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1. Introduction

U.S. consumers eat less fruits and vegetables than recommended by dietary guidelines (Carlson &
Frazdo, 2014; Guenther, Juan, Lino, Hiza, Fungwe, & Lucas, 2009). Recent research estimated
that merely 7%-18% and 5%-12% of consumes are meeting fruit and vegetable recommendations,
respectively (Moore et al, 2015), and it is likely that the gap between recommended and actual
intake of fruit and vegetable intake will increase in the future if current dietary patterns are
maintained due to changes in U.S. demographic composition (McNamara, Ranney, Kantor, &
Krebs-Smith, 1999). Increases in the gap between recommended and actual intake of fruit may
result in higher obesity rates, as there is a negative relationship between fruit consumption and
obesity (Lin & Morrison, 2002). There is little evidence that increased vegetable consumption
decreases obesity (Lin & Morrison, 2002; Trudeau, Kristal, Li, & Patterson, 1998); however, this
may be because potatoes and tomatoes account for more than half of all vegetable consumption

(Lin, Wendt, & Guthrie, 2013; Guthrie& Lin 2014).

Consumption of fruits and vegetables is affected by socio-economic status (Rasmussen et
al., 2006). Income is the most consistent correlate of the availability of more-healthful food in the
home, and home food environment has a significant effect on youth fruit and vegetable intake
(Ding et al., 2012). Low-income households spend significantly less on fruits and vegetables than
higher income households, and marginal increases in income for lower income households are
typically allocated to more essential food and nonfood items rather than fruits and vegetables
(Blissard, Stewart, and Jolliffe, 2004). Therefore, for low-income households, marginal price
reductions for fruit and vegetables may be a more effective way to increase consumption than
marginal increases in income. Previous research has shown that reductions in price increase

consumption of fruits and vegetables (French, 2003) and a meta-analysis that reviewed price



elasticity of demand for major food categories found that, on average, a 10% decrease in price
would increase consumption of fruit and vegetables by 7% and 5.8%, respectively (Andreyeva,

Long, and Brownell, 2010).

In 2000, the Secretary of Agriculture Dan Glickman announced the National Organic
Program and stated, “For consumers who want to buy organic foods, the standards ensure that they
can be confident in knowing what they are buying. For farmers, these standards create clear
guidelines on how to take advantage of the exploding demand for organic products.”1 The United
States Department of Agriculture (USDA) Agricultural Marketing Service maintains the integrity
of the “USDA Organic” seal, which first appeared in 2002. Market segmentation is an adjustment
to a product due to heterogeneity in demand functions and is typically limited to manufactured and
processed foods for agricultural products. However, the “USDA Organic” seal provides a reliable
signal to consumers and allows for market segmentation of raw agricultural products based on

production characteristics.

Economic theory would suggest that the market segmentation of conventional and organic
agriculture products made it possible for consumers to self-select into the utility maximizing
market. Thus, the “USDA Organic” seal theoretically increased the utility for consumers who
preferred organic food, but did not have a reliable signal of production characteristics. Organic
sales have increased from approximately $15 billion in 2006 to approximately $35 billion in 2014.
Fruits and vegetables have represented the largest portion of organic sales and continue to. Demand
for organic food is increasing year-over-year, and fruits and vegetables account for approximately

40% of organic food sales in any given year (USDA-ERS, 2014). Assuming that consumption of

1 For a more detailed description about the history of state and federal organic regulations read Bones (1992) and
Ellsworth (2001).



fruits and vegetables is fixed, conventional and organic fruits and vegetables are related in
consumption. Thus, increased demand for fruits and vegetables in the organic market will likely

affect prices and quantities in the conventional market.

While a multi-market model has been used to examine the effects on price and quantity
from an increase in demand for food markets related in consumption, to our knowledge a multi-
market model had not been used to evaluate changes in consumer welfare from an increase in
demand in market related in consumption. The purpose of this paper is to extend the multi-market
literature by developing a model to examine the effects on consumer welfare from market
segmentation of agricultural products. To determine the effects of increased demand in the organic
market on the conventional market, we estimated a multi-market model for fruits and vegetables

using the elasticities in the aforementioned studies.

