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PREFACE

This report contains assorted material abstracted from presenta-

tions to, the AASA-NASE Conference on Declining Enrollments. Dr. Harold

L. Finch is Interim Chief Administrative Officer and Vice President of

Johnsonl-Couttcy Community College; Dr. Elaine L. Tatham is.Director of

Institutional Research of thelcollege. Dr. Finch'made the presentations.
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I.. THE-EDUCATIONAL NEED FOR'DEMOGRAPHIb PLANNING

As the products of the postWar baby boom reached their late teens in

the 19601a, it was inevitable that high school enrollments would indrease.at

unprecedented rates. LikeWise, the baby 'bust which followed the booeyas

destined to have an equally dramatic--but opposite -- affect in the 1970's.

The impact is already being felt. For those institutions that are unprepared

and do not begin to prepare, the worst may yet lie ahead. For the prepared,

the next several years will prbsent unprecedented challenges--opportunities

for self-renewal and revitalization that will put them in good stead to sur-
f

vive the 70's and to resume vigorous wwth in numbers and.efficiency in the

80's and on into the twenty-first century.
4

Some important lessons can be learned from school diskricts that have

4
been hard hit by declining enrollments. In examini9g a number of these cases,

there seems to be a common pattern of events and circumstances the precede

enrollment crises:

Failure to'Recognize the Problem. Enrollment forecasts are con-

sistently high. Projections tend to perpetuate the heyday trends of the las-

decade and do not properly take into account key demographic factors. Missed

forecasts are explained away as one-time . Having diagnosed the problem

incorrectly, staffing and budgeting plans for the next year then tend to be

projected on the basis that enrollments and revenues will be "back to normal."

0 Too Little Too Late. The seriousness of the prcblem is recognized

too late. The dynamics of the situation are very much like that of quicksand.7-

once an institution is entrapped, corrective efforts tend to add to the problem.

For example, at the college level a vicious spiral may develbp: decreasing

j
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enrollments bring about reduced revenues; declining Income results in cutbacks

(Iv

in programs, staff recruitment, and promotion; economy measures cause the insti-

tution to be less attractive to students, which in turn results in additional

enrollment reductions.

From this pattern it might be c6iicluded that if an institution isto re-

main healthy during the 1970's it is essential that effective methOds of enroll-

mentianalysis and planning be developed-=and that this be accomplished and

operational before the institution becomes entrapped in the downward spiral.

II. A CASE STUDY IN DEMOGRAPHIC ANALYSIS AND PLANNING

The postsecondary enrollment dilemma and a positive approach to dealing

with the problem can ble illustrAted by examining the situation in suburban

Kansas City (Johnson County, Kansas) where school districts are making a con-
r

certed effort to generate realistic enrollment forecasts and to formulate

practical long-range planning strategies. The enrollment trends, the causes

and the associatediproblems and solutions for Johnson County are different only

in degree from those of any other part of the country. Therefore, the approach

described herein and the results reported may be usefUl to other districts

which also need plans of action--not reaction--in order to remain, or to become,

dynamic, thriving institutions at a time when many are struggling.

During the last decade educational enrollents in Johnson County, like the

rest pf the country, rose at an unprecedented rate. However, in the 1960's a

downward trend began to develop and is currently intensifying. Birth rates

were known to be the single most important contributing factor to this declinel

Analysis indicates that the genesis of the problem was,not low fertility

rates in the50's and 60's, but rather the low birth rates which followed the

depression and preceeded World War II. This phenomenon, which is not atypipal
1A1C-0.,

to the rest of the United States, Canada and Europe, is illustrated in Figure 1

t)
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below. Although the schematic oversimplifies the complex aynamics of

demography, the following conclusions apply to many high schools and colleges

throughout the country:

The current decline in-number of high school and college age
students will intensify and reach a peak in the late 70's.

The coming of this decline was predictable in theslate 30's-16
some 40 years in advance.

Approach: Analytical Modeling.

Johnson County Community College (JCCC) initiated the development of a

long-range population planning capability in 1971. The project was jointly

funded by the college and the Shawnee Mission K-12 public school district.

The first step was the creation of a comprehensive data base for Johnson

County. It Included such information as births and deaths, population disz.

tribution by age and sex, census tract boundaries, housing units, land use

zoning nd school attendance rates. The accomplishment of this task provided

a number of insights into the population profile and past trends. As important

as these data were, however, they did not by themselves provide an integrated

picture of the interrelationships thaeexist between and among pertinent
, a.

(A) BIRTH RATE (B) FEMALE POPULATION DISTRIBUTION (C) "COLLEGE AGE" POPULATION
1%0 (Age 18 21)

40 SOO IDCO

0 0
1010 1T.:41 1060 1070 0 10

'21.) Ycar

Figure 1. Population trends of a developed subdivision of Johnson County Kansas
are representative of much of the nation. (A) Birth rates reached"an all-time
low during the late 30's; (B) this resulted in a relatively low number of women

° of child bearing age in 1960; (C) which, 'in turn, is projected to cause the cur-
.

rent downturn in high school and college age population to be at its height
during the late '70's.
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planning variables, nor did they provide a means of assessing alterhatives.

To counter this deficiency, the colleges's research and planning staff develop-

ed a computerized planning model designed to translate the demogriiphiC data

into a form amenable to decision- making.

Output from the demographic Imo 1 consists of population projections of

males and females by age group for e ch neighborhood or location in the county.

Depending on directions specified by the user, a 30-year forecast for one geo-

graphic area within the county yields up to 6,000 individual projections. A

county forecast for all areas. may have as many as 200,000 indiv\dual projections.

One of the model's most useful features is its ability.to provide for para-

metric analysis. Many parameters pertinent to enrollment analysis and planning

are affected by socioeconomic political conditions that cannot be known in

advance. For example, fertility rate is a function of such factors as inter-

national relations, the state of the eco omy, abortion legislation and world-

?
. .

wide food shortages. Because the user can only speculate as to future fertility,

rates and becabse of the importance of this factor in demographic planning, the

_model makes it possible to analyze a range or series of pose gle values of this

variable. Likewise there is provision for the systematic analysis of the popu-

lation impact of all other signif nt parameters. Parametric studits of this

type are sometimes referred to as "what if" analyses.

