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Evaluating Generic Dairy Advertising Impacts on
Retail, Wholesale, and Farm Milk Markets

Harry M. Kaiser, Olan D. For
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wa Sun

Abstract. This article develops a dyrnamic
econometric model of the national dairy industry to
stmulate the tmpacts of generic advertistng on the
demand for mik and dairy products, farm and
consumer prices, and producer welfare Two adver-
tistng Sscenartos are analyzed (1) a historic sce-
nario, and (2} a pre-National Dairy Promotion and
Research Board (NDPRB) scenarto, where generic
advertising expendilures are held constant at theiwr
quarterly levels during the year prior to the
NDPRB’s inception The results indicate that the
program has been effective in raising farm prices,
increastng daiwry product demand, and reducing
cheese and butter purchases by the Government

Keywords. Generic dairy advertising, dawry indus-
try model, program wmpacts, deiry price support
program

Since 1984, dairy farmers in the mainland United
States have paid mandatory promotion assess-
ments of 15 cents on every 100 pounds of milk
marketed commercially to fund the National Dairy
Promotion and Research Board (NDPRB) Legsla-
tive authority for these assessments, which exceed
$200 million annually, 1s contained i1n the Dairy
and Tobacco Adjustment Act of 1983 To increase
milk and dairy product consumption, the NDPRB
invests 1n generic dairy advertising and promotion,
nutntion research, education, and new product
development

A substantial amount of research on the effective-
ness of generic dairy advertising has been con-
ducted within the past 20 years A report prepared
for the International Dairy Federation summarizes
the results of 47 studies of generic dairy advertis-
g programs (Forker and Kinnucan, 1991) 27 for
fluid malk, 10 for butter, 5 for cheese, 3 for cream,
and 1 for yogurt All of the studies provided some
measure of the market impact of generic
advertising

Methodology and estimation techniques have
evolved to provide more reliable estimates of the
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economuic relationship between sales or consump-
tion and advertising expenditures, while controll-
ing for other demand factors such as own-price,
income level, price of substitutes, and demo-
graphics Early studies with single-equation de-
mand functions estimated for single products and
limited market areas (Kinnucan and Fearon, 1986,
Kinnucan and Forker, 1986, Thompson and Eiler,
1975) evolved into single-equation, single-product,
multiple-market studies Ward and Dixon (1989)
combined data from 12 fluud milk markets for a
pooled cross-section and time-series analysis Liu
and Forker (1990) developed single equations for
three separate markets and used the equations fo
arrive at an optimal advertising allocation strategy
among the three markets In an earlier study, Liu
and Forker (1988) incorporated a supply response
function to account for any production response
that might be generated by advertising-induced
demand expansion All of the flmd milk studies
used aggregate market data to represent demand
In each of the fluud milk studies, models were
specified as quantity-dependent, that 1s, advertis-
ing was assumed to directly influence the volume
of sales but not price

Other studies have estimated the 1mpact of generic
advertising of manufactured daiwry products
{cheese, butter, and cream) on demand (Blaylock
and Blisard, 1990, Chang and Kinnucan, 1990,
Kinnucan and Fearon, 1986, Liu and others, 1990,
Strak and Gill, 1983, Yau, 1990) Two studies
estimated a single demand equation for cheese
that included a varable for generic cheese adver-
tising expenditures (Blaylock and Blisard, 1990,
Kinnucan and Fearon, 1986) A sumilar study was
conducted for cream (Yau, 1990) Another study
used multiple equations to account for the simul-
taneous 1mpact of advertising on butter and other
edible oils {Chang and Kinnucan, 1990) These
studies have provided useful information to evalu-
ate the performance of generic dairy advertising
programs Most studies, however, fail to simul-
taneously determine the impact of generic adver-
tising on price and guantity

Liu and others (1990, 1991) proposed a multiple-
product, multiple-market level model that would
simultaneously account for the direct demand
impact and the cross-product impacts of concurrent
advertising programs for several dairy products
The model concurrently takes into account the
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price and quantity impacts at three levels of
trade—retail, wholesale, and farm The study was
one of the first to exphecitly incorporate the
government price support program into the man-
ufactured product market! Liu and others con-
cluded that generic advertising has different
effects on market vaniables depending on whether
the market 1s competitive or 1n a government-
support regime where market prices are below
support prices

This article extends the Liu analysis by developing
a disaggregated industry model at the retail,
wholesale, and farm levels with markets for fluid
products, frozen products, cheese, and butter A
dynamic econometric model of the US dairy
industry 1s estimated using quarterly data from
1975 through 1990 The econcmetric results are
then used to simulate the impacts of generc
advertising on demand for milk and dairy prod-
ucts, farm and consumer prices, and producer
welfare Two advertising scenarios are analyzed
{1) a historic scenario in which generic advertising
expenditures for fluid milk products, cheese, and
butter are set equal to their actual levels for the
simulation period, and (2) a pre-NDPRB scenario
in which flmd product, cheese, and butter generic
advertising expenditures are held constant at their
quarterly levels durning the year prior to the
NDPRB 1nception A companson of the two
scenarios provides 1nsight into the national pro-
gram’s impacts on demand, supply, and prices at
the retail, wholesale, and producer levels

