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The United States Department of the Interior was designated by the Outer
Continental Shelf (0OCS) Lands Act of 1953 to carry out the majority of
the Act's provisions for administering the mineral leasing and develop-
ment of offshore areas of the United States under federal jurisdiction.
Within the Department, the Bureau of Land Management (BLM) has the
responsibility to meet requirements of the National Environmental Policy
Act of 1969 (NEPA) as well as other legislation and regulations dealing
with the effects of offshore development. In Alaska, unique cultural
differences and climatic conditions create a need for developing addi-
tional socioeconomic and environmental information to improve OCS deci-
sion making at all governmental levels. In fulfillment of its federal
. responsibilities and with an awareness of these additional information
needs, the BLM has initiated several investigative programs, ome of
which is the Alaska OCS Socioeconomic Studies Program (SESP).

The Alaska OCS Socioeconomic Studies Program-is a multi-year research
effort which attempts to predict and evaluate the effects of Alaska OCS
Petroleum Development upon the physical, social, and economic environ-
ments within the state. The overall methodology is divided into three
broad research components. The first component identifies an alterma-
tive set of assumptions regarding the location, the nature, and the
timing of future petroleum events and related activities. In this
component, the program takes into account the particular needs of the
petroleum industry and projects the human, technological, economic, and
environmental offshore and onshore development requirements of the
regional petroleum industry.

The second component focuses on data gathering that identifies those
quantifiable and qualifiable facts by which OCS-induced changes can be
assessed. The critical community and regional components are identified
and evaluated. Current endogenous and exogenmous sources of change and
functional organization among different sectors of community and region-
al life are analyzed. Susceptible community relationships, values,
activities, and processes also are included. '

The third research component focuses on an evaluation of the changes
that could occur due to the potential oil and gas development. Impact
evaluation concentrates on an analysis of the impacts at the statewide,
regional, and local level.

In general, program products are sequentially arranged in accordance
with BLM's proposed OCS lease sale schedule, so that information is
timely to decisionmaking. Reports are available through the National
Technical Information Service, and the BLM has a limited number of
copies available through the Alaska OCS Office. Inquiries for informa-
tion should be directed to: Program Coordinator (COAR), Socioeconomic
Studies Program, Alaska 0CS Office, P. 0. Box 1159, Anchorage, Alaska
99510.
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I. INTRODUCTION

As part of the Alaska OCS Socioeconomic Studies Program, the Institute
of Social and Economic Research has developed a model which can be used
to project the impact of OCS development on small Alaska communities or
regions. This model's development was documented in the OCS Technical

Report Number 24, Design of a Population Distribution Model. The model

has been used on a number of occasions to forecast small-area population
growth. It has been used to estimate the effect on the census divisions
of OCS development in the Northern and Western Gulf of Alaska. These
forecasts were used in the preparation of the Environmental Impact

Statements for OCS lease sales number 46 and number 55.

This paper describes an extension of this previous modeling effort. The
extension is along two major lines suggested by the application of the
modei. First, changes to the structure of the model were made. The
original model produced reasonable results; this was judged both examina-
tion of a historic case and the model's response to changes in parameter
values. The model, however, was cumbersome to use and did not produce
estimates of all of the information required by the OCS office. Changes
in the structure of the model have made it easier to use and have pro-
duced projections of the larger amount of information required by the

0CS office.

The second extension of the population distribution model involved an

examination of some of the important model parameters. Sensitivity



tests performed when the model was applied to the Kenai oil boom experi-
ence showed the results of the model to be highly sensitive to parameter
assumptions. Two of the most important parameters are the local labor
market response rates (the rate at which local labor responds to exo-
genous employment opportunities) and the multiplier (the rate at which
local emp]oymenf increases to serve the exogenous sector). Since the
model is simply an accounting framework which describes the process of
growth, the vaiues of these parameters determine the growth projected

for the region. The most accurate method of estimating these parameters
would involve survey research in the specific area of study. Time and
financial constraints often do not a]1ow this effort. For these reasons,
a framework for estimating these parameters should be developed. Part of
this study begins the development of such a framework; the work is based
on specific Alaskan research, as well as research in other areas. It

‘attempts to establish ranges for the selection of the parameters.

Projections of the future can be used by policy makers to determine future
demands and needs for services or to examine the effects of alternative
policy choices. ‘The model described below can be used for both purposes.
It can be used to assess the future need for services in small Alaskan
communities, as well as to examine the impact of OCS development under

alternative assumptions.

Like all projections, those produced by this model are probabilistic.
The structure of the model may not capture all of the important relation-

ships; the parameters may not accurately reflect future structural change;



and thevassumed growth of the exogenous variables may not take place.

A1l of these affect the likelihood of any one forecast's actually occur-
ring, but they do not 1imit the usefulness of the model to decision makers.
The range of possible futures can be examined by testing the sensitivity
of any results to important parameters. The sensitivity of a forecast

can be tested by examining the effect on the results of changing these

parameters.

This report describes a small community impact model (SCIMP) which can be
used to describe the population and employment impacts of 0CS development.
Section II describes the model itself; this section highlights the major
changes introduced in this research. The third section provides an idea of
the range of values which the important parameters can take. Section IV
provides an example of the model in use; the model is used to examine the
impact of OCS development in the Bering Sea-Norton Sound on Nome. The

sensitivity of the model to various assumptions is examined.






II. SCIMP: A SMALL COMMUNITY IMPACT MODEL
FOR ALASKA COMMUNITIES

Introduction

Service bases used in Alaska OCS development will, in most cases, be
located in or near small, rural Alaska communities. The undeveloped,
remote nature of Alaska coastal communities in major lease sale areas
guarantees this. The employment associated with OCS development is, in
all cases, large relative to the size of these coastal communities. The
in-migration into these small communities as a result of OCS development
will be one of the major impacts of OCS activity. Both the social and
economic character of these communi ties may be changed by this population
in-migration. The need to assess the population impacts of OCS develop-
ment was the original réason for the development of a population impact

model.

This section describes the most recent version of the small community
impact model. Emphasis is placed on explaining the population dynamics
described by the model. The model description will highlight changes

from the original verison of the model (Huskey, Serow, Volin, 1979).

The present version of the model maintains the most significant features
of the original. Changes which have been made reflect both the applica-
tion of the original model in specific analysis of the impacts of proposed
0CS lease sales (Nebesky and Huskey, 1979; and Porter and Huskey, 1979)

and discussions with the Alaska 0CS office about required information for



these impact analyses. The present model is similar to the original in
its logical structure.. It is an economic-demographic interaction model
which stresses the link between the local labor supply and in-migration.
It is also an accounting model with the flexibility of parameter choice
which is required for application in alternative areas of rural Alaska.
The most significant changes have been made to the baseline sector; these
changes make this sector easier to project and more accurately describe

the population dynamics.

The present model projects growth in four separate sectors-~-the baseline
sector, the development sector, the 9perations sector, and the secondary
sector. In each of these sectors, the model projects separately the
major demographic events--births, deaths, and migration--which determine
population change. Population is projected for each period of the pro-
jection cycle by adding changes in these demographic events to the pre-
vious period population. Although these are éeparate sectors, they are
linked through labor supply and demand considerations in each sector.

The remainder of Section II describes each sector of the model.

The Baseline Population

The population which would reside in the community in the absence of 0CS
development is the baseline population. Changes in the level of this
population are important to the analysis of 0CS impact for two reasons.
First, the relative impact of 0CS development will depend on the size of
the affected community. A given size OCS development will have a smaller

relative effect the larger the community serving as its base. Secondly,



the level of baseline population is important as a source of labor supply

for OCS employment.

The community will experience population change in the absence of 0CS
development. Population will change as a result of three demographic
events--births, deaths, and migration. The excess of births over deaths
determines the natural change in the population. Births and deaths are

a function of the age and sex distribution of the population. Migration
into and out of the community also affects the population levels. Migra-
tion is affected by changes in the employment opportunities and the
amenities in the community. The model describes each of these determin-

ants of population change.

A cohort survival approach is used to model the growth of the baseline
population. Natural increase is projected by applying age-sex-race-
specific fertility and survival rates to the appropriate cohort popula-
tion. Once these rates are determined, the levels of births and deaths
are determined by the population in a specific cohort. Application of
these rates to the previous period population provides a projection of
the survived popu]ation'at the end of the period. Survival and fertility

rates are assumed to remain constant throughout the projection period.

Community population levels will also be affected by the level of in- and
out-migration. The model accounts for two types of migration: migration
determined by employment opportunities and noneconomic migration. Non-

economic migration is modeled by applying age-sex-race-specific migration



rates to the survived population; these rates are assumed to remain
constant throughout the projection period. Migration rates define the
net migration as a function of the cohort-specific survived population.
Noneconomic migration includes such types of migration as moving for

school or migration connected with retirement.

One of the major improvements in the current mode] involves the addition
of a description of the baseline sector economy. Growth of employment
opportunities and the baseline labor force determine the level and
direction of economic migration. The labor force in the baseline is
determined by applying age-sex-race-specific labor fofce participation
rates to the specific cohorts. The size of the labor force is determined
by the size and distribution of population by cohorts; labor force par-
ticipation rates are assumed to remain constant throughout the projection

period.

An economic base model of the local economy is used to project total
employment. Economic base models assume a major distinction can be made
between basic industries in which the level of activity is determined
outside the region and nonbasic or support industries which exist to
provide goods and services to the local community. In an economic base
model, once the level of basic employment is determined, the level of
support sector employment is determined by a series of multipliers which
describe the relationship between the two sectors. The model describes
four basic sectors (manufacturing-fishing, state and federal government,

mining and special projects construction, and military) and two support



sectors (local construction-transportation and finance-trade-services).
In addition, the model projects the level of local government employment
as a function of population and revenue. The model requires assumptions
about the level of exogenous employment by sector and local government

revenues and produces estimates of total and support sector employment.

Migration occurs to clear the local labor market; in-migration occurs
when employment opportunities exceed the labor force, and out-migration
occurs in the opposite case. When economic migration occurs, migration
may be in excess of the amount needed to bring labor force and employment
into equilibrium; the model allows two additional types of migration.

One source of additional migration may be migrants who come to the com-
munity beﬁause of the employment opportunities but do not find employment.
The model allows migration to occur until some equilibrium level of
unemployment is reached or some proportion of this level is reached.

The second source of additional migration includes the dependents of
economic migrants. An age-sex-race distribution is applied to the

number of direct migrants which distributes both direct migrants and

their dependents to age-sex-race cohorts.

The model projects total population by adding the economic-induced
migrants to the survived population, the noneconomic migrants, and the
military/dependent population. Population is disaggregated into those
not in the labor force, those in the labor force but unemployed, and

those employed.



The baseline portion of the model is described below. The following

convention will be observed in defining the cohorts for population

variables: X(A,S,R) where X is the variable, A is the age cohort, S is

the sex cohort, and R is the race cohort.

BASELINE POPULATION

Survived Population and Noneconomic Migration

14
BBTH(1,S,R) = SXR(1,S,R) * [ ¢ FR(A,2,R) * BPOP(A,2,R) (-1) ]
A=1

BP(A,S,R) = SR(A,S,R) * BPOP(A,S,R) (-1)

BSPP(1,S,R) = [ BBTH(1,S,R) + F(1) * BP(1,S,R) ] * MR(1,S,R)

BSPP(A,S,R) = [ (1-F(A-1)) * BP(A-1,S,R) + F(A) * BP(A,S,R) ] * MR(A,S,R)
BSPP(14,S,R) = [ (1-F(13)) * BP(13,S,R) + BP(14,S,R) ]

Baseline Economy

LF =z £tz LFPR(A,S,R) * BSPP(A,S,R)
ASR
EML = L@ + L1 * BPOP(-1) + L2 * REV
EMS = MIO + MI1 * EMG + M12 * EMA + MI13 * EMX + M14 * EMM
EMC = M20 + M21 * EMG + M22 * EMA + M23 * EMX + M24 * EMM

TE = EML + EMS + EMC + EMG + EMA + EMX

10



11.
12.
13.

14.

15.
16.

17.
18.
19.

Economic Migration

UNE = LF-TE
= (JE_ _
BEMG = (y - LF) * B2

BPOP(A,S,R) = IF BEMG LE @ THEN BSPP(A,S,R) + C1(A,S,R) * BEMG
ELSE BSPP(A,S,R) + C2(A,S,R) * BEMG

Total Baseline Population

BPOPP = ¢ £ £ BPOP(A,S,R)

ASR
BASP(A,S,R) = BPOP(A,S,R) + EMM * C3(A,S,R)
BASPP = £ I r BASP(A,S,R)

ASR

NLF = BPOP - (LF + BEMG)
U=LF + BEMG - TE
TOTE = TE + EMM

Required Inputs:

SXR(1,S,R) = Distribution of sex at birth by race.

FR(A,2,R) = Age and race-specific fertility rates which measure
births per woman in each age-race cohort.

SR(A,S,R) = Age, sex, and race specific survival rates which
describe the probability that a member of a specific
cohort survives over the period.

MR(A,S,R) = Age, sex, and raée specific migration rates which

define cohort specific net migration as a proportion of
the cohort population.

11



F(A) = The age-specific advancement rate. This rate defines the
proportion of the population which advances to the next
cohort; it is greater than zero when the cohort contains
more years than the projection cycle.

LFPR(A,S,R) = Age, sex, and race specific labor force participation
rate which describes the proportion of each cohort which is in
the labor force.

L@g,L1,L2 = Local government employment multipliers which describe
the relation between the specific variable and local govern-
ment employment.

REV = The level of exogenous revenue to the local government;
requires assumed level for every year in the projection
period.

M1Q,M11 ,M12 M13 M14 M20,M21 ,M22 ,M23 M24 = Basic-nonbasic multipliers
which describe the increase in the specific nonbasic industry
employment with an increase of one employee in the specific
basic sector. _

EMG = State and federal government employment; requires assumed
Tevel for each year of the projection period.

EMA = Employment in fisheries and manufacturing; requires assumption
for each year of the projection period.

EMX = Employment in mining and special projects construction;
requires assumption for each year of the projection period.

EMM = Military employment; requires assumption for each year of
the projection period.

ug
B2

Equilibrium unempioyment rate.

Parameter of adjustment.

VC](A,S,R), C2(A,S,R) = Migrant and dependent age-sex-race dis-
tributions which describe the number of direct and dependent
migrants per direct migrant in each cohort. Distributions
differ for out- and in-migration.

C3(A,S,R) = Military and dependent age-sex-race distribution.

12



Model Qutputs

BBTH(A,S,R) = Births by age, sex, and race.

BSPP(A,S,R) = Age-sex-race specific survived civilian
population which is adjusted for noneconomic migration.

LF = Baseline labor force.

EML = Baseline local government employment.
EMS = Baseline employment in finance, trade, and services.
EMC = Baseline employment in local construction and transportation.

TE = Total baseline employment.
BEMG = Economic baseline migrants.

BPOP(A,S,R) = Baseline civilian population by age, race, and sex
which includes economic migrants.

BPOPP = Total baseline civilian population.

BASP(A,S,R) = Age-race-sex specific total population which
includes military.

BASPP = Total baseline population.
NLF = Population not in the labor force.
U = Unempioyed population.

TOTE = Total civilian and military population.

Note: Excludes definition of those variables only used internally by
the model.

13



The Development Sector

This version of the community impact model describes 0CS induced popula-
tion growth in three sectors: development, operations, and secondary.

The distinction between the two direct sectors--development and opera-
tions--is necessary because of assumed differeﬁces in demographic char-
acteristics and tenure of the associated in-migrants. In all sectors,
the major determinants of migration are the same; in-migration occurs so
that the local labor market clears. In-migrants in the development phase
are assumed to reside in the community for only a short time, which
reflects the temporary nature of their employment. Because of this,

they are assumed to bring fewer dependénts than in the operations phase.

The major determinant of 0CS in-migration in the development phase is
demand for labor to work in the development phase of the project. Local
residents supply labor to the project, but any excess labor demand must
be met through in-migration of workers. Project labor demand is assumed
to have two components: imported labor demand and local labor demand.

It is assumed that a portion of the labor will be imported from outside
the community because of special skills which are required and not found
in the local community or because of previous contact of the employees
with the contractor, which includes managemenf and supervisory personnel.
It is assumed that the remainder of the 0OCS development jobs could be
filled by community residents. The model requires information on 0CS

development employment in each component of demand.

14
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Local labor supplied to the project is a function of the size of the
community and the willingness of the local population to take OCS jobs.
The model describes the willingness of local labor to take OCS jobs by
assumed labor response rates which describe the proportion of population
éupplying labor to the project. The response of the community population
to 0CS employment opportunities is assumed to vary across mutually
exclusive components of the population--employed, unemplioyed, and not

in the labor force.

In-migration of direct development workers occurs to fill the gap between
Tocal labor supply and the Tocal labor demand. In-migration equals the
total imported development employment plus the migrants required to fill
the gap between Tocal labor demand and supply. The level of direct
development migration determines the associated dependent migration,
which determines the total population effect of the development sector.
The model uses a series of age-sex-race specific multipliers to project
the number of in-migrant dependents as well as the age-sex-race distribu-
tion of the direct in-migrants. These multipliers describe the number
of dependents and employees in each age-sex-race cohort per direct

migrant.

Two additional assumptions about the location of direct migrants are
required before the total population impact on the community can be
determined. First, the number of workers in the OCS enclave are deter-
mined. Enclave development is typical of Alaska resource development

in remote areas and involves the Tocation of employees in camps where

15



all services are provided. Enclave workers are assumed to bring no
dependents. Secondly, direct in-migrants are adjusted to subtract out
those who may commute from outside the community. This is not very
likely in most remote areas of the state where there are no alternative
places in commuting range. Assumed rates of enclave and residenéy are

required by the model.

The final step in the development phase is to adjust each labor supply
group (employed, unemployed, not in the labor force) by reducing them
by the members who have taken 0CS development jobs. The labor supplied
from each grbup forms a pool of labor. It is assumed that labor is
drawn directly from this pool without recognition of the labor supply
group, so the number of local emp]oyees is subtracted from each labor

supply group in proportion to the total supply.

The product'of this sector of the model is an age-sex-race'profi1e of

the impact population for each year of the projection period. This
process is repeated for each year in which development occurs; implicitly,
this "assumes migrants leave after each year. The model also produces

estimates of the tota]ldirect employed migrants as well as the migrants

in the enclave.