Simulation Process

In making a series of Projections, the model begins by analytidally profil-

ing the county's quarter million residents. Each person's demographic character-

istics--sex, age, place of residence- -are recorded in the computer memory., The

predicted lives of these peroons are then simulated fortethe coming year. In

each neighborhood and age group, some will die. Deaths are analytically simu-

lated using actuarial rates as the basis for forecasting. Others are allowed

-4-



to give birth, taking into account prevalent fertility rates as they'apply

to the age of each of the Rotential mothers of-Johnson County. Other residents

will move out of the county and some will move to other neighbbrhoods within

the county. Some will tQ6ve into Johnson County neighborhoods from outside the

county. --it'ese action( are simulated by employing current trends in migration

propensity factors for each age group and neighborhood. Some areas within the

county are allowed to grow to accamopte utilization of undeveloped land.
t

Tracts which are zoned for park or industrial development are not allowed to
4

accept in-migration.

The model uses an enhancement of cohort analysis. A "cohort" is defined

as a group oI,people with a common characteristic. For example, women born in

1950 who live in Johnson County would be a cohort. People can leave this group

only through dean or through out-migray.on. from Johnson County. For those

born outside Johnson County in 1956, they can enter this group only through

in-migration to Johnson County. This particular cohort, of people can be traced
y'

teroughout their entire life if death rates and net migration hy age and sex

are known.

The avalytical simulation process is fundamentally straight forward. Re-

l.

ferring to Figure 2, net page, assume that 375 women, z4 years of age in 1974

currently live in a specified neighborhood in Johnson County. Alqp assume that

it is known that the following events will take place in the coming year: 15

will move out 'of the neighborhood, 32 will move in, 1 will dib, and 38 will give

birth. By simple arithmetic it can be predicted that one year later, the num-

ber of women, now 25 years of age, living in the neighborhood will be 391. The
t.

portion of the analysis that is not straight forward--the method of estimating

the number of births ( deaths and migrations--is accomplished through the genera-
:

tion and use of empirically derived mathematical algorithms.

5
-5-
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The simulation process is continued one year at a time by allowing each

/age group- to become one year order. The procedure is continued for as many

years as the user specifies.

"What If" Variables

To enable the user to conduct parametric analysis, four major input vari-

ables are incorporated into the model: death rate, birth rate, net migration

and land use.A

Death Rates. Deaths are p ected separately for males limLd females as

a function of the numborof people for each age. The user has two "what if"

options. Using the term "nominal" rates to refer to the death rate equations'

of the model, the percentage of the "nominal" rate to be used in generating

the forecast is specified for the beginning year and ending year of the pro-

jections. While the initial year multiplier would be 100 percent if the death

equations are current, the initial year multiplier permits the use of'an equa-

tion developed within the last few years. The ending year multiplier allows

the user to examine the effect of declining or increasing death rates on the

growth,of the population:

4

\

375
1975 tome° pal)
utillinn Aga 24

- 15
out mv41.2n

+ 32
In mItyllleOn

391
1976 lemslo MP'
Olinon Ago 25

1
°oath

38
alum

I

Figure ?. Sample calCulation. Birth, death and

%migration data are obtained via empiric ly de-
. rived algorithms.

I 0

-6-
4



Birth Rates. Three options are available for ptojecting birth ratan.

The option typically used is the equation which project the number of births
0

using the fertility rates by age of women. The.secon option uses the crude

birth rate. the third option uses a polynomial equa 440Qhich can be modified
4

Irby the user to provide various forecast relatiodshipa.

,

In addition to selecting one of the,three birth rate equations, the user

has two additional "What if" oPtioniki Veins the term "nominal" rail to refer

to the birth rates of the selactSd equation, the percentage of the "nominal"

rate to be used in generating the forecast is specified for the beginning year

and ending year of the projections.' While the initial year mUitiplier would

be 100 percent if the aele4ted equation is current, the initial year multiplier

is a means to use an equation developed within the last 114 years. The ending

year multiplier permits the user to examine the effect of a declining or-in-
.

creasing birth rate upon the population projections. The multipliers foi the

intervening years are found by fitting a straight line through the two points

detre'rmined by the initial year and multiplier together with the ending year

and multiplier.

yy

Net Migration. The tiAer specifies the county net migration (number of

people moving into minus number of people moving out) for the beginning year

and ending year. Given the "what if." county'net mi4ation for a specified

year, each geographic subdivision of the county (referred to as a subarea)

p

receives a percentage of the county yearly net 'migration. Subareas are assigned

a negative percentage if the net migrations can be expected to be negative.

Total subarea net migration'is assigned by age^and sex. This age and sex dis-

tribution is accomplished brcombining subareas. of Johnson County into five

groups on tjie ba$is of net migration for the prededing ten years. With net

migration plotted as a unction of time ese five groupe represent five stages

.1
land and are designat "A" through "E" on the typical- in titre develop

-7-



4

4'

a

population S-curve below.

Net Migration

Time

These five stages.may be described as follows:

,A. Agricultural - undeveloped in terms of potential population
capacity. During this stage there is a net out-migration
typical of most rural areas today. 2

B. Initial'tranpition from rural to urban/suburban accompanied by
. a shift from out-migration to in-migration.

:1/411

C. Maximum rate of development. During this stage in-migration

greatly exceeds out-migration.

D. Reduced rate of growth. As the area approaches maturity the
rate of net in- migration begins td decline.

E. Maximum development. The available land ia essentially fully
'utilized. During this stare, there is a gradual shift from in-
migration to out:migrations

e .
.

Land Uso. Land use designations are based on zoning. Categories employed

bY the model are special, agriculture, industrial, commercial, low density resi-

dential, medium density residential, high density residential and4unzoned; The

zoning is specified for the beginning year. The doer halibe option o& incor-

porating anticipated zoning chdngeo into the model. This informalion can be ob-

tained .from city or county zoning boards, regional councils, title ,insurance

companies, etc. Each' subarea is divided into smaller subunits. Depending upon

the population density of the subarea, these amallei subunits are sections (approx-

imately one square mile), 1/4 sections (approximately 1/4 square mile) or 1/41/4 sections

(approximately 1/16 square mile). For each.of peoe subunits, zoning is specified.

The portion of the subunit which lies wit4A- the boundaries of the subarea is



recorded as a fraction. The capacity (maximum number of people who could ulti-

mately.restde in the pubunit on the basil of current zOining).iscarculated and
o ,

. *
incorporated into the pOnulation proTections.