2. Multi-Market Models Specifications

Basic Model

Holding other factors constant, demand and supply for the conventional and organic markets can

be represented by:

Cp1 = cp(P;, By, Ap),

Op; = op(P., P, Ap),

Cs1 = cs(P., By),

051 = OS(Pc:Po)1



D; = Cpy + Opy,
§; = Cs1 + Ogy,

where Cpi, Ob1, Csi1, and Os: are quantities demanded and supplied of conventional and organic
food, Pc and Po denote prices of conventional and organic, and Ap represents a shift in demand
for organic food from the availability of a segmented market, and the last two equations are market-
clearing quantity identities. The equations of the model can be expressed in the form of elasticities
by taking the logarithmic differentials. Taking the logarithmic differentials of the equations above

gives us the following equations:
dInCp; =n.,dInP. +n,dInP, + a,,
dInOp; =noedInP. +n,dInP, + a,,
dlnCsy = e, dInP. + ¢,,dInP,,
dInOg; = €,,dInP. + £,d InP,,

where 7, 7o, co, aNd 70c are own- and cross-price elasticities of demand, &c, &o, &co, and oc are own-

and cross-price elasticities of supply, and ac and ao are proportional demand shocks.

The percentage changes in prices and demand for conventional and organic markets can be

determined from the logarithmic differential equations:

c(€0=M0)=ao(Eco—Tco)
dInP, = =
nfe (ec=nc)(e0—1M0)—(€oc—MNoc) (Eco—Tco)'

(ec—nc)—ac(eoc—Noc)
dIn P, = ——2= .
N o (e0=M0)(ec=nc)—(€co—Tco) (Eoc—Toc)



While the “USDA Organic” seal allowed consumers to self-select into the organic market,
it is likely that consumption of fruits and vegetables remained constant. Thus, increases in
consumption of organic fruits and vegetables must be offset by an equal decrease in consumption
of conventional fruits and vegetables. The consumption constraint can be reflected as part of the
proportional demand shocks and can be represented by S.a. = —(1 — S,.)a,, where Sc is the

consumption share of a conventional fruit or vegetable, and therefore we can say that a, =

1-S, . .
S a,, which gives:
c

—(

1-S,
€ Sc C) ao(g0—N0)—o(Eco—Tco)

B (ec—1mc)(E0=M0)—(Eoc=Moc) (Eco—Tco)’

dInP, =

1-S
Xo (ec_rlc)"’(s_cc)ao (€0c=Moc)

(g0=M0)(ec=nc)—(Eco—Nco) (Eoc—Toc)

dInP, =

Lin et al. (2009) estimated demand elasticities and consumption shares for organic and
conventional fruits and Kasteridis and Yen (2012) estimated demand elasticities and consumption
shares for organic and conventional vegetables; both studies used data drawn from a 2006
Nielsen’s Homescan panel to estimate elasticities. Those elasticities and consumption shares are
shown in Table 1. It was impossible to obtain own- and cross-price elasticities of supply for
conventional and organic fruits and vegetables. Therefore, we assume unitary elasticity for own-

price and cross-price elasticities of 0.5.

Expanded Model

A limitation to the Basic Model is the assumption that market segment responsible for the increase
in consumption of organics and the market segment choosing not to participate in the organic
market are homogenous. Fundamental to the concept of market segmentation is distinct demand

functions that arise from demand heterogeneity (Dickson and Ginter, 1987). Previous research has
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shown that there are characteristics of organic consumers that are significantly different than non-
organic consumers. To account for the heterogeneity, we separate demand for conventional and
organic fruits and vegetables for the market segment currently choosing to participate in the
organic market (denoted by a superscript a) and the market segment not participating (denoted by

a superscript b). Percent changes in prices with the markets segmented gives the following:
Cp = cp(Po, Py Ap),

Cp = cp (P, P,

0p = op(P,, P, Ap),

0p = op (P, P.,),

Csz = c(Py, P,),

Osz = 0(Fy, Fe,),

Cp, = CH + CB,

Op, = 0% + 03,

Taking the logarithmic differences gives:
dinC§ =n2dInP. +n%,dInP, + «a,
dInCh =nbdInP. +n%,dInP,

dInO0f =n¢.dInP, + n¢dInP, + «,
dIn05 =n2.dInP. + ndInP,

dInCs; = e, dInP. + ¢,,dInP,,



dInOg, = €,,dInP. + ¢,d In P,,
dInCp, = PeCE + (1 —yY*)CE,
dInOp, = p*08 + (1 — ¢*)03,

where % and % are initial consumption mixes defined using the specific quantities of

conventional and organic produce consumed by market segment a.