16
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DEVELOPMENT PHASE

10.
11.

12.
13.
14.

(5 I~ T VS B

Employment Induced Migration

LS1 = P1 * TE + P2 * U + P3 * NLF
DEMP = DOL + DIMPT

D1 = DOL - LSI

D2 = IF D1 LE @ THEN @ ELSE DI
DEMG = D2 + DIMPT

DEME = E1 * DEMG

DEMR = G1 * (DEMG - DEME)

Population

Dem(A,S,R)

(DEMR + DEME) * DE(A,S,R)

DDM(A,S,R) = DEMR * DD(A,S,R)

DPOP(A,S,R) = DEM (A,S,R) + DDM(A,S,R)

DPOPP = DPOP(A,S,R)

o N o]

Tz
AS

Adjust Local Labor Supply

TE1 = IF D1 GE @ THEN TE * (1-P1) ELSE TE * (1-P1 * (DDL/LS1))
Ul = IF D1 GE @ THEN U * (1-P2) ELSE U * (1-P2 * (DDL/LS1))
NLF1 = IF D1 GE @ THEN NLF * (1-P3) ELSE NLF * (1-P3 * (DDL/LS1))

17



Required Inputs

P1,P2,P3 = Labor response rate which describes the proportion of
the specific population group which will supply labor to the
0CS development sector.

DDL = Project development demand for local labor; requires yearly
assumptions.

DIMPT = Project development demand for imported labor; requires
yearly assumptions.

El = Propbrtion of in-migrant development workers in an OCS enclave.

G1 = Proportion of OCS nonenclave in-migrants residing in the
community.

DD(A,S,R) = Age-sex-race distribution of in-migrant dependents
which describes the number of dependents per direct migrant
in each cohort.

DE(A,S,R) = Age-sex-race distribution of in-migrant employees.

Qutputs

LST = Local labor supplied to the development sector.

DEMP

Total OCS development sector employment.

DEMG = Total direct development employee migration.

DEME = Development sector enclave emp]oymenf.

DEMR = Development sector nonenclave community residents.
DEM(A,S,R) = Age-sex-race specific direct employee migrant population.
DDM(A,S,R) = Age-sex-race specific dependent migrant population.

DPOP(A,S,R) = Age-sex-race specific total OCS development impact
population which includes enclave and resident population.

DPQOPP = Total OCS development impact population.

TE1,U1,NLF1 = Components of labor status groups adjusted for local
residents taking OCS development sector jobs.

Note: Excludes definitions of those variables only used internally by
the model.

18



The Operations Sector

Tenure characteristics are the main difference between jobs in the develop-
ment and operations sectors of an OCS project. Operations employment is
assuhed to be long term and permanent, in contrast to the temporary nature
of development employment. Because 6f the long-term nature of this employ-
ment and the assumed stability of popu]afion which this brings, new in-
migrants cannot be assumed to fi1l OCS jobs each period. The migrant
population assumes a permanence in the community and the social, demo-
graphic, and economic considerations which alter the composition of this
population over time must be considered. The OCS operations sector-
induced population is subject to turnover and out-migration as well as

to fertility and mortality.

In-migration is determined by the model in much the same manner as in
the development phase. Project operations demand is determined exogen-
ously in both its imported and local components. This local project
labor demand is matched with local labor supplied to the operations phase
of OCS activity to determine the in-migration required to fill the gap
between 1ocai Tabor demand and labor supply. Local labor supplied to
the operations sector is determined by the assumed labor response rates
for each local labor status group. Total direct in-migration is that
required to clear the local labor market plus the imported operations
employment. In-migrant operations employment is adjusted for enclave
and nonlocal residents in the same way as development employment.
Resident, nonenclave employed migrants are assumed to bring dependents

at rates determined by assumed dependent-to-employee distributions.

19



The Tong-term, permanent nature of operations employment opportuhities

and the stability of the population introduces an additional source of'

labor supply in any year--the direct OCS operations employees from the

previous period. Migrant operations employees from the previous year

are subject to mortality and turnover which reduces the labor supplied

the project from this group. Mortality is described by an assumed series

of age-sex-race specific survival rates as in the baseline sector. Rates |
describing the proportion of employees in any age-race-sex specific cohort

remaining in the community after one year are used to describe turnover

and adjust survived population by out-migrants. Those workers who remain

from the previous period are allocated among the local and imported labor

and enclave, nonenclave resident, and nonresident emb]oyees. These remain-

ing operations employees are a source of labor supply for the operations !
sector (the labor response rate of this group is one). Because of the

existing source of migrant labor, the model only calculates changes in

the migrant population. The existing migrant labor is assumed to be the

first choice to fill OCS operations jobs. When the existing migrant

operations labor supply exceeds operations employment demand} as a

result of a reduction in the employment levels, out-migration occurs.

Once the level of local employment in operations is projected, each labor

status group is adjusted to reflect this employment.

Dependent migration follows the pattern established by employment-related
migration. The previous year's dependent migrant population is subject
to mortality, out-migration, and fertility. These are all described by

age-sex-race specific rates. Migration of dependents is assumed to be

20



determined by the migration of the employed population. The change in
dependent migrant population is determined by the change in the number
of operations sector empioyed migrants in any year. Age-sex-race
specific dependents per employee multipliers are used to project the

dependent population in each cohort.

The model produces projections of the total impact population by age,
race, and sex for each year of the projection period. Projections also
include the total employed migrants and the location of this employment

in enclaves and in the community.
OPERATIONS SECTOR

Survived Population

1. OEP(A,S,R)

SR(A,S,R) * OEM(A,S,R)(-1)

2. ODP(A,S,R) = SR(A,S,R) * ODM(A,S,R)(-1)

14
SXR(1,S,R) * [ £ FR(A,2,R) * ODM(A,2,R)(-1) ]
A=1

3. O0BTH(1,S,R)

4. OSEP(A,S,R) = [ (1-F(A-1)) * QEP(A-1,S,R) + FA * QEP(A,S,R) 1 * TO(A,S,R)
[ OBTH(1,S,R) + F(1) * ODP(1,S,R) 1 * TD(1,S,R)
[ (1-F(A-1)) * ODP(A-1,S,R) + F(A) * ODP(A,S,R) ]

* TD(A,S,R)

5. 0DSP(1,S,R)

6. OSDP(A,S,R)

~

. 0spbp(14,s,R) = [ (1-F(13)) * 0DP(13,S,R) + ODP(14,S5,R) 1 * TD(14,S,R)
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10.
1.
12.
13.
14.
15.
16.
17.

18.
19.
20.

21.
22.

23.

Employment-Induced Migration

= ¢ £ ¢ OSEP(A,S,R)
ASR
Z1 = IF TOEM(-1) GT @ THEN (OSEPP/TOEM(-1)) ELSE @
OSENR = Z1 * QENR(-1) - nonresident
OSEPT = OSEPP + QOSENR
OEMP = ODL + OIMPT

LS2 = P4 * TE1 + PS * Ul + PL * NLF
OSL = OSEPT - Z1 * OIMPT(-1)

01 = ODL - OSL

02 = 01 - LS2 )

NOEMG = IF O1 LT @ THEN 01 + (OIMPT - Z1 * OIMPT(-1))
ELSE (IF 02 LT @ THEN (OIMPT - Z1 * QIMPT(-1))
ELSE (02 + OIMPT - Z1 * QIMPT(-1)) )

NOEME = E2 * NOEMG
NOEMR = G2 * (NOEMG - NOEME)
NOENR = NOEMG - NOEME - NOEMR

Population

N1(A,S,R) = IF OSEPP EQ @ THEN @ ELSE (OSEP(A,S,R)/(OSEPP)
OSDPP = ¢ £ £ 0SDP(A,S,R)
ASR

N2(A,S,R) = IF OSDPP EQ @ THEN @ ELSE (OSDP(A,S,R)/0SDPP)
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24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

NOEM(A,S,R) = IF NOEMG LT @ THEN (NOEME + NOEMR) * N1(A,S,R)
ELSE (NOEME + NOEMR) * OE(A,S,R)
NODM(A,S,R) = IF NOEMG LT § THEN NOEMR * N2(A,S,R) * (OSDPP/OSEPP)
ELSE NOEMR * OD(A,S,R)
OEM(A,S,R) = NOEM(A,S,R) + OSEP(A,S,R)
ODM(A,S,R) = NODM(A,S,R) + 0SDP(A,S,R)
OPOP(A,S,R) = OEM(A,S,R) + ODM(A,S,R)
OPOPP = £ £ T OPOP(A,S,R)
ASR
TOEM = £ © £ OEM(A,S,R)
ASR
OENR = NOENR + OSENR
OEME = E2 * [ TOEM + OENR ]

Adjust Local Labor Supply

TE2 = IF 01 LE @ THEN TE1 ELSE (IF 02 GE @ THEN TE1 * (1-P4)
ELSE TE1 * (1-Pr * (01/LS2)) )

U2 = IF 01 LE @ THEN U1 ELSE (IF 02 GE @ THEN Ul * (1-P5)
ELSE U1 * (1-P5 * (01/LS2)) )

NLF2 = [F 01 LE @ THEN NLF1 ELSE (IF 02 GE @ THEN NLF1 * (1-P6)
ELSE NLF1 * (1-P6 * (01/LS2)) )
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Required Inputs

TO(A,S,R) = Age-sex-race specific turnover rates of ogerations .
sector migrant employment which describes remaining proportion
of previous year migrants. In-migrant workers who leave
operations employment through turnover are assumed to leave
the community.

TD(A,S,R) = Age-sex-race specific turnover rates for dependent
migrants.

ODL = Operations sector demand for local labor; requires yearly
assumptions.

OIMPT = Qperations sector demand for imported labor; requires
yearly assumptions. .

P4 ,P5,P6 = Labor response rates which describe the proportion of
each respective population group which would supply labor to
the operations sector of the 0CS project.

E2 = Proportion of in-migrant oberations workers in an OCS enclave.

G2

Proportion of OCS nonenclave in-migrants residing in the
communi ty.

OE(A,S,R) = Age-sex-race distribution of in-migrant operations
sector employees.

OD(A,S,R) = Age-sex-race distribution of in-migrant dependents

which describes the number of dependents per direct migrant
in each cohort.

Model Outputs

LS2 = Local labor supplied to the operations sector.
OEMP = Total OCS operations sector employment.
NOEMG = The change in the Tevel operations sector in-migrant employees.

OEM(A,S,R) = Age-sex-race specific distribution of operations sector
in-migrant population.

ODM(A,S,R) = Age-sex-race specific distribution of operations
sector dependent in-migration population.

OPOP(A,S,R) = Age-sex-race specific distribution of total operations

sector impact population which includes enclave and resident
population.
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OPOPP = Total 0CS operations impact population.

TOEM = Total OCS operations resident employment wh1ch includes
enclave employment.

QEME = Operations sector enclave employment.

TE2 ,U2 ,NLF2 = Components of labor status groups adjusted for
Tocal residents taking OCS operations sector jobs.

Note: Excludes definition of those variables only used internally by
the model.

The Secondary Sector

The population impacts of QCS development are not limited to the direct
effects of development and operations employment. Another important
component of migration is that which responds to secondary employment
opportunities. Increased 0CS employment may result in an expansion of
support sector employment opportunities in the community which may also
lead to migration. This version of the model is distinguished by a
separate secondary response sector which combines the secondary response

to both 0CS development and operations employment.

The model allows three sources of secondary employment expansioh. The
first is the increase in local government employment. Because much of
rural Alaska has only limited local government, we cannot expect a pro-
portional expansion. Local government employment will be affected by
both the population increase and revenues which result from 0CS develop-
ment, such as increased property taxes from the location of service base
or production facilities. The second source of secondary employment is

the expansion of the local support sector employment to serve the additional
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0CS employees and their dependents. This relationship is described in
the model by a series of multipliers which are applied to the direct
0CS employment to determine the level of necessary secondary employment.
The multiplier describes the support sector employment per employee in
the 0CS sector. The model allows multipliers to differ between opera-
tions and development sectors and between enclave and nonenclave employ-
ment. The response of the secondary sector may be less to development
activity since it is temporary and less to the enclave sector since it
has 1ittle interaction with the community. The final component of the
secondary employment response is the replacement of those community

residents who took jobs on the OCS project.

Migration in the secondary sector is determined as in the other sectors;
direct employee migration occurs to clear the local Tlabor market and
determines the level of dependent migration. The assumed levels of 0CS
employment and exogenous revenues determine, through assumed multipliers,
the induced local government and support sector labor demand. The assumed
Tocal labor reSponse to direct 0CS emp]oymenﬁ opportunities determines

the labor required to replace local labor which has taken OCS jobs.

The potential local labor supply for secondary employment is determined
by assumed labor response rates. It is assumed that labor will be sup-
plied from only the unemployed and not-in-the-labor-force sectors of
the community population since empioyed residents will not be able to
improve their economic position. There are two additional sources of

labor supply assumed in the secondary sector, the in-migrant support
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sector population from the previous year and the dependents of in-migrants
in the operations and development sectors. As in the operations sector,
secondary employee in-migrants are assumed to take long-term, permanent
jobs and remain in the community from one period to the next. These
migrants are subject to mortality and}turnover, and the remaining migrants
supply labor for secondary employment. Dependents of direct OCS employees
are assumed to supply labor as determined by assumed labor force partici-
pation rates. Labor is assumed to be chosen for secondary employment--
first from local residents, secondly from the previous year's secondary
employee migrant population, and finally from direct OCS dependents.
Migration occurs in any year to fill_excess labor demand. Migration may
be negative if the locally supplied labor plus the previous year's migrants

exceed the secondary labor demand.

Dependent migration is determined by a series of age-sex specific multi-
pliers which describe the dependent population per secondary employee by
cohort. Dependents of these migrants are subject to births, deaths, and

out-migration.

A final component of the secondary response is the migration of individuals
in response to O0CS employment opportunities who do not find work and

become unemployed migrants. As in the baseline sector, this migration

is assumed to be a function of an equilibrium unemployment rate.

Unemployed migrants are also assumed to bring dependents.
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The model produces projections of the total population response from this
sector by age, sex, and race cohorts. Projections of the increased
secondary employment are also produced.

SECONDARY RESPONSE

Survived Population (includes turnover)

1. SEP(A,S,R)
2. SDP(A,S,R)

SR(A,S,R) * SEM(A,S,R)(-1)

SR(A,S,R) * SDM(A,S,R)(-1)

14
SXR(1,S,R) * [ AZ] FR(A,2,R) * SDM(A,2,R)(-1) 1]

3. SBTH(1,S,R)

*4, SSEP(A,S,R)

[ (1-F(A-1)) * SEP(A-1,S,R) + F(A) * SEP(A,S,R) ]
* TO(A,S,R)
5. SSDP(1,S,R) = [ SBTH91,S,R) + F1 * SDP(1,S,R) ] * TD(1,S,R)
6. SSDP(A,S,R) = [ (1-F(A)) * SDP(A-1,S,R) + F(A) * SEP(A,S,R) ]
* TD(A,S,R)
7. SSDP(14,S,R) = [ (1-F13) * SDP(13,S,R) + SDP(14,S,R) ] * TD(14,S,R)

Employment-Induced Migration

8. SSEPP SSEP(A,S,R)

r It
ASR
9. DLS =

é ﬁ ( [ODM(A,S,R) + DOM(A,S,R)] * LFPR(A,S,R) )

™
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10.

11.
12.
13.
14,
15.
16.
17.
18.

19.

20.

21.
22.
23.

24.

25.

26.
27.

SEML = N11 * (OPOPP - OEME)(-1) + N12 * (DPOPP - DEME)(-1)
+ N13 * XREV(-1) + N14 * (SPOPP)(-1)
SEMS = N15 * (QEMP - OEME) + N16 * (DEMP - DEME) + N17 * (OEME + DEME)
SEMC = N18 * (OEMP - OEME) + N19 * (DEMP - DEME) + N20 * (OEME + DEME)
STE = SEML + SEMS + SEMC + (TE - TE2)
LS3 = P7 * U2 + P8 * NLF2
$1 = STE - LS3
S2 = S1 - SSEPP
S3 = S2 - DLS

NSEMG1 = IF S1 LT @ THEN S1 ELSE (IF S2 LT @ THEN S2
ELSE (IF S3 LT @ THEN @ ELSE S3))
NSEMG = IF SSCPP + NSEMG1 LT @ THEN -SSEPP ELSE NSEMGI

Population

SSDPP = ¢ £ £ SSDP(A,S,R)
ASR
R1(A,S,R) = IF SSEPP EQ @ THEN @ ELSE (SSEP(A,S,R)/SSEPP)
R2(A,S,R) = IF SSDPP EQ @ THEN @ ELSE (SSDP(A,S,R)/SSDPP)
NSEM(A,S,R) = IF NSEMG LT @ THEN NSEMG * R1(A,S,R)
ELSE NSEMG * SD(A,S,R) |
NSDM(A,S,R) = IF NSEMG LT @ THEN NSEMG * R2(A,S,R) * (SSDPP/SSEPP)
ELSE NSEMG * SD(A,S,R)
SEM(A,S,R) = NSEM(A,S,R) + SSEP(A,S,R)
SDM(A,S,R) = NSDM(A,S,R) + SSDP(A,S,R)

SPOP(A,S,R) = SEM(A,S,R) + SDM(A,S,R)

29



28.

29.

30.
31.
32.
33.

SPOPP = SPOP(A,S,R)

I L2
ASR
= ¢ £ £ SEM(A,S,R)

ASR

Unemployed Migrants

U3 = IF S1 GE @ THEN U2 * (1-P7) ELSE U2 * (1-P7 * [STE/LS3])
NLF3 = IF S1 GE @ THEN NLF2 * (1-P8) ELSE NLF2 * (1-P8 * [STE/LS3])

UMG = Y1 * [U@ * (LF + BEMG + NLF - NLF3) - U3]

UM = UMG + UMG * UDEP

Required Inputs

N11,N12,N13,N14,N15,N16,N17,N18,N19,N20 = Basic-nonbasic multipliers
which describe the increase in the industry employment with an
increase in the level of the specific variable.

P7,P8 = Labor response rates which describe the proportion of each
respective population group which would supply labor to the
secondary sector.

SE(A,S,R) = Age-sex-race distribution of in-migrant secondary
sector employees.

SD(A,S,R) = Age-sex-race distribution of in-migrant dependents
which describes the number of dependents per direct migrant
in each cohort.