Modified Cohort Analysis

TWe model hag two major differences from the typical cohort survival
,

model. Cohort analysis for a population'living within a fixed geographic area-
.

does not directly consider the population affects of zoning or not- constant

rates-of migration. For example,- suppose a subhrea of the coUnty,has a 1970

population. of 20,000. The typical cohort analysis might project a population

of 30,000 in 1980 and a population of 60,000 in 2000. However; if the land is

primarily zoned for low,density residential, a maximum realistic population-

might be 50,000. .The basic problem is related to estimates of net migration.

To alleviate the problem and prevent a geographic, area from exceeding its

capacity, a two-point logistic 'urve (see Sqction III) is used to develop 4-
. o

area net migration percentage's for the ending year. The logistic ciirveds also

used to distribute the population of each subarea to smaller geographic units

such as sections.

. In summary, the, model can be described in general terms as being a
.

modiAlied cohort survival mode.

4

li. Regression analysis is used to develop equa-

\tions for birth rates and death rates. The two-point logistic curve is used

to develop net migration subarea percentagestnd'for distributing the population

of each subarea to smaller units such as sections.

Output

A computer printout mock-up is shown in Appendix A. For each identified

subarea, the user specifthe year increment for printout. For example, data

can be printed for each yeatievery three years, every five years, or in gen-

eral every n years where,n is an integer. If the starting year is 1973 and n

is four, printouts will 'be for 1977, 1981, etc. The user also specifies the



r .

age increment for printout. If the selected increment is five, the printout

will give the forechst for ages 0-4, 5-9, 10 -14, etc.

For each year of printout, the population is presented using the follow-

ing age code. When the printout is by five-year age groups, the "age 5" de-

notes children less than five years old, while "age 10" denotes children five

through nine, and "15" denotes children age ten through fourteen. When the

printout is by, one -year ages, the "age 1" denoteh births, while "age 2" de-

notes children age one, "age 3" denotes children Age two, etc. The printed

ages are, therefore, used as upper limits to the actual age interval. Corre-

sponding migration and death output are applicable to /he preceding year.

In'addition, for each year of printout, populatiqn may be optionally

presented by Vi section (or other subunit) for the following age groups:

Under five
Five through eight
Nine through 'eleven
Twelve through fourteen
Fifteen through seventeen
Eighteen and nineteen
Twenty through twenty-four
Twenty-five through forty'
Forty-one through fifty-nine
Sixty and. over

The population for these 1414 sections (sixteen 1414 sections = one section) should

be considered in aggregation with surrounding 104 sections. This aggregation is

especially important in areas which currently are sparsely populated or where

zoning changes seem likely. These 1414 section populations should be used indivi-

dually only as guides showing future population trends. 0
ti

The approximate 1960 and 1973 populations are shown in the mock-up printout

on page 12 for each 1/41/4 section along with their capacities. The relationships

of the 1973 population to the capacity is presented as a decimal "FC" (1973 popu-

lation/capvity).: Projections by section continue to present the relation-
,

ships of projected population to capacity as a decimal under the heading"Pop./Cap."
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The 1414 sections are coded as folloWs:

The first and second digits refer to the township

The third and fourth digits refer to the range

The fifth and sixth digits refer to the section

The seventh digit is the 14 section (beginning in'the upper right hand
quadrant with the number 1 and moving counter clockwise to the upper
left hand quadrant denoted 2, the lower left quadrant.denoted 3 and
'lower right quadrant denoted 4)

The eighth digit is the 1414 section (designated by the same

procedure used for 14 sections).

For example, the digits 12252123 designate township 12, range 25, section 21,

upper left hand quadrant, lower left ;414 section. This 1/414 section is shaded in

the sample section 21 below.

The mock-up sample on the folloWing page has a 0 as the eighth digit since the-

level of detail is only 14 section. The program as applied to Johnson County

analyzed three major sets of assumptions. They are summarized below:

Low Growth Assumption. For net migration of 1200 per year, the
printout is by five-year age increments for males and females for

19J8, 1983, 1988, 1993 and 1998. The fertility rates by age of
women were permitted to decline so tthat by the year 2001 they,will

be 80 percent of the 1973 fertility-rates.

Nominal Growth Assumption. For net migration of 3000 per year, the
printout is by sone-year age increments for males and females 11or

1974-1984. Feitility rates by age of women were assumed to continue

at the current rates.

High Growth Assumption. For net migration of 5000 per year, the
printout is by five-year age increments for males and females for

1978, 1984, 1988, 1993 and 1998. Fertility rates were assumed to

gradually increase to the 1970 fertility rates.



S
A

M
P

LE
 P

R
IN

T
O

U
T

 IN
C

O
R

P
O

R
A

T
IN

G
 S

U
B

-U
N

IT
 P

R
O

JE
C

T
IO

N
S

C
A

P
A

C
IT

Y
 /A

R
E

A
 =

0.
25

6.
25

6.
.

9-
o.

S
U

B
 A

R
E

A
 =

T
E

S
T

S
T

A
R

T
IN

G
 Y

R
. =

19
73

.
T

O
T

. P
O

P
. P

i3
91

.
D

F
C

/D
T

 =
 -

.0
05

00
0

T
C

U
R

 L
19

73
.

IB
A

%
 =

13
p0

.
st

m
 A

 =
 -

Q
.1

96
10

73
%

01
S

U
B

 5
 =

03
39

48
96

9E
-0

1

B
IR

T
H

 R
A

T
E

 W
H

A
T

 IF
? 

(F
R

A
C

1,
F

R
A

C
2)

 °
 0

30
 0

20
B

IR
T

H
 R

A
T

E
 T

Y
P

E
 U

S
E

D
 =

1

12
00

.
24

00
.

F
C

 =
0.

82
05

00

D
E

A
T

H
 R

A
T

E
 W

H
A

T
 IF

? 
(F

R
1,

F
R

2)
 =

1.
00

 1
.0

0

ID
P

O
 P

60
P

0f
73

C
A

P
.

F
C

D
F

C
/D

T
P

F
A

B
a

12
25

15
30

12
25

16
30

7.
0

60
2.

0
5.

0
74

11
.0

53
.,

11
76

.0
0.

99
99

99
0

0.
63

43
53

8
0.

00
00

00
0

0.
00

94
19

2
0.

00
06

0
1.

16
96

0
-0

.1
42

43
65

4E
-0

.9
92

27
75

0E
02 00

0.
33

94
89

69
E

-0
1

0.
33

94
89

69
E

-0
1

12
25

16
40

98
3.

