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‘Summary findings
* Charging for social marginal costs is efficient regardless
" of price elastcities, but the importance of getting prices
“right” is greater the more manageable, or elastic, the -
demand. In cfficient pollution control programs, options
- "to make cars cleaner are combined optimally with
demand conservation. The roles played by “cleaner cars™
- as compared with “fewer trips™ are determined by
empirical parameters: cheap, clean technologies would
imply a great role for cleaner cars, while high demand
elasticities lead to a greater role for demand reduction.
In seminal research, Pindyck found evidence to.

support his hypothesis that demand for commodities
such as gasoline should have lower price elasticities and
higher income elasriciries in developing than in industrial
countries. Eskeland and Feyzioglu estimate a modcl'qfr
gasoline demand and car ownership in Mexico, using a
panel of annual observations by state. Key features they
_introduce are instrumental variables on differenced data
and the treatment of (1) possible dynamics, (2)
measurement errors in the data, and (3) unobserved
characteristics in individual states. They use tests of serial

correlation in the residuals 1o model the dynamics

properly. The resulting model is one of almost.
immediate adjustment, with a short-term price elasticity
for gasoline close to the long-term estimate of —0.8.

" The model displays elasticities that are lower (for

income) and higher {for price) than those Pindvck

- hypothesized, and are within the range of eiasncm:s

found in industrial countries.
Byproducts of the model: The elasticity of car

~ purchases with- respect to gasolmc prices is positive.

Scrappage decisions are affected by income and by car
and gasoline prices. And these elasticities are not
significantly different in the richer states.
_ For policy purposes, these findings do not support
“clasticity pessimism.” The use of car services is sensitive-
10 pricing, which suggests that consumers, for some of .
their demand, have reasonably good alternatives to car
services. Considerarion of external costs — such as
accidents, congestion, air polluuon, and road damage —
thus involve considerable demand conservation.

This paper — a product of the Pubhc Economlcs Dwmon Poho Rescarch Department — is part of a larger effort in the
department to study environmental policy problems in developing countries, emphasizing fiscal pelicy instruments. The
study was funded by the Bank’s Research Support Budget under the research project “Pollution and the Choice of Policy
Instruments in Develbping Countries” (RPO 676-48). Copies of this paper-are available free from the World Bank, 1818
H Street NW, Washington, DC 20433. Please contact Carlina Jones, room N10-063, extension 37699 (31 pages) Junc
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' I Intreducﬁon |
- This econometric study is a part of r'a_'broader research ef fort on the eeonbrnics:
of pollution. rcontr'olr polieies in developing reount'r‘ies.r -Ourr xnotiviatien rf'o'rr studying
' f.he" determinante of demand f or. cars and gasoline is one of the many poeeible'onesi' we '
want te-rkn_o,\_&r the:ez-ctent',to v»hxch 'denla'nc.i-f or.,r'polrlntiné goods and’ services is Sensitrive'
- to "prfic_:es and int_mme ,de\_r'elopmentsr.r, | ‘The study and rits' results, nowevexf, -should be of -
'rnere general intebeét. It mayr be ot‘ ; int.erest | f rom tne point ef ,viewrr of anapphed ,
l-ecdnnmetrician - ueing s_onxe new teehniquesr and d’ata to | examine an olrd,.prroblex'n with
real—ﬁorld data, ., eenstraint_s- -~ It may alrsor be of interest' to ,tnose interesrtedr in
" demand for cars and gasoline, e'ither because. theyrmay_ find good ideas r'o'n how to stndy -
thetep.ic, or because they :rnay find use for our actual results. |
" Our reSearch pro jrec'tr ronr the _economics of - pouu'tion contr;_ol- | ppiicies in 7' o
X dcveleéing _countries rhas'- emnhaeiaed t&o' major lines of inquiry that has caused our
inferesi:' in the demand for pellnting geods and eervices.1 '

One 15 that a potential, ,Ieast, cost ,progranx ca.n deliverr nollntion reductions
eithen ny rmakingr'each' actijrityl "cleaner” per unit of _input or output [_illtistratively,'
we may call this eleaner carsr and f uels. or technieal controls), ror' by 'ecaling doﬁ
'_the level- of polluﬁng aetiviﬁes (we uiay call this rt' ewen 'polluting'r trripsr)._' Such a"
least cost prografn could, tneoretically | at least, 7- ‘be induced by fu'st best
' insfruments such as tradeabie emisrsion pernﬁte or remriseion taxes, ) bas_ed on monitoring =
-.of 'individual emiésidns. If such pnograms ‘had been in place, then one could &Btimate 7,
the emission reductions provxded at dxf ferent tax rates ‘at least in reduced form,

and perhaps even recover the relative roles of cleaner trxps and fewer: tnps. vaen '

I Halvorsen and Ruby (1981), and Freeman (1982) present broader treatments of the
costs and benefits of air pollution control. Harrison (1975) covers the same field,
with an emphasis on vehtcular emissions, and the dxstnbutlon across households ot‘
costs and benefits. : : :
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_ that such pmgraﬁlé are t_iot in place, rho\;vever," ‘one néed§ to grorr the indirect route of 7
i:sf.imati_ng the Vcos_ts at which 'emissi'on red-uct,ions can be’ 'provided. through trip -
:rz_adl'lrctiﬁns and | iechnical 'co'ﬁtfols réspeétively, '_Slruch' _estiméte cah thelrlrr-be us'eﬁ, 't'ro
estimate both the ~control 'cdsts t‘ or - potential 'leas_tr ﬁost prbgraﬁxs’. ) and-- ther éxcégssivé 1
-rrc_dsts'_a.é.sbtr:iatercl' with programs. that do':: not combine 'optimaily_ the varioxis ”@vays by
'whic_h émission r'educ':tionsfcari;berprovidéd.- - | | |
An;)tﬁex"rrreas'orrx for -irnquiri'nrgr —353U_t thé Vderm'ahd for Vp'orlrlutixrlg gbods aﬁd se'r;vicres ,7

"such as cars and gasoline is our belief that costs of monitoring and enforcement

often. will make the use of first best instruments such as emission taxes difficult or .

impossibie. 7 ‘When that 1s the case, thé. poli'cy rﬁaker may'-nee& to evéluate ,tlrfx'ervarioursr'
7 ways 't':iy._ which eﬁﬁssioh .reductions can be. prbvide_d, in ,rorder"' to rstim-ulatef them

rseparlrafelyz For mstance f or cars and trlps wé may thmk of fees ror; sanctions
assocxated thh m.mal and penodlc tests of emxssxon f actors as stunulatmg car:,'
: "rand fuels to be c_lea.ner, whhe gasohne , and road rtaxes,- mas$ transport, poho_::ze;r and
rrparr'king fees are used to manage démaﬁd f of' pc)llt_xting urbap'tr;anspért.:; o

Perhaps f of rhany reaéorés-'theré'- is a rich bé&y of econometric strudie'sr of demand
- on vehicles and f ﬁels-' , -Generé.l - studiés of demé._rid “for energy, and rspecif ic fuels

é.rhdng them, blpormed in the yeé.rs follov;ring the first oil ,pri-ce shock in 1973, wher'lr

< In Eskeland and Jimenez (1992)' “this point is elaborated in their d15tmct10nr
between direct instruments (based on monitoring of individual emissions) and indirect
instruments (based on indicators of emissions, such as the characteristics of cars

--and other machinery as a proxies for dlrtmess and fuel use or. other measures as .

5{‘0)(185 for throughput).
The case for cleaner cars and fewer - tnps is exammed in detail in Eskeland (1993)
and Eskeland (1992). A program optimally combmmg instruments economizing on trips

"~ ~and making cars and fuels cleaner was found to cost 65 million dollars more per year,

if the demand management instrument, a gasoline tax, was excluded, in favor of more.
aggressive technical controls. Since the 65 million dollar estimate was based in a
_ more conservative price elastlcxty estimate than found in this study, we may 'now
conclude that the costs of excluding demand management is higher.