XREV = Local government revenues produced by the 0CS project.

UDEP = The number of dependents per unemployed migrant.

X2(A,S,R) = Age-sex-race distribution of in-migrant unemployed

and dependent population which describes the number of un-
employed and dependents per direct migrant in each cohort.
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Model Qutputs

SEML = Local government employment increase resulting from
0CS development.

SEMS = Increased employment in the local service, trade, and
finance industries as a result of OCS development.

SEMC = Increased employment in the local construction and
transportation industries as a result of OCS development.

DLS

Labor supplied by direct OCS employee dependents.
LS3

Local labor supplied to the operations sector.

NSEMG = The change in the level of secondary sector in-migrant
employees.

SEM(A,S,R) = Age-sex-race specific distribution of secondary
sector in-migrant employees.

SOM(A,S,R) = Age-sex-race specific distribution of secondary
sector dependent in-migrant population.

SPOP(A,S,R) = Age-sex-race specific distribution of secondary
sector impact population.

SPOPP = Total OCS secondary sector impact population.
- SEMM = Total 0OCS secondary employed in-migrants.

U3,NLF3 = Components of labor status groups adjusted for local
residents taking 0CS secondary sector jobs.

UMG = Total unemplioyed migrants.
UM = Total unemployed and dependent migration.

Note: Excludes definition of those variables used only internally by
the model.

Summation Sector

The final sector of the model provides summaries of important variables
which result from the assumptions and relationships in the model. This

sector provides projections of local residents employed in each sector
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of the OCS activity--deveiopment, -operations, and secondary--as well as
the total level of local emplioyment. It also projects total OCS popu-
lation impact and total population. Total employment by industry is
also projected. This sector also provides projections of total 0CS
employment and the enclave component of this employment. Table 1
describes the four output reports the model produces and the informa-

tion contained in each.
SUMMATION

1. DLE

DEMP - DEMG -

OLE
SLE
TLE

OEMP - (TOEM + OENR)
IF S1 GE @ THEN (STE - S1 - (TE-TE2)) ELSE (STE - (TE-TE2))

OLE + OLE + SLE
TOCSP = QPDPP + DPOPP + SPOPP + UM
TOTPQT = BASPP + TOCSP

~ (o)} (8] = w n
. . . . . L]

TOTPP(A,S,R) = OPOP(A,S,R) + DPOP(A,S,R) + SPOP(A,S,R) + UM

* X2(A,S,R) + BASP(A,S,R)

8. TEML = EML + SEML
9. TEMS = EMS + SEMS
10. TEMC - EMC + SEMC
11. TEMX = EMX + DEMP + OEMP

12. TOCSE = DEMP + OEMP + STE - (TE-TE2)
13. ENCL = DEME + OEME
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Model Qutputs

DLE = Local residents employed in the development sector.
OLE = Local residents employed in the operations sector.
SLE = Local residents employed in the secondary sector.
TLE = Total local residents emplioyed in OCS sectors.

TOCSP = Total OCS impact population.
TOTPOP = Total population.

TOTPP(A,S,R) = Age-sex-race specific total population.

TEML = Total local government employment.

TEMS = Total service, finance, and trade employment.

TEMC = Total local construction and transportation employment.
TEMX = Total mining and special project construction employment

(includes 0CS).
TOCSE = Total OCS impact employment.
ENCL = Total OCS enclave population.

Note: Excludes definition of those variables used only internally by
the model. ’
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TABLE 1. SCIMP QUTPUT REPORTS

Report #] Report #2 Report #3 Report #4 Report #5
Y
BASP(A,S,R) BBTH DEMP TLE TOTPOP
. BASPP EML DOL DLE TEML
DPOP(A,S,R) EMS DIMPT OLE TEMS
DPOPP EMC DEMG SLE TEMC
OPOP(A,S,R) EMG DEME TEMX
opoPP EMA DPOPP
SPOP(A,S,R) EMX DEMR
SPOPP EMM OEMP
TOTPP(A,S,R) BPOPP ooL
TOTPOP BASPP OIMPT
TE DPOPP
U 0POPP-
NLF TOEM
BEMG OEME
DLS
XREV
SEML
SEMS
SEMC
SEMM
UMG
UM
TOCSE
ENCL
TOCSP

*A11 provided in five-year intervals.
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III. A FRAMEWORK FOR PARAMETER SELECTION

Introduction

In a test application, the original population impact model projected
the historical growth of population and employment in the Kenai Census
Division for the period of the Kenai oil boom (1960-1975) with reasonable
accuracy. Sensitivity tests showed the results were highly sensitive to

the parameter assumptions.

The small community population impact model is an accounting model.
This model describes the population dynamics involved in community
growth. Its structure is both consistent and theoretically correct.
However, the mode1‘is simply a structure. Forecasts depend on assump-
tions about parameters. The model itself offers no preconception of

the level of these parameters, and they must be chosen for each study.

This is the only type of model which is general enough to be used in a
wide variety of rural Alaska communities. The alternative would be a
statistical or econometric model estimated at the census division level.
Such a model, which would develop parameter assumptions from historical
relations, offers two problems. First, a separate model would have to
be estimated for each census division. This would require more time and
resources than is often available. Secondly, many of the smaller census
divisions in Alaska provide no consistent historical relationships. The

primary reason for this is the small size of the economies. These small
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economies may also experience structural change because the change asso-
ciated with OCS development is relatively large. Knowledge of historical
relationships would be of no help in assessing potential future changes

when this is the case.

The SCIMP model would ideally be used in conjunction with a detailed
study of the local economy which would determine the parameter levels.
In many cases, such an analysis would not be possible because of time
and money constraints. A substitute, although not a perfect substitute,
would be to develop a general framework for selecting the parameters in
any specific studies. A first step toward the development of such a

framework is developed in this section.

This section investigates ranges for multipliers and labor response
rates. These rates have been isolated in past studies as the most
important for projections. Assumptions about other parameters such as
survival and fertility rates will be improved with the results of the
1980 census. The following analysis will examine each of these sets of
parameters. A short description of theoretical considerations will be
followed by the analysis of both national and Alaska empirical work.
Based on this analysis, we will suggest ranges of parameters which can

be used with the SCIMP model to make projections.
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Economic Base Multipliers

In the present version of the popuiation impact model, the growth of the
local economy is described in terms of economic base theory. Economic

base theory is widely used in regional analysis. This theory assumes

the region grows primarily as a result of increased export activity to
other regions and that the determinants of the level of export activity
are external to the region. In the simple version of economic base theory,
the region's economy is separated into two sectors, the export or basic
sector and the support or nonbasic sector. The function of the support
sector is to serve the export sector and the associated population. The
relationship between the export and_support sectors is defined by the

economic base multiplier.

The economic base multiplier describes the increase in support sector
economic activity per unit of increase in economic activity in the support
sector. In most applications, the units of economic activity are described
in terms of employment. The use of employment is really a matter of con-
venience since employment data is the type most generally available. A
more general measure of economic activity would be output. Using employ-
ment as the measure of economic activity is not an important limitation

in this model since we are interested in describing population growth as

a function of labor market interaction.

In reality, the growth process of a region is more complex than that
described by simple base theory. One criticism of this simple theory is

that it does not account for differences in the export-support sector
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re]ationship across regions. To account for this difference, economic
base theory must consider the effect of alternative industrial structures
and the size of the region. The structure of the basic or export sector
will affect the size of the multiplier. For two regions with export
sectors which are similar in size but not in composition, the nonbasic
or support sector will be larger for the region with the more stable,
Jonger-term industries in its basic sector. To the extent that the
region's basic sector is made up of industries which buy inputs on the
local market, the multiplier will be larger. The SCIMP model attempts

to account for this by describing the basic sector in terms of its indus-
trial composition and allowing the possibility of different multipliers

for each industry.

A second explanation of regional differences in multipliers is the popula-
tion differences of regions. The relationship between export and support
sectors is a function of the amount of goods and services produced and
consumed locally; the greater the proportion of goods consumed and pro-
duced locally, the greater will be the multiplier. We expect larger
regions to produce in the region a greater portion of the goods and
services they consume because of economies of scale. Economies of scale
allow the reduction of per-unit production costS with increased output
and allow the goods or services to be profitably produced in the region.
Larger regions provide more opportunities for achieving economies of
scale and provide a larger proportion of their goods and services locally.

Because of this, they will have larger multipliers.
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EMPIRICAL ANALYSIS

The purpose of this section is to provide guidance to the possible range
of multiplier parameter values which can be used in specific studies.
Empirical work from Alaska and other regions of the United States will
be reviewed, but no specific estimate will be developed. The 1imited
empirical work reviewed will not allow a specific estimate of the "correct"
multiplier; but a single multiplier would not be appropriate for use in
all areas. The empirical work in this section will serve as a check to
estimates of parameters for specific studies and as a base for assumptions
when there are not resources for specific research.

Two studies will be examined from other regions of the United States;
these studies are by Conopask (1978) and Stenehjem and Metzger (1976).
Both studies attempt to define industry-specific multipliers for non-
metropolitan countiés by examining the effect on the level of support
sector employment of a change in the level of basic sector employment.
Stenehjem and Metzger estimate their multipliers by examining cross-
section data on nonmetropolitan counties from the 1970 Census. This
data is analyzed by groups of states or subregions of the country.
Conopask examines the multiplier in fifteen counties in the Northern
Great Plains region of the country; the counties selected were those
which experienced some major mining or energy project impact. Conopask
used both cross-section and time-series data on the counties in his
analysis. Both studies used regression analysis to estimate the multi-

pliers for specific basic industries.
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Conopask estimated multipliers using various regression techniques for
manufacturing, mining, construction, government, and the basic sector
components of certain traditional support sector activities. This final
component was estimated using location coefficients and represented the
activities of regional trade centers, 1ike Anchorage. His estimates of
multiplier values are shown in Table 2. This table shows the 95 percent
confidence intervals as well as the mean value (in parentheses). Stenehjem
and Metzger's results are also presented in Table 2; the results for those
regions of the United States which were felt to most accurately reflect
Alaska conditions are shown. .Stenehjgm and Metzger pooled industries in
the basic sector to obtain the best results. (The publication showed

only those multipliers which could be used for energy project impact

analysis; i.e., the government multiplier was not presented.)

These studies provide what seem to be inconsistent results. These seeming
inconsistencies may be explained by differences in industry definitions

in the studies and differences in functional form. Conopask includes a
portion of traditional support sector industries (trade, service, finance)
in the basic sector of certain regional centers. Conopask also uses
pooled cross-sec&ion time-series data, while Stenehjem and Metzger use
only cross-section. The use of pooled cross-section time-series allows
Conopask to capture changes in the structure of economies which may

result only partially as a response to changes in the level of basic

sector activity.



TABLE 2. SUPPORT SECTOR EMPLOYMENT PER
BASIC SECTOR EMPLOYEE

Stenehjem and Metzger Study

Conopask Idaho, Montana, Nevada, Utah, Colorado,
Study Wyoming Arizona, New Mexico
Manufacturing 1.58 - 2.94 i 1.7
(2.26)
Mining .72 - 1.26 .8 .5
(.99)
Construction 47 - .57 .7 1.7
(.52)
Government 1.78 - 2.08 - -
(1.93) }
Agriculture * .8 .5

*Nonsignificant results
SOURCES FOR TABLES:

J. V. Conopask, "A Data Pooling Approach to Estimate Employment
Multipliers for Small Regional Economies," U.S. Department of
Agriculture, Tech. Bulletin No. 1583, 1978.

E. Stenehjem and J. Metzger, "A Framework for Projecting Employment

and Population Changes Accompanying Energy Development," Argonne
National Laboratory, 1976.

Examining the results of these studies allows a range of possible multi-
plier parameter values to be established. Any specific work done with
SCIMP should be consistent with this range of values. The results dis-
cussed above serve as a check on specific work on rural Alaska; any
specific work which diverges a great deal from this range should be

questioned.
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Examination of Alaska data will provide further help in selecting multi-
plier values. Using information from the 1970 Census in Alaska, we
estimated a series of regressions in an attempt to define the relation
between basic and nonbasic sector employment. Cross-section regressions
were estimated using the census divisions as units of observation, -and
the large regions were excluded. Attempts to estimate the effect on the
multiplier of the population of the census division did not produce sig-

nificant results.

A series of regressions was estimated in an attempt to duplicate the
results of Conopask and Stenehjem and Metzge;. In these equations, the
level of employment in various support sector industries was regressed
against employment in basic industries. The multipliers derived from
this analysis are shown in Tasle 3. The results for construction and
mining seem consistent with the other work; the combined multiplier is
1.4 for Alaska, 1.51 in Conopask's study (me;n value), and 1.5 in the
Idaho region in Stenehjem and Metzger's study. The multipliers for
Agriculture and Manufacturing and Government are much lower in the

Alaska study.

These Alaska results must be used in specific SCIMP applications with
caution for two reasons. First, the regressions are cross-section.
This means that the variability is due partially to differences in the
economic structure of the census divisions. The local economies of

rural Alaska may be thought of as a system of places where certain




TABLE 3. ALASKA MULTIPLIERS

Support Sector

Transportation, Finance
Communication, and
Basic Industries and Utilities Trade Services Total
Agriculture, Fisheries,
and Manufacturing 1 .22 * *
Mining and Construction 47 .56 .37 1.40
Government .23 .42 .34 .99

*
No significant relation

larger villages serve as regional centers for large areas; these regional
centers include Nome, Bethel, Kotzebue, and Barrow. These regional
centers may provide services for many census divisions, and their growth
may reflect basic sector growth in other areas. Because of this struc-
ture, the cross-section equations may overestimate the multipliers. The
second reason for caution in applying these multipliers is the season-
ality of rural Alaska employment. Census information is taken in the
spring when construction and mining employment may be in a seasonal con-
traction. Support sector employment may reflect the annual average
level of employment in the basic industries which may be much higher
than in the spring. Because census data may reflect seasonality, this

approach may overestimate the multipliers.
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The mu]tfp]iers shown in Tables 1 and 2 provide a guide to the selection
of parameters for particular studies. Because of the problems mentioned,
these results should be used only when there are limited resources to do
regional studies. At a minimum, some analysis of the simple total-to-
basic employment ratios in the region should be combined with the above
information when selecting a set of multipliers for a region. A further
source of information may be the analysis of the combined time-series/
cross-section employment data from the Labor Department. Such an analysis
should attempt to account for the regional service center structure of

rural Alaska economies.

Labor Response Rates

Typically, population growth in an economic base model is a function of
the growth in emp?oyment. In the SCIMP mode],.the growth of the local
Tabor supply influences the relation between emplioyment and population
growth. The migration response to any 0CS project results from efforts
to clear the local labor markets; the excess of OCS demand over local
labor. supplies will be filled by migrants. The local labor supplied to
the project is a function of the population of the region and its will-

ingness to work on OCS projects.

The willingness to work on OCS projects is described in the model by a
series of labor response rates. These rates are assumed to be different
for different groups in the population--emplioyed, unemployed, and not-in-
the-labor-force. The level of these rates depends on three important

considerations: 1) the willingness of employed workers to change jobs,



2) the increase in labor force participation which results from increased
employment opportunities, and 3) the match between skills required and

possessed by each population group.

Theories of labor economics offer some insight into the determinants of
these rates. First, if we consider that workers are continually search-
ing for better opportunities, they will switch jobs if they can improve
their wages or working conditions. We would expect the proportion of
employed residents willing to take 0CS jobs would be determined by the
relative difference in wage rates in the CCS and local economy. Second,

we would expect the level of labor force participation to depend on the
expected wages in the economy. Expected wages reflect both the probability
of having employment and the average wage rates offered. For a given wage,
the expected wage will be lower the smaller the proportion of population
employed. The inability to find work may result in workers dropping out

" of the labor force. Workers hay be out of the labor force because they
know there are no jobs. If this is the case, the population not in the

labor force may be an important source of labor supply in rural Alaska.

EMPIRICAL ANALYSIS

Originally, labor force response rates were developed using éensus data
(see Huskey, Serow, Volin, 1979). These rates equalled the probabilities
of each group supplying labor to the 0CS project; these probabilities
equaled the joint probability that a member of the population would want
to work on the project and had the skills to work on the project. The

first set of probabilities was determined by experience in the census
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year (i.e., the proportion of employed population changing jobs). The
second set of probabilities was determined by the occupational mix of
the population and the mining and construction industries. This section
ignores the second set of probabilities and assumes anyone willing to
work could take an O0CS job. We will concentrate on examining the deter-
minants of the labor response of the employed and not-in-the-labor-force
sectors of the population. We will assume that all unemployed would be

willing to take jobs.

Two sources of information were examined. Cross-sectional analysis of

the 1970 Census provided some insight into the determinants of labor force
participation. The second source of information was a survey conducted

in the North Slope Borough in 1977. This survey provided information on
individuals' labor force and employment histories during a period when

the North Slope was witnessing a large increase in employment opportunities.

The North Slope data was used to examine the effects of a change in expected
wages on the probability that an employed person would change jobs. A
regression was estimated across those members of the population who were
employed when the survey was conducted. The dependent variable equaled

one if the employee had changed jobs during the year (unless he had been
terminated from a previous job) and zero if the current job was the only

job during the year. The dependent variables included age and sex
descriptions and a variable describing the relative wage. The relative

wage equaled the wage on the previous job divided by the worker's expected

wage, which is a function of the worker's education, experience, training,




and sex. If the expected wage is greater than the previous job wage,
the probability that the worker will change jobs is increased. The
results of that analysis provide the following equation for determining

the proportion of employed population willing to take OQCS jobs:

W

I1I.1) P, = .065 ( 1 - =— ) where P, = the labor response rate
1 wocs ]
W = average local wage
wocs = average O0CS wage

The North Slope survey data was also used to estimate the response to

0CS activity of those not in the laber force. An equation was estimated
which explained the months the respondent spent in the labor force. The
1ndepeﬁdent variables included the respondent's expected wage, demographic
variables, and variables describing the amount of time the respondent and
other household members spent in subsistence activities. The effect of
the level of expected wage on labor force participation provides an
estimate of the labor response rates of those not in the labor force.