5
91

14
0

12
23

.0
02

97
39

41
0.

00
00

00
0

0.
00

00
0

-0
.1

81
01

84
5E

01
0.

33
94

89
69

E
-0

1
12

25
21

10
20

58
.0

19
37

.0
19

92
.0

,
0.

97
23

39
6

0.
00

00
00

0
0.

00
00

0
-0

.5
82

40
33

7E
01

0.
17

40
36

03
E

 0
0

12
25

21
20

20
58

.0
17

28
.0

23
52

.0
03

34
69

39
0.

00
00

00
0

0.
00

00
0

-0
.1

45
99

05
6E

01
0.

33
94

89
69

E
-0

1

Y
E

A
R

 =
19

78

A
G

E
M

A
LE

 P
O

P
.

S
U

B
 A

R
E

A

M
A

LE
 M

IG
.

F
E

M
. P

O
P

.
F

E
M

. M
IG

.
F

E
M

. D
E

A
.

=
 T

E
S

T

M
A

LE
 D

E
.k

.

5
3)

5.
1

-0
.9

0.
9

19
4.

8
0.

5
0.

6
10

24
3.

6
-4

.3
0.

1
24

5.
12

;-
5.

20
.

0.
1

15
25

3 
.2

-9
7

0.
1

21
1.

0
-8

.6
0.

1

3)
25

0.
6

-9
2

0.
1

24
6.

4
-5

3
0.

1

25 30
23

8.
0

24
3.

1
6.

1
9.

4
0.

1
0.

2
72

7.
5

25
72

9.
1

6.
5

0.
1

0.
1

1;
35

27
6.

2
0.

3
0.

3
30

0.
0

-2
.9

02
40

19
0.

7
-7

.6
0.

3
16

6.
1

-7
.6

0.
2

45
10

8.
3

-2
.4

0.
3

11
6.

5
-2

.1
02

50
10

61
.8

-1
7

0.
5

12
4.

1
. -

1.
9

0.
1

55
11

92
-2

.7
0.

9
13

39
-1

2
0.

6
60

11
2.

5
-0

.7
1.

4
14

8.
3

-0
.1

1.
1

65
10

6.
1

-0
.8

2.
1

13
7.

6
-1

.0
17

70
13

5.
7

-0
.7

2.
7

10
33

-0
.6

zo
75

64
2

-0
.2

3.
0

63
.7

0.
0

2.
1

80
77

.5
0.

0
2.

0
42

.7
-0

2
2.

3

85
17

.1
0.

5
1.

8
23

7
07

1.
9

90
71

0.
0

1.
0

10
.8

-0
.5

1.
3

as
1.

3
0.

0
0.

2
5.

4
0.

0
0.

9
10

0
0.

4
0.

0
0.

1
2.

5
0.

0 
d

0.
4

10
5

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

11
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0
26

57
.3

-2
2.

8
18

.1
27

66
.1

-2
0.

8.
16

-3

T
 R

 5
1/

4
P

O
P

.
P

O
P

JC
A

P
.

C
A

P
A

C
IT

Y
1

5
9

12
15

18
20

25
41

'
60

12
25

15
3)

52
1

1.
04

12
0

5.
00

0.
38

0.
28

0.
37

0.
3

0.
3

02
0.

4
1.

42
0.

67

12
25

16
30

73
73

1
0.

62
71

4
11

76
.0

0
54

.3
3

39
.8

7
51

.7
2

37
.6

39
.5

2
7
.
6

62
.9

20
2.

01
,0

.8
9

12
6.

70
95

13
12

25
16

40
98

6.
06

0.
80

62
6

12
23

.0
4

72
71

53
.3

1
69

.1
6

50
.2

sz
a,

36
3

64
.0

27
0.

57
16

9.
10

12
7.

33

12
25

21
10

1%
2.

31
0.

93
50

9
19

92
.0

0
14

4.
69

10
6.

09
21

37
.6

2
99

.9
73

.4
16

72
53

6.
96

33
7.

97
25

3.
38

12
25

21
20

17
32

35
07

36
54

23
52

00
-1

27
74

93
.6

6
12

1A
9

66
.2

92
.8

64
.8

14
77

47
3.

27
29

8.
58

22
4.

11

54
23

.4
6

0
0.

80
37

1
67

48
.0

4
52

08
.8

4



Hypothetical Illustration

Assume a fictitious. county called Pirate County had a 1970 population of

300,000. The age and ex distribution is known for 1,970. Equations have been

developed for estimating births, deaths and net migration. The number of two

year'old males in 1971 is obtained by adding the number of one year old males

in 1971 to the estimated net number of one year old males who moved into the

county during 1971 and subtracting the estimated number of one year' old male

deaths for 1971. The procedure is similar for all ages and each year. The

o a sample printouts in Appendix A illustrate the impact of some alternative user

assumptions for population groWth in Pirate County.

Illustration of Results

The county can be characterized as a growing community with a positive

net migration and withithe number of births approximately three times the

number of deaths. The table below summarizes the population projections for

the year 1985 and the year 2000 under each of eight user alternative assump-

tions. The graph onthe following page characterizes net migration by age

group and sex. The printouts in Appendix A present the sample assumptions

together with the corresponding projections for 1985 and 2000.

PIRATE COUNTY POPULATION PROJECTIONS
19701Population was 300,000

User Alternative Assumptions 1985 Population 2000 Population

:Zero Net Migray.qP 363,616 414,249

Low Birth Rate Old Nei Migratioh 376,851 433,345

Low Net Migration 381,618 454,718

Low Birth Rate 412,561 511,139

Nominal 417,800 535,655

High Birth Rate 423,040 560,399

High Net Migration 453,924 616,594

High Birth Rate and Net Migration 459,576 644,495

wwYeNe

-13-
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.20'

.15

.10

-.0

- :2
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PIRATE COUNTY

F
')Age Male Female
0-5 - 0.1122 0.0998
5-10 0.0601 0.0543

10-15 -0.0026 0.0039
15-20 -0.0308 0.0201 .

