


Preface

This report is intended to provide an analytical foundation for evaluating the impact of the National

Mango Board (NMB) programs to the extent those programs enhance the U.S. demand for mangos. 

Econometric demand models are developed and estimated with the purpose of measuring that impact.  Using

an extensive household data base purchased by the NMB, models are estimated, showing the probability of

buying mangos and the number of mangos once a purchasing decision is made.  NMB programs are measured

based on each household’s awareness of mango promotions and the NMB expenditures.  Both measures are

shown to have a positive statistical impact on U.S. mango demand.

Approximately 1,000 completed  household survey data entries are sent to this author each month

and those data are merged with the database.  As of June 2021, that database included nearly 170,000

observations extended back to 2008.  Household awareness questions started in 2013, hence all the models

in this report start with that year.  Considerable care is taken to assure the data are representative of the U.S.

population and are preserved in an accessible database owned by the NMB.  All data are stored in a Stata

format.

Unlike many commodity boards, the Mango Board maintains a continual evaluation of mango

demand using the household database.  While household data and statistical models cannot capture all the

dimensions of the NMB programs, the information is used as input into decision making throughout the year.

Beyond funding the purchase of the consumption data, all aspects of maintaining the data are the

responsibility of this author.  Likewise every aspect of the analyses has been completed independent of the

Board members and staff.  While I coordinated with the Director of Research (Dr. Leo Ortega), he has

intentionally kept a hands-off policy except for scheduling and clarifications. The analyses are independent

of the National Mango Board.  Likewise, the content of this report was independently completed by me.  The

text is technical in nature, so the plan after completion is to draft a short tri-fold brochure that focuses on the

conclusions in a nontechnical format.

Dr. Ronald W. Ward
Emeritus Professor 

University of Florida
Email: rward@ufl.edu
Mobile: 352 214 1414
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1. The National Mango Board

 Commodity generic promotions, what are they all about?  Such programs have

existed for decades and initially required state legislative  or federal congressional approval

depending on the scope of the program(s).  With the enactment of the 1996 Commodity

Promotion, Research and Information Order (ACT), national generic programs (or

commonly referred to as “commodity checkoff programs”) could be implemented without

congressional approval, but instead  receive federal approval through the executive branch

via the United State Department of Agriculture (USDA).  All steps in the process from

concept to final approval of a national program are under the control of the U.S. Secretary

of Agriculture.  Each federally approved checkoff is governed and implemented by the

commodity industry with the  USDA having full oversight responsibilities including veto

power.

Specific rules and regulations are usually unique to each commodity, yet there are

many commonalities across the national programs.   Each checkoff has governance authority

for the design, implementation and staffing of the Board  to meet the needs of the specific

commodity industry. Industry participation is usually mandatory and the Board has the

authority to collect assessments to underwrite all aspects of the checkoff.   Given this

significant Board power, each national checkoff operating under the ACT must be

accountable to the Secretary of Agriculture.  That accountability is assured by having a

USDA-AMS staff and/or legal representative at all Board meetings and requiring an

independent scientific evaluation of the effectiveness of the promotions.  That evaluation is

generally completed with statistical models to measure the economic benefits of the generic

promotions.  But with a few exceptions, those evaluations are completed every 5-years with

the timing unique to each checkoff.
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One needs to turn to the Federal Register for the specific rules and regulations for

each commodity (Federal Register). Economic evaluations can usually be found within each

commodity Board and within the Agriculture Marketing Services (AMS) of the USDA (See

Ward, Ch.10 in Briz and de Felipe, 2012).

As of this writing, there are 21 national checkoff programs under the oversight of

the AMS.  One of those is the National Mango Board (NMB), the subject of this report.  In

the following pages, a detailed evaluation of the economic impacts of the Mango Board’s

programs is addressed with those impacts scientifically measured using econometric models. 

The report is intended to provide insight into the underlying research structure to support the

economic modeling and then to set forth nontechnical conclusions about measured benefits

(or lack of benefits.)  While this author works with the NMB, the evaluation has been

independently completed without any substantiative input from the Board staff or advertising

agency.  Staff input has been mostly in the form of wording, editing,  clarification and

facilitating.  This report is intended to address only the demand side of the mango industry

and, hence, does not deal with production and supply issues. Generic promotions are

intended to enhance demand through a process of disseminating information about the

attributes and uses of mangos.  Enhancement may be in the form of expanding demand

and/or lessening any decline in demand. For a program to be judged successful, there must

be measurable economic benefits and those benefits must be distributed equitably among

those required to fund the National Mango Board programs.

(1.1)  Mango Supplies

Most mangos in the U.S. marketplace are imported with only small quantities grown

in Hawaii, California, Texas and Florida. Mangos are a subtropical fruit found throughout

the subtropical belt worldwide (See Ward, Ch.14 in Briz and de Felipe, 2013).  Mango
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 Figure 1. U.S. annual imports of mangos and the FOB mango values.

consumption is part of the culture in many countries but much less so in the U.S.  A large

potential market in the U.S. and low market penetration were major reasons guiding the

industry to pursue a generic promotion program for the U.S. market.  The mango industry 

is one of two commodities with a national check-off program for a commodity having

substantial imports. Avocado programs are similar but have a strong domestic production

base.

  Mangos are imported mostly as fresh whole fruit and up to 2019 the NMB focus has

been on the whole and/or cut mangos.  Recently the frozen sector was incorporated into the

promotion strategies but in 2020 the frozen sector voted to be removed from the mango

checkoff.   That sector will not be included in the evaluations of the NMB since generic

promotions programs for frozen mangos through 2019 were relatively small and as of late
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2020 no longer part of the NMB programs.

From 2013 through 2019, mango imports into the U.S. totaled 3.17 million metric

tons with a FOB economic value of 3.58 billion dollars.   Imports  increased from .430

million metric tons to .508 million metric tons in 2019.  FOB value increased from $437 to

$578 million ending in 2019.  The exact numbers are in Figure 1.  In volume and value

terms, these changes represent a 32% increase in import values and a 17.8% increase in

quantity.

All but one percent of U.S. imports originated from Brazil, Mexico, Ecuador,

Guatemala, Haiti, and Peru.  Figure 1 shows both annual  imports since 2013 and the major

countries of origin.  Supplies flow into the U.S. marketplace throughout the year since

productions are above and below the equator.  Approximately 66% of the imports are from

Mexico usually crossing the U.S/Mexico borders from January into August.  Those imports

account for 58.4% of the FOB import value.  Mexico’s share of all U.S. mango imports has

remained in the 61% to 67% range since 2013.  Ecuador and Peru shares of the U.S. market

are nearly equal with slightly more than 10% each.  Those remaining shares are seen in

Figure 1.   

It is a quick calculation to derive the import FOB price by dividing the values in

Figure 1 by the volumes. Import prices averaged $1,132 per metric ton across the Central

and South American mango exporting countries.  There are slight differences season-to-

season and year-to-year, but the range is generally small.    Those  major differences are from

the “other-country” category that accounts for around 1.0% of the imports.  Those mangos

are specialty varieties that command premium prices.  With the higher prices, those other

mangos capture 9.4% of the FOB import values.  Prices can range from $5,000 to nearly

$10,000 per metric ton for more specialized mangos.
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   Figure 2. Seasonal share of mango imports into the U.S. market.

Figure 2 provides a seasonal distribution of imports for all countries combined.  Peak

imports in the summer months are clear yet the shares shown for each month point to the

availability of mangos in the U.S. marketplace throughout the year.  Both the seasonality and

availability are important supply chain factors that have implications for the NMB

programming.  Many of the seasonal patterns in Figured 2 can be attributed to the countries-

of-origin and the normal production and maturity cycles found in Central and South

America.

An obvious question is, have those shares in Figure 2 changed that much over the

last decade or so?  One quick way to address variations in seasonal shares of the imports is

to calculate the relative shares over time or, simply, the coefficient of variation (CV) where
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.  A CV of zero would indicate there was no variation within the month

across the years from 2013 through 2019.  The larger the CV points to more share variation

for each month.

The bottom row in Figure 2 includes those CV values with August and September

being the months with the greatest seasonal variation across  the years.  Overall, the seasonal

patterns are generally very stable as reflected with the CV’s of .34 or less.  Again, such

stability is important when setting longer term marketing programs within the U.S.

marketplace.

(1.2)  National Mango Board Brief History

Figures 1 and 2 depict the supply data to which mango marketing programs are

intended to supply through demand enhancement efforts. While there are many varietal

differences, mangos have enough common attributes that one might expect generic 

promotion programs to benefit the entire mango industry.

Awareness of the history leading up to a commodity board is often lost as  Board,

staff, and Federal administrators change over time.  For some checkoff  programs it is nearly

impossible to find documentation that lead to the final approval of the checkoff.  The US

Federal Register is a great source of this type information when the programs are under

federal authorization.  That documentation can be found for the first considerations of a

federal promotion program for mangos.  Given that space is not a limitation for this report,

it is worth including some of the background in this discussion.

Initial industry inquiries were in or near 2001, then final National Mango Promotion
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Board became effective on Nov. 3, 2004.  As stated in the Federal Register  (DOC. No. FV-

20-707-FR) ... “This rule establishes the Mango Promotion, Research, and Information Order (Order)

under the Commodity Promotion, Research, and Information Act of 1996. Under the Order, first

handlers and importers of 500,000 or more pounds of mangos will pay an initial assessment of ½ cent

per pound on domestic and imported mangos to the National Mango Promotion Board (Board). The

Board will be appointed by the Secretary of Agriculture (Secretary) to conduct a generic program of

research and promotion, industry information, and consumer information needed for the

maintenance, expansion, and development of domestic markets for fresh mangos.” 

Background documentation is quoted below directly from the Federal Register in

order to preserve this history in a compact NMB report.  Specifically, ....“On June 29, 2001,

the Fresh Produce Association of the Americas (Association) submitted a proposal for a national

promotion, research, and information order for fresh mangos to the Department, pursuant to the Act

to: (1) develop and finance an effective and coordinated program of research, promotion, industry

information, and consumer information regarding mangos; (2) strengthen the position of the mango

industry in U.S. markets; and (3) maintain, develop, and expand domestic markets for mangos. The

Association submitted changes to their proposal on November 1, 2001 and the Department published

the modified proposed rules on both the Order [67 FR 54908] and the referendum procedures [67 FR

54920] in the Federal Register on August 26, 2002, each with a 60-day comment period. Twenty-two

comments from 21 persons or organizations were received by the deadline. Nineteen of the 22

comments were in support of the proposed program while three were opposed. These comments and

related Start Printed Page 59122changes to the Order were discussed in the October 9, 2003, issue

of the Federal Register in the proposed rule on the Order [68 FR 58556] and the final rule on the

referendum procedures [68 FR 58552].

First handlers and importers of mangos voted to implement the program in a referendum

held November 10 through November 28, 2003. Under the Order, first handlers and importers of
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500,000 or more pounds of mangos per calendar year will pay an initial assessment of ½ cent per

pound on domestic and imported mangos to the National Mango Promotion Board (Board). This will

generate about $2.5 million to administer the program: about 8 percent from domestic production

and 92 percent from imports. (Exports of U.S. mangos are exempt from assessments.) The Board will

use the funds to pay for the aforementioned program development areas as well as administration,

maintenance, functioning of the Board, and expenses incurred by USDA in implementing and

administrating the Order, including referendum costs.