P3, the response rate of the population not-in-the-labor-force, can be

found as:

W) * Population _

I11.2) P3 = .012 (W Not in the Labor Force

ocs
where the first part of the equation describes the increase in the labor

force participation rate and the second part adjusts that to apply to the

portion of the population not-in-the-labor-force.
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The final analysis used 1970 Census information to examine the combined
effects of increased employment and wages from OCS on labor response rates.
The civilian labor force participation rate for each census diviQion was
regressed against the expected earnings defined as the average earnings
times the probability of being employed (employment divided by labor force).
This measure of expected earnings will increase with both an increase in
the earnings of those employed and an increase in employment. This analy-

sis provides the following equation for estimating P3:

Bocs * W.ocs B E1*WH Population
= 4 d —_—
[11.3) P3 -00002 * [ LF - ] Not in the Labor Force
where Eocs = local employment opportunities with OCS

wbcs = average earnings with 0CS

E1 = Jocal employment opportunities without OCS

W, = average earnings without OCS

1
LF = labor force

The coefficients in equations I[II1.2 and III1.3 differ because of the

respective use of wages and yearly earnings in each equation.

This section was intended to provide additional information for estimating
Tabor response rates. This may be more helpful than the previous section
on multipliers since information on labor response rates is less accessible
in individual census divisions than is information needed to derive multi-
pliers. Caution must be used in applying this analysis directly. First,

directly applying these rates assumes there is no skill or occupation



requirement for OCS workers. If this is not the case, the labor response
rates should be adjusted to reflect the difference between local skill
mix and OCS requirements. O0ifferent skill requirements can be reflected
in both the labor response rates and the separation of imported and local
labor demand. A second caution is that the North Slope situation may

not be able to be generalized to other areas of the state.

Conclusion
The analysis in this section is not intended to provide the final word
on either multipliers or labor response rates in rural Alaska. Thisz
section should also not be assumed to substitute for an analysis of the
local economy under study. The analysis in this section was simply meant
to provide an insight into the levels of these parameters for use in those
studies where the time and resources are not available to do a detailed

study of the local economy.

when time and resources are available to conduct a study of the local
economy, the results of this section should be used to provide guidance
and consistency checks for parameters developed in the study. When a
study can be conducted, the historical change in the economy should be
examined. The location of the economy on the network of regional centers
should also be determined. This, along with possible examination of
regions slightly bigger, should provide information to determine the
multiplier. Examination of the potential labor force, the occupational
structure of the population, and the density of population of the region
should be useful in determining the level of potential labor response

rates.
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IV. BERING-NORTON OCS LEASE SALE APPLICATION

Introduction

The SCIMP model was used to analyze the impact of OCS development on the
Nome Census Division. This section describes this analysis. This example
is intended to illustrate the model in use and the model's sensitivity

to certain required assumptions. No particular research on the Nome
Census Division was done; parameter assumptions were based on secondary

information.

Base Case Growth of the Nome Census Division

INPUTS

Projections of the growth of the census division require regional-specific
assumptions about the basic sector employment growth, local populatiqn,
labor force participation, and noneconomic migration. The growth of

EMX (mining and special projects) and EMA (agriculture, forestry, fish-
ing, and manufacturing) was based on the scenarios developed by the
Institute of Social and Economic Research (ISER) for the Bering-Norton

0CS study (Porter, 1980). It was assumed that employment in these
industries in Wade Hampton would remain constant at 1976 levels. EMG
(state and federal government) was assumed to stay constant at 1976

levels. All of these exogenous inputs are presented in Table 4.
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1980

1981
1982
1983
1984
1985

1986
1987
1988
1989
1990

1991
1992
1993
1994
1995

1996
1997
1998
1999
2000

TABLE 4. EXOGENOUS EMPLOYMENT INPUTS

Mining and

Special Projects
101

101
101
101
101
101

101
101
101

101 -

101

101
101
101
101
101

101
101
101
101
101

Agriculture-
Forestry-
Fisheries and

Manufacturing
56

56
57
57
58
58

Stdte and
Federal

Government

480 .

SOURCE: Alaska Department of Labor and Porter, 1980.



The 1980 population was estimated by extrapolating the 1978 estimated
population by the average annual percent change between 1970 and 1978
(see Table 5). The age-sex distribution was estimated using a cohort
survival approach. Noneconomic age-sex-race migration rates were based

on the migration between 1965 and 1970 (Kerr, 1979).

Labor force participation rates by age, sex, and race were found by
adjusting the 1970 census distribution. The non-Native male rates were
assumed to be the same as 1970. Female rates were adjusted by the per-
cent change between 1970 and 1977 at the national level. Native males
were adjusted to 10 percent below the non-Native males, and Native
females were adjusted to 10 percent Be1ow Native males. Labor force
participation rates were adjusted to reflect the 1978 population and
labor force estimates for the Nome Census Division. These rates are

presented in Table 6.
Other parameter assumptions were based on statewide information (see
Huskey, Serow, Volin, 1979). These parameter values are listed in

Appendix A.

Base Case Growth

In the base case, population decreased at about 1 percent annually.
Since local government employment is partly a function of population,
it also fell (see Table 7). Only minimal expansion of the exogenous
sector is assumed. Employment in the support sectors, EMS and EMC,

remain relatively constant. Out-migration occurs to bring local labor
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TABLE 5. POPULATION OISTRIBUTION
1980

Non-Native Native

Male Female Male Female
<5 68 70 370 302
5<9 76 87 400 363
10-14 70 75 419 438
15-19 47 49 334 333
20-24 134 69 198 174
25-29 100 86 170 139
30-34 65 40 154 136
35-39 72 - 37 147 127
40-44 56 31 132 119
45-49 66 40 130 94
50-54 46 36 92 84
55-59 43 19 98 101
60-64 24 11 58 60
65+ 35 _16 116 105
902 666 2,818 2,575

Total 6,961

SOURCES: 1970 Census and Alaska Department of Labor,
Population Estimates.




TABLE 6. LABOR FORCE PARTICIPATION RATES

Non-Native Native
Male Female Male Female

<5 0 0 0 0
5-9 0 0 0 0
10-14 0 0 0 0
15-19 .254 .22 .244 .15
20-24 .90 .20 .80 .60
25=-29 .80 .30 .70 .60
30-34 .80 .40 .70 .60
35-39 .80 .40 .73 .63
40-44 .83 .36 - .73 .63
45-49 .76 .36 .67 .57
50-54 .76 .35 .67 .57
55-59 .76 .35 .67 .57
60-64 .76 .35 .67 .57
65+ .26 12 A7 17

SOURCE: 1970 Census
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supply into equilibrium in the relatively constant labor demand. This

accounts for the fall in population over the period.

0CS Impact

INPUTS

The most important inputs for assessing the level of OCS impacts are the
project labor demands and the assumed enclave proportions. These assumed
levels are shown in Table 8. They were based on the Bering-Norton mean
scenario (Dames and Moore, 1980). The aggregation between sector and
demand components was based on the SEAR (Share of Employment to Alaska
Residents) factors (Huskey and Nebesky, 1979) used in previous studies.
It is assdmed that 50 percent of the migrant employees in each phase

locate in an enclave.

0CS Induced Growth

The population impact of 0CS development is 4,092 by 1985; this peaks in
1990 at 13,614 and falls to 9,417 by the year 2000. The total employment
impact of.OCS grows from 2,052 in 1985 to 4,712 by 2000; its peak is in
1990 when total employment impact equals 6,300. Less than half of the
total employment impact of this development is direct 0CS employees.

At the peak impact in 1990, direct OCS employment accounts for 45 percent
of the total impact. Of the direct OCS employment, over half is located
in enclaves. Local labor employed in all phases of the impact is 485

in 1985 and 446 in 2000. The total local labor supplied to the OCS

effort is a function of total labor supply. Given our parameters, total
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TABLE 8. OCS OPERATIONS AND DEVELOPMENT EMPLOYMENT

Operations. Development
Local Import Local Import

1983 75 41 47 200
1984 135 136 90 512
1985 156 156 95 636
1986 238 158 105 772
1987 582 250 73 537
1988 534 178 302 1,401
1989 332 84 431 1,294
1990 301 53 710 2,133
1991 463 51 699 1,633
1992 478 25 880 1,636
1993 490 10 992 992
1994 480 10 883 883
1995 479 10 88s 885
1996 479 10 - 915 915
1997 479 10 930 930
1998 479 10 930 930
1999 479 - 10 930 930
2000 479 10 930 930

SOURCE: OCS Technical Report No. 49



local labor employed stayed relatively constant throughout the period

following the initial impact (see Table 9).

The demographic and economic effects of OCS employment are very large.
From 1988 through 2000, population and total employment impacts are
greater than the baseline levels. A1l sectors of employment are pro-

foundly affected by OCS activities.

Sensitivity Tests

The results described above are dependent on the assumptions made about
thé parameters. This section will describe how important these assumptions
are. Since in-migration is determined by the interaction of labor supply
and labor demand, assumptions determining these will be examined. Six
cases were run; three altered the 1$bor supply parameters and the rest
altered the demand parameters. Examining these results will provide an
idea of the importance to our results of each assumption. Table 10
compares the results for each of six cases in five-year increments.

This table shows the effect of changing the assumptions on baseline
population, total OCS population and employment impact, total secondary
sector migrants, and the employment of Tocal population resulting from
0CS development. Sensitivity tests also allow us to test further the
logic of the model by examining the effect of parameter changes on the

results.

Test No. 1 shows the importance of labor market response parameters on

the total local labor employed in OCS activities (TLE). In this test,
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1985
1990
1995
2000

1985
1990
1995
2000

TABLE 9.

0CS DEVELOPMENT

(difference from base case)

Secondary
Secondary Secondary . Local
Total Total OCS Local Govt. Finance, Trade, Construction &
Population Employment Employment Services Transportation
Impact Impact Impact Impact Impact
(TOCSP) (TOCSE) (SEML) (SEMS) (SEMC)
4,092 2,052 M 449 449
13,614 6,300 381 1,361 1,361
8,856 4,521 371 946 946
9,417 4,712 394 984 984
Total
0CS Direct Local Labor Total Enclave
Employment Employed Employment
( DEMP+QEMP) (TLE) (ENCL)
731 485 432
2,843 446 1,531
1,770 449 1,036
1,860 446 1,081



TABLE 10. SENSITIVITY OF SCIMP IMPACT RESULTS
TO PARAMETER ASSUMPTIONS

Support
Total OCS Total 0OCS Sector Total
Brief Test Baseline Population Employment Employed Local 0OCS
Description Year Population Impact Impact In-Migrants Employment
Base Case
1985 6,109 4,092 2,052 600 485
1990 5,801 13,614 2,300 - 2,440 446
1995 5,703 8,856 4,521 1,735 449
2000 5,683 9,417 4,712 1,831 446
Test #1: Multiplying all labor
market response rates by 2
1985 6,109 3,099 2,016 218 916
1990 5,801 13,112 6,353 2,216 868
1995 5,703 8,527 4,605 1,611 - 869
2000 5,683 9,091 4,797 1,711 863
Test #2: Setting labor market response
rates of the employed to zero
1985 6,009 3,627 1,970 391 490
1990 5,801 13,361 6,240 2,290 459
1995 5,703 8,451 4,428 1,502 449
2000 5,683 9,011 4,619 1,597 446
Test #3: Dividing the basic/
nonbasic multipliers by 2
1985 6,109 2,303 1,515 63 485
1990 5,801 8,502 4,665 804 446
1995 5,703 5,616 3,315 529 449
2000 5,683 5,929 3,449 568 446
Test #4: Setting baseline migration to 1.0
1985 6,714 3,878 2,044 527 556
1990 6,720 13,399 6,296 2,346 548
1995 6,327 8,608 4,519 1,632 575
2000 6,992 9,138 4,711 1,713 591
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TABLE 10. (Continued)

Support
Total 0OCS Total OCS Sector Total
Brief Test Baseline PopulTation Employment Employed Local OCS
Description Year Population Impact Impact [n-Migrants Employment
Test #5: Setting percentage of
enclave employment to 9.0
1985 6,109 6,765 2,748 1,193 485
1990 5,301 22,874 8,866 4,677 446
1995 5,703 14,461 6,274 3,235 449
2000 5,683 15,458 6,555 3,408 446
Test #6: Setting enclave employment
to equal 100 percent
1985 6,109 1,401 1,362 12 485
1990 5,801 4,319 3,735 226 446
1995 5,703 3,226 2,767 246 449
2000 5,683 3,366 2,868 261 446
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all labor response rates (coefficients P1 through P8) were doubled. The

most notable results are the doubling of total local labor employed.

Test No. 2 demonstrates the effect of employment response of local labor
already employed to OCS development and operations. By reducing the
labor response rates of this group (P1 and P4) to zero, no significant
change takes place to local labor employed. Total secondary employment
(SEMM), total OCS employment (TOCSE), and total OCS population (TOCSP)
are reduced since it is no longer necessary to replace local employees
who have taken OCS jobs.

Test No. 3 considers the basic/nonbasic multiplier relationships.
Dividing all the impact multipliers (N11 through N20) by 2 results in

a most profound reduction, as would be expected, of the secondary impact

of OCS development.

Test No. 4 is a test of the effect of baseline population growth. Base-
1ine migration rates are increased to 1.0. This increases the total
population in the baseline. Increased baseline population results in
increases in the total local labor supplied to the OCS project. This

results in an increase in total local labor employed as a result of OCS

devel opment.

Test No. 5 Tooks at the effect of reducing the proportion of workers
living in enclaves from .5 to zero. The secondary employment (SEMM) is

increased, as are the total impact variables (TOCSE and TOCSP). This
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APPENDIX A

PROGRAM LISTING FROM SMALL COMMUNITY
IMPACT MODEL

A-1



) ! .
_ ! i |
' . i x
! i i > v
] ' i Ug) (o 4
1 . ! <C
[} v - w
| 0 < >
1 w
1 Lo AU w o
1 < Z o >
. ] M i - EY N 1
H HE % - X
! 0O ; ’ o <« 1 4
(] . w t : 4 Z@ O ]
' ; ' Pz . - > w |
t _ - S ] v +
] v v i ; : w w
|- ) [TT - . v Jn -3
tw O - . b ! e @ O« <
to Z D @) W « <> 4 '
10 W o (a] W e > !
1 = 0 L 2 — > @ ]
' O o < w < wa
I - a] = fa'% e > I D
Y zZ + > > w (Fe U2 B |
| « w « | @ Z - « ]
K Ne] : ) O w —— |
=0 - - =z w - un Y x< |
)~ ) @ Z0 - n W Z0 2 « '
i un w 5] O — — - << D >9 |
| Z~ D I @ 04 —— w r « I [+ Z
1c~ - C w v w < . - U Vi~ |
- < U guuvv « << o> i € Z a b k- |}
- > b33 o 1 4 b Vo o i . <4 F O> — Za |
| < 14 4] N {o i) rC [ - = =< |
1J v) w ZZ00X s g g | | -~V WO C - |
1 DOZ 2 b2y IITO <<l W v) ad o avn |
1Q— 0O < Wwoou wWw>vo — (I} ' ]
104 Z Zz A0V > Z I wv s 1 ' 1
100 w oL 1) MO D0~ s w 4 )
t > v W QI C=Z WO~ O O o] ]
1> O d g L2 dandt €14 Readusdeinsin i VLI - & W |
1 bod 02 XxanNg V: x<OCT IS I 0000 O WV ! w t
| —Q w aZadq WS A2 DAL aCL < V) w o '
1z TS SHRW D SNWNZDSSDSSSD> O W w > | v
1w o o - i J i J X [0 4 - | w
1 EQ Wiy < < : I ol ' v) 24 1 I
10 QD SrNOINO e~ SN~ O FTNODVOEN —~ o2 o | o —~ > 1 m -~ -~
1 00O <. J M uionionid et NG SINO - O O o > vz < N N~
VO O 110111 st i1ttt O @ oo D - 1 > ! —- - —~r N
" w > QOIS0 QMO NMN~O-IN 0 o W Z ~J O R« 4 @x o NNy e
s of Z o —~— o et et NIV HNO - W o W @ « - > o« e ~e N
“LT oV O | O , | P 2 ! = > > Z v > &« N e
< zZ U V) b O o~ o~ Z - U - — et~
1 E> V) e WY wo DN -~ s w w Vi ~a +-a-—-
VO W - v oV -2 2 - @ = o = I D aav~aQl:
! 0 D D2 a o D > O « 1 O NVE-O0H.
11Z O o« = t a +~ - a nw Z - Z Z a<woooor
I W v 2 Z > zZ 2D 2 Z . > > Ww ooooomaod
10+ - e e — O O = g v - O - v -
1S W - N U] a C Jau 114
) ) : O LA
v - o oM N O 0N (| Z wwuwwuluwiuy
“SW w o | © &« O © “ f oo oo
' ' _ _ [
t [ ; ] ]
' _ w Lo
: }
(e v v vivvvivivivvv UiV U VeIV VU vIVEIV YV e VY VIVIV VNIV Vv VLUV c

0000000000000 COVV0OCO0000Q0000N0000O00O0000000OOUVOOOUUVOO0000000000~
N INOM- 00O —HNNFINO DO ANME N OO0 O M-S IN O DARO NN O~ O OO ~NOUN F 1N Dl 0 O O (N M T
O QOO0 O VOO Hetedrt ot rmt i 4t NN NN NI N N NN TN O NG 3 2 F 3 F 00 AN N M OIN N NN N D00 0 OO~
00000000V O0VOONOCOCOO00DOOO0NO0OD CO0OCO00OOODOTFOOOININOOOCOO00D0OC



~ _

N o~ o~ NN NN o~ o~ N N N ——
1. o - —~— LIRS LR NN N - . - —_ NNy
0N L g o~ o [aV[aY) ~NON L o « N N N [pV[aV] [ L g
[ [N [aV] L] - o * [ K 2 NN o [ [ * L NN
-~ (B D g NN N X 5 S - oo e ¢ 4 < NN -
"t (X 2N o — - - —te—d ot -t —3 33 F - e~ e o —3 -t
o Trwwaox oo - T v ZETESZSESS I---woa- aaozaooo o T———-U.
o ISIESITWNOOVINY oL moWwLbUOLWYW  FEAZES Zowooowwiwo J— —XOSI3

- aNOWWWLIW . J_J0Q T ZE Zu. —0NY) — I U 000000VNIVIVIVY \..ZBDDEEEEELPP555555512123EDDEEF

_BDDDDDDDDODDD—-_EEEL.O.MWLNN ZZ= |NsNNNNNNNNNNOOOOOOOOOOOOOOOOOOOORRSSSSSSSS.\

PN T TN J PR DU 0 U O JON DU SN DR B B DY SN JREJES DU DU TN JON O RN N D g JY SNV AN RO DU N DO DOV DN D B T Y D 00 OO D O O 0 B B

