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A B S T R A C T

A S Y S T E M  OF M O D E L S  FO R  
E S T IM A T IN G  R E C R E A T IO N A L  B O A T IN G  USE 

IN M IC H IG A N  C O U N T IE S

By

Tsung-chiung W u

Reliable and tim ely es tim ates  o f  the am oun t and geographic  distribution o f  

recreational boating use are im portant to agencies and businesses that m ake  recreational 

boating decisions. Currently  there is no reliable and cost effective m ethod for predicting 

the am ount or location o f  recreational boating use w ithout conducting  costly surveys. 

The prim ary purpose o f  this study was to develop  a system o f  m odels  which utilizes 

various secondary data sources  to produce reliable boating use estim ates at the count} 

level, fh e  m odeling  approach  is different from previous attem pts to m odel boating use in 

that types (marinas, second hom es) and locations o f  boat storage are key com ponents  o f  

the system.

T he system o f  m odels  includes a classification m odel, boat a llocation models, a 

trip generation m odel, and trip distribution models. The classification m odel categorizes 

registered boats into types o f  s torage segments. The boat allocation m odels  estimate the 

num ber o f  boats in different types o f  storage that are kept in M ichigan counties during  the 

boating season. The trip generation and trip distr ibution m odels  es tim ate  the num ber o f  

boat days in the destination counties. The m odels  were estim ated  using the 1994



M ichigan Boating Survey, boat registration data, a Great Lakes m arina inventory, and 

inventories o f  w ater resources and boating facilities. The system produces  estim ates of: 

the num ber o f  boats in different types o f  storage, the num ber  o f  boats  (in different types 

o f  storage) kept in M ichigan counties, and the num ber o f  boat days in destination counties 

by boat storage segments.

C om pared  to survey based estimates, the system  provides som ew hat m ore robust 

estim ates o f  boating use at the county  level by incorporating several independent sources 

o f  data, and linking various types o f  m odels. L inking different m odels  a llows the system 

to generate various types o f  boating use estim ates and also reduces external data 

requirem ents. The model p roduced  estim ates o f  boating use m irror the spatial patterns o f  

M ichigan boating use. The system o f  m odels  confirm s the p redom inate  "south-to-north" 

spatial travel patterns observed  in previous M ichigan  boating studies. M odel generated 

estim ates o f  boat days are w ithin 10% o f  the 1994 survey based estim ates for most 

regions o f  the state.
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C H A P T E R  I

IN T R O D U C T IO N

M ichigan  has an abundance  o f  w ater resources - Great Lakes, inland lakes and 

rivers - for recreation. The Great Lakes account for 40 percent o f  the s ta te 's  96,791 

square m iles o f  surface area. The state has 3,288 m iles o f  Great Lakes coastline which is 

equal to the length o f  the Atlantic coast o f  the United States (D 'l tr i .  1995). In addition. 

M ichigan has approxim ately  35,000 lakes that are greater than one-tenth  o f  an acre in 

surface area, and 36,350 miles o f  rivers. These w ater resources support a variety o f  

recreation and tourism  activities. Recreational boating is clearly one o f  the m ost popular 

and econom ically  im portant o f  these recreational activities.

A ccord ing  to the US C oast Guard, M ichigan leads the nation in num ber o f  

registered watercraft. In D ecem ber 1994, 901,480 boats were registered in M ichigan. 

Excluding  com m ercial boats  and those with expired  registrations, approxim ately  555,000 

boats were actively used for recreation (Stynes et ah, 1995). It is estimated that during 

the 1994 boating season, these registered craft logged an estimated 13.4 million boat 

days, 4.8 m illion  on  G reat Lakes and connecting  waters, and about 8.6 million on inland 

waters (Stynes e t ah, 1995).

Recreational boating supports a m ajor  industry in M ichigan  that includes boat 

builders, boat dealerships, repair services and marinas. In 1993, 20,850 people in 

M ichigan w orked  in boating-related business including 860 boat dealers and 115 boat



T

builders (National M arine M anufacturers  Association Statistics. 1994), The National 

M arine M anufacturers  A ssocia tion  (1994) estim ated S247 m il l io n 1 o f  boat sales in 

M ichigan in 1993. Total boating related sales impact in 1994 (excluding  new boat 

purchases) w as  estim ated to  be about $2 billion supporting 50.000 jo b s  (Stynes et ah. 

1995).

D uring the 1960‘s. 7 0 's  and early 80"s. participation in recreational boating 

increased steadily. Hfforts to clean up the Great hakes  and reduce water pollution, 

p lanting o f  new' fish species (e.g.. sa lm on, steel head), developm ent o f  harbors o f  refuge, 

additional public access sites and m arinas, and increasing disposable  incom e contributed 

to continued increases in recreational boating “dem and"  and "supp ly ."  How ever, some 

evidence exists  that boating activ ities  may be leveling o f f  (S tynes et ah. 1995). The 

apparent decrease in boating can be attributed to a com bination  o f  factors: reduced catch 

rate o f  Great hakes  llsh. fish contam inant warnings, and the aging o f  boaters and the 

boating fleet.

P lanning, m anagem ent and m arketing for recreational boating requires up-to-date 

inform ation on boating "d em an d "  (am ount o f  use and location o f  use), as well as the 

num ber and distr ibution o f  boating facilities. A 1991 recreational boating workshop 

identified a num ber  o f  im portant issues and decisions confronting  the boating industry 

and various m anagem ent agencies (M ahoney. 1991). A m ong  the m ost important and 

potentially conten tious  issues are: approval and perm itting  o f  new  boating facilities: 

deve lopm ent and m ain tenance  o f  recreation boating facilities; fees and taxes related to 

boating; the allocation o f  fuel tax revenues; m anagem ent o f  the am ount o f  recreational

1 The S 2 4 7  m i l l io n  in c lu d e s  sa le s  o f  both  new boats  and used boats.



boating access: regulation o f  conflicts am ong  types o f 'boate rs ,  and betw een boaters and 

other (water-resource) users, and the estab lishm ent o f  a statewide information system to 

assist in m anagem en t and m arketing  plans. In addition, industry associations and boating 

businesses m ust develop  product and m arketing strategies to deal with increasing 

inactivity and decline in boat use since 1986. increasing vacancies at marinas, the aging 

o f  boat ow ners  and the fleet, recru itm ent o f  new  boaters, and m odification  and up-grading 

o f  existing facilities in response to changes in boaters ' preferences and behavior.

PR O B L E M  S T A T E M E N T  

Many boating-related issues, as well as investment, planning, marketing and 

m anagem ent decisions require current boating use information such as: num ber o f  

(active) boats registered in different regions and counties; num ber  o f  boats stored in 

regions and counties  during the boating season; num ber o f  boats  stored at marinas, 

second hom es, and perm anent hom es; the spatial d istribution and patterns  o f  storage and 

m ovem ent (e.g.. trailering) o f  boats  within the state, and; boating use by different 

boat(ing) segments. Both public and private sectors require this information for use in 

policy formation, laws and regulations, facility feasibility assessm ent, m anagem ent, and 

m arketing strategies. A lthough boating data are collected on a regular basis through a 

variety o f  m eans including sta te-w ide boater surveys, special studies, registration data and 

inventories, p lanners/m anagers currently  lack the ability to produce reasonably accurate 

estimates o f  boating activity in regions and  counties  w ithout conducting  costly large-scale 

studies. In large part, this is because m odels  that can efficiently utilize secondary
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information to estimate and predict boating use on a geographic level com patib le  with 

tbe scope o f  boating related decisions have not been developed.

O ver tbe last three decades many different studies has been conducted to provide 

recreational boating information. I he studies have included regular surveys o f  registered 

boat owners, s tate-w ide and local estim ates o f  use and econom ic  impacts, special boating 

issues such as carrying capacity, and inventories o f  boating facilities and resources. 

S tatewide surveys o f  registered boaters in M ichigan have been conducted  e v e n ' 5 to X 

years (1964. 1965. 1968, 1971, 1974, 1980, 1986. and 1995). These surveys generated 

descriptive inform ation (e.g., days boated that year, w here boats are stored and used) 

provid ing  a snapshot o f  boating "ac tiv ities"  at those “ m om ents  o f  time".

H ow ever, there are problem s associated with relying on the results o f  state-w ide 

boater surveys conducted  five to eight years apart, f i r s t ,  the boating market and behavior 

o f  boaters are dynamic and significant changes can occur within a live year period. The 

estim ates o f  boating use based on state-w ide boating surveys only reflect boating use 

situations for a short period o f  time. Budget cutbacks, com petition  for available funds, 

and increased cost o f  conducting  surveys have increased the length o f  time between state­

wide boating studies. Second, even with relatively large sam ple sizes (e.g., 6 ,000 for the 

1994 M ichigan Boating Survey), it still is difficult to estim ate  or describe local, or even 

regional boating activity and behavior with a reasonable  level o f  confidence. Many 

decisions such as proposals  for new facilities or regulations require specific and local 

boating information. Surveys o f  m any m ore than ten thousand boaters w ould be necessary 

to provide accurate estimates o f  boating activity for different boating segments (size



classes, storage segm ents)  for all e ighty-three M ichigan counties. Previous boater surxeys 

did not have sufficient sam ple sizes to provide accurate estim ates at the county  level. The 

increasing costs  associated with designing and im plem enting  state-w ide boater surxevs 

will further limit our ability to conduct sufficiently large scale studies on a timely basis.

In addition to the s ta te-w ide boater surveys, o ther boating studies haxc 

concentrated  on particular boating issues and topics. H olecek ct. al.. (1976) and 

Humphry's (1989 and 1987) have focused on specific w ater bodies or boating areas. 

Several studies have concentrated  on types o f  boating activity and particular boater 

segm ents such as m arina  users and transient boaters (Bell and Leeworthy, 1987: Stewart 

and Stynes, 1990: Talhelm . 1986). O ther studies and reports have exam ined  specific 

issues, such as econom ic  im pact (Stynes. 1983), identification o f  m arket areas (Peterson. 

1991). and carrying capacity  (H um phrys, 1990, 1991; Ashton, 1983). These studies 

contributed to understanding  boating use for particular segm ents o f  boaters or particular 

geographical areas, and/or explored specific factors that influence boating use and boating 

behavior. The results o f  these studies, limited by their purposes  (e.g., econom ic impact, 

feasibility assessm ent)  and sam ple  sizes, w ere  insufficient to estim ate  s tate-w ide boating 

use. Rarely have the results from these studies been used to develop  m ethods for 

projecting or estim ating  boating activities beyond the period o f  tim e during which the 

data were collected.

Boating registrations are a potentially im portant source o f  data for estim ating  and 

predicting boating use. In M ichigan, all m otorized boats and non-m otorized  craft ox er 16 

feet in length m ust be registered. The Office o f  the Secretary o f  State maintains



6

information on these registered boats (901.480 in 1994) including: length, type o f  emit 

(pontoon, canoe), m ode o f  pow er (e.g.. non-m otorized. sail, outboard, inboard) and the 

location o f  the ow ners residence. There are some obvious advantages associated with 

boat registration data: (1) the data are gathered on a con tinuous basts: (2) important 

information is collected about boats and boat owners; and (3) since all boat owners must 

com plete  a registration form it provides accurate inform ation on the num ber and type o f  

boats registered in each county.

Registration data how ever  do not provide direct es tim ates o f  boating activity or 

behaviors. First, the registration data only provide inform ation on where the boat ow ner 

resides, not where boats are stored during the boating season, or the counties w here they 

are used. A large num ber o f  registered boats are not stored or used in the ow ner 's  

residence county. Second, the data collected on registered boats  and boat owners do not 

provide adequate  inform ation to estimate or allocate use to different regions or counties. 