The Conceptual Model

The econometric model presented here 15 stmilar 1n
structure to the Liu industry meodel, with two
mmportant differences First, while the Liu model
classified all manufactured products into one
category (Class II), our model disaggregates man-
ufactured products into three classes frozen prod-
ucts, cheese, and butter This disaggregation
provides insight into the 1mpacts of advertising on
indwvidual product demand Second, instead of a
raw milk supply function for the farm market, our
model disaggregates farm milk supply into cow
numbers and production per cow, which allows for
more 1nformation on how the two components of
milk supply are affected by generic advertising

In the farm market of our model, Grade A (fluid
elimble) milk 15 produced by farmers and sold to
wholesalers The wholesale market is disaggre-

1A model by Thompson (1975) considered the effect of the
dairy price support program on the farm mlk price by
including the support.price as an explanatory variable 1n a
farm price equation

4

gated into four submarkets fluid, frozen products,
cheese, and butter 2 It 18 assumed that the two
major Federal programs that regulate the dairy
industry (Federal milk marketing orders and the
dairy price support program) are in effect Since
this 1s a national model, we assumed that there 15
one Federal milk marketing order regulating all
milk marketed in the Nation Under this pregram,
fluid wholesalers pay the higher Class I price,
while cheese wholesalers pay the lower Class III
price 3 The dairy price support program 1s incorpo-
rated into the medel by constraining the wholesale
cheese and butter prices to be greater than or
equal to the government purchase prices With the
Federal Government offering to buy unlimited
quantities of storable manufactured dairy products
at announced prices, the program indirectly sup-
ports the farm milk price by increasing farm-level
milk demand (fig 1)

Retall markets are defined by sets of supply and
demand functions and equilibrium conditions that
require that supply equal demand Since the
market 1s disaggregated into fluid, frozen products,
cheese, and butter, there are four sets of these
equations, with each set having the following
general specification

Qrd = f(Pq Srd), (11)
Qrs = f(Pr Srs), (12)
Qrs = Qrd = Qr, (13)

where Q@ and Qrs are retall demand and supply,
Pr 1s the retail own-price, Srd 15 a vector of retail
demand shifters including generic and brand
advertising, Sre 1s a vector of retail supply shifters
including the wholesale own-price, and Qr 15 the
equihbrium retaill quantity

The wholesale market 1s also defined by four sets
of supply and demand functiens and equihbrium
conditions The wholesale fluid and frozen product
markets have the following general specification

de - Qr’ (2 1)
Qws = f{P™ Sws), (2 2)
Qrs = Qwd = Qv = Qr, (23)

where Q%4 and Q%s are wholesale demand and
supply, P* 1s the wholesale own-price, and $¥#1s a

2All quantities in the model are expressed on a mulkfat-
equivalent basis Consequently, nonfat dry milk 15 not consid
ered 1n the model

3Most Federal milk marketing orders utilize three product
classes with Class I being=flud products, Class II being soft
dairy products, and Class III being hard dairy products A two-
class system 18 used 1n this study, with all fliid products
considered Class 1 and all manufactured products considered
Class 11




Figura 1
Conceptual model of the dairy industry
(All quantities on a milkfat-equivalent basis)
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vector of wholesale supply shifters In the whole-
sale fluid supply equation, S*= includes the Class I
price, which equals the Class II milk price (that 1s,
the Minnesota-Wisconsin price) plus a fixed fluid
differential In the frozen products, cheese, and
butter wholesale supply functions, S¥= includes the
Class II price, which 1s the most important
variable cost to dairy processors Wholesale-level
demand functions do not have to be estimated
since the equilibrium conditions constrain whole-
sale demand to be equal to the equilibrium retail
quantity The assumption that wholesale demand
equals retall quantity imphes a fixed-proportions
production technology Recent research by Wohlge-
nant and Haidacher (1989) suggests that this may
not be a realistic assumption However, the data
used as a proxy for national demand are commer-
cial disappearance statistics, which do not dis-
tinguish between wholesale and retail levels
Consequently, the assumption of fixed-proportions
production technology 1s necessary

Direct impacts of the dairy price support program
occur 1n the wholesale cheese and butter markets
At this level, the Commodity Credit Corporation
(CCC) provides an alternative source of demand at
announced purchase prices Consequently, the
equihbrium conditions for the butter and cheese
wholesale markets are different than those for the
fluid and frozen wholesale markets

de - Qr, (3 1)
Qws = f(Pwi SWB), (3 2)
Qwe = Q¥4 + AINV + QSP = Q~, (33)

where Q%4 and Qws are wholesale demand and
supply, P* 1s the wholesale own-price, Sws 15 a
vector of wholesale supply shifters including the
Class IT milk price, AINV 1s change 1n commercial
inventories, QSP 18 quantity of product sold by
specialty plants to the Government, and Q* 1s the
equibbrium wholesale quantity The variables
AINV and QSP represent a small proportion of

5



total milk production and are assumed to be
exogenous 1n this model 4

The dairy price support program is Incorporated 1n
the model by constraining the wholesale cheese
and butter prices to equal or exceed their govern-
ment purchase prices

Pwe

Pee, (41)
Pwb P

Eb, (4 2)