..AAAAAAAAAAAAAAAAAALLAAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

~EEEEEEEEEEEEEEEEEEAAEEEEEEAEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEF

“RRRRRRRRRRRRRRRRRR%WMRRRRRRERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRP
x

10000000000 CO0000000 (elolelelale] 00000000050000000000000000000000000000Oon
.679u9012.4.4567.390123006w189015234567 w o 001234567890123456789012345678901
70666777777777788884588889° 199999999OO0000000001‘.1111111122222222221:4
100000 C CO0C0000000 08800000090000000011111111111111 B o aianian tan Lo et D bl Lont onlon kantaniel



8+.020+,008,

~
o
[ ]
o
m %
oo
ey
*
~N—
LN 0O
0w n (@o]e])
—8 — [ ]
ceO e X e
—t ol @ ooy
N e & ~C
OO~ ~ Mo
[ JaVEE JaV) QO ~ o
O eO s O
C «O ¢ o ot
q«.*q«.* e o e ¥ e
O$YOd+ Yot ~ NG
e * 0o NNt $ a
kO OOQOOO s Ox%
[N RN B X e 600 \Nn [N 4
O *O kkk%k O oo
MmeMm e NINNIN o OO
! D%k O % e e e x  ~C
. COMOM NN N NC
X ' - e s MU - e o
, ! ‘ ! " *KOKO OOCOO O «weo
! ! H MOMO e e 06 N N
! ‘ : - O * O KX kK e ~C
) § ' ot e MMM e C
~— w ' ’ QO ¢ o L I (@] e @
-~ em e~ ~N - | s OVOW ~O—~O M L
~ N N~ - m : 0 60 NN e i
N e e . o < , ' K OK O emrAdtrdrdm ¢~ (NO
e N &N N - v ! i NN o 00N ¢ 0 0 2O N—C
N - [ R <4 (0 4 . ! * ¢ e et rrremeoece
s ¥ 3 ¢ - < : V) NNNNOMNMOONNINNNG oy » ¢
. ot o.~- > ; ! = OO0 *NONG *CNON ¢ ¢ o0 ¢
~ —O-a-a o oo . - ! - Z 00 et ODHOFT A~ FTOF OO
LUV aoaaan. VUJNxX nvsuaao ] [« A D> W Attt 00 0 Pt 00 0 it
ZZOWOOOOWWIW  ~NE S5 S WUIUW - s Vw D JEAVIEXIZDU = NN\ ¢t e ot— 9t e o o o 0
IWidit A 0. NNV WML . IO O 0000 —~NNQ S S Z O OIITEITQ WX U ~NMOAETMEIONSO0NM o) o o
WONININNINNNIN - b e e e e - D DD DD DN & QAoWWIIWOO KX ”1 MOAUV 000 OUNONMUOO00
. u! : (W QOO0 QOO0 . L]
b i o S 0 O JRN O R R PR PR NS RN RN T O YOS N YO OO O DO A N O N N O O A O O JJIJI 3100300 W _JJdJeee e _jeeoe e JO_JCC
2L <L L L L <Y <L L < L L L L <, L, L L L L o L, K L O QAL LA W Lk kK K <k Kk ¥k k <k <k %
.EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE >X  wWuwuwuiwwwuwiwiel O  wuliwmnnmnmulg 3 < Weowom
.NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR W oo U oo [0 40N N\
N | i ! . . . [} . _ ] WWWWW DWW W VW
] : ; ]
) J
] ]
Vv (v 1V

_00000000000000000000000000000000000000000000000000000000000000000000
.23456789012345678901234567890123456789012345673901234567890123456789
_333333334/».4.1»./».44.4.4.455555555556666666666777777777788888888889999999999
44 ]llllll‘.lll‘1111111111111111111111111111 Lol L e o D Lo R L L R o P TS P P PR P U P i P DI I

i
.
i



%
L

QO

Qo

1 H L)

. " >
- . _ [ - Qe .
N ! \ m n —~0O o«
0Ny _ ! o o 0o C
(o] e] L] - - * ' o O e @ c
. e - Q) <4 O ; [ [ LR ]
«. O - O N O N f H [ - om .
Y %0 O i o o | m n —~O o
r NM [ ; * L L L . (@ BN oV | (e]e] Q
) [l ®] (@] ”» - » > ] (@) O o 0 C
~ e % nw o n o | . P .- .
v O e - - 4 ~ e~ i . - * — g 0
I O~ o ~N Lo SN0 S ¢ Y o N : 0 N Mmoo ©
. [¥s2) - —t [ [ . [ i ¢ O n oo C
¢ X O N o * - - *> - i , o O o e C
) F oo O~ Ld €V © W ; ! [} . L .
) e Nele "2} n NNy ! - - —~3 .
LAY o o0 (a2 ] oo o0 00 O : o N Mo C
v Ot [Jde] * 0 [} ° ® L) \ -t O (o]®) —
BN ele] K 3 g e~ e & & . o O oo lo)
' LA —n U~ N NN NN _ . [ - - .
) - - O - oD o4 0w M N ™M L - a0 .
vt [ 174} LI I Y o o 0 O O ™M O~ o
Yo e - e - . . ° . , m O o0 o«
}» OC [0 X @ ~-0O0or~ e - . . 1 O N [ C
s L) o« e SN e @« C « C _ i ¢ o LK '
) - e O - X ox o m O ™ O - - ~oy ¢
. OM L le ! 4 egxk O O O O | 5 ~— N
w fole) o e e e @ ) (VRN (el o
Ot no t~oam e —~ et A e i i O .~ L) C
. [ 2K 2 Lo 0 3 ~ o ~-m * - [ e ! } ° o LN .
. - e O - o e o ' g 0N 3 n [ - KXo o) [d
)y ~O Y] g 0 G ~ ¢ } ~ mnm [
vy 0O 0 N~ oM o O O O O ' —~ 00 ~NO —
Y O JOo ~ e~ . " o . O O o0 C
. [ Ye] F e et &0 I ! e . eO e .
- L ] |l > 0o ® @ 999!099/— L N —Q Iy
) o O o n ep- o MoMNO Mo | NSO O o
)y nX o t~m ¢ 0 NON- O | ~ Ok ©NO —
' OO N O~ . ® 0o 0 QOO H - e~ L) —
o o\ O ~ e | —~ o~ - oo.oo.oo_ . oN e e .
1 * o an ~e i NN o0 Ll R S ~e e F4 .
1~00O- ¢ o~ o ' L I )80618061“ ~ OO~ ~ Ot —~0
NGO KN (N 1 N 00 » NO~NIO ~(ND NOOTrONOO 23
[Rdelele] 5 eON . SN M NNNNNNNNNN OO OO ONNNNNNNNNN OO * 0 @ NN * o
N 08 ENNAND ENNNNNT 00 2 OIS S 0 0 0 0 0 AINNNNN-—IINR-—~INN 0 8 0 0N ¢ » ~FTOOOINNNN ¢

‘e e e tOON M FOOONO~ ¢ o ¢ 0000FFONDOLF ¢ be o reereQQOOTOOTNWO ¢ e e ety MMONTOOQ » o
IFOO~MNN~FOIN ¢ 0 ¢O ¢ =MAIFINO 2 0 ¢ 0 0 ¢ 0 ¢ e FININNTININN ¢ 60 00 0 00 0 0 F3MMOTH~ OOOQOOONOS M
Vi Ot ¢ 8F et 0 V410 0O A OUIOY U SN SN SN NN NG N N OSSN NSNS NN NN N A O~ OO O e 00 0 08 ¢ 04
I~ OQOONNH~ £ NN\ 8 8 0 00 ~NMT ONIMSE ~ACOCOO O —NMGINON0CONONO ~ ¢ e N NNNNNNNN~—-n
O e e e tN~XO 8 iNO~NLU, ¢ ¢ & CrdrmtrdetrdONINNOINQ 6 0 6 0 6 0 ¢ stltrtrtridt N ¢ & ® olif ¢ »O—~CININ OO ¢
Qe o eiLlL 0 eV J ) ) IJIOOOOITEISIIITSITET ¢ 00 e 00 ¢ o222 ZZ2Z0 ¢ ¢ ¢ ¢e0OO0O eQ0OAQCAOOAV ~
¥ OO omn ® 9 00 OIS OINNIS [aalaVaa BN 4 00O ~
“L441LLLL*4LLILLLOOOOLLILLL[LLIL04?504?5LLLLLLLLLIL30?1LOO*LILLLLLLLﬁ
LrtArdOLLLLODOLCLLILLLR KKKk LLALLLLLLLLOCONPCOTOOALLLLLLLLLLMOMO LK Kk 00 <L < <L <L < <L < <L <
Wl e e sl eWWIWLIIM M camtuwURUWILIUILILIUL ¢ ¢ o ¢ ¢ o o olILIWJWIWWILIWIWLIL] o ¢ o eulmmaviuIWiwiLILILIWY ¢
[s 2N oo~ oo Nodsdadadodadodsdode {0 &N [ [1dedsdedsdadodsdedods & NN [0 4 [sdadadsdadodads 4o N
b WWW DWW WWWIWO WIWWWIWWDW | | WWWIW WWOW W

| ; i ;

b _ " , !
! ; .
!

m_ _

]
.000000000000000000000000000000000000000000000000000000OOOSOOOOOOOOOL
OIS INO MO0 O—~NMFNO 00 O —~NMIINOMDNONMNFINOMN OO ~NMFINOM~D OO ~NIMN SN OO0 O—NMY OC
QOO0 OOOD O rtetrirmtrdrd rmd rmd =l — (N NI TN AIOIONIM OO O OO M MO 3 SN inininin nninninno o0 00 00 O
e S L N TN LN N L LN TN TN T N TS TN TaN N TN TN T NTIRT N T NT O NI ONT oNTONT VT NI NI NT N TN T N TGN VTGN NT N TN T NI NI G VY G VTGV TAN AU oV N T VAN OV TGN TONT AV o NTNT o NTONT N TN F O VANV T N

t ' i



e L

e w e

e awm v eww,

* &
[ F°Y) H
Nele | ' :
oo | u : ; [
[ 2N ' . ! H

” »
Ot
—~O
Qo0
()
* &
™
~0
(e]e]
L 2N ]

5916945,
989494987,

o997909979¢9960.994’0992q09819.9809.989’

050340497 +¢502,.497/

L Nt o
Tl o oD &
Mo *O
oo O sD
o0 ~ o
L g OO e
—g o~ o
[ ]e) *h D
oo ~ oOn
LR ] Q *O

] L Lo 020 N
N O [ Lo 0 4 )
O~ O

o0 O o
() o O

16490081’01619.20300062900559c0259o°259
8%0,0/

e o _

~o W - !
. T — s OMN l v S o~ -
! o0 ‘m e i . -
] e e [e 3 10, ' Q. o. CQa

Lok O o ~0.0.Y aoaTIq woa o a.a

-~
& © o - onNE OO TEIIFIFTFITWNOOUINLD  —~num

’082290784908139-8259083890850908639¢875v
.6922..7a4¢.813..825..838..850..863,.875.
©18940111+0225,.28%,0087,4077+00344003%,
017690095’01919.241900749006500029900299

90822,0784108139.82590838908509.86390875$
6322v0784908139.82590838908500o863008759

N B ¢ AV . OdAdWA0AOV—NOWWHIVW . JA 0 F XX Zu v —a

NO 0 O - ‘ altalislinlialiafislislislalalalalalalaYalaYalaYa Y T T IR N TN -4

, o e O O ; _ Lon B S B I B B B S S I I A A I T " NSO

Lol 97 L4 ' Nt s S Py P B P N S P B P PP B P S S, S, i, oy P, L T e ]

-0 Qg - : ' NP0 0N~ N O NMNE C O 00 0N O i .0 O O N M F 1IN O ¢

om *~om (TUR Ta Y Tal"a W o ol X a T, e T a Y o XXX X BN SFUINDNO Crdod emi ottt ed

NO ~ o0r w ioniaalaaTan Ia VLAV aVIAURLA s Tas TasToa ToaTog BN X X SX X SX SN X I S X 3

o8 [0 SO 3 0 ) D . . . 1

[ X4V - & o e : () = " P a8 N e Nt S S Tl AP Nl Nt N e Nl il NP NP Nt Nt Vsl i NP s S i e
le e e $ & (e B N [ K - o0 é el bbb bieiiistairate ittt

0

I " . i VUuU

1O ONOO N 0030 ONNNONE NNONE NG 0O

He e N s e OO ¢ 00 s 60 NN 0O O eNJ 0 ¢ ¢ @

S AESMOE N SOOI MOMO T OOMO O N M~
OO CO e S ONP O~ IO A A OI C oL rted i) ot
IONO ¢ o6\~ ¢ X OO ORPX VTN~ 00\ ~NONO NN

At tite it iot ettt bt ettt bbbt le e
0D222222222222222I2ID2D2IDI2DDIDDDDID
(oloalsslialeolsalonlialontialioslialialvalinlaalialvalvalvalcalvolvalvalsalinlialsnliolsalen
Q) o P Nl Nl il N Nl ol il P i ot Vs Vst Nl Nl Nags? ? St sl Vel il Nl Vg e Vgl i Vol Nl it
LUt LG i It 0 TUa gt Jn B 00 0o Ja f 0o S SLA LS DA ROSLA IR S0 T L
R ACAYAYAY VIV VIV G S VIV VIV V.V vV TV VUV VUV
LWZZ2Z2222 22222227 2222222222222
W Lttt i et Wit S e b oW S tw )
o U N JO5 DU DU DI DU DU U N JON N DU VO U N O N G B N NN NN MR
DCALCACALALCALCLA AL LA LCLCLL A <L LL LA

SO>SO SD
Bt Pt 8t Dot Bt Dnd 9t Pt Pt et Bt i > —ttey et et e
< 2DDIIDDDDDDIIDDDIIDDDIDIDIIIDDIIDD=
(lejelelelalalelalalalalelelelclelelalalalalelalalclalala]alas
o Wdwistowlwwwiwiwwituwu oWttt Lt u WL W,

: | !
} : i

PO ARt RO OO N~ AN~ N ~DOOVO
0~ * 60 ¢ ¢ o0CCO ® 200 6000 M OO *iO-O

~
LI N d gV ] ’999999999999999098291"’0
)

INME 0O ONNTE0O Jodom Sttt NOMMO
10M A _JOOQ X1 ¢ -0 .J. JO0M 000 oo o) _J_J ) (et K]
10MO LXK XK Lk OO OO O <L <L~ 0O 00 <L N 0O 00 <L <L LM OMO 0 <
re 0 olIMMMNWIN ¢ ¢ ¢ 0 slafu) ® ¢ 0 olif o ¢ o slilliul @ © 0 oUW
. [0 40N [+ 40N ' [« 40 48 N [0 4s 40 4N I ¢ 4
.665n&56n55555& WWIWVW  LWWVIW WD WDWWD

U ' t |
! i m ! “

=====INPUT/QUTPUT. BUFFERS —— -

t

234ﬁ¥§£§00000003§ﬁ¥£§50000chaxggooo00005:2900000OooonaxxggUOOOOOOOOOOOOG

.1066754L(89n7§£3444&532?07803?11234&?9(890155?:967805¥££$45676:201234%2::9901?

.666AZ?9°66754L(777754L(7775&95888ﬂ;:2588906‘2999066‘20000X2U0007#511111?#&122?
.273%542752‘2732427:&4?273£4273§£42735427:£427=£42?:&‘2751332:3325:25332;f25325:2531

I : .
: ! . . l



P Y e Yl el et rata ot la et P R P Foa T Xl P R Tt ke R X R Lo X X

o.
0 0 O wa (@]e]

woeax O R Y N N . -
ANESEEISZEEE X wax oQ0.zZonoa - UJTwn1  acaaoo. UJnX nnswoo
L oWWnwowy +EaSEZZza o0owWWwwwa J  EEASEESTowOO0aoWUI ~NE S ESWUUL---

133,300 00 0 ONNVN—NDMOO WWWLNUWA O NNV NN WI—IN—NOTO0) wwiivww o Q N nui-piuwiiuiiiw 100 CO0C
2Z2ZZEZZZTZZ ZZZ0000000000 1000000 00O XNIHININNIVINNVNNNNIVINNVINI-i- (o e o St S o ol ol ol ool g

-”’,’”””””"’"”O"”"””’.,”””."””"”””.” L I Y S N 4
g P S S, P N B S S S P S S P ey B P S P P S S PN PN SN N TN SN SN P N TN N SN N S
OO~ 45678401237395678)5128956789512348406789067340178901234 nNoOr~-ocO—0
AONMA (F (00T FF O L0000 O CEOMMNMFONINOO (000 LNOID M F O WHWMNN O ~ =M OO 00 JOOO0OC
.555556666677777788999Q.Q,Q,OO111111122222234444445555666666666666 Noltolvol aul aud
P ST T SIS R plP Syl g R O B B P P P P e T R e R e ian e L Lo L L Lo Do D L Lo Lo Lo onlan Lo Lot
.FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF—FFFF
.FFFFFFFFFFFFFFFF::FFFFFFFFFFFFFFFFFFFFFFFF_PFFFFFFFFFFFFFFFFFFFFFFFFFF
.UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
_BBBBSBBBBBBBBBBBBBBBBBBBBSSBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBR
.EEEEEEEE:;EEEEEEEEEEEEEEEEEEEEEEEF_EEEEEEEEEEEEE—:EEEEEEEEEEEEEEEEEEEEE
.CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
2222222322 PP PR PR 2T P22 R R R Rl 2R LR el Z2Z R n TR 227 T 2L 2T 2, 222 =
_EEEEEEEEEEEEEEEEEF.EEEEEEEC__,r__tEEEEEEEEEEEEEEEE-EEEEEEE:bEEEEF_EEEﬁhEEEEEEE
.LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL.LLLLLL,LLLLLLLLLLLLLLLLL
.AAAAAAAAAAAAAAAAAAAAAAAAAAA.HAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LLada
.VVVVVVVVVU-VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV
$9 Bt Dol e Pl Bt ol i Bt Bt Bt el Bl Pl oot e B B $oet St nlanl o IIIIIIIIIIIIIIIIIIIIIIIIIITAIIIIIIIIIIIT
.UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
.QQQQOOQQQQQQQQQQQQQQQQQQQQQOQQQQGQQQQQQQQQQQQQQQQQOQGQQQOQOGQQOOQQOO
_EEEEE—EEEEEEEEEEEEEEEEEEEEEEF_EEEEEEEEEE_.P_EEEEEEEEEEEEEEEEEEEEEEEEEEEEE
! |

[

[ Y Ll b e e L T T T L T S el T P T Lo B Ran Ko bon Tl

.0000000000000000000000000OOOO000000000000000000000000000000000000000
101 3 N O~ OO O I FN O~ D O Q NN F N O~ 00 O NN O 0 P QO ~NMF IO X O —NM FINO 00 O NN F N O~ 00 C
NN ANAEAOEAOMOM MMM S 3 8 3 33 DN N NINININNININ 0 00 00 00000 = P = P~ = - P -~ 00 00 0 0) 00 00 0) DV A A0 T,
1N M EOE O EAEEOE @ ) O OO MEMIOME O MO EOEMEMEE M EEOM OO M MO MEAMMEAMEOEOEOMEO MMM MM

v -



b T VW ww
)} NI T2 _)
. DD DIDINZZ
LRI Y I Y Y W I I R Y
L I O—NMEINOM~m
; I NN0 00 L 00O~
I S A T ST o S S T S Y
e L L D B P L P P P T
T Nl sl et et e I\I\I\I\L
bbbt te s 2 2 O
Lttt bt <«
LIS 3ol s Jis Jus B b Joe B b o)
.BBBBBBBBBBBM
BT TETSIVEITRITY TR TSITH VY -9
VLUV
IEZZ2TZ 22T ZZN
e i uiengwin) D
1432304 3.3.3.1.300
AL LLLCL L AL
DSOS >>>>W
§ Pt et Pt Pt et et Bt g g \ D)
[0 Juis Joto Jun Joe B s Joo s Do oo [ @
'0OCOCO0O000000X
..EEEEEEEEEEEJu
] .
. ' i
{ }
! [}
!

