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Market Channel Analysis of Ornamental Plants using Clustering
Procedures

Abstract

Market channel alternatives that include garden centers, landscapers,
mass merchandisers and re-wholesalers have contributed to the
growth of ornamental crops sales in the United States (U. S.). The
homogenous subpopulation of the U.S. nursery producer was clustered
using mixture of export method and found that there exist four
homogenous group of Nursery Producer. The impact of growers’
business characteristics on shares of sales to these channels by firm
size was estimated using multivariate fractional regression and
nonparametric model. Important explanatory variables were regions
of the U.S., sales of plant groups, kinds of contract sales, and
promotional expenses, and their effect varies by cluster. We also found
that in some cases nonparametric estimation procedure is better than

parametric estimates.

Key words: garden centers; landscapers; market channels; mass merchandisers;
ornamental plants; re-wholesalers; multivariate fractional regression model,

nonparametric
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Market Channel Analysis of Ornamental Plants using Clustering
Procedures

Farm-level sales of greenhouse and nursery crops in the U. S. increased about 18%
between 2000 and 2006 (USDA 2007). One of the factors that encouraged this growth was
the availability of sales opportunities within an existing set of market channels. Major
market channel alternatives that have contributed to the growth of ornamental crops sales
in the United States are mass merchandiser, home centers, single location garden centers,
multiple location garden centers, landscape firms and re-wholesalers. The leading channels
are the landscaper channels followed by re-wholesalers (Hall et al., 2011). Among these
market channels, re-wholesaler channels become most popular in these days since it add
value in the industry. For example, Florida is among the top producers of nursery products
and has a large consumer base, and the share of sales to re-wholesalers was 51% compared
to the national average of 21% (Hall et al., 2011). The wholesales channels consists of
production, transportation, storage and marketing function until it the product reached to
the consumer. Further, horticultural distribution centers (HDC) may be businesses
positioned as supply chain middlemen, providing products and services including
accumulation and sale of plant materials at locations convenient to the trade (Hinson et al.,
2012).

Conceptually, market conditions and grower characteristics determine the grower’s
channel. Advantages and disadvantages of channel alternatives affect the ability of growers

to achieve strategy and profit objectives. Growers are assumed to maximize profit by



selling to customer who are willing to pay more for higher plant quality or other distinctive
characteristics.

Previous literatures have shown that nursery producer is less sensitivity to price
relative to quality and services and prefer to sell to independent garden centers (Hampton,
2001). Landscapers were also similar behavior as plant materials are tend to be smaller
shares of a bid than are value —adding services(Hinson et al., 2012). Mass merchandisers
offered high volume of sales, but their low price strategy and concessions, including
minimum quantities and logistics services, were barriers for many sellers (Hampton, 2001)

Hampton (2001) used grower characteristics to estimated impacts of factors
affecting channel choice and found that larger nurseries attended more and larger trade
shows, used more aggressive sales tactics, and sold larger shares of output to mass
merchandisers and re-wholesalers. A recent paper by Hinson et al. (2012) studied the
impact of growers’ business characteristics on share of sales to these channels and found
that there exist strong effects of regions of the U.S, sales of plant groups, kind of contract
sales. They mainly found that re-wholesaler channel is stronger and preferred channel for

ornamental plants sales.

Since, the U.S. nursery industry is large industry; we expect that there is presence of
homogenous subpopulation of nursery producer. If we group nursery producer with their
characteristics, and do analysis in each cluster, the result obtained from the analysis are
more reliable. Given the available clustering procedure, a model based cluster analysis
performs better. The literature discuss on previous paragraph are based on the parametric
results and old data, and each channel coefficients are estimated using univariate

estimation procedure although there exist four channels. Hence, the estimated parameter



may not be consistent if they are correlated. A multivariate estimation procedure is
required since we have four different market channels and they are used simultaneously.
Further, if the distribution assumption used in the parametric regression procedure is
wrong, we the parameter are inconsistent and less efficient. Hence, we can use
nonparametric estimation procedure if the distribution assumption failed to capture the
nonlinearity or true nature of variable effect on the determination of share of market
channels. Hence, we used cluster analysis to identify homogeneous groups of producers
using model based clustering procedure, and then explore the impact of growers’ business
characteristics on shares of sales to these channels by farm size using multivariate
fractional regression model in each cluster. We will also compare parametric results with

nonparametric results.

Method

Cluster analysis

We expect that a heterogeneous population of growers consists of a collection of
homogeneous subpopulations, but these subpopulations are unknown and will be
characterized by appropriate clustering methods. We anticipate that the cluster-based
mixed effect model will show that covariates have significant influence on the pattern of
choice of market channels by U.S. ornamental plant growers. We conduct a cluster analysis
suggested by Gormley and Murphy (2010) and (Gormley and Murphy, 2008), which are
based on explanatory variables. They generated mixture of expert mode (MoE) for the rank

order data; which cannot be applied directly in this case, however we can modify it so that



we can use it for fractional dependent variable. A mixture of experts model (Jacobs et al,,
1991; Jordan and Jacobs, 1994) which combine the idea of mixture models McLachlan and
Peel (2000) and generalized linear models (Gormley and Murphy, 2008) works well for
fractional data.

As usual, MoE models gives the relationship between a set of response and
explanatory variables, but this models assume that the conditional distribution of the
response given the explanatory variables is a finite mixture distribution (Gormley and
Murphy, 2008). Let K be the number of homogeneous subpopulation of a heterogeneous
population also known as expert networks. Gating network coefficient is the probability of

ith

nursery producer belongs to subpopulation k is m;;, . The probability distribution for
nursery producer y; from subpopulation k is p(y;|68x), where 8 represents the parameters
of the model for subpopulation k. Let x; represents associated explanatory variables for i"
homeowners. Than the conditional probability of nursery producer i's choice y;, given their
associated explanatory variables x; is
P(ilx) = Zk=1mucP il Br) (1)
The gating network coefficients are weighting probabilities constrained such that
they are nonnegative and sum to one for each homeowner. The probability of nursery
producer i's choice according to the expert networks in the mixture model are blended by
the gating network coefficients to produce overall probability. Thus the probability of
nursery producer i's preference is a convex combination of the output probabilities from
the expert networks.

The gating network coefficients are assumed to be function of the nursery producer

explanatory variables. These explanatory variables determine their preference bloc



membership. The gating network coefficients in the MoE can be estimated using
multinomial logistic function, since probability of homeowners belonging to each of K
expert network can be viewed as success probabilities from a generalized linear model
(Gormley and Murphy, 2008). Then nursery produceer i's gating network coefficients
m; = (M1 iy, --., Mg ) are modeled by a logistic function of their P explanatory variables

x; = (Xi1, X2, ---, X;ip)- Then, the multinomial logistic model takes the following forms
ik
log ("_11) = Oko + OraXiz + OaXip + -+ OpLxy, (2)

where expert network 1 is used as the baseline expert network and 6 are the gating

network parameter estimates.

Fractional regression model

Within the context market channel data, each expert network need to appropriate modeled.
Let’s assume a nursery producer chooses different market channels that make the total
portfolio of market shares. These different market channels are mass merchandiser, garden
center, landscape firm, and re-wholesaler. A nursery producer therefore chooses to use a
fraction of market channels that makes total of 100%. Let Y = (y4, y,, ..., Vi) represent
fraction of market channels of M different market channels methods. Since the values
associated with these variables are in fraction so they are limited to close interval[0,1]. An
appropriate model should adjust the nature of fractional variables. A solution to deal with
this type of variables is to use a nonlinear function satisfying 0 < g(.) < 1, where g(.) is
nonlinear model proposed by Papke and Wooldridge (1996). Hence, the conditional mean

of the dependent variable can be expressed as



E(ylx) = g(xB) (3)
with x as a matrix of independent variables and fSas a vector of parameters. A fractional
model is specified using logistic link with Bernoulli distribution. We estimate f by
maximizing Bernoulli log-likelihood function given by

LL(B) = ZiL yilog[g(xiB] + (1 + y) log[1 — g(x;f)] (4)
with N being the number of nursery producers. The estimated parameter is consistent and
asymptotically normal provided that E (y|x) is correctly specified. Different approaches are
discussed in previous literature for univariate cases (Hinson et al., 2012; Papke and
Wooldridge, 2008; Ramalho et al., 2011). These authors have proposed a fractional
regression model on the basis of quasi-likelihood and logit conditional mean functions.