VoW

where Pec and Peb are the government purchase
prices for cheese and butter

Because of the dairy price support program, four
regimes are possible (1) Pwc > Pec and Pvb > Peb,
(2) Pwe > Pgc and Pwb = Psb, (3) Pwe = Pec and Pwb
> Peb, or (4) P¥c = Pec and Pwb = Psb In the cheese
and butter markets, specific versions of
equilibrium condition 3 3 apply to the first regime,
which 1s the competitive case In the second case,
where the cheese market 15 competitive but the
butter market 15 not, the wholesale butter price 1s
set equal to the government purchase price for
butter and the equalibrium condition 1s changed to

was = Qwhd + AINVb
+ QSP, + Q&b = Qwb, (3 3b)

where @s® 15 government purchases of butter
which becomes the new endogenous variable,
replacing the wholesale butter price For the third
case, where the butter market 1s competitive but
the cheese market 1s not, the wholesale cheese
price 1s set equal to the government purchase price
for cheese and the equlibrium condition 1s
changed to

chs = QW‘?d + AINVC + QSPc
+ Qec = Qwe, (3'3c)

where Qgc 15 Government purchases of cheese
which becomes the new endogenous variable,
replacing the wholesale cheese price For the last
case, where both the cheese and butter markets
are not competitive, the wholesale cheese and
butter prices are set equal to their respective

4Some cheese and butter plants sell products only to the
Government regardless of the,relationship between the whole-
sale market price and the purchase price These balancing
plants remove excess milk from the market when supply 1s
greater than demand and process the milk into cheese and
butter, which 1s then soid to the Government Because of this,
the quantity of milk purchased by the Government was
disaggregated into purchases from these specialized plants and
other purchases In a competitive regime, the “other purchases”
are expected to be zero, while the purchases from specialty
plants may be positive The QSP. and QSP, varables were
derived by computing the average amount of government
purchases of cheese and butter during competitive periods, that
15, when the wholesale price was greater than the purchase
price for these' two products

6

government purchase prices and the equilibrium
conditions are changed to {3 3b) and (3 3¢} 5

The farm raw milk market 1s disaggregated into a
national cow number equation, a national average-
production-per-cow equation, and an i1dentity that
equates milk supply to the preduct of cow numbers
and production per cow

COW = f(E[Pfm]| Scow), GRY)
PPC = f(Pfm| SPFPC), (52)
Qm = COW*PPC, (5 3)

where COW 13 the number of dairy cows in the
United States, E[Pf] 15 the expected farm mlk
price, SCOW 15 a vector of cow supply shifters, PPC
18 average production per cow, SPPC 15 a vector of
production-per-cow shifters, and @ 1s farm milk
supply It 15 assumed that farmers have naive
price expectations, that 1s, E[Pfm), = Pfm_. Thus,
the farm milk supply 15 predetermined and can be
estimated using ordinary least squares This
assumption makes the simulation recursive, with
the wholesale and retail markets forming a
system, and the farm market independent from the
system

The farm malk price 1s a weighted average of the
class prices for milk, with the weights equal to the
utilization of milk among products

Pfm = [(PUI + d) * Qwfs 4 Pl * Qwfs
+ PII * chs + PII * was]/‘[was
+ wazs + chs + was], (5 4)

where PU 15 the Class II price, d 15 the Class |
fixed fluid differential (therefore the Class I price
1s equal to P + 4), Q% 15 wholesale fluid supply,
Qwfzs 15 wholesale frozen product supply, Q»es 15
wholesale cheese supply, and QwPs 1s wholesale
butter supply

Finally, the model 1s closed by the following
equilibrium condition

Qfm = was + wazs + chs + waa
+ FUSE + OTHER, (55)

where FUSE 15 onfarm use of mulk and OTHER 1s
milk used in dairy products other than flud,
frozen, butter, and cheese Both of these varables

SBecause the market structure 1s different under each of
these four regimes, using conventional two-stage least squares
to estimate the equations may result in selectivity bias
Theoretically, a switching simultanecus system regression
procedure should be applied, which 1s descnibed 1n L
However, this procedure 18 not used here because 1t 15 beyond
the scope of this project Applying this procedure to the level of
disaggregation of this model’s manufactured product market
would have been extremely cumbersome, and the costs of doing
so were judged to be greater than the potential benefits

[




represent a small share of total milk production
and are treated as exogenous

Econometric Results

The farm market equations are estimated using
ordinary least squares and quarterly data from
1970 through 1990 Retail and wholesale market
equations are estimated simultaneously using two-
stage least squares and quarterly data from 1975

through 1990 The retail-wholesale system has a
shorter time series because advertising expendi-
tures for the retail demand functions are not
available prior to 1975 All equations are specified
as a double-logarithm functional form Estimation
results are presented 1n table 1 with t-values given
in parentheses under each coefficient R2 15 the
adjusted coefficient of determination and DW 1s
the Durbin-Watson statistic (See table 2 for
definitions of variables in the econometric model )

Table 1—Econometric results for the dairy mdustry model

Retail fluid demand

In (Qr4/POP) = - 2380 — 036 In (Pr{/Pbev) + 252 In (INC/CPI) - 067 In TREND

(-19 70} (-2 20) (6 56)

(-1313)

+ 021 SIN1 + 031 COS1 + 005 In DGFAD + 008 In DGFAD_, + 009 In DGFAD_,

{10 60) (15 90) (8 13) {813)

+ 008 In DGFAD_, + 005 In DGFAD_,
(813) (813)

R2 = 94, DW = 146

Retail frozen demand

In (Qrf2d/POP) = - 4 433 —~ 364 In (Prfz/Plee) + 019 In (INC/CPI) — 146 SIN1

(-18 30) (-23D) { 24)

(-28 38)

- 158 COS1 + 0029 ln (DBFZAD) + 0046 In (DBFZAD)_, + 0052 In (DBFZAD)_,

(-3112) {177 (177)

(177)

