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INSIDE BUSINESS 3

Calculating and Using the Arc Elasticity: An Application to the Housing Market

Wil i many nsances managers cn aian simtes
of casictis fom ihe Hvary o e f's reserch s,
Somatines maragrs e oot i s ware
i esmstes vk ey st Forunaa. o
1200 ot n e mstnce s o3 concep cale e
sty demond.

To b spcic. sppose 3 mansger s dita it show
b e o somegood we Py cnsmer e
0yunts of e o, s e pric cranged 0
it e urchask. Ovr i equl hse it cn
b s o st e o rce sy o demand
o g0 by e sty

A0° prgep

2 e
Inth o, e sverage s (0 + 03250 he e
Pisth PR

i ordr o st how i s can e s o
Compute an sty besed on sk ot e con
mze i on soks and pre o g sgefan-
Iy homes i th Uned St Accardn t e Ntorel
Hesoadon o Reskes, te medan sl rice o uch
omes 1 Ocober wes 160300, and s pce 43000
Fomes were sl Ths, P, = S0500 nd & = 33000
fepesent o poit on th denand it price 3
auaniey of et ey fomes n Ocober.

Seay,, = SI4000 a0, = 535000 represent
e e and uaney ofesing e oy e oo
o e, nrest s 3 ncome—te o rmary
Cetrmnats of th emand o hng-re
Constan et Ocoer s Novenber s, i e
ot o sssame tat Gemand e s (0 ot i)

over tis ane-month priod, and tat thispice-quaniy
pa reresrds anher pon on th demand cuve for
Singefamily homes i the Uned Sates.

Based on these wo pos on he demand aue, we
may approsmte the oun price lsicty of demand for
‘cristing singe faml homes nth Unied s by ing
e arc sty fomul:

00N+ 2
=0, 7032
343000335000

The own pice lasiy of demand s grester than 1in
atsolte valu, 5o by th oal revenue st we know it
e imcease inhousing prics over th period rsued i
lower ot xpendiures on housing, We might 3o pec.
wiste tht th icomes of relesate sgents fll aver s
period du o e fower e et commssios genrated
by hese reciced expnciureson hocsing

i imporant t pot out it heac sty i
escbed here oy aproinatestreuesasicyf demand
o housig.The acasacy of e approvimation depends -
Gl o the assumption that e demand cuve 3 o s
betusenOctobraNovemce Fine demandiorsnge.
hausg n e Unted i e ver e perd,cue 10
sty good housahunng wether for sance, en the
rue sty o hmand v e om o ppretn,

S o edropcinghone sestes

curve tha s perfctly clutc; a sl incrase in price may induce her customers 1 sop
buyingthei product, infvorof a competing geeri vrson of the produc.Incontras, when
demand i pertcty inlasic, consumers do ot respond a al o hanges i prce. In tis case:
{he demand curve i vrtical 35 shown i Figue 3-2(b). Many peceive proucts nd srvics
i the healthcare ndusiry (sich s lf-saving drugs) o have denand curves thatae erfctly
ioclastic. Whik many have highly inclastic demand curves, they gencraly are ot perfctly
inclastic (e Inside Busines 3-2 fo  moe thorough discusson).

‘Usualy, demand is either perfety elasic nr perectly nlasic. In these nsances
Knowledge o the paricular valu of n elasicity can be useful fo & manager Lasge fss,
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he government, and universies commonly i cconomists o sisticans 0 simate the
deanand fo products. The manager' o i o ko how 0 ierpret and use such st

Factors Affecting the Own Price Elasticity

Now that you undertand wht the own price clastiiy is and how i can be usd 10 assess
e impact of price changes o sales volume and revnues, we wil discuss thre fctors hat
afect the magaitd of the own price cascty of 4 good: svsilble substuis, time, and
expenditre shae.

Available Substitutes
(One key deteminant o the clasiciy f demand fo  good s the number ofclose substnes
o that good. Inutvely, the more subsittes avaiabi fo the good. the more clasc the
demand for i I these circumstances, a prie ncrease Jeads consumers 0 substtte tovard
anothe produc, thus reducing considrably the guanity demanded of the so0d. When there
ar fw clos substues o oo, demand tends o be relaively inlastc. This s bcause
consumers canno readily switch 03 close substiuie when the price incresses.

A key implication o th cffsc of the mumber o chosc substites on the clasticty of
demand i that the demand fo broadly defined commodities ends 10 be more inclastic han
he demand for spcific commaie. For exampl.the demand forfood (a broad commodity)
5 more nclastic tan the demand fo bect Short f tarvation, there re o close SUbsEs
o food,andthus the quantity demandod of food s much es sasiive 10 price changes than
5 paricular ype of oo, such a5 bel. When the rice f bef increases, consumers can
subsie toward ober types of oo, ncding chicken, pork,and fish Thus,the demand for
st s more clstic than the denand o fod.

Table 3-2 shows some own price clasicties from marke sudis in the Unitd Sttes.
“These studics revealthat broader categorie of goods indeedhave more incati denand than
more specifclly defined categories. The own price claticty of food is sighly inelasc.
whereas the lasticty of ceeal,  more spciic type of fod, is clstic. We would expect
{his outcome because there e many substites fo ceeal, but o substies exst or food.
Tabe 3-2 sl revels that the demand for women'sclohing is more elasic than the demand
for clthing i genea (a broadercategory).

Table 3-2
Selected Own Pice lsticites

it ey
Tamgoaen T
[—— =
comes s
oty -2
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Finaly, consider the reporied estimates of the own pice clasictes for moreycles
and icycles, moto vhicks, and tansportton. Transporaton i the most boadly defined
roup. llowed by motorvehicles and hen motoreyeles and icyels. Thereloe, we would
xpect e demand for motoreyelesand bicyeles o be mre lastc tha the demand or motor
ehiclesand th demand fo moto vehiles 1o b more clastic thn the demand for trs-
poraton. Th umibers in Tble 3-2 are consistent withthese expectatons; market stuics
Support the statement that demand s more lastic when there a ok close subsuiesfor
« product.

Time
Deman tends o be moreinelastic i the shot e tha i th long e, The more e con-
sumers bave 10 react 10 pic chane.the mare lstic e demand forthe good.Conceptualy
e allows the consumer 10 seck out valable subsinics. For exampie, f  consumer has
30 minuies o catch  light, b o she s much ss seaive 1 the price charged fo a airide
ot siport than would b the s fhe igh were seversl hours ltr.Givenepough i,
the consumer can sk alerativ modes of ansportation such a5 4 bus,  friend’s car,of
ven on oo Bt the short e, the consumer docs ot have e 0 sk out the avaiable
ubeittes, and the demandfo tax rides i e nelastic

“Table 3-3 presens shottem and long-eem own price et fo transportation,
oo, akcohol and tobacc, ececaton, and clohing. Notice hat al th short-erm clasiciics:
ar e (in absolte vlu)than the corsponding long-crm lastcic. I the short term,
ll the own price lasicites e les than | in absolute vale, withthe cxception of he own
pice clasity for ecrcation. The sbsolte value of te ong-erm ow price clasticties e
llgeaterthan 1, xcepe for akobel and tobacc.

Expenditure Share

Goodsthat compeise  eltively senll share of consumers” budgets tend o be mare nelstic
than good or which consumers spe asizabk portion ofthei incomes. I the exteme case,
Whese a consumer spends her or hi enie budget o 3 g0od. the consumer must decesse
consumption when theprice rse. In essnce,there i nohing 10 giv up bu the good il
‘When g comprisc only sl portion ofth budge, he consumme ca rduce the con-
sumption o tber goods when hepriceofthe good increases For cxample, most consumers
Spend very il on salt 2 small increase i te ric of sl would roduce guanity demanded
vry e since salt consites a smallfacion of consumers’ total bdges.

Table 3-3
Selected Shor- and Long-Term Own Price lstctes
Sontemom Tptem o
et [y iy
e B
o ey
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Wi you expee the own price clasicity of demand fo fod t be more o e clastc
han that foe transporation? Since food s 5 mkch grester ecesiy han rsnsporttion (afer
I you canno live without food), you aight expect the demand forfood 1 be more ncastic
{han the demand for tramsportation. However, Table 3-3 reveals hat the demane [ ranspoc-
tationis more iclastic (i bodh theshort a long erm) thanthe demard fo fod. How can
this b re?