Hau (1992 a and b), and Newbery et al. (1988) discuss charging road users, but
to discourage road damage and congesnon, rather than pollution. McConnell and
Harrington (1992), Hahn (1993), Anderson (1990), Faiz et al. (1990) are examples of
detailed studies of technical control options and costs. =~ = : -
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.importing- rnationsr— became concerned - about their vulnerability to disruptions- in
imports 'and/or " price increases. The costs ‘to ‘an importing nation f acing - exogenous o
price  shock’ wxll “be hxgher the lower is the price -elasticity. of demand for 'Vther'

7' commodlty in rquestxon. Among studxes f ocusmg on ‘demand £ or energy, Fuss’ 1975 study '

- of- energy use in Canadxan manuf: acturmg and Pmdyck's book "The structure of world

energy detnan probably are the most nnportant Fuss f' or demonstratmg methodologlcal, _
"breakthroughs concermng ' mter-l' uel subsntutlon' and Pmdyckr f or a Vbroad mqn_xry_, '
based on data from many countnes, mcludmg developlng countries. |
Pmdyck pomts out that there 7 are. reasons to beheve ~that previoue, results-
based on the studies of developed countries 7 should not be- generalized to' deireloping
_countries.rr It is con jecturedr 't:hatr, "as rincomes"—ri-se. adchtlona.l expendltures are not
: allocated proportxonally to larger homes or to more heat or- hght in ex1st1ng homes™;
'f.heref ore, lower mcome ‘countries should have hlgher income - elast1c1t1es "In the '
. same vain,r at low Vincome levels,' 'mo'st energy use 'is a- necessity, 'whereas at I'ugh
- income lerela; - ‘energy -use V'V'be'rcomes more ,discretionary, g allovring : f or greater
eubsl:ltution, away f romr eneréy in B przces rise";' tlleref ore, . lower -income 'ooomr:ries"'_"'
B shoold have lcwer price elasticities. - | |
o pindyclc eonlpares rresulte he ootainsr f rom - a dereloping countrj sub sarnple
 (Mexico and Brazil)' yvith those f rorn rdeverloped countrfiesr,'r and finds the resull:s to be
eonsistent wlth his | expectationsr of lower price elasticities' and  higher | mcome
elasticities for gasohne- "The estimated price elastlcxty of demand is ) -55 as
compared to the estimate of' about -1.3 obtamed f or the developed countnes "__"the
Vxncome elastlcxty is 1.22 as compared to .8 or the developed countries” - Comparmg",
hlS' resuits wrth those of many 'others., w1thr lower e_lasnon:les, he concludes that
r(their) "use of data for a' single l'c,ountry - is 'more likely to elicit —short— or

intermediate-run elasticities” (page 233).



: Anpthe;"'. ‘.'noﬁ- entirgly indepéndent dervel_oprhrent': r'of rthe 19,'70s7 wg§ feéulatpry
¢hange$ to énha.nce enrvironmenrt'al qual,ity énd f uei éff iciency. With r'relevarrxce' fbb, ouf
_"tépic; fhésg develbpménts gave ,emrph:—xrsris,r io the zélistinéfionr—bétween f ue'lr eff iciency,
Vnrlea'surrt_:d V'fdr ,instanéé by Virit;:rs','_ consumed Vrper, kilqmetér‘ ;derrvehicler 'kirlomert'rers ,.
—tfajiéiéd byr" the a‘}erfage ) hﬁjiﬁehpldi’ | reransk'i 7(1'98'3)7 proposed an cléganf. : Vn-lordelr df
7_ vehicle scrapp'ag-er,:, and rBerc'ove'ci '(1985)7 es'timafed .é. 7 modei of”- vretrliélér déménd_ by type
_Vincludring' such a r'rscrapp;age model. Usmg -tpis r,rn'odel, _he cb,u]dI estir;xate,- thé’ _likt;-.-lyr
ef f éct- of - véhicle regﬁlatipnﬁ _andr f-the asrsorcriétedrfpricie' iﬁéreases for hew vehric:les,' bn:
the ttifnover and properties of threr Vverhi'c:le' stock. - rBroaderrrrstudies:'of ‘the ﬁel;avior of | o
rauto -ownersrhipr 'and usé,' ‘are found in, intér' aiia, Winstén ét’ al; ' (_1937),-_ CraﬁdalL et
ai. (1986), Ingram :ét al. (719‘757) ‘and Grad et .;:11_.7_ (1975). General eqﬁilibriuxﬁ'
_treaﬁﬁents of trhe, ef fects of énergy priée -increasés and envirﬁnﬁxéntai "regulations;
with less emphASiS on trar’lsportationr randr a particular fuel, éfe ifopmd' iﬁ —Jorgernsr.bnrr
‘and Wil'conrcen (1990), and rin"_Hrazilla and 'Kopp (1990). | | | .

There is also a -literature of empirical studies based on discrete choice -

‘models and micro-data, emphasizing the 'sen'sitivity of mode choice for individual

trips to, inter-alia, priéing and 'rtr'avel ”times (see,- T or instance;-- Berf—Akivé and
Lerman (198S)). Results from this literatﬁff; are nof generally compérébljc to thbse
rf rom aggregaté data — oné of - the ,mostr obvious .reasoﬁs for this is that Vtherrlﬁode— o
: choicé mpdels _usually ,ar_ssu'me many variables as éivén in the éutsét ,(résidentiaﬁJ
lqcation, wdfk—bléce, lbcation, 7 car :ownership). Due to trheser and other mportant
differences bétWeen' the' twor empirical bodies of literature, one should not be
7 'sux-prisedr that estimateé éf -such - parameters as the elasticity of car use to car
operating costs will dsuallj' be muchrlower. in these models than in aggregate modéls.'

| Two recent révievbsr th'atr higalight f° mdmgs ‘in empirical mbdgls are Oum, Wa;éré a
and Young (1990) and Krupniék (71992].7 : Anotherr féc_ent ‘study ;with 'poth a reyieiw ;cr:f :

4.



results and rexrnpirical gstimates is Sterner (1990). Sterner (1990) surveys. close to a
hundred different papers with. 360 different _estimated demand,' equations, and re-
estimates the modelrs_-using a larger data base than those used in the studies he

summarizes. He 'points to dif fer'ent:es in results “that may be seen -as discouraging, S

but concludes that there is consnstency in the results and ‘that- demand does adapt to -

rr'changes in both mcome ‘and pmces : F or OECD couptnesr the sl_.;t't run elastxcxtles
ftom_ thf; dynamic modcl_s "appear to be :arourrlrd'-,(r)'.Z to fO.Ja_’nd 0.357_ to 0.55 .fbr prgce
_ and'r'iuéomg"Vrespc-activély“. _ The lonrrgf;r'un 'elasticitiéa were around' '7—1.70 ,to'i -1.4, and
_0;6 to- 1.6 f or pribé, and th;come. respectiVe[fQ "For-'OECD u0untriés. thé results, on
pmce elastxcxtxes are rconmstent vm.h those obtained by Pmdyck but the W1de range
rf or income elasticities cast a doubt on the claim that they should be systemancally
higher 1 or develdpmg countrxesr.r |

df special intereét_' is,- of coursre,rr Berudtﬁ and Bbtero '(1§875).' who obtain
' elasticities for Mexico that are much ;io*ser to rrrthrose reported  for rdgveldp'ed.
_ countries in Sterner.% They present estimates from Méiticb of a lupdel 'df .vehicle
stock a_djustmenté 1 aud gasoline demand. thus vefy sumlar to the ob jebtive of out"
study. -'I'hey utiliz'er a pooied cross-sectidn timé St:ries data sdt ,-and ust: the dynamlc
gasoline " demand model discussed in Drollas (1984).7 For. ther dhort t'un, ' t_h_ey find -
-0.23 f qr' price elasticity’ and 0.31 for idcome ,elasticity.r ' Long runrrprircgr and rir_lcomc, '
- elast'icitiesthey find are -0.96 and 1.25 respectively.

There are several key issues that Berndt and Botero dor not address.r First,
they use pooled cross-sectmn time semes data, aggregated ‘to 14 regions; hbtwever,

they 'do not consider p0551b1e differences between these regions, like geography and .

- % The higher income elasticity for - residential electricity demand in Mexico is
‘explored by Berndt and Samaniego (1984). They point out that once the increase in
demand for electricity do to . increase in accessibility is taken into account, the
remaining demand behaves similar to electricity demand in industrialized countries.
Our study goes in the same direction for gasoline, dxstmguxshmg demand grven the
number of cars from the determinants of car ownershlp .



infrastructure. Orhission ,f;or possible diff erences between regions méy leéd ,tro:- biased - '
and jnconsistent _'reéult".'-:. - Séicond., 'tt-.ey' dd, nqtr' 'rr.estr Qheﬁhér the ,dyna.micsi are
adequately taken. intorr act:dunt.’r - VIn rrconsequen(:e. 7 the-r"e', could rstirllr be i_xrnrporfan't'
dyhamiéé left as residuals in theixj ,n_iode'l. Thi;‘d. they ,Vdornot consider Vther: ,Effegt. of
,g.agoline brices -on new car sales. This resulfs in thé _' omiésion of the rinrdirec‘.t
ef fecrt' Vof : gasoli,né' prices “on gésbl’ine 7' E:onShmption. thus ignofeé ' an : eml-:irical- ef f ect
of ';"Li-xtrérest; in,'policy,. o 7 7 .7 o
|  We address thés'e.ahd other issues that arise 'due:_-tror ‘the nature of the d:a-f;hj.r
- We utilize a rpé)oled c'r'orss-s_ectironr timé | s’efies da;a Set with 'a;nnual ObServations from
t'he-r 31 r'stiates' and ‘the f ederal district -in the Mexican Fedexfat'ibn. 'V_We 7'.srolie'
“unobservability ' proble.m' of the state specif’ ic éff' ects by Vdif' f eregciﬁg the r'da,ta.. We
expliéit}y fa.ke. info raccounrt ﬁhe; 7 'pdssiblé, dynamics m behaviors by fincbrporéﬁng it.' -
into ther modél, and by testing the residuals. - ﬁ'e ‘also déal with measurement ,eﬁor
,-rproblems, Vsﬁecif ic;allyr in'starttc—widéVGDP,'wrby using instruménfél variablé Ves'tirmation.", 7 |

: Se_ctio-n I1 -introducéé the : ecoﬁomic inodel,'- cand III _' pfééents djnamicé ahd the k '
rélatioﬁship between short and long run.. rrelastic'ities- - IV, rand V discuss datzi and
ccohometric :issues, _respectively, and VI _present§ empirical f indings. Summary é.nd

conclusions are found in a brief section VII.