The program will be administered by the Board under USDA supervision. The Board will be

composed of 20-members; eight U.S. importers, one U.S. first handler, two U.S. producers, seven

foreign producers, and two non-voting wholesalers and/or retailers. If domestic production increases,

additional U.S. first handlers will be added to the Board.

... Sections 1206.1 through 1206.24 of the Order define certain terms, such as mango, first

handler and importer, which are used in the Order.

Sections 1206.30 through 1206.37 include provisions relating to the establishment, adjustment, and

membership; nominations; appointments; term of office; vacancies; procedures; compensation;

reimbursement; and powers, duties, and prohibited activities of the Board. The Board is the governing

body authorized to administer the Order through the implementation of programs, plans, projects,

budgets, and contracts to promote and disseminate information about mangos, subject to oversight

of the Department.

Sections 1206.40 through 1206.43 cover budget review and approval; financial statements;

authorize the collection of assessments; specify how assessments are used; specify who pays the

assessment and how; exemptions; and authorize the imposition of a late-payment charge on past-due

assessments.

The initial assessment rate shall be ½ cent per pound for domestic mangos and imported

mangos. The assessment rate will be reviewed and may be modified with the approval of the
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Department, after the initial continuance referendum which will be conducted after the program has

been in operation 5 years. The assessment rate may be changed without a referendum. Persons

failing to remit total assessments due in a timely manner may also be subject to actions under federal

debt collection procedures as set forth in 7 CFR 3.1 through 3.36 for all research and promotion

programs administered by USDA [60 FR 12533, March 7, 1995].

Sections 1206.50 through 1206.52 address programs, plans, and projects; require the Board

to periodically conduct an independent review of its overall program; and address patents, copyrights,

trademarks, information, publications, and product formulations developed through the use of

assessment funds.

Sections 1206.60 through 1206.62 concern reporting and recordkeeping requirements for

persons subject to the Order and protect the confidentiality of information from such books, records,

or reports.

Sections 1206.70 through 1206.78 describe the rights of the Secretary; address referenda;

authorize the Secretary to suspend or terminate the Order when deemed appropriate; prescribe

proceedings after suspension or termination; and address personal liability, separability,

amendments, and the OMB control numbers.”

Almost every commodity checkoff program has gone through revisions including

administrative changes, assessment rates and definitions of those subject to the assessments. 

Two major revisions to the NMB have occurred.  Effective 2012, the mango assessment rate

was increased from one-half cent per pound to three-quarters of a cent per pound. In 2019,

frozen mangos were incorporated into the definition of mangos subject to the assessment and

in 2020 subsequently removed. Several referendums have been approved since 2004. The

inclusion of frozen was not without controversy and in 2020 a new referendum on

continuing  frozen within the NMB domain was underway.  While less dramatic, the Board

size and representation have been revised all within the purview of the Commodity
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Promotion, Research and Information Order (ACT) of 1996.

(1.3)  NMB Assessments and Expenditures

Based on the existing levels of assessments and imports, the NMB collected $73.1

million from 2007 through 2019.  During the same years, the Board spent $69.8 million. 

Annual assessments and expenditures are plotted in Figure 3 using the bars to reflect the

assessments and the line to denote the expenditures. The large jump in 2013 is a result of the

increased assessments in 2012. Collections of funds and the resulting expenditures would

seldom be equal because of reserve requirements and the timing needs to implement different

programs that do not parallel the assessments.

Two charts are presented in the lower part of Figure 3 with the two charts defined

according to the years 2007-2012 and 2013-2019. These pinwheel charts illustrate the

allocation of funds to specific program areas such as marketing, research, etc. In the latter

years, marketing accounted for about 61% of the total expenditure dollars followed with

research at 20%. Industry programs are in 3rd place with expenditures approaching 7% of the

2013-2019 years.  Administrative, oversight, Board meetings, and others equaled 12% of the

expenditures for 2013-2019.   During the 2007-2012 years, these operational type

expenditures accounted for about 14% of the dollars.  Among these other expenditures

unique to the NMB is the cost of translations.  All of the imports come from countries where

English is not the first language (see Figure 1).  Board meetings and reports are  often

presented in both English and Spanish thus  incurring the translation expenses.  Likewise,

nearly all of the mangos in the U.S. marketplace are imported and that too adds custom

expenses  not found to the same relative degree in other national checkoff programs.
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   Figure 3. National Mango Board annual assessments and expenditures.

Marketing, research and industry programs could not exist without the other

supporting activities.  Marketing is the most direct demand enhancing activity to reach

potential buying households.  Research into packaging and distribution, ripening, quality

control, health and nutrition, and product uses at the consumer level; all eventually

contribute to the demand enhancing efforts, although at levels removed from the direct

contact with the household decision maker.

Ultimately, the question is ... do these programs have an economic impact on the

demand for mangos?  That question is the focus of the analytical sections of this report.

Expenditures are one measure of the efforts of the NMB through the Board’s

messaging.  Many evaluation studies including earlier evaluations of mangos developed

models where these expenditures were incorporated into the models.  This, of course,
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assumes that potential consumers are exposed to the messaging in a fairly equal way since

the messages are broadly disseminated through printed, electronic, visual, and audio media.

An alternative measure of the efforts would be to directly ask shoppers if they were

aware of any promotions of mangos.  Promotion awareness is not a new concept but has

grown in use through collection of household survey data.  Such data provide a whole new

avenue for measuring the potential impact of generic promotion programs.  The demand

models developed later in this report rely on the use of household consumer tracking data

that includes measures of “promotion awareness.”  Content of these data is fully explored

in section (2) under Mango Demand Measurement.

(1.4)  NMB Promotion Examples

Generic promotions are all about influencing the potential buyer’s purchasing

decisions through  both objective and subjective messaging.  In both cases, a household may

or may not be awareness of the messaging and may or may not buy mangos.  Creativity in

the messaging is the key to influencing the shopper.  The message may be in choosing the

best in-store display, education on how to judge quality and ripeness, how to cut and use

mangos, how to choose the most effective media platform, and even how to best delivery the

message via targeting, timing, and location.
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   Figure 4. Examples of NMB promotion programs.
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So what are some of the examples of delivering the message? From a list of

hundreds of examples, Figure 4 includes five photos of mango promotion activities.  Across

the top is a photo of a large mango in-store display tied to a major sport event.  This event

calls attention to the range of colors, packaging, and sizes while associating mangos with a

seasonal sport event.  Another is a  display box with mangos stacked in the container  and

messages about a mango as a super fruit on the sides of the container.   Thousands of these

containers were produced and distributed in selected retails grocery chains throughout the

United States.  Specifics of both of these displays can be obtained from the staff of the NMB.

Two photos in Figure 4 feature food celebrities with one showing a variety of uses

of mangos and the other with a specific food dish.  Using spokespersons are intended to

instill confidence based on the high visibility of the person(s) and their creativity with foods.

The bottom right photo is a printed form depicting the nutritional content of mangos.

Mango consumption in terms of size (cup) is tied to well know healthy food consumption

guidelines.

Again these examples are all intended to give guidance to shoppers before and

during their shopping excursion.  Such promotions may increase awareness but their ability

to influence the decision to buy is still an analytical question addressed later.

(1.5)  NMB Website

Unlike the promotion efforts to reach households via the tools noted above, a

website is a tool for shoppers to gain more detailed information about a product. Action to

acquire information is up to the individual to visit the website.  Repeat visits to a website are

often tied the visual appeal and content of the website. Equally important  for a successful

website is the ease of moving through a site to find specific content.  Richness of content
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   Figure 5. NMB website (http://www.mango.gov)

should increase the use of the website as long as one can navigate the site with some ease.

One page from the NMB website is captured in Figure 5.  Across the top of each

page are several drop-down sections where one can easily download a wide range of

information about all aspects of mangos from supplies to consumption.  Since the website

is readily accessible, it is not necessary to discuss the content within each section.  The site

is updated frequently and can be quickly expressed in Spanish or English with the top right

bottom highlighted in green.

Support for the NMB website changed over the years and there were months when

the server was down.  Visits for all 12 months in 2019 are available.  Website visits averaged

115,913 per month during 2019. Maximum visits of 167,477 occurred in July and the

minimum of 74,439 in December 2019.
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2. Mango Demand Measurement

Demand is a measure of the willingness to purchase a product or service given the

price, purchasing power, information, and the attributes of the buyer and the product/service. 

Price is clear; purchasing power is most often measured with income; one measure of

information is promotion awareness; buyer attributes relate to demographics, behavior and

attitudes; and product attributes can be partially judged with visual and nonvisual forms,

storability, and uses.  For mangos, important product attributes will become clearer later. 

We know that shelf-life is important at each stage in the mango distribution channels and

that mangos are not a staple part of the U.S. consumption diet.  These two attributes point

to  demand models that account for entry into the market and levels of consumption once a

household decides to buy mangos.  Throughout the remaining discussions, these two

components to demand will be referred to as market penetration (MP) and market intensity

(MI)

(2.1)  The Concept of MP and MI.

Define M as the demand for mangos with M measured in the number of whole

mangos purchased in a defined period such as a two-week shopping window.  A two-week

frequency is selected because of the shelf-life of  mangos and to accommodate the collection

of data on  household buying behavior.  The shopping window will closely parallel calendar

months and years with the shopping times identified as periods.

Both MP and MI must be precisely measured where:
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and

M depends on both MP and MI where MP and MI are functions of demand drivers. Let

MP=f(P,A,X) and MI=f(P,A,Z) where P is the price of a whole mango, A is a measure of

promotions, and X and Z are other demand drivers that may differ between market

penetration versus market intensity. That is, X could equal Z but not necessarily and the

impacts of either X or Z likely differ between MP and MI.

A very flexible modeling specification would be to consider the likelihood of each

value in MP and MI.  That likelihood is usually expressed as the probability of each scale

value occurring or the Prob(MP|P,A,X) and Prob(MIj|P,A,Z) where j is the number of whole

mangos purchased in the period.  Since MI can take a number of integer values (i.e., 0,

1,2,...), market intensity is derived where: 
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Mango demand is then defined as:

M = HWD × Prob(MP) × MI

letting HWD be the number of U.S. households.  In words, the demand for mangos depends

on the household population, the probability of becoming a buyer, and the number of

mangos bought once a buyer.  The fact that mango demand depends on market penetration

and market intensity has major implications for the types of generic promotions, targeting,

and messaging.  When considering the potential impact of generic advertising, it is important

to know the impacts of the generic programs (e.g., A) on market penetration and market

intensity.   Once A÷MP and A÷MI, impacts are quantitatively known, we know A÷M from

which the benefits from the National Mango Board (i.e., ROI) can be shown.  Measuring

those potential impacts requires the use of advance econometric procedures typically know

a Probit and Ordered Probit modeling.  One cannot move to that step without the appropriate

data about the household shopper.

(2.2) Household Tracker Data

In 2008 the NMB initiated an inquiry into alternative ways to collect consumer data

about the purchases of mangos. Since then household data have been collected on a monthly

basis and processed by this author and stored in a Stata database.  As of Dec. 2020 (the

ending period for this evaluation), 165,349 observations are in the database.  Actual data

points are currently posted beyond  December 2020, but due to the unusual circumstances

of 2020 and time constraints, the analysis cutoff date was set to period=167 or Dec. 2020. 

Much of the data in 2021 were not available during these analyses.

