
Introduction
Hendel and Nevo

Gowrisankaran Rysman

Lecture Notes on Dynamic Demand Estimation I

Jan 2009

Lecture Notes on Dynamic Demand Estimation I



Introduction
Hendel and Nevo

Gowrisankaran Rysman

Introduction

• Extensions to the standard BLP demand estimation framework

• Freqent sales of storable goods
• Fast changing product characteristics and prices of new

durable goods
• Learning about the unobserved charateristics of products

• Need to model consumer’s dynamic optimization problem

• Introduce additional assumptions to identify model’s structural
parameters
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Three papers we will focus on:

• Hendel and Nevo (2006): Sales and consumer inventory behavior

• Gowrisankaran and Rysman (2007): Demand for new durable goods

• Grawford and Shum (2005): Learning from drug prescription
experience

Similarity and differences in their modeling and estimation strategies?
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Hendel and Nevo (2006)

• Temporary price cut may generate a large demand increase. But..if
it is because of intertemporal substituion, the own-price elasticity
would be smaller than static estimates suggest.

• The distinction between long-run and short-run price effects: need
to control for past prices and inventories.

• Features of the scanner data of detergent

• Nine super-markets in a large midwest city
• Store-level: for each brand-size in each store in each week–the

price charged, quantity sold, promotions
• Household-level: when a household visited a supermarket,

which brand-size was bought, where it was bought, how much
paid

• Abstract from store choice: most of consumers purchase at
only one store
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Model Setup

• 13 brands j : Tide, All, etc. 5 sizes x : 32-256oz. Promotion ajxt :
feature/display.

• consumer h’s utility at time t: u(cht + νht ; θh), where cht =
∑

j cjht .
Note a useful trick that will be exploited later: brand doesn’t matter
for consumption!

• let dhjxt = 1 be a purchase of consumer h for brand j and size x at
t. x = 0 means no purchase.

• consumer’s dynamic discrete choice problem:

V (st) = maxch(st),dhjx (st)

∑
t

δt−1E{u(cht , νht ; θh)− ch(iht+1; θh)

+
∑

j

dhjxt(αhpjxt + ξhjx + βhajxt + εhjxt)|st}

s.t. iht+1 = iht + xht − cht
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Assumptions

• νt i.i.d. overtime and across consumers

• prices follow an exogenous markov process (NO modeling of the
supply side)

• εjxt i.i.d extreme value type one overtime and across consumers

• Think about ξhjx–what is assumed?

• Dimensionality of st : individual specific inventory i and shocks ν,ε.
In addition observables pt (which includes..?)
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Estimation

• NO observable on inventory

• Conditional likelihood for each household:

Pr(d1, ...dT |p1, ..., pT ) =

∫ ∏
t

Pr(dt |pt , it(dt−1...d1,

νt−1, ..., ν1, i1), νt)dF (ν1, ..., νT )dF (i1)

• The prob of choosing brand j , size x :
Pr(djt = 1, xt |pt , it , νt) = Pr(djt = 1|pt , xt , it , νt)Pr(xt |pt , it , νt)

• Need to solve the DP in the usual case to get
Pr(djt = 1|pt , xt , it , νt).
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Three-step estimation procedures

Step One: estimate Pr(djt = 1|xt , pt , it , vt) without solving DP

• Let M(st , j , x) = maxc{u(c + νt)− c(it+1)+ δE (V (st+1)|djx , c , st)}.
Conditional on xt , ct is not brand-specific. So
M(st , j , x) = M(st , x).

• εjxt is i.i.d distributed (even across the SAME brand j)

• It can then be proved that:

Pr(djt = 1|xt , pt , it , νt) =
exp(αpjxt + ξjx + βajxt)∑
k exp(αpkxt + ξkx + βakxt)

= Pr(djt = 1|xt , pt)

• So the brand choice given size and other observables is a static
problem.
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Step Two: further simplify the state space

• dynamic decisons of x depends on
ωxt = log{

∑
k exp(αpkxt + ξkx + βakxt)}, which is a

quality-adjusted price index for all brands of size x

• Another key assumption: F (ωt |st−1) can be summarized by
F (ωt |ωt−1).

Step Three: the simplified DP problem

• Note that these inclusive values can be constructed once we finish
with step one.