In our problem, we estimate the model simultaneously using multivariate
specification. A recent manuscript by Murteira et al. (2012) has proposed generalization of
a univariate specification shown in equation (1) to a multivariate specification with
multinomial logit link and multivariate Bournoulli distributions?.

Let E(Y|X) = G(X;B) = [G1(X,B], ..., Gy (X, B)]' be the m vector of conditional mean
function with its components E(y,,|X),m = 1, ... , M, with G,, = G,,(X, B). Here the the
conditional mean 0 < G,, < 1 for all m and ¥ G,, = 1.We use multinomial logit

specification expressed as:

_ exp(Xmf) —
Gm = ST exp(X1B) m=1,...M (5)

! An alternative to logit link function and Bernoulli distribution is to use a beta distribution
in which density values lies between 0 and 1, however this is less common compared to the
quasi-likelihood maximum likelihood estimation. A recent paper by Ramalho et al (2011)
illustrated a different models and estimation procedure that can be used for multivariate
fractional response variables with test procedure to check methodology and validity.



Let y,, be the fraction of m* component market channels used by a nursery producer, then
it follows multivariate bernouli (MB) distribution (Murteira et al., 2012). So the individual

contribution to the log-likelihood can be expressed as:
- Gim
log L;(B) = Yin=1Yim 108 Gim = Zm=1log ™ +log Gy (6)

Here, Giy = 1 — YM-1 G;,,.. Then the quasi-maximum likelihood (QML) estimator is

estimated by maximizing log-likelihood of all nursery producers (N) as given below:

LL(B) = X, logL;(B) (7)

The estimated parameter £ is consistent and asymptotically normal regardless of the true

conditional distributiony, provided that G is correctly specified.
Nonparametric Method

Use of a generalized kernel estimation in a nonparametric method allows incorporation of
both continuous and categorical variables ( Racine and Li (2004)). We consider share of
sales through different channels (y;) is affected by both continuous (Z¢) and categorical

(Z%) explanatory variables entering in a nonparametric fashion as shown in
i = 9(Zf,2) + (8)

here g(.) has an unknown functional form. We also assume that u;has mean zero and
varianceVar(u;|Z;) = 02(Z;). A details procedure to estimate equation 8 is available on Li

and Racine (2007)



Model specification test

We use the method suggested by Hsiao et al. (2007) to determine correct specification of
models (parametric vs. nonparametric). This test is compatible with both continuous and
categorical explanatory variables. Assume that the parametric model is correctly specified,
and then the null and alternative hypotheses are:

H,: Fractional regression model

H;: Nonparametric model

The test statistics proposed by Hsiao et al. (2007) is

1
~ Tl(ﬁlﬁq)ifn

Jo =Bt 9)
where
Ly =n7% 3 B B K,

Q= wz Z w2, 13,

i %)

U =y; — 9(Zi, B)
Here, K is kernel function, W and L represents product kernel for continuous and discrete
variable respectively. Details expressions for them are given in Appendix A1 and A2. J, is
distributed with N(0,1) under the null hypothesis. J,, test diverges to —o if H; is false.

Thus, we reject the null hypothesis for large values of the test statistics.



Data, Variables Used and Justification

Data for this analysis were obtained from the National Nursery Survey, 20092, Data about
sales, employment, product types and forms, market channels, production and marketing
practices, regional trade, and other influencing factors were collected for the year 2008
using mail and e-mail surveys in 50 U.S. states. A list of nursery plant producers was taken
from sources that included National Plant Health Board, departments of agriculture in each
state, grower associations, and business databases. Dillman (2000) protocol was used for
design and implementation of surveys. The survey was sent to 15,000 producers by regular
mail and to 1,900 producers in 12 states by email. A total of 3,044 valid responses was
received for a 17% response rate. Of these responses, 312 were from the e-mail survey.
Descriptive statistics of e-mail and mail survey respondents are similar3 in nature so we
analyzed the data that combines both email and mail survey respondents. Based on
information available we merged market channels as: 1. Re-wholesalers (rw), 2. Mass
Merchandise + Home Centers (mm), 3. Single and Multiple Location Garden Centers (gc),
and 4. Landscape Firms (ls). Figure 1 shows that landscape channel is the most common
use channel with 43.72% of respondents indicated that they use landscape firms as market
channels. Second most used market channel is re-wholesalers with 38.16% followed by
garden center with 35.61% as the third major market channels. The least common use
market channels is mass merchandiser and home center with only 5.66% respondents
indicated that they use it. A more details about market channels can be found in Hodges et

al. (2009).

2 The 2009 National Nursery Survey was conducted by the Green Industry Research Consortium of
University Horticulturists and Economists, organized as a multi-state project (S-1021) under the National
Institute of Food and Agriculture at the U.S. Department of Agriculture.

3 We use two sample mean comparison t-test for each variable and found that they are not significant.



The share of market channels are available in percentage in raw data and modified
in proportion for analysis propose. So they are varying between 0 and 1. For each producer
sum of fraction of market channels is equal to one. Hodges et al. (2008) found that
significant regional differences existed with respect to use of market channels. Based on
the number of firms, we divided growing regions into five categories (Midwest, Northeast,
Pacific, Southeast, and others) as defined in Table 24.

We expect that type of plant is an important factor for the share of market channels.
Nursery plant producers use computers for functions such as accounting/cost analysis,
inventory, financial investment analysis, and digital imaging for disease diagnosis (Hodges
et al.,, 2010). Computer technology enables nursery producers to evaluate benefits of
different market channels; hence the use of computer can be an important factor that
determines the fraction of market channels.

Firms specialize for production of different categories of plants (vine, annuals, trees
etc) so the sales volume of these plant category effect choice of market channels, so plant
types are used as explanatory variable in the model. The literature suggests that operator’s
age is important in many economic choice decision (Pandit et al., 2012; Paudel et al., 2013).
Operator age was not available, so age of the firm was included.

The emergence of mass merchandisers as a form of retail for nursery plants has led
to a higher share of plants reported as sold through contracts. These contracts reduce risk
in some senses, but also may increase risk. In the contract relationship, growers are

expected to have the agreed upon number of plants available for shipment. However, if

4 The states corresponding to the regions categories are Midwest: 14, IL, MI, MN, MO, OH, and WI;
Northeest: CT, DE, MA, ME, NH, NJ, NY, PA, R], and VT; Pacific: AK, CA, HI, OR, and WA; Southeast: AL, FL, GA,
MS, and SC; Others: AR, AZ, CO, ID, KS, KY, LA, MT, NC, ND, NE, NM, NV, OK, SD, TN, TX, UT, VA, WV, and WY.



retail demand is not sufficient, the retailer does not order shipment and the grower must
find other outlets for the material. Still, the contract relationship typically does encourage
or require the grower to expand and to control costs diligently. We expect that firms selling
through contracts are more likely to choose appropriate share of market channels to
maximize production. Further, we expect that choice of market channels are associated
with type of contracts, such as contract to other producers, contract to garden center and
contract to mass merchandisers.

We expect that different kinds of promotion increase sales of product of a firm. As
sales increase, we expect that the chance of optimal share of these market channels
increased due to higher profitability linked to increased demand. We used number of trade
shows attended in 2008 (trade), web site promotion expenses and trade show promotion
expenses as variables impacting the share of market channels. The choice of these
explanatory variables is consistent with the study by Pandit et al. (2012) and Hinson et al.
(2012).

We expect farm size as measured by total sales volume to have effect on choice of
market channels by nursery producers. Previous literature has shown that small and large
nursery plant producers behave differently (Hinson et al., 2012). In order to address effect
of farm size we use farm income dummy in the model. A farm income variable is used to
define farm size with annual sale volume above $500K per year equal to 1, and 0 otherwise.
A summary statistics and definition of dependent and independent variables are provided

in Table 1.



Results and Discussion

As described in method section we make cluster analysis using the method suggested by
(Gormley and Murphy, 2008). Our result shows that we have four homogeneous
populations in the nursery producer data. We found that number of observation in each
cluster as follows: cluster1 (579), cluster2 (441), cluster3 (1609) and cluster4 (57).