+ 0046 In (DBFZAD)_; + 0029 Iln (DBFZAD) , + (1/(1 + 458 L)) Urfzd

(177} (17"
R2 = 96, DW = 152

Retail cheese demand

(379)

In (Qr4/POP) = ~ 2609 - 200 In (Pre/Pmea) + 591 In (INC/CPI)} + 039 In TREND

(-529) {(-93) (2 68)

+ 290 DUMgy 5 - 434 DUMg,, + 0004 In DGCAD +
(4 93)

{1086)

0007 Im DGCAD_, + 0008 In DGCAD_,
(-707) (26) (26)

{ 26)

+ 0007 In DGCAD_; + 0004 In DGCAD_, + 007 In DBCAD + 012 In DBCAD ,

{ 26) ( 26) (1 05}

{1 05)

+ 013 In DBCAD , + 012 In DBCAD_, + 007 In DBCAD_, + (141 + 158 L)) Ured

(105) (1 05) (1 05)
Rz = 77, DW = 174

Retail butter demand

(107}

In (Qbd/POP) = - 3640 ~ 077 In (P™W/INC) + 082 COS1 + 034 COS2

(-1178) (—66) (4 44)

{2 70) ‘

continued



Table 1—Econometric results for the dairy industry model—continued

+ 0016 In (DGBAD) + 008 In (DBBAD) — 044 In TREND - 361 DUM,q, - 392 DUM,,,
(109) ( 50) (-2 41) (-3 61) (-3 88)

Rz = 55, DW =193

Retail fluid supply

In Qs = 1266 + 793 In (PrYP*f) — 057 In (Pr/P+f) + 0284 In TREND + 009 SIN1

(416} (3 45) (-4 21) (5 06) (237)

+ 0385 COS1 + 392 In (Q)_, + 070 In (Qtfe)_,
(6 62) (3 15} ( 58)

R2z = 96, DW = 193
Retail lrozen product supply

In Qs = 1100 + 323 In (PrfyPwiy) ~ 056 Iln (PR/Pwi} - 149 SIN1 - 155 COS1
(7703) (114) (-1 23} (-13 43) (-13 97}

+ 289 (Url’zs}_]
(212)

Rz = 87, DW =159
Retail cheese supply

In Qres = — 640 + 322 In (Pr</P*c) — 086 In (Pleb/Pw<c) + 012 SIN1 + 010 COS1
(-1 09} (1 41) (—48) (119) (93)

+ 258 In (@w)_, + 473 In (Qrs) , + 306 DUM,,, — 460 DUM,,,
(3 57) (7 15) (5 47) (-8 08)

Rz = 87, DW = 212
Retail bulter supply

In Qb = - 2998 + 1255 In (Pro/Pwb) - 558 In (Plab/Peb) — 079 In (Pfe/Prb)
-120) (151 (-113) (-1 00)

+ 052 COS1 + 033 COS2 + 332 In (Qb%)_, -~ 371 DUMgo — 389 DUMgg,
(247 (2 76) (3 20 (-3 95) (4 14)

Rz = 64, DW = 188
Wholesale fluid supply

In Qv = 283 + 157 In (P=(PI+d)) - 014 ln (P%/(P"+d)) - 001 In TREND
(213) (429) (-1 40) (- 31}

+ 038 COS1 + 003 COS2 + 580 In (Q*&)_, + 201 In (Qw™)_,
(7 28) (2 28) (6 17) (197)

R2 = 96, DW = 235
Wholesale frozen supply

In Qwlzs = 278 + 053 In (Pw=/PM) - 060 SIN1 - 158 COS1 - 024 COS2
(290) (72) (-2 84) (-5 18) (-4 31)

+ 291 In (Qwf=s)_, + 267 In (Q¥fs)_, + 032 In TREND
(2 30} (1 46) (299)

continued



Table 1—Econometric results for the dairy industry model—continued

R2 = 97, DW = 223

Wholesale cheese supply

In Qwes = 362 + 126 In (Pw/PV) + 042 SIN1 - 037 COS1 + 030 COS2 + 661 In (Qwes),

(49) (36) {4 68)

+ 313 ln (Qves)_, - 026 DTP - 060 MDP
(3 85) (-178) (-372)

Rz = 95 DW =141

Wholesale butter supply

(-5 21)

(5 59) (771)

In @wbs = 1211 + 207 In (P+b/PI) + 222 SIN1 + 037 COS1 + 509 In (Q»re)_,

{311y (165 (1519)

+ 004 TREND - 075 DTP - 052 MDP
(3 42) {-196) (-1471)

Rz = 86, DW = 199

Cow numbers

(139

(423)

In COW = 244 + 1600 In COW., - 929 In COW_, + 306 In COW_; + 012 In (Pfm/Pfecd) |

(2 64) (13173) {—491)

- 004 In (PCOW/PT) — 009 DTP
127) (—4 33)

Rz = 99, DW =191

Production per cow

(3 08)

{181}

In PPC = 4652 + 412 In PPC_, + 031 In (Pfm/Pfecd) + 003 FTREND + 019 SIN1

(580) (401 {134)

- 062 COS81 + 011 COS2 - 020 MDP
(-2023) (497) (-2 34)

(5 68)

(2 80)