[

Q. o >
SETEAQUI X I >0
O 3 3 20—~ Wa
QOWWWWIOO QX<

L Y I S Y

T TN RN ST S A S e e

M~ O O~NIMNYE INO
00 OM I~ P~ I~ I~
P ISP
Lo R R Lo L P B T S ]

bbbt by
Lot tet b -
s oo Jus Juo 3o Jue Jun b o Ji T
MOOOOOOOOO :

N Vel Vsl el Nt il S Mol o

Lt tulut WL
LVLVLVVVVVVUY
ZZZZZZE2ZZ
Wi iuiul
O O T N R
AL LA LLIT I
SO>SO >D>
Ot el Pocst Pt P Pomcf et Pt Pt g
2DIDDIDIDDDD
COO0000C0CQ0O
Wolulutuwiwniuiug

]
(A
.000000000123456789012345000000000000005000050000056
.123456789999999999000000123456789012344567889012333
*rCCOTOOCOTCOTONTO000OOCOOCOO OO ettt ittt et =t (N O I N N
WO EAMEOMEAMMOMEOMOMOMOG TG TG T TSI IITE T IS T I I ST TS S S S S D - i g gt X gt X X X X K X & |

A}

LUV

--=-=-NAME TABLE

‘e e
[ atan ]

S~ rNNONO
o) & 10~ O
N NN O -
O et QO vt rt et ot
BN X o e A B N A
M e e emiO~ND
*FONOV OO0
OISO~
N *® ¢ oo
O~ O —i~
+ = NNC OO0
T OISO~

N & & ottrtrir

~ eNDO) @ ¢ ¢ ¢ o
3 M~ OO O0D
W MEO000N0O0r~
S Nee oGO~
<t & e P o o e = —
Z NHEM e e o000
O MIVOCO-OPIN- |
Z N e & s OINOCOM
2 *O+O0—~$ 0O~
K’ Dt g Nt ot md el ot 0t
o T O0 & ¢ 0 v o
~ 4 e e e~ OMOTO
N *OP VN DONOROM
O N NOOM—~J OO0~
Ko NNttt ot )
I~ ¢ e v ¢ 00000
U e— €N 0 O~~~ mMiN
Mt O~ DODOMON I~
N A F N0~ G OO~

~OPN et & & ¢ rfrtdrt 2t
K rd &Net(N) & ¢ & ¢ & o
U —IININMNNIN OO N
~ WA MNG O F OO
X UJt & ¢ et OONI~
M ) ¢ O rtoterdotedod
(N89536 * oo o
> AN N~
O+ & & & «OmM O~
W QOM~ANINOMNM
01— QU OO o=t ot med b ot ot
WU e~ ¢ o ¢ ¢ o o
DU~ & ¢ et MION
L AN G- N O a0 O~
<O o3 ~O0~O\NON-
L L Z VG Pt bttt

—{ = b :
| 56565&:&56&

d i !
] | !

~====MISCELLANOUS DECLARATIONS

LINE*12(10) yRESP*T2+REST*67

USDUVIN o N~Z1

el
XL >N~
Wiy - JaOm
s TN\
oWl x>z 2
LT INIY 00
xawuu Jox X
ALt~ LTS
ILTIXZZ=ZwWwoo
LVt e UV

VUV

SUMﬁsREST
EOAL OSL +RL

s VN
ISTORY FILESSSPI EASE WAIT"

~N0t OZ
CONZO>_) 4 I
OZ ez enaqNX
—wa. e~ n i
N EfNWNE ~ ~ o~
—OWZWIT oo
VI D5 XE

<0
X~-WIu~->>> Q 0
CUQV) ¢ » «OZO0OKL-0
QO ~OW) ~ N btp— 2~
JCU U e =
WL WLC>D>>QWOoaC
Vaxo—oZoooWvwoewao.c

n 0 O
—t

1
UV
QOO —NMFUIN O~ 00O —~NC
A A e L L S A T NO S T.0Y. oS
LAV TaV g VTN TN TV T oNToNToNT o NTONToNT N ToVT N TN



o
)
(@)
[
o
U
J —
<C P
> —
- s
(V) @ -~
(@ >
— . ~
2 R | PR .
- - S« -~ ;
[7s] W ' *« > ) i
w O x n ul !
@ S N o a
- ] [ ~ o~ - o O
f0n) Nells e | o v ©
T O O-e O Z MO~ —~
a D o . —w Z b ey P —t
v =z {1 4 - GV R o B v Z |
w > O O> e O UV OO0 « (T2}
o e e o~ W ~ 0 o
c N~ N o o x>
~ Z 0O joxo . o (T2} . O QOO> + !
: O X U V> > 4+ = t ~OVY 24 N
' - Ve~ ~ o o« o~ ¢ W o~~~ — >- w
4 — e A | Ww o e W NN O—~~~0O b4 w
W N ~02 2 O v X O 2D QQ<ae = = & ~ wo
N O OILZN>0 - U W NZ 2O N~ . wm
—NZ N ez ez o rxoZ « Ultxz = 2 & s} 2
X I T g o0 Of-ra >J> O ~ N et o0 o} [+ 4 00~
100+ &~ —OLWIV) » —Z~ Z nNoO *OCwWu >- o
e T OMNN el e ZWIMN ~ el O > SN —uilZiw " —~—
D ISt 83 O s— it 0 ) = @ OO < 8 b Sy~ QL
-

MH eLXICO~O~M 4 41— NMNOE OCOW: *~00Q~ + ~ - > w
—NWO—CM M~ D N ZZZ N~-0 ~oo

QOZ o~ 3 W | —~

r oW X E W -
10~ AOCUICUOLCID> 2O~ O OUWZ - VUV >-CO 11—
NWLOZEOSE S~ CaNN—-OUL-Z - Z0OZ -0 N3~ Hoo
LUy o vUcnul W T UV OmM<(<
_OUEOEOFOFEORRFOUOROREOREOFFFEROOCIEE
1O DAL OLL L — O U > D= OO VR Ua. i D>~ OO X

1]

000 O 00 O O O O on O Om .
N 1 O~ © o O ~ NN ™M <5 i
— et et 1. |

VUV

--=-=-BASFLINE SECTOR

"'""‘EQUATION .lel

e — e i s - e s e e

-

.

' @

*

o~

-

<

*

T

! e’

PoE,

-

. ~a
. 2E

¢ (E
_ m-
%
oW~
HER U] ¢
Ve Lk -
L ona i <~
e N *
(T2l 4 ‘A ot
) ! N~
eron ,.07 [ Ja
N
Y )
e o oyt
TRUREEY: <
0w -4 -
N OLI V)
¢ We
QOQOK—
00 NN § ~
~—0~0 X
z X
OoowoOwawm
oQkOFm
| oo
[ X o]
—t—

---=-EQUATION

vV

*GET3("1e2"95.A0SsRs=1)

nnun
aQNxXo

~====EQUATION 1.3

SIR)+F (L) %BP(19S5+R) ) *MR(L+S4R)

SS
RR
l.

180
-~===EQUATION l.4

L= ¢
<
n o<
avy >~
[LINTR
erUN(X
-t [ ]
§orenrm—
<o~
P I L
o o o)
[N gy
nnno
anee » !
<Ny
- !

oQoOoAa -
oo~
et -0

o
(olelell))
(alalaliiy

o
o

—t

1)) %*BP (A=1+S+sRI+F (A) *3P (A45+R) ) *MR (A 45,R)

C e e mm— e s - s - as

R L

v )

Vv

.0000000000056000500000000OOOOSOOOOOOOO0000000000000000000000OOOOOOOQ.
.012345684566678990123456780,01123456789012345678901234567890134
MO OM-T A.A.444444555555555566666666666777777777788888888889999
RUSEUIC AT AR R R Bt S g U i i i RITITIT U TSy Sv e Sriv v v St AV ST AR QR R QU S S VR R A S A R R A A A

{ ! V

I

nNOH-~-oo—~
Lo Yo o X0 Yo N



—— ~ LI
(1 ' i
L Jd
v)
d !
< ' !
- by = ! !
~ z. = : ! U (0 .
Q. w w i = = —
[a1] * * ' ) w w @
+ < <+ Q @ -
—~ - o~ ] * * )
(2 =z b ' : — — -
. > + + { i (04 '1'q aq i
) w by b d . 1 . - ~
* @ -3 = ! i v w ™
” ) * w w ' ; - - (V)
— o N * * ’ : <€ < E 3
~ - . | (2] m : ! ~ ~ s
Qa n + — ', N P4 | ' o o~ o~ 3
- - - = = X o n v V. us .
* < — + + w Ny ~ 4+ + s
v~ —— N ] -4 <t 4+ N @ . , -— — o~ o~
v~ a . = = < [ . O o oz [0 4 [4 A
”M a O w w = H C—~ -~ — 4 . ' . [
iy, — q UV . LB * w ! | eV VN T T LX) Ve , LV < LV
Upls 4o o s ~ ~N + [ S QI ¢ AV x ¢ ;LN AN ¢
RIS "Nk ~ — ~N U/ ] ol { DN g R TR ¢ nnna ,
{ Tale 4N ] <N~ L] z by =z 1 W~ o~ SN~ SN~ LN~ <N~ !
. . (14 — + + w ! 1~ ~, -~ o o _ a v oQ
LYY e ) srsrer & 3 [\ v 4 ~0 O Osererer() orsren(), sroner O serserer (D) .
v~ . Loy ~ b4 > ) _ oD D LYY  LVIXWVY fa Q. <O
} oy | . S B | w w o 'sE ~ N I ' O J 30 S I J0 & (dJJO N 3 _MDC
n " e O oo e M~ W OO Ok O ke~ W) ¥ Lo o Ny g} e e o o) e o)l o 04 4 e eff~
gy v ° — e — s PR P— o4 N 00 ! 0 Ulrdrdedon  rtrdeed . L vy, ) R P PO P
B L B [ e e e A I I B WS N e e NN 4 e . NN
: nawm oI a. - = = .= i vunou - sqUI( rCA VX * O C oy -
Z e s 2 LVixu. Z 4 Z + Z o+ zZ Z'- zZ s~ 2 Vanoent-<a<ngan 2 LA, Z CVNIXWnNZ
o + O 4 O ¢+ OO0 Oo O+ Ol Ow-wNn~ |O = e « O O ® O . eC
= 00~ QOO0+ =1 O = 1 1 0 = _J) i Z - e W0QOd O00A — NHOOON = O00O0Ar-
- OO~ - Sttt b )~ T - T - X i Jd FEDuon 1= O¢$E~-00Vo0—~ - Qoo - OO~k
T NNQ L OIS I N N W AN U A — NN ENN L < ONNNG NN, <
=2 a D n " JDOSw OHOU DE DWW DO E 5D ’ (o] O D O o D (7 Jot
O OOV O LOOOL. O ¥ O ¥ G X O W O Z OLWouw O WLOooA00O0d O A000d O 000«l
.."._ 0oom J._ N alals N p"_ w Ju w w w w - w'!d {IBGB :... [plalalalinlU/alalalii] Jh iplalalalis] ....._ DDDBJ
: | ] [ :
[ o | o [ [ | g 1| o1t o ©o o o | o o | ol
. o | o I | [} [} ] 1, 'y (aURERN B 0 I 3 n o t o~ @® | o\
T VT VT VTV AL LA E B A ST
, ] ] [ ] :
LUl vV VLUV WU uuv vuu uuuv wu ! (V. 1V (ClULY VLV v

’ ..00000OOOOOOOOOOOOOOOOOOOOOOOOoooooooooo00000000000000000000000OOOOOO
.23456890123456789012356780123567890124567890123567890123/‘ N0~V O—ONIMS

OO OO ettt ettt NN I VNN M M @A 0 O F o F F F S FON DD IR AN O 000 00 100 0 O~~~ = I~
DI IO DN IO DN DI INE DININNO N DN I N I IR DA DDA DN IN N D EOOB N IR IR N O A A A A A D AN WD I OO O e

+ - ] A

! i i ' i



, - a
¢ (04 [
. L v
) ]
. <
< ~
. , ~ b3
w ~ (4]
| (&) o (a)
‘ -~ : i . ¥ [ 4
: o ! : . ! | — v P
. . : ) (TR i . t , w . [0}
<) v) ! i 4 ) — L VOLE, QUL U o
gV e~ ! z (] — a<Nxw g N~ Y.
"N D (1’4 * " ! w nu e nuno nwe e
an it~ H- (o] ) ~ - <Y 4 LD N a
oo w - Q. | 0 w o * -
LI sesren ) ] (1p] [ 2 4+ ' \ () erosrer S erseon(y srerery
ane< - '+ w b + ! o~ ' anow CNCE anu
’ SdAn ~ uw @ o vy * a ’ o - v 090 driw o JuC
' cee s o~ ) o4 W o~ —N N ™M N o e N OO U I~ T @ eee~ O *ee(y) o~ el
] —d et ¢ - e ey e e [} L] O'!te X _ e I e W ® 4N e i1t LR e P P
) NN —~ 1~ 1 ~E Z N N O N~ N e N w it W N O N HUHN~ N NN~ &N W
(e (3 Fe'4] . o B (L) w W uw + vy - . o C ~ aNx anoo QU .
. INXL Z 0O Z I Z¥ ¥ 2w Z IS Z a4 Z W Z +'Z kX Z x Z Qe Z Qo Z g NV
' O m O O 0O W ow a Oox 0O 0 O 1t O s O N O ~ O ~ O vy O v O 4
OO0 AL @M = O e e O g o O D W = D 000 s . 000 & [elele L
- Q0000 - M+ + U A = N = O - 0 = N~ = —ete<l, b~ NN = MM
t AmMmOa <€ il O W ool W oan <« O < 0O 4 O~ « Y < W oa @ A mm= € MM~ < N
v VD Ww D D= > D DX D n Do D XD =D E 2 - 2 z D C
P 000 O J O 0 OO W O O W O ~ O N O WO W e wo oOo0OuL O 000G O 0000
(I s [aTalali :.._ z J‘. D J..T. .\mu .."bl_ Jh (& ] J_ [a] _._.h O ‘Jb [a] J._ [a) Jh 0 J.. 0000 Jh [alalala] :.._ [aYaTalal
o 0 ] ] 1 L | t | | 1 | | o | o ) C
o | ] ] ] [} ] t { [ ] | (] - | [sVI | m
™ | ) ] 1 ] 1 | ) ] | ] oo | M ) "
] L 1 | ' ! 1 | [} ] ] ' | L
w UUU UUU L UL WL LV Yo VWLV DUV LuUvY ULV VUV OV

.890123&.5678901234567890123456789O1234567890123456789012345678901234.5
S 7888888888899999999990000000000111111111122222227—223333333333444444
N D IO DN WO DN I IN N I NN NN DN N N O 000 00 0 0 000 00000000 CAO 0D OO0 OO0 COO0O00 00000 L O0O00L



——~

[+ 4
-
i U WV)
HE- SV s K S
SN e
K- gialodd

. a
1oreeen(D)
| TV
R

* >~
—t—t et}
QA
CaNXO
(-4 Talaqd o
o (@]
[ elolod])
a$+a
ammamma
(o] O
Qo000
00000

o
R
(23]

AL X R

. .l
I N

=====EQUATION 2.11

,WLOVLUV

~====EQUATION 2412

vV

--=-=EQUATION 2,13

VoV

VvV

-==-<EQUATION 2.14

--~-==-0PERATION SECTOR

~====EQUATION 3.1

9R)*GET3("391"048’A’59Rv"1)

=AA
=355-
RR

A
3
S

nnew~
dNx oy
< -

VLUV (L LY

~====EQUATION 3,2

*GET3("342".46%A35+Ry=1)

~S—l—t
Hnun~
<V o
<N -

[7g}
00O -
NN
N

Q
o000
0000

o
N
<

.00OOOOEXXEUOOOOOOHXXXYUOOOGRXXEUOOOOnﬁﬁxxgyuooooo
FINOM-DPrO~NMNFINO VOO —NMF N OO
‘44445555555555666666666677777 P~~~ I~ 00 60 G0 a0 00 00 00 CO WV MV O~
1€ 0 2000000 200 \0 00 0D 00 0 00 0 0 00000 0 0 0 000 0000000 00 OO0

WO 0O~ NS INO DO ~NIM

t
!