Multivariate fractional and nonparametric model are estimated for each cluster.
Cluster 1

Parametric estimates

The parametric estimates for market channels for cluster 1 is given in Table 2 and their
marginal effect is given in Table 3. Average marginal effect shows that nursery producer
who lives in Midwest, Northeast and other regions use 52.73%, 56.62% and 57.844% more
share of mass merchandiser channels compared to nursery producer in southeast region>.
Our result states that the nursery producers located in Midwest region use highest share of
(68%) of market channels form garden center compared to nursery producer in southeast
region. We found that cotton producer in Pacific use landscape as least share of market
channels compared to cotton producer in southeast region. Further, results shows that
share of market channels by nursery producer located in the Midwest region from re-
wholesalers is less by 22% compared to nursery producer located in Southeast region.
Higher sales of Other plants (pg5) means the nursery producer uses higher share of mass
merchandiser. Similarly higher sales of foliage plants imply that nursery producer uses

higher share of landscape firm by 0.122.

> In multinomial logit model the sign of the marginal effect (ME) may not be the same sign of regression

coefficients. % = p;;(Bj — Bi»and B; = ¥, pyB;. For avariablex, the ME is positive if B; > ;.
J



An increase in total sale under contract (ctcts) implies that nursery producer uses
less share of mass merchandiser by 0.032. Higher number of trade show attended (trade)
indicates that nursery producer uses higher share of garden center by 0.014.Results
indicate that higher website promotion expenses (pawsss) means nursery producer uses
higher share of flandscape firm. Older farmer (agef) is likely to use less share of of re-

wholesalers.

Nonparametric estimates

The partial regression plots from nonparametric estimate for cluster1 are given in figure
from 2 to 5 for mass merchandiser, garden center, landscape firm and re-wholesalers
respectively. For mass merchandiser this figures shows that trade show attend(trade) and
trade show promotion expenses has nonlinear relationship with higher sales through mass
merchandiser who attend trade 5-10 and trade show expenses 65-85. Figure 3 shows that
higher sales of shurbs/trees and other plants, trade show promotion expenses means that
nursery producer uses higher share of garden center. Age of firm has quadratic relation
share of garden center. The nonparametric estimate for landscape firm is given in Figure 4.
This figure shows that higher sales of trees/shurbs, number of IPM practices adoption
indicate that nursery producer use higher sharer of landscape firm. There is no distinct
pattern number of trade show attended and website promotion expenses. Larger firm has
higher rate of share of market channels through landscape firm. In case of re-wholesalers
nonparametric estimates shows that there is increase in sales through re-wholesalers for
higher sales for trees/shrubs. Nursery producer who use computer for farm management

aids has higher sales through re-wholesalers.



Cluster 2

Parametric estimates

The parametric estimates for market channels for cluster 2 are given in Table 2 and their
marginal effect is given in Table 4 . Average marginal effect shows that nursery producer
who located in Midwest, Northeast and Pacific regions use 0.60%, 0.61% and1.09 % less
share of mass merchandiser compared to nursery producer in southeast region. Result
states that the nursery producers in Pacific region use13.96% more share of market
channels form garden center compared to southeast region.

Our result shows that higher sale of trees/shrub plants (pg1) means nursery
producer uses less landscape firms by 0.002. We also found that higher sales of vines (pg3)
mean that nursery producer uses less share of mass merchandiser. In contrast, higher sales
of vines (pg3) and foliage (pg4) indicates that nursery producer uses higher share of
landscape by 0.001 and 0.013 respectively. We found that if the nursery producer is
contracted to mass merchandiser (tcmm) sales through mass merchandiser is less by 0.6%
compared to the producer who do not contracted. Resuts indicates that higher expenses on
website promotion (pawsss) suggest that nursery producer uses more share of mass
merchandiser, and trade show expenses (patss) suggest that nursery producer uses more
share of garden center. Further, we found that nursery producer who use computer for
farm management use mass merchandiser more by 1.3% then who do not use computer for
their farm management. If the nursery producer adopts more IPM practices the share of
market channels through mass merchandiser is less by 0.001, but for garden center is more
by 0.006. Further we found that large farm uses mass merchandiser as a market channels

more by 6.62% compared to small firm.



Nonparametric estimates

The non-parametric estimates for cluster 2 are given from figure 6 to 10. Figure 6 shows
that there is increase in sales through mass merchandiser with increase in sales of
trees/shurbs upto certain point and then decreases. Further, we found that there exists
regional difference on share of sales through garden center. This figures show that higher
sales of trees/shurbs and number of [PM adoption has higher share of sales through garden
center. We found that a higher sale of trees/shurbs, tradeshow promotion expenses has
negative impact on sales through landscape firm. In contrast we found that increase in
sales of foliage and vines trees, and age of firm increases sales through landscape firm up to
a certain threshold and then decreases. Nursery producer who use computer, and have
large firm share more garden center than who do not use computer and small firm
respectively. We also found that there exists regional difference on sales through re-
wholesalers. Further, higher sales of trees/shrub, total sales under contract, contracted to
mass merchandiser, trade show promotion expenses, age of firm, and use of computer
imply that nursery producer sales higher amount through re-wholesalers. For number of

IPM practices adoption we found quadratic type of relation.

Cluster 3

Parametric estimates
The parametric estimates for market channels for cluster 3 are given in Table 2 and their

marginal effect is given in Table 5. Average marginal effect shows that nursery producer



who lives in Midwest, Northeast, Pacific and Other regions use 14.35%, 15.27%, 10.54%
and13.80% more share of garden center compared to nursery producer in southeast
region. Result states that the nursery producers in Pacific region use 12.97% less share of
market channels form pacific compared to southeast region. Further results shows that
nursery producer who lives in Midwest, Northeast, and Other region use 14.37%, 11.63%,
and 10.25% use less re-wholesalers compared southeast region.

Higher sales of bedding plants (pg2) mean that nursery producer sales higher
amount of nursery product through garden center. We also find that higher sale of foliage
(pg4) and other (pg5) plants means nursery producer sales more through re-wholesalers.
Higher total sales under contract imply that nursery producer sales higher amount of
nursery producer through re-wholesalers. If the cotton producer are contracted to garden
center sales through garden center is more by 31.03%, land scape firm and re-wholesalers
are less by 16.44% and 13.20% respectively compared to nursery producer who do not
contracted.

We found that higher trade show promotion expenses (patss) suggest that higher
sale through landscape but less sales through re-wholesalers. In contrast we found that if
the nursery producer uses computer sales through landscape is 10.23 more and sales
through re-wholesalers is less by 8.79%. If the nursery producer adopt more IPM (nipm)
practices, nursery producer sales less through land scape. If the farm size (farm-size) is
large, sales through mass merchandiser, land scape are more by 3.01% and 6.73%
respectively compared to small firm. In contrast we found opposite effect for garden center

and re-wholesalers with marginal values 5.48% and 4.32% respectively.



Nonparametric estimates

The nonparametric estimates of cluster 3 for each market channels are given in figure 10-
14. This figure show that higher sale of foliage, other plants suggest that nursery producer
sale higher through mass merchandiser, however if nursery producer contracted to garden
center or higher website promotion expenses implies that nursery producer sales less
through mass merchandiser. Higher sales of bedding plants, contracted to garden center,
and higher number of IPM practices adoption indicate that nursery producer sales more
through garden center. In contrast, there is less use of garden center for more number of
trade show attended. For landscape firm, we found that number of trade show attended
has positive impact on sales through landscape, and large firm are more likely to sales
through landscape firm. We also found regional difference for sales through re-wholesalers.
The variables that have positive effect on it are sales of foliage plants, total sales under
contract, website promotion expenses, and number of [IPM adoption. Whereas, sale of

bedding plants has negative effect and numbers of trade attend have negative effects.

Cluster 4

Parametric estimates

The parametric estimates for market channels for cluster 4 are given in Table 2 and their
marginal effect is given in Table 6 . Average marginal effect shows that nursery producer
who lives in Pacific and Other regions use 21.87% and 16.51 less share of mass
merchandiser compared to nursery producer in southeast region. Further, Nursery
producer in pacific region use 30.03% more garden center and in other region use 13.70%

less re-wholesalers. Results indicate that higher sale of trees/shrub (pg1) imply that



nursery producer use less mass merchandiser whereas they use more landscape firms.
Higher sales of bedding plants (pg3) and foliage (pg4) imply that nursery producer use less
garden center and landscape firm. Further, higher sales of Other plants indicate that
nursery producer use more wholesalers.