: II Eéonofnic' rMﬁdel
" We start With ‘the Videntirty -;hat rther total 'Vg;as'oiline ,co;iéurﬁption “in Mexicd is
equai to the average consumpfion times the total number qf vgﬁiclgs; _fpr "each rsfat'er
“and time beriod:r | |
7 7 _ Git?':‘ Citsit : - 7,(1:) 7 .
where. G, is ‘the total rgasolin'e cbnsumption, Ci't' is Vtrh'er tota; consqmptiqn'd'iv,ided by
Vther number ‘of vet_xiclgsr. and Sii is the stock of V\iehic':le's _'(numt_)é'r: of E:a_'ré)'.‘ at_r time t,

for- state i.

‘There are two reasons for usi'ngr,this' form. _Firsi, this 'decomposition lets us - -

analyze the role df the car stock and the average ﬁtiﬁzation rate -s_eparaftély. We
have in mind a model in which there r‘is ‘a f ixed cost of haviﬁg a car r'availablér,r
‘associated with car prices, and a variable ptiliiat-ioh cost, associated with gasolihe-
-pfiéés. _V In such a 'r_ncrzcrlel,: gasbline-consufnption as_we'llr ';as car ane.r'ship' will depend
on cﬁr' prices, g;soline pricés and income.> | |

" Second, this form lets “us caléqlate the price and ‘income elasticirt'ieér Lfasily.
Elementary rcralrculart'ions show ' tﬁat : &e ,g_asqline price elasticity rof ~ consumption is tlr'nér ,
sum of price' glasticities for per car consumprtirori' and total number of c#rs: .

=n_+n :  (2_) ,

where, .ﬁt i; _"ther | ga.-solirie pfice elasticity of tbtal _bonsumbtioﬁ. n, is tﬁe,rrgasrolinre
pr"i(:er elasticity of gas: consumptioq rper' car, -and ng is the gasqliqe price elastigity_
of- car stock. | | | |

Nesct; we turn to modeling reach; .comporient. of 'rthis identity. First,r we model
7, gasdliﬂe 7' consﬁniptioh per vehicle, for Va, éiven rnumrber of | vehicrles.r 7' ,Wer ,éssmiie a

representative consumer with a utility function seperable in services rendered by a

S Throughout, we shall work with three market goods and their prices; gasoline, cars -

and other goods and services. We normalize each price by the price of other goods

and services, thus reducing the analysis to two prices only. ' :
, _ 7



q:a_f _and fothei‘ ~ goods 'andr ‘services.  We rass.ux"rnc_ the 'sériices rfrqrrn fhé car - are -
~ proportional td gasoline usage. Infadd.ition tb : prices and inéome; 'there may ber
diff grénées betweén states' llke geograpmes and inf rastructure that aff ect gasohner
cénéuﬁlption. 'I'hese addmonal ef fects are not observable to us, but we can summanze_'

"them m a state spec1f ic vamable, o i that s consta.m: thr'ough out years but vax'les'

across states. We also mcorporate hal:nt pers1stence by con51dermg the lagged S

' Iirali:éé of _rt'h'er dependent ?ariable, 7 and write ‘the Vconsumptiqn, f unctiqn inr the 'following'
"Vformzrjr | | | | | : | |
| c, = (€, GASPR Y m.,e) @

rwrhere. GASF'R,C is the gasoline -pr1<.‘e. Yit is. iﬁc-:orme',” éit-l is the . ve'ctozr‘:'of 'pa_'s_tr
rcénsump'tion rafés, @, is a scélar that allqwsr fbrr ;he 7' isftate specif 1c charx'-acter.irsj:i'cs.r ,
e is the rv.ec;rtbr, of paré.metérs diéta;éd_ by - the functional :f orm, and K (,-7)_ is. the °

function imblied by—thg f itst ortr-derrconditipns.e' 7

Second, we model the car stock. We assume that there is an optimal car stock
level for each state. Consumers in each state would calculate hdwr much car services
‘they want, given the prices and. their incomes.  As relevant prices for this rcho'ice,'

they consider car prices and gasoline prices. The reason why we include gasoline

 © Note that we assume that car prices do not effect gasoline consumption per car. To
examine this assumption ian detail, assume that consumptxon per car is average fuel-
efficiency of the car stock times the average miles driven: - , : .
C = e*t(I,CARPR,GASPR} , :
where, e is the overall stock fuel-effi iciency rate and t is ‘miles drxven. Then we. -
can decompose the change in utilization rate into two, one dus to change in
. efficiency, the other, due to change in number of trips made: , '
: 8C/3CARPR = (3e/dCARPR)"t + (9t/3CARPR)*e

Change in average f uel-efficiency due to an increase in car prices should be zero or
negative since less old cars will be scrapped and fewer new purchased. A nice piece
of evidence to this effect is found in Kahn (1986). On the other hand, car prices
will reduce or have no effect on number of cars in’ the ‘'stock, and this in turn will,

if anything, increase the trips taken by each car. Our - assumptlon that gasoline

consumption per car is independent of car pmces thus amounts to: assummg the sum of -
these two effects equal Zero.



prices is that we “believe consumers d_g rtéker into raccr:dunt the ma;'ginal cost of nmnlng
a c;ar in their purchasiné decisions. Thej maryr célculaﬁe tl"xe" tofal disco:unt_ed- c@éﬁ of
' gésoliné coﬂsumption ihto 'the car’ —price. 7 'ﬂus implies ':th.hart' aé' gé.sblir;e’ ﬁrices,
increase, - we should expect a decrease in the car stock : jHo_wevér, ,if néw caré arrer
rmor‘e f uelr ef f ;cxept, then new car salgs ‘might Vmcrea.se as -gésolmé prices"r'increase;'r -
' 'V'Consid'erin'g 7 bofh :argur.nents:. we do not know a 'priori' "whit:lru 'directibn 'tlie gas prices
may af’ fect car.stock. - | |

- We can summarize thgs_é in the f,ollbwing, optimal rsfcick level equation:7

| 'S;t- = s(CARPR;C,GASPRt,rYi-tV,a'L.;EV) 7' . (4‘) |

where'r S: is thg optimél cgr stock level, Y 1s ‘the mcome 1evel CARPR 157 a pricé
Vi-ndexrr for new cars, ai is. rla 'sc-alarr: 1 of “each state, representing sta‘te specific
characteristics, § is a ve_;tor 'o.f uhknown parémetéfs. |

If there are ,radjustmentf costs  in the car stock, Vt'he car stock-mlay deviate from
tﬁe rop'tir-nal rrstoc-k.r -To , 'allorw fof trhiéfrp-dssibilit'y, we . detr:omposer the current éctual, :
_c#r stock into the depreciated car stdckr that rerﬁained T rﬁm '_the prefribus jear a.nd tﬁe
new car pufchasés:_ , |

| Spp = W3Sy + L '7 | )
wherg, .St is the stock of | ;:ars'. 'It is f th§ newr car pprchasgs.- and 3 is- the -
deprecxatmn factor. | 7
~For deprec1anonr we shall con51der two alternanves. ' 'Iffu; first one -is the

'c'onstar.nt deprecxatxon rate ,that' does not change across the states or thréugh out the

years." Wlule this is a commonly used assumptxon, we beheve it should be tested. It

~can be argued that the higher the new car prxces. the hxgher the value of the used

