

C 
C NET PROFTTR 

PFTNJ(rR,J--N) = 0T(IQJE%0 - PTAX(IR9JEN)

TPFTNC~fk) =TPPTN(IR) + PFTN(I~,JEte)

PCNI(IR) = TPFTN(IR)/TPOPF(IR)
 

COSLAP3CIR) = COSLA(im + EXP(IRJEN1i) + EXP(IRJEN912)
aETSP(T) =NET XP(IR) + ZXPI'P(IR9JEN)'PRP(IR,JEN) 

C PER UNIT QETUR4S AND PROFITS
 

IF(iEN .L~s NCR)73975
70 GYFOU(IRJEN) = YGAMT,JEN)/CRPLN3(I~pJEN)

PFTPU(IFPJ, )=cFNIqE)CPN(~JEN) 
q0 TO Fit 

75 rGYPU(IR-,IjE) =YrA(IR,JEN)/POPLS(IRJEN-NCR)
0)FT~lJ(IFvJ-:'a PFtN(109JE/POPLStRpJNNCR)
^oOST(IRqJE7N) = CVPU(TIJEN) - PFTPU(IRJEN)

so 	 TF(4N,~UT *Gr, 0) 85995 
DO 90 KN=iN'4JT 
TN'JT(IPKN) =rNUr(IR,(N) + RNUT(IPKNJEN)SAGi-.KUUCIgJEN,

9" CONrINUF 
45 	 '1ONTTN.IE 

cAR9Y(IR) =TPF'W(IR) +COSLA!R(IR)
YPCAF)(IO) = cAr<Y(IR)/TPoPF(IR)
TPDEM(IP) = TYGIA(IP)/TAGP)EM(IR) 

http:1ONTTN.IE


10.0 PONTINUE 
RETURN
 
END 



SUR,:OUTINE PRITS
 
CO410N /LINK/ KNOPQT, NPRT, TORT(6)p RCFRTR, PMRFI([19t2)


+ VPMRFJ(4), VPMRF2(4)t+ VPHRF3(4), VPMRF4(4),AIGMFij4)1 APGMFZ(4)9 ARGMF3(4), ARGHF4(4),

+POLTO(7), POPL85(7), FERTOC(3)9 CULLRC3),

+ VP"DLF(4)1 VPCDLN4,t VPCL(3,9), VYLD(3,i?),
9. .IN*7Q(17,j2), RRINP(.7vi2), VPCnEM(3,17),
 
4 
 P 17)t RTAX(i7), PLNF
CON-4ON iPRTNT'I IP TNPVARqVARnUT(75,7), PCPMI, TPOPFPTYGA,+ VALAD, AGLND, AGLNOC, TYGAL, TPDEM, 1PFT,
 
+ 
+ BORTs CORT, GFR, FERTR(19)p TFERT9 TPOPG1t
TPOPG2, TPOPG3, TPOPG49 PPOPGlt PPOPG2, PPOP131 

+ .DEDRAT9 FPOPGi, FPOPG2, FPOPG3, FPOPG49 PFPGi,
+ PFPG29 PrPG3, FODRAT, PCNIt AGLNPC, POPLS(?)q
4 GYPU(17), COST(17), PFTPU(17), POPDC(3), AGLNOL9+ CRPLNrni(O)t AGPROD(17), COMAID(17)9 CONDEM(W),4 SUPlrEM(17), NETEXP, TPFTN, COSLAB, FARMY,
+ 
 YPCA0, XLABS, TOEM(i2)
 
CONIMN mrcI4 
 YrApt T, OT, NENT, NCR, NL, NINP, TPOPNF9 TPFL,
+ TPNFL, CULLDC, OEMNFLI TYC, ANLND(7)9 YC(17)9 
+ EXPIMP(17), YGA(17), PFT(?,) VALAO,(iO)o+, VALADL(7), DEMINP(17,12), FRMLAB, POPF(1.9,2),
+ POPNF(192)9 PRINP(12)
 
nINENSION VARNA(7595), NVARC5)

fATA (VARNAM(Ioi),I:130) / 
 IOHC9R , SHCOR+ 1UHGEN F-RT R, IOHFERT IJ-i4t IOHFERT 15-199 1JHFERT 20-249+ IOHFERT 25-29, IOHFERT 3U-349 1OHFERT 35-399 lOHFERT 40-44,+ 1CHrERT 45-49t iOHTOTAL FERT, 1OHPOP 0-14, 1OHPOP 15-449+ I0HPOP 45-64, IOHPOP 64+ q 1OHPCNT 0-14, IOHPCNT 15-64,4 IOHPZNT 64+ , IOHnEP RATIO , 10HPPOP 0-14p IOHFPOP 15-44,

