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In Auqust of 1984, the Chesapeake and Potomac (C&P) Telephone
Company of Maryland presented testimony to the Federal Communications
Commission (FCC) concerning a proposed public telephone rate
increase. The purpose of this testimony was to present the
econometric demand model developed by C&P to indicate the decrease in
test period local coin usage which would have occurred as a result of
the twenty-five cent rate proposed at that time. C&P's corporate
strategy was that by illustrating that local coin telephone use
would decrease as a result of a rate increase, thus, decreasing total
revenues and rate of return from local coin use, that it may
justifiably ask for compensation through rate increases in other
corporate divisions such as Centrex, local service, customer
assistance, etc. History has shown that the number of local coin
telephone calls decreases after rate increases are implemented, as in
both 1977 and 1983, when local rates increased from ten to fifteen
cents, and from fifteen to twenty cents, respectively. C&P felt
strongly that, as before, the proposed twenty-five cent local rate
would decrease the number of local coin telephone calls.

C&P felt that the following factors affected the demand for local
coin telephone service: 1) the price of a local coin call, 2) the
prices of other goods and services, 3) the Gross State Product, and
4) seasonality. This report details the local coin econometric demand
model used by C&P to present its case, and closely examines the
statistical testing used to assess the validity of this model.

Finally, recommendations are presented to improve the model.




The Local Coin Telephone Service Model was constructed using
quarterly data from the first quarter of 1968 through the first
quarter of 1984 (n=65). The functional form of the model was
multiplicative, however, by computing the natural logarithm of the
demand equation, the estimated linear regression equation was
developed as follows:

In(Q,) = 16.202 - .41625 1n(P/C). + .46903 1n(G,) - .15759 1080

- .837842 5,, + .PP61563 S, - .108878 S,,. (k=7)
Where,

Q. is the quantity demanded of Local Coin Telephone Service,

P, is the nominal price of Local Coin Telephone Service,

Ce is the Gross National Product - Implicit Price Deflator Index,

1088 is a binary variable used to adjust for an inexplicable

decline in revenue during the first quarter of 1980,

S,¢ 1S2¢ 1S, are binary variables used to account for seasonality

in the data.

The variable, Q, , was constructed by dividing local coin revenue
by the price of a local coin call. For a given quarter t,

# of Local Coin Messages = ( Revenue / Price ).
Figures were based on Company reports of revenues and rates. P,, the
nominal price for local coin calls, was also obtained from Company
records and rates. C,., an index which measures broad price movement
in the economy, was obtained from the U. S. Department Of Commerce.
(P/C),, the real local coin price, was constructed by dividing local
coin price (P) by the GNP deflator index (C). For a given quarter t,

Real Local Coin Price = (P/C),.



The variable, G¢, is an index of the real output of final goods and
services produced in Maryland. This index was constructed by the C&P
Corporate Economics staff. The binary variables, S,., Sze, Sjye took
on values of 1 during the first, second, and third quarters of the
year, respectively. Otherwise, they took on values of 0.

The raw data used for regression analysis to compute the
estimated coefficients of the demand model appears in Appendix A. The
STATLAB software package was used to perform the regressions. Raw
data representing Maryland Resident Population and Real Personal
Income (Nominal Personal Income / Implicit Price Deflator) is used in

the Analysis portion of this report.

III. BESQLI’ES

Unless noted, the null hypothesis of each test statistic was
examined at the 95 percent assurance limit. Tests were constructed to
check for autocorrelation, multicollinearity, and stability. The

following table represents C&P's statistical results:

Standard

Variable Coefficent _Error__ T-Statistic
Constant 16.2082 .791687 176.7129
In(P/C). ~.41625 .042682 -9.7522
In(G),. .46903 .061463 7.6312
1080 -.15759 .938645 -4.08778
S,c -.037842 .013086 -2.8919
Sae .0061563 .013090 0.4703
S;e -.10878 .913083 -8.3151