In addition, current boat registration data include boats w hich are inactive and boats 

w hose  registrations have expired. Direct application o f  this inform ation (e.g.. 901.480 x 

days o f  boating) can result in inflated estimates o f  the num ber  o f  active recreational boats, 

boat days, "need " for facilities, and the econom ic  impact o f  boating.

Current information on boating facilities and services is not available from any 

single source. Several data sets provide inform ation on the "supply'”, location and use o f  

som e recreational boating related resources and facilities-services. The M ichigan Tourism  

Resource D atabase includes information related to boating opportunities  such as num bers 

and acres o f  lakes, num ber o f  boating access sites and m iles o f  streams/rivers (Spotts.



7

1995). The 1994 Great Lakes M arina Inventory identified and collected detailed 

information from 627 G reat Lakes m arinas with 10 or more slips/spaces (Talhelm et al. 

1995). The data  base contains inform ation on num ber o f  seasonal rental and transient 

slips and spaces (e.g.. m oorings, dry stack), the num ber  o f  occupied  spaces, and marina 

services. The M ichigan D epartm ent o f  Natural Resources m ain tains information on 

m arinas that require permits, and the num ber o f  nights transient slips at publicly operated 

Great Lakes m arinas are rented/occupied. M ost o f  these data are on a county  level, and 

they provide inform ation that is useful in understanding  boating use and its spatial 

patterns. How ever, these secondary data sets are limited in their  scope. For exam ple, the 

1994 Great Lakes M arina  Inventory only included Great Lakes coastal m arinas with 10 or 

more slips, not all marinas. M ore importantly, no system or m ethod is available for 

com bining  and utilizing different supply data to es tim ate  the am ount or distribution o f  

boating activity in different regions or counties.

It is clear that reliable and  timely estim ates o f  recreational boating use and 

locations o f  use are im portant to agencies and businesses m aking  decisions about 

recreational boating facilities. A variety  o f  secondary data sets are available and could be 

used to estimate boating use and its spatial patterns. Evidence show s a grow ing  need to 

integrate ex isting  boating in form ation/know ledge in order to develop  a system o f  m odels 

than can relate and utilize available data to produce  cost-effective and reliable estimates 

o f  recreational boating use, and the locations o f  this use. The inform ation from the 1994 

M ichigan Boating Survey (Stynes et al., 1995) and previous sta te-w ide and regional
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boating studies along with various secondary data  provide an excellent basis for 

developing  such a system.

P U R P O S E  A N D  O B JE C T IV E S O F TH E S T U D Y  

The prim ary purpose  o f  this study is to  produce  reliable county  level estim ates o f  

boating use by different boat segments. The objective is to generate  reliable and cost 

effective es tim ates of: (1) num ber  o f  boats  kept in counties  during  the boating season. 

(2) num ber o f  boats in d ifferent types o f  storage in counties  (e.g., m arinas, second 

hom es), and (3) boat days in different counties  by boat storage segm ents. There  are two 

m ain  reasons for using type o f  storage as the basis for the system o f  models, f  irst, 

boating use and spatial patterns o f  use d iffer betw een boats in different types o f  storage, 

l 'o r  exam ple, boats stored at coastal m arinas  are larger and m ore  likely to be used on the 

Great Lakes. A single m odel that does not segm ent by storage type can not satisfactorily 

m odel the boating  use patterns o f  different boat storage segments. Segm enta tion  increases 

the efficiency o f  m odeling. Second, use estim ates by storage type better meet the 

inform ation needs o f  public  and private sector providers. For  exam ple , num ber  o f  boats 

stored at m arinas in a county  is m uch m ore  relevant to the feasibility o f  a proposed  

m arina than an estimate o f  all boats  stored (or registered) in the county.

A system o f  m odels  u tiliz ing existing secondary data sources  and the recent boater 

survey is developed  to accom plish  the study objectives. The system  o f  models:
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1. Incorporates boat registration information (length, location o f  ow ner 's

residence) to produce  reliable estimates o f  the num ber  o f  boats in different 

types o f  storage in different counties.

2. U tilizes “m odel p roduced ’' estimates o f  the  num ber o f  boats  in different types

o f  storage in different counties to es tim ate  the num ber  o f  boat days in 

M ichigan counties.

T H E O R G A N IZ A T IO N  OF T H E  S T U D Y  

The study is presented in five chapters. The next chapter review s previous boating 

studies and literature relating to m odeling recreational use and spatial patterns o f  

recreational uses with an  em phasis  on trip allocation concepts, trip  allocation methods, 

and distance functions. The third chapter describes the data  sets used to estimate the 

models  and the overall structure o f  the system o f  models. The fourth chapter presents the 

process o f  estim ating  the m odels, and the results o f  the m odels  including estimates o f  

boats in different storage segm ents, num ber o f  boats kept in different types o f  storage in 

counties and. boat days in counties  by boats kept in different types o f  storage. The fifth 

and final chapter provides  a overv iew  o f  the model deve lopm ent process, evaluates the 

perform ance o f  the m odels  and  offers recom m endations for im prov ing  the m odels  and 

information used by the models.



C H A P T E R II

L IT E R A T U R E  RE V IEW

The purpose o f  this chap ter  is to review literature and studies that (1) have 

exam ined boating activities and spatial patterns o f  recreational boating in Michigan. 

(2) present concepts  and theories o f  recreational travel, and (3) d iscuss relevant 

approaches to/for m odeling  recreational use. The discussion includes a review o f  

M ichigan boating studies and previous a ttem pts to model M ichigan boating use. Special 

em phasis  is placed on the 1994 M ichigan Boating Survey, the principal data used to 

develop the models. The chapter also reviews theories and m ajor com ponents  o f  

recreational travel that serve as the conceptual basis for boating models. This chapter 

concludes with a review  o f  use estim ation and trip distribution models.

PR EV IO U S STU D IES A N D  M O D E L IN G  OF R E C R E A T IO N A L  B O A TIN G

IN M IC H IG A N

This section review s studies that provide a description o f  boating spatial patterns 

in M ichigan over  the past three decades, the results o f  1994 M ichigan  Boating Survey 

with em phasis  on current boating use patterns, and a boating use system  based on spatial 

distribution nam ed R E C SY S SY M A P.

10



Spatial Patterns o f  Recreational Boating in M ichigan

Nine m ajor statewide recreational boating surveys have been conducted over the 

past thirty years (M O R I). 1964: M ichigan W aterw ays Division. 1965: D epartm ent o f  

Park and Recreation Resource. M SU. 1968; Recreation Resource Consultants. 1971: 

Recreation Resource Consultants . 1974: M ichigan W aterw ays Division. 1977: Michigan 

Sea Chant. 1980: Travel. Tourism  and Recreation Center. M SU . 1986: D epartm ent o f  

Park. Recreation and Tourism Resources. 1994). Those studies sam pled boats from the 

M ichigan boating registration lists m aintained by the Office o f  the M ichigan Secretary o f  

State. They collected inform ation on: characteristics o f  fleet (e.g.. size, type and age o f  

boats), characteristics o f  boat owners, boat storage, num ber and locations o f  boat 

launchings, volum e and locations o f  boat use. boating related spending, and special 

topics/issues (e.g.. law enforcem ent, pump-outs). Information from these studies provides 

descrip tions o f  boating use characteristics and patterns at the time o f  the studies.

'The findings from three m ajor  studies provide a description o f  the spatial patterns 

o f  recreational boating in the years 1965. 1974. and 1986. Som e o f  the relevant findings 

include:

The 1965 Boating Survey (M ichigan W aterway Division. 1965) sam pled 13.670 
boats. It found that the boats/boaters  in the counties  in the southeast o f  the slate 
have highest level o f  boating use. On the o ther  hand, the U pper Peninsula, plus 
six areas along the coastline  o f  Low er M ichigan provided the highest lewd o f  
boating "supply". The lowest "supply"  was in the central/south Low er Peninsula. 
This was one o f  the first studies that identified the extent o f  the south-to-norlh 
flow o f  recreational boats. The study found that the m ajority o f  boats used in 
southern M ichigan counties  were registered in the local area — these were not 
destination counties. For exam ple. 98%  o f  boats operated in W ayne county were 
registered by ow ners resid ing in the county. Conversely, only a small portion 
(8% ) o f  the recreational craft used in R oscom m on county w ere registered bv 
residents o f  the county, 14% o f  boats used in R oscom m on county w ere ow ned b\ 
a person residing in W ayne county.



The 1974 studies (C hubb  and Chubb. 1975) sampled 13.600 registered boats and 
show ed a s im ilar d istribution o f  boating origins, destination patterns and Hows. 
Boats registered in southern M ichigan counties com prised the largest share o f  
recreational boating use. Southern M ichigan counties “exported"  boat days to 
northern counties. Boats registered by ow ners residing in northern counties were 
generally used in northern M ichigan. For exam ple, m ore than 95%  o f  boat days 
generated by boats registered in the northern lower peninsula  o f  M ichigan and UP 
were used in the region. Only 68%  o f  boat days by boats registered in southern 
M ichigan counties  occurred in the region. 29%  o f  the days occurred in northern 
Michigan.

The 1 986 statewide study (Talhelm  et. al.. 1988) sampled 10 .089 registered boats 
with findings that were consistent with the previous boating  studies. The study 
show ed that m ore populated  southern M ichigan counties  and counties  with more 
boating opportunities  located near population centers experienced the highest 
am ount o f  recreational boating use. Fifty-eight percent o f  all recreational boat 
days occurred in counties com prising  the southern h a lf  o f  lower Peninsula. 33%  of  
boat days were in the northern h a lf  o f  lower M ichigan, and 9%  were in the Upper 
Peninsula. C ounties  in southeast, the thum b, and central Low er Peninsula 
generated and exported  m ore  boat days than were “ im ported"  by boaters from 
outside the regions. All o ther counties imported m ore  boat days than days by 
boats registered in the counties.

The findings from these and o ther previous boating studies provide relevant 

information on the spatial distribution and patterns o f  recreational boating use. They 

reveal that the basic spatial patterns o f  boating use and flow o f  recreational boats have 

been fairly stable over years. The studies show ed that: (1) Boats registered in southeastern 

M ichigan counties  generate  the m ajority o f  boat days in the state. (2) Boating 

opportunities  and resources are unevenly distributed across the state. (3) The Upper 

Peninsula, northern Low er Peninsula, coastal counties and lake areas provided relatively 

more boating opportunities  and as a result attract a greater share o f  boat days from outside 

these regions and counties. (4) The m ajority o f  boat days in southern M ichigan counties 

are by boats registered in the county or nearby counties. There is relatively little 

north-to-south recreational boating travel. Very few  o f  the boats that are operated in
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southern M ichigan arc registered in northern counties. (5) A com paratively  high 

percentage o f  boat days in northern M ichigan counties  arc by boats registered in southern 

counties.

1994 M ichigan  Boating  Survey

The 1994 M ichigan  Boating Survey provides the m ost current information on 

statewide boating activities. The data collected from boaters are crucial in estimating the 

m odels  developed  in this study. The study provides inform ation  on the characteristics o f  

boat ow ners  (Table  1). characteris tics  o f  the fleet (Tabic 2). boating use by storage type 

( Table 3). and spatial patterns o f  boating activities ( fab les  4 and 5).