If the nursery producer is contracted to garden center (tcgc) sales through
landscape firms is 7.97% more compared to who are not contracted. Further if the they are
contracted to mass merchandiser sales through mass merchandiser and land scape firms is
24.34% and 10.47% more compared to who are not contracted to mass merchandiser. On
the other hand we found less use of garden center with average marginal effect of 37.34%.
If the number of trade show attended increases, the sales through mass merchandiser
increases by 0.255.

Higher website (pawsss) and trade show (patss) expenses means that nursery
producer sales less through mass merchandiser where as they use more landscape firms
and re-wholesalers. If the farm age (agef) is rises, nursery producers sale less through
landscape firm. If the nursery producer uses computer (dcomp) for their farm management
aids the sales through mass merchandiser and landscape firm is more by 18.53% and
8.27% respectively, If number of IPM practices increases the sales through landscape firm
decreases. Further large farm size nursery producer are less likely to sell through mass

merchandiser but more likely to sales through re-wholesalers.

Nonparametric estimates
Nonparametric estimates for each market channels for cluster 4 are given in Figure 14-17.

There also exists regional difference on sales through mass merchandiser for cluster 4. We



found that there is higher sales through mass merchandiser for higher in sales of bedding,
foliage and other plants, contracted to garden center, higher number of trade show
attended, and higher website promotion expenses. For higher sales through contract,
nursery producer use more sales from mass merchandiser up to a threshold level after that
they sales through mass merchandiser. We found that, use of computer for their farm
management aids imply that nursery producer use less mass merchandiser. Higher sales of
bedding plants, total sales under contract, contract to garden center, website promotion
expenses, age of firm suggest nursery producer use less garden center. Further, we found
that higher sales of trees/shrubs and higher number of IPM practices imply that nursery
producer sales more nursery product through landscape firm. Nursery producer, who use
computer for their farm management use less landscape firm than those who do not use
computer. Finally, we found that higher trade shows expenses, number of IPM practices

adoption means higher sales through re-wholesalers.

Model comparison test

We use method suggested by Hsiao et al. (2007) to compare parametric and nonparametric
estimate as a model specification test. The model specification test is given in table 7. Table
7 shows that for cluster 1 garden center equation, nonparametric estimation is better than
parametric estimation. For cluster 2, we found that except mass merchandiser, all equation
nonparametric estimation is better than nonparametric estimation. In case of cluster 3, our
result shows that landscape equation should be estimated using nonparametric model.
Further, re-wholesalers and garden center are better if they are estimated nonparametric

ally for cluster 4.



Conclusions

We used model based clustering procedure to find homogenous population of the U.S.
nursery producer. Our results show that there exists four homogenous subpopulation of
the U.S. nursery producer. We estimate multinomial fractional model (parametric) and
nonparametric model to analyze market channels used by the U.S. nursery producer. Then,
the fractional model and nonparametric model was compared using Hsiao et al. (2007) test.
Our results show that three groups of variables - region, the plant groups, and the contract
production group- played an important role in channel choice. Our results suggest that
parametric mode is not specified in all cases so we need to use nonparametric model if
parametric model is not appropriate.

We found that for cluster 1, sales of plant group foliage, total sale under contract has
positive effect on sales through mass merchandiser; number of trade show attended has
positive effect on garden center but negative effect for land scape farmers. Trade show
promotion expenses have positive effect on landscape firm but negative effect on re-
wholesalers and age of firm has negative impact on re-wholesalers.

For cluster 2, sales of vines plants, farm age and number of IPM adoption has
negative effect for mass merchandiser whereas website promotion expenses and use of
computer for farm management aid have positive effect. Further, trade show expenses and
number of IPM adoption have positive impact on share of market channels through garden
center. Similarly, sales of vines and foliage have positive effect on fraction of sales through
landscaper firm. Further, we found that sale of other plant group has negative impact on re-

wholesalers.



For cluster 3 we found that sales of trees/shrub has negative impact on sales of
mass merchandiser and sales of bedding plants, and total sales under contract has positive
effect on market channels through garden center. We also found that sales of foliage and
other plants, total sales under contract, total sales under contract, trade show promotion
expenses and number of IPM adoption has negative effect on landscape firm. For re-
wholesaler, plant group trees/shrub, total sales under contract and use of computer for
farm management has positive impact, whereas sale of vines, foliage and other plants, total

sales under contract and tradeshow promotion expenses has positive effects.

For cluster 4, the variables that have positive effect on mass merchandiser are
contracted to mass merchandiser, trade show attended, the variables that have positive
effect on mass merchandiser are contracted to mass merchandiser, trade show attended,
computer management aids and that have negative effects are sales of trees/shrubs plants,
website and trade show promotion expenses. We also found that sales of vines and total
sales under contract have negative effect on market channels through garden center. Sales
of trees/shrubs, contract to garden center and mass merchandiser, website and trade show
promotion expense and computer managements aids has positive effect on market
channels through landscape firm, on other hand sales of vines and foliage plants, firm age
and number of [PM practices adopted has negative effects. Finally, sales of other plants,
tradeshow and website promotion expenses, and farm size have positive effect on market

channels through re-wholesalers, whereas computer management aids has negative effects.

Although we found that most of the cases parametric model are specified in this

case. However if there is non-linear relationship exist we should estimate them



nonparametric ally. A flexible model which combine both parametric and nonparametric
model can be used in future that are likely to be better specified. Overall, this study was
intended to assist growers’ understanding of opportunities, including identification of
business characteristics associated with increased or reduced shares of wholesale sales
made through four different market channels. Results from our study suggest progress in
understanding the relationships between channels, but additional studies are needed to
confirm these findings. A caution is that data for this analysis represent only growers’
opinions and perceptions. Studies of other links in the supply chain, including re-
wholesalers, retailers, and service providers such as landscapers, could provide other

perspectives
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Figure 1: Market channels sales of nursery products in the U.S., 2008.
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Figure 2: Partial regression plots obtained from nonparametric model of mass
merchandiser (Cluster 1)



0.6

gc
0.4

0.2

0.0

1
- H---

? 9
| |
| |
T T
4 6

~ 4---0

factor(region)

0.6

gc
0.4
1

0.2

0.6

gc
0.4

0.2

0.0

e
0 20

T T T T
40 60 80

paw sss

gc
0.4
1

0.2

T T
0 5

T T T
10 15 20

nipm

gc

gc

gc

gc

04 06

0.2

0.0

02 04 06

0.0

04 06

0.2

0.0

02 04 06

0.0

pgs5

0 20 40 60 80

patss

?
1
[
T

0

-~ H---

factor(farm_size)

gc

gc

gc

04 06

0.2

0.0

02 04 06

0.0

04 06

0.2

0.0

pg2

— 1 1 T T 1
0 5 10 15 20 25

ctcts

agef

gc

gc

gc

04 06

0.2

0.0

02 04 06

0.0

04 06

0.2

0.0

\——"/_\

0 20 40 60 80

pg3

?
1
|
I
1

[
i
1
|
I
0

factor(dcomp)

Figure 3: Partial regression plots obtained from nonparametric model of garden center

(Cluster 1)



Is

Is

Is

Is

00 02 04 06 08

0.0 02 04 06 08

00 02 04 06 08

0.0 02 04 06 08

N )

? 9
I I
| |
| |
I I
| |
| |
T T
4 6

N -------

factor(region)

0 20 40 60 80

paw sss

T T T T
5 10 15 20

o

nipm

Is

Is

Is

Is

00 02 04 06 08 00 02 04 06 08 00 02 04 06 038

00 02 04 06 08

0 20 60 100

pg1

pgs5

—

0 20 40 60 80

patss

@
I
1
1
1
1
]
T

0

o H-=-=-----0

factor(farm_size)

Is

Is

Is

00 02 04 06 08 00 02 04 06 038

00 02 04 06 08

pg2

0 5 10 15 20 25

ctcts

agef

Is

Is

Is

00 02 04 06 08 00 02 04 06 038

00 02 04 06 08

0 20 40 60 80

pg3

? ?
| |
| |
| |
| |
| |
i i
T T
0 1

factor(dcomp)