7 The optimal stock decision depends on the expected value of the service flow, and
the costs of holding the car for one period (where a "period" should be long enough
that the transaction costs are not overwhelmmg) "The relationship between holding
costs and car prices may not be one to one, SO our estnnate ot‘ aSt/BCARPRt is a
reduced form estimate. :
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cars would be. and the less the number of cérsr that would quahf y to be scrapped. “An
Velegant model is given by Manski (1980) and applxed successfully to the US market'byr
Berkovec (1985].— o In a_ddltmn. as gas px;Lces -g0 up, if older cars “have ioWer f qel
eff iéieﬁéj. rscrtappager should : anrease._'_ : Smular . _reaéoning goes. ', f <-3r, an mcome
increase: fche- highelr-, incomes a.re; the .lerssr' thef ,\;rould be williﬁg to Vusé, and repaif
old 7 cars. We mz-_ay: test a ,rmddrelr lelowirig tﬁe deﬁfeéiétion-'rate Vto' debend on these
f a&tﬁrs: - _ 77 , |
IR 3;; = dICARPR.GASPR,.Y; ] e |

where d(-) stands f or the fuhé,tional form for the deﬁrgt:iation,ra.tef

- The: second cbmponght in 'equatioﬁ (5); new car Vplrn'char_s'es, shduid be a function of
the optimal car stock.,- Higher incomes, or lower car prices would ii_:creasé the
optirriﬂ car Sfock whi;:h in turn wﬁuld increase l-leﬁ_-car sales. | | | |

But 'thére 1s also a méchénisﬁx through which newr car - purchases dt:penﬁ on the car 7
'stockr' f i‘om ) the previous Vyearr'.' If a 'partiai . ad-justzpent 7' model is assumed, this L
depéndenée ;avou'lrdr be ref lected 'in_tﬁe Vadjustr-né'nt 'fact_t-;r'.'rwhi:ch d&scribes the exient té
'ru_rhich a diff érénce betweén the optimal 'stock and. the Vprexrrious ‘year stock is clos?;d
: withi'nr a jeér.s A linéar part1a1 adjusunénf modél implies a negative, close fo umty
srelationshjp between the new car purchases and the prévious ' year Vs'tock,_ siﬁxﬁly E
because the hew car pu'rchasés are equal to a giier;- f) ractioﬁ the optimal,sto?:k,, less
whatever remamsr f rom the previous year. 7 Howéverr ;Pindyck [19‘79) and Bemdt and

Botero (1985] have found evidence aga.mst these models- therefore we are not gomg to_

S The simple stock adjustment model assumes that,; each - peried, consnmers, buy new
vehicles to- close some fraction of the gap -between the optimal stock and the -
deprecxated stock from previous year:

t - (;fs)st_ "T(S - 7(17-6)St_i) - 0 = 7, s L
s oo
| = (s, - (1-8)S ) |
where It is the new car purchases, St is the optimal stock, & is the depr:eci_ation

‘factor, and ¥ is the ad justment factor.
o e e 0



restrict the functional form to strict linear partial ad justment model.
A less restrictive stock ad jusimeht model is allowed ' by the following
formulation:
L. = I(Sit'sitFi'ai:v) -  (7)7

where 7 is the parameter {rectorf.' and i(-) indicates the functional form.

~ Several caveats are in order. First, we should rtramphﬁsizé that we assume that
V'Vgasoli'ne ,px;'ices . z_md car prices are exogenously determined. A_pa;rrt from believing
these assumption§ are plaﬁsible, iesting' them woulrd' require " more supply rrsidre'
iﬁf ormation, and is outsidé the scope of this study. | |

-Second, we a#sume that gas consumptxon per car is independent of the number of
cars. It can -be argued that in metropohta.n areas, if road space does not mcreas;e
'commensufatgly', with the, mm_1ber of cars, traff ic conéestion may increase. | 'I'hls in
tufn would _"increase' : gasﬁline -consurmptionfr ‘per Vmile,r and pérhaps élsb réduce miles'
trave_:led; ‘At a different ﬁeiﬁ, it can ‘also be argued thart:' number of -.cars may be
increasing becaﬁse houSeholdé buir ) ,their 'second, or third car. ~ This will on average :
reduce the gasohne consumptxon per car if the total usage -1s less tha.n pmpornonal
to the number of cars. We behevn that the net effect of‘ these on the questxons we
are lookmg at are neghgxble, especxally ngen that we look at the whole . natmn not
only the metropohtan areas, and that on.ly f ew f am1hes ha.ve more - than one czr in
Mexico. ,Never—the—less, it is an mterestmg questmn that needs further analy515 ,7 7
with household Vlevelrdarta.' |

Tturd since wer are using aggregate data ét “the state -levei in this study, rwe :

‘are not decomposiﬁg the source bf' heter‘ogeneity in the consumption and invstment

behavior into .individual' level. We cha.racterlze each state by a state specific

unobserved vamable that does not change through time, and its income. But we are
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ﬁnable to analyze phenomena such as the importance ‘of  variation of within state
income distributien. l_lou'sehold- size, age distribufibn, etc. |
Foerth, wt'1en -Vaésurming, 'eeparability betweernr car servicee and  other 'censumpt'ion.
- we de not consider pareicular ,chenges in : pr',ice:S' amdng other goods and services, such
E as changes in the -availability or prxce of alternatlve transportatxon modes.. A
substantial change rm publxc rtransportatmn ,capacxty a.nd pnce would I1kely change -
the pattern of new car purchases arId average ga_soﬁne cohsumpeion in a I:Iarticu.lar.
way, bu-tr is ohly Vcalr:otured through its effect on the' overall price of other rgoods and
services in our .medel_ Cbnsider for example a decrease in ‘the prxce of pubhc U
transportaUOn coupled w:Lh a capaexty increase. Consumers who - marglnally dec1de to'
own and use a car would pref er to use publu: transportatlon. and the dema.nd curve for
'rcar services ,would shlf t mwards. -In consequence, the average income of - th_e people
Vwrho heve cars wquld g0 up. [f‘ such an- incidenoe oc_&:ufred. OLII‘ anelysie would onIy
Vrcraprture' the rf act tbat the incomes at which cars are bought. was shif ted upward, and
7 .the -cross price effect rto these éoods and services was eubstantial. In consequeno_e,:
our r_est'imatesr i woﬁld be too low for income eIastieity and too high 'for priee 77
elasticity, compared t;.o_ ‘a - model 'identif ying the prices and quantities o_f alternative

modes.?

III. Dynaxmcs. Short Run and Long Run Elasticities

We assume constant income and price elasr.xcnues -.of gasolme consumpnon and
investment m cars by 'estimating functions linear in logarxthms-r, - Also, we
differentiate betﬁeen_ rthe short run and -fhe long run ela.éticitiesr by f brmuIating the

equations in @ dynamic form. This is done by including lagged dependent variables as

% The opposite would be true, of course, if price changes of other goods and services
occurred predominantly among goods and semces of little relevance to. car and -
gasohne demand. - ,

12



explanatory variabls.

From the ¢onsump_tion behavior def ined in equation (3) we obtain the fqllowing'

utilization equation (or gasoline consumption per car):
. ,

InC;, = B + @ + ) BilnCy ; + 8 InGASPR, + B ln¥;, + & (8)

- where Vcit ‘is gasoline consumpti'on,r GASPRt is the -gasorl'inerrpr-ic':e, Yit'is in(:orhe, Lis
the appropriate lag length, ai are the : ind.ividual star.ter eff ccts. and eii is ihe
idiosyncratic ‘error term that is assumed to be uncorrelated through time and across
'statF’—S- The pa.!rame-térs 6 and o, can rbe, interpreted as shqrt run brice and income -
' elas;ci;:itiés ‘Tespectively. |

' S:imilarly,r we assume that-,thg invéét’ment équation and the optixﬂal ‘stock equation
|- are’ liﬁear '-in the logarithin rot‘ their arguments. After : substituting, eguatioﬁ' (4)7 ihfo

(7), we obtain the investment equation fi or new car purchases:

k
I, =7 * & * ):?im.[it—i * ¢ InCARPR,

o i=l ' : -

lnGASPR + gglnY; + g, IuS; 9

3 - g {8 1

' f_w'he':re [i is the investment var-able CARPR is the car pnce mdex k is the
- appropriate lag leng_th. ¢i are the mchndual ,state' effects, and Vit 7, is the
idiosyncraticr ‘error term that ‘is uncorrelat’edr through time and across states.
Arguments similar to those for the utilization ‘equation (8) follow here too. 'Tﬁe

paramete;-s P Py and ¢ are inferpreted- as short run price and ,ilr:lcomér elasticities

- for new car sales.

