Chapter 6 part Il

Extensions of the Two-Variable Linear

Regression Model

Functional Forms of Regression
Models

The log-linear model

Semilog models

Reciprocal models

The logarithmic reciprocal model

The log-linear model

The exponential regression model:
Y, = ﬂlxiﬂzeu'
Which may be expressed alternatively as
InY; =Ing + 4, InX, +u,
InY, =, + S,In X, +u,
where a =1In g,

The log-linear model

InY=Ing-p:lnX;

of quantity demanded

Cruantity demancled

Log

X i InX
Of fice

(a) (4}

The log-linear model

The slope coefficient B, measures the
elasticity of Y with respect to X, that is, the
percentage change in Y for a given
percentage change in X

Example Price elasticity of demand

The model assumes that the elasticity coefficient
between Y and X remains constant throughout




Percentage change vs. Percentage point change Example

Example —The unemployment rate Expenditure on durable goods in relation to total
The unemployment rate of 6%, if this rate goes to personal consumption expenditure
8%, we say that the percentage point change in
the unemployment rate is 2 We wish to find the elasticity of expenditure on
durable goods with respect to total personal
The percentage change in the unemployment consumption expenditure.

rate is (8-6)/6, or about 33%

Ifr‘:ll_li':ninl Year or quarter EXPSERVICES EXPDUR EXPNONDUR PCEXP

Expenditure and 20031 41433 a7l4 20725 71849

Categories 200311 41613 1,009.8 2,084.2 7,2493

{Billions of chained 20031 4,190.7 1.049.6 2,123.0 73529 -

20041 dbodlars; 2003V 4,220.2 1.051.4 21325 7.3943 - ) _

quarterly data at 20041 4,268.2 1,067.0 2,155.3 7,479.8 In EXDUR1 =-7.5417+1.62661n PCEX[

seasonally adjusted 200411 43084 1,071.4 2,164.3 75344

annual rates) 2004-401 4,341.5 1,093.9 2,184.0 7,607.1 se= (07161) (00800)

. S 2004-V 4,377.4 1,110.3 2,213 7,687.1
200541 43953 1,116.8 22415 77394 2
2005411 4,420.0 1,150.8 2,268.4 7.819.8 t= (—105309) (203152) r°=0.9695
20051 44545 1,175.9 2,287.6 78953
2005-Iv 4,476.7 1,137.9 2,309.6 7.910.2
20061 4,494.5 1,190.5 23428 B,003.8 T 1 H
G s Leied 2 e The elasticity of EXPDUR Wlth respect to PCEX is
20061t 4,566.6 1.208.8 23601 81112 about 1.63, suggesting that if total personal

expenditure goes up by 1 percent, on average, the
expenditure on durable goods goes up by about 1.63

(Continued) percent
Semilog Models The Log-Lin model
Log-Lin model
’ InY; =B+ B, X, +U
InY, =8, + B, X, +U,
B, = relative change in regressand
2

Lin-Log model ~ absolute change in regressor

— Yi = 181 + ﬂz In Xi + U, — /3, is known as the semielasticity of Y with respect to X




If we multiply the relative change in Y by 100, it
will give the percentage change in Y for an
absolute change in X

100* 3, is known as the semielasticity of Y with respect to X

Example

We want to find out the growth rate of personal
consumption expenditure on services for the data

The regression results over time (t) are as follows:

InEXS, =8.3226 +0.00705t
se = (0.0016) (0.00018)
t=(5201.625) (39.1667) r’ =0.9919
Over the quarterly period 2003-1 to 2006-111,
expenditures on services increased at the (quarterly)

rate or 0.705 percent. Roughly, this is equal to an
annual growth rate of 2.82 percent.

InEXS, =8.3226 +0.00705t
se=(0.0016)  (0.00018)
t=(5201.625) (39.1667)  r?=0.9919
Since 8.3226 = log of EXS at the beginning of the

study period, by taking its antilog we obtain 4115.96
(billion dollars) as the beginning value of EXS
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Lin-Log models

The absolute change in Y for a percentage change in X

Yi=08+5 In Xi+ 4

_ ChangeinY
Pe= relative change in X
Ay
CAXIX




The absolute change in Y for a percentage change
in X

If AX / X changes by 0.01 unit or 1%, the
absolute change in Y is

0.01* B,

Example

Engel expenditure — the total expenditure that is
devoted to food tends to increase in arithmetic
progression as total expenditure increases in
geometric progression