Each month this author received around 1,000 observations collected and processed

by MetrixLab, a Macromill Group company.  These data are checked for consistencies and
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then added to a Stata database maintained by the NMB.  Use of the database is fairly

technical and NMB staffs are still in the early stages of learning the Stata program.  Since

most of the evaluations beyond the five-year requirement involved econometric modeling,

the same data are stored in a TSP format mostly for modeling purposes.  TSP is an advanced

econometric language and is very efficient for large models and simulations.  Later

evaluation results are all based on the TSP models.

The mango tracker database can be grouped into three broad categories: Purchases

of mangos; demographics/attitudes/behavior; and promotion awareness.  Appendix A

includes the actual household questionnaire design and questions.  Note that over the years,

questions have been added or deleted, sample sizes have been adjusted, and respondents

changed. Even with the household responses, the data are not pooled cross-sectionally since

different households are used in each reporting period.  Household differences are captured

through the demographics.  It is extremely important all new households are included each

month since there are questions about recalling promotions.  Using the same households each

month would compromise the recalling results.

(2.2.1) Mango Buyer Data

Probably the most important information  from the tracker is the response to buying

or not buying mangos in the defined period and, if a buyer, how many mangos.  Buying or

not-buying is a  way to measure market penetration.  Buying mangos may be in a form other

than whole mangos such as cut mangos.  Thus the probability is for buying mangos in any

form (i.e., whole, cut or sliced).  Hence, a buyer could indicate no whole mangos in the

defined period.  That is precisely why the MI definition included zero whole mangos.  Whole

mangos are the primary product but the definition accounts for other forms.  A probability
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for whole mangos is easily derived when MI is zero or positive.  Those probabilities will be

shown in the analytical sections.

If a mango buyer (MP>0), the data on MI give the quantitative measures of actual

purchases.  From those data, the probability of the number of mangos can be estimated. 

Actual number of mangos  could be used in the analytics  but estimating the probability of

each number of mangos is less restrictive compared to a linear response function.

As shown in Appendix A, the specific buying questions are: 

Q2 Fruit Purchased Past 2 Weeks . . .

Thinking just about the last two weeks between [defined dates], please

indicate if you bought fresh mangos ... whole individually, whole packaged,

cut/sliced, in platter combination, restaurant disk, I did not buy mangos.

Q4a Number whole mangos purchased  ...

In total, how many whole mangos did  your buy in the last two weeks? If

you are not sure, please give your best estimate.

 

(2.2.2) Household Demographics and Health  

Standard demographics included income, age, education, gender, ethnicity,

household size, and regional residency.  Many of these variables included a broad range of

categories that were collapsed into smaller groups. Each demographic is carefully defined

in the modeling section as variables expected to be demand drivers.  Households included

in the tracker were selected to keeps a sample balance consistent with national population

demographic distributions.  This selection is intended to reduce any bias because of over

sampling a specific demographic group. Each demographic definition is shown in the

questionnaire in Appendix A.

In addition to the standard demographics,  households were asked to indicate the
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health situation of family members.  Obesity, blood pressure, cholesterol, diabetes, allergies,

mobility, sight, and the individual perception of their health status relative to peers were used

to measure health situations.

(2.2.3) Household Behavior and Attitudes 

Several attitudinal/behavioral measures included questions about food expenditures;

numbers of other fruits purchased; preferences for organic foods; desire to experiment with

new foods; seeking out fruits and vegetables; reading labels;  and exercising.  Most of these

questions were phased it terms of agreement to disagreement using a five-point Likert scale. 

These potential demand drivers have the possibility of moving the demand curve in different

directions.  Accounting for these impacts is essential while trying to estimate the impact of

the checkoff.  One wants to make sure any estimated impact of promotions is not just picking

up the effect of an omitted demand driver.

Each of these added drivers is carefully defined in the modeling section as well as

defined in Appendix A.

(2.3) Promotion Awareness Questions 

Households being aware of the generic promotions are the closest measurement to

the decision making process.  The initial tracker did not have questions about awareness and

in 2013 such questions were added: 

Q17a. Ad awareness . . .

During the past two weeks between [define dates] do you recall hearing or

seeing any mention of a promotion, or advertisement for mangos?
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This awareness response is a “Yes” on “No.”   That can be coded with a zero or one and

entered into the MP and MI models as a binary variable.  A positive and statistically

significant coefficient in the MP model would indicate that the promotions attract households

to buy mangos.  Likewise, a positive coefficient in the MI model would indicate that

awareness impacts how many mangos were purchased.  There is nothing in the models that

would link any effectiveness within MP and MI.  In fact, one would generally expect any

impact on MP and MI to differ.

A second type promotion question related to the household sources of information:

Households’ awareness of promotion can indicate one or more of the sources.  There is a Yes

or No to each source can be included in both the MP and MI models as binary variables:

Q17b. Source of awareness . . 

From which of the sources below did you recall hearing or seeing any

mention of a promotion or advertisement of mangos  during the past 2

weeks between [define dates] - In-store promotions; Internet; Magazines;

Newspapers; Trade shows; Restaurant Menus; Others.
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3.0 Distribution of the Demand Drivers

In section 2 the demand drivers were identified in the data content of the mango

household tracker.  The statistical effects of potential drivers must be estimated in order to

determine the importance of each driver.  Interpretation of those effects depends on the

distributions found in each variable.  For example, if there was not variation in incomes in

the database it would be impossible to measure the effects on income on mango demand.

Also, all data variation in each variable must be reasonably close to the population

distribution of the variable.  Hence, before including those potentials in the demand models,

one must know the distribution properties of each potential demand driver as shown in Table

1.

(3.1) Demographics and Attitudes

Table 1 provides more details of those demand drivers closely aligned with the

household characteristics.  Within the table are the drivers and the distributions of the

characteristics within each potential driver.  Note that in the modeling section the impacts

on mango demand are shown.

The standard demographics (i.e., income, education, age, and race) need little

discussion since they are well understood.   Through the household responses, there is a

considerable range of distributions that parallel the national statistics.  Race is a good

example where blacks account for 13% of the tracker data and is very close to the national

average.  The distributions would never be exactly as the national distributions, but in each

case they are similar.
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Several of the drivers are measured in terms of the household’s level of agreement

to disagreement to specific questions.  In every case, there is considerable variation in the

scoring and that variation is essential to the ability to measure of the impacts on demand. 

Since those agreement variables are not clear just with the label(s) in Table 1, each is

explained here.

Healthier...represents the question that “I am healthier than most people.”  Any

response is fairly subjective by the household and the intent of the question is to see later

how the household perception of ones-self influences buying behavior.  Note that around

31% agree and 31% disagreed to the question.  Again, the models will show us the

importance of the perception about relative health.

Health problems, unlike the healthier question, reflect actual health problems within

the household.  While the data include health problems for each person in the household, the

variable with anyone in the household is used since the shopping is generally for the total

household and not just one individual.  Around 39% of the households have someone with

high blood pressure; 35% with cholesterol issues; and 26% dealing with obesity of a family

member.  For each health problem from blood pressure to sight in Table 1, the measure is

binary or simply a “yes” or “no” to the question.  Resulting impacts on both market

penetration and market intensity follow from the econometric models.

Households were asked if they count calories; exercise at least three-times a week;

eat more fruits and vegetables; search out new foods; read labels; experiment with foods; and

seek out organic foods.  All of these require specific action by the household shopper and

may or may not impact the likelihood of buying mangos. The distributions are easily

interpreted so do not need additional discussion until we see the impact of each on the

demand for mangos.
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Table 1. Distribution of the values for selected household demand drivers.

Finally, Table 1 shows the regional distribution of the households.  Regional

residency of the household likely captures customs, weather, cooking habits, population

density, and general lifestyles not fully reflected in the other demographics.  Inclusion of

regions in the demand models provides a way to identify target markets and/or areas needing

specific marketing attention. 

Seasonality is also included in the later models with month binary variables included

in the demand function.  As will be seen, the season variables follow patterns similar to the

supply distribution first shown in Figure 2.
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(3.2) Reasons for Buying and Not Buying

Included in the mango tracker are a series of questions about why the household did

or did not buy mangos in the defined period.  Reasons for buying can be incorporated into

the Market Intensity model since all households in MI purchased mangos in some form. 

That is even true even if the household did not buy whole mangos.  Remember, if MP=1 in

a period that household is a buyer for that period.  Reasons for not-buying cannot be

included in the Market Penetration model since the MP model includes both buyers (MP=1)

and non-buyers (MP=0).  The reasons for not buying differ from the reasons for  buying (see

Table 2), hence the reasons  for not-buying do not exist when MP=1.  That is the not-buying

reasons by definition do not exist when market penetration is positive.  This will be clearer

in Section 4.

Table 2 shows the rankings of reasons for buying and not buying mangos based on

the attributes of mangos.  In the left columns in Table 2 households were asked to indicate

their top reason, 2nd and 3rd reasons for buying.  The 1st column is the top ranking and the 2nd

column shows the ranking for each attribute included in the top three reasons. Dominant

reasons center around the physical characteristics of mangos and price with ripeness being

the major reason for buying.  Ripeness, price, freshness, and quality are very similar when

looking at the inclusion in the top three rankings.  Appearance, color, and size, comprise the

second group.  Rankings of the remainder are evident in the table.  Interestingly, advertising

was at the very bottom but as we will see later promotion awareness will give a different

positive signal.

In direct contrast, reasons for non buying mangos were more tied to the household’s

perceptions. Taste, not thinking about eating, and not feeling like eating is at the top of the

list and more related to the household’s taste and preferences.  A household could indicate

Page -32-



Table 2. Reasons for buying and not buying mangos.

one or more reasons so the percentages are based on the total numbers of responses to the

question(s).  For example, 16.1% of those giving reasons for not buying ranked taste as the

number one reason.  Equally important from a marketing standpoint is the list at the bottom

in terms of what is less important to non-buyers.  Diet, size, country-of-origin, and packing

were all ranked near the bottom of the list (right the column in Table 2). 

To emphasize again, the non-buyer variables are not included in the subsequent

models while the reasons for buying are in the MI models.  Impacts of those will be shown

in Section 4.
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   Figure 6. Average awareness of mango promotions.

(3.3) Awareness of Promotions

Household awareness is at the core of this evaluation since awareness is a direct

measure of the promotions reaching the households.  Whether or not awareness moves the

mango demand curve is an empirical question.  Before moving to that fundamental question,

it is useful to see the distribution since the data were collected since 2013.  Figures 6 and 7

are used to illustrate the promotion awareness.  Collection of awareness data started in 2013

and is now part of the monthly tracker.  Over the 2013-2020 years, 7.42% of the households

indicated some awareness of mango promotions.  Indicated earlier, the measure is binary as

it enters the demand models. Awareness has fluctuated across the years as well as

considerable within year variation. As seen in Figure 6, 2018 was somewhat unusual with

the substantial drop in awareness during that year. NMB expenditures did drop in 2017 (see

Figure 3) it is not clear what contributed to the awareness levels in 2018.  The NMB staff did
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   Figure 7. Sources of information for the promotion awareness.

followup with the data collection company to make sure there was not something unusual

with the tabulations.  Similar patterns were observed with the other commodities included

in the tracker. Likewise, the full collection and tabulation process was reviewed by the

company and everything seems to be in order.

Figure 6 provides a snapshot of the awareness recognizing that each household’s

actual data enters the market penetration and market intensity models instead of these annual

numbers.