While short run elasticities for gasoline consumption -per car are readily . seen
as the coeff icients of the' price and income variables, the long run elasticities have

- to be calculated from the dynamics of the utilization rcqua'tion., We ,rcalculate the -
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iinﬁlied long run elastiéities f 6;* gaso;me' consumption perrr car by rrsolvix-xg the
diff erehcer eqixaﬁons cigf ined by setting the errors to zero. |

I 1s rrtri;:l-ci'exr‘r to calcxilaie the elasficiti&s for rthe car stock. For the shbr‘t
‘run, tae relasrticities are the pricé ahd; income elacticiti-esr of invesﬁnent 7 tunes the
ratio of mvestment to car stoc:k.l:0 ,7 In the long run, st.ocks should be equa.l to the
desu‘edr stpck Vlgve,l S" and 1o stable incomes, mvestmem: should be equal to
depreéiation. 'Thgreforé. the long run- elastlc:.tles for the car stock are gqual to :
7_ the investment- "elasticities times the depre'trzria'tionr f actof- - Long' run rrinve-stment
elasticifies of cburse. like gasoline consumptxon perr car, have to be ca.lculated by -
'solvmg the dif f erence equanon def ined by the investment equatmn-

I-‘rom these elastlcxues we can calculate the elasncxnes for total gasorlmer
conSumptién; Jue to the 1dem:11:y in equatmn (1] the natural loganthm of total gas
' cpnsumption is equal to the sum of natural logarithms of per car tonsumption and car
st'o<r:k.r Theref ofe, the elasticities t‘ or total gas cohsumption is the 'a-.ddition rofr .

elasticities for consumption and the car stock.

IV. Data

‘The data is coliéctgd across 3l staté;s and the f ederal rdi'strict in Mexico _frbfn |
1982 through 1988-_-7 | - | o
" The disé'gg;‘ega;ted data on income is .obtained from f.scudero and Rivas (1989).
-National income data is avajlable— é.nnually;’ however disaggi‘egated ‘income for cachr
‘state is published only every fifth year. Escudero and Rirvasr (1989} use the Chow and

. Lin (1971) method to model income lé;vels by state f or the years not published. -

10 The reason for this is the lack of a dxrect stock equation that depends on prlccs
and income. = However, we can derive the required elasticities by manipulating the
investment equation. - Today’s stock is equivalent to today’s investment plus last

year’s depreciated. stock. Therefore, one percentage increase in investment -implies . -

an increase in stock that is equal to one percentage tmes the ratlo of mvestment to

stock.
14



Gasplrine . censumption ' cit afe 7 caieulated - by dividing the | tpia.l @11ne
consﬁmpﬁbﬁ for each state by the corresponding number of 7 vehiclesr in s;oek frern
vehicle registre.tioh dé.ta, ,Bureau of Statistics. Throughout thxs study, only cars
are co:isidered- The gasoiihe pfiee VG'ASPR is the pf'ice of "nofra.", andr does not
- include "extra” or chesel 1 All gquantity varxables are chvxded by the correspondmg'
' populatmn numbers

New car - sa.les is from the association of 7 automobile manuf acturers, thichr
publishes sales by state. Impdrts' are negﬁgible. B

Whenever an— ln precedes a varxable na.me, it means that that variable is used

ih rlogarithmic' f orm.

Y. Econometric Issues 7
,' Sinipie applircz-.tidnr of - Ordinary Least Squa:r-es, [OI.S}' écﬂiodr woulri result in -
pér"ameters _that are biased. and inconsistent. - This is due to the eombination of three
~ econometric issues:' i) the 'unobser?vability -'of the state ,epeeif ic rindivi'dualr effects,
i) the dyna.tmc sper:lf 1cat10n that allows" t‘ or hablt persxstence and Iii) measurement'
errors in the data set. - A method that is czpable of - remedymg these three problems
is the rmstrulrnental variable ,(W] estimation methodf Inr the rest of this sectmm we -
discuss these issues and remedies in detail. -
| The f jrst issue is the pdssibilify of individual, unobservable characteristlcs
 that influence a sfete's 'demand ‘for given pﬁdés a.nd _income. | Ideally. variables
reprsentmg th&se characteristics should be mcluded to avoid the omltted varxable
' problem ' A state specﬂ' ic constant is mtroduced to summamze the effect of such
dif" ferencoﬁ between states, to the extent tha.t the charactemsncs do not change over

time. To the extent state char_‘actemstms change over time (in a ,way that is not -

I As of 1988, nova amounted to 99.5% of the gasoline consumption for cars.



.f ully ref lected in changes in income, t‘ of example) oﬁt model is unable to capture

- this. | | |
The second econometric problem is due to the dynamic nature of the modeil2 If

thére is a lagged endo_genpus variable as an ,explanato_ry 'varia.ble, thf;n the variange'
componénts estimator under the ran&oin ~effects mbdelr and the 1east sqﬁares ' dummy
variable esﬁniator undef the f ixea eff. ects model are biased and for ﬁxed time sc_etfiés '
s aléorrinc-oﬁsisrteqt. - |

~ The third issue ié ther errors we have in the income ?variable.- rrEiren if ive assume
that the disaggregaté income figures are correct f or the fear# rthat are publiis'héd,r'
intermediate yeérs -are ronlﬁ' gstima;fes of ther actual figures and théref ore. have errors.
m tﬁem- ' Dure: to '—tl;é' interpol_ation’ @éthddoiogy, the errors are uncorrelafed- across
time and across individuals, “but _nerver—trhe—rl_&és. é.ny error is sufficient to cause ‘the
oLS estimators to be inconsistent. o -

, Wé can éolve' the f irstr pr‘oblem ) by using rthe dif'f erenced’r d_.ata, i.'e.,. by
- redefining the variables to be ché.nges ,;crésg years or b)'rr using the Least Squares
Duthmy Vafriab'ie.r Estimation H.Sij or Covariance Estimation (CV) 'rn'et_hocrism. T we
difference the déta, the individual effects. v&hether they r-are f ixed' or ranrdom,r Qould
cancel Vrout Vbecauser' these eff ects do not ,chﬁpge' over tirne. If th.lS were the only
problem, af terr chf ferencing, OLS rﬁtimatiori niéthod wpuld have given unbiased and
cdnsistent ‘estimates. ,—Horwever,'r having a 7 lagged dependent variable as an cxplanatoryrr'
~ variable or hafring measurement rer'r'ors', rendexr'r OLS, 1SDV and CV ésf.imatioﬁ -methods
invali&“. |

Thé second and the third problems can be solved through the method of

12 For a good exposition, see Hsiac (1986).
" 13 For further details, see Hsiao (1985)
: _14 See Hsiao (1985) ' :
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insfmmenial variab[e 'V(IV) estimators. . .If we f ind _ instruments that are highly, ,
correlated with the exﬁlana;ory variébles!- but -not correlated rwith the errors, we can '
obtain consistent estimates of the coeff iciem-:s, even T ér ﬁanel d'a;.ta with short timé
seriés. | | | |

The instruthents rwe have chosen are lagged values éf "the gasoline consﬁmprtionr ahd
, laggéd values of incofne. Since 'th'ér data is diff érém:ed for eétfmatién, the _se.cornd'
lag of gas consumption will rber correlatéd_ wiﬁh ;he Vlagrged dif fei‘énced gas éonsumption
Vthat' showé ru.p_rras a'.n_ré};:planatory .variable, ‘but 1t v;ill -not be"cdrrelatedr with iﬁe
error term. Simiiarly, the seébn;l lag of income W111 " be C6rfélated with the
differenced rincome- .variablé. but because the measurement errors aré uncorrelated’,r
this ir_;strﬁnient vnu also be uncorrelated with the error term. For Stimatioﬁ, ﬁve
‘used the optimal insthinents in the rserns'e that for time t, we " mcluded* all the secoixd'

lags of the iostruments up to t-2.

V1. Résults

As mentioned, rthe utilization equation is estima'j:ed: bj diff erehcing the data to
- wipe out the fndividuél effects. The lag length is chosen by the first lag tha_i_ does
' ncrntr ha;ve leave se;:ond order serial’ corrélation m the résiduals.  The r&ulfs for thé

utilization equation are:15

15 All the numbers m parenthe515 are the standard errors of the coeffi 1c1ent
estimates. :
Wald test tests for the SLgmf icance of the overall regression.

_ Sargan test has the null hypothesis that there is no specification error,
including the choice of the instruments. The test statistic is distributed x2z under .
the null hypothesis. A Sargan Test Statistic that is too high with respect to the.
degrees of freedom indicates misspecification.