Figure 4: Partial regression plots obtained from nonparametric model of landscape firm
(Cluster 1)



rw

0.0 02 04 06 08
|

- —H---

? 9
| |
| |
T T
4 6

~ —---

factor(region)

w
0.0 02 04 06 08

0 1 2 3 4 5
pg4
[ee]
®
©
Q
g < |
o
N ]
o
o
© T T T T T 1
0 20 40 60 80
paw sss
oo}
©
©
©
E <
S
N
S l— —
o
© T T T T T
0 5 10 15 20
nipm

rw

rw

00 02 04 06 08 0.0 02 04 06 08 00 02 04 06 08

0.0 02 04 06 08

pgs5

0 20 40 60 80

patss

@
1
[
T

0

- H---

factor(farm_size)

rw

rw

00 02 04 06 08

0.0 02 04 06 08

00 02 04 06 08

pg2

— 1 1 T T 1
0 5 10 15 20 25

ctcts

agef

rw

rw

00 02 04 06 08

0.0 02 04 06 08

00 02 04 06 08

\/\/

0 20 40 60 80

pg3

9 ?
1 1
1 1
T T
0 1

factor(dcomp)

Figure 5: Partial regression plots obtained from nonparametric model of re-wholesalers

(Cluster 1)



E g E o E g E o
o o o o
81 ¢ ¢ ¢ ¢ 81— 8 Sl —————
(=} T T T T o 1T T 17T 17T 1771 o T T 1 T T o T T T T T T
1 4 6 7 0 20 60 100 0 5 10 20 0 20 40 60 80
factor(region) pg1 pg2 pg3
< < < <
[ o - o o -
o =) =) =)
E o £ o € o £ o
1S [ IS o - 1S o IS o
o o o o
- .
8 4 8 4 8~} 8 4 ? ?
S T T T T T 1 S T T T T T S T T T T T T 11 <} T T
0 5 10 15 20 25 0 20 40 60 80 0 20 40 60 0 1
pg4 pg5 ctcts factor(tcmm)
< < < <
o o (o S
o o o o
E o E o E g E o
o o o o
o o o o
S [ P ey S— S 4 S 4
o T T T T T T o T T T T T T o T T T T T T o T T T T T T
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 40 80 120
trade paw sss patss agef
< < <
S S - S
o =) =)
E o £ o € o
E 9 A IS E 9 4
o o o
o o o @
S ? ? S |/ S 4 ? 1
IS T T S T T T T S T T
0 1 0 5 10 15 0 1
factor(dcomp) nipm factor(farm_size)

Figure 6: Partial regression plots obtained from nonparametric model of mass
merchandiser (Cluster 2)



o ? o o o
N 4 [} N N N
o 1 o o o
1
o T ? 1 o 7] o T o T
2 o] o | ® o | S o |— S o |—
s 0o ! S /— S S
i l ° l ] _ -
| | ] |
o | | | | o o o
a4 | | | S S S
(=} T T T T o 1T T 17T 17T 1771 o T T 1 T T o T T T T T T
1 4 6 7 0 20 60 100 0 5 10 20 0 20 40 60 80
factor(region) pg1 pg2 pg3
o o o o
N N N N 4
[=) =} =} =}
o T o 7] o T o T
)} ° o)) o )} o o)) o ° °
s | S | S ] S ] : :
i - : 4 i
o o o o ! !
S 4 S 4 S S l 1
S T T T T T 1 S T T T T T S T T T T T T 11 <} T T
0 5 10 15 20 25 0 20 40 60 80 0 20 40 60 0 1
pg4 pg5 ctcts factor(tcmm)
o o o o
IS N q «
=) o o o
o T o n o T o T
o o [ I ° o | — [ I
S | S | S | S |
o o o o
S S H S S
o T T T T T T o T T T T T T o T T T T T T o T T T T T T
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 40 80 120
trade paw sss patss agef
o o o
N 4 N N
o o o
o) ] o n o) ]
© o | ° ° S ol © o | ° [
S | | S S | |
] | | | ] | |
| | | |
o 1 1 o o 1 1
S | | S S 4 | |
IS T T S T T T T S T T
0 1 0 5 10 15 0 1
factor(dcomp) nipm factor(farm_size)

Figure 7: Partial regression plots obtained from nonparametric model of garden center
(Cluster 2)



Is

Is

Is

Is

0.8

04

0.0

0.8

0.4

0.0

0.8

04

0.0

0.8

0.4

0.0

N )
N —A-------9

®
| |
1 1
1 1
1 1
1 1
1 1
| |
T T
4 6

factor(region)

— 1 1 T T 1
0 5 10 15 20 25

pg4

0 20 40 60 80

trade

A H-------0

@
1
I
1
1
[
T
0

factor(dcomp)

Is

Is

Is

Is

0.8

0.4

0.0

0.8

0.4

0.0

0.8

0.4

0.0

0.8

0.4

0.0

0 20 60 100

pg1

T T T T T
0 20 40 60 80

pgs5

0 20 40 60 80

paw sss

Is

Is

Is

Is

0.8

0.4

0.0

0.8

0.4

0.0

0.8

0.4

0.0

0.8

0.4

0.0

0 5 10 20

pg2

ctcts

B s e
0 20 40 60 80

patss

O

@
1
1
1
I
1
1
[
T
0

factor(farm_size)

Is

Is

Is

0.8

0.4

0.0

0.8

0.4

0.0

0.8

0.4

0.0

NG

T T T T
0 20 40 60 80

pg3

@
1
1
1
1
1
1
|
T
0

N ]

factor(tcmm)

agef

Figure 8: Partial regression plots obtained from nonparametric model of landscape firm
(Cluster 2)



rw

rw

0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

0.0 0.2 04 0.6 0.8 1.0

= H----
N —----e

e 7
1 1
1 1
| |
T T
4 6

factor(region)

—

0 5 10 15 20 25

pg4

0 20 40 60 80

trade

?
I
1
|
T
1

°
1
|
T

0

factor(dcomp)

rw

rw

0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

0.0 0.2 04 06 0.8 1.0

—

0 20 60 100

pg1

T T T T T
0 20 40 60 80

pgs5

0 20 40 60 80

paw sss

rw

rw

0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

0.0 0.2 04 06 0.8 1.0

0 5 10 20

pg2

ctcts

/

0 20 40 60 80

patss

? °
| ]
I I
| |
T T
0 1

factor(farm_size)

rw

rw

0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

0.0 0.2 04 0.6 0.8 1.0

0 20 40 60 80

pg3

?
1
I
1
1
|
T
1

9
i
|
T
0

factor(tcmm)

agef

Figure 9: Partial regression plots obtained from nonparametric model of re-wholesalers
(Cluster 2)



o
(=)
g © IS
E 27 £
o1 @ e o e
o - | ] ] 1
o T T T T
1 4 6 7
factor(region)
S
o |
£ 9] IS
g g—_/ £
S
S T T T T T
0 20 40 60 80
pg4
o
o |
£ © 7] IS
€ 2 €
3 7
S T T T T T
0.0 04 0.8
tcrmm
o
O'_
E g ] £
€ 21 £
S
S 7 T T T

0 50 100 150

agef

0.00 0.06 0.12 0.00 0.06 0.12 0.00 0.06 0.12

0.00 0.06 0.12

T T T T T T
0 100 300 500

pg1

- _’_/—'—'_’_
T T T T
0 50 100 150

pg5

— 1 T T T 1
0 20 40 60 80

trade

dcomp

mm

mm

mm

mm

0.00 0.06 0.12 0.00 0.06 0.12 0.00 0.06 0.12

0.00 0.06 0.12

T T T T T
0 20 40 60 80

pg2

T T T 1
0 20 40 60 80

ctcts

e

T T 1 1
0 20 40 60 80

paw sss

T T T T T
0 5 10 15 20

nipm

mm

mm

mm

mm

0.00 0.06 0.12 0.00 0.06 0.12 0.00 0.06 0.12

0.00 0.06 0.12

T T T T T T
0 20 40 60 80

pg3

tcge

— 1 T T T 1
0 20 40 60 80

patss

farm_size

Figure 10: Partial regression plots obtained from nonparametric model of mass

merchandiser (Cluster 3)



<
o
[&] -
® o
o ? ? ? ?
- 1 1 1 1
= | | |
° T T T T
1 4 6 7
factor(region)
<
o
[&] -
® o
o
o
© T T T T T 1
0 20 40 60 80
pg4
<
o
(&) —
2 o
o
o
© T T L T
0.0 0.4 0.8
tcmm
<
o
(&) —
2 o
o
o |
o T T T T
0 50 100 150
agef