R-Squared = 6.9150

Adjusted R-Squared = #.90678

F Statistic (6,58) = 104.029

Incremental Fs..senasity, (3,58) = 32.66

Standard Error of the Estimate = .036973

All of fhe T-s7T1571C5, except for Sye, wre Sign)ficen®, while the F steFrstis (3 wmch
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CORRELATION

1. burbin-Watson = 1.8

2. The correlogram of this model (shown below) indicates no
evidence of autocorrelation.
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1. The strength of the t-statistics shown in the Coefficients
table indicates the absence of multicollinearity.

2, Correlation Matrix (Raw Data) :

1 2 3 4 5 6
1. 1n (B/C), 1.9
2. 1n (G). -.71 1.9
3. 1080 ~-.05 14 1.0
4. S,. -.01  -.01 .21 1.0
5. S,e .04 .03 -.87 -.38 1.0
6. Sse .01 .61  -.897 -.34 -.33 1.9

3. Correllation Matrix (Regression Coefficients) :

1 2 3 4 5 6
1. 1n (P/C), 1.0
2. 1n (G), L7671 1.0
3. 1080 -.0798 -.1588 1.0
4. S,, -.0060 .6278 -.1751 1.0
5. Sz¢ -.8374 -.0006 -.0824 .5007 1.0
6. S, -.0361 -.0125 .@082 .5001 .5009 1.0

-3 ¢ P P S PN L ¢ F P

1. The difference between the coefficients of each variable
from the full time period and the coefficients from the
reduced time periods are less than the standard errors of
the coefficients. This indicates the stability of each
variable's coefficient.
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IV, Analysis

The econometric model described in section II was evaluated from
the standpoint of both economic theory and statistical theory. This
model is largely consistent with economic theory. However, there seems
to be two important vawebles that were omitted from the model
specification that should influence the demand for local coin telephone
service. Another error that was identified concerned the measurement
of the dependent variabley the number of local coin messages. These
flaws are discussed below:

Omitted Variable Bias

Two variables -- population and the number of coin phone stations
were .excluded from the demand model. We feel these are theoretically
important explanatory variables of the demand for local coin messages.
The exclusion of population 1is inconsistent with the theoretical
specification of a market demand curve. Since the market demand curve
is simply the summation of the individual demand curves, this implies
that the market demand for a good at a given price will also be sen-
sitive to the number of consumers in the market. This exclusion ignores
the fact that population is one of the key determinants of the quantity
demanded of local coin calls.

Further, the number of coin stations serves as a proxy measure
of access to, or availability of, coin stations. Theoretically, this
variable would be expected to influence the number of 1local coin
messages.

Dependent Variable Bias

In this model, local sent paid revenue was divided by the nominal
price of a local call to derive the number of local coin messages.
Local sent paid revenue includes overpayments by some callers who
did not have correct change’h As such, this ratio overstates the
actual number of local coin messages made at the nominal coin rate.
This produces a bias estimate of the quantity of local coin messages.
Bias in the dependent variable of an Ordinary Least Squares regression
equation will result in biased estimates of the paramenters which
describe the independent effect of each explanatory variable on the
dependent variable®. Consequently, this leads to a bias estimated
price elasticity of demand.

VeAlternative Specifications

In building and selecting the final econometric model, C&P
Telephone considered several alternative models (see attachment I).
These models were rejected for reasons such as variables with (1)
statistically insignificant T- ratios; and coefficients with
theoretically unexpected signs. Also the quality of the model was
judged by the F- statistic and R squared statistic.

d Cef Ravt~oana '7:;._4_5..‘,,_. R.‘_me



Alternative I is a modification of the variable specification
of the selected model, but also included is a lagged dependent variable.
This variable was used to capture the effects of "Habit". Analysis
of this model shows that habit is not a significant factor in local
coin demand as evidenced by the low t- statistic.