“Theanswer e in the percentag o income Americanssped o food and transpotation.
“The avcrage US. consumer spends almost four times as much on food s 0n ransportaion.
Even though food is more “mportant” i a bioogical sense tha ransporaio,th demand
o food tends 0 e mre lastcbecaus a much ager roporion of peopl’s budges s spent
on oo

Marginal Revenue and the Own Price
Elasticity of Demand

W leamed in Chaper 1 that marginal revene (ME) i the change i ol evenue due 0.3
change i owpt. and the to maximize profits a i shoukd prodce where margial reve:
e cquals marginal cost. We will xploe profit-masimizing ouput and pricng decsions in
detll It i his bk, bt 5 sefl at s point 10 show bow 3 e’ margial eveme i
linke 1o th ownprce clstiiy of demand fo the e’ poduct.

T lne labled MR in Figure 3-3 i the marinalrehenue associatd with cach price—
output pie onth demand curv. Notce tht for a lnea denand cuve, the marginl evenue
Schedul i excty halfway hetween th demand curve adthe verical e, Farleemore.
marginl revnue i lssthn the price forcach unit ol

‘Why s margial revenue s than the pric charged forthe good? To nduce consumers
1o purchasc mre of 8 good a iem must lower is price. When the fim charges the same
prce for cach unit s, his ower pric i rceived ot cnly on the st unit sold, bt 10 on
hosc units thatcouldhave becn s a1  igher price hd the firm not lowered s price. To
I concrt, suppose consumers purchase | uni of owput at a rce of S5 per i, for toal
expenditures (evenues to producers) of 5 x 1 = 55. Consumerswill purchas an addional
ni o the oo only i heprce fall. say from S5 10 4 pe unit. Now the fr rceives 4
on the first it sod and $4 o the sccond wni sold. In ffc,the firm koses S in revenue

Figure 3-3

Demand anaMagist
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INSIDE BUSINESS 3

Inelastic Demand for Prescription Drugs

Wary pple prceive the damand forprscripton crugs
and other phamaceutical roducts o be perectyinels-
tic. A a1  patent needing an expesie caroascar
g mit e n the absence of restment Moreover, i
many instance te cost of medcaton i pid by an .
ance company and ot by e patent. These o acors do

increas n e price o cardiovasclr drgs esls n oy
24 percnt reductionnqaniy demanded.

The oun prce asscties of demand repored hre sre
based o he sty demand foreach type o g, The
‘Gomand forpartclar brands withineach industy s even
e responie o prcechanges.

e to makethe domand for many phamaceuical pro-

ucs ety st Howere snce sugeyand esye
changes are subsifues for many e saving augs,eco- et T
nomic teor preics ha th demandfor S0 producs s e T
unicly o bepertety nlasic o as

The sccompanjing table summarizes resulsfom o Pt
casical st ha confem ti prediction: The demand i -

for phamaceuica producs s nlast, b n parfecty
0. For insance, the own price elastcly of demand for
miudcer dnge is 07, whie the own prce ety of
Gomarefor cardovascuar dgs s sighy more nlastc
3104, Consequenty 310 prcent icreasei e rce of
‘antdcrdrgsredces e se by T prcent ATOpercent

S By, s, . g, Dyt
ST St e ot gt e it
oo 90557 785 . B 6k b
o i i s e S ok .
Ve Ameen i 5.1 3y 55, S

o the first it now brngs S4 instad o . Ttal eveue rses from S5 o 835 outpat
s ncrcasa by 1 unit,s0 margial reveaue s S5 55 = 53 which i kss than pic

‘Nodce in our cxample that by decreasing price from S5 oS4, quanity demanded
focreasd fom 1 unit 102 units, and totl revenues increased fom 5 0 53 By th ol eve-
e s, his means that demand s clastic over i rane.Incontrast, had the prce reducion
focreased quantity demanded but decreasd tsal reveaues, demand would be inclastic over
1he range and marginal evenue would b negativ. In fct,the mor iclastc e demand for
procuc, thegreate hedeclin i revenue that rsults from a prie ut, despt henreased
quanity demanded

T nuiion leads 0 the Fllowing geneal relationship beween marginal evenue and

the lascity of demand:
MR = rlﬁ]
E

“This formula, which s formally derived in Chapter 5, smplifes nocaion by dropping
subsriis: s the ric of the good and £ s theown prce slsticiy f dmandfor th £ood.
Notice that when e < £ < 1. detand is clasic, and the formulaimplics tha MR s posi-
tive. When £~ 1, deman i nitaryeastic, an marginal revenue i 2510, As we leamed n
Chipte 1 th point whre margina evenu s 2510 corespands o he output o which sl
reveaue s maximized. Finaly, when —1 < E < 0, demand s incasic, and margial evenue
5 negativ. Thes general esult re consistentwith what you saw calie i Table 3-1 fo the
caseofiear demand
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CROSS-PRICE ELASTICITY

Anodhcr mportan casiciy s the crosspriceaastiety ofdemand,which reveals h respon-
Svencss of the demand for & good 1o changes in the priceof a elted good. Thisclasticity
elps managers asceraihow much it demand wil iseorfll e 108 change i the price of
anothe i’ prduct.The ros-prce elstiiy of dmand berween goods X snd . denoted
Egu e is mathemsically defined as

sa0f

war,

o,

Forinstanc, i thecros-price clasticty ofdemand beween Core WordPerect and Micrsoft.
‘Word wond peocessing sftware i 3. 3 10 percent ik i the price of Word will ncrease the
demand for WordPefect by 30 percent sie 30%/10% = 3. This increase in demand for
‘WordPercct occurs because consumers substit avay from Word and toward WordPetee,
e o the piceincrease

A CALCULUS ALTERNATIVE

When the demsnd fuction s 0 =P, M, ). the crosspice ety of demand betwee
0 Xand iy be o g el

More generally, whenever goods X and ¥ are substits, an increase in the pice of ¥
eads 10 an icreas nthe demand for X. Thus, g, > 0 wheneve goods Xand Yo substi-
{ates. When goods X and Y are complements, an rease i he price of  eads . decrease
i the demand for X. Thus, g, < O whenerer goods Xand ¥ are complements.

“Tble 34 provides some represenatve crossprice clasicities. For cxample,cloking
and fod have  croseprice lasticty of 0.1, Ths means that f e price f food icreases
by 10 percent, the demand fo cloting will decreas by 15 percen; food and clobing are
complements. More imporiant. hes dat provide 3 quaniative messre of the impact of 3
change i the price offood on the consumption of cldhing.

ascon th data summarizedin Tuble 34 ar food andrcreation complements o sub-
i I e pric of ecreaton ncrased by 1S percent, what would happen o the demand
o food? These questionsar cmbedded i the following roblen.

Selected Cross-Price Elssticites
e By

— s

pe—— o

i
presrerpive
S e
Sermnge e e
oy st
pobpmery
Secemnge e e
ooty
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DEMONSTRATION PROBLEM 3-1
You bave st opened  nw groery s, Exery e you cary is g (eneri b, gneric:
. e chichen, e ). Yo rcenly e s the Wil St Jounal et ot
e pric of recesion i expctd o ncrese by 15 percent, How will s aflct o sre’s s
of smer o et

answeR:

bl e ht he cros.pic sty ofdemnd e o ad rceston 0.1, we et
e v et ot st 8- pics ARy, we gt

gt

o

‘Solving i gqtion e 0%, ve st
xsgt=22

T, o s recestion s sttt I e pric of screstion s by 1 prent,you
o cxpecte e o enee o et 1 e by 22 et

Cros-pice clasiiies play a impotant ol i the pricng decisions of fcms thatsell
mulipleproduct. Inded, many fs-food restaurants offer hamburgers for under 100
because thie managers ealize that amburgers and sodas ars complements: When consumers
by hamburge,  soda ypically ccompanic the purchase. Ths, by lowering the price of
burgers, a restaurant affcts s evenues from bosh burger sals and soda sales. The precise
mpct on thes revenes depends o the own pric and cros-pricscasictes o demand.