When aware, each household was further asked to indicate their sources of

information (see Figure 7). Those sources included in-store, internet (social media),

magazines, newspapers, and all others. Nearly 40% of the households pointed to in-store as

their primary source of information.  Printed media (i.e., magazines and newspapers)

combined  for almost 32% and the internet was around 15%.  These percentages are
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Table 3. Crosstab between promotion

awareness and mango purchases.

monitored monthly and more detailed data about the social media have been added in 2019. 

Throughout the years since 2013, the in-store has remained the dominant source for

information.  In-store types of promotions were illustrated in the media examples (see Figure

4).

One question about awareness is raised with the argument of causality, arguing that

buyers will naturally know mango promotions.  While awareness will be treated as a right-

hand-side (i.e., independent) variable in the MP and MI models, a quick crosstab between

buying and awareness provides some quick insight into the  question. In Table 3, buyers and

non-buyers are on the left column and awareness or not aware are on the first row.

In Table 3, buyers and non-buyers are on the left column and awareness or not aware

are on the first row.  The number of households from the years 2013 through 2020 totaled

84,441.  Among buyers, 70% were not aware of mango promotions and 30% were aware. 

 

For non-buyers, 96.4% were not

aware and 3.6% were aware. Major

differences in the percentages aware between

buyers and non-buyers indicate there is a

positive association with generic promotions

(i.e., compare  29.96% with 3.58% in the

Aware column).  These arguments will be

fully developed in the next section.
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4.0 Mango Demand Models, Estimation and Simulations (Technical)

This is a technical section but the most essential step for estimating the economic

impact of the National Mango Board given the data are in place.  As just discussed, those

data are available from the household tracker (see Appendix A).  Market penetration (MP)

and market intensity (MI) are the two components of mango demand to be specified and

estimated with the demand drivers from Section 3.

(4.1) Mango Demand Probability Models

MP is binary since the household did or did not buys mangos in a defined period.

Let the demand drivers in the MP model be defined with the matrix X (i.e., the variables

defined in Section 3).  Prob(MPj=1)=F(Xjâ) or the likelihood of buying mangos in a period

is some function of the demand drivers and the estimated impact (coefficient) of each driver. 

Adopting the assumption of a standard normal distribution (Ö) for the F leads to the well-

known Probit model for estimating MP as shown below. Almost all econometric software
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packages will estimate the Probit so details about the estimation techniques are not presented

here (TSP; Stata; Long).

Once the MP model is estimated, each driver is explored in terms of that driver’s

impact on the probability of buying mangos and specifically the impact of the promotion

awareness.

Estimation of the MI model is 

more complicated since MI takes a

range of ordinal values ranging for 0

to k (e.g., 0,1,2,...) but again depends

on the assumption about the

distribution similar to that of the

Probit with the standard cumulative

normal notation Ö.  Since the demand drivers are likely to differ in MI compared with MP,

Z will denote those market intensity drivers and ä’s are the corresponding parameters.  The

task is to estimate the probability of each number of mangos purchased in a shopping period.

Theoretically,  but the residual is unknown and the parameters (ä)
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must be estimated.  With the standard normal assumption, the actual market intensity (MI)

equals one if lies between intervals of thresholds (ô) that must be estimated.  Typical

notation is below and those thresholds are shown in the subsequent estimates.

     Probabilities of the levels of market intensity can be easily estimated  using Zjä letting Z

include an intercept as the first

vector in Z.  Then:

The detail steps for estimating the ä and ô are not presented and are readily available in

Long, Stata, and TSP.  At this point, the most important factor is that both  ä and ô are

estimated correctly since they are essential to getting to the promotion impacts.  Once the

probabilities are estimated, it is a linear step to estimate the  market intensity across any of

the demand drivers captured in Z.

Market intensity is a function of Z, the demand drivers for MI, and the estimated MI

follow using the probabilities:

And depend on the demand drivers.  Likewise, with one can explore how
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market intensity (i.e., the number of mangos) changes across any combination of the demand

drivers including the promotion awareness.  Statistics (t-test) for each parameter give a

method for judging the confidence one can place on any of the conclusions drawn from the

models.

(4.2) Market Penetration Estimates

In Table 4 the full Probit model for market penetration (MP) is presented.  The

demand drivers and their categories are in the first two columns followed with the variable

notations and symbols.  There are 76 coefficient estimates with their corresponding t-values

(last two columns).  Most of the drivers were identified in Section 2, Table 1. Many of the

demand drivers are categorical and mutually exclusive, and one cannot include each category

in the estimation.  That is the classical dummy variable trap.  If we know the value (zero or

1) for four of the categories, say with the income variable as an example, then the fifth

category is known my definition.  For example using age, if we know that ZAG2=0,

ZAG3=0, and ZAG4=0; then by definition ZAG1=1.  Or if  ZAG2=1, ZAG3=0, and

ZAG4=0; then by definition ZAG1=0 since the categories are mutually exclusive.  A

household can be only in one category at a time for a specific demand driver like Age.

An accepted way to deal with the dummy variable trap is to drop one of the variables

for each driver when there is more than one category for that driver.  The notation for each

category shows which category was dropped for each driver.  For example, the income

coefficient estimates are for ZINC2, ZINC3, and ZINC4.  Hence, ZIN1 is the base from

which the impacts of the other income levels are compared.  Likewise, the t-values show if

a particular category is statistically different from that base.

Referencing income again, â3 is positive and statistically different from the lower
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income group because the t-value of 3.13 is statistically different from zero. For those scaled

with the levels of agreement to disagreement, all of the coefficients and t-values are relative

to the neutral agreement score.  Each coefficient gives an indication of the direction of the

impact of that particular variable.  Most of the directional impacts will be shown in Section

6.

Moving down the columns in Table 4, the impact of price on the likelihood of

buying mangos is negative and statistically highly significant.  Higher prices do discourage

households to purchase mangos.  Exact price responses are illustrated in Section 6.

Turning now to the most important variable, awareness of the promotions of mangos

is the last variable in the demand drivers in Table 4.  The response is positive and statistically

different from zero as evident with the t-value of 34.3. 

Given the positive sign, the evidence is strong that awareness has impacted the

household decision to buy or not buy mangos in some form.  Using the coefficient alone is

difficult to really see the impact other than promotions have enhanced the demand for

mangos.  Section 5 will be dedicated to showing the magnitude of that impact.  Table 4

provides the scientific bases for illustrating the estimated impact.
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Table 4. Probit model estimates for mango market penetration.
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Table 4 continued.  Probit model estimates for the mango market penetration.
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(4.3) Market Intensity Estimates

Table 5 gives the Ordered Probit model estimates for the market intensity (MI)

model. Many of the variables in the MP model are included in the MI model.  Discussion of

the categorical variables in MI parallel the discussion above for the MP model.  However,

the MI differs in three unique ways.  First, prices are known for all purchases. Prices

negatively impact how many mangos to buy and is statistically very significant (see variable

WPRICE or ä66).  

Second, the MI model includes the reasons for buying mangos discussed with Table

2.  All of the reasons are positive and statistically significant. All impacts will be part of the

discussion in Section 6.

Third, the MI model includes a variable labeled Mills Ratio.  A Mills Ratio is

usually included in these type models to prevent sample selection bias.  Discussion of the

Mills Ratio is beyond the scope of this analysis except to highlight its meaning.  If the

coefficient for the Mills Ratio (ä86) was not statistically significant then one could simply

take the sample of those household buying and estimate a model ignoring all of the non-

buyers.  If statistically significant as is the case here, inclusion of the Mills Ratio is one way

to deal with sample selection issues.  Accounting for the potential effects of non-buyers in

the sample is a way to assure there is no selection bias when drawing inferences about any

of the estimates and particularly the promotion effect.

Finally, the thresholds discussed earlier is this section are reported in the bottom of

Table 5 with the notation MU2-MU13 that correspond to the ô’s identified as the thresholds.

Variable WASAWARE or aware of promotions is shown to be positive and

statistically significant with a t-value of 14.8. The  MP coefficient â76 and ä85 in the MI

model show that awareness of promotions both attract households to buy mangos and then
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how many to purchase once a buyer.  Section 5 is dedicated to showing the magnitudes of

those impacts and the implied ROI to the National Mango Board.

Note at the bottom right of Table 5 the distributions of buying mangos are shown

for the data included in the models.  Approximately 20% of the households did not buy

whole mangos but were buyers of mangos in cut/sliced forms and in restaurants or similar

outlets. 
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Table 5.  Ordered Probit estimates for the mango market intensity model. 
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Table 5 continued.  Ordered Probit estimates for the mango market intensity model. 
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Table 5 continued.  Ordered Probit estimates for the mango market intensity model. 

About 65% of the buyers purchased three or fewer mangos in a single buying period.

(4.4) Dynamics in the MP and MI Coefficients

The awareness coefficients in Tables 4 and 5 were based on the monthly household

data from Jan 2013 through Dec 2019 for a total of 83,839.  Actual observations in the

estimated model differ by a small amount because of a few missing values among the

demand drivers.  Appendix B.1 and B.2 include the same content of Tables 4 and 5 while

showing the estimates for the years ending in December of 2015, 2016, 2017, 2018, 2019, 

and 2020 (same as Tables 4 and 5).  All of these estimates will be used later when comparing

the effectiveness of the National Mango Board over time.  As noted earlier, the estimates

started with February 2013, the first month with complete information about household

awareness of mango promotions.  Section 5 will be based on the results through 2020 data.

In Table 6 the promotion awareness coefficients are shown for the MP and MI

models estimated recursively.  Adjacent to the year column are the MP and MI estimated
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Table 6. MP and MI coefficients over
time.

parameters  and then in the lower portion of Table 6 includes the t-values for the awareness

parameters.

 Parameters can change with added data for many reasons.  The promotion

coefficients could change if the promotions were becoming more or less effective and/or if

distribution of the awareness data  changes.

Apparent from the numerical values, there were some numerical changes in the MP

and MI parameters across the added years. The implications of these changes across the

years will be discussed in Section 5 when showing generic promotion impacts.  These same

awareness coefficients and t-values are also in Appendix B.1 and B.2.

Market intensity was defined to include no whole mangos purchased in a two-week

reporting period as also defined in Appendix B.1 and B.2.  This was necessary since market

penetration was defined as purchases of mangos in any form (i.e., including cut/sliced

mangos) while total mango demand was demand to be just for whole mangos to be equal to

HWD×Prob(MP)×MI where HWD=number

of households.  This will be detailed more

in Section 5.  Approximately 20% of those

reporting buying mangos in a defined

period did not buy whole mangos within

that period.  Rather within the 20% there

were buyers purchasing fresh cut/sliced or

some other form of mangos instead of

whole mangos.

All models in this section provide

the scientific foundation for estimating the
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impact of the National Mango Board promotion efforts   presented in the next section.

(4.5) NMB Expenditure Models

Up to this point, the MP and MI models were based on household awareness of the

mango promotions.  Awareness is the closest measure of each household’s exposure to the

mango promotions, mostly funded by the National Mango Board. An alternative approach

could be to take the Board’s monthly demand enhancement expenditures as a measure of

promotion exposure while assuming within the reporting periods each household is equally

exposed to the promotions indicated by the expenditures during each month and/or previous

month.  Including expenditure instead of awareness has traditionally been the method used

in most evaluation studies when awareness data were not available.  It is the judgement of

this author that using  awareness is a superior methodology.  Yet it is also useful for

comparison purposes to look at the modeling results with this alternative method for

measuring the NMB programs.