, Robust test. for serial correlation tests for serial correlation in the error
terms. In differenced data, we expect first order serial correlation, tut not second
order serial correlation. This test statistics is distributed standard normal under
the null hypothesis of no serial correlation. A statistic that is greater than 2 in
absalute value indicates serial correlation. . S

: : 17



 InC..= 0.154InC,_ . - 0.137InC
it it-1

it-2
(0.025)  (0.014) , , |
o - '0.785InGASPR_ + 0.822InGDP,_ +e.
t -1t 1t

(0.100) - (0.109)

Wald test of joint significance: 284.82 df—

Sargan Test: 20.61 df=21 .
Robust test for first order serial correlation: -0.969. -
. Robust test for second order serial correlation: -0.003

The t-statistics | obtaiﬁeq' by dividing the coefficients by the standard errors
"iﬁdicaté that - all thé ' coef f icierits are -si.gni'f icantly different from zero at 79.57.
confidérice- Iévél. The significance of - the overall regression is " also ‘conf’ 1rmedby o
,the Wald test statxstzc Sarg_an test accepts the set of rmstrumentsr ﬁsed- in the
estimation, and the robust test for second order serial correlation indicates that
a there is no deteéfable correlation in the 'erfor terrm;r | |

' ' 16

~ The short run énd the implied- long run elasticities a_r_‘er as follows:*

Table 1: Elasticities for Gasoline Consumption per Car

, , Short Run Implied Long Run-
Gasoline Price Elasticity -0.785 | = -0.799
Income Elasticity- | o822 @ | 0.836

-The clbseness of -thé short run and " the long ruh élasticities 'imply -that the
econotmc agents tend to adjust almost f ully thhm a year to changes in price. or in
income. Tmsr may seem counter intuitive, gwen that lagged dependent values are
statistically signifi IC?HL, However, even though*_pasr. values affect current values,
these eff ects cancel each other rout in the long run, since in th¢ Vlong run, the;-e 1s

no past effects.

R The steady-state implied by the model is
. InC = 0.154InC - 0.137InC -0. ‘7851nGA.SPR. + 0.822InGDP.
- When ‘solved for InC, we obtain the long run elasticities in table 1. -
) : : : : 18 : :



- ’I'he long run elast:ici:tj' Ves'tirrnrate'sr ,' are élosé' to ﬁrhat Bérndt aﬂd.-Botéro 711985)7
fmd 7(-0.’9,6", and 7(7)--94'7 respe-ctiveiy)r. 'Héwevér, their , estimaté' of the short run '
'elastici-tiersr fall far short of our estimateﬁ. rIri theif study, they ruse' 'onljr &1: lagrr
of the dependent variable',:-whicrh has a high cdef f ;1cieni. ~In our: study, we shéwed that
the;e, is still cdnsidefabl_e " serial’ correlatibn in thé r;&siduals “that warrant f or a
‘second lagged rdgpe'ndren't vafiapie. 7' Tzrxis', '7 second_ lag brought down the rdif ference

between the long run and the short rﬁn effect.

' The investment equation is also estimated in dif ferences. The results for the

investment equation are:

InL = —0.684InCARPRt+ 0.2811nGASPR_ -
[
(0.0297 (0.113) '
+3.893InGDP,, +0.075lnS, _ + e
: o (0.253) - (0.037) :
Wald test of joint significance: 28381.59 df=4
" Sargan Test: 24.48 df=20 - '

Robust test for first order serial correlation: -1.972
Robust test for second order serial correlation: 0.013

The t-statistics indicate that all the coef ficients except the coeff icieﬁt of ihe
lagged stockr variaﬁie Var'ef siénif‘ icantly different frorﬁ zero at 957 confidence level.
The ) c:pef T iéient of the lagged stoci: variablg is signif icanf a-t 907. gionf idence level.
Similér ta the Vutiliz_ratioﬁ equation, Sargan testr accepfé ihe set of insﬁruments used
in the 'estima_;tidri, and the | robust test for second ordef serial borreiatiori indicate
‘that therer is no detectab}e éorr;élatipn in the error term. |

| For this model, -évenr thbugh dynamics were éllowed in- th1s regressién’, ,rthere'
" are no fagged depéndent vaﬁableﬁ because rrthe robusf. rsrtatisticé indicated that there

were no dynamics detectable in the error terms. -
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The elasticities are as follows:

_ Table 2: Elasticities for New Car Sales

Car Price Elasticity - ~0.684
Gas Price Elasticity | ~ 0.281
. Income Elasticity . 3.893

These Vrésultsr Vcontr'rast '- those of " Berndt ra.nd Botero '(1985)’5 finding that gésqline |
prices ‘do : not effect new rcarr [sa_les,r income r;elasticity :i's unity, and car price
elasticity is -134 We belie‘.fe thé diff erence 1s primarily due to it'he fact th;.t ﬁe
kepf the - gasoliné . prices rrin' thé Vregresrsion a.ndr_' ive took iﬁto 7 arcco'untr possible
dif f érénces betvn_reén states ﬁhich rt'hey ‘amitted. - Thus diff ef'encé ~in car 'purcrhases
between states, th#t theyrhad to relate- t§ ipcorﬁe diff erences between_states,: , ar-'e.' 7 in
our model, to a greérter extént explaiﬁed b;V ther state spécif ic const;.nts'. |

The coeff icieﬁt of the gasoline prices is ptV)sitive.'r This fésu_lt cannot 'ber ruled
out a priori on theofetica.l ,grrourrlds, if we allow for thgr fact Vthat. new cars 'méy be
‘more fuel-efficient. r‘l'he efficiency interpretation dictates that, as : gas ﬁricés go -
‘up, the ga.soliné savings offered by newer cars make them more attractive, so the gas
rprice- elasticities ‘of new ‘cars could be positive. Howéver, we should é;qiéct, that
older cars éfe ei;her s&apped or transferred to ldwér utili-zé.ﬁon' f'ates.

The coefficient of the lagged car stock is positive, and significant. It is

also in line with other st_ﬁdies that use a variation of partial adjustment modell7.

- The stock equation is estimated by imposing 2 unit coeff icient on the 'inves'tmént'

variable and assuming that depreciation factor is the same across', the states and’

- I7 Berndt and Botero (1985), Pihdyck (19,‘79];"
- S , - 20



Ithrohgh out the years. The results for' the stock equat:ionéme:18

S, = 4926 +0.9705, .+ L+ e,
(1583] (0. oos) '

Wald test of joint. sxgmf icance: 13598.8 df—l
"Robust test or first order serial correlation: -0.176
,quust test. for second ropder, serial correlation: -0.969

Tﬁe resuits irriply' that the depreciation' 'raie, (or _scrappargér actually) is _quiterr
lowr at apprbi:irfxately 73777..19_ - This is the; net aeéreciation rat'er' and theref‘o:_‘e* isr. the -
: dépreciatipn thatrrrerf_lainsr after _fepaifs"are dene to the cars. . |

 An alternative siock eqﬁa_tioh is eStimﬁted.’ ralrlowing dépréciation _be a fuﬁdiqn'
of gasolinret prices, car pfices and income. . We perf ormédi é sensitivitj, analysis -and'

chose a quadratic approximation to this unknown function:

' 2
§lt = 60 + 3 lnGASPR + 621n GASPR | 7
|+ 5InCARPR_ + 8,In°CARPR, + aslnGDP + 8. n°GDP,.  (10).
: ‘We ‘assume that this relatxonsmp is exact and subs;xtute into equation (4). The
results are .
Slt 3763 + (l—o )S , Iit +e.
(2138} , '

where,

5, = -20.34 + 16.46InGASPR _+ 16.391n GASPR,

(7.030) (2.938) (2.756)
+ 18.18InCARPR _ - 2.9451:1'20».12?12t - 0.550InGDP,_ + o.ozunZGDPit'

(4.356). ~  (0.706) (02000 (0.008)

Wald test of joint significance: 6592.42 df=7 -
Robust test for first order serial correlation: -0.026 ,
Robust test f or second order serial correlation: -1.844

IgTher unit coefficient is ,rimposed by using St - Iit as the endogenous variable.

19 Similar to Berndt and Botero (1985).
. . 2177 -



The estltaatlou rr-'esults, show . thatr depl'eciation rate :is ‘aff ected slgrlif icantly byr
prices and,r.r income. V'Strong prlce ef f'ects en scrappage,yvere also ,feund_ in Berkovec
(1985). Beth gasuline bt'ices and car urices have the ) expected effectsé as gasoline
prlces go up, on average. people would want to use more - efficient ca.rs. rand scrap the
- old and’ meﬁ‘lcnent cars.' Sxmxlarly, as car prxces 'go up, on average., people would

'buy less new cars, the - pmces and the value of second - hand cars would go up, and thxs'
'would _lead to a deccease m the scrappage rate (as in the theoretical model of’ 7.
: Manski(1983l)- Iacome also has the expected effect on the deprecxatxon rate. | The
-incomes ge up, sctappage— increases. , An lntecestlag ebservation vuhirch may ref lect on-
rpheaorrnena related to inconle distribution ris that the distt'ibution'-of tller irlcrease in
income was such ‘that not only did it lead to mcre new car sales. but also to rg'reater, :
'scrappage of ;Qld_er cars. ' - o
| - The impllecl clepreciati'orl' rate is on average: 4.77. - The rrr'ates arernot"t'estrficted
te be between zero and one, but except the 'rates for 1988. “almost all ot‘ _ :them are
7p051t1ve and close to the average- ' VIVn 1988 “there is ardranr:atic decrease in the, car
: _price index, an thxs pushes the deprecmtlon rate to a regmn on the- quadratlc f‘orm
such 'that Vthe car pmces and depreciation are pos1t1velyr' correlated, . and the
tesultlng rates are _' negative. In 'g_eneral,r V,hovrvever, the results are signif icant, - and

as expected a priori.