20-25 0.0924 0.1292
25-30 0.1230 0.1056
30-35 0.0543 0.0272
35-40 -0.0078 -0.0008
40-45 0.0310 0.0343
45 -50 0.0286 0.0233
50-55 0.0026 0.0069
55-60 0.0043 0.0079
60-65 -0.0006 0.0006
6570 -0.0039 0.0047

I
i

1
s

\
----

70-75 0.0033 0.0052
75-80 0.0010 0.0043
80-85 0.0036 0.0089
85+ - 0.0011, -0.0050

iii'k

s
s
i

i

i

k

%
F- 1.0000
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III. MISCELLANEOUS THEORY
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TWO-POINT LINEAR REGRESSION

Y bX + c r
Given two pointe/(x and (x14 the equation, is

\4
.11

Y (X x 1) + y
1x -x

1

Example

Using 1960 and 1970 Pirate County population

Y Projected population for year X

y2 1970 population

yi 1960 population

Y
300,000-1800000 (X - 1960) + 180,000

1970-1960

.4. 12,000 (X - 1960) + 180,000

If X 1980, Y 420,000

X 2000, 660,000

2u
-16-
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MULTIPLE-POINT LINEAR REGRESSION

bX + a

where Y is criterion

X is predictor variable

Given n pairs of observations for X and Y,
n

nEXY-EXEY
2

n E X - (E
1.1 evi

Example

Using the population data for Pirate County, 1920-1970, the criterion

Y is population while the predictor variable X is year,

n 6, X 1020+1930+1940+1950+1460+197011670
li

Y m' 18A00 0000 + 390004.75000 +.180000 + 300000 642000

E Y E X

,aii.-bX71"----b
)

n n

14,

A

4 2.

E X
2

(1920)
2
+(1930)

2 +(1940)2+(1950> 2+(1960> +(1970) 22,699,900
;al

4
E X Y Y6920)(18,000)+(1930)(30,000)+(1940)(39,000)+(1950)(75,000)

4.1 +(1960)(180,000)+(1970 (300,000).81,2580170,000

6(1 258 170,000)-(11670)c642,000) 5688
-b " r 5417.14

6(22,699,900)7(11670 1.05

642 000 (1161
a - 5417.14 - - 10,429,337.30

6 6

Y 5417.14(X)'- 10,429,337.30

For X 1980, Y 296,600 which is less than actual 1970 population.
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S - shaped

K.

Pt
1+0 1+e

I-77 e
.

TWO-POINT LOGISTIC CURVE

When P is population

t is starting year

6 is number of years Rast starting year

K is holding capacity

Given K and Pt
l

Pt
2

K-Pt

a u n t

Pti

Example

iK 1,500,000

t
1

1960 P
1960

180,000 -

t
2

1970 300,000
P1970 P1960+10

141:500,000-180,000)m
180,000

ln(j-321210 1n1122)
180,000 L18

In In (22) - In (32 3.09104 - 1.09861 1.99243

(1. 0500,000-360,0) 1 200 000
300,000 - 1.99243 In 300,000)b In - 1.99243

1970-1960 10

a

for year t1

for year- t2, where t2 > t1

b.

'K -Pt

a

t2 /

t
2
-t

1

ln(4) - 1.99243 1.38629-1.99243 -.60614 - .060614
10 . 10 10

So P
196 8

1+e
1.99243-.0606140

1,500,000

22
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Proof that a and b are obtained as specified on preceeding page for the
logiatic,curva.

K
t fe a +bO

1+e

At time t1, 0 0,
' Kp

t
1 l+ea

Pt + Pt(ea) K
1 1

P. ea P
t

1'1

P
ti

e
Ptl

Pt

a in
t1 4

80 P (1
a)

K

/-

At time.t
2
, 0 t'-t where t >t

2 1 2'

P
t
2 i+e

a+b(t2-tk)

P' (14.ea+b(t2..t1))
t2

p p ea...1)(t2 ".t1)

t
2

t
2

Pt e
a+b(t -tt)

2

e
a+b(t2 -t

1
)

K -Pt2

'0

Pt2.

K-Pt

a+b(t2-t1) n(r-c2-

K

2

So b(t2-ti).11n(/-7t

And b

t2

K-Pt

In a
t2

t2-ti 23

a

p.



MULTIPLE-POINT LOGISTIC CURVE

Pt1+0
.1 e

be

liven year'ti, capacity K and n observationsla and Aare found so
that the "best fit" is found. The procedure utilizes a transformation
as follows:

N`-/-

a+b0%P (1+e "1Pt +0
1 ,

. a+b8
P + P e ' K
t +0 t +0
1 1 zy

a+be
ee

e
14+0

a+b9

K - P
t +0
1

416

(K - P
t 0)Pt

+0
1

1

In
Pr

1
+0

K-Pt
i+9

Let Z In
-t

rp
t 1+9

Then Z el; a + be

Next, find tie

Example

best'linear

0

0

0

*

fit for Z a + be, where

1960 and 1970 Pirate County population
Of 1,500,000, people and a base year

- 10i- 2
75,000

0, Z4 (1,500,0007180,000\
180,000

)

1,500,000-300,000)4

0 t2-t1

data* together with
t1'1960

2.94444

1.99243

1.38629

Use the 1950,
a capacity

Fez 1950,

1960,

1970, 10, Z
300,000

P
1950

75,000

P
1960

- 180,000

P
1970

. 300,000 -

2.1
-20-`



v.

3
EA -10 + 0 + 10 0

3

EZ 2.94444 + 1.99243 + 1.38629 6.32316

.

3
EO

2
100 + 0 + 100 200

r
4:=1

3
EOZ (-10)(2.94444) + 0(1.99243) + 10(1.38629) .-15.5815

ir.I

b
3(-15.5815) - (0)(6.32316)

07791
3 (200) - (0)2

a NI
6.32316

3
-.07791)(3) g. 2.10772

So Z 2.10772 - .077910

Or P
t
1

K for K 1,500,000

1
te2.10772-.077910

411v'

)or 1980, 0 20

1,500,000 12.2.32200
P1980

1
4,e2.10772 -1.55820

1+e
.54952

19500,000 450021400 cAla 1,40
V0ON ./

2.
07

1+1.7324 7324
40

-21-
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PRACTICE PROBLEM: REGRESSION AND
COHORT SURVIVAL METHODOLOGY

Problem: Estimate the 1976 population by age group using regression and
cohort survival methods of analysis. The population data base for the
years 1972-75 is given in the table belori:

Age
Actual Regress.

'76
Cohort
'7.6.'72 '73 '74. '7,5

6 690 660 600 560

7

, .