Specifclly, we know from the totl evenue et hat & reducion in the prie of ham-
burgers wil incrase (decrease) evenues rom ambarge sales when th own prce clsiity
of demand for hamburges is clasti inelast).In addion,snce hambargersand sodas are
complements, reducing the price o hamburgers increass the quanty demanded of sodas,
hus ncreasing soda revenues The magnitds ofheincrease nsoda evenues willdpead on
the magmitue of e cros-price elsiiy of denand becween bugersand o

Mor: genrall, suppose s revenuesae devivedfom he sl f v produces, X and
. We may exprss the s revenues 55 R R, + &, where , = P, 0, ok, eveues o
e sl of prodoct X and , = P,0, reprscns reventes from procc Y Th impactofa sl
percentae chnge inhe price ofoduct X (RAP, = AP/, o the ol s of e frm s

AR=[R(+Eg,r) + REg,r] X FAP,

T llsrate how 10 use this ormal,supposea estaurat carns 4,000 per weck n v
enues from hamburger sl (poduct X) and 52000 pe week from soda sals (roduct 1)
“Thus, R, = S4000 and 8, = S2000.1¢the ownprice elastict of demand fo barers i Eg,
= 15 and the cross.price lsticity o demand between s and BAmburgers s Egupr =

0, what would happen o the fir's ol revenues i i rduced the pric of bamburgers by
1 percnt? lagging these numbersintothe formula reveals

AR =[s40001
520+ 580
s100

i e s ppesiosion g hmgnn e

5)+ 52000 40))- 19)
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INSIDE BUSINESS 3-3

Using Cross-Price Elasticities to Improve New Car Sales in the Wake of

Increasing Gasoline Prices

Atthecose ot st entury, icreases i he piceof gas-
olneled o decreass i demand o products htarecam-
lemens or gasolne, such 2 aomobiles. The reason
was tat ighergasolineprices moved corsumers 0 su-
st toward publc rnsporation,bicycng, and waling.
neconometic study by Patic McCar provides
iive ifomaton about the mpact offelcosts on the
eman for stamaies. O o the more mporta deter-
s o e demand fo sutomobies e el cpeatng
cost, dfined 25t cost f el pr il iven.The sady
reveas thtfor each 1 prcent crease in ol cos, the
e forsutomobies wi dcrese by 024 percnt. A
10 percent ncrease inte ice of gasone creses the
costof el pe il civen by 10 percent and s educes.
e demand fora gven car by 214 percent.

What dd atomaters do g s prod 1o miigate
he negatve npac of sing gsoinepriesonte demand
for ew astomae? They made cars more fcl et
The resus st summazed iy that fo evry 0 per-
Cont increase i e fciency (mesued b e ncesse i
me por g, the dmand o atomobles ncrases by
23 prcent. Ao manacusers codd competey ot
he negave imact ofHher asoin pries by nreasing
he el fiencyof mw car b the same parcariage s he
ncresein gasolne ke Infac, by increasing el ficiency
by raterprcadage han the crease ngaolne prces,
heywouldacualy e e derand o new automobies.

S e e o e ey
Empecl S oo oty 28y 90, 5. 20

Inothe words, loweringthe price of hamburges 1 percent inresss oal revenues by S100.
Notee that 20 of s inccase comes rominceased burger reencs (b demand o b
eris clatc, o the recucton inthe price of urgers ncrases hamburger evenues)and S50
Ofthe incrase i from additonal soda sl (e demand for soda icreass by 4 percent,
Cesulin i addtions evenucs of S8 fom soft drink sles).

INCOME ELASTICITY

Income elasticty is a measure o the responsivenes of consumer demand (o changes n  income lasicty

income. Mathemaicall, e income clastichy ofdenand, denotcd Eg . s deined 31 Aresmsmotbe
£ um 520 P
=t ————
.
A CALCULUS ALTERNATIVE e
e iy o o it demnd i 0=, Fy .y b i e e
- 0t 4
R

When good X is 2 normal good,an increse in income Jads 0 an icrease i te con-

sumption o X. Thus, Eq, > 0 when X i 4 ormal ood. When X s an nfrior good, an
ncreas i income Ieads o decrease in the consumpton of . Thus, Eg, < 0 wben X is

an nerior good.
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‘Selected Income Elstictes

ey
Tampan »
e s

“Table 3-5 presnts some clasic esimtes of income clasticites o various producs
Consider, for exampe, the income lasticy orransportain, 1.5 Thismumber gives us o
mportan peces of nformation sbout th rlstionship betwesn icome and the demand fo
ransporaton. Fi, since the ncome elasticity i psiive, we know ha consumers increase
b amount they spend o transportation when thie incomes rise. Tansporiaton tus s &
noemal good.Second, since the ncome latcty fortransportation s greatr than 1, we know
ht expenditaes on ransportaion grov more rpidly than iocome.

“The second row of Table 3-5 revalsthat food as i & pomal good sinc the income
clasticiy of food is 05. Since the income clsticiy s ess than 1, an ncrease i income
will ncress th expenditre o food by  lower percenage than the perentage ncrese n
income. When income declnes, expenditures on fooddecrase Iess rapidly than ncome.

“The tind row of Table -5 presnts the ncome clastiy fornonid ground bet, N
beefcomes rom et hat hav no e e secisl e Mot catle s e com for 010 120
dys efore oing to skt snd this prduce mere e et thin ponied et The income
lasiciy o ponfedground b neguive: ence, weKnow tat e ground b s nferior
5o Theconsumption of onfe gound bt il decesse by 194 percent o every 1 ereent
s i consumer ncome. Therlor, managers f groery store sbold dcrese thi odersof
nonfaground e during cconomic booms and incrase e ardrs dring recessions.

DEMONSTRATION PROBLEM 2

Vous s resach depirtment b sttt icome lsticiyof devand o wuied round
e 1 94 Yo et e i The Wl S ol e d 1 s e commy.
Comsmes e s expeced 1 s by 10 percent v the e e s As 3 s o 3
oetprcesin s, hov il his sttty pachises o ke ol

94 0 5500 = 10 the ot fos the ncome sty o demand 0 s
T
O
Saving this tion o .07y 19,4, S s round bt bs 3 ncens clasicy
194 commmer o s xpcted 10 s by 10 percen, o can expect ol 19,4 prcnt
oo ol rnd b e the e e . herclon. 1 ol e your prcns o
[ ————
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OTHER ELASTICITIES

Given th general noion o an clastiy, i s ot fcul 10 conceptualize how the impact
of changes i other variables, sch 15 advertising. may be amalyzed n clasicty terms. For
cxample. the own adverdising elasiciy of demand fo good X s the rao of the percntage
Change in the consumpeion of X 1o the percentage change in adversing spent oa X. The
cros-advertising lasicsy between goods X and ¥ would measre he percentage change n
{he consumption of X that esukt from s | percent change in sdverising directed oward 1.

‘Selected Long-Term Advertising
Estcties

gty
o

Tl - shows cmaes ofhe advcrtin st o cloing snd ecrcaon. Both
latichic e posive and s han I, To ack sty ar posive revess, s you migh
Capot that nchass 1 ivriing e o e n e dandfor o pRodue a5,
f Coting maaucares ncras i acheriing, ey an capet 1 sell ot cloing
anygivenpric. However, th fck hat he aderisig ety of cthing 0.0 means it
10pernt s navertising will e thedna o coing by cnly 0. e,
‘A o gy, cohing s o ey dvening

"o lluste how manegers can e cstimates sich 2 s imgin ot you b st
e by the .. e of Commets o help et he ot e e Ui
Stes. Your bossknows yu ey ook  coune i maegerial oo 10 sy
o e shokd s advrin o e e cemnd o reaion 1 i U
Staes by 15 preat.

From Tible 3.6, we know that ., =025 Plging s s 440
sl formula o e iy of O il rspect 104, ikt

sagf_ s
Raa, " wan

‘Solving this cquation fo the pcenage change i adverising shows that advertising must
{ncreas by a hfty 60 percent o icrease the demand or rcretion by 15 percen.

15 nto the gen-

25—

OBTAINING ELASTICITIES FROM
DEMAND FUNCTIONS
Now thatyou understand what elasticiessr and how o us them o make manageial deci-

sions, we will examine how 1o calculate lastictes from demand functons. Fis, we will
considr clsticites based on linear demand funcions. Thea we will s how 1o calulste

lasicies from particuls poliness demand funcion.
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Elasticities for Linear Demand Functions

Givem an stimte of alincar demand fcton, it i quite asy 1o cleult the various lastc-
e of demand.