+ 1CHF 0 45-64, iOHFPOP 64+ , iOHPCNT 0-14t LOHPCNT 15-64v
+ 
 IOHPCNT 64+ ,1OHFDEP .ATIO, 1OHPER CAP PR, IOHPER CAP LO I
fATA (VARNAH(Iq2)I=lv29) / 
 iOHPOP BEEF v iOHG Y BE-F ,4 1CHCOS BE".F ,OHN Y BEEF IOHPOP DAIPYH, 1OHPOP UAIRYC,4 1CHS Y rlATRY IOHCOS DAIRY IOHN Y DAIRY 1OHPOP HOGS ,I. 1GH Y H3GS ,1HCOS HOGS ,OHN Y HOGS 1OHPOP SHEEP ,+ IOHG Y SHEEP iOH.OS SHEEP iOHN Y SHEEP t iOHPOP OOUL Mg+ IOHG Y POUL 49 1OHCOS POUL M, IOHN Y POUL M, IOHPOP EGGS 9
4 IOHS v EGGS 9 iOHCOS EGGS 9 iOHN Y EGGS , IOHPOP HORSES,
+" ICHG Y HORSES, IOHCOS HORSES, 1OHN Y HORSES /DATA (VARNAM(I,3)gT=t131) / 1OHLNO LVST 9 lOHLNO CORN q+ lbHLNn SI G:?, lOHLNO FRUITS, lOHLND VEG I 1OHLND POTOES,
+ ICHLNn D BEAN, IOHLNO S BEAN, lOHLND HAY 9 iOHLN) SUG9EEt
+ lOHLNO OTHEP , 10HG Y CORN p 1OHG Y SM GR IJH, Y FRUITS,+ 1CHS Y VEG , iOHG Y POTOES, IOHG Y 0 BEAN, 1OHG Y S BEAN,4 lOHG Y HAY t iOHG Y SUG'3EE, 1OHG V OTHER 9 IOHN Y CORN ,
+ 1CHN Y SM GR p IOHN Y FRUITS, IOHN Y VEG , IOHN Y POTOES,+ LLHN Y n BEAN, IGHN Y S BEAN, 1OHN Y HAY 9 iOHN Y SUqEEq 
+. IVHN v OTHER fDATA (VARNAM(I,4) pT=Ip54) / 1OHPRO CORN , IOHAGO CORN 9+ ICH"ON !,ORN , IOHS/O CORN 9 1OHPRO SM GR 9 I3HAGn SM ,R 94 1OH0ON SM GR , iOHS/0 SM GR t IOHPRO FRUITS, LOHCON FRJITSt+ ±OHSfO FRUITS, IOHPRO VEG , iOHCON VEG 9 iOHS/O VEG
+ IOHPRO POTOE, IQOHCON POTOES, 10HS/0 POTOES9 1OHPRO 0 UEAN9+ IOHAGO 0 BEAN, 1OHCON 0 BEAN, IOHS/D 0 BEAN, iOHPRO S BEAN,+ IOHAGD S EAN, iOHCON S BEAN, iOHS/O S BEAN, 1OHPRO HAY ,+ 10HAGn HAY , lOHCON HAY q IOHDS/ HAY , I0HPRO SUGP9TE,+ IGH!ON SUGrIEE LOHS/D SUGF3EEv IOHPRO 8EEF , 1OHCON BEEF+ IOHS/D BEEF t IOHPRO DAIRY p lOHCON DAIRY LOHS/D DAIRY
+ 10H3?PO HOGS iOHCON HOGS ILOHS/D HOGS , l0HPRO SHEEP+ 10 H ON SHEEP 1OHS/D SHEEP p IOHPRO POUL Ht IOHCON POUL Mt 