Boat ow ners arc considerably  o lder than the rest o f  the M ic h igan 's  population 

with m edian age around 56. A bout h a lf  o f  all boat ow ning  househo lds  have one or more 

children in the family. The m edian  incom e is ju s t  under $40 ,000  a year which is 

som ew hat higher than the state average. A pproxim ately  a third o f  boat ow ners  own some 

type o f  seasonal hom e or cottage (Table 1).

M ost o f  M ich igan 's  registered recreational w atercraft are small boats. Highly 

percent are twenty feet or shorter. O ver ha lf  o f  the registered boats are powered by 

outboard m otors, a quarter  are either inboards or inboard-outboards. Pontoons, canoes, 

and row boats  com prise  16% o f  the fleet. Sailboats represent only four percent o f  the 

registered fleet.

A bou t sixty percent o f  registered boats are stored at the o w n e r 's  perm anent 

residence during  the boating season. About a quarter  are kept at seasonal hom es and 

about 12 percent at marinas. O ver  h a lf  o f  the boats  are stored on land during the boating
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Table 1. Boat O w ner  Characteristics.

P ercentage

A G E  O F  B O A T  O W N E R

y o u n g e r  than 4 0  

4 1 -5 0  

51 -6 0  

6 1 -65  

6 6 - 7 0

O ld er  than 70

N O  O F  A D U L T S  IN T H E  H O U S E H O L D

1
2
3

4

5 or m ore

H O U S E H O L D  W IT H  C H I L D R E N  

no children

1 ch i ld

2 children
3 children

m o re  than 4  ch i ldren

H O U S E H O L D  I N C O M E  

U n der  $ 2 0 , 0 0 0  

$ 2 0 , 0 0 0 - 5 3 9 , 9 9 9  

$ 4 0 , 0 0 0 - 5 5 9 , 9 9 9  

$ 6 0 , 0 0 0 - $ 9 9 , 9 9 9  

O v e r  $  1 0 0 ,0 0 0

S E A S O N A L  H O M E

O w n  a se a so n a l  h o m e  in MI  

D o  not o w n  a s e a so n a l  h o m e  in MI

2 r  o 

I 9° n 

I 7 no 

11% 
14° o 
19" „ 

100%

IX".. 

70°,,  

85,, 

3° ,. 

l " „  

100",.

5 3 °  „ 

20",,  

I 55,. 

8" „ 
4",. 

100",.

2 2 " „ 

3 4 %  

2 3 %  

16% 
6% 

100%

6 9 “ o 
100%

a. U n it  o f  a na ly s is  in this tab le  is the boat o w n er .  S a m p le  o f  boats  w a s  

w e ig h te d  inverse  to num ber  o f  boats  o w n e d  by  each  respondent.
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season, com pared  to 40 percent in the water or in a dry stack storage space. Just over 40 

percent o f  watercraft are kept at non-waterfront locations during the boating season 

(Table 2).

Boats stored at perm anen t hom es are transported/traiicred greater distances 

— approxim ately  47 miles one way to the locations w here they are used than boats kept in 

o ther Ivpcs o f  storage (Table 3). On average, the m arinas w here boats are stored during 

the season are 87 m iles from the o w n er 's  perm anent residence. The distance between the 

boat owners perm anent residence and second hom es where they store their boats averages 

225 miles.

M ichigan registered boats  generated an estimated 13.4 million boat days in 1994. 

4.8 m illion on Great Lakes and 8.6 m illion  on inland waters. On average, boats kept at 

m arinas are used m ore  frequently. O ver 70%  o f  the days by boats kept at permanent 

hom es or second hom es occur on  inland lakes or rivers. The two most frequent uses o f  

boats are fishing (56%  o f  use o r  days) and pleasure cruising (39%  o f  use or days). The 

type o f  boating activities differ am ong  boats kept at different types o f  storage during the 

boating season. Seventy percent o f  the use o f  boats kept at perm anent residences is for 

fishing. In contrast. 70 percent o f  the use for boats kept at the m arinas involves pleasure 

cruising (Table 3).

The study estim ated that about 2.5 million boat launchings take place on inland 

waters each year and  1.4 m illion  launchings occur on Great Lakes waters. Boats kept at 

perm anent residences account for over eighty percent o f  Great Lakes launchings and 

about 90 percent o f  launchings on inland lakes and streams. Seven percent o f  the
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Table 2. Characteris tics  o f  Watercraft.

Percent

B O A T  SIZ E

<16 ' 52°.,

l6 '-20 ' 28" «

21 '-28' 16%

> 2 9 ' 2%  
1 0 0 °  „

B O A T  T Y P E

Inboard 19" „

Inboard/outboard 6"

O utboard 56" o

Sail ,  u n p o w er ed 1%

Sail,  w ith  p o w e r 5" „

P o n to o n 8%

C a n o e  or R o w 8" ii

Personal watercraft 0°  „

Other 0%  

100" „

S T O R A G E  F A C IL IT Y

P erm anent res id en ce 59" „

C o tta g e  or s e c o n d  h o m e 25%

P ublic  marina 3%

R ented  sp a c e  in c o m m e r c ia l  marina 6" „

O w n e d  sp a c e  in m a r in a /d o ck a m in iu m 1%

Y a ch t/b o a t  c lub 2%

Other 4%

100%

S T O R A G E  L O C A T I O N

O n land 55" o

In a dry stack  fac il i ty 1 %

In the w ater  (w e t  sl ip ,  m o o r in g  or d o c k s id e ) 3 9 °  ii

A tta ched  to or o n  a larger boat 1%

Other 4%
100%

T Y P E  O F  S T O R A G E  L O C A T I O N

A  waterfront s ite  w /  a c c e s s  to  the Great L akes 24" c>

A n  inland lake waterfront site C
C

A river or  stream  waterfront 3" u

A non-w aterfront  site 4 1 %

100%
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Table 3. Sum m ary  by Boat Storage Categories.

Perm anent
R e s id e n c e

( 11- 327 . 561  )

S e c o n d  
1 lo m c

(n-  13 8 . 7971

Marina

<n-

All B o a t s ’

in 5 5 5 . I X81

D I S T A N C E  T R A V E L E D 1’ (a v g .  m i le s )

Front res id en ce  location  to storage  loca t ions N A 2 2 5 .3 3 8 6 .8 5 8 2 .5 6

From storage  loca t ion  to bo a t in g  dest inat ions 4 7 .1 5 2 2 .5 4 3 2 .6 4 3 8 .2 0

A V E R A G E  B O A T I N G  D A Y S  O F  U S E

Tota l  B oat D a y s 2 2 .2 2 5 .0 3 1 .3 24 .2

Great L akes  B o a t  D a y s 6 .6 5.5 2 4 .4 8.7

Inland B o a t  D a y s 15.6 19.4 6 .9 15.4

T Y P E S  O F  B O A T I N G

Pleasure  B o a t in g 2 9 % 4 8 % 73% 39" „

F ish ing 6 6 % 4 5 % 2 3 % 5 6 ” .,

W atersk i in g 3% 4% 2% 3%

Other 1 % 2% 2% 2° <■

T IM E S  T R A N S P O R T E D  &  L A U N C H E D  A T

Great L akes  S ites 3 .7 0 .6 1.2 2 .6

Inland S ites 6 .8 1.3 0.4 4.5

T E M P O R A R Y  U S E  O F  M A R I N A  S P A C E  (pet) 6% 2% 2 6 % 7%

A N N U A L  O P E R A T I N G  E X P E N S E S

B o a t in g  E qu ipm ent $ 1 3 3 $ 1 4 8 $ 4 1 9 $ 1 8 2

Repair  &  M a in ten a n ce $ 1 2 9 $ 1 3 8 $ 5 1 5 $  1 83

S e a so n a l  S l ip  Rental  or  Dry Stack $11 $ 2 8 $ 7 9 9 $ 1 1 5

Put in and Haul Out fees $ 1 6 $ 1 8 $ 7 5 $ 2 6

O ff -S e a s o n  Sto ra g e $ 2 3 $ 4 7 $ 3 3 0 $ 6 8

Fuel $ 7 6 $ 7 0 $ 2 8 8 $101

B o a t  Insurance $ 4 7 $ 6 4 $ 2 5 3 $ 7 9

Total $431 $ 5 2 5 $ 2 ,7 3 0 $ 7 5 3

A G E  O F  B O A T  O W N E R  (Y e a rs ) 54 5 9 53 55

H O U S E H O L D  IN C O M E  D I S T R I B U T I O N

U n der  $ 2 0 , 0 0 0 2 0 % 16% 7% 18° u

$ 2 0 , 0 0 0 - 5 3 9 , 9 9 9 3 2 % 2 5 % 2 3 % 2 9 °  0

$ 4 0 , 0 0 0 - 5 5 9 , 9 9 9 2 1 % 16% 2 3 % 2 0 °  0

$ 6 0 , 0 0 0 - 5 9 9 , 9 9 9 13% 2 0 % 2 1 % 16%

O v er  $ 1 0 0 , 0 0 0 4% 11% 14% 7%

O W N  A  S E A S O N A L  H O M E  IN M I C H I G A N 14% 8 9 % 2 2 % 34%

a. A ll  boats  inc lu de  boats  stored at perm anent h o m e s ,  s e c o n d  h o m e s ,  m arinas and other s torage  facilit ies.

b. T he  d is tan ce  traveled  w ithin  c o u n ty  is a s s ig n ed  as 2 0  m ile s .  T h e  d is ta n ce  is o n e  w a y  distance .
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registered boats  that were used in 1994 rented a m arina slip (at least once) on a 

tem porary/transient basis. O ver one fourth o f  boats kept at m arinas rented a transient 

slip/space at another  m arina at least one night during the boating season ( Table 3).

In 1994. M ichigan boat owners spent $418 million on equipm ent, repairs, slip 

rental, insurance, storage and fuel. O w ners o f  boats kept at m arinas spend an average o f  

six tim es more annually  than the ow ners o f  boats stored at perm anen t residences, and 

live tim es m ore than is spent on boats kept at second hom es (Table 3).

Over sixty percent o f  the ow ners  o f  registered boats live in the southeast and south 

inland regions, but only 49%  o f  boats are stored in these two regions. On the o ther hand, 

about 8%  o f  M ichigan boat ow ners  reside in the northeast and northw est regions, but 

m ore than 15% o f  registered boats are stored in these two regions during the boating 

season. O ver 90%  o f  boat ow ners that live in northern M ichigan ( including northeast, 

northwest, north-inland, southern U.P. and northern U.P. regions) keep their boats within 

these regions during  the season. In contrast, only 70%  - 75%  o f  the boat ow ners from 

southeast and south inland regions keep their  boats within these regions ( fab le  4). The 

1994 results indicate that the majority  o f  boats are ow ned by persons living in southern 

M ichigan, and the traditional “ south-to-north” boating travel patterns are applicable to 

1994 M ichigan boating activities.

Boats stored in southeast and inland south regions generate about ha lf  o f  

M ichigan boat days, and these tw o  regions receive 4 5 %  o f  boat days. Northeast and 

northw est regions received about 17% o f  total boat days, and boats stored in these two 

regions generate  about 15% o f  total boat days in M ichigan. O ver 98%  o f  boat days



Table 4. Number o f  Boats in Residence Regions and Storage Regions.