Figure 11: Partial regression plots obtained from nonparametric model of garden center

(Cluster 3)

gc

gc

gc

gc

0.0 02 04 00 0.2 04 00 0.2 04

0.0 02 04

0 100 300 500
pg1
B T T T
0 50 100 150
pgs

B e e N
0 20 40 60 80

trade

dcomp

gc

gc

gc

gc

0.0 02 04 00 0.2 04 00 0.2 04

0.0 02 04

-

T T T T T T
0 20 40 60 80

pg2

— T T 1 T 1
0 20 40 60 80

ctcts

J

0 20 40 60 80

paw sss

-

T T T T T

0 5 10 15 20
nipm

gc

gc

gc

gc

0.0 02 04 00 0.2 04 00 0.2 04

0.0 02 04

T T T T T
0 20 40 60 80

pg3

tcgc

B S e —
0 20 40 60 80

patss

farm_size




Is

Is

Is

Is

00 04 08 0.0 04 08 0.0 04 08

00 04 08

- —-e

~ -0
o —-e
~ —-e

factor(region)

- T——

0 20 40 60 80

pg4

o -

?
|
T
1

factor(tcmm)

T T T T
0 50 100 150

agef

Is

Is

Is

Is

00 04 08 00 04 08 00 04 08

00 04 08

0 100 300 500

pg1

—

T T T T
0 50 100 150

pg5

0 20 40 60 80

trade

o —-e
= -

factor(dcomp)

Is

Is

Is

Is

00 04 08 00 04 08 00 04 08

00 04 08

0 20 40 60 80

pg2

-

0 20 40 60 80

ctcts

—_—

0 20 40 60 80

paw sss

T T T T T
0 5 10 15 20

nipm

Is

Is

Is

Is

00 04 08 00 04 08 00 04 08

00 04 08

0 20 40 60 80

pg3

o —-o
-~ —-e

factor(tcgc)

0 20 40 60 80

patss

@
1
|
I
1

o -

factor(farm_size)

Figure 12: Partial regression plots obtained from nonparametric model of landscape firm
(Cluster 3)
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Figure 13: Partial regression plots obtained from nonparametric model of re-wholesalers
(Cluster 3)
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Figure 14: Partial regression plots obtained from nonparametric model of mass
merchandiser (Cluster 4)
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Figure 15: Partial regression plots obtained from nonparametric model of garden center
(Cluster 4)



Is

Is

Is

Is

02 04

0.0

02 04

0.0

04

0.2

0.0

04

0.2

0.0

T 9?9

I T T I

1 4 6 7
factor(region)

0 20 40 60 80

pg4

o
i
T
1

o --o

factor(tcmm)

0 20 60 100

agef

Is

Is

Is

Is

0.4

0.2

0.0

0.4

0.2

0.0

0.4

0.2

0.0

0.4

0.2

0.0

0 10 20 30 40

pg1

0 20 40 60 80

pg5

)
1

|

! [}
| i
T T
0 1

factor(dcomp)

Is

Is

Is

Is

0.4

0.2

0.0

0.4

0.2

0.0

0.4

0.2

0.0

0.4

0.2

0.0

0 50 100 150

pg2

0 20 40 60 80

ctcts

RN

0 20 40 60 80

paw sss

T T T T T
0 5 10 15 20

nipm

Is

Is

Is

Is

0.4

0.2

0.0

0.4

0.2

0.0

0.4

0.2

0.0

0.4

0.2

0.0

/

0 5 10 15 20 25

pg3

o
i
T
0 1

factor(tcgc)

-~

0 20 40 60 80

patss

o —-e

[
i
I
1

factor(farm_size)

Figure 16: Partial regression plots obtained from nonparametric model of landscape firm
(Cluster 4)
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Figure 17: Partial regression plots obtained from nonparametric model of re-wholesaler
(Cluster 4)



Table 1. Variable definition and summary statistics

Clusterl Cluster 2 Cluster 3 Cluster 4

Variables Variable Definition Mean SD Mean SD Mean SD Mean SD
Market Channels
mm Mass merchandiser 0.0027  0.0264 0.0053 0.0437 0.0277 0.1366 0.2507  0.2710
gc Gardend Center 0.1183  0.2415 0.1316 0.2314 0.2001 0.3401 0.2455  0.2733
Is Landscape firms 0.3895 0.4160 0.4259 0.3846 0.1884 0.3284 0.0927 0.1734
rw Re-wholesalers 0.1488  0.2748 0.2053 0.2824 0.2038 0.3479 0.1970  0.2449
Regions
Midwest Equals 1 if Midwest, otherwise 0 0.3333 0.4718 0.0839 0.2776 0.1200 0.3250 0.1404 0.3504
Northeast Equals 1 if Northeast, otherwise 0 0.3247 0.4687 0.0635 0.2441 0.2094 0.4070 0.0702 0.2577
Pacific Equals 1 if Pacific, otherwise 0 0.0138 0.1168 0.0862 0.2809 0.2088 0.4066 0.2456 0.4343
Southeast Equals 1 if Southeast, otherwise 0 0.0294 0.1690 0.5805 0.4940 0.2418 0.4283 0.2807 0.4533
Other Equals 1 if Southeast, otherwise 0 0.2988 0.4581 0.1859 0.3895 0.2200 0.4144 0.2632 0.4443
Plant
Group
pg1 Sales of trees/shurbs($00,000) 68.8559 36.0595 729113 35.4249 16.1571 33.5701 42982 9.8034
pg2 Sales of bedding plants($00,000) 2.3252 7.0442 0.778 3.121 18.2896 31.5795 28.7895 41.7722
pg3 Sales of vines($00,000) 149776 20.1517 37.4803 36.1311 46100 14.1269 1.3509  4.6847
pg4 Sales of foliage($00,000) 0.0881  0.5431 0.3583 1.9883 6.1403 21.3119 15.3684 30.1316
pg5 Sales of other($00,000) 10.8263 15.4196 9.6564 16.267 55.9774  40.4580 47.7544 39.6778
Contracted production
ctcts Total sales under contract ($00,000) 0.6356  2.8480 3.5500 9.9010 12.8513 27.1200 40.5789 34.3204
tcgc Contract to garden centers (1 if positive, otherwise 0) - - - - 0.0733 0.2608 0.4561  0.5025
tcmm Contract to mass merchandisers (1 if positive, - - 0.0045 0.0673 0.0062 0.0786 0.8772  0.3311

otherwise 0)
Kinds of promotions
trade Number of trade shows attended in 2008 1.0466 2.0962 1.8299 6.868 1.1827 3.5634 3.0877 5.2620
pawsss Website promotion expenses ($000) 7.1628 19.3333 7.5295  20.2403 9.1681  22.9587 10.0526 21.3796
patss Trade show promotion expenses ($000) 3.1027 11.0482 10.3091 22.3367 6.8421 20.5811 18.8246 30.8846
Others
nipm Number of integrated pest management used 6.3834  4.2212 6.6984 4.1388 7.7272 4.5863 11.7544  5.5236
agef Firm age (2008 minus year established) 28.0104 21.5227 20.3447 18.2424 21.5196 20.0474 26.3158 19.8406
dcomp Computer management aids 0.6546  0.4759 0.6304 0.4832 0.5979 0.4905 0.8772  0.3311
farm_size Equal 1 if total sale >500K, 0 otherwise 0.2884  0.4534 0.39 0.4883 0.2474 0.4316 0.6491  0.4815

Note: variable tcgc and tcmm are invariant in clusterl, variable tcgc is invariant in cluster 2 and they are not use in model as

well.