+ lOHS/O POUL HoiIOPRO EGGS , ±HCON EGGS ,10HS/O EGGS
 
+ 10ORO HUDSFS, 
IOHCON HORStS, 1OHS/D HORSES, 1OHNETVAL EXPf

DATA (VARNAM(I,5),I~1,iO) / 
 IOHNET PROFIT,


1OHLABOR ftOST9 tONFARM Y 
 IDHY PERCAP v 10HEXTR LARORt
 
+ iCHOEM NITRO , IOHOEM PHOS IDHOEM POTAS 9 lOHOEM HER4 
+ 	 ICH3D-M CAP/YR /

DATA (VAROJT(IjiqI=jqq) / 
 IHTOT POP ,1OHFARM P3P
* ICHAG LAN!) , ICHCROP LAND q LOH$ LIVESlOC, 10HGROSS YV


IOI4VALUE AOO , I0HT RETURNS , IOHPROD/DEM I
DATA NVAR / 30, 2q, 31, 54, 10/
 
IPRT =IPRT +. £
 
rF(IPRT '.T. i) GO TO 30
 

C SELECT LA8ELS FOR OUTPUT
 

NPVAR =
 
IF(KNDPPT .EQo 0) RETURN
 
NPVAR = NVAR(KNDPRT) + NPVAR
 
DO 2a IVAR.=L3,NPVAR
 
VAROIJT(TVARvil VARNAMMIAR-9KIPRT)
 

20 	 rONrTNtIE
 
RETURN
 

C 
o BASIC OUTt"UT
 

30 	 VAROUT Q 9IPRT) PopmI

4AROUT(2,IPRT) = TPOPF
 
VAROUT(3,IPRTI AGLND 
VAR'IUT(49100T) =AGLNOC
 
VAROUT(5#IorT) =TYGOL
 
VAROUT 6,IPc'Tr TYGA
 
VAROUT (79IPRT) =VALAO
 
VAR')UT(8919RT) = POFT
 
VAROIJT(gsIPPT) =TPDEM
 
0O 32 1ioq
 
IOU4 VAROUT(ItIPRT) + .5 
VAROUT(I,IPRT) =ri~UM
 

32 	 CONTINUE
 
IF(I(NDPPT aLT. L) RSTUJRN 
40O TO (35, 63, LuOt 2009, 300)9 KNDPRT 

'C 
o HUMAN Pr)PULATION OUTPUT VARIA13LES 

3, VAROUT(109 IP77) = ART
 
VAROUT (11±IP-M ' ORT
 
VARIJT (129 I.<T) = FR
 

VAROUT(1C+9, IPRr, FERTR(IC)*1000
40 	 CONTINUE 

VAROUT(2ilIPRT) =TFERT 
VAR'UT(2?,IPRT) =TPOPGi 
VAROUT(2391PRT) =TPOPG2 
VAR3UT(24PIPRT) TPOPG3
 
VARtUT(25p IPQr) =TPOPG4
 
VAROUT (269,IP~R) = 'DPOPGI
 
VAR09.T (279 IORT) = POPG2
 
VARUT (289 IOT) =PDOPG3
 
VAR3JT 2n.,IPiT) = EPRAT 
V/AROJT (30 IPRT) =FP7)PGj

VAROU T(3 1 1PltT) CPopt,2

VAPOIJT (3?, lcO.T) =FPOP,3
 



VAROUT(339IPRT) = FPOPG4 
VAROUT(349IPRT) =PcPGL
 
VAROUT0r5,9qRT) =PaPr2
 
VAROU T1369,1PRT I=PFPC,3
 
VAR0UT(379TPRT) =FOPRAT 
VAROUT(369 IPRT) =PCNT 
VAROUT (399,IPRT) = AlLNPC 
rnO 50 I:109NPVA~ 
IF(VAROUT(IIPRT) .LT* 200.) GO TO 50 
10111= VAROUT(IIIPRT) + .5 
VAROUT(1,IPRT) = Inum 

so 	 rPONTTMUE
 

LTVFsTrK POPULATION OUTPUT VARIABLES 

60 	 IDUM = PnPLS(il + .5
 
VAROUT (09IPRT) =IOJM
 
VAROUT (11DiT) = GYPUC11)

VAROUT (12, TPRr) = JOST(1i)
 

VAR.')UT(1491PRT) =IDJM
 
IVAR =15
 
no 7.3 irm=12,17
 
IDUM = POPLS(IEN-,4r,) + 5
 
VARO'JTCIVA~gIPRT) =IDum
 
VAR')UT(1VdR4.iqlT GYPU(IE4)
 