Formula: lssictes for Linear Demand. 1f e demand functon i icss and given by
B

th lasicites are

own priceclasicity: £,

crosepicecasticity:

income clasichy:  Eq

RlzSizsle

A CALCULUS ALTERNATIVE
T st o s demnd e ey befoud ing cleln Specfaly.
woir_ r

0"
iy b the i sl come o

Thus, o s demand cue, e sty of deand with spct 0 given vl
syt it o he vable alipicd o i o he kbl e iy
e, For e, the own pric clasiciyof demand i sy tecocfcen of 7,
i th derand o) il y th it of e ke o X 0 he ey
Conmed X

For e e cure, the vl of an clasicy deends o the el e ad
ity whic i s . Tis mean hat e o i sty i o ot s s
el o e demand e 1 .o 3 demend i demad o o igh
e et atove e Torce i, et whn 7, | a2
b e, o price ke .t e On e chcr B whes e .
0. dcreses s sl vl of the ity s

DEMONSTRATION PROBLEM
T ity e for agored PED o i st 0 be

100-30, + 45, - 0uhr + 24,

here A, epeesets he ot of e et o shoe 1., he prce of o X, , s he
pric of sond 7. A erge come. Sppose oo X el 25 g ¥ sl S35,

compary i S0t of i, s consue come 5 $30 00, Caleite 1
[ ——————
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s demand,we e the s

o

o

a0 P, =25 The cnly e oo w nd 1 sl the sty s e g
ity consumedo .To i 0w bt he v s of i, ncome, nd ertsin ko
e demand spation ot

0= 100329+ 46351~ 0120000 + 250

Hence the o pice ety of demand s giventy

18 g PED s sho rics. the perentogedecin nte guanty dsndedof s hoes
il e rser sl vt the erenage e . price. Comently,demand s st
ot evmcswil i s sho e

[T ————T,

N
i s e gt i o Rt P e T ey of
il =L

e (22

R —

Elasticities for Nonlinear Demand Functions
Managers requenly cncounte situation where  product'sdemand ot  inesr funcion of
prces.income. advertsing, and oherdemand shifers. Inthi section we demeonsre tat e
{ools we developed can casily be adapted 0 these more comple envirnments.

‘Supposeth demand funcio ot inar function bt isicd s iven by

0= crlputra

where s  constant. Inhis case, h quanity demandd of good X is no  linea Function of
prcesand ncome bt  oalinear funcion. I we sketh nstral logartiofthis cqustion.
we obtsin anexpression that s linar in the logaitn o the varsbls

100¢ =y A0 Py APyt By M4y

where fy = Ioe)and the s ar abicary eal umbers. This rltion i called  log lnear
demand funcion.

As i the cas of inar demand,the sign of the cocfTiien o In P, determines whetber
oods X and ¥ are substiuts o complement, whereas th sigh of he coeficient of In A

et e o e e o e, s i s bt LN

oginear demand
e e ogimenr
e s
e e




image19.png
[ YN

tcrmines whethe X i  mormal o aninferiorgood. Forcxample, i, s posiiv numbr,
aniocreas inthe pric of good Y willcad 0anicreas n the consumpion of good X: o his-
instance, X and Y e subsites. 1, s & negaiv number,a increase inthe price of good ¥
Will ad 10 decrase i the consumpion of od X: i s instane, goods X and Y arscom-
plemeats. Smilay, i i  posiive number,an increas i income leads 0 an increse n
e consumption ofgood X, X s a norml good. 1y i a negaive number, anincreas i
income s o8 decrease in th consumpton of good X and X 15 nfrior .

Formuia: Elastictes for Log-Linear Demand. When the demand functionfor go0d X
log-lnca and given by
Q! =fo+ A 10 Pyt I Py + fiyln M+ fyln H
th lasicites are
own priceclasiity: o,
cros-priceclasicity: Eg,r,
income clasichy:  Eq_u-

A CALCULUS ALTERNATIVE

T sty formotasfor o e sy b e deivedsin el Teking e
mtigeithen o . et fo o e e e

ai=crtepurur

herec s o, Usieg the calcla ol o sty ylds

pertrtut( )

R —

Notce that when demand i log-inear, th clsiit withrespect t 8 given variable is
imply th coeficient of th coresponding logarthm. The own ece lasticy of demand i
the coeicien of I (), and. infct. the cocfTiient o any ober gt o the ighchand
ide of the log-linear demand reltion tell us the elsticiy of demand wih repect 10 that
demand it Sinc all fthese coefiiensae comsants, o of heelsiciis depeadon
he vl of varisbles ke priccs income, o sdvertising.

“Table 37 shows the reslts ofastatistical study that ound the demand fo sl gasolie
10 beloglincar.Since his i  log-Hncar demand relation we know thatthe coeficiets may
be nerprted sselasicities.

The Log Linear Demand for Reall Gasoline n
the United Sates

0y =-1437 00853+ 0521

o= et ot e o
ot ——
R
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“Th sty sunsizcin Tble -7 focus o the pece ety of demsnd fo sl for
{he cary 20005 The cofTientof the logariam ofpric s 042 This shows that e denand
o gascline is ighly iclasic and dowswad sloping. Frtbermoe, a icrease of 10 pereent
i the price of el asolin will decrese the quanity of il gasolin demanded by only
0.4 encnt,andheefore o i the revenues of el sl sations The colTiientof -
Jogaridhen o isome s 053, dicating ha et gasoline s pormalgood. A 10 percent crease
i consumerspe capita ncome would sl 5.3 percent nrese el sl dan.

"Ac fnal check ofyour abilty to utlize elasticities, ry o workth fllowing robles.

DEMONSTRATION PROBLEM 3-4

here € decten the daily amountof il 4, rpesets e kvl of svertisin o ood Y.
Wikt woukd b the pacton o 10 percet e e oy s of sl What
ould b the impctof .10 prent et e s of et dctd ovard 50 17
i you think o oo s might b g i s example”

ANSWER:

Wekoon that o boglinee demad o tecofficien o thegarithn o vl gives he
sty o deran vl oot 1t vl T, te sty o e ko rets i

rspetto il

Eapim
| e
T

st

o
Scving i qtion s .07 =30, b wordsthe 10 percet s o il will eod
10330 e e the ermandfor it

o camine e impact o he e fo Pt o 10 et recsion i v st
o S0 1. gan e hat o o s demand fctions,exch coccet ive he ety o
e with st ot v, T th ity of drmnd o st with rspct
[ri—————

a0t

Sovin this cqaton ieds %404 20.In b wors,the 10 pecent rdocion s shetising
et oward good ¥ lnts 3.2 pesent s nthe demandfor ot Pehap g00d ¥
el one ol xpect e e o racnts b e whenees fes smbels
atverimes e e
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REGRESSION ANALYSIS
The poceding anlyss assumes he manager knows the demand fo the firn's poduct. We
poined out several suadies tht provide explii csimsts of demand clsiciies and unc-
tona forms fordemand unctons. A a mansge. you may obtain esimates of demand and
lasicy from publshed studics avalble n th ibrary o fom  consultantHired 1 cimate
he demand funtion bssed o the specifics of your product Or you might cner data info &
Speadshctprogram and click the egassio tolba 0 bta a ctimaied demand fuction,
g with some regresson diagnostic. Regandies of how th manager obain he esimates,
itis usful 1 hav a eneral understanding of how demand funcionsae estimated and what
b various diagnotc satistc hat accommpany he reprted output mcan This il kowl-
g of 4 branh ofcconomics called cconometric.

Econometrics i simply the satistical anlyssofcconomic data It beyond the scope
of tis book 1o teach you how o cstmae demand funcions, but i s posile 10 convey the
basi dess cconometricsns s 1o obainsuch nformation. Your rimry job s  mamsgr is
10 us theiformtion o make decisions sinilr o the examples provided i pevicussecions
of tis chapier.

L us brierly examine the basic ideas underlying the esimation of the demand for &
prosuct. Suppose there s some undelying data o he lation etween a dependent variabl,
¥, and some cxplanatory varible, X. Suppos that when he valucs of X and ¥ are ploid,
ey appear a piots A, B, C. D, . and F in Figue 31 Cleary, e ponts o no i on.a
Straigh e, o cven & smcoth cure (ry atenaive ways of comecting the das ifyou are-
ot convineed).

“The jobofth cconometrican i o fnd  snooth curv or i thst dos “g00d” job of
approximating the poiots. For cxampl, suppose the cconometrican beliees hat, 0 ver-
asc. ther i  iocar relation betwecn Y and X, but thers s also some radom vaiaion i the
relarionship. Mathematcally,thiswould imply tht the ru rlationsip between ¥ and X'is

Yeatbxse
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Where a3 e nkown arscices s random b (s cro ) ht s
e s, Bocare th parumeers ta decine the xpecedrlton betwecn ¥ and X are
nkmona. h cconocicia st i ut he v of th parameter 4

ot o it o he oo, ther will b some dicrepancy v he
sl it and ho . For example: comider e e i i 34, i docs sl
0 o g the da. 1 2 mamager d e lin o spprovimaie he e relan, e would
e e dncspancy btwesn e sculct e . Forcxampl,pits A and D sctually
i sove he e, il poits C ad E i helow i Th v tcenthe st pis nd
e T st v by e ditanc of the dshc s Figes -4,y 4.y a0
Sice th i reprst he et r e, o e  nd X, (s v
gt o deviions o e e Al v ace o 3 e Vbl

e ccomometicin s egresion ol war package 0 o e vl o a4  tht
misinize o s f he qard evtionsbtwee he st ot nd e . In cscce,
e egresion line i the ln tht iz the e devitions btwecn e e (1
cxpeci elaion d th actal i ot Thes valesof a s . whih ety a1
et d s b, sr callc paramete e, e consponding e called e st
Squares regresion.