720 718 , 693 :636 :1'''

747 734 740 -

9 .76d . 755 749 762

10 . 703 775 778 779

11 ' 656 724 806 817

12 560 -'663 738 830

Regression Method

,

900

800

600

500

T

'72 '73 '74 '75

-23-
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Saimaa 'Cohort Survival Projection #1

a+4=7

P(a+1, 73) P( 173)°_
P(a,`72) P( 72) )-

P(ct+i, '74) P( .174)
P'(a)53) P( ,'73)

pca+1, 75) PC ;75)
P(a;74) P( '74) (

0-4-0+0 ( ,)-1-'( )+(
3 3,

So 17( '76) = ®x P( )=--(

41110

O NO

Sample Cohort Survival Projection #2

a.= c'h =7

p(off-i,`73) P(4 :73)
P(a,`72) PC 72)

P (a+1, "74) P( 774)
P(a:73) PC ,`73)

p(a+i,s475) PC ;75)
P(a0474) P( '74)

S

01
dale**

01

01

(

4111//
.

)

) 0

3

)

0-4-04-C) ( )+( ) +( ) ( )
3 3 3

So 1'70= 00x P( ;70= (
28
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PRACTICE PROBLEM;, TWO-POINT LOGISTIC METHOD

a
- Problem; Forecast the population living within the boundaries of a urban-
suburban school district fOr various land use assumptions using, the two-point
logistic method of-analysis for the years 1980, 1990, 2000:

P
1960

180;000 P
1970

300,000 Area 400 sq. mi.

Land Use Assumption:'

Zoning

Ultimate
Density Holding

So.Miles PopISq.Mile Capacity

Ri: Lev Density Residential 4,795

R-: Medium Density Residentialz 12,787

R3: High Density Residential 25,574

Agricultural 1,066

Parks, Commercial, Industrial 0

1960+. =

K Total Holding Capadity

1*-42t

e
Where 0 1980 - 1960 20

P
ti

180,000

P
t2

300,000

t
2
-t

1
1970-1960 10

K

1105-itlz.---" Iv*

Solving the above equation yields the following results:

Land Uie

K P1980

350,000 340,000

600,000 420,000

4,100,000 490,000

So P
1980

14

ti

ra-
-25-



Two-Point Logistic Method

1200

1000

800

600

t-

1

.

400

.

!o- 411.. -

r

0

r

1960 1970 1980 1990 2000

Year

30
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APPENDIX A

SAMPLE PRINTOUTS
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9.

ASSUMPTION:
ZERO NET MIGRATION

I0/ee/74. 10.18.37.
PROGRAM COHORT

ENTER STARTING & ENDING YEAR; PRINT DFLZA YRS,& PRT. AGF INTERVALS
1970,20V), 15r10

ENTER YR, 2(FRACTION) TO PE4-APPLIED TO BIRTH RATES A TYPE
pnon,i,i

ENTER YR & %(FRACTION) TO PE APPLIED T3 DEATH RATES
? R000,1

,ENTER MIG.& START P FL.NAME,YR1,NET MIG1,YR2,NET MIG?
coRRPIR,197n,.001.2nnn,.nni

YEAR = 19P5
19P45 19P4 19R4 19P5 1984 1984

AGE M POP M. MIG M DEA F POP F 113 F DEA
in 33570 0 R5 32012 6'

Pn 273S1 -n 14 26076 1n
na 1414R PS 33272 19
4n ,21604 P7' 24103 25
tin onp3p 67 PP214 55
60 12330 0 173 192.15 137

15P56 -n 151 16197 927
,An 65PS 0 15R 77Rn 1) 16R
9n 1557 170 2504 *77
100 214 36 AP9 91

110 pp 4 66 n tP

n 179049 1107 184567 n 1342..

YEAR= Pnno
2000 1999 1999 9nnn 1099 1999,

AGE M 902 M MIG M DEA F POP F MTG F DEA
in 33624 7P spncp . n 60
pn 3An00 -n 12 44:129 n' IP
10 99274 19 f379714 n 29

4') ?n9,49 21';' PP775 0 49

R7 29660 0 10"

60 17172 157 Pi1n1 n pli.

71 19740 -n 362 16735 1 465

R0 11439 0 6pA 11041 n 265
'In 3699 17n 3125 n 529
106 0 76 .14R Cl 95

1,11 42 0 6 94 0 7

0 207953' 1244 206296 n 9424
STJ12

32

-28-



ASSUMPTION:
NET MIGRATION DECREASES 67 PERCENT
BIRTH RATES DECREASE 20 PERCENT BY 2000

I0/PP/74. 09.54.01.
PROGRAM OOHORT

v
FNT,FR. STARTING & FN NG yFAR, PRINT DFLTA yRS,& 9RT. A43.0. INTFRVAIS

ir
? 1970,9nn0., 1 9,10 .

FNTFR. YR,!,;CFRACTI N) TO AF APPLIFD TO RIPTH RATFS & TYPF
? "1006'7)1 _.

..FNTFR-Y-P & UFRArTION) TO PF A29LIFD TR DEATH PATFS.
? 2000,1

FNTFR M40.& START P FL.NAME,YP1
? GO4R9IR,197n,innn,2000,Inn0

,NFT NiO1,yR9,NET piG2

YVAR = 19R5
1985 1984 1984 1985 19P4 1984

AGF M POP M VIG M DEA F P3P F VIC F DFA
In 31715 170 PP 321nP 154 '57

00 2880P -11 15 P7490 P4 In
10 ,50 215 24 -34779 235 00
An 23899 47 ,30 96409 26 PR
5O' 21215 60 '70 23019 SP 56
An 18843 .7 178 P0387 15 1'40
70 15376 -5 353 16397 5 290 1
HO 6526 4 358 In 173
an 1581 3 173

.7879
402592 4 286

inn 017 n 36 490 0 93

110 21 n 4 64 0 IP

0 195219 97n' 1321 191630 530 1366
yFnp = pnnn*

Pnnn 1909 1999 PnOn 1999 1999
AGF M POP l'e MIG V DEA F POP F VIO F DFA

10 31627 172 71 30099 154 54
on 35962 -33 18 ;34175 24 19

30 314503 215 Pn 307P9 Psi 25
40 33223 47 46 32049 76 54
50 32747 ' 60 96 3P650 SR 113
60 19378 7 173 23114- 19 227
7n 16367 -5 376 17418 5 483
SO 11666 4 637 12193 In 9g6
90 3710' 3 374 3488 4 545
Inn 51R n 76 752 n 97

110 47 0 6 04 0 7

n P16666 470 1893 016679 '510 2511
ST39.