VAROUTcMAR+27vORT) = COSM(EN,
 
VAROUT(IVAR39IPRT) =PFTPU(IEN) 
IVAR =IVA. f 4
 
CONTINUE
 
RETUR.N
 

C LANP ALLOntArIOI OUTPUT VARIABLE
 
c
 
100 VAROJT(iOIPRT) AGLNOL
 

00 110 ICR=1,13
 
VAROUT(10+TCRIP'T) CRPLNO(IrR
 

III~ 	CONTINUE
 
00 L~0 IC7=i,13
 
VAlU(0+rq0T 	 x GYPU(ICR) 

120 	 'lONTTNUE
 
10 130 I07=i11
 
VAROUT(3+CR,ID9T) =PFTPU(ICR) 

130 	 CONTINUE
 
GO TI) 350
 

AG FRODU%'TION AND -DEMANO jOUTPUT, VARIABLES 

?0O 	 IVA = 9 
TENi = I. 
IEN2 = 9
 

205 	 00 230 IENJT=lEN1i~lN2 
IVAR = Il/AR e 1. 
IDIJA= AGP'ROD(I7-NT) + .5 
VAROUT (IVAR, IPRT) =IDUM
 
IVAR IV4P + I
 
IF(COMAID(IENT) .GT. 0.) 210,ZZIJ
 

M~ 	 TOUI = COMAID(IENT) + *5 
VARo)Ur~jV4PRiZT) =IDUM
 
IvVR VAR~ +. 1
 



229 	 TDIO~ = CONDE4(TSNT) f .5 
VAROUT(IVARPIPRT) =IDUI 
IVAR IVA'R + 1 
VAROUT(IVARgIPR.T) =SUPDOH(IENT) 
'PON TI NUE
 
IF(iENI .GT. 1) GO TO -240 
IENi = 11
 
TENZ 17 
GO TO 2CS
 

240 VARO'JT(IVftR4.iPRT)'-' NET'-

RET URN
 

C
 
C ACCOUNT ING
 
C 
300 VAROUT(io,IPRTI 

VAR'3UT (ittIP.RT) 
VAROUT (12,Ir0T) 
VAROIJT(139I07T) 
VAR3JT (14, IPiT) 
VAROUT (159,IPOTI 

TPFTN
 
COSLA13
 

=FARMY 
= YPCAP 
= XLA9S 

TflE'4C1)
 
VAR.)UT(16,IPQT) =TflEM(2) 
VARI3UT (179 IPRT) =TflEMM3 
VAROUT (189 IO~R) =Tr)E--$(4)
VAROUT (1noIP9T) =TOEMC±0)

350 1)0 360 I:13,NPVAR 
TOUfI = VAROUr(IPID'T) + .5 
VAROUT(I,TP?T) =T~ 

360 CONTINUE 
RETUIiRN
 
E ND
 

http:ittIP.RT


SUBROUTINE lEWI)G' (DoP, ROUT, ROllTAVRPODEL POELPI(C9 POPS9 
TP3Pq SR, DR, COR, OTH, TOTH, NOBTH, POF, qRt
APR, 8TH, TBTH, TIR, PrIR, PLR, PGRN, PGRT, NK,

NC, NSeX, !)T, T. ICALL)


DIMENsION RRMJ), t TH(NSEX)t DELCNCNSEX), OELP(NCNSEX)

DIIIENSION OR(NC,'ISEX), OTHCNCNSEX), KC(NCNSEX), PLR(NCNSEX)

nimr.NSION 0MR(NC,'4SEX), POP(NCNSEX)v POPS(NCNSEX)
rIMENSION ROUT(NCpJS--X) ROUTAV(NCNSEXI, RP(NKNCNSEX)

MFICALL *GT, 1) GO iO 52 
TPOP =0 
D0 50 K:1,PNSEX
IF(T eNEs 3.) SO TO 20
 
00 15 	 J~ji9V 

IELO(JK) = EL(J,'() 
TKC =Kr(J,I()
 

4-


RP(1IJV) = POP(JtK)/DEL(JtK) 
10 r~oNrINUE 

Is 
ROUT(JK) 
rONTINUE 

= P(igJI() 

GO TO 30 
20 CALL DELLVF(qTH(K0, :tOUT(1,I), ROUTAV(1,K)t RPCliK), POP(1,K),

PL17119to, OEL(±,K), OELP(IPK), OT, KC(1,O))