"he st e eresion e o the cation

Yoasbxee
isgivenby
asix

T prameteesimte d ad  epresent e valuss o a s s st the sl o
o sqared erosbewecn 3 e sndhe st
Spreadstect softwe pckage, s 3 Escl ke i sy 1 e rgrssion sy 0
ot demand oo To s, suppne ko e s st o 0 pric
Qe TV ok st onth t 10t Pitobrgh Fere we e price ad ey
o xpatory 1 dependet vl rpecinly. Whe h ot s cored o 4 et
e, itk ke i 11w 0Tl 3-8 A fow ik of e o, nd e e
e the iveag prce 1 ity eportd i o 12 Frmor, lking e gt
o ol produce the rgrsson ot reportcd s 16 rough 3. Cel 25 shows
e mecep o h cximated deand fcion o TV 63147 4 cll 58 showstht e
ctmatdcoficentofpce 260 T, he ocar demand funcon o TV ht iz
s of s o e e s i hough e o

o=163147 2600
Notic that thesprcdshct program slso produces detsled information sbout the egres-
sion and the cstimaed coefTcent 45 by-peoduc of the regression. As we discuss next.

hese satisticsensble the manage 10 st foth saisical significance f th esimated coct.
iceots a1 asses theperformance o the verall egrssin.

Evaluating the Statistical Significance
of Estimated Coefficients

Rows 30 through 33 o the regression ouput in Tble 3-8 provide informaton about the
prcision with whichthe parsmcers ofth demand functon are stmsed. The coefficents
Fepored in el 32-B and 355 are merly the parameter estmates—estimates of the .
‘nknown coefficens. Given difeent data generaed fom the same true demand reltion,

st squores
fer—
pey
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Table 3-8

oot iyt
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0 "7

g e e e
HE IR

et simsesofthe tra coefTicents would b obsind. The sandand erorofcich -
matedcosfiient i mesure o how much esch esimted cofTicent woukd vary i egres
sions based o he same udelying ruc demand relsion, bu with difereat obscrvatons. The
Smallethe tandard o o an stimatodcoeficint,the smaller he varaion i the simate
given data fom differnt ol (&ferent samples of da).

Given a5t of standar,bu somewhat chnical, ssumprions sbout the egresion model
@t samping. and means of the cros, the st saresesimats ae ubiased estimtors
b rue demand parametes I, n adion, th 3 ar ndependenly and denically dise
e normal random varibles i shor, i rormal andom variables) withconsant variane.
h rported sandard rors of e estimsed coffcicats canbe sed 10 onsirct confidence
iotrval ad o perform sgaificanc test. Thes echniques are discssed ncx.

Confidence Intervals
Given  parameter stimte, s standard eror and the necesary el assumpions men-
oned previousy th firm managercan construc uppe ad lower bouds o the e vale o
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he esimated cofTicient by consiructing a 95 percen confdence iteral. A et rle of
hm i preente i the following pinciple,but ortunteyreression ackages compute pre-
s confdence inervas fo cach coffcient et i a egresion. For instane,clls 33.F
0 3-G i Table -8 indictc that the upper and ower bounds of the 95 percent confiknce
{ntrval for th coefTiien o pric e —3 82 and —1.37. The parete cstmste fo he price
cocicint, —2.60, s i the midle of thes bounds. Ths, we kow that the best stimate of
{he price coefcent s 260, an we re 95 ersent confcent that the rue value s between
S3S2ana-137

Rl of Tham for 95 Pt Contidence el
1t e it o  mgrsin i 1, th 95 prentcntiden serls.
o i o kb o gt

e
-

b
e s et st o dmd . sy

The t-Statistic
“The Fstatistc of  parameter esimate i the i of the val of the parmctr e 0
it tandard ero. For sxample, i the parsmeter esimates st d nd b and the coresponding
andand rtors s o and o the sttt or d .

a
o the rstaistic for b s
b
T

When th ¢-staistic for & parsmetr st is larg i absolute vale,the you csn be
confident that the rue parsmeter s ot zro. Th reaso for tis i that when th sbeolue
Vi ofthe F-tatisic s g, the standrd ero ofthe parametce st is smll rlative
1o the absolue vaue of the parumetr stimte. Thus,one can be moreconfidnt that. gven
 ifeeot sample of daa dwn o the tru model he e paramete esimate will b i
he same balpurk.

"X sl ke of thumb i tht i the sbsolut value f sttt s grete than o sl
102, the the cortspondin purameter cstimate s sttsically ifferetfrom zro. Regression
Packages eport Pvalues, which st a much more precise measure of satisical Signifcanc,
Foc instance, i cell 35 of Table 3-8 we scethtthe P-valu o the esimatedcocTicent of
prceis 0012 This means that ther is oy 12 10,000 chancethat we'd gt an estimate ot
east s big 52,60 in abslute valae i he tue coeficent of pric is acually 0. Nosice that
e ower the Pvalue fo a stimatedcoeficint,the more confient you e he esimate.

Usually, P-valos of 05 o lower ar consdered low enough for  escascer o b con-
ident that the cstimted cocicient is saisically significat. If e Pvalue i 05, we say
hatth esimatedcoefTicent is satisicaly sigifcant at the S percent evel. Noie tha the
Pvalue rported i Table -8 for thecocficient of price implies hat i saisically Sigif-
cantatthe 12 percent el The simated coefcint s highy ignificant.

PRINCIPLE

DY
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Rl of Thumfor Usiog -Staiis
Whe the sl vl ofthe st v h . the g b 9 et confdet
e e vl o the deyin prumeter n he egesion i 2.

Evaluating the Overall Fit of the Regression Line

1 addition to valuting the staistical signficance of one ox more coeficints, one can
also messure the precision with which the overal egresion i fs the dsta. Two yard-
ks frquenty ued fo messur th oveall i of the regresson ine—the R-squar and the
Fotatistion st discussed ext.

The R-Square
Ronws 18 trough 20 of Table 3-8 provide diagaostics that indicat how wllthe egresion
Tin cxplain the sampl of bservations o the dependent variable (nth cxample quanity
s the dependent vaiabl and pric s the explanatoy variabe). Th R-square (150 clld he
cocfficient of dterminaion) el h facion ofthe ol vaiation i the dependent varable
ht i cxplained by the regrsson. I is compused s te i of the sum of squared ermors
o he BRSSO (551 he Lot st of sared etos (55

e Explained Variation _ St
ol Variaion~ SSret

For insance, i csll 26:C of Table 3-8 we se that the sum of squared errrs from
e regrssion is 0147089, while cell 25.C reveals that the total sum o squared eroes is:
40222250 Thus the Rosquare is 75 (= 30L4T0391402222 50). This means that the est-
‘matcd demand cqation (e reession ine) cxplins 7 pescent of th total varistion n TV
ale scros the sample of 10 outles. Most preadshet rgresion packages sutomatically
Calculate the R.squar, a s i cl 19 of Tale 3-8

“The value of an Rsquare ranges from 0 1o 1

osris1

“The closerthe R-square i 1 1 th “hrtr” the overall it of the esimated regresion equation
e actual dta. Unfortmatl ther is noSop cto i can e sed 10 dtermine whether
an R-square i close cnough o1 10 indicat S “good” i Withime seis das R squares e
oftcn inexces of 9 wilhcoss-sectionaldaa,R-sqaresbelow 2 are o uncommon. This, &
"majo drback ofthe R-square i tht i 4 subjeciv messue f goodoes of i

“Anothe problem it the s s tat i canno dcreas when aciinal explansioey
variales are fcludd in the regrssion. Ths, i we included icome, adverisiog, 0d atber
explanstory varible in ur regression bt hld other things consan, we wouldshest suely
et igher R square. Evenall, when the number of stimatd cocficents incessd 1 the
number ofobscrvations,we wouldcad up with an % squar of 1 Sometimes,te R Squar s very
close 1| merely bcausethe umiber of bservaton s sl e 0 e umber fcstimaied
Pumetrs. This stustion s undessbl rom asttsticl viewpot because it can provid  ery
misiadin indicator ofhe goodncs f it o h regresion ine. For i eason, many escarch.
o s the adjosted R-spare repored i cell 208 o Tible -8 s  measre of oodcssof it

e ot g, callodthe Ml . o et by o b g g,
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The adjusied R-square is givea by

‘where i the sl number of cbservations and ki the umber of st socfTicents. In
performing a rgresson, the number of arameers o e stimated cannot exceed the num-
e of obsrvatons. The diffrence (n — £ represats the residual degreesoffeedom afier
conducting the regrssion. Noi that the adjusted R.squar “penalizes” the escarcher for
performing a regrssion wih only a few degrees of frccdom (it i, Simting numerous
cociiensfrom elatvely few observrions). Infac, he penaltycan b o igh hat, i some
nstances,the adjused R-guare i acally negaive.