No of boats'

STORAGE

REGIONS Southeast Central-East North-East North-West

REGIONS OF RESIDENCE

Central-
West South-West South Inland

North
Inland IIP South U P North Out of State Total Ip cl.l

South hast 73.928 13 259 0 0 68 12.519 155 0 0 1.193 88.136 If, 3 ";

R om p d S5 . 7 %- 0.0"  o I) 3 % 0.0% , f/ o.l% . 14 0.2% , 0.0'% 0  n- , / 4 '%,

( 'nlumh p t l . ~5 .4 "; 0 .0 % I 0.0"  „ o rr., <> 5 ' 5 5 "; 0 .4 %, 0.0'%, 0  0 4 2 ";

Central hast 1.387 20.181 13 0 0 0 4.720 273 0 0 95 26.669 4 . J";

Rom p c i. 4 2%, -5 . -% o.o"„ 0.0% , 0  O '; 0  0%, r 1 O' 0.0'%, o  i r , 0  4 '%,

< o/umn p i  f 1 . 4 '%, ‘ 5 .0 % 0.1% , o.o";, 0 .0 0  o%. 2 .if'.. o  " 0  !)■%, 0  0"; o  5  %,

North hast 5.975 2.298 14.742 179 0 0 6.187 790 0 29 2.192 32.392 f,0 ''„

R om p c i i s . 4 ‘%, ' . } % 4 5 .5 %, 0.6'%, 0. 0"; 0  0"; /'//'■-. 2  4 "; 0  0 ‘%, 0  l"., 6  S'%,

( O lum n p c i 6.1'%, S.6"„ 0 5 . 1% 0  0%, 0  0"; 0  0"; 2.1%, o  o";, 0  2"<>
- ^

North West 3.264 0 84 27.817 192 1.581 10.825 703 0 10 7.620 52,095 •If,".,

R om p c i 6 .5 "; 0  0%, 0 .2" ; 5 5 .4 % 0  4 '%, 0 O '; : t i . x ; , 1 5 '%, o.o"  ;> 0 .0" ; 14 6%,

( O lum n p a . 5 .5 ’%, 0.0'%, 0 .5 '%, 0  S"„ r, s%. j . r , ; , !.'/%, 0 .0" ; 0.1%, 2 6  6%,

Central West 727 0 0 10 21.380 1.367 2.731 108 0 40 816 27.178 3 t r .

R om p a . 2."%, 0  0% 0 .0 % 0 0 % , “v ~'%, > 0": 0 .4 %, 0.0'%, 0.1%, 5 o%,

( 'olum n p a . 0."%, 0.0". „ 0.0"  „ o il" ., 0 5 .0 "; 5 , i . e . , 0 .5 %■ o.o";, o  y%t 2  ‘6%,

South West 0 0 0 0 13 18.438 2.379 0 0 0 1.906 22,736 4 . 2 ";

R om p a . o.<r%, 0 .0 % 0 .0 % 0.0"  i, o . r „ V 1"; It). 3 ", 0.0'%, 0.0'%, 0 .0" ; V 4 ’%,

< o lu m n  p a 0.0%, 0 .0 % 0.0%, 0.0% , o  r%, ~v u r , 0.0%, 0.0",, 0 .0" ; 6 "'%,

South Inland 5.734 213 0 324 0 1,565 166.855 0 0 0 4.819 179.510 3 3 . r „

Rom p a s . : \ 0.1";, 0.0%, 0  0",. 0 'J 3 .tr , 0 .0 ’%, 0  0 ’%, 0.0" ; i
( ’o lu m n  p e t 5.V"o o.s'%. <1.0%, 1.1%, O.0"„ r. K".. ~ i . < r , 0  0%, 0  0'%, 0  0"; } 6  0'%,

North Inland 4.833 2.933 0 0 1.146 127 23.162 33.274 0 0 4.051 69.527 1 2 .x ; ,

Rom p c i. ~.0"„ 4 .2 % 0.0% . 0  0" ; 1.0"; ry r 3 3 .3 1;, 4 ~.'/%, 0.0'%, 0  0"; s S'%,

( o lum n  p a 4 </%, 11.0%, 0.0"  h 0.0%, 5 .0 \ 0 .5 %. J . X ’ ., S'). 0.0'%, 0  D’%, 1 4 .2 ’%,

V  P South 2.124 1.042 81 0 108 0 2.855 478 12.332 171 4.251 23.440 4 3 ";

R om p i t . 4 4 "; 0 .5 %, o.ft% o rr„ 1 1 1,1 :  o%', 5 2 .0 '%, 0. ~'%, h .r % ,

< o lum n  p c i. i 5 .0 '%, 0 .5 "', 0.0"„ 0  5 ": 0  0"; 1 .5 '%, 0 5 i . 5 ‘%, 14 ■)•%,

UP North 0 0 321 210 0 0 2.627 1.300 819 13.061 1.380 19.717 3 . r „

R om p t 1 0.0"., o o " ;, 1 .6% 1.1'%. 0.0"„ ry 15 .5 "; 6 ft%, 4  2 ’%, 66  2'%< ‘ ir . ,

< 'olum n p a 0.0" ; 0.0"  „ 2.1%, o. ~%, 0  0"; /y yy , 1.1" " 5 5 " * 6.2"« O S ./ " ; 4 S'%,

Out of State 68 0 0 0 0 0 311 0 15 6 272 671 1) l"„

R o m  p a i o . i ’%. 0 .0 0.0%, « rr-, y/ rrm 0  O ' . 40 5 0  0%. :  2"; 0  0 ’%, 4 0  5 %,

< o lu m n  p a 0  l"„ 0  <r%, 0  0%, 0.0%, ry //' . 0  O' 0  }'% o  o - , 0  1"; O D" , / ()'■-,

Total 98.040 26.680 15.501 28.539 22.838 23.145 235.171 37.080 13.166 13.316 28.595 542.071
ip a x c n h / \ j  o%. J ')" , 4 2 " ■ 4 5 " 4 } . 4  ■ ■ f< S . J  ' .

m ile  i fa iled to  ic p o n  'muapc location  or residence location  are excluded ftom  a n n h 'i>
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generated by boats  stored in northern M ichigan (including northeast, northw est and l.I.P. 

regions) are from within  the region. In com parison, only 80%  to 90%  o f  boat days 

generated by southern  M ichigan boat ow ners ( including southeast, southw est, south 

inland, central west and central east regions) are captured within the regions ( f a b le  5). 

Southern M ichigan  continues to generate and accom m odate  the greatest num ber  o f  boat 

days.

There is a very evident south-to-north  pattern from locations w here boat owners 

reside to locations w here boats are stored during the season. More boats owned by 

persons resid ing  in the southern part o f  the state are stored in o ther regions. A high 

percentage o f  theses boats are stored in northern counties. The south-to-north pattern 

exists, but is less p rom inent for m ovem en t o f  boats from where they arc stored to where 

they are used.

An Early A ttem pt to Model Spatial Patterns o f  Recreational Boating in M ichiean

A lthough  the previous studies provide  inform ation on the pattern o f  recreational 

boating use in M ichigan, there has been only one m ajor a ttem pt to model spatial patterns. 

The R E C S Y S  (M ichigan  Recreation System) was one o f  the earliest a ttem pts  to model 

recreational travel Hows for use in p lanning  purposes. R E C SY S was developed  as part o f  

an effort " to  provide a balanced and orderly approach  to the problem s o f  m eeting current 

and future recreation needs, and to assure that m ax im um  benefits  are obtained from state, 

county, m unicipal, and private investm ent in outdoor recreation land and developm ent"  

(M ichigan D epartm ent o f  Conservation, 1966). It was proposed as a m ethod for 

quantifying recreation "needs"  on a county-by-county basis. It was intended to provide



Table 5. N u m b er  o f  Boat Days in S torage Regions and Destination Regions.

Boat Days’ 000'

Destination

Regions South-East Central-East N orth-East

REGIONS OI-

Central- 

Noith-W est West

STORAGE

South-W est South Inland

North

Inland U I’ South 11 P North Total (pci )

South East 2.004.4 i . i 4.1 0.2 0.4 1.7 69.7 2.2 0.1 0.0 2.084.0 17 0%

Row pet. 96 1% 0.1% 0.2% 0.0% 0.0% 0 1% 3.3% 0 1% 0 0%, 0.0%

Column pet. 90 5% 0.3% 0.6% 0.0% 0.1% 0.3% 1 8 % 0 1% 0 07, 0 074

Central East 17.8 353.0 1.6 1.8 0.0 0.5 69.3 1.3 0.5 0.0 445.7 3 6%

Row pet. 4  0% 79.2% 0.4% Q.4°/b nn% 0.1% 15.5% 0 37o o r , 0 Ol’G

Column pet. 0.8% 82.1% 0.2% 0.1% 0.0% 0.1% 1.8% 0.1% o /% 0.0%

North East 10.6 28.5 635.9 3.4 1.4 0.2 47.8 14.0 0.2 0.1 742.1 6.0%

Row pet. 1 4 % 3.8% 8 5 .7% 0.5% 0.2% 0.0% 6.4% 1.971, 0 07, 0.074

Column pet. 0.5% 6.6% 97 8% 0.3% 0 3% 0.0% 1.2% 0 876 0 076 0.0%

N orth West 19.5 2.8 2.8 1.206.5 7.4 19.5 73.1 28.7 0.3 0.0 1.360.6 11 174

Row pet. 1 4 % 0.2% 0.2% 88. 7% 0.5% 1.4% 5.4% : /% 0 0% 0.0%
Column pet. 0.9% 0.7% 0.4% 98.3% 1.4% 3.4% 1.9% 1 776 0 07 , 0.074

Central West 1.5 0.1 0.6 0.4 456.8 17.3 46.2 1.3 0.0 0.3 524.3 4.3%

Row pet. 0.3% 0.0% 0.1% 0.1% 87.1% 3.3% 8.8% 0 27b 0 07 , 0.174

Colum n pet. 0 1% 0.0% 0.1% 0.0% 84 4% 3.024, 1.2% 0 17b 0 0 " , 0.1%

South West 2.0 0.0 0.0 1.1 24.2 486.9 57.5 0.0 0.0 0.0 571.7 4. 774

Row pet. 0.3% 0.0% 0.0% 0.2% 4.2% 85.1% / f t / % 0 07b 0 07b 0 074

Column pet. 0.1% 0.0% 0.0% n. i% 4 5% 85.2% 1.5% 0.076 0 07 , 0.0%

South Inland 90.0 14.3 0.4 3.0 21.2 37.4 3.337.2 9.5 0.0 0.0 3.513.1 28 6%

Row pet. 2 6% 0.4% 0 0% 0.1% 0.6% 1.1% 95.0% 0 37b 0 07 , 0 0%

Column pet. 4.1% 3.3% 0.1% 0.2% 3 9% 6.5% 85.6% 0.674 0 0% 0.074

North Inland 35.5 25.5 0.3 2.8 6.5 0.0 151.9 1.556.0 0.0 0.1 1.778.7 145%

Row pet. 2.0% 1.4% 0.0% 0 2% 0 4% 0 0% S. 5% S 7.476 0 076 0.074

Column pet. 1.6% 5.9% 0.0% 0.2% 1 2 % 0.0% 3.9% 94.0% 0 0°:, 0.07-6

U P South 4.7 1.0 3.2 5.6 6.7 0.5 11.8 6.2 654.2 1.6 695.5 5. 7%

Row pet. 0.7% 0.1% 0.5% 0 8% 1.0% f t /% 1.7% 0.97b 93 87 , 0.22b
Colum n pet. 0.2% 0.2% 0.5% 0 5% 1 2 % 0.1% 0.3% 0 47b 9S 174 0.4%

U P North 28.5 3.6 1.4 2.7 16.6 7.5 35.1 35.7 11.7 430.8 573.7 4 774

Row pet 5.0% 0.6% 0.2% 0 5% 2 9% 1.3% 6.1% A 10/0 . „ n 2 0 " , 75.07b
Column pet. 1.3% 0.8% 0.2% 0 22',, 3.1% 1.3% 0.921, l  ")<)■ 1 8"6 99 5%

Total 2.214.5 430.1 650.3 1.227.5 541.2 571.6 3.899.5 1.654.8 667.0 432.8 12.289.4
(percent) 18.0% 3 5% 5 32,, 10 0",„ 4 4%, 4.6% 31 7% 13 576 5 4 " , 3.5%

a Cases tailed to report the location of boating destination, storage location and t\pes of boat storage are excluded from anaUsis
I eu respondents indicate the\ used or stored their boats out of the state are also excluded



predicted “dem and"  and relate it to “supply capacity” (M ichigan D epartm ent o f  

Conservation. 1966).