Awareness is what the household recalls while expenditures measure the actual

intensity.  There are likely lags between the actual expenditures on an accounting basis and

when the information actually reaches the household shopper.  That is, there are possible lag

effects when modeling with expenditures.  Such lags are usually referred to distributed lag

effects.

If the expectation is that a part of the lag effect is due to accounting delays between

promotion (PRO) invoices and promotion deliveries, then one often used method is to expect

that both PRO and PROt-1 impact household behavior.  Within these definitions, one can

define PRM=ëPRO + (1-ë)PROt-1 with 0#ë#1.0.  While ë has to be estimated, the closer ë

is to one, the greater the immediate effect of the programs within the same buying period. 
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Using looping estimating techniques, one can quickly determine the value of ë and that

looping indicated ë=.55. That is, approximately 55% of the expenditure impact is realized

in the same month and 45% from the previous month.  Model estimates including actual lag

expenditures also confirms that this value of ë is acceptable.  These iterative estimates are

not included in this report because of the added length but are available upon request. 

Operationally, actual expenditures are reported for each month and same values are

allocated to all  households within that month.  Then the previous month expenditures are

also allocated to the current month.  For longer lags, more previous monthly expenditures

are allocated to the current month.  For the purpose of including the expenditure model in

this report, the actual model is reported in Appendix B.3.

As seen in Appendix B.3, the expenditures are included in both the Probit and

Ordered Probit models  using CCKTOT0 with CCKTOT0= [.55PRO + .45PROt-1]
.33.  The

.33 power is an accepted way for allowing nonlinear impacts of the expenditures on both

market penetration (MP) and market intensity (MI).  Generally, one would expect marginal

responses to additional promotions to recline and the .33 is a method to test that possibility. 

A value for the power was derived in similar way used to determine the ë value. Again, those

details are not  included in this report.

To repeat, only the marketing expenditures  are included in PRO.  Later, when

estimating the ROIs for the awareness models, the NMB total expenditures are used to

calculate the full impact of the NMB programs.

(4.5.1) MP and MI Expenditure Coefficients

Two important coefficients from the expenditure models (Appendix B.3) show that

the NMB programs have a positive statistically significant impact on both market penetration

Page -51-



and market intensity. In the Probit model (i.e., the probability of buying mangos), the

expenditure coefficient value of .1624 is statistically significant with more than a 99%

confidence level.  Stated differently, marketing expenditures by the National Mango Board

attract households to buy mangos.  NMB positively impacts market penetration.

The right columns in Appendix B.3 show the impacts of all demand drivers on

market intensity or the number of mangos purchased in a buying occasion.  The CCKTOT0

coefficient is .0753 with a t-value of 4.2745, again pointing to more than a 99% confidence

level.  The Board’s programs not only attract households to buy but positively influence the

number of mangos purchased in a buying occasion.

These results using the expenditure approach confirms what has had already been

shown with the household awareness results.  Mango promotions positively impact market

penetration and market intensity.  While the actual levels of MP and MI may differ using

promotion awareness versus promotion expenditures, the fact that both approaches point to

the significant positive impacts adds confidence in the overall conclusions that the NMB’s

efforts impact household demand for mangos.

(4.5.2) Marginal Responses with the Expenditure Models

Awareness is a “yes” or “no” measure whereas expenditures are a numerical range

over time.  With the estimation periods, expenditures were never zero throughout the data

up to Dec. 2020.  Also, it is hard to visualize the expenditure impacts by just looking at the

coefficient above.  However, one can visually see the impacts by showing changes on market

penetration and market intensity over simulated expenditure levels based on the model

estimates in Appendix B.3.

Figures 8a and 8b illustrate the market penetration and market intensity responses
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Figure 8.a. Changes in Market Penetration over a range of mango promotion
expenditures.

to simulated changes in the NMB marketing expenditures. On the bottom axis of both figures

is a range of percentages with the 100% indicating the actual levels of expenditures over the

periods from 2013:3 through 2020:12.  Percentages to the left and right of the 100% indicate

what if the total expenditures were some percent of the actual.  For example, the 60% level

points to expenditures at only 60% of the actual while 140% points to expenditures 40%

above the actual. Figure 8a shows the corresponding changes in retail market penetration

while 8b gives the changes in market intensity.

In Figure 8a and for the average expenditures, retail market penetration is estimated

to be 15.68% of the households buying mangos in a two-week shopping period.  If

expenditures were cut by 40% of the average, MP would drop to 14.52%.  Similarly, for a

40% increase over the average, MP increases to 16.64%.  The lower portion of  Figure 8a

gives the incremental changes in market penetration with incremental increases (or

decreases) in actual expenditures. The actual MP base depends on the values of the other
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Figure 8b. Changes in Market Intensity over a range of mango promotion expenditures.

demand drivers.

Figure 8b shows the changes for market intensity over the same range of

expenditures.  With a 40% decline in expenditures, market intensity or the average number

of mangos per buyer would drop from 3.59 mangos to 3.43 per buying occasion.  Similarly,

with the 40% increase in expenditures, MI increases to 3.72 mangos on average.

At this point, the expenditure models suggest statistically that the NMB programs

have a measurable impact on the U.S. demand for mangos.  

(4.5.3) Expenditures versus Trends

Using expenditure  models were considered as another independent way to consider
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the impacts of the National Mango Board  programs. As already indicated, a shortcoming

of the expenditure approach was that  for each month all households are assumed to be

equally exposed to the messaging and that, obviously, is a strong assumption.  Second, the

data periods are fairly short for seeing a lot of variation in the expenditures.  In fact, the

correlation between a yearly time trend and the expenditures is .304.  While not a

particularly strong correlation, it is positive and statistically different from zero.  When

running the MP and MI models with a trend instead of the expenditures, one finds both

variables (i.e., trend versus expenditures) to be similar in sign and significance.  The time

trend could be simply picking up the expenditure trend and/or other underlining longer term

adjustments not related to promotions, or even longer term promotion effects (e.g., such as

longer term household recall and education) not captured with the monthly expenditures.

The evaluation goal is to provide scientific measures of the National Mango Board

programs using the strongest statistical evidence.  To that point, the next Section will focus

on the return-on-investment (ROI) using only the promotion awareness results since those

models are based on explicit household indications of knowing about the promotion through

direct exposure. The goal is to not overstate the estimated gains possibly attributable to

statistical issues potential with the expenditure models.  Even with this caveat, the patterns

illustrated with Figures 8a and 8b do provide supporting results in terms of positive

direction.
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5. Estimating the National Mango Board 

Demand Enhancement Programs’ Impacts

As emphasized several times, demand depends on the decision to buy and then how

much.  Market penetration measures the buying decision and market intensity reflects how

much to purchase once the buying decision is complete.  Total demand depends on the

household base (i.e., HWD) times the percent of household buying times the volume of

mangos or HWD×Prob(MP)×MI.  While HWD is totally exogenous of mango demand

drivers, Section 4 clearly establishes the links of MP and MI with human factors, product

attributes, preferences and the use of information with information being expressed in terms

of promotion awareness.  Since the function of the National Mango Board is to develop and

fund the dissemination of information about mangos, the driving goal is to determine if those

efforts were worth the investment.  That is, what is the return-on-investment to the NMB? 

Statistically, the Probit model (i.e., MP model) and the  Ordered Probit model (i.e., MI

model) establishes that awareness of mango promotions positively impacts both MP and MI. 

In this section, the goal is to provide an empirical measure of that impact.  A later section

will explore the other demand drivers.

While those measures are shown momentarily, it is important to realize those

estimates of  MP and MI are based on model coefficients with statistical properties yielding

levels of confidence in the conclusions.  One will never know precisely the actual number

of household buyers and non-buyers because sampling is required. We do know the high

level of  statistical confidence placed on the MP and MI demand coefficients as documented

in Table 6 with the t-values.
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(5.1)  Estimating the ROI using the Awareness Model

Table 6 included the MP and MI coefficient across time with the results pointing to

some change in the values over the years. These values are typically determined with

recursive estimation techniques.  To gain the best insight into the ROIs up to an ending

season or year, each calculated impact for each year is based on the model estimates up to

each ending year as shown in Table 7. The first column in Table 7 identifies the type of

calculation while each additional column corresponds to the ending data period.  For

example, the last column is labeled 2020 Jan-Dec and thus indicates the models based on

data ending in December 2020 while the row values are just for Jan-Dec of 2020. Note that

the last row provides the ROIs for each year ending data points.  For each row there is a

“Yes” and  “No,” indicating being aware or not aware of the mango promotions.  All impacts

of the NMB are the differences between the “Yes” and “No” for each row measurement.

Changes across the columns (year endings) capture the impact of changes in all demand

drivers and not just promotion. Appendix B includes all of the demand models.

First in Table 7, market penetration changes from .073 to .199 over the full range of

year endings.  Without awareness of mango promotions, those market penetration values

range from .069 to .189.  For 2020, the difference between Aware and Not Aware is nearly

1% point. Awareness moved from 18.9% to 19.9%.  While that difference may initially

appear small, the difference in awareness leads to one-percent more of the households

buying mangos within a two-week shopping period.
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Table 7. Estimated ROI using the mango promotion awareness models. 

Market intensities and average mango prices follow in the next two row descriptors.

Then using HWD×Prob(MP)×MI gives the retail level mangos and then retail value using

the retail price per mango.  Retail dollar gains are the difference attributed to the promotion

awareness.  As a general rule, FOB mango prices are close to 34% of the retail prices and

that factor is used to express the retail gain at the equivalent FOB level.  Those gains are

noted as FOB $ Difference.

Row NMB Expenditures includes the NMB expenditures for each reporting period,

generally Jan-Dec except for the starting period from 2013:Mar through 2015:Dec.  While

the gains are attributed to awareness, the costs to the NMB for achieving that awareness are

those total Board expenditures.  Dividing the FOB $ difference (with and without awareness)
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by those expenditures gives the ROIs.  All gains depend on the effectiveness of the

awareness along with actual retail prices. For 2020, the ROI is estimated to be 18.9 which

is substantially higher than previous years.  While 2020 was an unusual year with more at-

home consumption, the market penetration was higher with and without  awareness.  That

does suggest there was more chance for in-store promotion exposure, thus potentially

contributing to some of the higher ROI.  The difference between the MP with and without

awareness was largest in 2020, yielding ROIs all calculated for the calendar years (Jan-Dec). 

In prior reports, the ROI was based on the Jun-to-Jul months across two years.  A decision

was made to base everything on a calendar basis for this and subsequent reports.

For the bigger picture, what does the ROI mean when looking across the seasons? 

Since the USDA evaluations are generally over a five-year span, the cumulative effects of

the promotion impacts are a useful way to illustrate the overall impact of the NMB’s more

recent efforts.

The upper bars in Figure 9 show the cumulative value of the FOB gains from Table

8, all expressed in million-dollar units. By the end of 2020, total FOB dollar gains attributed

to the promotion awareness equaled $596 million rounded. Below the bars are the

cumulative expenditures by the National Mango Board.  Over the periods from 2013:Mar

through 2020: Dec, total board expenditures equaled $51.68 million. Unlike earlier reports,

these cumulative expenditures start with 2013:Mar and not back to the beginning of the

NMB in 2008.  Again the purpose of these periods is to provide a more recent evaluation of

the programs and because collection of promotion awareness data started in 2013.