Inourcxample, cell 2B n Table 3-8 shows us that = 10, Clls 32-B and 33-B indicte
hat we cstimated 3 parameer, 50 k = 2 Wi § residual degees o feedom, the adjused
Rsquareof our regresson s 1 — (1 — 75YO/8) = 72 This sumber i eportd n cell 208,
For hese dta, thee s Tl diffrence between he R-square and the ajusted R squar, 50

docs ot appear that the “High" R- squar s  esult of sn excessiv oummber of simated
coctiiens relative o th sample iz

The FStatistic
‘Whieth R-squatc and djusted R-square of a regession both provide  gauge of the cveral.
it of a regression, we not that thers is o universal rule for detrmining hovw “high” hey
st b o ndicst g it Anslienative messun of goodoess of i called the F-staristic,
docs o suffer from tis shortcoming. The Fstatistic provides  measre of he toal vaia-
tion cxplsined by th regrssion relative o the total unexplained vaiaion. The gratr the
st th bter the overall it of th regresionlin trough he ctual daa. I our cxam-
Pl the Fstastic i eportcd as 394 in cel 26 of Table 3-3.

“The primary advantage o the F-statisic sims rom th fct hat s saisical roperies
are Known. Thus, on can objectiely determine the statistical sgnificace o any epored F
Value. T sgaificance vale forour regresson, 0012, i repored incell 26-F of Table 3-8
“Tis ow nummber means that ter s nly 812 prcentchance tha the stimated regression
Mol it he dats purly by ceident.

As with Pralucs, th lower th sgnifcance value of the F-staisic, the me confident
you can be of the overal it of the egresson equaton. Regressions thas have Fstatistics
Wlh significance values of 5 percet o s are geoerallyconsidered significant. Based on
the sgniicance vae rspoied i cll 26-F of Tuble 3.3, our reresson s sgnificntat e

12 percent level. The regresion i heefoe highly sigaifcan.

Regressiofl for Nonlinear Functions
and Multiple Regression

“The tchuiquesdescribec o cstimate  icar deman funcion with 3 single explatoy vai-
bl can sk be wsed o ctimate nonlinear demsnd funcions. Thse same tools can b use
1o ctimse demand functions i which the quantiy demanded depends o sevrsl exparsory
Variaics,such a5 prics, income,advertsing. and 50 on. These s are discussd next.

Regression for Nonlinear Functions

‘Somctimes,  lotof th data will evealnonlineaiis i th data s s i Figare 3-5.Here,
Sppears that price and quantity ae ot Hineary restd: Th demand function s 3 curv. The

og-linear demand curve weexamined e i hischsptr s such  curved shape
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Figure 3-5

Lo e Begession

“Toestimate alog-lnca demand fncion thecconomericia akesthe paurallogarith
of price and quaniies befoe exectin the egresion rutine hat minimizes the sum o
squared cros e

"

Sotharte
1 dher words, by using a speadshect o compute 0 = 1n 0 and P = In P, this demand spec-
ifcation can b viewsd squvaleaty 5.
Ot e

Which s lincar i 0" and P Therefoe, one can use procedares idenical 1o those descibed
caticr d regress the ransfocmed Q' on 7 o obtan parsmeer stimtes. Recal hat the
resuling paramerce stimat oy thiscas is he o price elasicty of demand since this
is 3 lo-lnea demand function

DEMONSTRATION PROBLEM 3.

i e 31 s ot March 2 i ket et vy prce dcovet cn By
ket i o b et et e o At Al e D35
e i sl e o1 you e sl view the b bl D, Y00 vill
i ko oot ety of B s e ey o s e M U
et i e dend o, s i s yo G,

answeR:
e s st o the i s sty dts i s s, usin he et
spreadetcommand Youca e o 1 do s e by iew he o e o
e Dero_3_5 s . The second s i o pefrs. b resresion o te v dots.
Ths resroion el e dplaye i th Ao of e . The fsl st s 10 sommarize
e s sl 2 demardcqstion. I i s, he ctmaes i the Rl b sl he
[ ——r——

o= issp
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et i i e, the i of sty msndd s i Lo of te i of
i, the compay's sty f demd o ekt —1 K. Abemativl, oo can xees e
il oty demaed 3 s o of e by kg th ol of bt s o
e i

il 0°) = el t]xpl -
0 = e
o = a0

stir)

Multiple Regression
In gencal, the demand for  good will depend nok oy on the good's prie, bt also on
demand sifers. Regresion echniues can aso b used o perform muliple regresions—
egressons of a dependent vrisble on maltpl xplansory varisbles.Forthe caseof 3 lincar
demand reation one migh secity the demand fonction 3

Ofmaota bt ta M s agH e

whereth a's ae the parameters 0 b esimated: P, M, and H are demand shifers: ad e is:
he rndor crro tem st has 26 mean. Acenaivel,a log-linea spcificaton ight be
Sppropesi i the quanity demanded i nt linearly elied o the explansory varibles:

100f =+ B0 P, 4, 1n Py + fuln M+ fuln s

Providd the mumber of observaions s greate than the number ofparameter 0 be -
mated, one can wse sandard regression packages includod i spreadshect programs o find
he valus of the prametes that minimize the sum of suared emos of the regressin. The
Rsquare, Fosatisi, satisie, and confidence inervals for multipe regressions have he
Same use and iteretations descibed caricr fo the cas of & Simple regrssion with one
explansory varisble Demoastzaon Probem 3. llustates tis fct.

DEMONSTRATION PROBLEM B

FCH owes 10 sprmet bings i cllge s, which i et exchsvely 1o stnts. Exch
apatmeat i cot 100 sl . b h o i v o o probles e o
e vacany e of ealy S0 e, The spartmnt n ach ke v compashic
s plans. bt scme s s closr 1o campus i e The ownerof FCI s dt rom
et e o he s of st e, he el prce o ol he st et on
vt (e et of Sl o e 10 s, Thes ks, sl with b e
in mils) from exch sprtme bulin 1 campus e rescated in rows 1 hough 1 of Tae
505 The ovee e he ity el o st price, e, = dsance.
T et o the reression s epoted in s 16 g 35 o Tble -5, Wit the st
e i o PO eps w? I 1 i s om cmple by 100, whot sl you
Cxpet o happen o the umbes of i et I P s e  n e spatment b,
it voukd b foFCT s okl e What feene shoud b dw o his s

ANSWER:
Leting 1. 4. 3n4 D sprsetpric, advetiin. and st oo campn the et cet
s sy e oo e o el 4 et b

=1 IS 0P £050- 578D

Sice e coffiien o rice is 014, 35100 s npice redce the gty demanded
n spaimcat bidin by L s The o pric clsticty o demand for FCT's el s, clc
et erag ric nd gty - LXUSVS3 10) =111 S demad s s, i
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INSIDE BUSINESS 3-4

‘Shopping Online in Europe: Elasticities of Demand for Personal Digital Assistants

Based on Regression Techniques

Thanks to th Internt, consumers can et thelr mouse
o the shoppin instead of paying bus faes o flng
el cars with gasoline to Vst brck-and-mortar sores.
How responsive are the demands of onin shoppers
o the prices charged by online retales? Recenty
‘conamists workingat the Haas Schoo of Business at
Berkeley, Cambridge Universiy and the Kelley School
of Busines a ndiana Universt used regressiontech-
niaues snd onine cata from Europe to answer this
auestion.

The cconomiss estimated demand funcions for 3
variety o iferetbrand and modelsofpesons digtal
assistats, PDAS) sod by iferent onlne retaers t the
leating Eropean shoppin s, Kelkon com T e pr.
s shoppers n Eeope o purchase  wide aay of proc-
ucs onlin, anging fom elecronic gadgts {0 vecuum
leaners and wasing macines. Whle Kelo com may
o be famiar 0 shoppers on the Amerian sid of the
pond, s paren companytahool_i 3 housshold rame
worduide.