DO 29 J:2,Nr
 
IF(K'-,(J,K) *LT. L) GO TO 29
 
CALL OELLVFC'OUTAV(J-iqK), ROUT(JK), ROUTAV(JK', RP(JsIO,

41 POPCJji<), PLR(JtK), DEL(JK), DELP(J,), 0T9 I(C(JI())

29 CONTINUE 
30 POP5(P( 0.O 

DO 40 Jr1,!4CC POPSM = POPS(I( + POP(JI() 
4. CONTINUE 

TPOP =TP3P +. PIP5(I 
50 CONTINUE 

IFICALL .Ens 1) RSTURN
 
52 Tt1R:Do
 

nlo 54 K=iN'REX 
no 53 J=jIt~r.% 

OT14(JYK) = nRCJvK)*POP(JtK) 
IFCJ eE~i. 4C) )TH(JI<) =DTH(JI() + ROUT(J10

TOTH TOTH + TH(JK)
 
TMtR TMR +. PHRJ,'0'POP(JK)


53 	 rONTINUE 
54 	 CONTINUF 

IF(NORT9 Snt. 1) GO TO 65 
TP3TL =0. 
')0 55 	 JPINC 
T3T~4 =TRATH + :3(J)*POP(Jti)

55 CONTINUJE 
65 MFNS .X *-4E, 2) 10 TO 68 

O3THC1) =DrTT 
4TH(2) =TPTr1 - ITH(1. 
IF(POPSM1 zr"), J.) SO TO 70 

sc.= POFS(2)/t'OP';(1) 
r0 TO 75 

68 ITH(j) =Tg3TH 
70 SR= 0. 
75 IF(T~OP 9E(~. 0.0 S3 TO 80 

rOR =TrTHITPOP 



PGR.4 O,(R-
PGRN - i93*TMR/TPOP 

IETUR'N
 
rBR 0 

PGRN =C 
DG0.
 

RET URN
 
SND
 



SUBROUTINE rOELLVF (RIN, ROUT 9ROUTAV,9RvSTRGPLRDELpDcLP, OT9K) 
Dir1ENSIog4 Pj) 
FK UFLOAT(P
 

TOT to1+ 2**DT*FK/)ELP*AAX(3, 09" 
A z FK*T(DELP*FLO4T(IDT))' 
DELP DEL 
KMI. K-1 
ROUTAV = POUT 
nlo 20 j=iinT 
nd l0 1=19KMi 
PCI) =RQ) + ~RIi-'(I 
11NTINUF 

ROUTAV =POUTAV + R(il
 
CONTINU'
 
ETRG = G 

no 3J I~ig( 
ITG= STRG + R(I)DEL/FK 

CON4TINUE 
ROUT = FM 
ROUTAV =(RnUTfAV-ROUT)/FLOAT(IDT 
RET'JRN 
-.N .
 



1s 

18 


20 

25 


30 

40 


50 

53 

54 

55 

65 


68 

70 

75 


80 

SUIROUTIN". DEMOGD( 0 OPv POPS, TPOP, SR, CLEN, AR, OR, CORt 

' - - 0T14 TOTH, NO9TH, PBF, BR, CBP, BTH, TOTHt 
PGRN, PGRT, NC, NSEXo OT, T,4OLR9 	 PMR, TMKR 


4. 	 ICALL) 
DIMENSION AP(N',NS-X), BR(NC), BTH(NSEX) 
fIM-NSION "LcN(NfNNS--X) t DR(NCNSe.X)I DTH(NCqNSEX)t PLR(NCNSEX), 
DIMENSION 0MR(NC.SEX) , POP(NCPNSEX), POPS(NSEX) 
TF(ICALL *GT. 1) SO TO 5?
 
TOOP = C.
 