RH CSYS is based on the spatial distribution o f  the location where boating 

activities take place (destinations), the area distribution o f  potential population sources 

(origin) and the location o f  the h ighways connecting  origins and destinations (Chubb. 

1967). It predicts the spatial distribution o f  recreation dem and by simulating the 

m ovem ent o f  recreation users from origin areas to destinations over  the highway travel 

network. 1'his sim ulation model is based on linear system s theory. RHCSYS system 

assum es that recreational trips to a destination from any origin is som e function o f  a 

t im e-distance factor and the d raw ing  pow er or attractiveness at the destination.

The RH CSYS system developed by Hllis (1964) included three major 

com ponents:

1. Origin com ponent (O),

O (boat days generated by each origin) = a de term inable  quantity.

2. Transportation link com ponent (H).

11 (for any highway link)= 1/R*P|,

W here R is a resistance factor, and R ^k i*  ('f )+ k :* (C ) |i.
- T  = tim e in hours estimated to travel a long the link, 

and  T=  distance/speed.
- C = the direct cost o f  traveling along the link.
- k*= constant.
- P = exponent.

W here  P|, is the dem and  pressure a long  the link.

3. Destination com ponent (D),

D (into the destination) = A*I\|.
W here A  is the attractiveness o f  the destination.
W here P j is the dem and  pressure into the destination area.



Once all the com ponents  were identified and quantified, linear graphs2 were 

developed to build and solve the appropriate  m odel for the recreation activity under a 

specified actual structure o f  the recreation system 3.

C hubb  (1967) utilized RH CSY S and boating use data from a 1965 survey o f  

recreational boat ow ners  to predict use at various destinations. “ First run” predictions o f  

the model were very different from actual use estim ated by the survey. After calibration 

runs, the RH CSY S sim ulation for 1965 recreational boating use retained a 19.2 percent 

standard deviation. For 43%  o f  destination counties, predicted use was within five 

percent o f  survey estim ated use4. For 28%  o f  destination counties, predictions o f  use 

varied 5 -10%  from survey estim ated use. The largest discrepancy was -82.6%  for 

Hmmet county.

C hubb  identified three m ajo r  problem s or d isadvantages with RHCSYS as a 

m ethod for s im ulating recreational boating use patterns. First, the technique requires a 

large am ount o f  da ta  on both boating "supply"  and “dem and". This information is 

normally obtained through large scale surveys. Design and testing o f  RHCSYS also 

requires highly specialized personnel. Finally, (at the tim e) R E C S Y S  required 

sophisticated com puter  facilities.

In addition, R E C S Y S  only estim ates num ber o f  boat days in a destination, not 

types or am ounts  o f  different boating uses. Type o f  and d istribution o f  boat uses are 

crucial to p lanning access and facilities, and m anaging  recreational boating. For exam ple

: Linear graphs d er iv e  from  the m athem a tica l  d isc ip l in e  o f  t o p o lo g y .
' f h e  structure o f  a recreation sy s tem  is based  on the spatial arrangem ent o f  c i t ie s ,  c o u n t ie s  and h ig h w a y s .  It 

d o e s  not vary a cro ss  recreation act iv it ies .
4 B e c a u se  C h u b b ’s report did  not p r o v id e  sa m p lin g  errors for su rvey  est im a tes ,  it is d iff icu lt  to  de term ine  

the a ccu ra cy  o f  su rvey  b a sed  est im a tes .
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estim ates o f  only total num ber  o f  boat days do not provide adequate  information (e.g.. use 

by different size o f  boats) to estim ate  “ needs '’ for launching facilities. RH CSY S also 

failed to incorporate inform ation  on where the boat was stored or types o f  storage 

(marina, second home). The R E C S Y S  system estim ates num ber  o f  boat days generated 

in the counties  w here registered boat ow ners lives, not necessarily w here the boats are 

kept during the season. S tudies in 1986 and 1994 clearly show  that w here boats are kept 

during the season, and type o f  storage are im portant in estim ating and d istributing boating 

use.

C onclusions from Previous S tudies A nd R E C SY S System

The R E C S Y S  system and previous studies o f  recreation boating activity and 

spatial patterns provide findings and conclusions that can im prove the reliability ami 

efficiency o f  recreational boating  m odels. First, boats kept in different types o f  storage 

have distinct boating use patterns. Thus, storage type should be incorporated as an 

im portant e lem ent in boating m odels . Second, efforts to m odel (estim ate) boating related 

travel and transportation o f  boats  from the o w n e r 's  residence (origin) to boating 

destinations can be improved though a tw o-step  process w hich first allocates boats to 

storage locations, and from there to use (destination) locations. Third, the long 

established, and often verified "sou th-to -north” patterns o f  recreational boating and 

transportation o f  boats should be incorporated  into boating use models. Fourth, the 

assum ption  o f  d istance decay holds  well in the R E C S Y S  system. Distance is a key factor 

in distr ibuting boat days from origins to various (use) destinations. Finally, it is 

financially unrealistic to assum e that w e will be able to regularly conduct large-scale
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surveys to provide data to estim ate  boating use at the local (county) level. It is necessary 

to develop  m odels  that can utilize secondary data that are collected on a regular basis.

R E C R E A T IO N A L  T R A V E L  

This section o f  the literature rev iew  will focus on conceptual m odels  o f  recreation 

and tourist travel, and factors that have been identified as influencing the spatial 

m ovem en t o f  recreational travel. The purpose  is to provide a theoretical basis for the 

variables that are considered for inclusion o f  the model developed  in this study.

Lowe and M oryadas (1975) present a conceptual fram ew ork  o f  the causes o f  

spatial m ovem ent. The four m ajo r  factors in their f ram ew ork  are: place and tim e utility, 

com plem entarity , in tervening opportunities, and transferability. A lthough  the fram ework 

proposed by Low e and M oryadas is helpful in unders tanding  reasons o f  m ovem ent, 

travel is far m ore  com plex  than distr ibution o f  products. Soc ioeconom ic  differences, 

cultural variations, differences in a ttitudes and perceptions, interpersonal com m unication , 

contextual differences, different decis ion-m aking  rules (i.e., habitual vs. benefit 

m axim iz ing  decisions), variation in purpose/m otivation , and level o f  involvem ent all 

influence travel decisions (M urdie, 1965; W olpert, 1965; T iedem ann  and Milstein. 1966; 

Ray, 1967; M arble  and Bow lby, 1968; Sea, 1969; Golledge, 1969, 1979; Mayo, 1973; 

Hunt, 1975; Kelly, 1980; Sm ith, 1985; Fesenm aier, 1990; U m  and C rom pton , 1990; 

Johnson and M essm er, 1991; D a d g o s te ra n d  Isotalo, 1992).

Since the late 1960s, researchers have attem pted to  form ulate  m odels  dealing with 

various aspects o f  the spatial s tructure o f  recreational travel. A lthough  em phasis  is
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placed on different com ponents  o f  the system, the basis o f  m ost m odels  is an oriuin- 

linkaj’c-destination system.

M ariot (cited in Matley. 1976) proposed  three different routes w hich m ay link a 

place o f  perm anen t residence (origin) to a tourist center (destination) - an access route, a 

return route, and a recreational route. Cam pbell (1966) proposed  a “ recreational and 

vacational travel m odel” o f  different patterns o f  m ovem en t away from an urban center. 

Cam pbell d istinguished betw een various traveler groups based on the relative importance 

assigned the travel com ponen t (vacationist) and stay com ponen t (recreationist) o f  their 

trips. Lundgren (1982) form ulated  a model focusing on the spatial hierarchy o f  tourism 

Hows. Destinations w ith  different degrees o f  m utual travel attractions were m odeled  and 

tourist Hows w ere classified based on four different types o f  destinations: metropolitan 

destinations, peripheral urban destinations, peripheral rural destinations, natural 

environm ent destinations.

Several researchers have concentrated  on factors that im pact the volum e o f  tourist 

travel (M ercer, 1970; Rajotte, 1975; Ruppert, 1978; Greer and W all, 1979). Their 

research indicates that the vo lum e o f  visits from origins to different destinations 

decreases as the travel costs (time, m oney and effort) increases. T he ir  work also indicates 

that dom estic  travel is typically seen in term s o f  concentric  zones surrounding  an origin 

(city) defined on  the basis o f  blocks o f  available leisure time: a day-trip  zone, a w eekend 

zone, and a holiday or vacation zone.

Yokeno (1974) and M oissec (1976 and 1977) concentrated  on incorporating 

m odifications to hypothesized concentric  zones. M o issec ’s m odel (Figure 1) presents
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Figure 1. M iossec 's  M odel o f  Tourist Space
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different travel zone configurations as effected by different factors and features. In 

Section I. the origin is surrounded by four concentric  tim e zones. V olum e o f  visits to the 

outer zones is less because travel cost is higher. How ever, in the real world, these 

theoretical “ regular concentric  zones” are subject to different types o f  m odification. In 

Section II. the zones are extended and com pressed reflecting positive or negative factors, 

such as climate, political boundary, o r  historic links. Sector III o f  the model shows that 

in reality a series o f  (origin) cores exist giving rise to concurrent spatial dem ands. Sector 

IV incorporates the im pact o f  the “attractiveness" o f  destinations. The num ber o f  

visitations to the destination generally declines with distance, but the concentration o f  

v isitation may change due to perception o f  the des tina tion 's  supply ( opportunity) factors. 

Key Travel And Trip Distribution E lem ents

Three key e lem ents  or constructs  - d istance , destination characteris tics , and origin 

(population) characteristics - are important in m odeling  and understanding recreational 

travel and trip distribution. A num ber  o f  authors and research studies have exam ined the 

m easurem ent and im pact o f  these e lem ents on the spatial patterns o f  recreational travel. 

Distance

Research has show n repeatedly that distance is one o f  the m ost significant 

predictor variables for forecasting travel patterns betw een regions. Distance usually 

represents a m ajor  constraint on travel behavior. In m ost recreational travel studies, the 

general pattern is for the intensity o f  travel flows (num ber o f  visitations) to decline with 

greater distances betw een the origin and destination. This is the w ell-know n distance
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decay function5. The influences o f  distance on recreational travel vary. In reviewing 

many research projects. Smith (1984) found distance explained 30%  to 95%  variances in 

predicting num ber o f  trips from origins to destinations.

Previous recreational travel studies, have utilized four m easures o f  distance. 

‘"Physical d istance” is the spatial interval between tw o points. In m ost zone to zone 

recreational travel studies, d istance is the spatial interval betw een population centers and 

alternative destinations (Cheung, 1972; Freund and W ilson, 1974; Durden and Siiberman. 