The accompanying tabe summarizes the authors
‘conometic stinates o the elastcly o demand facng

A Caveat

s sling s iferent modes of PDs. Notce hat an
onie retaer seting the IAO 1940 fces the mot s
e (147, while 3 fim seling the Che S122 aces he.
least st domand (3.3, Depending onthe brand and
mocel, an nkne reaier rat recuced pric by 10 percnt
ok eioy 3 33 t0 M7 percent incease i onine sales.
The statiic all xceed 2 in ssokt vakie, which nd
coes tht the esimates e sttty Sgoicant a the
Spercantewel

prrey [
i T2 = ey
Soaero Y e
Somaeszz » Y

 —

S .y, e Gt Pt s o
orgen G Do e el el
[ e —— Y

You now know how t iterpret th output of  egsssion nd how 10 use th cutpt 0 sum-
marize the demand for 3 product in 4 Smple cquaion. Dermand functions re ot Gcious
{exthook constrets—thy ar quations that msaagers ey actually ot by using apprpri-
s cconometic echniques and dts.

1 important 0 stress, howeves,that econometric s  specalized fek of economics
hat ks yeas of sudy 1o masicr. For he same reaso it would ot be prudent for you (o
pesfom LASIK ey surgry after merey reading  secton called “The Eye” in you bilogy
{extbook, prudent manages ey on the cxpertis of “specialis” (cconomic cxperts or con-
sullanis) 1 obain demand esimats. Unles you invest i the coursework required t maste
st o conometric eues that e beyond the scope of ny managerial conomics textbock o
spreadshoct rogram (c.5.,cndogencity sample selection, heterskedastiiy, avocorelaion,
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and uncbscrve effcts), it i prbably best fo you 0 wse your cconometic Knowledge pri-
marly 2.3 10l fo communicting with (and inerpreing the ouputprovided by) covomeic
Specaliss.

ANSWERING THE headLINE

¢ he beginning of the chapier we asked whether Waimar should expect  good nok-
Iday season absent a price change and whethera rice change could improve sales
{measured s revenues). Recal it the fem's ansyts provided i following regression
tesuls, nkdng sles 1 prices and consumer confidence:

n{Hoty ) = 255 ~ 0381 e + 09 i CommumerCntiene]

SincetisIsalog dnear equatin, h coeficients re lasictes. In partcular the coefi-
et of I{ConsumerConfidence) (0.9 s us the percentage change i holiay sl (5)
tesulingfom each 1 percent change In consumer confdence. Consequent; when con-
sumer confdence decreases by 4 percet. his means 09 = ¥AHS/4), or ¥AHS = 35
I tner words. i direcio should &xpect holday el 1 be 3.6 percent lower I 1SS
‘where consumer confidence has declied by 4 percert, and so shoud notbe paricuary
optmisc about hokday Ssles s yeat. e resuts ndcatethe dvector coukd migate
the sales ecresse. by lowseingprce. For xample, the direcior coud recommend a3
percent price reducton across the board, which,according 1o the regression, il resut
3 2. percentncrease i holday sales (0.8 = XAHSI-3),or %AHS = 2.4 However,
the drecior shoud be sue not o lose sigh of any efects aprice change would have on
profs, a5 opposed o sales.

I acdton o o ueualcaveat st hou b ef 0 expers o obtan these revenues
stimates,note ko ha he director s not working ith a demand curve 1o make these
decisons Since 1 revenues and not quantey 25 the dependent varabe, e Sign o he
coeficien onpricetels us whether demand s alastic o nelasic. I s case, he -
ivecosficint on pice—indicating revenues fal wih a price ncrease.implies an
demand curve.

SUMMARY

Inthis chaper we covred quantative aspects f demand T hi chapier, we saw thaticreasing price docs o

anayss including the own prie clasicity, ncome chas-
ity ac cxos-pric ety of demand. We cxamined
funcioalforms for demand unctions,inchding lar and
og-lincar specications,and discussedthe regresion ro-
ot wo o cstimste demand rlationships. Ammcd vith
hese o,  manager can peedictno oy th dieton of
changesin demand bt b demand willmone whenone
ofthe detcrminants o deman changes. Knowing e con
ccpts of sty and the e of £ttt and confidence
ntevals i exoncly imporant when making decisions
about how mch invenory 1o hod,bow many cnployees
Schedule and bow many it of  product o procuce when
S et of demnd .

alvays incease revenues. IF the absolut value of own
priceclasiciy isgreate han 1, n icrease n pice will
decreas ol revenue. We slo covered th magaide of
Chnges caused by & change in the piceof 3 sbstitte or
 complement.

Finally, w introduced th concept of regression and
confidenc intevals. By wilizin the claticesbased on
‘n estimated demand unction and consircting 3 confc
dence atrval, a manager an b 95 prcentcesan about
e amount by which demand will move when 8 variable
ke ncome or advertising changes.
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Quantitative Demand Analysis

LEARNING OBJECTIVES

‘Aftr complting this chapter, you will be able to:

LO1 Apply various elssticties of demand s 3 quanitative to o forecast
‘changes i revenues, prices, andloruns sold

102 Bustrate e relatonship between he casicty of demand and oa evenes

103 Discuss thee factors tatnfluence whether the demand or 3 gven prac-
uctis relthvely lasic o Ineastc

108 Explin therelatonship between marginal revenue and the ow prce aas-
ek of demand.

LOS  Showhowto determine latctie o Inear an log-inear cemand functons.

OB Explan how regression analysis may be used o estmate demand func-
ons, and how 0 interpet and use the utput of a regression.

headLINE
Walmart Hoping for Another Big Holiday Showing

In October of every year Walmart' natona sales irector knows he cals are coming for
s holday orecasts. This year,thefimi's holday performance s especially imporant.
after lsappointing sales to dte

Wi the drector has o problem expressing his ope for strong holkiay saks
Investors and reporters—as well s local managers—are seeking a predicion tht has
vidence 1o back I Consequenty. he s 1 s anaycs deparimert,which has been
colcting wide swath o datafor Walmar over many years aross e 381 meropoltan stats-
el areas (MSAS) i he Unied Sttes. Some vartablesof paricudar mirest include hol-
dy sses, average pice, and consumer confidénce. Using these dta, he ansysts arve
atthe following cquation, designed 1o predic HoldaySales (neasured 3 revenuest

InlHoloySoks = 253 - 081 prie)-+ 09 nCorsumerContdrcs)

“The diector notes tht most MSAS saw a decresse Inconsumer confidence o appro
matey 4 percent Based on i nformation does the evdence support optmsm for ol
day sles f prices remain unchanged? Coul 2 change I price hep o bolser revenues?
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INTRODUCTION

In Chapter 2 we s thet the demand for s prdc (0) depends o s prce (£, the
prces of substtuesor complements (7). consumer ncomes (M), and other varisbcs ()
such a adverisin,the iz of the populton, o consumer expectations:

0= fiP. P, M.H)
‘Unil now, o aalyss of te mpact of changes n prices and income on consumce demand
s bcn qualiaie rathr han quanitaive; that s, we focused o the “big pcture” 0 iden-
iy nly the directions o the changes and said e about e magitude

Wi secing the bigPicture s a imporant st scp o sound managril dcisions, he sc-

cosfl manager s als e rovidin “detal qantiaive answers o qestions ke tese.

- How much do we hav 0 cut our pricet achieve 3.2 percnt sales growth?

I we cutprices by 6.5 percnt, bow many more s will we sel? Do we ave sf-
ot inventorieson and t scommodite thisicreae n saes? I ok, o we have
cnough personnel o incesse production? How mch willour revenuss aod csh flows
Change s 4 resul o s prce cut?

» How much will our sles change i vl cut hee prices by 2 prcent o  recession
it and houshold incomes decie by 2. perent?

“The st Bl of this chapcrshows v & manage can s clasticitie of demsnd s 3 quan-
tative forecasting 10l 0 answer these and hundreds of other quesions asked cch day by
managers in charge o pricing decisons, invndory managemen, yiel (revenue) manage-
ment. producion decsions, srtegi (competor) anslysis, nd othr operstions including
uman resoure management

“Th sccond alfof thechaperdesribes egression analysi,which s the priary method
economist e toesimat te parametrsof demand funcions. Th primary focus o6 how
 manager can use manageial cconamics o cvaluae nformation svalsleinthe Ibary or
Provided by the fimy's research deparment. Accondingy, we will cplin how 1o iterpret.
regresson rsuls and how managers can us regression ool contained in spreadsheetpro-
rams ke el 1 aceually cstimat smpl demand rlaionships.