Alternative II includes resident population in the demand equation.
It appears that resident population adds nothing to the explanation
of coin demand, as indicated by the F statistic of this model compared
to the selected model. Additionally, it was noted that Resident
Population is highly statistically related to Gross State Product.

Alternative III is a modification of the selected model's economic
output variable. In this model, Real Personal Income was subs@ ituted
for the Real Gross Product Index. While these results are similar
to the selected mode}, it was rejected by the company based on a lower
R squared and F statistics compared with the selected model.

VI Recommended Model Specification

We recommend that a new econometric model be developed to address
the flaws identified in section IV. Although an attempt was made
in Alternative Model II to include Resident Population in the demand
equation, we feel an additional attempt should be made to obtain a
per capita version of the selected model. Also, ideally, in this
model there should be included a variable to measure the number of
coin phone stations.

Additionally, this new model should have a correctly specified
dependent variable. One method for properly calculating the number
of local coin calls is to conduct a study of the amount of revenue
collected from calls which were overpaid. Once that information is
obtained, 1local sent paid revenue should be separated into its
"overpaid" and '"correctly paid" components. The former revenue figure
should be divided by the average overpayment amount (currently 25¢),
and the 1latter should be divided by the regular coin phone rate
(currently 20¢). Adding the number of calls resulting from the two
calculations would give a more accurate measure of the number of local
coin messages that were made at the regular rate, including overpaid
local calls.



AT TAe~T T

Summary of Alternative Specifications
Alternative i Selected | | .
Model H Model - I H II H
________________ N SIS S R |
) ] ) )
Dgper‘ldgilt ': Q. .} Q ¢ '} Q ¢ .3
ariable i ] i i
_________ I I o oo e oo i e e B o B e e e |
] ] ] ]
Lagged H - .1255 ' -
Dependent H | (1.2480) : |
Variable i H ' :
________________ L e P P | L ] - —— —— = — o e = - o }
] ] )
(P/C) ¢ ! -.4163 ] -.3696 ; -.3550 .
; (9.7522) E (-6.6535) v (-7.2837) I
________________ el e — — — . SISO [PE— S [P
] 1 ] 1
Ge - .4690 . .3914 . .0553 .
a (7.6312) E (4.6774) . (0.2974) .
____________________________________________ b e e o e e e e o e o e
1 ] 1 1]
I,= Real ] : ! !
: Personal! H i E
Income ! H H g
________________ b e e e b o e e e ——— - — - = — o o
] 1] 1 ]
Pe= Population | i : 1.5285 H
E 3 ' (2.3456) ]
____________________________________________ UV |
] 1] t
1Q80 '\ -.1576 |  -.1505 ! -.1385 :
i (=4.0778) ——(-3.84568) b (=3.6351) g
______________________________ U U U |
] ] 1 []
S e H ~.0378 i -.0505 H -.0381 i
E (-2.8919) 3 (-2.8631) ' (-3.0205) ]
____________________________________________ L U |
1 ] ] ]
S.e ] .0062 H -.0031 ! 0062 |
] (0.4703) H (~-.2039) H (0.49486) ]
________________ U U [ NPT S |
] ] 1 1]
S ] -.1088 . -.1238 | -.1091 d
1 (-8.3151) ' (-6.9918) ' (-8.6560) ]
________________ S R RO |
] ] ] 1
Constant ! 16.2020 L 14.1760 ! 3.7322 -
v (176.7129) ! (8.6845) H (0.7019) H
--------------- b st el LG Lt — SR
Summary H R%=0.9150 . R%=0.9119 ' R%=0.9225 d
Statistics y F=104.029 ' F=82.758 i F=96.874 -
. DW=1.80 i DW=2.17 ] DW=1.94 d
________________ b e e e e b e b e )
] 1 ) ]
Functional Multiplicative|Multiplicative|{Multiplicative!
Form ' H ' :
________________ b e e e Ve e e e b e e e}
] ] ] ]
Sample ! 1968:1- i 1968:2- ] 1968:1- ]
Period i 1984:1 ! 1984:1 H 1984:1 ]

The numbers in each block are the coefficient and its
corresponding t-statistic (in parentheses) below the
coefficient. An empty block indicates the absence of
that particular variable from the model.