-====EQUATION 3.3

n
o
ne

0ne

LLXT S
a1 d
~J

Ly
——t
"o
Ad 4

I~y
ern
—tlg, o~
H+a
aq -

NEOICEWV)

o (i) o

(elolelal ot
$umin~-

Sy avyoxT
T ZEv
A QOWowm

(aTalolal de

VUV

-=-===EQUATION 3.4

-1))*CEPUhﬂ,S9R)*FUU*OEP(A95JU)*TO(AiSvR)

P(1lsS+R)*TG(14+59R)

VWl Ny ~—
HHoOmn
Ik <CU N |

- [
srerptoronor —4
VI — N~
S o a~-nan
LR o | IR S | R D P
Nttty & ey
NIt Qe o
Vi equiQy « i iy
NaENCNENI «

[ - wn
NN 0O DO CUNN —
34 ¢ —unnn —inin—
DR 5o IEX S JEX s N X o o

((Le=Fr13))*#0EP (13.SsR)+0EP (1464S4R))I*TO(14+54R)

w w w
(eolehlelelelllalell)]
[alale/alalalelalnls]

n o n

2 [To n

< < <

Vv
0000000000000V OOOOINONC

000000000~ =1 P -



VI T PR TU AT PRI PAT PV TR POV U PRV P P BT Y T B BW VI BB Y BV B B D BV BV VR RVRVEU BV B R B D S B I W P BV SN VRN BN BN IR BN RN BV EN RN EN BN EN BN S
@O W~~~ ~~d~~NN~d~O OO GO O O G UIANINAVMAINULL £ £ S5 5 DD D U000 B3 GIGINININ NI NI NIt 41— e bt 1
AP WIRO D 0 ~JON UL WINI O DD ~J0 L N~ O 0 00~ UL W OO (0~ U1 H NI O O 0 ~0* U1 P 1~ OO 00 ~ O £ W O 0 00 O UL W A
0000000000000 00000000A00O00N0000OOCOOOO0000OCOO00000O00O0000000OOO

g-----EQUATION 3.5
DO 460 S
DO 450 R
460 0SOp(leS

----- EQUATION

S
R
’ SHR)I+F (1) *0ONP(L14S4R) ) *TD(19S+R)

alala!

DO 4
0O ¢
470 0SOP

?
?
(
----- EQUAT
8
3

-
Wnaon >
- 0Nl

w DN,

~1) ) *0DP (A=1+S*R)*F (A) *ODP (A+S5sR) ) #TD(A+SsR)
o7

alalse

DC 4
480 OSDP(

----- EQUAT

0
0

0

A
10N
0

1 13)) *0DP (13,5+R)*0ODP(14+S+sR) ) *TD(14+5+R)
I

aTa'a

‘0

~ 20N>
e n
o« DN
o N3
-

Py

ﬁ("\ﬂ

[}

)
[}
]
m
»)
C
o
_—‘
—
(@)
z

21=0.
IF <uET("3 9"-95o-1).GT 0eC) 71=0SEPP/GET("349",495,4=1)

--——=EQUATION 3.10 )
OSENR=Z1%GET("3410"55L+=1)

~-===EQUATION 311
OSEPT=0SEPP+QSENR

--=—-EQUATION 3,12
OEMP=0CL+OIMPT

----- EQUATION 3.13
LS2=P4*TF1+PS*UL+P6*NLF L

----- EQUATION 3.14
OSL=0SEPT-ZI*GET("3,14"+115.=1)

--==-EQUATION 3.15 .
01=0DL=-0sL

-----EQUATION 3, 16
02=01-LS2

~=-===EQUATION 3,17
o0

ONON OO NOO f‘l(\(\ ata's!

f\(‘ﬂ ﬁﬁ NN

. ) GO TQ 520
«0.0) GO TO 510
olMPT- Z1*GET(

"3.17"4115,=1)



(1 4 (04
. * Ld
! v v
L] - -
¢ < <
b E —
Q Q " Q o o =z o -~
' 0 o, o a — * * n 0 4
] [7a) w n 0 LY o I —~ - 0 .
' (T2 I vy o o [Ta]
: o (o) O ~ (@) o O X = o .
’ — = - ~ o . | et ~ ot w w - <
! = ! 0, L0 OV <xY) ; r Quauon ! QquvazZ «auxZ OdqVaxQ <« .
) ' w! & U Vano - avxY & ; Ny U * | U+ <0y + Vv «auna
N . o . i nmon nnnv UNINIK-4 nun neaney . nunw nan "ok nun
' ‘ ! w AN ~aANY <V~ _ AN ~CNY. * ! ~LNEE CNXE ~INXY SN
[ ! [ = o < a : o < . o w w o =z f
. (U 2 tw . sremen Qeror oo v sereren() srerenr Persron~ Sersnee(D osrerenD Gereronlt] erorer
. LY =, . O QX Odaqnn, <N ! AN OOAVIXQ OANIXZ AV OANXO <«
¢« ® X oW O Z ~ 3 JHJO e J I HI2IJO M J e e g 4 U0 & U NI~ JII— N e 3 )Yz I,
.M W ~0O N 1 N OO’OQQQOS_Z s o o4 | N e eOQOQ NN oo e * e o)l N e+ L
K e O *oZ 1 8 U 0 et dOWrA—t ) ' @ Ll oo N O rdeded Wttt 1t & _Jrdetotm  —Hded ¢ Yttt et
P Z M~ M E O e ennn .M nnua i nuyn et NN M st NHUNHN eNNMN wWHUN
. * *x w CNX ~O <X ~ (ol-d7) i da) ' NN ~0. AN~ VU@ *OCq v * Va0 *Cavn
1EZ N ZN Z O Z ANXaodNea 2 ANy} (2 ANV Z IAN@NMaQUIY) Z ELNXUH-CNT
O W OWw O Z2 O - * O O o O *0Q e O Ww *0 s O w *0
= M =l e ) QOONIVIOOOV) = HOOON = O0O0OVNOOOV — 0000dC O000d ~ O00O0d OOC
' W - X O s - ONSMO - O fOC00 ¢ - Z000~0ONNN~ - Z33$—-000Y¢
A F ¥ i Z A NDINNG NN T o AINNINAL < DINING NG OO0 E -0 OGS € ~ 000X 0O
D W Dw . D w D ~ -~ 2 0 [ TR | -~ ~ w w D (&)
} O O 09,0 O .0 000~WO00~ O VOOV ;0 00ONLOOON O LOODOOOOOO O WOOOOVOOC
. -“.. N JHN _."._ < _J‘_ 000Z—00O0Z ”:.._ (o/alalale] -.”u o000 Z—000Z ..:..- gplalalaPillalels -4 Ju imlalalardbialals
! . :
D i ! . Q olt o ol _ o O, wn O o o § O Q ©
LI B 0 B | | i < w !l o' ~ ot [so] : o 1 o Q ~ N 1™ 4 n
' _. n .. ' .. _. 2} wron U2 ] .. " N O O 0 | © O 0
| ' ‘ 1 |
VUV VU WLRVIV ULV vV uv VLV VvV VLV

'00000000000000000QOV00000000000N00O0000N000000VOVRORCOO0OTOOOONOVOOC
OO~ NN D00 0 O~ NM AN O 0 B O~ NI G N0 00 O—NM N DO DO~ NM N O DO O —~ N F IND =~ 00O O — (e
VOV COTPCTRFOOOCOOOO OO et mtrtrd i et et - NN NN N NN M MO OO MMM G F F o 3 nnmne
7777777-(.777778838888888 €0.0G a0 ) a0 O 40 60 A060 a7 0 0D 0O G0 A0 A0 ) A 0O G A0 60 G0 A0 G0 37 A0 00 00 AV A0 0O AD AN OO A (N €C A0 00 AN O A0 O
| ; '
1 ! _

1 : .
' ] . . !
¢ . 1] . + B



. et o v S WS em e -
e v e o —— o
. a5 wn— .

o

0.

w

V)

(o]

PN -~ -~ i .

up @ | o - — | _ u i

ia . 3 . o 4 | \ H ~

.0 [7s) v) . : | ) ! i

‘' - ! L ) .

Ne) < ] L4 L ! '
I ~ ' ~ <

14 w (& = '

P (7a) : [Ta] o .

v o N o o __ : (o ]e) ele] oo~
s + : + + —_ ! ‘ LM r~0 Qo0
i -~ ‘ ~ -~ ax : : N N P : ~r~ -
~ ; (04 ! (1 d @ - . ' o~ ! -
N LN * <N * i UMY * ' Ll s 4Ts) f N ~ 4 oown ‘ QO~ (@O
'z s NV aNEY) gy o & qaNXeY o) [ =
% nnun e nwnw e nnne | nna nnn - } : ~ ) ) o]
o QL <N | - 4alv - ¢ : g N~ _ LX) : , Q0O~ ! Q04 QOx!
X ~ t ~ ~ : Q. ! H - 1 4 VIV ; VU~ U IUN
w ererenT [LYTLYTS. | srsrsny i ereren() ! [TXY XYY ¢ { = _ 3 — : ) a'
O | LIS <N ! < N anaa. | I~ | W ~~t 8 ~—Q —~t,
Z 0 . .J390 - 400 o JJII0 O JI1I30 O JdIJE 4 N v O0Q Q. m OQOX%X -~ 4 OO0«
M NrreeZ N ceeT N eern N P S ceeelt) M O M e | S0 e st N N e e
fn 0 el 0 edrdetil ' O  Aedrtm . —t—t -0 . —tet 1) ¢ 4 s OO o . | s OO0 O e OO~
@ NN~ M U~ M e ™ nuno ™ HHUNDE M X M eermt ~ 4 M oo | M e X!
e [(R-4'glr 44 Qe quU.; ¢ N ek-{h1 {0} 4N ¥ Z W~ 0O~0O | wi) e QO «O I
N Z aQunee Z AN e Z A4 Z eCNYQA Z OV Z W Z JUknkin @ Z _JO~0D~0 Z oW
e O v O 0 O e O O 0O O e TO O O O et~ O 0 e~ O e o)
o 4 OO0 * 14 000 + 4 000 = HOOON =~ QOO0 = Z ~— ~NW W W — Nk % — ANZ
o = OOOL — OOOCd = QOO0O~ I O~ = i = it - OOOFHO - O0O0~HO~0O~ = 00N
1T o V00~ d VOO~ '« I~~Q <« QM0 <1 IMRE L @ O et n < DI D A N
o 2 P z D O D O O D Ww WD 2 D N N N D o n D w
O 0O 0O00OW O 000aQ |O o000 O aAap00a O 00000 O W O wuwoOwow O wuoNoONON O wu
VZ :.‘. DDDO. J.. 0000 _J.. 0000 J.. [olalalale] J._ 000K J. O W a0 :... DOV D Jb 4z
! i ! : : 1 ] '

o ! o o 1 o | o | o | _ o | { o 9 1 O o o | o !
o t ~ w1 o 1 o | Lo PN l MmN o~ 1 o !
0 “ o) O “ _ O “ r~ “ i~ “ o~ " | ~ ~ “ ~ ~ ~ “ ~ i
. . ; )

Uy U U Vv U N VVIVIRV VIV, VUV SV1V. '

.00000000000000000000000000000000000000000000000000OOOOOOOOOOOOOOOOOO.
W O~ DO (NN F INO D P O NMFINOMOPO NN T INO MO0~ N OM~00 O ~NOFINO~0GO ~NSINOH- DO — M
55555666666666677777777778888888888999999999900000000001111111112222
.388888888838883888888838388888888888888888888999999999 foale To Y o ¥ e XX e X0 ko N e N Lok e plen



=1) ) #SEP (A=1+,5+R)*F (A) *SEP (A+S+R) ) *#*TG (A +S+R)
=1)) %#SDP (A=1.S+R) *F (A) *SEP(A+S+R) ) *TD(A+5,R)
(13)) #SDP (13 +5+R) +SDP(14+S+R) I %TD(14+S+R)

((Le=F(13))%#SEP(13.5sR)I*SEP(14+S5+R))I%TO(14+5+R)
'SyR)-ﬁF(l)*SDp(l’S’R))*TD(lvs’R)

—t o~ ——
! ! —
- - !
o [2 4 -
- - [0 4
v v -
[ . o —
< < - x
* L J A [ J .
— o . )
~ 0 (o)) ' 4 i
2 * Nl ; -— _
e s L d H e !
— o~ ® . C |
. . ') [ !
Ng X g [ * '
e 3 Ja -~
. ~ ~ st ¥F ! o
. ™ m ~w - -
. | ot - O . T2 I . :
) w w % ! e | :
«! [0 (L) w~ { ~ !
) % * Y : - ! _ <
- L S~ auv) g~ U <1k o U | ., NG e sl 4 v~ QU
[J L4 Tp 2o d <9V Y nNEY LC~v) | VI tnee ~ i v~ ne~ : vauw AN
A w nnne nuwn e nn N e NIRTE LY NN "~ it nea wun
4 ~ ) <X <N Ny K e~ WOk LN b el o b Viey o dTalald
SR Z . - N~ : —~ ° [ o [ 3 — : !
. O (@] [TYT TN ¢ RIXT YT Y. 4 srer  or oy ierenpdoneronr il t eren (D —lo0 oo 4 _ LT T T erener
g a <L~ <N~ na, <Cax jNx -~ | naewn 1na~ | o~ . QN
e v) I [« 4 % B [0 4 P O R g 7 ] | U JJ S L L J I - JJan N
| ] w -~ o e N ¢ e o) ™M P eyt F teen el _J g~ IN el O e e ol I~ e e~ 00 1 L 4
- o ® et o et ® it i~ [ _11\1211) [ Js'd o rdrto ® Nededen . 0 o) o, drde—
. % NN~ F NN~ & N0 WA NN NNEA—~ s + U F NN -+ e & - unn
NOAC— > e LN N <« - NI N sl NV wnee ¢ qUix * nwvm CcCava
LU X Z AU e T QN s 2 NXOAIFV) Z NnNgIznne » Z Ny Z Qe 2 Ny - Z oL UMY
o, Jo ) « O i O i O e We O - - 4 O e O - O 4+ O O
2 Z 0O = 0O00¢ = 000 ¢ =~ O000F~ H NINAHOOOANINA~ — OO0~ =~ 000G ~— OO0~ + 1WO0OC
onOn 7 = NNNTG - Oomd - NG Il~ - NN~ OO0O~N0> - M~ - OO~ +— OO0~ + 0QOC
NN O 4 0o~ o OO0~ d OOAOOTLT < COAUOCOACOO <« oM <« 0wl o9 oo I OO0
L W O D o D a 2 x =2+ D . w w w 2 o D 0 2 Qo 2D w
AQIO0Jd W O O0O0W O 0000 O OoWoWm O {QONOOOVIOOV C OOV O 00OV G 00V O VNOOC
ZWOZUZ 4 f [alaTall)y) { (alalally { [alal Ja]dTs) { (alalilalalallslalalls] { [alally) f [alalally f [alally] { nooc
] .
o O ] | o (@] | o [} lole] ] wn | (@] T2 ] o ] o ) QO ] _
o o 1t ~ NI | ™ 0 AN | n 0, o | ~ o | o |
~ o “ “ @ w “ [ ¢ ” ao ! @ a w “ 3] " oc “ (s ] “
h ; .
LUV VL (W UL Vv (O W19 (O W1 Vv LV (S 0 W)

Nelelelelalalelelolalelololelelolalalalelelslslelololololololalelolololalalolal ol Talolololelolslololelolalolololalalelatolololofo lnle)
A0 00 O NN FINO M0 0N O~ NN N OMN 000 O~ OIM G N OO ~ONINMM N OM O ~NM S INO 0O —ONIMNM G O~ 00O~ N0
NN OO ONOM NS S 3 3 3 S IDNDINDTININO NN NN D 010 0 0 0 000000 M~~~ =~~~ I~ 00 0 0 0 0 XNV U
e o X0 Yo Yol o X0l el Yol o T o ¥ e X e X o To Y v alod ot o d e ¥ o Yo ulo N o No Yo 8'e Yo e o N0 Ne No N0 ¥ e ;X el e Mo ¥ ¥ e X e X oL o 0 a¥ e X e W0 Yo Lol s Xe X o X oate X oW o X0 W oY e X Xopl e egltd

| |
I



R

=R
DOM (A+sS,R)IY*LFPR(A,5,.R)

nuwe =
<V Ju)

* o
erer ]

g~
IO E

EP(AsS,R)

SSEPP+3S

LI I )
~e—t O
HHo~
<< +
L. Tple qTp)
(@] -
delelalal
OO N
no-oc v
(73] '
~JO0 O
[(alala]
o
~UUV
(ol olele)
O MOFn
o 000

E2# (TOEM+0ENR)
~===<EQUATION 4.1l

- goc 33gPP=
OEME=

-~==-SQUATION 4.10

~-===EQUATIQN 4.9

Vv

-
o~
—~d P
-] e

" —
O ot
J v

—4 ot s
— o

w9z

| o
- O~
w0y —4
n &~
o o
2 e~z
4t
— ot
oF o .