• The authors further proved that an equivalent DP is:

V (it , ωt , εt , νt) = Maxc,x{u(c + νt)− C (it+1) + ωxt + εxt

+δE [V (it+1, ωt+1, εt+1, νt+1)|it , ωt , c , x ]}

• The i.i.d assumption on ε and FOMP of ω are the key to the proof.
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Highlights of Parameter Estimates

Static estimates:

• large effect from feature and display

• demograhics interact with price sensitivity (larger family, nowhite,
surburban shoppers more price sensitive)

• brand preference vary by size by interacting brand-size dummy

Evolution of inclusive values:

• estimate a process for all 4 sizes (32-128oz) jointly

• they finally DIDN’T allow the process to differ by household type

Dynamic parameters:

• allow for six type of housholds (size,urban/suburban)

• the storage cost (surburban<urban)

• 30oz to 128oz increases storage cost by 0.2-0.75 dollars relative to
64oz, depending on household type.
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Gowrisankaran Rysman (2007)

• New durable goods: rapidly falling prices and improving features

• Consumer chooses what to buy AND when to buy

• Biased welfare measure if ignore consumer’s dynamic behavior

• A panel of aggregate data for digital camcorders

• monthly data for 378 models j : units sold, average price (pjt),
observabel characteristics (xjt)

• improving features overtime: size,pixel count,etc.
• nature of competition: number of camcorders available

growing steadily overtime
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Model

• consumer i at time t chooses among Jt products or nothing. No
utility from old product once upgraded

• flow utility of product j follows BLP: δf
ijt = αx

i xjt + ξjt and net flow

utility is uijt = δf
ijt − αp

i ln(pjt) + εijt

• no purchase, then ui0t = δf
i0t + εi0t is the utility from product

currently owned.

• let Ωt denote current product attributes, i.e. (xjt , pjt), j = 1, 2, ...Jt

and εit = (εi0t , εi1t , ..., εiJt t).

• Assumptions: Ωt FOMP according to P(Ωt+1|Ωt), εit i.i.d. type I
extreme value.
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• Let EVi (δ
f
ijt ,Ωt) =

∫
Vi (εit , δ

f
ijt ,Ωt)dPε. Then consumer’s problem:

Vi (εit , δ
f
i0t ,Ωt) = max{ui0t + βE [EVi (δ

f
i0t ,Ωt+1)|Ωt ],

maxj=1,...,Jt{uijt + βE [EVi (δ
f
ijt ,Ωt+1)|Ωt ]}}

• Face the same difficulty as Hendel and Nevo (2006). Use a similar
trick: let δijt(Ωt) = δf

ijt − αp
i ln(pjt) + βE [EVi (δ

f
ijt ,Ωt+1)|Ωt ].

• Define the logit inclusive value as: δit(Ωt) = ln(
∑

j exp(δijt(Ω)))

• Now think about the comparison with Hendel and Nevo (2006):

• whether to purchase (what size to purchase in HN) determined
only by inclusive value

• but the choice of j is NOT a static estimation, because j
enters every period’s flow utility.
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Simplified Consumer Problem

• Assumption: Inclusive Value Sufficiency P(δit+1|Ωt) = P(δit+1|Ω′
t)

if δit(Ωt) = δit(Ω
′
t)

• Then

EVi (δ
f
i0t , δit) = ln(exp(δit) + exp(δf

i0t + βE [EVi (δ
f
i0t , δit+1)|δit ]))

• Policy: the probability that consumer i purchase good j is

ŝijt(δ
f
i0t , δijt , δit) =

exp(δit)

exp(δit) + exp(δf
i0t + βE [EVi (δf

i0t , δit+1)|δit ])

×exp(δijt)

exp(δit)

• Finally, need δit+1 = γ1i + γ2iδit + uit
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Estimation Procedures

Need to estimate α = (αx , αp),Σ

• Inner Loop: Draw αi = α + Σ1/2α̃i and solve the simplified
consumer’s problem. Then use the solved policy function
ŝijt(δ

f
i0t , δijt , δit), δijt , and δit to calculate market share for this

consumer starting at time 0.

• Middle Loop: Sum across differnt consumers from inner loop, we
have model market share of good j at time t as ŝjt(δ̄

f
jt , α

p,Σ). Use

Berry (1994) inversion to recover δ̄f
jt .

• Outer Loop: ξjt = δ̄f
jt − αxxjt . Define the GMM criterion function

G (α, Σ) = z ′ξ(α, Σ).

Lecture Notes on Dynamic Demand Estimation I



Introduction
Hendel and Nevo

Gowrisankaran Rysman

Hightlights of the Estimates

• Use the standard BLP instruments: product characteristics of
j , mean product characteristics of all firms, count of products
offered by the same firm and by all firms. Intuition: affect
price-cost margin or product substitubility.

• The static BLP mode produces unreasonable coefficients,
including a positive price coefficient. Because within a time
period, the cheapest models were often not the most popular.

• The dynamic model helps to identify a negative price
coefficient due to time series variation: once prices fell
overtime, a lot more people purchased digital camcorders.
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