Dividing these cumulative expenditures into the cumulative gains provides a broader

view of the effectiveness of the mango generic programs.  Month-to-month expenditures to

enhance demand may not precisely match up with awareness.  In fact, the expenditure model
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Figure 9. Cumulative ROI using the mango promotion awareness models.

in the Section 4.5.1 showed a lag effect when expenditures were included in the demand

model. With the cumulative expenditures, the overall return-on-investment equals 11.53 at

the FOB level or points-of-entry.  A slight upward trend in those ROI’s is shown in the lower

portion of Figure 9 with a substantial increase with the activities of 2020 (see Appendix C).
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(5.2)  Market Penetration versus Market Intensity

During the early years of the National Mango Board evaluations before the

availability of the promotion awareness data, the Market Intensity models failed to show a

significant impact on Market Intensity.  While the MI coefficients were positive, they were

not statistically reliable. Since the inclusion of the promotion awareness data, both market

penetration and market intensity have been shown to respond positively to the awareness of

promotions and discussed in Section 4.  The question of where the promotion gains are

realized is important to developing marketing strategics.  If all of the gains were from

attracting new buyers, that calls for a broader marketing reach versus gains just from

established buyers and more in-store emphasis.  So the question of relative gains is extremely

important.

Using the HWD×Prob(MP)×MI calculations, one can simulate the outcome if MI

did not change with the promotion awareness using three calculations: (a)

HWD×Prob(MPna)×MIna; (b) HWD×Prob(MPa)×MIna; (c) HWD×Prob(MPa)×MIa.  The

difference between (c)-(a) is the total gain attributed to the promotions while (b)-(a) equals

the gain attributed to market penetration.  Similarly, (c)-(b) gives the market intensity

contribution to the promotion gains. These calculations are shown in Figure 10 over the

years from 2015 through 2020 and then the overall average cross the years.  

During the years included in Figure 10, both market penetration and market intensity

both contributed to the gains from the promotions.  On average, almost 46% of the gains are

attributed to increasing market penetration or attracting mango buyers and around 54%

attributed to changes in market intensity (see the right side of Figure 10).   Since 2015, the

relative importance of market penetration has decreased slightly from 51% to 42% by 2020.

These percentages will differ from year-to-year but the results in Figure 10 points
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Figure 10.  The relative impacts of market penetration versus market intensity.

to relatively small chances since 2016.  From a marketing policy standpoint, these numbers

suggest focusing on both sides of the marketing design, attracting potential buyers and

informing  existing buyers.  The NMB has been using both types of message targeting via

in-store, print,  and social media as illustrated in Figure 4.

(5.3)   Relationship between Awareness and NMB Marketing Expenditures

Figure 9 shows the relationship between promotion awareness and the demand for

mangos, resulting in the estimated ROI.  The ROI was based on using the cumulative NMB

expenditures up to the dates shown in the figure.  Implicit in estimating the ROI is that there

is a relationship between the awareness and the cost of achieving that awareness. 

Expenditures are spread over months and those accounting dollars do not necessarily match

with when the demand enhancement efforts occurred.  Some marketing efforts such as in-

store displays may closely match with the marketing invoices while others potentially have
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a longer term effect such as printed and/or media programs. In contrast, household promotion

awareness is based on what the household indicates (i.e., recalled) when completing the

household questionnaire (see Appendix A).  The paramount question ... “is  awareness linked

back to the NMB expenditures?”.

An analytical approach to this question is to assume that marketing impacts on 

awareness extend over a longer period of time and not just in the same month the awareness

is measured.  That is, the marketing effect is cumulative for several months.  Such issues are

often dealt with using a moving average form instead of the dollars in the same month as the

awareness.

Moving averages requires one to specify the length of the averaging, say six months. 

After  exploring several alternative, a six-month moving average in the marketing

expenditures was finally adopted defining MKG as the monthly marketing expenditures

with: MA_MKG= {MKG-1 + MKG-2 + MKG-3 + MKG-4 + MKG-5 + MKG-6 }/6. Note that

the expenditures in the same month were omitted then awareness was regressed against

MA_MKG.  That relationship is illustrated in Figure 11 and the full estimates are in

Appendix D.

In the midpoint of Figure 11, the moving average marketing expenditures are

$340,000 averaged over the 2013:2-2020:12 months.  For that midpoint (i.e., .34 in Figure

11) awareness is around 8% for the reporting households. With an increase to $540,000 six

month average, awareness increases to near 12%.  Nearly a doubling of the moving average

expenditures increases awareness by almost four percentage points or 8% to 12% awareness.

Within the expenditures explored, the relationship between awareness and expenditures is

almost linear and statistically significant.  The t-value is 5.16, thus pointing to more than a

99% confidence level in the estimated relationship.
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Figure 11. Relationship between promotion awareness and the NMB expenditures.

The importance of Figure 11 cannot be overstated.  Section 4 established that

awareness leads to greater market penetration (MP) and more purchases per buyer (MI). 

Now that awareness is linked back to the NMB program dollars.

Interestingly, if one extends the expenditures back to zero in Figure 11, promotion

awareness drops to 1.29% thus indicating some awareness of promotions in the absence of

the NMB dollars.  While this extension back to zero is outside the expenditure data range,

it does add confidence to the premise that most of the awareness is attributable to the NMB.
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6. Other Mango Demand Drivers

Models for both market penetration and market intensity included other demand

drivers beyond the promotions as first defined in Tables 4 and 5 (also see Appendix B.)  One

cannot focus on just one demand driver, such as the promotions, without accounting for other

factors potentially shifting demand.  Estimated  impacts of other demand factors add

credibility to inferences drawn about the promotion effects shown in Sections 4 and 5.  If

other drivers beyond the promotions showed unreasonable effects in terms of direction and

magnitude, that would raise questions about the overall modeling. Hence, in this section the

intent is to show the effects on mango demand from the other variables included in the Probit

and Ordered Probit models.  For some potential demand drivers, the directional effects

should be clear based on theoretical arguments (i.e., income, price).  Others such as attitudes,

the direction and magnitude (if any) effects are not as clear theoretically.  For example, 

preference for organic practices on the demand for mangos is not necessarily driven by

theory and may just be a possible empirical impact.

To add greater insight into the overall performance of the models, this short section

explores the role of the demand drivers beyond the promotion awareness and/or promotion

expenditures.

As defined earlier, demand is the product of (households) times (market penetration)

times  (market intensity) or HWD × Prob(MP) × MI where both MP and MI can change with

all of the variables included in the Probit and Ordered Probit models.  Defining MP0 and MI0

to represent the average household, then a convenient way to illustrate the effects of other
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demand drivers would be to express the impacts relative to the average household.  Let ID

be the Index-of-demand relative to the average household, then:

Demand is above the average with ID>1 and less than the average with ID<1.  Note that both

market penetration and market intensity can impact differently but with ID, it is the

combined impact. If the driver impact on MP is opposite that of MI, there could even be

offsetting effects.  Furthermore, if a variable only occurs in either MP or MI, then effect on

ID would be just to either MP or MI.  “Reasons for buying mangos” are a good example

where that variable only occurs in the market intensity side of the demand index. In the

following subsections, this index approach will be used.

(6.1) Demographics

Income, education, ethnicity, and age are four expected important demographics

found in almost all demand analyses.  These demographics were defined with categories

initially set forth in Table 1.  This table showed the distribution for each demographic.  Thus

one may see the directional and size impacts, but the probability of each impact depends on

the likelihood of that category occurring as shown in Table 1.

Page -66-



Figure 12.  Effects of demographics on the household demand for mangos.

Figure 12 shows the range of impacts from four selected demographics.  Income has

a positive effect on the likelihood of buying mangos and the number of mangos per buyer. 

Demand above the average is particularly seen for incomes of $75,000 and higher. Around

6% of the household did not report their incomes and the drop in response among that group

has little meaning. The overall takeaway is that mango demand increases across incomes but

not in a linear pattern.

Results for education are somewhat mixed  with no upward or downward trend. 

Households with the primary breadwinner having graduate educational experience do show

the highest demand index of 1.07.  That group is only 13.5% of the households.
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The more pronounced responses are seen with ethnicity and age in Figure 12. White

non-Hispanics account for 67% of the households and  their demand is under the average

with the ID=.91. White-Hispanic are 9.2% of the population and the ID jumps to 1.10. 

Clearly Hispanic and non-Hispanic are big drivers within that ethnicity group.  Asians’

account for around 4% of the households while their preference for mangos is the highest

at 32% greater than the average.  The demand index across ethnicity has important

implications when designing media programs that including targeting households by

demographics.

Finally in Figure 12, demand for mangos  declines almost linearly with household

age.  Nearly 31% of the households are in the oldest age category while having the lowest

demand index.  Similar to ethnicity, preferences for mangos  across ages are so apparent that

marketing to various age groups seems justified.

Notes again that the ID values are comparable across the charts since all of the ID

values are indexed to the same base.  Values of other demographics such as regional

differences and household size are shown in a full table of all drivers in Appendix E.

(6.2)  Attitude and Preference Drivers

Attitudes and preferences are always expected to influence a household’s decision

making process.  Yet it is an empirical question if and to what degree emotional responses

actually impact demand.  Frequently, a Likert altitudinal scale of agreement is used to

quantify attitudes and preferences.  A five-point scale of agreement was used in the

household questionnaire to measure the response to specific preference questions with the

scale defined as: (completely disagree (1); somewhat disagree (2); neutral (3); somewhat

agree (4); and completely agree (5)).
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Figure 13.  Behavior and preference impacts on mango demand.

Concerns about calories are frequently raised as households are making food

shopping decisions. Approximately 34% of the households surveyed agreed they count

calories when shopping in general while 24% were neutral. In Figure 13 there is a positive

and almost linear relationship between counting calories and buying mangos, giving a low

index of .91 to 1.08 among those completely agreeing about counting calories.  Most of the

positive response comes from willingness to buy,  where the counting calorie impact in the

Market Penetration models is statistically different from zero.  The directional effects in the

Market Intensity (e.g., Ordered Probit Models ) have similar signs to the Market Penetration,

yet there is little statistical confidence that the coefficients are different from zero. Stated
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differently, concerns about calories do not discourage buying mangos.

Since mangos are generally not considered part of the stable diet based on the low

market penetration numbers, one expectation was that households who like to experiment

with new foods may be more likely to buy mangos.  The agreement scales were used to

measure that willingness to the question...”I like to experiment with new foods.”  Nearly

34% of the households agree with this statement (see Table 1).

Statistically, there is generally confidence in the estimated coefficients, the

numerical impacts are relative small when comparing the ID values and somewhat

inconsistent across the agreement scores.  For example, at both ends of the agreement

spectrum the scores are nearly the same with .99 and .97.  The highest and lowest scores are

with the somewhat disagree and somewhat agree levels.  Usefulness for marketing strategies 

in terms of positioning mangos in the category of new and/or exotic fruits are at best mixed.

Similar mixed signals are seen for the statement that ...” I like to eat more fruits and

vegetables.”  In contrast with a more specific question about the preference for organics, the

index increased from  a low of .92 to a high of 1.12 when completely agreeing with

searching out organics (see Appendix E.) The organic coefficients were highly significant

in the Probit Model and around 18% of the households completely agreed with the organic

question.

Other behavior and preference responses are in Appendix E.