1975; Kim . 1988). “ A m ount o f  travel t im e” , such as hours o f  driv ing time, is often used 

as a m easure  o f  distance effect (Ellis. 1966; Lentnek, Van Doren and Trail, 1969; 1'legg. 

1975; Saunders. Senter and Jarvis. 1981). Econom ic cost o f  travel (cost per mile) is also 

used as a m ethod to m easure influences o f  distance. “ Econom ic  distance” represents a 

budgetary constrain to the am ount and location o f  travel/trips (Ellis, 1966; Durden and 

Siiberm an, 1975; W itt and W itt, 1990; M orley, 1994). “Perceptual d istance” has been 

proposed by a num ber  o f  different authors (Cadwallader, 1981; W alm sley & Jenkins. 

1992). Perceptual distance is m easured  based on peo p le 's  subjective perception o f  travel 

distance. Researchers argue that people m ake travel decisions based on their perceptions 

o f  distance, not actual (physical, time, or econom ic) distance.

D estination C haracteristics

The num ber  and quality o f  attractions available at a destination is a m ajor factor 

influencing travel decisions (M cIntosh  and Goeldner, 1990). It is assum ed that 

individuals will allocate their recreation travel in a m anner that is consistent with the

' T he  d is ta n ce  d e c a y  function  in p r e v io u s  s tu d ies  has been  s p e c i f ie d  in m any  d ifferent  m athem atica l  forms,  
su ch  as Pareto fun ct ion  ( Y = a * D _|i ), ex p o n e n t ia l  function  ( Y -=a*e  |!U), P a re to -exp onent ia l  
function ( Y = a * d  l'*e 'D) (M orr il l  and Pitt, 1967) .
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perceived utility associated with alternative recreation destinations (Luce. 1959). 

H ow ever, previous recreational travel studies have not been able to docum ent 

conclusively  the effect o f  destination attractions on trip decisions and behavior. For 

exam ple, in 1974 Freund and W ilso n 's  study o f  Texas statewide recreational travel, the 

coefficients for attributes o f  attraction m easures ranged from 4.2 to -3.44. The negative 

sign o f  attributes o f  destination attractiveness raised interpretation difficulty because it 

does not confirm  the destination choice theory. How ever, the negative sign o f  destination 

attractions m ay be explained by multicollincarity  in the data set used in the Texas study. 

The o ther reason m ight be that attributes o f  the destination choice are not directly relevant 

to the particular recreation activity under study.

The attractiveness or “draw ing  capacity" o f  a destination “pulls in” visitors (Hu 

and Ritchie. 1993). A ttractiveness may include attributes, such as natural resources, 

accessibility, facilities, program s, m aintenance, and social use (Louviere and 

T im m erm ans, 1992). The problem  is that there is no universal m easurem ent o f  

a ttractiveness. In som e recreational travel studies, attractiveness o f  destinations has been 

empirically  determ ined, estimated as a param eter in the m odel (Cesario, 1974. 1975: 

Baxter and Ewing, 1979; Baxter, 1981; Ewing, 1983). O ther  studies (W ennergren and 

Nielson, 1970) have utilized a single supply variable as a m easure  o f  attractiveness. 

Som e researchers have utilized a com bination  o f  supply variables to formulate an 

attractiveness index (Cheung, 1972; Freund and W ilson, 1974; Gearing. Swart and Var. 

1974; Bell, 1977; Sluyter. 1977; Smith, 1985; Goodrich , 1978; K im , 1988). Com plicated  

statistical m ethods, such as factor analysis, have been  em ployed  to develop destination
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attraction constructs  that w ere  then incorporated into recreational travel model (Van 

Doren, 1967; Lin. Perterson and Rogerson. 1988; Lovingood and M itchell. 1989; H aider 

and Ew ing. 1990; D adgostar  and Isotalo, 1992; Hsieh, O ’Leary. Louviere and 

T im m erm ans. 1992; M orrison  and Chang. 1993; Klenosky, G engler  and M ulvcy. 1993).

N ot only is the quality and quantity  o f  attractions important, but also the spatial 

structure o f  destination attractions. Both  com petition  and agglom eration  effects have 

been recognized  in prev ious studies (K im , 1988; K im  and Fesenm aier,  1990; Hanson. 

1980; Fotheringham , 1985). D estination com petition  is a function o f  the num ber o f  

a ttractions w ith in  a certain d istance that com pete  for visits from a certain origin. The 

agglom eration  effect occurs w hen the “collective a ttrac tion” o f  nearby destinations draw  

m ore  visits to individual destinations than o therw ise  w ould  occur.

Origin Characteristics

Origin  characteristics influence the am ount o f  recreation consum ption  (dem and) 

from that origin. Characteris tics  o f  the o r ig in ’s population as well as local recreation 

opportunities  are im portant factors influencing variation in the spatial interactions from 

an origin area. M any factors influence recreational travel propensities  o f  origin 

populations: socio-econom ic  attributes such as incom e, fam ily size, occupation, age. race, 

family life cycle, marital status, education, culture, gender (Fesenm aier, 1985; Fiske. 

1974; C hubb , 1968; Dadgistar  and Isotalo, 1992; Jackson, 1980; Ansari, 1971; Kelly. 

1980; W itt  and W itt, 1990; M orley, 1994); trip purpose/use  situation (Lentnek, Van 

Doren and Trail, 1969; Jaakson , 1988; Perdue and Gustke, 1985; Fesenmaier, 1985; 

Station and Bonner, 1980; June  and Smith, 1987; R atneshw ar and  Schocker, 1991),
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attitude (U m  and C rom pton . 1990; Thom pson  and Cooper. 1979; Debbage. 1991). and 

level o f  invo lvem ent (Kelly. 1980; Loom is  and Ditton. 1993). M egnack  (1971). Chubb 

(1968) and Donnlly, V aske  and Graefc. 1986) exam ined  the re la tionships  betw een fleet 

characteristics and travel/transporta tion patterns and found that boat size, boat type, and 

type o f  storage influenced these patterns. The size o f  an origin population or the 

com bina tion  o f  population  size and socio-econom ic  attributes, are often incorporated as 

part o f  gravity type recreational travel models.

A P P R O A C H E S  OF E ST IM A T IN G  R E C R E A T IO N A L  “ D E M A N D "

The Bureau o f  O u tdoor  Recreation (1975) identified three different levels o f  

dem and  im portant in p lanning  and m anag ing  ou tdoor recreation: the "dem and"  for 

recreation in the contex t o f  broad social and econom ic  policy; the “dem and"  for site 

specific recreation, and the “dem and"  for alternative types o f  recreation, f o u r  primary 

approaches are used to estim ate  the “dem and"  (use) for ou tdoor recreation: 

(1) application o f  s tandards . (2) projections o f  u se . (3) structural m odels  o f  dem and and 

supp ly , and (4) expression  o f  perceived w ants  (Bureau o f  O u tdoor  Recreation, 1975).

The application  o f  population-based  standards is the m ost popular technique used 

by park, recreation and planning  agencies for estim ating the “d e m a n d ” (and “need") for 

recreation resources and facilities. A lthough straight forward, and  easy to understand and 

apply, standards ignore m any crucial factors affecting the dem and  (use) for recreation 

opportunities  such as the individual differences w hich  m ay affect ind iv idual’s recreation
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participation, different types o f  users, and the spatial characteristics o f  recreation “ supply" 

and “ dem and." .

The projection o f  use technique estim ates dem and  (use) by ex trapola ting  from use 

counts, such as visitor days, recreation occasions, perm its/registra tions or som e other 

m easures o f  participation. The m ethod  assum es that all factors affecting the recreation 

decisions o f  ind iv iduals  change at the sam e rate as the population (or w hatever  variable is 

used), and that the supply o f  recreation opportunities  changes at the sam e rate.

Structural m odels  o f  dem and  and supply require specification o f  the variables 

assum ed to be associated with the “dem and"  for and “ supply"  o f  ou tdoor recreation. 

There arc lim itations associated  with this approach. One is that the assum ption  o f  causal 

relationship betw een recreation participation and the independent variables may be 

artificial. U nobserved  variables, highly correlated independent variables, lack o f  strong 

variation in the independent variables m ay also bias the estim ates produced  by structural 

models.

Expression  o f  perceived w ants elicited direct expressions o f  recreational use 

collected through surveys is another  “d em and"  estim ation m ethod. Surveys are used to 

collect data on recreation participation, preferences, and factors that m ay affect recreation 

participation (e.g., incom e, equ ipm ent ownership). Several problem s associated with 

using surveys to  directly es tim ate  am ounts  o f  recreation participation are present. First, 

respondents  m ay incorrectly state their recreation (activity) preferences. Second, there 

may be d iscrepancies be tw een w hat people  say they do and what they actually do, not due 

to deliberate falsification, but to inaccurate perceptions. Finally and m ost importantly.
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sam pling errors occur due to insufficient sam ple size, incom plete  and unrepresentative 

sam pling frame, inadequate sam ple selection procedures, and non-response biases. The 

sam pling  errors, especially those associated with insufficient sample size, becom e more 

obvious and problem atic  w hen survey data arc used to directly estimate recreational use 

by different segm ents o f  the population and/or recreational use at the local level, or for 

individual sites. This  is a  problem  associated with statewide boater surveys conducted in 

M ichigan over  the last 30 years.

R E C R E A T IO N A L  T R A V E L  M O D E L S 

M any em pirical studies have a ttem pted to model recreational travel. The most 

com m on  m odels  are destination choice m odels , c lassification m odels , trip generation 

m odels , and trip d istribution m o d e ls .

Destination choice m odels  predict individual choices  o f  destinations and/or 

estimate the total num ber  o f  visits to a particular destination. M ost destination choice 

models  are developed at the d isaggregate level (i.e.. data about individuals or 

households). Regression and discrete choice m odels  are the m ost com m on  approaches for 

m odeling (individual) destination choices6. Som e consider these m ethods to have a 

broader range o f  explanatory  variables, and as a result p roduce  m ore  reliable estimates for 

individual travel behavior especially  w hen the role o f  individual decision m aking  is 

apparently  crucial (Spear, 1975; B en-A kiva  and Lerman, 1985). Individual recreational

D iscrete  c h o ic e  probab ility  m o d e ls  inc lu de  the binary c h o ic e  m o d e l  and the m u lt inom ina l  c h o ic e  m o d e l .  
T he  m o d e l  is d e v e lo p e d  based  o n  the c o n c e p t  o f  random  utility theory.
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travel behavior is best analyzed by studying individuals and utilizing behavior/psychology 

theories.

Discrete choice m odels  have been successfully  used to model recreation and 

tourism travel m odes and destination choices (Burdy. 1971; Flegg, 1976; Sluyter. 1977; 

Lin, Peterson and Rogerson. 1988; Louviere and T im m erm ans, 1990; Hsieh, O 'Leary . 

M orrison and Chang, 1993; M orley, 1994). How ever, there are prob lem s associated  with 

choice m odels  in situations w here a large num ber o f  choice (destination) alternatives are 

present (Lerm an and Adler, 1975). Large num bers o f  alternative choices/destinations 

make theoretically  desirable m odels, such as m ultinom inal m odels , com putationally  

intractable. A nother  problem  is that general tourism  and recreation survey data frequently 

lack sufficient inform ation on the attributes o f  alternative destinations as perceived by 

choice m akers (O um  and Lemire, 1991 )7.