The percentage changes in prices and demand for conventional and organic markets can be

determined from the logarithmic differential equations:

dInP,

1-S
( Sc C)ao(go - <Pa773 - (1 - fp“)ﬂg) - ao(‘gco - l/)aTl?o - (1 - 1/Ja)77?o)

T (e — 8 — (L= 9O (eo — 9n& — (1 — @DINE) — (e0c — 9N8 — (1 — 918 (Eeo — P°NE — (1 — )7L,

dInP,

1-S5
ao(gc - waﬁg - (1 - wa)ﬁg) + ( SC C)ao(goc - <Pa713c - (1 - (pa)ngc)

(g0 — @& = (L= B (ec — o0& — (1 —p9nk) — (eco — Y0 — (1 = YpOINL) (€0 — 9N — (1 — @)1E.)
It is likely that the market segment that chooses to spend a greater portion of their budget

on food than necessary have less elastic demand. Moreover, it has been recognized that demand

becomes less price elastic when a product satisfies a consumer’s requirement more precisely

(Chamberlin 3" edition), and market segmentation is an adjustment to a product to more precisely

represent a consumer’s requirement (Smith, 1956). Thus, the implication is that the demand

elasticities should be less elastic for organic consumers and can be represented by
n¢=knl;0<K<1,

where 7e IS an own- or cross-price elasticity of demand. After substitution, the percent changes in

price can be represented by



dInP,

1-35
(50 (e — ¢ g — (1= 9“In5) = o (eco = Y Ki1co = (1= P*Ing,)

(ec —Poxnt — (1 = yP*InL)(e, — @%Knb — (1 — @4)Nk) — (goc — @Kkn5. — (1 — @¥)N) (eco — YNl — (1 — P*Ink,)

dInP,

1-5
to(ec =P Kne = (L= 9pne) + (F5=Io(€0c = 9 knge = (1 = 9“)1l5c)

(oo — %KmE — (1 — p®)MB) (ec — PormE — (1 — POINE) — (eco — YKNEy — (1 — POINL) (Eoe — 9%kNE, — (1 — 9DINLC)

3. Results

Estimation of the multi-market models indicated that increased demand in the organic market does
decrease the prices in the conventional market. Moreover, the Expanded Model gives more insight

into the behavior of the market segments.
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Table 1. Demand Elasticities Used in Models

Uncompensated Elasticities

Product nc 7o #co Hoc

Apples -0.83 -1.06 0.10 0.03
Bananas -0.70 -3.19 1.13 0.23
Grapes -0.49 -3.54 0.15 0.05
Oranges -0.57 -0.92 0.07 0.03
Strawberries -0.50 -0.36 -0.06 -0.02
Other Fruits -0.85 -0.01 0.23 0.04
Carrots -0.77 -1.85 0.07 0.12
Onions -0.89 -1.90 0.05 0.08
Potatoes -1.20 -2.77 0.08 0.15
Tomatoes -0.81 -1.86 -0.05 -0.21
Other Vegetables -0.91 -1.81 -0.03 0.70

Note: The uncompensated elasticities and percent of consuming
households in this table were obtained via Lin et al. (2009) and

Kasteridis and Yen (2012).
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Table 2. Basic Model Results

Demand Shock % Change in Price % Change in Consumption
Product a, dinPc  dInPo dIn Cp: dIn Op:
Apples 5.0 -0.71 2.59 -4.15 2.23
Apples 10.0 -1.42 5.18 -8.30 4.47
Bananas 5.0 0.28 1.18 -3.87 1.32
Bananas 10.0 0.56 2.35 -1.74 2.63
Grapes 5.0 -0.45 1.15 -4.61 0.92
Grapes 10.0 -0.89 2.29 -9.22 1.85
Oranges 5.0 -0.94 2.84 -4.26 2.36
Oranges 10.0 -1.89 5.67 -8.53 4.73
Strawberries 5.0 -1.81 4.37 -4.36 3.46
Strawberries 10.0 -3.61 8.73 -8.72 6.93
Other Fruits 5.0 -0.93 5.37 -2.98 491
Other Fruits 10.0 -1.85 10.74 -5.95 9.82
Carrots 5.0 -0.60 1.83 -4.42 1.53
Carrots 10.0 -1.19 3.66 -8.84 3.07
Onions 5.0 -0.57 1.80 -4.41 1.52
Onions 10.0 -1.15 3.61 -8.82 3.04
Potatoes 5.0 -0.38 1.36 -4.44 1.17
Potatoes 10.0 -0.76 2.73 -8.87 2.34
Tomatoes 5.0 -0.73 1.93 -4.51 1.56
Tomatoes 10.0 -1.47 3.86 -9.01 3.13
Other Vegetables 5.0 -0.62 1.73 -4.49 1.42
Other Vegetables 10.0 -1.25 3.47 -8.99 2.84