THE ELASTICITY CONCEPT
‘Suppos some variaie, sch 2 the pric of  product ncreased by 10 percen. What would
uppen o the quanty demanded o e good? Based o the sy in Chaptr 2and the ko
ofdemand, we know that the quatitydemanded would Gl 1t would be sl for 3 manager
s whether theguanity demandes would 6l by  perse, 10 ersen, o some ot ot
e primicy tool usd 0 deteminethe magnitade o sch  change i lstcity anlyss.
Indeed. the most important concept nroiaced n tis chaper i slasiry: Elsticty i  very
gemeral concept. An easicty messures the respoiveness of one varible (o changss i
anothe vriaie. For example, he clastiiy of your grade with espect o stdying. deooted
g, s the percentage change i your grade (% AG) tha il el fom  given percentage
change n th ime you spend stdying (FAS). I other wods,
A6

Far=Tas

ettty
oot
percnage crarge

peraage crage
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Since AG = AGIG and %S = A, we may also wrt this 2 Eg, = (AGIAS) X (516,
Notce that AGIAS epresats e slop ofthe functional elation between G and i el he
change n G tha resuls fom  given change n . By muliplying this by S, we conver cach
of thes changes into percentages, which meansthat th clastiity measue docs o depend
o the unit in which we messare the vribles G and .

A CALCULUS ALTERNATIVE

the vrisle G depents on S scconin 0 h fancionl i G =5, the sty of G
it rspectio S may be o g el

Two aspects of an elasticity are imporant: (1 whether it i postive o negative and
(2 whetherit s geserthan | o les than | inabslute vlue. The sign o the sty detr-
imins the reatonsp herwecn G and 5.1 the clasticty s posive, an icrease n S lads o
anicresse n G. It casicty s negaive, an ncrease i 5 lads 03 ecrease in .
‘Whether the absolue valu of the clastiiy s grate or less than 1 detcrmioes how
responsive G s to changes i 5. the shsolte value of the casicity i grestr han 1, the
numerato i ager than th denominato n the clsiciy ormula, and we know that a small
percntage change in § il cad 1o relaiely lage percentage change n G. I the sbsolte
vl of the clastcty s s than 1, e umerato i saller than the denomiato inthe las-
iy formula. In tisinstance, a given percentage change in S will ad 1. relatvely small

percntage change in . 1 s useulfo keep thes poins i mind s we defne some speific:
Clasticitis

'OWN PRICE ELASTICITY OF DEMAND

We begin with a very importan clasticity concept: the own price lastcty of demand,
‘Which messures th responsivenes of uanty demanded 0 change in peice. Lt in his
sction we willsce hat managerscan use s measue o dtermine he quantaive impact
f prce ke o cuts onthe imy's s and evenucs. Th own prce clsteiy of demand for
500 X dented Eq , s defined as

saQ!

Foon = Tar,

ke wn price elasiciyof demand for  productis -2, o instanc, we know hat a 0 percent
iocreae in the prodact' prce leads t 8 20 perent declne inth quanity demanded of the
sood since ~20T10% = 2.

A CALCULUS ALTERNATIVE

o o i sty of demand o o with e fncion 0
o g el

Ean

Recall that two,aspects of an elastcty are mporant (1) s sign and (2 whether i is:
reater o les than 1 1 abolut vale. By the L of demand, thers is an nverse reltion

o
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ctween price and quandy demanded; thus, he own price clasiiy o demand s 3 pegaive
umber. Th aheolutc vlue ofth own price easicityof demand can e resierores than |
depending on several factors that we il discus et However, i s sl 0 itrduce some
terminlogy taid i his discusion

Firs, demand is said 10 b lastie I the absolu valu of the own prie clastiiy s
sreaer han 1

|Ee.)>1

‘Sccond, demand s sid o be inelastic fth ol vlueof the own prie lasicity i
essthan

|Eo.rl <1

Finally, demand s ssd o be unitary elste i the absoluie vae of e own prce las-
iy is cqul o |

leo.r)=1

e uantityconsumed ofa god s elatively rsponsive 3 change i e prce
of e o0d when demand s clastic and relaively tesponsive i changes i rice when denand
5 ielsic. Thi e thet prce increses will ke consumpion very itle when demand is:
nclatic However,when demands clasic, a pric incease will educe consumpion consderaby

Elasticity and Total Revenue

“Table 3-1 shows the bypoieccal pries and guaniie demanded ofsoftwae, the own price
clasiiy. and the total evenue (TR = P,0,) fo te icar demand functin, 0= 5027,
Notce that the ol value ofth awn prce elsicity et ager o pice icreses. n ar-
icla, the slop of i incar demand uncton isconsant (AQHIAP, = —2). whichimplics
a1 E, = (AQUAP,)(P0,) inceeass in ssolue value s P, inceases. Thus, the own
prce ity of demand vris kong 5 linesr demand cure,

Table 3-1

TotalRevenue and Easiiy (0 = 80 — 27
e Gt S =
s == s e
e o) nz) ey

x s o a0 S0

o

etstc demand
e pre ety
ety

et ol

unitary sastc

ey
e o e ooy
ity
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When the sbsolute value of the own price clsticiy is less than 1 (points A through D
i Tuble 3-1) a increae n pric ncreases tral revenue. For cxample,an inceas i price
from S5 0 S10 per unit creass ol revenue by $250. Notc that for thse two peices. the
cornspondingelasiciy of demand i e tha 1 in sbsclute value

‘When the sbsolte value of the own priceclsiciy is grcte than | (poins  through
Lin Table 3-1), an increase i price Ieads 0 educton n toal evenue. For example, when
e price increass from $25 (Wher the own price clastiiy is —16) 1o 530 (where th own
pric lasticty 5 —3). e s that otal evenue decreass by $150. The ricc—quantiy combi-
stion tht maimize o revee i Tabk 31 i poi . where the own priceelasicity
oquals -

“The demmand curve cortesponding o thedat n Table 3 i prsented i thetoppancl of
Figure -1, whie the total reveme sssocisted with cach pricequantty combination on the
demand curve s graphed inthe lowespancl. As we move up the demand curv from poit A
0 poiat 1, demand becomes incrasingly clastc. At poiat . where demand i untry chas-
e otal revenue s maximized. A piats 0 the norwest o E, demand is clatic and toal
evcn docreses s price nceases. AL poots 0 the southeastof E, demand is nelasic and
ot revenue icresscs when price ncesses. This retonship mon he changes i prce,
clasticy,and ol revenue s called the ol revene s

LEsuuEne
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Businesses around the globe use the ol e et 10 help manage cash flows. For
fnstanc, Del recensly faced  dilemma eganding i pricng staegy for computrs: Should
tincrese prices o boos cash low o adopt "cut price and make 1 up i volume” Stegy?
Basd on  carctl aalysisof s demand, the company decide 10 adop helatiersraiegy
and edhcedprices in rder o ncrease evenues.

"o sce why. suppose th rescarch deparimen of & compatcrcompany estmaes that he
own price castictyofdemand for  paricula deskiop compute s 7.1 the company cuts
prces by  prcent, will ompute sl ncrease cpough o incrase verall evenues? We can
Snswer his queston by eting 1.7 = Eg , a0 —5 = %AP, i the formul frthe own price
casiciy of demand:

R
=

‘Solving his equation for %07 yields %A= 5.5.Inother words,the quanity of computers
S0l wil ris by .5 percent i prcesare rduced by  percet. Since the percenage ncrease
i quanty demanded i reaer than he percentage decline i prices (Eg, ) > 1, he price:
curwilactull rase the iem' sales revenues. Expressd diffrcaly,sin demand s clastc.
 prce cutresuls i greate than roportiona ncrease i sl ad ths ncreases e e’
ot e,

I exteme cass the demand for 3 good may be pertetly clastic or perfecly inclastc
Demand i pefecty lastc i the own price clasticity of demand s inaite i asolue valu.
Detmand i perfecty inclaste i th own price clasticty of demand is 6.

When demand s perecly castic, a manager who ases price even sighly wil find that
e of the good s purcased. I thisnstance he demand carve i horizontal s llusrated i
Figure 3-2(a) Producers of gencrc (snbrandod)products, such s aspicin, may fce a demand

PRINCIPLE

ety

Figure 3-2

pertecty st sne