Table 2—Variable defimtions for the econometric
model

Table 2—Variable definitions for the econometiric
model —continued

Endogenous variables

Qrd = retail fluud demand measured 1n bil lbs of
milkfat equivalent,
Pt = consumer retail price index for fresh milk
and cream (1982-84 = 100},
@Qrfzd = reta1l frozen dairy product demand meas-
uted i b1l lbs of milkfat equivalent,
Prfz = consumer retail price index for frozen dairy
products {1982-84 = 100),
Qred = retail cheese demand measured 1in bil lbs of
milkfat equivalent,
Prc = consumer retail price index for cheese
{1982-84 = 100},

Qrbd = retai] butter demand measured m bil lbs of
milkfat equivalent,
Prb = consumer retaill price index for butter
{1982-84 = 100),
Qs = retail fluud supply measured in bil Ibs of
milkfat equivalent, (Qrfs = Qrfd),
Pwf = wholesale flmid price index (1982 = 100),
Qrfze = retail frozen dairy product supply measured
in bil Ibs of milkfat equivalent, (Qf2s =
Qrfzd),
Pwfz = wholesale frozen dairy products price index
(1982 = 100),
res = retall cheese supply measured 1n bil lbs of
milkfat equivalent, (Qres = Qred),



Table 2—Variable definitions for the econometric
model —continued

Table 2—Variable definitions for the econometric
model —continned

Pwe = wholesale cheese price measvred 1n cents/1b |
Qrbs = retall butter supply measured in bil lbs of
milkfat equivalent (Qrbs = Qrhd)
Pwb = wholesale butter price measured in cents/lb ,
Q»Is = wholesale fluid supply measured in bii lbs
of milkfat equivalent, (Qwfs = Qrfs = Qi)
Pl = Class II price for raw milk measured 1n
dollars/cwt |
Qv1zs = wholesale frozen dairy product supply
measuted in bil lbs of milkfat equivalent,
(stl'?s = erz.s — Qrfzd),
Qwes = wholesale cheese supply measured mn hil
Ibs of milkfat equivalent, (Qwes = Qres =
Qrcd)‘
COW = U S cow numbers measured 1n thousands,
Pim = 1JS average all milk price measued 1n
dollars/cwt
PPC =1 S average milk production-per-cow meas-
ured 1n lbs,

Exogenous variables and other definitions

POP = U8 population measured in millions,
Pbev = consumer retail price index for nonalcoholic
beverages (1982-84 = 100),

INC = disposable personal income pe:

measured 1n thousand dollars,

CPI = consumer price index for all 1items (1982-84

= 100),
TREND = time tiend vanable for the retail and
wholesale-level equations, equal to 1 for
1975, quarter 1,

SIN1 = harmonic seasonal varable representing

the first wave of the sine function,

COS81 = harmonic seasonal variable representing

the first wave of the cosine function

DGFAD = generic fluud advertising expenditures

deflated by the media price index,
measured in thousand dellars,

Pteo = consumer retail price index for food (1982-84

= 100),

DBFZAD = brand frozen product adveitising ex-
penditures deflated by the media price
index, measuted 1n thousand dollars,

L = lag operator,

Urfed = grior term for retail frozen demand,

Pmea = consumer retail piice ndex for

{1982-84 = 100)

DUM,, , = intercept dummy variable equal to 1 for
1982, quarter 2 equal to 0 otherwise

DUMg, , =1ntercept dummy variable equal to 1 for
1983, quarter 1, equal to 0 otherwise,

DGCAD = generic cheese advertising expenditures
deflated by the media price 1ndex,
measured 1in thousand dollars

DBCAD = brand cheese advertising expenditures
deflated by the media price index,
measuted 1n thousand dollars

ured = error term for retail cheese demand,

COS52 = harmonic seasonal variable representing

the second wave of the cosine function,

capita,

meat

10

DUM,, , = intercept dummy variable equal to 1 fot
1980 quarter 2, equal to 0 otherwise,

DUMyg 5 = inteicept dummy variable equal to 1 for
1989 quarter 2, equal to 0 otherwise,

DGBAD = generic butter advertising expenditures
deflated by the media price ndex
measured in thousand dollars

DBBAD = brand butter advertising expenditures

deflated by the media price ndex,
measured 1n thousand dollais

Pfe = producer price index for fuel and energy

(1967 = 100)

Urfes = error term for retail frozen supply,

Pl4b = average hourly wage 1n food manufacturing
sector (dollars/hour),

d = Class [ fixed price differential for raw milk

measured 1n dollars/ewt

DTP = intercept dummy wvariable for the Dairy
Termination Program equal to 1 for 1986,
quatter 2 through 1987, quarter 3 equal to
0 otherwise,

MDP = intercept dummy variable for the Milk
Dhversion Program equal to 1 for 1984,
quarter 1 through 1985, quarter 2, equal to
0 otherwise,

Qwb> = wholesale butter supply measured in bil
lbs of milkfat equivalent, (Qwbs = Qrbs =
thd)

Pfeed = 175 average price per ton of 16 percent
protein dany feed,

Pir=US 1ndex of prices received by farmers,

PLOW = U S average slaughter cow price measured
1 dollars/cwt |

FTREND = time trend vanable for the farm-level

equations, equal to 1 for 1970, quarter
1

Retaill market demand functions are estimated on
a per capita basis Retaill demand for each product
15 specified to be a function of the retail product
price, the price of substitutes, per capita dispos-
able income deflated by the Consumer Price Index,
seasonal harmonic variables to account for seaso-
nal demand, a time trend vanable to capture
changes in consumer tastes and preferences over
time, and generic and brand advertising expendi-
tures In all demand functions except butter, own-
prices aire deflated by the price of substitute
products For the butter demand function, the
own-price 1s deflated by per capita income since
the substitute price approach yields inferior statis-
tical results Based on the autocoirelation and
partial autocorrelation functions, a first-order au-
toregressive error structure 1s imposed for the
retail frozen demand function

