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Background

Apples are one of the most popular fruits worldwide and apple
varieties have been improved by cultivation and selection.
7,500 over the world, 2,500 in the United States, and more than
100 sold in retail stores.

Production
All continental states
Commercial productions in 32 states, led by WA, NY, MI, and PA.
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Background

Consumption
Second most consumed fruit (over $2 billion since 2007)
70% of total production are sold in the market of fresh fruits
Average annual consumption per capita
14.3 pounds in 2009, and 16.6 pounds in 2014

Yanghao Wang, Presenter (U Minnesota) Welfare Impacts of Honeycrisp Apples January 6, 2018 2 / 19



Background

New Variety
The price of a new variety with preferable attributes is higher than
that of regular apples in both conventional and organic markets
(Slattery et al. 2011).
Honeycrisp (Minnesota, 1991, 2006, 2008)
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Motivation

1 New products in food and agricultural markets.
3,500+ new varieties of fruit and vegetables (USDA 2017)

2 Investments in the agricultural research and development (R&D)
Public investments
Patent protection laws
Private investments (research programs with near term commercial
consequences)
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Research Objective

This paper is to evaluate the welfare changes in the U.S. apple market
due to the introduction of Honeycrisp apples.

Why do I choose the U.S. apple market?
The second most valuable fruit in the United States (USDA 2016)
The success of the breeding programs at the land grant universities
The development of newly patented varieties (Rickard et al. 2013)

How does a new apple variety affect the market?
Consumers (preferences for diversity and benefits from price
competition)
Producers (demand increase)
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Literature Review

Returns to agricultural R&D

Economic impacts from the introduction of a new product

Consumer valuation of different apple varieties
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Analytical Framework: Consumer Utility

Indirect utility of a consumer i from purchasing product j at t

uijt = δjt +µijt +εijt

where εijt represents consumer’s preferences for diversity,
δjt is the mean utility s.t. δjt =−αpjt +x ′j β+ξjt +d t , and
µijt is the consumer heterogeneous taste.

µijt =
[
−pjt xj

]
(ΠDit +Σvit)

= −pjt
(
πp1Di1t + · · ·+πpLDiLt +σpvipt

)
+
∑

k

xk
jt
(
πkDi1t + · · ·+πkLDiLt +σkvipt

)
.

where Σ= diag
(
σp,σ1, . . . ,σK

)
and vit is the unobs. tastes.

Normalized outside option µi0t = δ0t +µi0t +εijt where δ0t and µi0t
are normalized to be zero.
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Analytical Framework: Market Demand

Market demand is characterized by a system of share equations.
Consumer maximization problem and consumer set for product j

Cjt ≡
{
(Dit ,vit ,εi·t) | uijt > uilt , ∀l = 0, . . . ,J

}
.

Market share for product j at t is

sjt =

∫
Cjt

dP(D,v ,ε).

In practice, the simulated market share is used;

sjt =
∑

i

sijt ×wi =
∑

i

exp
(
δjt +µijt

)
1+
∑J

m=1 exp(δmt +µimt)
×wi ,

where wi is the constant weight for consumer i .
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Analytical Framework: Supply and Pricing Condition

Oligopoly Competition on the Supply Side
Firm maximization problem and F.O.C.

max
pr

M×
∑
j∈Jr

(
pj −mcj

)
sj (pr ,p−r )

F.O.C.: sj (pr )+
∑
j∈Jr

(
pj −mcj

) ∂sj (pr )

∂pj
= 0, ∀j = 1, . . . , l .

In vector notation, s(p)+4(p)(p−mc) = 0, where 4(p) is the
substitution matrix such that

4(p)jk =

{
∂sj (p)/∂pk , if j ,k ∈ Jr

0, otherwise
.
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Analytical Framework: Supply and Pricing Rule

Pricing rule

s
(

peqb
)
+4

(
peqb

)(
peqb − m̂c

)
= 0

where m̂c = pobs +4
(
pobs

)−1 s
(
pobs

)
.
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Analytical Framework: Welfare Evaluation

Compensating variation for consumer i is

E [CVi ] =

∫
welfare impact due to a new product (direct effect)︷ ︸︸ ︷ ln

(∑Jwith
j=0 exp

(
uij

(
pwith

)))
− ln

(∑Jwithout
j=0 exp

(
uij

(
pwith

)))
−αi

+

ln

(∑Jwithout
j=0 exp

(
uij

(
pwith

)))
− ln

(∑Jwithout
j=0 exp

(
uij

(
pwithout

)))
−αi


︸ ︷︷ ︸

welfare impact due to price changes (indirect effect)

P (D)P (v) .

where pwith and pwithout are the vectors of prices when Honeycrisp
apples are available and not available in the market, respectively.
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Data

1 IRI Store Scanner Data from Mar 2009 to Feb 2015
Sales quantities and prices (Store-UPC level)

2 American Community Survey
Consumer demographic variables (e.g., age and household
income)

3 BLS Occupational Employment Statistics (OES) Survey
State level cost information (i.e., wage rates and ranges for
cashiers, heavy truck drivers, light truck drivers, tractor operators,
stock and material movers, and packagers)

4 USDA Agricultural Marketing Service
Terminal market prices in 15 markets by apple variety
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Data Map
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Results: Full Model (Random Coef Model)
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Results: Counterfactual Prices
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Results: Sales Quantity and Sales Revenue
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Results: Consumer Welfare

Yanghao Wang, Presenter (U Minnesota) Welfare Impacts of Honeycrisp Apples January 6, 2018 17 / 19



Conclusions

1 The average increase of consumer welfare is 3.14 cents per
pound, of which 2.98 cents is explained by the increasing number
of apple varieties and 0.16 cents by the price competition.
Suppose the estimated welfare change from our sample can be extrapolated to the entire
U.S. apple market. In that case, a back-of-the-envelope analysis suggests the introduction
of Honeycrisp has increased total consumer welfare in the United States by about 940
million dollars between 2009 and 2014.

2 The introduction of Honeycrisp drives downwards the prices of
competing apple varieties and the extent of price decline is
positively associated with the market share of Honeycrisp.

3 The gains from sales revenue due to the introduction of
Honeycrisp outweighs the loss due to the price decline of existing
apple varieties.
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Relevant News

News articles in New York Times and on National Public Radio claim
that many growers in Washington state have been looking to switch
from Gala and Red Delicious to Cosmic Crisp, a new variety derived
from Honeycrisp (Karp 2015; Charles 2017).

This is in line with our finding that Gala and Red Delicious are the two
varieties that suffer the largest decreases in prices from the
introduction of Honeycrisp. Nevertheless, the incentives might quickly
vanish as the growth of the Honeycrisp production will eventually
reduce its price premium.
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