-.4087

. 3644

-.1444
(-3.6645)

-.0371
(-2.7668)

R%=0.9106
F=98.414
DW=1.66






1948

1949

1920

Local Coin Revenue

19721 1922

1973

1924

1975 1976 977 1928 1979 e
1242200, 240411, 205518, 292145. 300862. 312489, 322271, 329341, 335950, 393801, 502237, 479283, 443990
2 256842. 222335, 292313. 298267, 312745. 332206, 342276, 360899, 385004, 154754, 491443, 334243, S21491.
3 253472, 261703, 240244, 224903. 276846, 204083, 0432 305239, 340833 404119, 457089, Avadsé. 421740,
4 270471. 272608. 287458. 307080. 323103. 330512. 3IMISI. IAeA2. 373644, 492041, 503503, 508802. S35418.
SU 1026229, 1047456, 1105733, 1172395, 1213595, 1249790, 1318403, 1370121, 1437433, 1784715, 1954251, 2015833, 1922839,
1981 1982 1983 1984
Ly seotss. $22738. 577514, 487985, |
"2 551125, 24184, 730182,
3 4B528Y. 503278, 469443,
4 581484, 593399. 742994,
SUN 2107837, 2195598, 2220154, §87983. |
Local Coin Messages
1968 194 9970 921 1972 1973 194 1923 1926 1977 1978 1971 19s0
) 247200, 240610, 285518. 292145, 300861. 31748Y. 327771, 329341, 3ISS9S0. 393800. 334820. 318855. 295993,
3 254882. 272335. 292312. 29B267. 312245. 337705. 342774, 340899. 345005. 349811, 327639. 358175, 34741
3253672, 261703. 240244. 224903, 274846. 284083, 304323. 305239, J40833. 295080. 304713, 329657, 314493,
A 2704%1. 272808. 287657. 307079. 323103, 330512, 343SII. 374642, 375444.  328028. 335668. 339201 357079,
SUK 1028229, 1047456, 1105733, 1172395, 1213595, 1249790. 1318403, 1370121, 1437433. 1367718, 1302834, 1343898, 1315295,
1981 1982 1983 1984
A 333972, 348492, 330008. 343992,
2 I72739. 384123, 345091,
1 324193, 335518, 334731,
4 324300, 395599. 371498,
SUM 1405224, 1463732, 1401328, 343952,
'Nominal Local Coin Price
1968 1%4Y 1570 1921 1922 4923 194 1975 1928 1977 1978 117 1vee
] 01000 00100 0,100 0.100  0.100  0.100  0.100  0.100  0.100  0.100  0.150  0.150  0.150
20100 0,300  0.100  0.100  0.100  0.100  0.100  0.100  0.100 0.150  0.150  0.150
30100 0,100 0,100 0,100 0,100  0.100  0.100  0.100  0.100 B.150  0.150  0.150  0.130
40,100 0,100 0.100 0,100  0.100  0.100  0.108  0.100  0.100  $.150  0.150  0.150  0.15¢
SUR  0.400  0.400  0.400  0.400  0.400  0.400  0.400  0.400  0.400 - 0.530  0.600  0.400  0.400
1981 1982 1983 1184
Por aase om0 @D e.200
S22 059 0.150 9.0
© 3 0.150  0.150  0.200
¢ 0.150  0.150  0.200
SUR  0.500  0.600  0.775  0.200
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1948