Note: The above results follow from the assumed model parameter values: . = ¢, = 1, ¢, = €,c =
0.5, P = 0.2, % = 0.95, and S, = 0.95
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Table 3. Expanded Model Results k=1

Demand % Change % Change in Consumption % Change in Consumption

Shock in Price of Conventional by Segment  of Organic by Segment % Change in Consumption
Product a, dInPc dInPo  dInC§ dInCp dIn 0% dIn 0} dInCp, dIn0p,
Apples 50 -0.71 259 -4.15 0.85 2.23 -2.77 -0.15 1.98
Apples 100 -142 518 -8.30 1.70 4.47 -5.53 -0.30 3.97
Bananas 50 0.28 1.18 -3.87 1.13 1.32 -3.68 0.13 1.07
Bananas 10.0 0.56 2.35 -7.74 2.26 2.63 -7.37 0.26 2.13
Grapes 50 -045 115 -4.61 0.39 0.92 -4.08 -0.61 0.67
Grapes 10.0 -0.89 2.29 -9.22 0.78 1.85 -8.15 -1.22 1.35
Oranges 50 -094 284 -4.26 0.74 2.36 -2.64 -0.26 2.11
Oranges 10.0 -1.89 5.67 -8.53 1.47 4.73 -5.27 -0.53 4.23
Strawberries 5.0 -1.81 437 -4.36 0.64 3.46 -1.54 -0.36 3.21
Strawberries 100 -361 8.73 -8.72 1.28 6.93 -3.07 -0.72 6.43
Other Fruits 50 -093 537 -2.98 2.02 491 -0.09 1.02 4.66
Other Fruits 100 -1.85 10.74 -5.95 4.05 9.82 -0.18 2.05 9.32
Carrots 5.0 -0.60 1.83 -4.42 0.58 1.53 -3.47 -0.42 1.28
Carrots 100 -119 381 -8.83 1.17 2.79 -7.21 -0.83 2.29
Onions 50 -057 181 -4.41 0.59 1.50 -3.50 -0.41 1.25
Onions 100 -1.15 3.62 -8.82 1.18 3.01 -6.99 -0.82 2.51
Potatoes 50 -0.38 1.36 -4.44 0.56 1.17 -3.83 -0.44 0.92
Potatoes 100 -0.76 273 -8.87 1.13 2.35 -7.65 -0.87 1.85
Tomatoes 50 -0.73 201 -4.51 0.49 1.42 -3.58 -0.51 1.17
Tomatoes 100 -147 401 -9.02 0.98 2.84 -7.16 -1.02 2.34
Other Vegetables 50 -062 1.70 -4.49 0.51 1.49 -3.51 -0.49 1.24
Other Vegetables 10.0 -1.25 3.39 -8.98 1.02 2.98 -7.02 -0.98 2.48

Note: The above results follow from the assumed model parameter values: ¢, = ¢, = 1, ., = &, = 0.5, ¢ = 0.2, % = 0.95, and S, = 0.95.