The generic and brand advertising variables are
specified two ways for each equation, with the



form that resulted in the best statistical fit being
used The (st approach specifies advertising
expenditutes as a second-order polynomial dis-
tributed lag with both endpoint restrictions im-
posed The second method sumply uses current
advertising expenditures as the explanatory vari-
able For the retail fluid demand function, generic
advertising 1s speafied as a second-order poly-
nomial distributed lag with both endpoint restric-
tions 1mposed, while brand advertising 1s omitted
because the estimated coefficient 1s negative and
msignificant In the retail frozen products demand
[unction, a second-order polynomial distributed lag
model with both endpoint restrictions imposed 1s
used for brand adveriising Genernic advertising
expenditures for frozen products are omitted
because they are negative and not statistically
significant In the retail cheese demand function, a
second-order polynomial distiibuted lag model with
both endpoint restrictions umposed 1s used for both
generic and brand advertising Two intercept
dummy varniables 1o capture outhers for quarter 2
of 1982 and quarter 1 of 1983, are also included 1n
the retail cheese demand function Retail cheese
demand for these two quarters was well out of the
range of all other observations Curnient generic
and brand advertising expendituies in the retail
butter demand equation yield a better statistical
fit than the model with lag structures I[n addition,
two intercept dummy variables are mcluded 1n the
retall butter demand function to account for iwo
outliers, quarter 2 of 1980 and quarter 2 of 1989

Based on the estimation, brand cheese and generic
flurd advertising have the largest coefficients of all
advertising ® The sum of the current and lagged
coefficients for brand cheese advertising 15 0 05,
while the sum of the current and lagged coeffi-
cients on generic fluid advertising 1s 0 035 Frozen
product advertising coefficients sum to 0 02 Both
generic cheese and brand butter advertising are
statistically insignificant, and generic butter ad-
vertising has a relatively small sum of 0 0016

The retail supply for each product 1s estimated as
a function of the retail price the wholesale price.
which 1epresents the major variable cost to
retailers. the producer price index for fuel and
energy, the average hourly wage in the food
manufacturing sector, a time trend variable, seaso-
nal harmonic vanables, and lagged retail supply
The producer price index for fuel and energy is a
proxy for vamable energy costs while the average
hourly wage captures labor costs in the retail
supply functions The seasonal harmonic vamables
capture seasonality in retail supply, while the

6These coefficients are partial advertising elasticities from
the structural retail demand equations Thev are not the total
efasticities ftom the reduced-form price equations

lagged supply varmables tepresent capacity con-
straints The time trend varniable 1s a proxy for
technological change in retalling Not all of these
variables remain 1n each of the final estimated
retaill supply equations In addition, ntercept
dummy variables appear in the cheese and butter
retail supply equations to account for outhers in
these two markets Finally, a first-order moving
average error structure 1s mmposed on the retail
frozen product supply equation

The wholesale supply for each product 1s estimated
as a function of the wholesale price, the appropri-
ate Class price for milk (Class I or Class I = Class
IT + d) which represents the main variable cost to
wholesalers, the producer price index for fuel and
energy, a time trend variable, seasonal harmonic
vanables, and lagged wholesale supply The pro-
ducer price index for fuel and energy 1s included
because energy costs are important variable costs
to wholesalers, and the seasonal harmontc vari-
ables capture seasonality in wholesale supply
Lagged wholesale supply reflects capacity con-
straints, and the trend variable 15 a measure of
technological change in dairy product processing

For the farm milk market, the cow number
equation 1s estimated as a function of the number
of cows 1n previous periods a one-period lagged
ratic of the farm milk price to the price of 16
percent protein feed, the ratio of the price of
slaughter cows to the index of prices received by
farmers, and an intercept dummy varable to
account. for the quarters when the 1986-87 Dawry
Termination Program was in effect Lagged cow
numbers are included as biological capacity con-
straints to current cow numbers, while the feed
price represents one of the most 1mportant vari-
able costs 1n milk piroduction The price of
slaughter cows deflated by the index of prices
received 18 1ncluded because 1t represents an
opportunity cost of retaining cows

The production-per-cow equation 15 estimated as a
function of production per cow 1n the previous
period, the ratio of the farm milk price to the price
of 16-percent protein feed, a time trend variable,
seasonal harmonic variables to account for sea-
sonality 1n production per cow, and an intercept
dummy variable to account for the quarters when
the 1984-85 Milk Division Program was n effect
Lagged production per cow 18 included as a
capacity constraint, the feed price 15 1ncluded
because 1t represents one of the most important
variable costs, and the time trend 1s included to
capture genetic improvements over time Note that
the milk-feed price ratio 15 not lagged 1n the
production-per-cow equation because some changes
in pioduction per cow can be made instantane-
ously, while changes in cow numbers cannot
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In terms of statistical fit, most of the estimated
equations are reasonable with respect to R2, and
all signs are as expected In all but two equations,
the adjusted coefficient of determination 1s above
077, and all but three are above 086 The two
equations that are the most difficult to estimate
are the retail butter demand and supply equations
The retail butter demand equation has the lowest
R? (0 55}, and the retail butter supply equation has
an R2 of 064 On the whole, the equations are
deemed reasonable for the simulation model