(6.3)  Health Related Measures

Each household was asked about their general health status relative to their peers and

also to actual health conditions inside the household.  In the upper chart of Figure 14, 
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Figure 14.  Health related demand drivers and their impacts on mango demand.

households scored levels of agreement to their health relative to others, clearly a somewhat

subjective scoring since it is relative to a moving base.  Still it is their perception that

potentially influences purchasing decision. Agreeing and disagreeing about their health

status was nearly 30% on both sides (see Table 1).  In the upper portion of Figure 14 , there

is a direct positive relationship between health perception and the purchases of mangos. 

Statistically and numerically, the demand gains are among those feeling their health is better

than their peers.  Households who feel they are healthier will more likely buy mangos.  Both

the MP and MI coefficients are statistically significant for the agreement for healthier. The
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ID reaches 1.11 for the completely agree score.

Those same households were asked to indicate if anyone in the household had a

specific health issue: blood pressure; diabetes; cholesterol; allergies; obesity; mobility and

sight.  The scoring was simply a Yes or No to each potential health factor.

Referencing Figure 14, the ID scores are shown for each health condition.  Overall

the ID scores show only minor differences except for diabetes and mobility. The mango

demand index drops from 1.09 to .97 with the existence of diabetes in the family base.  For

mobility, the ID declines from 1.08 to .98.

An interesting observation is that 39% of the households indicated having someone

in the household with blood pressure problems and 35% with cholesterol problems.  Yet both

these more pervasive health issues showed little effect on the demand for mangos.  Similarly,

26% indicated a household member with obesity issues.  The demand index slightly

increased  from .98 to 1.01 with the obesity issue. Again, the largest range of impact is with

diabetes.

(6.4) Reasons for Buying Mangos

A question about why you purchased mangos was included in the questionnaire. 

Buyers were asked to rank their 1st, 2nd, and 3rd reason for buying mangos.  These type

questions were used to get a feel for the role of quality and other product attributes on the

demand for mangos.  These reason questions were obviously only included in the Ordered

Probit model since the household had to be a buyer to respond to the question.

Figure 15 illustrates the full scope of ranking those reasons for buying mangos.  The

left of part (a) in Figure 15 gives the percentage of buying households who ranked each

reason and then the percentage for the top ranking.  For example, ripeness ranked top with

38% of the buyers having at least a 1st, 2nd, or 3rd place.  Then 11% ranked ripeness as the top
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reason. Price was  nearly the same ranking with 37% at least ranking Price and 13% ranking

this reason as the top reason.  The reasons for buying are sorted from the top down to the

least indicated rankings.  Ripeness, Price, Freshness, Quality, and Appearance were all

nearly 30% or higher.  Beyond appearance, the importance of the reasons drops off as clearly

seen in the remaining bars in Figure 15.

Every reason included buyers who did not rank a particular reason.  While nearly

half had substantial 1st, 2nd, or 3rd rankings.  With the Index of Demand, one can see how

each variable impacts mango demand relative to the average.  Since many of the reasons

have a low probability of ranking such as advertising (i.e., 5%), another way to illustrate the

reasons impact on demand would be to compare the ID with no ranking to the average where

ID=1.0.

Starting with Ripeness, if ripeness was not important (i.e., not ranked), mango

demand would be 23% less than the average as illustrated in right part (b) of Figure 15. 

Very similar levels of seen for Price, Freshness, and Quality with 21%, 23% and 24%. 

These values along with those in (a) of Figure 15 show first the level of importance in just

ranking and then their impacts on actual mango demand. Moving down the demand changes

(b), one can quickly see relative impacts of each of the reasons for buying.

The combination of (a) and (b) in Figure 15 is important in that it establishes that the

rankings translate into the volume of mangos purchased during a two-week buying occasion.

Buyers ranked their reasons and with the econometric models, one can estimate how those

rankings drive Mango demand.

(6.5) Substitutes and Complement Effects

For each reporting household, the total number of other fruits purchased during a

specific  two-week period is known.  Without developing models for every fruit included in
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Figure 15.  Ranking of the reasons for buying mangos and their impacts 
on the Index of Demand.

the questionnaire, an alternative approach to  measuring the potential substitutes (or

complements) would be to include those other fruits in the MP and MI models.  One

hypothesis could be that as the number of other fruit purchased goes up, the demand for

mangos goes down. Equally feasible could be that if a household is likely to buy a variety

of fruits, they potentially include mangos.  The number of fruits purchased were included

in the MP and MI models using DFRU1 through DFRU4.  DFRU1 represents one other fruit;

DFRU2 is two other fruits; DFRU3 is three other fruits; and DFRU4 is for 4 or more other

fruits purchased in a single buying occasion.  In the MP estimates, the coefficients for each

DFRU are positive and statistically significant.  For the MI or market intensity model, only

DFRU4 is statistically different from zero (e.g., see the t-value for DFRU4 in Table 6).
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Figure 16. Effects on mango demand from buying other fruits.

Figure 16 provide  graphic insight into the impact on mango demand as households

buy other fruits during the same period. The bottom axis of Figure 16 indicates the number

of other fruits purchased in a two-week shopping window exclusive of mango purchases. 

Excluding mangos, the average household purchased 3.25 fruits in the defined period.

Roughly 35% of the households did not purchase any other fruits while 34.8% purchased 4

or more fruits as shown in the lower bars of Figure 16.  Now the question is ... how did

mango demand fair across the purchasing habits for other fruits?

Using the same ID (Index of Demand), at the average of 3.25 other fruits the demand

index for mangos is 1.0. For those shoppers not buying any other fruits, the mango demand
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index drops to .34.  That is mango demand is only 34% of the average household.  With

purchases of 1, 2 or 3 other fruits, the demands for mangos increase from .70  up to .76 of

the average households.  Note again that ID is 1.0 when the number of fruits is 3.25.

The most profound conclusion follows when purchases of other fruits are four or

more during the shopping window.  Mango demand is 46% greater than the average among

those shoppers classed as heavier users of other fruits.  Those household  buyers account for

slightly more than a third of the households.

Visually, Figure 16 suggest the demand for varieties of fruits  leads to purchases of 

more mangos. Instead of strong substitution, the numbers point to some degree of

complementarity within the fruit categories.  Theoretically, there is always some substitution

within a food category and between food categories.  Yet the empirical results point to a

stronger demand for mangos when the desire is greater for a number of other fruits.

From a marketing standpoint, Figure 16 has implications for the location of mangos

within store fruit sections.  Rather than separating mangos totally from other fruits, locations

within  displays for other fruit could be beneficial.

(6.6) Price Effects on Mango Demand

Legally commodity promotion boards are not directly involved in pricing issues,

since their functions are to enhance the demand for their specific commodity. To determine

the effectiveness of enhancing demand one must understand the demand for that the

commodity.  Measuring demand cannot be accomplished without including prices in the

demand models as has been the case in both the market penetration and market intensity

models.  There should always be a negative relationship between prices and quantity

purchased as is the case for mangos.  In Tables 4 and 5, prices coefficient for market

penetration and market intensity are negative and statistically significant.  Without question,
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both models are theoretical consistent showing the negative relationship between mango

purchases and prices.

Price elasticities are often quoted to express the price relationship showing a

percentage change in price leads to a percentage change in quantity.  Estimates of price

elasticities implicitly require knowing the purchasing price.  That is a particular problem

with market penetration since among those who do not buy mangos, there is no reported

price that a household may (or may not) have observed. 

 Among buyers, the price is reported. To fill the gap of missing prices among those

not buying mangos, one approach is to assume that those households were exposed to the

average price in the period under consideration and within the regional location of that

household.  That method was used to generate a price vector to include in the market

penetration model.  Clearly there could be measurement error with the price variable.  Yet

to completely ignore price in the model would be an even greater error.

In Table 4 and for the defined price, it is clear that price plays a major role in the

decision to or not to buy mangos.  Generally, for every five-cent price increase (or decrease)

market penetration decreases (or increases) by nearly .012 units. In the simulations over

prices, market penetration was around 16% when mango prices were near .88 dollars per

mango.  Increase the price to say $1.27 per mango, market penetration declines to  about 6%. 

Obviously, potential buyers are very sensitive to the price of mangos.

In contrast to market penetration data, prices are known for those who did buy

mangos. Hence it is straight forward to estimate the price effect on market intensity as shown

in Table 5. The price coefficient is -.791 with a t-value at 37.83.  That simply means there

is more than a 99% level of confidence that the price coefficient is different from zero. The

equivalent price elasticity is around -.62.  Or, for every 10% change in price, market

intensity or number of mangos purchased change in the opposite direction by 6.2%.
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When comparing both market penetration and market intensity responses to price,

the price elasticity is near -3.0.  Rising prices lead to a substantial decline in mango demand

mostly attributed to lower market penetration and some decline in the number of mangos

purchased during the buying decisions.

Figure 17 includes a simulated example of the price impact on the demand for

mangos in the U.S. marketplace.  There are three plots in Figure 17 with the upper being

market penetration; the middle gives market intensity; and the lower is the Index of Demand

as developed earlier in this section.  Simulated retail prices are on the bottom axis of each

chart with retail prices ranging from $0.83 per mango to $1.30 per mango.  These prices

were simulated by adjusting the average retail price in increments of 5% points.  For

example, a mango price of 83 cents is 75% of the average retail price of $1.11 per mango 

for the periods simulated.

Economic demand theory tells us that the less essential the food to the diet, the more

price sensitive is the household.  Stated differently, households are generally less sensitive

to price changes when the product is more essential to the household food consumption. 

Clearly, the decision to buy or not-buy mangos is very sensitive to prices as seen with the

market penetration approaching 17% with the lower prices. Similarly, the likelihood of

buying mangos drops with increases in the retail mango price.  Market penetration is lowered

to nearly 5% when prices are 25% above the average retail price per mango.

Market intensity in the middle chart of Figure 17 also depicts the negative buyer

response to price increases.  The average number of mangos per buying occasions drops

from 3.91 mangos to 2.85 mangos over the price range shown.  However, the market

intensity is less price sensitive relative to the market penetration respond to prices.  

Recalling that the Index of Demand is the full impact of changes in MP and MI, the

lower chart in Figure 17 shows how the Index of Demand declines with price increases.
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Figure 17.  Retail price impacts on the demand for mangos.

Retail prices at 75% of the average retail price leads to almost a doubling of demand with

most of that increase attributed to attracting households to buy mangos.  The lower chart in

Figure 17 points to demand being 44% of the average when prices are 25% above the

average.

Price responses are interesting but not the focus of the overall evaluation of the

National Mango Board.  Yet to use the demand models to draw inferences about the

promotions one has to be assured price is accounted for in the modeling and that is the case

for both dimensions of the demand modeling. 
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7.0  Conclusions and Implications

In this empirical evaluation of the National Mango Board the analyses have been

limited to measuring the impact of the Board’s programs on the U.S. demand for mangos. 

Statistics alone cannot capture the full breath of any program, but with statistical techniques

one can have scientific confidence in the conclusions and inferences.  Confidence in the

conclusions is essential for setting policies, projections, and adjustments. Before

summarizing, it is useful to also recognize what is not captured with statistical models.

(7.1) Structure of the National Mango Board

Overall sight and leadership are key ingredients to the functioning of any commodity

board.  Leadership leads to creativity through the employment of staff with the skills to

design and implement media programs.  Econometrics models rely on the awareness and

program expenditure data as the measures of effort without giving due credit to many hours

of effort to design and deliver.  The models tell us if the programs worked but much of the

process is hidden within the data.  Of course, that is generally true when using most

databases.  Aberrations in the data usually stand out, but the creative juices are  frequently

lost until one sees the empirical successes (or failures).