00 30 K=ioNSEX
 
POPS(K) = O.
 
r1O 40 J=±NC
 
TF( .EQ. J.) GO TO 20
 

IF(J ,NEe i) GO TO 15
 
POP(1,K) = POP(ilK)*(i..DT*PLR(LK)) + OT#(BTH(K)-AR(lK))
 
GO TO 18
 
POP(JK) = POP(Jv)0(9-OT*PLR(JK)) + OT*(AR(J-,K9)i-AR(JK))
 
I0(MOD(T, CLEN(JK)) ,EQ, 0) GO TO 20
 
AR(JqK) = AR(JPK) (isI*TPLR(JoK)) 

GO TO 25
 
AR(JK) = POP(JgK)/CLEN(JtK)
 
IF(POP(JK) ,GT, 0o) GO TO 30
 
POP(JK) 0o
 
AR(JoK) 3a
 
POPS(K) POPS(K) POP(JK)
 
PONTINUE
 
TPOP = TPOP + POPS(K) 
rONTINUL
 
IF(ICALL ,EO. .) RETURN
 
TMR 0,
 
TOTH = Co
 

O0 4 K:1,NSEX
 
00 53 J:i,'C
 
OTH(JK) .= OD.(JgK)POP(JtK)
 
IF(J .EQ. N'7) DTH(JtK) = DTH(JK) + AR(JK)
 
TnT4 = TDTH + nTH(JK)
 
PLR(JK) PMR(JK) + O.(J9K)
 
TMR = TMP - PMR(JK)POP(JtK)
 
CONTINUE
 
CONTINUE
 
IF(NOBTH .Ef)o 1) SO TO 65
 
TSTH O
 
00 55 J:iNC
 
TBTH =TS +-8.(J)lPOP(Jli)
 
CONTINUE
 
rF('ISEX ,NE, 2) GO TO 68
 
BTH1) = DF*T4TH
 
4TH(2) = T9TH - RTH(W)
 
IF(POPS(i) sEno Q.) GO T(
 
SR = POPS(2)/POPS(i) 
GO TO 75
 
STH(.) = TRTH
 
SP =O
 
IF(TPOP .EO, 0.) GO TO 8C
 
CBR = TATH/TPOP
 
CDR = TDTH/TPOP
 
PGI = 10,*(C3R - CDR) 
PGRT =PGN - n-TM4D1NnD
 
RET JRN
 
r.BR = 0
 
CDR = 0,
 



JtPOR'4 = Go 
*GRT = 0. 
RETURN
 
END
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FUNCTION TAn LS (VAL, K,SMALL9DIFF9 XARG)
 

DIMENSION VAL(K)
 
DUM = XARG - qM8LL
 
IF(OUM sLTo ) !J4 0.
 

IF(OUM sGT. FLOATC(-0 *IFF) Owl FLOATiK-1)'DIFF
 
I a I. + nUM/nIFF
 
TF(I .EOo K) I = K'M 
TABELS = VAL() CALtI1) VAL(II)DXF I FLOATCI-W 

4. DIFF)
RETURN
 

ENO
 

FUNCTION TABULS(VA#LKARGXARG)
 

DIMENSION VAL(K),' RG(K)
 
nUM = XAPS
 
IP(OUM ,GT, ARG(K)) DUM = ARGK)
 
IFV1U4 *LT, ARG(i)) DUM = ARG(i)
 
no i0 I=2,K
 
IF (DUM .GT, ARG(T))GO TO 10
 
TASULS = VAL(I-) + ((VAL(I) " VAL(It-1*)/(ARG(f) "ARG(Ii)))*
 

+ 	 (DUM - ARG(I-i)) 
RETURN 
CONTINUE
 
END
 

FUNCTION TABULF(VAL,KL ,MILtIMARGtXARG)
 
DIMENSION VAL(Kt LIM),ARG(K)
 
DUM = XARS
 
IF(rUM ,GT, ARG(K)) DUM = ARGK)
 
IF(DUM ,LT, ARG(1)) DUN z ARG(l)
 
no o I=2,K 
IF(IJM GT, APG(T)) GO TO 10 
TARULF = VAL(I-LIL9IM) + ((VAL(IPILIH) - VAL(I-itLIvl))# 

4 (RG(I) - ARG(I-1)))*(OUM - ARG(I-1)) 
RETURN 
CONTINUE
 
END
 

SUBROUTINE ODL(RTNROUTRvDELAYfnTtK)
 
DIMENSION R(I)
 
KMI = K-I
 
= FLOAT(K)*DT/')ELAY
 

IF(K ,E0, I) 1nO TO 20
 
DO 10 I=t9KMt
 
R(I) = R(I (RI,)-R(f)I
 
CONTINUE
 
P(K) = F,(<) 4.A*(RIN-R(KI)
 
ROUT = P()
 
RETURN
 
END
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