33
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ASSUMPTION:
NET MIGRATION DECREASES 67 PERCENT

11/22/74. (19.49.21.
PROGRAV COHORT

ENTER STARTING & ENDING YEAP, PRINT nrirA yPsitt, PPT. tqw INTFRVALq
t97n,ponni15,In-

ENTER YR, tIFPACTION) TO nF APPLIF1 T3 PIPTH RATES & TYPE'.
7 ..pnnoi1.,1

ENTFFL'YR OZ(FRACTION) T4 11F APPLIrn TO 1FATH PATFV
1...- 21100 , 1

ENTFR V10.4 'START P FI.N4Vv,YR1,NET V101,Y09,NFT lviC0
? CaMPPIP,1971,1n00,2Ann,Inln

YFAP = 1995

1989 1984 1984 1985 1(°64 1984
AGE M POP M MIG M DEA F POP F MIG F DEA

on *p994 _11
9c.) lt*c(n 154
15 o7A71- 0A in

in 1599A 170 AP

In 35n91 015 '11 1/779 015 PI
4n 0'1009 47 11 9!/09 ?A pc:

50 01015 60 7n pinig SG 56
6n IPp41 7 17P Pn197' 15 .10n
11 15176 -5 '151 14197. 5 090
pn A526 4 15P 7919 In 171
90 1593 1 171 0592 4 *04

Inn 017 n 14 490 n 91
lin 01 I 4 64 n 10
n 1P7690 470 1109 1919RP 510 1170

seF4re = ?non
2000 1999 1999 2000 1909 1999

AGE 1- PzI° V NIG ' nrA r 030 F 1.1G F 0F'
In 379 *n 170 0P nAnc 16±A 67
pn 19657 -11 19 179nt7p A 00

t0 10194 019 21 11617 01S oc
40 :0001 47 44 1fv149 OA 54
5n 12747 4n 96 1p6sn SR 111
40 1917w 7 171 9'1114 1S 027
7n 16167 -5 174 17419 S 4P1
Pn 11666 A 617 1°1'41 11 pP6
9n 1712 1 374 14PP L 545

1n0 51P 0 74 15P n 97

11n 4? '1 6 P4 n '7

,0 p*7604 47n 1910 027114 510 .0.5P6

rum.



ASSUMPTION:
BIRTH RATES DECREASE 20 PERCENT BY 2000

10/99/74. 19.15.91.
PROGRAM COHORT

TNTFR STARTING &ATNDINO YEAR, PRINT DFLTA YRS,4 POT. AOF INTF9VALS
? 1970,P0011,15,In

F.NTFR YR, (FRACTION)
? 9nnn,.1,1

FNTFR Y9 & %(
? 901n,

ENI4".R VIC.& STAR"' P FL.NAIii.tky91,NFT MICIY9P,'NFT VIG')

TO PF APPLIFn TO 0TPTH RATES & TYPE'
/-4

ArTION) TO PE 400LIEO 0FATH RATrS

cOHPPIP,197n,nnonp9nonrn
yE49

AGF

= 1925
19P5

0 0J0
19P4 1984'

OF4,

1995
F :6412

In nq144 517 91 3641n
9n 19n9n -Inn f6 ran676

nn 36576 646 95 17794
4n 2999n 1411 35 11n79
sn 01191 179 75 94494

An 19P69 196 91494)

7n is4r7 -14 157 16792
an 50 11 157 un77

9n 1617 1Rn 97AP
Inn 299 17 493
lin 91 4 Al

n 9199P9 14,15 1169 91,1972

YFAR = 9nnn
0non 1999 1999 pnnn

AGF V 13312 V tOG h. DFA F P3P
In 191175 517 P7 17nPA
9n 42P3P -Inn 21 411191

nn 37496 646 94 17992
An 39171 I4n .33 39196
5n 370.93 179 111 1P619
6n 91777 91 9115 27114
7n 1769n -14 4119 1P711
Pn )219n ti 45/
90 179P 9 191 1696

Inn 597 79 lAn

lin 44 0 7 95

n 954159 1409 on9A 2567Pn
STOP.

-tr

19P4 t9P4
w 010 F 0FA

449 61
79 11

7ne 01

79 19
171 59
44 147
14. '194

99 1P,
10 7-in6

91-
0 11

1591 1494

1999 1949
F 0If F DIVA

469 66
99

104 nn
79 64

171 1OS4 959
16 spn
74 91n
17 579

'99

1591 9711

ail
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ASSUMPTION.:

NOMINAL ASSUMPTIONS

10/22/74. 09.2747.
PROGRAM COHORT

RNTO STARTING &. ENDING YFAR, PRINT MIA YRS'', PRI. AGE 1NTFRVALg
197n,ennnsiSp1n

ENTER YR, *( FRACTION) TO PF APOLIFO TO RIRTH PATES a Ty0F
2000.1,1

ENTER YR 1% *(FRACTION) TO PF A0PLIFn TO nF4TH WAIFS
pnnnol

ENT'P VIG11 gTART.P FLN6MFaYP1PNFT V1G1,YR0oNFT NIG*
? COMP0IR,1970,3n0no0nOnInnn

?FAR s 1905
19R5 1 9S4 19S4 19S5 1904 1094

AGE P POP V MIG M nFA F POP F NIO FA)FA
In 4napis

Pn 30219
30 36576
4n 2S0Pn
sn 211R1
6n 19P69
70 15617
RO 65P2
90 1637
Inn 222
1111 21

517
-Inn
646
14n
179
21
-14
13

n

0
(1 204971 1409

YEAR x 2000
POnn 1999

AGF POP M
in 46511 517
on 4693P -Inn
In nRS14
4n 19171
Sn 37P93
60 01777
7n 17620
00 12120
90 379R
100 527
110 4i3
0'266906

STOP,

646
140
179
PI
-11
13

0
n

1409

90( 104777 462 69
IA 1'11467 72
P5 37794 704
ns 11n79 79
75 24626

1S6 2149n
157 1679P
357 P077
ISM 976P
37 491
4 61

I370 PI9R29

21
32
59

44 147
16 296
09 303
12 :4n6

93
n 11

1591 1410

1999 WIWI 1999 1999
M DFA F POP F PIG F ')FA

107 44175 462 P2
21 44929 72 04
05 3P954 704 :21

51 39196 79 AA
111 31261 171 I35
205 P7134 44 059
4A lft7R3 16 son
657 42f466 29 930
3P1 3696 12 579
70( n n 99
7 05 n 8