Table 2. Parametric results for fractional regression model

Cluster 1 cluster2

Variables mm gc Is mm gc Is
Constant -21.53260  -2.91014 -0.29224 | -35.09154***  -0.70813 1.28676***
(0.998) (0.336) (0.800) (0.000) (0.224) (0.001)

Midwest 15.64667 2.46805 0.82523 -9.27076*** 0.27800 0.05205
(0.999) (0.408) (0.446) (0.000) (0.580) (0.901)

Northeast 14.53238 2.38935 0.52476 | -8.84431***  -0.28594 -0.07109
(0.999) (0.421) (0.622) (0.000) (0.499) (0.846)

Pacific -2.56987 3.38171 -0.56825 | -16.83781***  0.74591* -0.14752
(1.000) (0.282) (0.727) (0.000) (0.086) (0.661)

Other 15.08574 2.57051 0.51107 3.71975* 0.01496 -0.29684
(0.999) (0.386) (0.630) (0.063) (0.964) (0.262)

pg1 0.01249  -0.00006 0.00009 0.05212 -0.00107  -0.00705*
(0.820) (0.992) (0.986) (0.135) (0.852) (0.078)

pg2 0.00600 0.01434 0.06630* 0.08955 0.08348 0.07102
(0.987) (0.780) (0.062) (0.255) (0.200) (0.258)

pg3 -0.02298  -0.00569 0.00512 -0.05707*** 0.00189 0.00573
(0.703) (0.570) (0.474) (0.003) (0.689) (0.155)

pg4 -9.85169  -0.41093 0.28408 0.16936 0.06103** 0.08199***
(0.997) (0.621) (0.510) (0.658) (0.048) (0.007)

pgs 0.03662 0.01370 0.00457 0.04778 0.01147 0.00569
(0.567) (0.237) (0.639) (0.118) (0.179) (0.412)

ctcts -8.43405  -0.02877 -0.01767 -0.03577  -0.02123 -0.00975
(0.988) (0.673) (0.724) (0.389) (0.112) (0.348)

tcmm - - - | -12.23338*** 0.80327 0.18010
(0.000) (0.566) (0.790)

trade 0.09487 0.04949 -0.07309 0.03720 -0.00337 0.00691
(0.705) (0.554) (0.351) (0.236) (0.587) (0.341)

pawsss -0.00443 0.00702 0.00812 0.04104***  -0.01163 -0.00497
(0.949) (0.466) (0.313) (0.008) (0.178) (0.356)

patss 0.00381  -0.01552 -0.02118* -0.09189* 0.00746 -0.00387
(0.927) (0.257) (0.056) (0.063) (0.109) (0.349)

agef 0.02065 0.01105 0.00995 0.00158 0.00190 0.00280
(0.610) (0.216) (0.168) (0.921) (0.771) (0.634)

dcomp 1.12568  -0.40825 0.07690 | 15.71868***  -0.15707 -0.08155
(0.705) (0.329) (0.820) (0.000) (0.616) (0.744)

nipm -0.09419 0.01138 0.01649 -0.32514** 0.02532 -0.02796
(0.735) (0.812) (0.662) (0.028) (0.418) (0.257)

farm_size 0.20657 0.02749 0.24654 | 15.82764*** -0.16785 0.10826
(0.925) (0.948) (0.458) (0.000) (0.479) (0.590)




Table 2. Contd.

cluster3 Cluster 4
Variables mm gc Is mm gc Is
Constant -1.81425** -0.25563 0.87720** 1.38353 3.24864 -0.46370
(0.031) (0.382) (0.011) (0.549) (0.157) (0.869)
Midwest 0.73170 1.08169*** 0.64363** 1.62898** 1.54646* 1.69280
(0.213) (0.000) (0.033) (0.047) (0.054) (0.102)
Northeast 0.75189 0.94548*** 0.31581 1.36441 1.22360 -0.03494
(0.106) (0.000) (0.164) (0.182) (0.441) (0.976)
Pacific 0.04478 0.26230 -0.56651*** -0.81077 1.33142* 0.56443
(0.915) (0.194) (0.005) (0.286) (0.076) (0.521)
Other 0.69841*  0.84798*** 0.25490 -0.15236 0.84172 3.08296***
(0.083) (0.000) (0.193) (0.834) (0.287) (0.000)
pg1 -0.02369*** 0.00183 0.00350 -0.04089 -0.02227 0.12824***
(0.009) (0.396) (0.221) (0.266) (0.589) (0.002)
rg2 0.00698  0.01456*** 0.00279 -0.01287 -0.02055**  -0.03028*
(0.410) (0.000) (0.497) (0.180) (0.015) (0.095)
pg3 0.00261 -0.01870** -0.00670 0.06334 0.04127 -0.15063
(0.871) (0.013) (0.106) (0.373) (0.450) (0.162)
pg4 -0.00363 -0.00857**  -0.02574*** -0.01568 -0.01042 -0.04028**
(0.659) (0.013) (0.000) (0.196) (0.415) (0.030)
pgs -0.00298 -0.00458* -0.01167*** -0.05585***  0.03747** -0.04441**
(0.684) (0.052) (0.000) (0.000) (0.001) (0.025)
ctcts -0.00963*  -0.01511*** -0.01662*** 0.00846 -0.00095 -0.00117
(0.088) (0.000) (0.000) (0.301) (0.896) (0.882)
tegc 0.26728 1.38579%** -0.10461 0.00983 0.31933 1.12116**
(0.535) (0.000) (0.658) (0.982) (0.533) (0.034)
tcmm 1.82997* -0.10795 0.00688 1.60501 -1.09668  1.82392**
(0.081) (0.891) (0.992) (0.205) (0.171) (0.034)
trade -0.03277 -0.01822 0.01090 0.20517** 0.04239 0.09175
(0.410) (0.334) (0.395) (0.010) (0.420) (0.155)
pawsss -0.00540 0.00094 -0.00177 -0.03679***  -0.02805** 0.00629
(0.409) (0.759) (0.553) (0.000) (0.044) (0.585)
patss 0.00096 -0.00529* -0.00890*** -0.03056*** -0.01606** -0.00232
(0.864) (0.057) (0.004) (0.000) (0.014) (0.716)
agef 0.00351 -0.00122 -0.00281 -0.00448 0.00039  -0.04066*
(0.618) (0.757) (0.494) (0.744) (0.982) (0.099)
dcomp 0.29809 0.28614*  0.67823*** 2.22287** 0.95909  2.34197**
(0.357) (0.086) (0.000) (0.016) (0.260) (0.033)
nipm -0.05580* -0.01026  -0.03786** -0.01165 -0.02348 -0.14169**
(0.087) (0.548) (0.022) (0.807) (0.627) (0.027)
farm_size 0.81561*** -0.02210 0.38026** -1.61630** -0.41028 -0.75578
(0.005) (0.888) (0.018) (0.027) (0.569) (0.259)

Note: Value given in parenthesis are P-value. *, **, and *** represent parameters are significant at 0.10,0.05,

and 0.01 level of significance.



Table 3. Marginal effect for cluster 1.

Variables mm gc Is r'w
Midwest 0.52732%** -0.04353* -0.29760*** -0.22051%**
(0.000) (0.092) (0.000) (0.002)
Northeast 0.56622%** -0.03806* -0.34870*** -0.19623%**
(0.000) (0.094) (0.000) (0.003)
Pacific -0.00407*** 0.68703*** -0.50165%** -0.18182%**
(0.001) (0.000) (0.000) (0.000)
Other 0.57844*** -0.02249 -0.36890*** -0.19519%**
(0.000) (0.377) (0.000) (0.003)
pg1 0.00005 -0.00003 0.00000 -0.00002
(0.522) (0.962) (0.997) (0.977)
pg2 -0.00013 -0.00451 0.013571*** -0.00889**
(0.809) (0.203) (0.001) (0.022)
pg3 -0.00009 -0.00130 0.00176* -0.00037
(0.450) (0.157) (0.095) (0.688)
pg4 -0.03632%** -0.07888* 0.12244%** -0.00883
(0.006) (0.078) (0.008) (0.814)
pgs 0.00015** 0.00148 -0.00039 -0.00119
(0.014) (0.129) (0.770) (0.299)
ctcts -0.03269*** 0.00438 0.01412 0.01103
(0.005) (0.641) (0.393) (0.251)
trade 0.00051 0.014271%** -0.02153%** 0.00689
(0.187) (0.002) (0.008) (0.321)
pawsss -0.00004 0.00020 0.00114 -0.00131
(0.676) (0.792) (0.296) (0.136)
patss 0.00008 -0.00013 -0.00325%** 0.003371***
(0.207) (0.904) (0.010) (0.001)
agef 0.00005 0.00058 0.00111 -0.00174**
(0.389) (0.447) (0.253) (0.030)
dcomp 0.00345 -0.06884 0.05767 0.00797
(0.196) (0.107) (0.247) (0.854)
nipm -0.00054 0.00007 0.00276 -0.00246
(0.360) (0.986) (0.604) (0.586)
farm_size -0.00034 -0.02061 0.05207 -0.03210
(0.924) (0.527) (0.213) (0.366)

Note: Value given in parenthesis are P-value. *, **, and *** represent parameters are significant at 0.10,0.05,

and 0.01 level of significance.