& e

—

-==e=EQUATION 4412

SEMS=N15% (OEMP=0EME) +N16%* (DEMP-NEME) +N17%* (OEME +DEME)
—e—=cEQUATION 4.13

Vv VLUV VULV
000 00000 000
O CHO O FINND
et N NN

N1g* (QEMP-0EME) +N19* (DEMP-NEME) +N20* (QEME+DEME)

—~—=—EQUATION 4el4

SEMC

SEM|_+SEMS+SEMC+TE-TE2

-===-EQUATION 4.15

STE

v wuuv
OO0 00O
O~ N OP-
MM Omo

o
w 10 ~ o
-t -~ —
< ; [ ] [ L]
* ~3 ~
o !
[« R Z 0 Z
+ O m O a O
N ) e Ul e
D= 0 = 0
* . I < v
~ D w D 1D
a O - O ~ O
" w N w v w
M ) on [ | ]
v ) o~ N
N0 I B 7o IR RV I |
' ! ,
] ] '
VUV yuu vuuv

(ele o)
O~
M3

o000 000
ndn ~Oc
34y e

32=0L5S
~===_EQUATION 4.19

S3=

LUV
000 O
—_eym N~ OCOO oM

Go TO* 930
Go TO 930
Go TO 930

oL Te00)
LT«0e0)
LT+0.0)

s o
NI 0NN
VTNV O
N~ ~—in~-—n
— e et~
(UTRUITHU THL)
o PR3
uw o w w w
vy VI N V)
< Z Z Z

-

o O

o
Q. i
w !
(Vs ]
7s]
'
" ]
(V) :
w i
7o)
4
o
[ ]
o <V
o gV,
— (1]
J av
[ ]
- oo
— <V
o O o~ 2
N 3N e
o Uy L4 —t
4+ T ¢ "y
w=z Qv
ZzZ V+ 2 V.
O Za O
— Ha — o000
- VYW - s34
g TN « OO0
D wwn Do
O v~ O aoC
w Z- w aoc
[} I O .
I ouw | v
I e !
| o '
' '
(G V)Y (W V1Y) !
—~NMYE 000 00
n e

N N N N OO0O0 VOO0 VO

Palolelalelslelole nlalole ols ale slelolsleolololnlelelelolololololalololalalolalelolalolaRalelolololalelol Yo o fo elole

1000000 Ottt Attt U\ et Al ol 1 —1 ] 1111.311181112111611101114161810111101114ll
.345678900000100010000020002000300030004OOO40005000505050600006000600
.9999999000OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOO
GO~ OO0C~O0O0~OO0O0O0O0~A0O00~00 O—~000~000~000 —O00FOOO0~0D~O~NO~OOCO~000~OC



¢ (e B Q - !
1 Q Q x |, \
H w (&) -
v v) (72 I
(7] [T, -
~ ~ <
-~ — had [a B
a [0 4 — Q.
e - [0 4 l us
(2] [74] * [7s]
- - (W} [74]
-~ ~ w Q. o o -~
[o a v, Q - - 44
w C = : C s v .
) ) ) " . . v) L - )
' ) (T2 — ! ' w (=8 ' <C -
! n n [a 4B : * * ~ ~ L= &
\ — ~ — @] — ! —~ o. Qa hnd
: (2 4 o o [ [e 4 o w Q =
- - - . o - - [72] ) Q
"o~ qanNx - QY I *~ ¢ OV ¢« 4N - NI+ <\ + an + AN~
oy QY o : QX UL, ! N < 0 - "N~ . Hnn~ 0~ initonon
L : nnun - : e - . nun—u nnw~ SN~ ! L 1 VXD qUNY . aNY *
v ana ~ | QI N | AWy | CaIne N e . - v
i - (0 4 [ [1'4 . nwz | v T ereren(y eren se ' sesrent) ireseertf) ererer o
ELE- ¢ eroren s erer 00 f srerenk i ereronk gL X - QN » L N e U * L ATaTe 4.4
[0 B VI, ~ <N, ~ <N \D ~ 1 e~ NX\D I Y - ¢ R S i 1 o B B L o P T
o o 1 3 100 O 1S JOO0 F J I IFO0 W O I I IS e e X O 0o I~ s e D e e~ O -+ e
e N s e 00 N oo e 00 - e olij e o e o oll) sdrdeill) N dedE ) A4S O] At N et
1) 0 At OO # At OO 8 et )OO 8 Ot NNV P e NN e nnna e .nuull e HUNHQ
MO F NN e F NN e F NUNZ e & CHNNZOANEKEZ ¥ ANV ¢+ ANV + Qe 4 Qv
o+ <LV~ LN ~Ww <N~ 1 N =N L4211 -4 N2 CNENO <o+
o, £ AVNEaZ Z AN 2 AN~ Z J4Ne~0 ~ | n z n = —~e Z o
a O s O e O x e O 4 ~OO0OO0w 'O 000~ O 000~ O OO0 O o0O00a
oQ = O00WVG = QOO OO0 *U — YOO * QOO ¢ =~ NNNX = MOmMa — 33 el — nnno
U = N fa. - 000 A - MNMGTE - S000NCO000U; - OCO s - OCO s - O00OVNa - oOoca
0oV 4 OCOOdAW K I A OO e <X WO Clardrirt &  lrdrtl)  rtedrtlf) < ~totrd ¢h L rdet et
n ~u D ~u D < D v <« < 2 L | e <O 2 1"
00 G 000~ O O0O0ONV) O QOO-Z O ZOOO~-000O0~ O 0004 O 000« @ O0Q0~-a © 000
100, W 00O~ W CcOox~ W O0OAI~ W ~0O0DAZIVONOE (U QO0D~ W OO0~ W COoun w oona
(o | ] ] w | (&) : [ T | v X ] L= | O J C
T I | I | ] w | e | [ B o ] (7220 B R TV R | Q ) o ] o
T2 I (I T | - | 4 B B N - Z1l v | ~.3 ] v i v
' ] " ' ] ; i o 'y o i ] |
, o | =T o 1 o o ! olt Al o o 1 o ! O,
R AV V) nvvvY VULV ~OUVV w ' oV 1 NUOUUOV VUV N+ DUV A

foliJelelelalelelel lalolelelalelel Jolololalelo B¢ Yolole] lelolelylelelolulelslalolelelalolololalololalolololelalalololololalslolololed
M~ OCC—NMGUY OTO~NMYE M OO O ety OI~0) Ot UL~ O N - Q0O G 0 FUNND - 0 O = = ) SN O -
WO O WOV OO QOO OO0 OO0OO0O0O rrirdrdriemt —A~—0NNN NONNONINCN OO e |
000000000000V ODOO0OOOCOOVOOQOOOQ mitrdrd Q) rird i+ et et —drd Q) ot mtrt ot ) r—tod ot ot o=t t () o et et et et 4 O,
.18111111161].11111.51111113411..19!..1131111..8111111611111131111110lllllllﬂw.
.0600000007000000080000009900090000000000000001000000200000030000000.%..
00000000000000000000000000000O00010000100000010000001000000100000001.
"0~O000CO00O0~000 CO00 000000 ~—1000~0CO0~MDOOO~O00000O0~NOCO0 00 ~O00COCO~MOOO0OCO~



o
o —
~ —~
— 18]
s X
pad (@] 2
— [ P
~ >
* O ~—
> (L) tl
—r~ 3 4
~—e L. o — 4]
- e ~ —~ <C
z X < — —
—— —l ~
T - 1 w
* - Y w
e ) w (& ] 2
r~0 e o w [1a]
ez 11 > ® [
r o — o~ s O (V] H
> ~ M O 0 o o ()
~—t — - o ~ >~ w
i 1w e~ >~ ~ 0)
C v Z ~y . . =z
- O [ e - C o PS g
—un N Jd A O Jd (&) I
= ~ O o L § . LW ]
-~ — e W o~ o~ o~ > Q = —2 |
o o -~ O i ) M Tt - U9 0O ww e«
w ~> 1 3 D vy w = (Tala] ->_1
— —~Z v — m e W~ (@) T o~ D —0O v —
| ] — e (Y T &~ = H - W O sSU @~ LY. ¢
W v > ~2z = ~ X - Z X w xu >4+ = =>
i Qo + ~J3 OO O e )¢ Q o> o e MY x ©
§~ > @ Nz s~ N W e AN . 2 wl we <O~
v ! : > T ee e e o~ _j e I > O 20 o> Wk~
w Q~ = UXNO ~ & Tt . ! O &« Z ol > ¢ > @M
. a — WEC — et * -~ ~ ' e 4 C ) —un OZW
' - (8] : 4 & | et 0O A~~~ nCn i oer~uo= Ul ~ 4z woOu
. . ul + B ~—t ) ez e N OW 120 1 el e ® < —ND *VZD
W0 O . ~: 0O o o o, W s » (xlo 22 o er oy D e Z N e 1 1] > 1OwWz>0
4 . LI e X e WD OF >W~xMOo—~—~unN4 —D T i U) e— ¥ ~ < > F A~
J 0o 0. VU w0a o B TY RN o - 1 8 2 V) NIOH)OA:z s NHZ~AT) ~ ZWwun + wo-— <« ~Z ON~<{Iul~ .
-4 = | X - Q) w N elyl MUY e eIV —ll o= n Ov ! O ZWn DN ZU) S 1N
wzZ w Zw 2w Z ¢+ Z O ~wnNuwloe —>-3(>¢ - wWo—wwnNoZ— | - uw>a I~z N e = >zl WN
©w O n O v OO0 oo O Pt D)AZ~ Ot OO~ W~ DD~E X NED ~=—Q ~NOT s € b Xog
o e e 4 e T o W Z sl)— 0+t ¢2 —tmNMW-DZ HZZ SN AL Z s NZ - A~ e o2
g - - U - X - W - TOo—0C0O ¢+~ O~ & st QAL WL——OUWN L 1O S—OMm O >N b~ C
S  F « £ a4:F € 0 <« W~ - —ZO0OWN 0~ 22 QS ~FZ-—X_iN :OO(TNTM(NT(IDNNFTTT_
W D woHOw>HDw D n Do Z Fuax ~ =N U Z—xZZ [, T W - e R Al
"W O n O n O n O wo "NWoouuw»>-Q EAnnOONOFOROOOOFNARREIFORONFROFOERRUROO
J w oy w U wx w vy w UL al [ Falsl b DDEFICWFCCGIVVYYDIICD,GV[D.GIDQPPBuhCG
S s 0t T o1 1w Uk V) i (PDW | .
E.xE_E.ME.O-NROFRERO O © 000 O ; 0O o O O o |
— = = 13 1 = | Wxe — > 3l N M N - : o © o o ~ |
| ] [ | I | ] o : S N e S . — — o~ ~N
' ' 1 ' ! - O ' o B T L . - — — I
1 UUU ULV UYLV UV (@] —t . .
'Y OO0 OO0 000 OQO OO0 0O0~0 O i oYelololololelolalololelololalolalale 0000000000000 00C
'O NG 00O (NG oedr —Ne— g U —_tJ O~ OGN0 = D OO~ N O G O M UNVOP GO O M W

Vot i 0] NI NN om Mmoom (MG F I nnninn :;6666666666777777
.O?~2207.2?02220227..0222052202520002222222222222222222022222?22222222222
.911131117111111151110011314l,078.1.ll11111111.{.111111181111111111111...11..1.!
.000010001000200020003300303033300000000000000000005000000OOOOOOOOCOO
2000ZOOOZO002000200022002020222OC.OCOOOOOOOOOOOOOOOZOOOOOCOOOOOOOOOOQ
e lele 0100010001000100011 GO Crt (et ....OPJOOOOOOOOOOOOOOOOOIOOOOOOOOOOOOCOOOP



n

— '

L — . w

= -~ 18] ~uWw X =

i . < = . <O o, 'y

= - 2 { ~ v i

- — = -u -— -~

> n > wiZ e e, ~

o] pV4 ~ (U m C

d - w —~ €0O) — (0 4 C

= - - Q =u) Q - —

w ~ 4} O v<W - Ua) (]

> w 128 —~ o o > - u

— b — @ 1uvg w - 4 a

o 2 ~ w - (8] m - +

<« -~ = [T a X 0nz - s 3

Z -~ > w R Y= I W Z G

= 2 - 2 v X — OO0 - a Z v

o L — (18] . e IO <Q < o Lol

5 o o *>< ~ - T R Z0 > « ~

@x ~ n — —~~ N ~ >~ —~— - weo s > -

> o~ o Om s e W ~ O~ no ! € ~Qw wice e . o

Z — -—Z +4= . = * = 3. ! - I az Jw P I | ~

. C T~ [ T { + —~e o H v = R ¢ (o Y u u !

O (72 I o (@] oOZ0 &= 'F = — ZlW P E Z e-x << = o o (&
0 o L > ~e¢ W - 1= > e o 2Z vy - aq <« il
(2] > O = z —~ — e X W —~ Y e -z ' X aGF—-<a€0 —-~ T e | w
— s U O ow —~ ONX IS - z -0 v : [ o S I ~N> ! a
w = voa I UW— 2 e b~ 4+ 0 s Q. > -0 o O~NO ~  ein e :

O Z ~ 2 (o] U} Te ~2zt 2@ ~00 , T * Z1 ° wIn Qrtr— oo - 2 Tz O~
- < W O ~UJ X ~dadm OoIU+ ~—3¥ ML L0 <! J JO U OM—-IT N> N~~~
- Z I W ~w > OZ—= ~ADz N oD - Z | W ou-z ~i<u - (1’4 - ~ C
(&) > < —~QO + o e e raely) —Z DT e | X i a < = —~— Jelu_J —~00 xaoc
LV Z - ' X O~ N—_) 3> ~—» —>< ! O, € —~ _J oNMO O * —FOOQOF -
-~ > O O > Wi edsg e+ e+ 4= "~ Vil J xuvey —~lL g~ * , - orZ o

-~ Qo « 2 (1o 2 S T ZFIZ 2t~ - | ~ a~Or —~uwa -J VoY oaOu
H N~ 0O w ~W~ U} 4+ 1= +~ @ M | 0O . m > OU O~ = L * D WI~ULJL\?0
z ~-w o= o1} UM D>~ | 2~ ~ D> TR~ o~ I_ = > ZOVMN~XW «0 J = > @
0 s o o nJy NDIDZEO o102 F 10D+ O S W owrQ ek «0rODIX LA~FZTIT - ~%
L4 e~ w xa OO0~ | Z~-m) « ZNOD s 8 _ Y W~ sN~A—UDL _J~~~ )+ ODNDUIo0
[} L) N~ ><C D> ZN N4 INN 4 -~ Y > 0 U A SWO~—N *lWOOME~ NV _J U
Zuw Wi~ < —-Z DN —O o ¢ 004 O~ ¢ ~40O—I Z: Z VA ¥ DTO . \MXDMIIX Ik ~WILMYODO—
v e O QN N DNttt & o  #= 32 L e MHOW?Z eM el N | O <2V VNCOMMYW e ZZ2Z ) | ZVUVUAW
I0Z - WW>SN -2 N4 & OO~ IN$ee 0~ M_Jeo DMNMO>WWINE | s~ e WZZL VN IV oll) ol o ¢
Wz OFTD ~ O ~ANOO0~~ ~— ¢l ~ O~ =~~~ DD~ i | TONIL ~D>dlL ¢+ A<k~ TUWI +0OL
T~ WONLZ @ Ze @X3d—-> - -2 Q0 -\ ez £ ZZ ! U ¢ NUXWLO_IDICX>>>_F QU V007
W 1 ~QAZ— 0O 0O >M O se WANCH-LICW ~+—— O}~ Z - = WL M Wwe e e Ue o T o
—EENNOA—Z e Z e N Q= EE s bE——  ERZ0 D VW ECFDENNE-~NMNay O~
<NV Z N v ) O e —Qr Wt ——ZZ =OOW *~ UXWUDWZZWU— T+ ¢Z + -

W Za>-worLorOoourOooWL. OO &t 2 xOOUNL A O <0002 : Ood Va WYWOOUAS>>>DCU—+>N0.
WS> ZOO—UAU I ~AU-OX—ZUL W s\ N\NFULO+DIEZUZSUVVANWI W o W 7 Z W00 0N Il ~Z— Zul--

2 WW — (94 € WL I aQU=-Eh-<CI NHNMO =~ =0
VU WZIWZOoOZIY JJITZub okl

(o] o = o o Os= . <4 . x~0O o000 00O W

N " > wn O~ W I W ~UMNME N0 @ 2, LU LN QL L

N N ' o~ N NW N WD Mm M e [ ] }

— — o — — H -~ O O O, b ] n w
N3 ' o O N ' .

0000000000 ONOOO00O00D0000 OO0OO0OO0ON MOOOMOOOOO0O

WO Qe (iMI N~ OB ONIM IO CO~OIM e OO -4 S U O~

I~~~ 00OOWWPOM@ OO TTCO0r CCOO0D QO ettt UUVUUVV -
:./.7.22227.27?.022222222222023333000.4_3303333330000OOCCOAWOOOOOOOOOOOOOOOOO
.11111.111116111..11111111811111457111111111189012345678901234567890123L
.0000000000800000000000900000000O001000000112222222222333333333344446
.0000000000200000000000200000333000300000033333333333333333333333333.«
4.00000000001000000000001000001110001000000111111111111111111..!.!\..1.1111.1

N B t N .



BUFF2

—
z )
2 .
o :
= —~ ,
— < ® — '
) (&) (@ .
O no (®) .
e ot 4 - }4
o (24 o w,
ul= ow u! .
aul oo o. m -
+ 0 — 4 —~C
=m o ) bx O
O« — v wi (@} el
Urs O Q<EZ b v —t<t
—. ) e <= — >
~ — (0 4 20 -~ w
-> o LR -y - oo .
24 w ~ O (30 L) (o) +w .
(& n - - ~ =N
vl e 21O o C+— i
[N} o Z < Q Uy
<+ L o A =4 +-Q =y —f .
e _J Z a0~ — > e (T3] — et
—~ x >04a ~OWnN>X o o)
- <C e E O~ —~t
ZEwr > o - +Q O~ (i 34
Xz c WO -3 NZ —— T
o Z 1 Jo+ —~ ) >l - O . ZZZ
<D w —~— Jru 00O XD ;
w> 0 A OoNODODDO bt DL
o ~w L =y ~a—=aq O o T
1217 1 L da A = ~ow wi—v) ,
. ~w>D S oAa-m D ey UG oand .
~ ns - > oM ~TWwoz + w
X ~NaCO 71 N * «c0ODO X Z~X~ ~50O
W X—ZE W O W N~ e 00X ~N<k
0 wWE OV WO~ VW >zl '
2 OX *0 Zz U < SO +\ED>0—0 i«
- Z e W O U ey domyWZL~W~Z os . Jul |
e T L o W ZeAa—ZWdul @ eme Z U
nN ~Om — _1e 1N —>aud _JOW— w00 .
w W e (W) N O ID>EAO0OZIN ~ -0
wcwm s O Z « —lL M W< oOu Otz @
DD . D NS DNt o o
0D O rOZ W V) e UMW ZZWU U~ Dt = =
HO NV 1oL - < VOOV XAA DOMUN-—H N
M- ZnD J e o _J_Jor JWESWOIW—— N - N\DZZ 2
HIE NI S vy o o7 G S T TE R s S L L 1.2 — 0
wowuwoorwwzuw w BEHENOONHNFFEOEFRREEN
UGG IS i Na QL (1 4T 1e 4 GWMRCRICCICIIIGGGIPPGRE
4 1 U N
oo _ “ i oo _
' ~0\) : i ; ~40\ 1
U !

.OOOOOOOOOOOOOOOHUOOOOO lolslalelslolololalale o Q

N0~ OO O~ IO~ 8Q.0123456789012345678

RE A /w.4555-\.55555.36;066666666777777777

Taanaa s alaalaa [salan) 333333?J3333332¢333143333333

S gk orms ot et e ot el et b o ot o e+ o ot ot et gt ol ped et et b gt et g o et el ot
i



APPENDIX B
QUTPUT FROM SMALL COMMUNITY IMPACT MODEL
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