2049 26R749 1591 2 nn



ASSUMPTION:
BIRTH RATES INCREASE 20 PERCENT BY 2000

10/22174., 09.58.29.
PROGRAM COHORT

ENTER STARTING & ENDING YEAR, PRINT DELTA YRS.& PRI. A6F INTERVALS
7 197opennn,is,1n

ENTER YR. l(FRACTION) TO SF APPLIED TO RIRTH RATES & TYPF
? 2000,1.g01

ENTER. YR & 2(FRACTION)'T0 RE APPLIED: TV DEATH RATES
? 2000.1

ENTER MIG& START P FL.NAME,YR1.NET MIG1.YR2.NET MIG2
7 claHRPIR0970,3n0n'edo0o0on

YEAR

AGE

= 1985
1985

M POP
1984

M MIG
1984
M. DEA

1985
F POP

1984
F MIG

1984
F DEA

10 43308 517 106 41144 462 74
20 32419 .-100 16 31058 72 11

30 36576 646 25 37794 704 PI

an 28280 140 35 31079 79 32
50 23181 179 75 24626 173 59
4,11 19869 21 186 21490 44 147
In 15617 -14 157 16798 16 296
4t0 6522 1? 357 8077 29 383
9n , 1637 P 180 2768 12 306

Inn 222 n 37 493 n 93
110 21 n 4 61 0 11

0 207653 1409 1378 215387 .1591 1435
YEAR = anon

2000 1999 1999 2000 1999 1999
AGE M POP M MIG M DEA F POP F MIG F DFA
In 54064 517 127 51375 462 97
en 51025 -100 25 48837 72 26
3n 39531 646 25 39927 704 31

40 39171 Ian 53 39196 79 '64

50' 37893 179 113 38632 173 135
60 23777 21 205 27134 44 259
70 17620 -14 402 18783 16 520
Pn men 13 657 12866 29 930
9n 3798 R 381 3696 IP 579

10M`'' 527 n 72 360 n 99
tin "4 n 7 PS n R

n 979570 1409 P072 280829 1591 9748
STOP .

3 T

-33-



ASSUMPTION:
NET MIGRATION INCREASES 67 PERCENT

10/22/740 10.03.57.
PROGRAM ' COHORT

ENTER.STARtING & ENDING YEAR, PRINT DELTA YRS.& PRT. AGE INTERVALS
? 1970,2000,15,1.0
ENTER YR, 2(FRACTION) TO SE APPLIED TO SIRTH.RATES & TYPE
? 2000,1s1

ENTER YR & X(FRACTION) TO RE APPLIED TO DEATH RATES
7 2000,1

,

ENTER MIG& START P FL.NAME.YRIANET MIG1.YR2,NET MIGP
? COHRPIR,1970,5000.2000.5000

1984 1984
F pec F DEA

771, 75
120 12

1174 23
132 37
288 63
74 154
27 302
45 393
20 325
O 92
O 11

2652 1488

1999 1.199

F NIG F DEA
771 96
120 PR

1174 37
132 75
288 158
74 292
27 556
48 973
20 612
.n 102
O 5

2652 p2935

YEAR = 1985
1985

AGE M POP
1984

M MIG
:1984
M DEA

1985
F POP

10 45658 062 108 43274
20 35445 -167 18 34060
30 38062 1077 26 40510
40 32731 233 41 35729'
50 2.5148 298 80 26234
6n -20E195 35 195 22593
70 15858 -23- 360 17198 ,

50 6518 22 357 8275
90 1690 13 187 2944
100 227 0 37 495
110 20 0 3 59
0 222253 ,2345 1412 231671

YEAR = 2000
7000 1999 1999 2000

AGE M POP M MIG M DEA F POP
10 55103 862 126 52254
20 54206 -167 26 51955
30 -44673 1077 28 46272
4G 45119 233 60 46143
50 43038 298 130 44613
60 28176 35 237 31154
70 18874 -23 428 20147'
80 12574 22 676 13550
90 3864 13 388 3903
100 536 0 79 165
1/0 i'.'" 45 0 7 25
0 306209 2348 2156 310385

STOP.



ASSUMPTION:

BIRTH RATES INCREASE 20 PERCENT BY 2000
NET MIGRATION INCREASES 67 PERCEPT

100,2/74 10.11.56.
*ROGRAM COHORT

ENTER STARTING & ENDING YEAR, PRINT DELTA YRS. PRT.
? 1970.2000,15,10

ENTER YR,'2(FRACTI0NY TOSE APPLIED TO BIRTH RATES &
T2000.1.20

ENTER YR cx(FRAcTIoNi- To PE APPLIED To, 0 TH RATES
? 20061

ENTER MIG.& START P FL.NAME/YR1sNET MIG1,Y,NET MIG2
coHRPIR,1970,5n0n,snon,5000

YEAR lc 1985
1985 1984

AGE 15 POP M MIG
In 46344 862
20 35653 -167
30 38062 p 1077
40 32731 233
50 25148 298
60 posos 35
70
SO
90

Ion
110

0
YEAR

15858
6518
1690
227
PO

225146
= 2000

"g3
22
13
0
0

2348

2000 1999
AGE M POP M M1G
10 63806 862
20 58697 -167
30 45.758 1077
4n 45119 233
SI 43018 298
60 28176 35
70 18874 -23
an 12574
90 3864 13
100 536 0
lin 45 0
0 320489 2348
STOP.

041.

AGE INTERVALS,

TYPE

1984
DEA

1985
F POP

1984
F M1G

1984
F DEA

116 45835 771 RI
34259 120 12

, 26 40210 1174 23
41 35729. 132 37
80 26234 288 63
195 29593 74 154
360 17198 27 302
357 8975 4R 393
187 2944 20 325
37 495 99
3 59 o

142,1 234430 265? 1494

1999 2000 1999 1999
DFA F POP F MIO F nEn
150 60550 771 114
PS 56243 120 30
29 47109 1174 37
6n 46143 132 75

44611 PPR 15P
237 31154 74 292
428 20147 27 556
676 Inisn 48 973
388 3903 20 612
79 368 0 102
7 25

2212 394006 2652 8956 UNIVERSITY OF CALIF.

LOS ANGELES

JAN 3 0 1976

WEARINGHOUSE FOR
:JUNIOR COLLEGE