0.12323
0.12174
0.12021
0.11708
0.48473%

1981

0.02902
0.077%0
0.07417
0.07455
0.30243

1948

1.03200
1.03900
1.0379%
1.04850
4.19740

1581

1.484:9
145211
1.45252
1.44272
5.81744

1949

0.8497
0.8410
0.8249
0.8882
J.4018

1§82

2.0335
2.0815
2.0803
2.1600
8.2733

1749

0.1174Y
0.11414
0.11430
0.11284
0.44092

1982

0.0232¢
0.0727¢
0.02210
0.07143
0.2900¢

1949

1.0929%
1.10813
1.11933
1.12818
4.444%7

1982

1.43007
1.4234
1.41645
1.42000
S.46%014

1920

0.898¢9
0.9107
0.9179
0.9303
3.46578

1983

2.1283
2.1453
2.1444
2.1853
8.4235

1970

Q0. 11123
0.10981
0.10894
0.10724¢
0.437249

1983

0.08223
0.09322
0.09240
0.07152
0.35937

1970

1.13310
1.12%88
1.12780
1.12849
4.51920

1983

1.43900
1.44100
1.48100
1.50000
3.88100

Gross National Product - .

H

Implicit Price Deflator

1921
0.9440
0.9370
0.9652
0.973%
3.8408

1984

2.2040

2.2040

i
0.1035§3
0.10449
0.10343
0.10248
0.41471

1984

0.09044

0.09048

Real

1
1.13437
1.144820
1.18077
1.17492
4.41881

1784

1.327200

1.32700

1972

0.98722
0.9542
1.0025
1.0154
3.9993

RéallLocél

1922

0.10130
0.10058
0.09975
0.09848
0.40019

1923

0.01213
0.09347
0.09387
0.09194
0.37843

1974

1.1072
1.1348
1.1842
1.192¢
4.4041

Coin

1724

0.09032
0.08812
0.085%0
0.08348
0.34781¢

1925

1.2288
1.2444
1.2848
1.2899
3.0299

1973

0.08138
0.0803¢
0.07894
0.07233
0.31820

1924

1.3012
1.3130
1.328¢9
1.3499
3.2930

192¢

0.07483
0.02414
0.07525
0.07408
0.30234

Gross State Product Index

19722

1.20083
1.21837
1.23308
1.23600
4.90831

1973

1.28344
1.30824
1.3135¢4
1.31420
3.21964

174

1.30487
1.29471
1.29417
1.29711
3.19284
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19723

1.28243
1.2238%
1.28407
1.29208
3.134448

1924

1.30780
1.32132
1.33991
1.333144
3.30247

1927

1.3480
1.390%
1.4103
1.4324
5.4008

1977

0.02310
0.09352
0.10634
0.10472
0.37270

1927

$.34238
1.3674¢
$.3718¢
1.37942
S.44118

1978

1.4512
1.4889
1.5202
1.5538
$.014%

1978

0.10338
0.10025
0.09847
0.09454"
0.39%32

1978

1.382114
1.40483
1.42827
1.44334
3.45857

1929

0.09438
0.0%248
0.09084
0.08923

0.38233

1977

1.44980
1.44947
1.44704
1.45378
5.80051

1580

1.2194
1.784%
1.8024
1.8513
2.3

1980

0.08724
0.08501
0.08322
0.08102
0.33449

1980

1.42118
1.44713
1.43102
1.44078
S.2%212
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“dharyland Resident Population

1948 1947 1920 1921 1972 1973 1724 1923 19728 1922 1978 1%2¢ 1980

V3825.39 3834.73 921,25 4002.00 4054.30 4102.00 4327.00 4151.00 2148.25 4189.25 4297.0S 4220.23 4224.50
2 3815.00 3Be8.00 3939.00 4023.00 4031.00 4109.00 4133.00 4152.00 4122.00 4195.00 4212.00 4223.00 4225.90
3 3828.23 3685.25 39460.00 4037.50 4066.00 4115.00 413%.00 4140.75 4127.75 4199.02 214,75 4223.30 1233.50
4 3881.50 3503.50 35B1.00 4052.00 4095.00 4121.00 4145.00 4144.50 4183.05 4203.50 4212.50 4224.00 4242.00
SUM 13314.25 15512,00 13801.25 18114.50 14330.50 145447.00 1554400 16433.25 16701.05 16785.77 18852.00 14850.25 14125.00