Table 4. Expanded Model Results k=0.75

Demand % Change % Change in Consumption % Change in Consumption

Shock in Price of Conventional by Segment  of Organic by Segment % Change in Consumption
Product a, dInPc dInPo  dInC§ dInCp dIn 0% dIn 0} dInCp, dIn0p,
Apples 50 -0.82 2098 -4.26 0.98 2.61 -3.19 -0.07 2.32
Apples 100 -164 5096 -8.53 1.96 5.22 -6.37 -0.14 4.64
Bananas 5.0 0.33 1.43 -3.97 1.38 1.65 -4.47 0.31 1.34
Bananas 10.0 0.67 2.85 -7.93 2.76 3.30 -8.94 0.62 2.68
Grapes 50 -053 142 -4.65 0.47 1.22 -5.04 -0.55 0.90
Grapes 10.0 -1.05 2.83 -9.30 0.94 244 -10.09 -1.11 181
Oranges 50 -1.08 324  -437 0.84 2.74 -3.02 -0.20 2.45
Oranges 100 -2.16 6.48 -8.73 1.69 5.48 -6.03 -0.40 4.90
Strawberries 5.0 -196 4.72 -4.48 0.70 3.76 -1.66 -0.34 3.49
Strawberries 100 -3.92 943 -8.96 1.39 7.51 -3.32 -0.68 6.97
Other Fruits 50 -099 542 -3.43 2.09 4.93 -0.09 0.98 4.68
Other Fruits 100 -198 1085 -6.87 4.18 9.86 -0.19 1.97 9.36
Carrots 50 -0.70 219 -4.48 0.69 1.89 -4.15 -0.35 1.59
Carrots 100 -141 4.38 -8.97 1.38 3.78 -8.29 -0.69 3.18
Onions 50 -0.68 216 -4.47 0.70 1.87 -4.17 -0.33 1.57
Onions 100 -1.36 4.32 -8.95 1.40 3.75 -8.34 -0.67 3.14
Potatoes 50 -045 1.66 -4.49 0.67 1.50 -4.67 -0.36 1.19
Potatoes 10.0 -0.91 333 -8.99 1.35 2.99 -9.34 -0.72 2.37
Tomatoes 50 -0.86 2.30 -4.56 0.58 1.92 -4.10 -0.45 1.62
Tomatoes 100 -173 461 -9.13 1.16 3.85 -8.21 -0.90 3.24
Other Vegetables 50 -0.74 2.09 -4.55 0.60 1.77 -4.30 -0.43 1.47
Other Vegetables 10.0 -1.48 4.18 -9.10 1.20 3.55 -8.60 -0.86 2.94

Note: The above results follow from the assumed model parameter values: ¢, = ¢, = 1, ., = &, = 0.5, ¢ = 0.2, % = 0.95, and S, = 0.95.



Table 5. Expanded Model Results k=0.50

Demand % Change % Change in Consumption % Change in Consumption

Shock in Price of Conventional by Segment  of Organic by Segment % Change in Consumption
Product a, dInPc dInPo  dInC§ dInCp dIn 0% dIn 0} dInCp, dIn0p,
Apples 50 -098 352 -4.42 1.16 3.12 -3.76 0.05 2.78
Apples 100 -195 7.03 -8.84 2.32 6.24 -7.51 0.09 5.56
Bananas 50 041 181 -4.12 1.76 2.16 -5.68 0.58 1.77
Bananas 10.0 0.83 3.62 -8.24 3.51 4.32 -11.36 1.16 3.53
Grapes 5.0 -0.65 1.86 -4.70 0.60 1.70 -6.61 -0.46 1.28
Grapes 100 -131 371 -9.40 1.20 3.39 -13.22 -0.92 2.56
Oranges 50 -127 3.79 -4.51 0.99 3.24 -3.52 -0.11 2.90
Oranges 100 -253 757 -9.01 1.97 6.48 -7.04 -0.22 5.80
Strawberries 5.0 -214 512 -4.62 0.76 4.10 -1.80 -0.31 3.80
Strawberries 100 -428 1025 -9.24 1.52 8.20 -3.60 -0.63 7.61
Other Fruits 50 -106 548 -3.92 2.16 4.95 -0.10 0.94 4.70
Other Fruits 100 -2.12 1096 -7.84 4.32 9.90 -0.19 1.89 9.40
Carrots 5.0 -0.86 273 -4.58 0.85 242 -5.15 -0.24 2.04
Carrots 100 -1.73 545 -9.15 1.69 4.85 -10.31 -0.47 4.09
Onions 50 -0.83 269 -4.57 0.86 2.40 -5.19 -0.22 2.02
Onions 10.0 -1.67 5.38 -9.14 1.72 4.81 -10.38 -0.45 4.05
Potatoes 50 -057 214  -458 0.85 2.00 -6.00 -0.24 1.60
Potatoes 10.0 -1.14 427 -9.15 1.70 4.00 -11.99 -0.47 3.21
Tomatoes 50 -105 286 -4.65 0.71 2.46 -5.09 -0.36 2.08
Tomatoes 100 -211 571 -9.29 141 4.91 -10.18 -0.73 4.16
Other Vegetables 50 -091 262 -4.63 0.74 2.30 -5.39 -0.34 1.92
Other Vegetables 10.0 -1.82 5.25 -9.26 1.48 4.61 -10.78 -0.67 3.84

Note: The above results follow from the assumed model parameter values: ¢, = ¢, = 1, ., = &, = 0.5, ¢ = 0.2, % = 0.95, and S, = 0.95.