We can use rthe results presented abave to calculate the : elasticity of total
gaseline | censumption. - So far, jthe gaSOIMe eensumptioe eiasticities are calculated,
keepingr the car stoclc constant. | Hewe#er tetal. gasellne rconsumation ira.ries not only,_ '
due —'to' chariges in consunptmn per car, but alse due to changes in the car stock.

,Equatlon (1) dlctates that the total elastlcmes can be obtamed by snnple adcht;on -
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of conshmption elasticities and tﬁe stock elasti?:itigs, '

We | calculate the short run stock Velasticities- bjr rﬁultipiying the investment
rrelastic,ities' By ‘,th'e ;averagé rinvesf;ment fo stock 'ratrior.- The_z - short run.-,,income 7
rrelarstricit'y of car stock is calcuiated to be 0.156, VWhichr irs t'hé Vavérage i_nvestme_nt' to
' sf.ock raﬁo 0.04 times.thé, income elasticity of ihvesiment, 773.893.7 The short run car
price elasticity of the car stock is '-0;0257, wrrhichr is the Vcarr price erlasticirtry', of
investment times 0.047.-7 | = |

;i'rie' long run 'é_'lastiéi_tiés of tﬁe car stock - are ' equal to the depreciﬁfion' rate
_ ,;imés ‘the imféstment eilast'icities.r If we Vuse the avérage depréciétibﬁ ra_té that we

robtrained from the -varirable,r depreciation. rs-a.te.' model, then fhe income' elastircityr" turnsr
- out to --rbe 0.183.  Similarly, ,thé : rlorng. run car px‘ricrer—elasticityl of car stdck' is
'-d-029. | |

“Table 3: Elasticities for the Car Stock

, . Short Run | . Long Run.
Car Price Elasticity -0.025 |  -0.029
Income Elasticity = | . 0.156 - : . 0.183

V'I'lr'xer ‘elasticities f or the car stock calcﬁlated rabo.ve:_ eiclud’e thé :‘porssible- changes in
the number of cars that would ‘be rscrappred due to price or inco:rdercha'mgers._ I .wé use
Vt_he fa:iable depreciation @éf ined by Vei:lruation,x(lorl.: Vand use- thé avéraées of - pricés,
and ,incOxﬁe. tﬁf:' gasoline | pric;g éléstiéity of car stbck' be'ccramesr 1.127, | the 'car price
elaéticity of car' ~stock changes by —0.675,'7 and inéome 'elaé.tiéity of wrr stock
7 incre;asé;s by 0.056. 7 'Howerver,r especiailjr —for rprig:e elasticities, the vari#nces alr'é',
vfery'f large and coﬁfidence iﬁte;f;rals ,imr:lude z’erb values. Therefore, we have excluded
fhe effects of scbabpage 'réhangef .du'e to é i:rii:e or 'irncc-xrrxer c:rha:.nrge.r ﬁe net eff ccts
could bg negligible, but if anything, .should be in rthe dir_ection implied by the '
-&epreciation' éé'tima;tion results. | . - B o
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The total elasticities for gasoline consumption can b¢ obtained by adding up_

" elasticities for gasoline consumption per car and elasticities for car stock:

Table 4: Elasticities-f or the Total Gasoline -ConSumption

, _ Short Run . Long Run
Gasoline Price Elasticity | = -0.785 - -0.799.
Car Price Elasticity | -0.025 - -0.029
Income Elasticity 0.978 ~ Lo19

Wé ha'.;rer also identif ied three state'sr that had incomes substaritially higher then
'the résf- We used dummy variabie$ to :diff eréntia.te these states and ‘we a'l'so_r let the '
dummy variables mtera.ct wrth the income and price variables. The results were that
non af the coeff icients of the dummy vamables | were S1gmf xcantly d1fferent from'
zerq. -'I'his implies tha_t ‘there is no 51gmf icant chff erence in 'elastxmnes between
'ther rich s{ates —:;nd the. rresrt.r, We present these results thhout regrnssmn outputs

not to crowd the exposm.on with 1rrelevant matemal 20

~ VIL Summary and Conclusions
Aséuming th’at demﬁndr f or cars and f.héir 'usé isr determined; _predominantlf, 'by
mcome, prmes of veh1c1es f uels and other goods and semces we ﬁave used a data
' set with aggregate data f rom 31 states and the f ederal dlstrxct over 7 years in
Merxzcor to estimate a demand Vmodel. The model, with. optunal stock ad Justments
rc_iispla.ys almost full ad Justment within 2 year, and the price glastxc;ty of total
"gasoline cbnsumpﬁqn is -~.79 in thé short run and -.87:in the long run.. | - '

A long run income elasticity of cne in Mexico is in the same range as tho'ser

20 petails can be obtained f: rom the authors. .



found for. develoj)ed | cétmtriés in mést stqdiesr .' summarized in. Sterr_xer. - The
éla;sticifiés .deviater somewhat f rom t'horser of Pindyck, and Berndt and Qotero rrwho find '-
' rhirghex" long ru_ix income elasticities. | |
The long run pfice ' elas'tricityr turns- ouﬁ 10 be higher tha.n thﬁsé '-found by:
Pindyck, and close to the lo-wer en'd: of thcraserr estirﬁatéd for dévelqbed countries in
'Ste:-'ner. Even though th1s jestimatér is Ib_wef ,thatr the ones f Qunﬁ in Bemdt and
 Botero, the difference is not significant.
7 ' The most iﬂipoftant difference m ferms of Ves;timated pafaméters ﬁiay be ﬁat our
r'model displays Va more rapid adjustment, s§ ;hat our short term élasticitieé ai‘e
higher- We believe we have found Bgﬁef waysi of dealing with rrtherr dynamics in this
ma;-ket, a_md'thus thét éuf ,reéulté may be worth ﬁorfxe' attentidn’. ' | |
- : From a po'l_i#y perspective, on the ottrxerr:hand',r one should be mosr,tlyr ,concex"ne'tri
with ihe long 'térm g’lasticities-r, When 'thesg are rlargre,r as in our éaée. it 1s clear .
' .that' 'pr’i_cring_,m:itférs’r a great déai for &emand. VIri the @s;e of pQUUting goods' and
,sérﬁqes, it s'h_ows' that demgnd 'manégerr-xentfwill _ ber irmportaxit-r in deliveririé ‘emission
7 r_'educ_:tio_h's in a low -c;ost' control prografn'. ' A’nﬁthér wa)_' of stating | this fact is that
" the social costs of adoptiné pri_cing pbiicies ~which do not ref lect .so&ial. costs’
(costs of production and pollution,r for instance), -'wi-ll"-be high,r because' 'fthe
conséqueni behavioral _édjustments will be large.
| B The f act fhaf demand -, is responsive th:iy also be used as inputs in disg:us’si,or} of
"—Vother- dgmand management ”instruménts, such 'as_ rp-afking Tees, subwéy f arés, tolis,
- cordon. pricim;xg, etc. As pbihted out elsewhere, the slope -of‘ the démand- curve caﬁ be
 viewed as an 'expression of ";he costs to consumers of sacrificing 2 marginally
: attrac#ifé trip. Iﬁ thét rconrterxt,r /one, need be _cﬁref ul wifh 7 ,cértain ,ag'gi'egation
issues. The -mo§t,' imf:ort#nt one i;,. pgrhaps.r" the. f act that the él_opg, of the demand
curve that we have 'estim#terdr hére' is an aggregate demand crurvre,r and thus tha_ﬁ tﬁere
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V'arr'e income diﬁtfibu;ion eff ecis assoéiatéd wr_ithr demand managemeﬂt instfumenﬁﬁ. i’hus.
7 thé curve ref lects how trips woﬁld' ‘be sacrificed according. tb ’.villi.ngﬁess to ;rzayr af
dif f éreﬁt— pr_ite : levels, .witt; a self " 'sele;cr.ionr of | tfibs' rbetwe-en households as well as
£ {:;r* ea;:h household.r The incidence among hous?:holds requires analysis of data at the.
~ household level. : Also, 7 !f' :revenue generating. mstruments Vséuch as gasolfﬁe taxes are -
used, 'assumptions need be mader ab’outr how the revenuesr a;-e “used 'or' redistributed. 7
Our rmotivatio'n was to find out whether demand for these goods and services is at all
rresponsive to demand, and the resuits yield | little -s-upport | f or "elasﬁcify,

pessimism”.