1981 1982 1983 1984

4230.350  4263.%0 4294.25 4320.30
1355.00  4287.00 1304.00
1260.50 4274.75 430§.39
4262.00 4254.50 4315.00
SUn 17032.00 17087.25 172222.75 4320.50

!
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Nominal Personal Income

1948 1949 1920 19714 19722 1923 124 1973 192¢ 1977 1978 1979 1780

1 13384, 14874, 18008.  1BON4, 19407, 21642, 23748, 23804, 28298 30484, 33292.  37v0S. 42389,

2 13873, 15328, 17126, 18310, 19844, 22127,  24352. 25199, 26800.  31188.  J4900.  3I8SS8. 42980,

31095, 15298, 17203, 18543, 2039%. 22753, 24978,  24v01. 29453, 31942, 35949, I9Rar. a4,

4 FAS3Y. 16192, 17345.  1B760. 20988,  23282. 25428, 27679.  29%4). 32783, 32137. 41932, s8¢0,
sun

S6013. 82192,  48082. 73429, B0BA0. 89824, 98228, 104583. 114498. 124404, 141810, 157438, 173314, |

19914 1982 1983 1784 |

147287, S06S1. 53833, S9M5. |
2 4B243.  51790.  55330.

'3 s0189. 52549, sésir.
4 S081%. 53982, S77Sd.
B O195318. 208972, 223°34,  Sy213,

Implicit Price Deflator

for Personal Comsumption Expenditures

1948 1749 1920 1121 1272 1973 1921 1973 1974 1977 1978 1929 1960

i 83.4 8é.8 1.1 95.0 98.8 102.8 112.1 122.3 12¢9.4 138.3 144.4 157.0 122.7

2 84.2 82.9 12.0 9é.1 9%.5 104.8 115.0 124.0 130.4 138.3 147.2 140.5 178.9

3 83.0 88.? 72.7 97.0 100.4 106.4 1172.8 126.3 132.4 140.3 150.5 164.2 181.1

4 83.9 90.0 14.1 $7.7 101.3 108.8 120.8 128.2 134.4 142.2 153.3 168.1 183.3

sun 338.5 353. 320.1 383.8 400.0 423.0 445.7 501.0 324.8 $57.3 S5%4.1 $49.8 218.0
1981 1982 1963 1984

1 189.1 201.7 210.1 218.1
2 152.3 203.8 212.5
3 195.9 206.7 214.2
4 199.2 207.0 214.1
] 774.5 .2 833.4 218.14




Real Pe_i,‘sonal Income

1948 1940 1970 1921 1922 1973 124 1973 1924 1927 1978 1179 1980

140,504 129,337 180,110 189.821 198,472 210.720 212.025 210,445 218.484 223.341 234.017 241.433 215.449
184.788 174,380 184,152 190,531 199.4838 211.135 211.737 211,282 220.521 225.510 235.290 240.237 243,002
162.000 172.705 185.178 191.1886 203.177 213.443 212.037 212.993 222.455 227,205 238.997 243.248 244,454
169,488 179.911 184,325 192.016 207.187 213.989 212.132 213.905 222.820 231.949 242.045 204.093 247.523
881,278 703.338 735.745 743.354 0008.474 849,287 847,971 B30.825 BBA.482 908.303 951.348 949.009 980.435

R oA G N

1981 1182 1983 1184

230,063 251.120 238.226 2T1.971
250.874 234371 2480.324
254,095 234.07% 264.434
254,310 238,191 247.234
SUN 1011143 1012.742 1048.492 271.871
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