Table 4. Marginal effect for cluster 2

Variables mm gc Is 'w
Midwest -0.00608*** 0.03520 -0.01109 -0.01803
(0.000) (0.562) (0.890) (0.803)
Northeast -0.00611%** -0.02883 0.01104 0.02391
(0.000) (0.492) (0.882) (0.726)
Pacific -0.01093%*** 0.13966** -0.11110 -0.01763
(0.000) (0.047) (0.109) (0.762)
Other 0.03478 0.02377 -0.09152 0.03296
(0.184) (0.577) (0.120) (0.487)
pg1 0.00025 0.00046 -0.00171** 0.00100
(0.102) (0.491) (0.044) (0.152)
rg2 0.00016 0.00461 0.00905 -0.01383
(0.498) (0.343) (0.374) (0.224)
pg3 -0.00026** -0.00023 0.00133* -0.00084
(0.011) (0.655) (0.094) (0.233)
pg4 0.00049 0.00059 0.01348* -0.01456***
(0.767) (0.897) (0.064) (0.004)
pgs 0.00019 0.00098 0.00019 -0.00136
(0.144) (0.299) (0.891) (0.274)
ctcts -0.00012 -0.00192 -0.00030 0.00234
(0.528) (0.229) (0.891) (0.197)
tcmm -0.00608*** 0.11077 -0.04504 -0.05965
(0.000) (0.541) (0.466) (0.677)
trade 0.00015 -0.00109 0.00185 -0.00090
(0.340) (0.359) (0.341) (0.372)
pawsss 0.00020%** -0.00112 -0.00023 0.00115
(0.000) (0.290) (0.849) (0.234)
patss -0.00039 0.00140** -0.00136 0.00035
(0.142) (0.016) (0.133) (0.608)
agef -0.00000 -0.00000 0.00049 -0.00048
(0.981) (0.998) (0.661) (0.643)
dcomp 0.01359%** -0.01538 -0.01315 0.01494
(0.001) (0.667) (0.791) (0.736)
nipm -0.00136** 0.00609* -0.00808 0.00335
(0.045) (0.081) (0.100) (0.439)
farm_size 0.06620*** -0.04140 0.02478 -0.02669
(0.000) (0.130) (0.545) (0.438)

Note: Value given in parenthesis are P-value. *, **, and *** represent parameters are significant at 0.10,0.05,

and 0.01 level of significance.



Table 5. Marginal effect for cluster 3

Variables mm gc Is 'w
Midwest 0.00421 0.14357%** -0.00398 -0.14374%**
(0.865) (0.004) (0.930) (0.000)
Northeast 0.01330 0.15272%** -0.04967 -0.11636***
(0.553) (0.000) (0.164) (0.000)
Pacific 0.00433 0.10548%** -0.12973%** 0.01991
(0.812) (0.005) (0.000) (0.520)
Other 0.01348 0.138071*** -0.04890 -0.10259%**
(0.480) (0.000) (0.127) (0.000)
prg1 -0.00109*** 0.00037 0.00085 -0.00012
(0.010) (0.425) (0.127) (0.763)
rg2 0.00005 0.00253*** -0.00100 -0.00158**
(0.895) (0.000) (0.133) (0.010)
pg3 0.00048 -0.00311** 0.00049 0.00213**
(0.483) (0.024) (0.580) (0.020)
pg4 0.00032 0.00093 -0.00429%** 0.00304***
(0.337) (0.167) (0.000) (0.000)
pgs 0.00010 0.00030 -0.00186*** 0.00145%**
(0.742) (0.499) (0.001) (0.001)
ctcts 0.00004 -0.00121** -0.00171%* 0.00288***
(0.869) (0.015) (0.001) (0.000)
tege -0.01388 0.31035%** -0.16443%** -0.13203%**
(0.302) (0.000) (0.000) (0.000)
tcmm 0.17664 -0.07949 -0.04577 -0.05137
(0.298) (0.601) (0.726) (0.583)
trade -0.00128 -0.00426 0.00448 0.00106
(0.446) (0.230) (0.101) (0.661)
pawsss -0.00022 0.00045 -0.00038 0.00015
(0.417) (0.380) (0.458) (0.753)
patss 0.00024 -0.00018 -0.00128** 0.00127%**
(0.306) (0.726) (0.025) (0.007)
agef 0.00021 -0.00001 -0.00049 0.00030
(0.454) (0.984) (0.463) (0.650)
dcomp -0.00046 -0.01395 0.10232%** -0.08791%**
(0.972) (0.617) (0.000) (0.001)
nipm -0.00173 0.00258 -0.00585** 0.00500*
(0.211) (0.353) (0.035) (0.063)
farm_size 0.03015** -0.05481** 0.06732** -0.04325*
(0.013) (0.043) (0.023) (0.084)

Note: Value given in parenthesis are P-value. *, **, and *** represent parameters are significant at 0.10,0.05,

and 0.01 level of significance.



Table 6. Marginal effect for cluster 4

Variables mm gc Is 'w
Midwest 0.07498 0.07024 0.03871 -0.18393%**
(0.597) (0.569) (0.609) (0.001)
Northeast 0.09877 0.08534 -0.05405 -0.13006
(0.584) (0.726) (0.204) (0.225)
Pacific -0.21878** 0.30034** 0.01099 -0.09254
(0.015) (0.018) (0.851) (0.220)
Other -0.16510* 0.03013 0.27205%** -0.13708**
(0.070) (0.789) (0.000) (0.019)
prg1 -0.00745* -0.00387 0.01093*** 0.00039
(0.050) (0.429) (0.000) (0.935)
rg2 0.00033 -0.00172** -0.00141 0.00280**
(0.771) (0.046) (0.243) (0.017)
pg3 0.00991 0.00593 -0.01358* -0.00226
(0.227) (0.477) (0.077) (0.768)
pg4 -0.00063 0.00045 -0.00233* 0.00251*
(0.696) (0.797) (0.070) (0.092)
pgs -0.00453%* -0.00095 -0.00102 0.00650***
(0.000) (0.401) (0.349) (0.000)
ctcts 0.00137 -0.00077 -0.00026 -0.00034
(0.266) (0.481) (0.601) (0.702)
tege -0.05170 0.02411 0.07970** -0.05211
(0.364) (0.735) (0.033) (0.362)
tcmm 0.24347*** -0.37349%** 0.10473%** 0.02529
(0.005) (0.007) (0.000) (0.789)
trade 0.02556*** -0.01079 0.00090 -0.01568*
(0.004) (0.156) (0.755) (0.052)
pawsss -0.00355%** -0.00209 0.00202%** 0.00362%**
(0.007) (0.286) (0.004) (0.005)
patss -0.00333%* -0.00032 0.00094** 0.002771***
(0.000) (0.700) (0.014) (0.000)
agef 0.00024 0.00143 -0.00289* 0.00122
(0.875) (0.487) (0.068) (0.548)
dcomp 0.18533*** -0.01936 0.08271** -0.24868*
(0.006) (0.869) (0.020) (0.065)
nipm 0.00333 0.00049 -0.00955** 0.00573
(0.600) (0.932) (0.029) (0.314)
farm_size -0.19481** 0.07294 -0.00508 0.12948*
(0.026) (0.446) (0.911) (0.095)

Note: Value given in parenthesis are P-value. *, **, and *** represent parameters are significant at 0.10,0.05,

and 0.01 level of significance.



Table 7. Model consistent test

Model cluster 1 Cluster 2 Cluster 3  Cluster 4
mm 0.6949 0.0994 -0.7145 -0.0149
(0.10) (0.60) (0.30) (0.10)
gc -0.6566***  -0.4675*** 0.5867 1.5661***
(0.00) (0.00) (0.10) (0.00)
Is 0.6102 1.8182***  2.6805*** 1.2100
(0.10) (0.00) (0.00) (0.10)
rw -0.8809 0.5699%** -0.1829 2.5804
(0.40) (0.00) 0.20 (0.00)

Note: Value given in parenthesis are P-value. *, **, and *** represent parameters are significant at 0.10,0.05,
and 0.01 level of significance.