Validation of the Simulation Model

To validate the model, a dynamic in-sample
simulation 1s performed from the third quarter of
1984 (1984 3) through the fourth quarter of 1990
(1830 4), the period in which the NDPRB has been
1n operation Results should be judged in terms of
how close the predicted endogenous variables are
to their historic-values The dynamic stmulation 1s
conducted as follows First, all exogenous variables
are set equal to their historic levels for the
simulation period Second, all lagged dependent
variables and the predetermined farm miik supply
for the first simulation period (1983 4) are set
equal to their actual levels for the previous period
(1883 2) and the retail-wholesale system of equa-
tions (product-specific versions of equations
11-42, as well as 55) 18 solved simultaneously

using the Newton method Third, predicted values
for wholesale quantities and the Class II price are
substituted into the farm milk price equation
(equation 5 4} to obtain the farm price Fourth, the
current-period predicted farm milk price 1s sub-
stituted 1nto the cow number and production-per-
cow equations to obtamn the farm milk supply for
the subsequent period Finally, the predicted
endogenous variables become the lagged en-
dogenous variables for the:subsequent period, and
the predetermined farm milk supply becomes the
milk supply for the second period of the simula-
tion This process 1s repeated until the last period
of the simulation (1990 4) 1s reached

Te measure how close each predicted endogenous
varlable 1s te 1ts historic level, the root-mean-
square-percent-simulation error (RMSPSE) meas-
ure 15 computed, which 1s equal to the following
formula

N
RMSPSE = {(I/N} X ((YS, - YA VYA))2}12,
t=1

where YS, 15 the simulated value of endogenous
vanable Y, YA, 1s the actual historic value for
endogenous: variable Y, and N 1s the number of
periods 1n the simulation

Table 3 shows the RMSPSE for all endogenous
vanables 1n the model Generally, the RMSPSE'’s

Table 3—Quarterly average of the historic and predicted endogenous variables from the dynamic simulation
and root-mean-square-percent-simulation error (RMSPSE)

Endogenous Historic Simulation
variable Unmt average average RMSPE
Percent

Qe bit lbs 13 41 1343 . 09
Qr= bil 1bs 331 326 30
Qred bil lbs 943 9 56 47
Qwes bil lbs 992 977 42
Qrbd bil lbs 493 340 309
Qwbs bil lbs 6 57 6 75 71
P 1982-84 = 100 108 6 1071 151
prt= 1982-84 = 100 1175 122 4 68
Pre 1982-84 = 100 1111 105 2 84
prb 1982-84 = 100 101 8 845 172
Pwf 1982 = 100 108 5 106 8 16 3
Pwfz 1982 = 100 1120 1041 14 2
Pwe $/1b 130 121 112
pwb $/1b 33 131 35
pH $lewt 11 67 11 61 229
Qfs bil lbs 35 84 38 40 921
pim $/ewt 12 85 12 61 212
CCC bil Ibs 215 357 2017
Cow 1,000 head 10472 11361 104
PPC number 3428 3377 29
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for the supply and demand quantities are quite
reasonable With the exception of retail butter
demand, all retail, wholesale, and farm supply and
demand quantities have RMSPSE’s under 10
percent However, retail butter demand has an
RMSPSE of 309 percent Recall that the retail
butter market equation had the poorest statistical
fit of all equations 1n the model Consequently, 1t
1s not surprising that retail butter demand has a
high RMSPSE With respect to prices, the
RMSPSE’s tend to be higher, ranging from 35
percent for the wholesale butter price to 245
percent for the Class II price Several outliers 1n
the dynamic simulation cause these relatively high
RMSPSE’s Except for these outliers, the ssmulated
prices track the actual prices better than the
RMSPSE’s indicate Finally, the high RMSPSE for
CCC purchases 1s due to the small magmitude of
this variable, that is, a small deviation from the
actual value leads to a large RMSPSE

Analysis of Advertising Scenarios

To evaluate the 1mpacts of the generic dairy
promotion program on the retail, wholesale, and
farm markets, the historic simulation 1s compared
with a pre-NDPRB scenario In the historcal
simulation scenario, generic advertising levels are
set equal to their real (inflation-adjusted) values
for 1984 3 through 199047 In the pre- -NDPRB
scenarto, generic advertising levels are set equal to
their real values 1n the year preceding the
enactment of the national program That 1s,
quarterly generic fluid, cheese and butter adver-
tising expenditures for the entire stmulation period
are held constant at their quarterly real levels 1n
the third and fourth quarters of 1983 and the first
and second quarters of 1984 A comparison of the
two scenarios indicates the NDPRB’s impact on
dary markets Generic frozen product advertising
15 not included 1n the retail {rozen product demand
function Consequently, generic advertising expen-
diture levels for frozen products are not included
1in the advertising scenarios

Figures 2-4 present generic advertising expendi-
ture levels for the two scenarios for fluid, cheese,
and butter Historic generic flmud advertising
expenditures tend to be about twice as large as
those 1n the pre-NDPRB scenario {fig 2), especially