Classif ication m odels  categorize populations into subgroups, based on distinct 

characteristics, preferences or behavior patterns. W hen m odeling  recreational use, distinct 

models  must be developed  for different types o f  users w hen large variances are present 

am ong  groups o f  users. C luster  analysis and discrim inant analysis are the m ost com m on 

m ethods for classification. C luster analysis is a m ultivariate  technique used to group 

individuals or objects  into groups by m in im izing  the in tra-group variance while

7 I f  su rvey  data d o  not co nta in  the c h o ic e  m a k e r ’s su bje c t iv e  e v a lu a t io n  o f  the attributes o f  a lternative  
dest inat ions ,  in order  to e s t im a te  the standard m u lt in o m in a l  c h o i c e  m o d e l ,  o n e  can  o n ly  inc lude  
o b je c t iv e ly  m e a su r ed  v a lu es  o f  the attributes o f  a dest ination .  S e v e ra l  p r o b le m s  are a sso c ia te d  with  
this issue.  First, the  o b je c t iv e ly  m ea su red  attributes are not proper  var iab les  to u se  for d escr ib in g  
o n e ’s dest inat ion  c h o ice .  S e c o n d ,  the use  o f  o b je c t iv e ly  m ea su red  attributes su g g e s t s  no  variation  
in the data for  a g iv e n  dest in a t io n  a cro ss  ind iv idu a ls  in the data  set .  Third, d u e  to  lack data on  
su b je c t iv e  e v a lu a t io n  o f  the dest ina t ion  alternatives ,  the m o d e l  can not e x p la in  w h y  p e o p le  g o  to a 
sp ec i f ic  dest ination .  It s im p ly  su m m a rizes  attributes o f  the p e o p le  w h o  c h o s e  to g o  to each  
dest inat ion  (O u m  and L em ire ,  1991) .



m axim izing  the inter-group variance. C luster analysis has been utilized in recreation and 

tourism studies to segm ent a m arket based on psychographic  factors and product 

attributes (K ikuchi. 1986; Davis. Allen and Cosenza, 1988; Shoem aker. 1989; Ou, 1990; 

G ladwell. 1990; Loker and Perdue. 1992; Fodness and M ilner. 1992).

D iscrim inant analysis is sim ilar to the cluster analysis except the "structure" or 

groups arc identified (hypothesized) prior to the analysis. D iscrim inant analysis invok  es 

deriving the linear com bination o f  two (or m ore) independent variables that will 

d iscrim inate best betw een the "a  priori" defined groups. This is achieved by the statistical 

decision rule o f  m axim iz ing  the betw een-group variance relative to the w ithin-group 

variance. D iscrim inant analysis can also be used to identify variables that contribute most 

to the classification. It has both predictive and descrip tive functions. M arketing 

researchers have applied d iscrim inant analysis to group the individuals (custom ers) into 

defined m arket segm ents  (John, 1971; Levine. 1975; Perreault, B ehrm an  and Arm strong. 

1979; Buchanan, Christensen and Burdge, 1981; G ram ann  and Burdge. 1981; Harris. 

Driver and Bergersen, 1984).

Trip generation m odels  estim ate  the volum es o f  trips/visits generated by different 

origins. They can  be used to identify factors that influence num ber  o f  trips/visits from 

different origins. T im e series and structural regression m odels  are the m ost often used trip 

generation m odels. T im e series is used to identify a pattern or trend that m ay be extended 

into the future, assum ing  that the pattern o f  causal forces underly ing a trend remain 

constant over time. It has been applied primarily to recreation and tourism  activities for 

which historical series o f  participation are available (C law son and Knetsch, 1966; BarOn.
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1972. 1973: Cieurts and Ibrahim. 1975: Stynes and Spotts. 1980: Stynes and Szcodronski. 

1980: W ander and Van Erdcn. 1980; Canadian G overnm ent Office o f  Tourism . 1983).

Structural regression m odels  relate recreation participation to a set o f  independent 

variables, such as participant or population characteristics, m easures o f  recreation 

opportunities, and som e interaction terms. A num ber o f  recreation and tourism studies 

have utilized regression m odels  to estim ate  (and analyze) participation or visits 

(Cicchetti. Fisher, and Sm ith . 1973; Fiske, 1974; Christensen and Yoesting, 1976; Young 

and Smith. 1979; Archer. 1980; Fesenmaier, 1985).

Trip d istribution m odels  allocate recreation participation from origins to 

destinations. They are also used to exam ine factors (e.g.. supply characteristics) that 

influence the d istribution o f  trips/visits. Gravity m odels  are the principal type o f  

aggregate spatial interaction m odels  used to explain /predict m ovem en t over space, such 

as travel to work, m igration, in fo rm ation/com m odity  Hows and recreational and tourism 

travel (Haynes, and Fotheringham , 1984). Gravity  m odels  p resuppose  a formula - tourist 

Hows or travel dem and  (use) are m odeled as functions o f  distance, cost, tourist income, 

recreation opportunities  in the geographic area, and/or o ther  independent variables. Over 

the past thirty years, gravity type o f  m odels  have been used to describe and study 

statewide travel patterns, origin (sites) specific travel patterns, destination (sites) specific 

travel patterns, and the spatial structure o f  recreation opportunities  (Ellis, 1966; Van 

Doren, 1967; W ennergren  and N elson, 1970; Rugg, 1972; Freund and W ilson, 1974; 

Bell, 1977; Perdue and G ustke, 1985; Fesenm aier and Lieber, 1987).
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Gravity  m odels  have several advantages which contribute  to their wide-scale  use 

in describ ing and estim ating recreational travel dem and, and allocating use to alternative 

destinations/sites. Gravity  m odels  arc especially  good in the context o f  aggregated mass 

m ovem ent. They are sim ple to com pute, easy to understand, and sufficiently flexible to 

accom m odate  changes in any. or all. o f  the variables involved. How ever, researchers have 

identified a num ber o f  d isadvantages associated with the gravity m odels  (T iedcm ann and 

Milstein. 1966; Lowe and M oryadas. 1975; Kwing. 1980; LIysal and C rom pton . 1985; 

Calantonc. Benedetto  and Bojanic. 1987). ( I )  The Gravity m odel as initially derived was 

based on N ew ton ian  physics and som e argue that the m odel is w eaker in theoretical basis 

to explain the hum an  spatial interaction. (2) There can be estim ation  biases caused by the 

problem  o f  m ulticollinearity. (3) A lthough boundary areas are critical to a spatial m odel 's  

perform ance, origin and destination zones in gravity m odels  are frequently arbitrarily 

determined. (4) It is often difficult to incorporate individual explanatory  variables. 

(5) Gravity m odels  normally assum e that the recreational sites (destinations) have 

adequate  capacity  to serve all those consum er w ho desire to visit. (6) Gravity m odels are 

unable to account for either m ultip le  purpose or m ultip le  destination trips. (7) Som e view 

gravity m odels  as too simplistic, because without m odification they d o n ’t account for 

changes in the num ber o f  trips to existing destinations caused by the 

developm ent/availabili ty  o f  new  com peting  (substitute) destinations.

In general “gravity type m odels” a trip d istribution elem ent is incorporated  that 

allocates use/visitation from origins to destinations. For exam ple, in this study, several 

trip d istr ibution/allocation m odels  are utilized to distribute boats and boat days to regions
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and counties. W cnnergren and Nielsen (1970) developed  a probability  model based on the 

general gravity type form ulation to project m ovem ent o f  recreational watercraft and to 

estim ate  visitation across destinations. Their  sam ple w as com prised  o f  recreational 

boaters living in eight cities (origin) that visited 22 w ater  based recreation sites in 

northern Utah. A probability m odel utilizing distance and am ount o f  w ater at each site 

was form ulated  to generate probabilities o f  visitation from the different origins. 

Probability m odels  based on L uce’s choice ax iom  (1959) and H u f f s  m odel (1962), took 

the fo llowing form:

-  V d / . .
ES/Vdi/'

w here P,j = probability  o f  a boater from origin i selecting boating site j ;
S, = surface area o f  the boating site j;
djj = d istance from the origin i to the boating site j ;
a  = a param eter w hich reflects the effect o f  surface area o f  the site on the num ber 

o f  trips to the site; and 
p = a param eter which reflects the effect o f  d istance on the num ber o f  trips to the 

site.

The expected num ber o f  trips by boaters from origin i to boating site j is a product 

o f  the total trips taken by boaters from the origin i and the probability  o f  boaters selecting 

the site ( P i j ) ,  i.e.,

Tjj = Oi*Pij

w here T , j  = expected  num ber  o f  trips per season  from the origin i to 
boating site j;  and 

O j  = total num ber o f  trips per season taken by all boater from the 
origin i .

The  key issue in this approach is the  m ethod for estim ating  exponential 

param eters  for travel distance and  lake area for each o f  the e ight origins. The authors used
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an iterative procedure that m in im izes  the difference between actual and expected num ber 

o f  trips*. The exponen ts  for travel d istance ranged from 1.25 to 4 .00 and exponents  for 

lake area from .25 to 1.00 The coefficients o f  determ ination (r2) for the model ranged 

from 0.351 to 0 .999 for individual origins.

Saunders. Senter. and Jarvis (1981) conducted a study to forecast recreation 

dem and in the Upper Savannah River located in Georgia. A gravity model was used to 

allocate dem and  am ong  alternative recreation sites. Travel t im es from population centers 

to recreation sites were the primary dem and allocation factors. A ccord ing  to the authors, 

"d em an d ” was calculated for recreation sites at a ( time) distance o f  0.5. 1.0. 2.0. 2.5 and 

greater than 2.5 hours from the population centers. D em and was allocated within each 

travel time radius before proceeding to the next travel tim e radius. W hen more than one 

recreation sites capable  o f  supplying a particular activity occurred within a single travel 

time radius, dem and  was equally allocated am ong  the com peting  sites. The authors 

concluded that their allocation m odel is a relatively sim ple technique and recom m ended 

that it can be used by state, local, and regional planners. The authors did not report the 

perform ance o f  the allocation model.

Destination travel patterns on V ancouver Island w ere exam ined  and m odeled by 

M urphy and K eller  (1990). Data  for the study were collected from 5.120 visitors to the 

Island. The study estimated a distance decay function, exam ined  perception o f  the 

destination area as an explanation o f  the distortion betw een reported and actual travel

h T he  statist ical m ea su re  is r .  T he  larger the r: the c lo s e r  the pred ic ted  num ber  o f  trips is to the actual  
o b s e r v e d  num ber  o f  trips.
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behavior, and developed  a probability  matrix for m odeling  spatial travel patterns for 

island visitors.

The authors proposed  a m ethod to m odel the actual d istribution o f  visitors which 

aggregated survey collected data into a matrix based on existing region travel behavior. 

The matrix indicated how  m any tourists entering each gatew ay district (origins) traveled 

to o ther districts on the Island. The matrix  was then converted  into a probability matrix 

o f  trip distribution by translating the actual visits into percentages. The “ matrix 

percentage values" are probabilities that visitors arriving through different gateways will 

visit o ther districts. A lthough descriptive in nature, the matrix  provides considerable 

inform ation regarding the spatial d istribution o f  travel patterns o f  visitors to the Island. 

The authors concluded  that the probability  matrix confirm ed  the distance decay 

relationships and provided  a useful tool for p lanning and m arketing  strategies.



C H A P T E R  III

T H E  S Y S T E M  OE M O D EI.S

The system o f  m odels  used to estim ate  boating use in M ichigan  counties by 

storage segm ents is described in this chapter. The chapter is div ided into two major 

sections. The first section describes the data sets that were used to es tim ate  the m odels 

including the m ethods em ployed  to collect the data, survey instruments, and 

population/sam ples. The second section specifies the structure o f  m odels , model 

com ponents , and processes o f  constructing the m odels. Em phasis  is placed on the 

function/purpose o f  each m odel and the linkages betw een models. A m ore detailed 

description o f  the process o f  es tim ating  the models, including variable specification, 

param eter estimation, and model assum ptions is provided in the next chapter along with 

estimates from the models.