Food expenditure in India
FoodExp, = —1283.912 + 257.2700 In Total Exp,
t=(-4.3848)*  (5.6625)*
r’ =0.9919
Note : *denotes an extremely small p value

Example

Food expenditure in India example
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The slope coefficient of about 257 means that an
increase in the total food expenditure of 1 percent,
on average, leads to about 2.57 rupees increase in
the expenditure on food of the 55 families
included in the sample

(Note: we have divided the estimated slope
coefficient by 100)

Reciprocal models

Yi :ﬂl+ﬂ2[%]+ui

1
As X increases indefinitely, in term ﬂz[z)
approaches zero and Y approaches the limiting or
asymptotic value g,

£.50 Fy<
<0 A

(er) (h) (e}




The slope

dy 1
& =A()

if £, is positive, the slope is negative throughout

B, is negative, the slope is positive throughout

Example

Child mortality and per capita GNP — 64 countries

CM. = 8179436+ 27, 237.17| —~—
PGNP,

se=(10.8321)  (3759.999)
t=(75511)  (7.2535)  r2=0.4590

Child Mortality and PGNP
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As per capita GNP increases indefinitely, child
mortality approaches its asymptotic value of about
82 deaths per thousand.

. - 1
The positive value of the coefficient of [PGNP‘

implies that the rate of change of CM with respect
to PGNP is negative

The logarithmic reciprocal model

InY, =ﬂ1—ﬂz{xij+ui

¥

The logarithmic reciprocal model

Initially Y increases at an increasing rate and then
it increases at a decreasing rate

E.g. short run production function

Microeconomics — if labor and capital are the
inputs in a production function and if we keep the
capital input constant but increase the labor input,
the short-run output-labor relationship will
resemble in the logarithmic reciprocal model




Choice of Functional Form

TABLE 6.6
Madel Equaton  Shope (=) Bty (= 17) The underlying theory
Linear Yo+ fa¥ i w(3) Rate of change and the elasticity of the regressand
Log-tinear In¥= 1+ B X m(%) s with respect to the regressor
Log-lin InY =+ X (¥ 2 (X) The coefficients of the model chosen should
Lin-log vememmx  pl) w3y satisfy certain a priori expectations
i rmmem(l)  -m() s Sometimes more than one model may fit a given
2 v s set of data reasonably well
— Log reciprocal In¥=f ,—...{;J "-‘{F] "'*(I) . .
Comparing r-squared? (dependent variable of the
two models must be the same)
IH}IH:.E r":‘ d Year INFLRATE UNRATE Year INFLRATE UNRATE
EXampIe l“u:nll;::nn‘n-'n:" 1960 1.718 55 1984 4317 7.5
Rate, United States, 1961 1.014 6.7 1985 3.561 7.2
19682006 1962 1.003 55 1986 1.859 7.0
' For ul 1963 1.325 L3 1987 3.650 6.2
q e 1964 1.307 52 1988 4137 55
Inflation Rate and Unemployment Rate K219 = dv0, 1965 1613 a5 1989 4318 53
wacept as noted) 1966 2857 3B 1990 5403 5.6
1967 3.086 3B 1991 4208 68
R - — . 1968 4192 36 1992 oo 75
(D)Linear Model (7rt = 7[171) =3.7844—-0.6385UN, o 2 3 i e &
1971 4,381 59 1995 2834 56
t=(4.1912) (-4.2756) s a0 © ey 2w i
2 meoLe @ o on 8
r=0.2935 |3;;fs 's'rég g:? 2000 1.361 a0
1977 6.503 71 2001 2.846 4.7
1978 7.59 6.1 2002 1.581 5B
) e 1 1979 11,350 58 2003 2279 60
[~ (2)reciprocal model (7, — 7, ;) =-3.0684+17.2077| — et e 2 e s %
UNI 1982 6.161 2.7 2006 3226 46
1983 inz 96

t = (-3.1635) (3.2886)

Unemployment rate (%)

r’ =0.1973
6
5+ o
- 4b ) —
B 3L 5 Model (1) shows that if the unemployment rate
g 5L o goes down by 1 percentage point, on average, the
2 L = . change in the inflation rate goes up by about 0.64
E ool——eto o i@ ___ percentage points
2 I
%‘ 2+ ° ° Model (2) shows that even if the unemployment
S -3 o rate increases indefinitely, the most the change in
[ -4+ the inflation rate will go down will be about 3.07
-5 - ‘ ! . ' ' | percentage points