7All advertising expenditures (generic and brand) come from
vallous 1ssues of Leading National Advertisers Due to their
survey procedures, these expenditures are regarded as bemng
lower than actual expenditures However, alternative data
sources for brand and generic advertising expenditures are not
available As s pointed out by Maddala (1977, pp 292-94), this
creates an error 1n variable problem that may bias the
estimated advertising coefficients downward (as opposed to
upward bias, as one mught ntuitively expect) Consequently
some care should be exercised in interpreting these coefficients

from 1986 on In the early periods of the
simulation, generic cheese advertising expendi-
tures are higher for the historic than the pre-
NDPRB scenario {fig 3) However, from mid-1987
through 1990, generic cheese advertising expendi-
ture levels are similar between scenarios On the
other hand, generic butter advertising 1s vastly
different between the two scenarios (fig 4) There
was no generic advertising for butter prior to
1984 3 Consequently, generic butter advertising 1s
set equal to zero for the pre-NDPRB scenario,
while the historic scenaro generally has positive
levels of generic butter expenditures throughout
the simulation period 8 ’

Results of the two simulations show that the
doubling of generic fluid advertising due to the
national program results 1n a 2-percent increase 1n
fluid demand The increase 1n flnd demand causes
the retail fluid price to increase by 6 percent The
increase 1n fluid demand also causes the wholesale
fld price to increase by 5 percent (table 4)

Frozen product demand, which does not contain
generic frozen product advertising as a demand
shifter, declines shghtly (0 31 percent) with the
national program since total milk demand -
creases by 1 percent under the national program,
causing farm and wholesale-level prices for all
products to rise The average increase in the
wholesale frozen price is 1 percent which results 1n
the retail frozen price rnising an average of 04
percent

The meodest increase 1n cheese demand (01
percent) under the national program 1s due to
several factors First, generic cheese advertising
expenditures are only shghtly higher under the
national program Second, the elasticity of demand
with respect to generic advertising 1s very low
Finally, there is a shght average increase in the
retall cheese price of 0 1 percent Wholesale cheese
supply decreases by 205 peréent under the
national program due to the Class II price increase
of 233 percent The Class II price 15 the most
important wholesale cheese supply shifter The
leftward shift 1n wholesale cheese supply, however,
15 not enough to cause the wholesale cheese price
to Increase because even after the shift, the
Government still purchases excess cheese supply
Hence, the wholesale cheese price i1s the same as
the purchase price for cheese 1n both advertising
scenarios The national program results in an
average decrease of 021 billion pounds (per
quarter) of cheese purchased by the Government
due to a shight increase i commercial cheese

tActually, generic butter advertising expenditures were set
to one dollar rather than zero since this 15 a double logarithm
model
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Figure 2

Genernc flud expenditures ($1,000)
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Generic cheese advertising expenditures, historic and pre-NDPRB scenarios
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Figure 4

Generic butter a
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Table 4—Quarterly average of endogenous variables for the two advertising scenarios, 1984.3-1990.4

Historic Pre-NDPRB

Endogenous simulation sumulation Percent
variable Unit average average change

Percent
Qrf bil 1lbs 13 43 1316 200
Qrfz b1l lbs 326 327 031
Qred bil lbs 956 955 010
Qwes bil lbs 977 997 -2 05
Qrbd bil lbs 340 337 090
Qwbs il lbs 675 6 81 -0 89
Pt 1982-84 = 100 1071 100 6 607
Ppriz 1982-84 = 100 122 4 1219 (41
Pre 1982-84 = 100 105 2 1051 010
Pprb 1982-84 = 100 845 840 060
pwf 1982 = 100 106 8 1015 496
Ptz 1982 = 100 1041 1031 096
Pwe $/1b 121 121 000
Pwb $/1b 131 131 000
P1 $/ewt 1161 11 34 233
Qfs bil lbs 38 40 3819 055
pfm $/cwt 12 61 1233 222
Qee b1l 1bs 023 044 -913
Qsb bil 1bs 334 344 -2 99
CCC b1l lbs 357 388 -870
COwW 1,000 head 11361 11315 040
PPC number 3377 3373 012
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demand and the 2 05-percent decrease in whole-
sale supply of cheese

Butter demand 1ncreases by 0 9 percent under the
national program due to higher generic butter
advertising expenditures (generic butter advertis-
Ing was zero prior to the national program) The
increased demand causes an increase of 06
percent in the retail butter price There 15 no rise
in the wholesale butter price, which.1s equal to the
government purchase price under both advertising
scenarios While butter demand increases, whole-
sale butter supply actually decreases by 09
percent under the national program As for cheese,
the decrease in wholesale butter supply 1s the
tesult of the Class II price increasing by 2 33
percent The modest increase 1n butter demand
and decrease in wholesale butter supply cause
butter purchases by the Government to fall by 01
billion pounds (per quarter) under the national
program

The-introduction of the NDPRB also has an 1mpact
on the farm market The Class Il and farm milk
prices Increase by 2 33 percent and 2 22 percent
under the national program due to an increase of 1
percent 1n milk demand Farm supply 1n turn,
rises by about 045 percent 1n cow numbers and
01 percent increase 1n production per cow

Conclusions

Econometric results indicate that the national
generic dairy promotion program has affected the
retail, wholesale, and farm markets for dany
products At the retail level, the demand for fluid
milk and butter increased modestly due te this
program The demand for cheese also increased
due to the national program, but the increase was
marginal On the other hand, the demand for
frozen products decreased shightly due to price
increases that outweighed advertising effects The
overall effect of the program was to 1ncrease total
demand for milk by 1 percent All retail and
wholesale prices were higher due to the national
program The national program also was effective
mm raising both farm prices and farm milk supply
The program resulted 1n a farm milk price that
was 2 22 percent higher than in the absence of the
national program Hence. 1t appears that the
program has been an effective means to both raise
farm prices and modestly increase the demand for
milk and dairy products, as well as to reduce
cheese and butter purchases by the Government
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