From the outset of the National Mango Board, a monitoring program was put in

place to have a consistent measure of the demand for mangos.  That was essential since little

hard data on mango consumption were available prior to the start of the household survey

noted in Appendix A and in the text of this report.  With substantial funding, that database

has been maintained while adding questions to the survey over the years.  In fact, the

question about awareness of promotions was not added until 2013 and that variable has

become a major component to the evaluations.  The entire database since its inception

continues to be maintained  and stored in an accessible format (i.e., a Stata dta format). 
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Designated staff  can access those data as needed.

Figure 4 attempted to quickly depict the media programs and, of course, did not

present the depth and dynamics involved.  Content, graphics, media coordination, budgeting, 

and followup are all embedded in those programs.  Several chapters could have been written

on how the staff moved from inception to delivery of the messages.  Those messages ranged

from in-store displays to social media (see Figure 7).  We have economic models that attempt

to measure the impacts of the different media but have not included those in this report

because of timing.  At the time of this report, the in-store effects appeared to be the strongest

effect on mango demand.

The National Mango Board faces unique challenges in that most of the Board

members are from non-English-speaking countries.  All Board meetings require

simultaneous translation in nearly all meetings.  Equally challenging are outreach programs

by the staff to travel and communicate with producer organizations through Central and

South America.  While the outreach and communications seem to have worked, none of

those successes are captured in this report.  Outreach efforts were and are mostly designed

to keep those, responsible for funding the programs, informed about the program efforts and

impacts.  Recent virus issues limited travel, but the staff mostly dealt with those limitations

through online communications via Zoom and/or similar electronic communication  tools.

Whole and fresh-cut mangos capture most of the industry and were included in the

initial enabling legislation.  In an effort to broaden the reach of the Board, considerable effort

to integrate the frozen sector in the generic messaging was eventually met with resistence.

After considerable investment in time and oversight by the NMB and the  USDA, the frozen

mango industry was first incorporated into the Mango Board and then subsequently removed

after votes by the frozen sector.  As of this writing, the frozen sector is not part of the

National Mango Board.  There are lessons to be learned by the entire process and, at some
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point, those lessons need to be articulated. Here is not the place.

So what can be concluded from the empirical analyses?  Those conclusions are in

the next subsection.

(7.2) Major Conclusions

Evaluation of the National Mango Board was based on measuring the U.S. demand

for mangos by dividing demand into two components: (a) percent of households buying

mangos within a two-week shopping period (Market Penetration), and (b) recording the

number of mangos per shopping occasion by each household mango buyer (Market

Intensity).  A Probit model was estimated for Market Penetration and an Ordered Probit

model specified for Market Intensity.  All of the statistical properties for both models are

presented in the text and appendices.  In both models the measure of the National Mango

Board was specified through household awareness of the mango promotions and the Board’s

marketing expenditures.  The purpose of using awareness and then expenditures was to

determine the consistency of the conclusions using two measures of effort.

Major conclusions from the report:

(A) There is a positive association between household awareness and households

buying mangos (see Table 3).  

(B) Awareness of mango promotions has trended upward over the years with a few

notable exceptions and particularly the 2018 season (see Figure 6).

(C) Both awareness of promotions and the NMB marketing expenditures have positive

and statistically significant impacts on the probability of buying mangos (see Table

6 and Figure 8a).

Page -82-



(D) Both awareness of promotions and the NMB marketing expenditures have positive

and statistically significant impacts on the number of mangos purchased in a two-

week buying shopping period (see Table 6 and Figure 8b).

(E) Both the awareness and expenditure models show similar impacts on market

penetration and number of mangos.  However, the awareness models have the

benefit that awareness is a direct measure of the household’s exposure to the

promotions.  Whereas, using monthly marketing expenditures assume all households

in a particular month have been equally exposed to the messaging.

(F) Mango demand is a product of the {number of households} × {probability of

buying} × {the number of mangos purchased in a shopping period} and awareness

impacts both penetration and intensity.  Those impacts then facilitate estimating the

return-on-investment (ROI)

(G) The demand models were estimated recursively first with monthly data from

February 2013 through December 2015, and then adding an addition months for

the next full year, ending with December 2020.  With those estimates the ROI was

derived for each year and then a cumulative ROI  from 2015 through 2020.

(H) Year-to-year based on the calendar years, the ROI ranged from a low of 5.14 in

2013/2015 to a high of 18.90 in 2020. Since 2020 was unusual given the covid-19

problems, it is not totally clear what the 2020 issues had on the ROI values.  The

gains for 2020 were similar to 2019, but the marketing expenditures were less (see

Table 7).

(I) Concerns about the  downward trend in the ROI from 2016 to 2018 were expressed

in prior Board reviews, but the ROI’s for 2019 and 2020 point to a reversal in the

ROI downward trend.

(J) Since the USDA requires a five-year evaluation, a cumulative ROI seem more in line

with the evaluation goals.  Over the years from 2013 through December 2020, the

cumulative  ROI equaled 11.53.  Also, the cumulative averages generally trended
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upward except of the slight adjustment in 2018. The ROI is  substantial relative to

many other commodity promotion programs.

(K) Early on with the National Mango Board programs, most of the estimated gains

were from attaching new mango buyers.  By 2020, the estimates suggest that slightly

over half of the gains are attributed to the market intensity (see Figure 10).  That is,

the promotions now also entice mango buyers to purchase more mangos in a

shopping occasion.

(L) Awareness is either a “Yes” or “No” for each household while the NMB

expenditures are for each specific month assuming all households were exposed to

the message.  Subjectively, that is a strong assumption.  Yet when calculating the

monthly average awareness, there is a strong positive statistical relationship

between monthly average awareness and a six-month moving average of marketing

expenditures.  This is the first time we have estimated that relationship  (see Figure

11).

(M) Both the market penetration and market intensity models included many demand

drivers beyond the promotions.  Impacts of those drivers were included in a separate

section and performed as expected based on coefficient signs and statistical

significance.  While the stories for each demand driver stand alone in their

usefulness and implications, their importance to the promotion evaluation is that the

models were theoretically consistent across all the demand drivers.  That adds

confidence to the use of the models when drawing inferences about the promotion

effects. In particular, both market penetration and market intensity were negatively

impacted by higher prices.  Any theoretically wrong signs with prices would raise

concerns about the validity of the models.

(N) Finally, there are usually food substitutes for most goods and, when possible, need

to be accounted for in the modeling.  For most demand models, relative prices are

included to measure the possibility of substitutes. An alternative way was adopted

in the study using the argument that the number of other fruits purchased in a

buying occasion would likely impact the purchases of mangos (i.e., a potential
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substitute or complementarity effect.)  The models show that as households increase

the number of fruits purchased in a two-week shopping period, they are more likely

to also include mangos in the larger fruit shopping basket (see Figure 16.)

(7.3) Implications

Econometric models are tools, when used carefully, can be beneficial to the checkoff

program decision making process.  As use in this report, they first provide a scientific base

for judging effectiveness through measuring the historical impacts on demand. One cannot

ignore experience, yet the models provide a tool for judging with statistical confidence.

Once each demand driver’s relationship on demand is known via the estimated

coefficient(s), then the opportunities for exploring “what if” type questions are readily

available.  As part of the mango household research design, a simulator was developed to

address many “what if” type questions.  What if... incomes decline? What if ... mango prices

increase?  What is the ... maximum potential impact by increasing promotion awareness? 

What .... would be the impact if the awareness coefficients were increased by some factor? 

This last question in particularly interesting in that it gives some idea of the growth in

demand if new innovative programs could change the link between awareness and demand. 

Awareness could be increased and the coefficient linking awareness and demand could also

increase (or decline).  The simulator based on the market penetration and market intensity

models would show the levels of demand under a range of assumption. These are just a few

of the type questions that can be explored with the existing mango demand simulator.  It is

taking the demand relations beyond the historical evaluation level.

As a last point, some variables could not be incorporated into the demand models

because of the nature of the data.  The most apparent is “Reasons for not buying mangos”

presented in Table 2. That data could not be included in the market penetration models
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simply because the data exist only for those not buying while market penetration includes

both buyers and non-buyers.  This variable,  separate from the modeling, provides clues

about types of messages needed to counter the reasons.  Taste was the top reason for not

buying  and that could be countered with a wider variety of uses as suggested with current

programs noted in Figure 4.  Others such as “Did not think...”, “ Did not feel like...”, “Not

familiar...”,  etc. all point to changing knowledge and perceptions. It is at this point where

the messaging creativity takes place.  Models and statistics cannot sub plant creativity, but

it highlights the focus and direction needed to attract potential mango buyers.  Likewise, the

ranking of reasons for not buying points to places where little gain could be expected

through messaging.  For example, see the lower level of concerns about the wrong size of

mangos.

The bottom line from working with many commodities over the year, the National

Mango Board’s programs have succeeded in enhancing the U.S. demand for mangos.  There

are further opportunities given the still relative low level of market penetration compared to

other more mainstream fruits.
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Appendix A: National Market Board household data questionnaire. 

Use "H:\ZMangoBoard\MT\STATADatabase\mango(168v7)_labels.dta"

. describe

This discription is very long, too much to include in this Appendix. Actual variable

descriptions can be made available by emailing this author via rward@ufl.edu.  The data

base is privately funded and very large, so none of the actual data will be distributed without

written approval by the National Mango Board.  As of August 10, there are 171,257

observations with 1,993 variables covering the months from 2008 to June 2021.
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There are additional questions in the survey that were not used in this evaluation so are not

included in the questionnaire presented above.  Likewise, a few questions were deleted and

others added over the years.  The main purpose for including this portion of the NMB

questionnaire is to allow reviewers of the NMB evaluation to see the overall source of the

database funded by the NMB.
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Appendix B.1: Market Penetration (Probit) Model estimates over time.
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Appendix B.1:continued
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Appendix B.2: Market Intensity (Ordered Probit) Model estimates over time.
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Appendix B.2: continued
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Appendix B.3.  Model Estimates using the National Mango Board expenditures instead

of awareness.
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Appendix B.3. continued
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Appendix C.1. Cumulative impacts of promotion awareness.
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      Method of estimation = Ordinary Least Squares

 Dependent variable: AWARE
 Current sample:  2013:12 to 2020:12
 Number of observations:  85

        Mean of dep. var. = 8.00810  LM het. test = .439266E-04 [.995]
   Std. dev. of dep. var. = 2.46065  Durbin-Watson = .896807 [.000,.000]
 Sum of squared residuals = 384.744  Jarque-Bera test = 30.3433 [.000]
    Variance of residuals = 4.63547  Ramsey's RESET2 = .710932 [.402]
 Std. error of regression = 2.15301  F (zero slopes) = 26.7201 [.000]
                R-squared = .243530  Schwarz B.I.C. = 189.224
       Adjusted R-squared = .234416  Log likelihood = -184.782

            Estimated    Standard
 Variable  Coefficient     Error       t-statistic   P-value
 C         1.28970       1.32052       .976655       [.332]
 MA_MKG    19.7776       3.82608       5.16915       [.000]

Appendix D. Relationship between promotion awareness and NMB marketing program

expenditures.
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Appendix E. Selected mango demand drivers and their impacts.
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Appendix E. Continued
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Appendix E. Continued
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