26



References

Anderson, Robert. 7(1.990) Reducmg Exmssnons f rom Older Veh1cles. American
- Petroleum Insntute. Washmgton D.C.

,'Arellano M. and S. R. Bond. (1991). "Some Tests of Specification for -Panel Data: B
"Monte Carlo Evidence and an Application to Employment Equauons Review of Economic
Studies, 58 pp 277-297.

Ben—,Aknra, ‘Moshe, and Steven R. Lerman. (1985). Discrete Choice Analysis: Theorx a.nd 7
" Application to Travel Demand. MIT Press: Cambndge Massachusetts- :

Berkovec,r James. (1985). "New Car Sales and Used Car Stocks: A Model of the
Automobile Market.” The Rand Journal of Economxcs vol. 16 no. 2, PP- 195 - 214.

— e ——— —

Be_rndt E. R and G. Botero (1985). Energy Demand In the Transportatmn Sector of
Mexico.” Journal of Development Economxcs, 17 pp. 219-238.

Berndt. E. R. -and R.' Sama.mego-' (1984). "Resulentlal Electricity Demand- in Mexico: A

Mode!l Distinguishing Access from Consumption.” Land Economics pp. 268 - 277.

Chow, G. C. and A. Lin. (1971). "Best Linear Unbiased Interpolation, Distribution and
Extrapolation of Time Semes by Related Series.”" Review of Economics and Statistics,
' vol 33, pp. 372-37S. : , . :

Crandall, Robert W Howard K. Gruenspecht. Theodore E. Keeler and Leeter B. Lave
(1986). Reglatmg the Automoblle. The Brookings Institution.

Drollas. L. P . (1984)- "The Demand for Gasoline: : Fur"ther' Eﬁdence." Energz
Economics, 6, pp- 71-82; : : C : S o

- Escudero, A. P. a.nd I A H Rivas. (1989) "Un Modelo de Desagregacion Geograf ica:
~ 'Estimation del Pib por Entidad Federativa, 1970-1988." Serie de Documentos de-
- Investigacion, Numero }, Instituto Nacional de Estadistica’ Geoggrafia e Informatica.

‘Eskeland, Gunnar S. (1992). "Attacking Air Pollution in Mexico City.” Finance &
Development pp. 28 - 30. S S , , -

(1993). "A Presumptnre Pigouvian Tax on Gasoline: Analysis of an Axr'
Polluuon Control Program for Mexico City." Policy Research Workmg Paper 1076, World
Bank, Washmgtor:, D.C. : } , .

and Emmanuel Jimenez. (1992). "Pohcy Instruments for Pollutxon Control in
Developmg Countries.” m World Bank Research Observer pp. 145 - 169.
Faiz, Asif, Kumares Sinha, Mlchael Walsh and Amiy Varma (1990).  "Automotive Air
Pollution: Issues and Optlons for Developmg Countries.” World Bank Working Paper
,Serles 492 August . ,

o Freeman A Mymck 1. (1982). Air - and Water Pollution Control.' A Benefit-Cost
Assessment. John leey & Sons: New York. -

21



Grad, Frank P. Albert J. Rosenthal, Laurie R. Rockett, James A. Fay, John Heywood, .
~ John F. Kam, Gregory K. Ingram, David Harrison, Jr., Thomas Tietenberg. (1975). The
- Automobile and the Regulation of Its Impact on the Environment. University of
Oklahoma Press: Norman, Oklahoma. S ' -

Hahn, Robert W. (1993). "Choosing Among Fuels and Technologies for Cleaning UP the
Air." American Enterprise Discussion Paper, - American Enterprise Institute, -
Washington, D.C. ' ' , E : :

Halvorsen, Robert, and Michael G. 'Ruby. (1981). Benefit-Cost Ana1y51s of Air-
Pollution Control. D.C. Heath and Company Lexmgton, Massachusetts- '

Hansen. L. P. (1932). “Large Sample Results f; or C-enerallzed Method of Moments
Estimators.” Econometrlca 50 pp. 1029 - 1054.

'Ha.rrisoh, Davxd, Jr. (1975). Who Pavs for Clean Air. Ballinger Pubhshmg Company
Cambridge, Massachusetts. _

‘Hau, Timothy D. (1992a). "Economic Fundamentals of - Road Pricing: A Dxagrammanc
Analysxs Policy Research Workmg Paner 1070, World Bank, Washington, D.C.

. - \1992b]- Congestxon Cha.rgmg Machanisms for Roads: An Evaluation of
Current Practxce. Pohcy Research Workmg Paper 1071 World Bank, Washmgton D.C.

Hazlla Michael and Raymond J. Kopp- (1990). "Socxa.l costs c!‘ ~ environmental
quality regulation: a general ethbrmm analys:s. Journal -of Political Economy,
August, 98 (4), pp. 853-73. ' : , ' ' o :

'Jorgenson, Dale w. and Peter J. Wilcoxen. (1990). "Environmental 'Regulatioti and -
U.S. Economic Growth." Rand Journal of Ecomomics, Vol. 21, No. 2. pp. 314 - 340.

Kahn, James A.. (1986). "Gasoline Prices and the Used Automobile Market: A Rational
Expectatxons Asset Price Approach." The Quart erlv Journal of Economlcs, pp. 323 -
339. S .

Krupmck Alan J.. (1992). "Measuring the Effects of Urban Transporta'.tionr Policies on -
the Environment: A Survey of Models.” Policy Research Working Paper 1030, World Bank,-
Washmgton. D.C. ' : S , :

Mansk:. ‘C... (1983). "Analysis of Equilibrium Automobile Holdings in Israel with
Aggregate Discrete Choice Models.”" Transportation Research B, voll7B, no 5, pp. 73 -
: 389 : : : o ' ,

McConnell, Virginia and Winsto'n Harrington. (1992). "Cost-effectiveness of Enhanced
Motor Vehicles Inspection and Maintenance  Programs.” Discussion Paper QE92-18,
Resources for the Future, Washington, D.C. ' : : ' '

'MacKinnon,' James G. and Russell 'Davidso,n. (1993). Estimation ard Inference in.
Econometrics.. Oxford University Press: New York. ' - '

Newbery, David M., Gordon A. Hughes, William D.O. Paterson, and Esra Bennathan.
(1988). "Road Transport Taxation in Developing Countries: The Design of User Charges
and Taxes f or Tums1a. World ‘Bank Discussion Paper 26 Washmgton D.C.



Oum, Tae H, W.G. Waters, I, and Jong Say Yong. (1990). "A Survey of Recent
Estimates of Price Elasticities of Demand for Transport.” Policy, Planning, and
Research Wo_rkn_lg,Paper 359, World Bank, Washington, D.C.- - '

Pindyck, R.. (19'79). The Structui—e of World Energy Demand. The MIT Press, Cambridge.

Resea.rch Board Stockholm Sweden.

Winston, CLiff ord and Associates; (1987). . Blind Intersection? Policy and the
.Automobile Industry. The Brookings Institution: Washington, D.C. ’ '

- 29



Appendix I 7

EQuation (8 is estimated in_the following rt‘ orm:

: | A_lnci,t; X BAINC,_ . + elmGASPRt + 8,AlnY, + Sit 7' 7(6 )
i=1 | | A

 where, A is the difference operator, e.g., ACi£= (VZi ¢ = Gy The individual
effects, o, : dxsappear  because of differencing. Residual T'&c’tsr ihdimted the
'necesrsit'y, of setting £ = 2; therefore, estimé_tion was dbne by taking the first three

years as initial values. The optimal instrument matrix is

| IaC, 1C, Y, Y, InGASPR, InGASPR, © -- | o
o - 0 , B InC, --+ InY, O -- 0
_ - 0

| © - 0aCy-+ InY; -~ IaGASPRy

The error terms are assumed to be independently distributed across individuals, may -

‘be an MA process across time and can have an arbitrary form of heteroscedasticity.

 We use a Generalized Method of Moments procedure to estimate the model. ~ This
consists of two steps, where in the second step we use the variance-covariance matrix
‘that is &sﬁmated in the first 'step.' For more detail, see Hansen (1982), MacKinn_qn

‘and Davis (1993) and Arellano and Bond (1991).
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