D A T A  SO U R C E S

Three m ajor  data sets w ere  used to estimate and evaluate  m odels  com prising the 

system: (1) M ichigan Secretary o f  State Boat Registrations, (2) 1994 M ichigan Great 

Lakes M arinas Census, and (3) 1994 M ichigan  Boating Survey9.

Boat Reuistration Data

In 1958 the State o f  M ichigan  began  requiring that "all m otorboats , sailboats, 

privately ow ned row boats  over 16 feet in length, rental or com m ercial canoes, and all

4 D is ta n ce  and m ost  o f  the bo a t ing  opp ortu n ity  inform ation ,  suclt as the lake, sh ore l in e ,  river,  public  a c c e s s  
s i tes  in c o u n t ie s ,  are from other  se c o n d a r y  sou rces .

4 2



4 3

rental and com m ercial vessels propelled  by any m eans and principally  used in M ichigan, 

must be registered" (M D N R  L aw  Enforcem ent Division. 1995). Initially registration was 

intended as a perm anent identification and no renewal w as required. Currently, 

registrations are valid for only three years and then m ust be renew ed. The com bination o f  

new registrations and renew als  provides timely inform ation on the type and size 

characteristics o f  M ich igan 's  recreational boating fleet.

The Office o f  Secretary o f  State updates and m ain ta ins  the registration 

information in a com puter system. It generates m onth ly  reports on the num ber o f  

currently registered boats by county, type, length, and prim ary use (e.g., recreation, 

com m ercial) , as well as the  num ber  o f  boats with expired registrations that had not been 

renewed. Boats with expired  registrations are m aintained on the com puter  system for two 

years after their registrations expire , even though they cannot be legally operated  without 

a current registration.

The registration application/renew al form collects inform ation that could be 

useful for various p lanning and  forecasting purposes including: location o f  the ow ners ' 

residence; the age (date o f  birth) o f  the owner; driver license num ber; type, age and length 

o f  the boat; type o f  power and fuel (e.g., diesel, gasoline); m anufacturer, and; information 

relating to purchase and disposal o f  boats. Inform ation on the county  w here the boat is 

stored during  the boating season, type o f  storage, am ount o f  use, o r  the counties  wdiere it 

is used are not included as part  o f  boat registration data. A copy o f  the Watercraft 

Certificate Application Form  is included in Appendix  A.
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1994 M ichigan Great Lakes M arina  Census

In 1994. the  D epartm ent o f  Park. R ecreation, and Tourism  Resources  at M ichigan 

State U nivers ity  conducted  a s tudy to identify, locate (m ap coordinates), and describe all 

G reat Lakes Coastal M arinas with capacity  for 10 or m ore  boats  that regularly use the 

G reat Lakes (Talhelm  et al. 1995). O n-site  in terviews with m arina  operators  were 

conducted  betw een  July and O ctober  1994 to collect inform ation about each marina. An 

initial list o f  646  m arinas w as deve loped  from  a variety o f  d ifferent lists including: 

m arina perm its, boating industry m em bersh ip  lists, and various nautical charts and m arine 

service directories. Som e o f  the  m arinas identif ied  w ere found to be no longer in business 

and others had been m erged  to form larger m arinas. Additional m arinas  w ere located 

through w ord -of-m outh  and field observations.

The fo llow ing  inform ation  was co llected  about the 626  operating marinas:

(1) type o f  ow nersh ip  - public, com m erc ia l ,  or private club, (2) num ber and s i /e  o f  

seasonal rental, condom in ium  and transient slips, (3) num ber o f  m oorings and dry stack 

storage spaces, (4) occupancy  rates for d ifferent size slips, m oorings and dry stack spaces, 

and (5) m arina  services provided.

1994 M ichigan  Boating  Survey

In addition  to the M arina  Inventory, the D epartm ent o f  Park, Recreation, and 

Tourism  R esources  also conducted  a s ta te-w ide survey o f  the ow ners  o f  recreational 

watercraft w ith  valid M ich igan  registra tions as o f  July 1, 199410. A  sam ple  o f  6 .000

10 B o a ts  w h o s e  reg istrat ion  c er t if ica tes  w o u ld  not e x p ir e  b e fo re  the end  o f  the 1994  bo a t in g  sea so n .  T he  
pro ced u re  o f  e s t im a tin g  b o a ts  with  v a l id  reg istrations w a s  d i s c u s se d  in detail  in the report o f  1994  
M ic h ig a n  B o a t in g  Su rv ey  ( S ty n e s  et al.,  1 9 9 5 ) .
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registered boats, stratified by length (< 16 feet. 16-20 feet. 21-28 feet, and 29+  feet) and 

geographic regions (ten boating regions) was drawn from the Secretary S ta te 's  list o f  

registered b o a ts " .  The sample w as stratified to assure adequate  sam ples for different 

regions and size classes.

A four page questionnaire  was mailed to the 6 .000 registered boat ow ners at the 

end o f  the 1994 boating seasons (O ctober 7th. 1994). A follow -up questionnaire  w as sent 

by certified mail three weeks later to non-respondents. O f  the 6 ,000 questionnaires sent. 

5.638 were delivered and 3,909 (69% ) were returned. R eturns included 2 ,980 boats that 

were used during  the 1994 season, 743 boats that w ere not used during  the season, and 

186 unusable  questionnaires (e.g., significantly incom plete, com pleted  for two boats).

The questionnaire  collected  inform ation on: (1) characteristics o f  boats, boat 

owners, and boat ow ner households, (2) where the boat was stored during the 1994 

boating season including county  and type o f  storage, e.g., m arina, second home.

(3) seasonal and tem porary use o f  m arinas and launching facilities, (4) 1994 boat days on 

the Great Lakes and inland lakes and rivers in different counties, and (5) spending on 

equipm ent, repairs, insurance, storage, and fuel (A ppendix  B). A  b r ie f  sum m ary o f  the 

findings w'as presented in C hap ter  two. For a m ore detailed discussion o f  the su rvey 's  

m ethods and findings see Stynes et al., 1995.

11 B o a t in g  r eg io n s  are adop ted  from the Great L akes market reg io n s  used  in the 198 0  M ic h ig a n  Boater  
Su rv ey  (S ty n e s  and S a f r o n o f f  19 8 2 ) .  ( s e e  F igure 2 )



Figure 2. 1994 Michigan Boating Survey Sampling Regions.
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TH E  SY ST E M  OF M O D EES 

There is no direct way to estimate county level boating use. or the num ber o f  boats 

stored by county  from any existing data source. No agency or organization collects 

information that provides estim ates o f  boat use by region or county. Boat registration data 

provide no information about storage or use. The sam ple size for the 1994 Michigan 

Boating Survey is too small to yield reliable estimates o f  boating use for m ost counties. 

How ever, a system o f  m odels  can be developed from a com bination  o f  different data 

sources. The m odels  can be used to estimate: (1) the num ber o f  registered boats kept in 

different types o f  storage during  the boating season, (2) the num ber  and sizes o f  boats 

kept in counties during the boating season. (3) the num ber o f  boat days by boats kept in 

counties, and (4) ultimately the location(s) where these boat days take place. The different 

types o f  m odels  com prising the system  relate boat registration information first to types o f  

storage and counties  w here the boats are kept during  the boating season, and ultimately to 

the counties w here the boats are used (Figure 3).

The system o f  m odels  utilizes and com bines  a variety o f  different types and 

sources o f  “dem and"  and “supply"  data including estimates produced by other m odels  in 

the system. In m ost instances the secondary data provide a m eans or basis for estimation 

or allocation, rather than direct estimates. For exam ple, data on boating facilities and 

am ount o f  recreation boating w ater (num ber o f  lakes) are used to geographically  allocate 

(estim ates of) days o f  boating by boats kept in (origin) counties  since no source o f  

information is available on how  boat days are distributed throughout the state.

Four different types o f  m odels  com prise  the system o f  m o d e ls : (1) a classification 

model, (2) storage allocation m odels , (3) a trip generation m odel, and (4) trip distribution



Figure 3. The System o f  Models.
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models. The sequence and linkages betw een m odels  is shown in Figure 3. The figure also 

shows the various types o f  es tim ates  produced  by the m odels.

C lassification M odel

The function o f  the c lassification model is to classify registered boats into 

different types o f  storage w here the boats are kept during  the boating  season. The four 

types o f  storage are: (1) m arinas. (2) seasonal hom es. (3) perm anent waterfront homes, 

and (4) non-w aterfront perm anen t hom e (Figure 4).

Figure 4. Storage Type Classif ication M odel

A. M O DEL SPEC IFICA TIO N
* D e p e n d en t  V ariab les :  boat storage  type  

(m arina,  s e c o n d  h o m e ,  waterfront h o m e  &  nonw atcrfront h o m e )
* Independent Var iab les :  length o f  boat,  type o f  boat,  r es id en ce  loca t ion  

o w n er sh ip  o f  se c o n d  h o m e ,  in co m e,  and age.
* M ethod: d iscr im inan t analysis .

B. ACC U RAC Y O F C LASSIFICATIO N
* C la ss i f ic a t io n  M atrix
* M a x im u m  c h a n c e  criterion
* P roportional  c h a n c e  criterion

C. A SSESSM EN T OF C O N TRIBU TIO N S OF V AR IABLES  
TO CLASSIFY  STO RA G E TYPE SEG M EN TS
* W i lk s ’ L am bda
* D iscr im inan t  lo a d in g
* Partial F -va lue
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A discrim inant analysis is em ployed  to classify individual boats into the four 

“ types o f  storage segm ents"  on the basis o f  inform ation/variables from the Boat 

Registra tion D ata  and the 1994 M ichigan  Boating Survey. The discrim inant analysis also 

identifies w hich o f  the ( independent)  variables contribute  to the classification. 

D iscrim inant analysis includes both predictive and descrip tive functions and in v o k e s  

three steps/stages: (1) derivation. (2) validation, and (3) interpretation. The “derivation  

stage"  consists  o f  selecting variables and determ in ing  w hether or not a statistically 

significant function can be derived to separate groups. In the “validation stage" a 

classification matrix  is developed  to evaluate the predictive accuracy o f  the discrim inant 

function. T he  “interpretation stage" involves determ ining  w hich independent variables 

contribute  the m ost to d iscrim inate  am ong  the groups. The m odel provides classification 

o f  boats in d ifferent storage segments.

Storage A llocation M odels

The purpose  o f  the second set o f  m odels  is to allocate boats w ith in  each storage 

segm ent to the counties  w here they are kept during the boating season. A two step 

approach is utilized to estim ate  the  num ber  o f  boats in different storage segm ents kept in 

different counties. Boats  are first a llocated to one o f  the regions w here the boats are kept, 

and then to the counties  w ithin each  region. A  tw o step process is required because even 

the 3000 useable returns to the 1994 M ichigan  Boating Survey are not sufficient to 

generate reliable estim ates o f  boats  stored in all 83 counties. Small sam ple sizes for many 

counties would  have resulted in large sam pling  errors. H ow ever, an adequate  num ber  o f  

surveys are available to generate reasonably  reliable estim ates o f  boats stored in different
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regions. The ten regions include six coastal regions, tw o inland regions and two Upper 

Peninsula regions. The regions are m apped  in Figure 5.

The distribution (percentage) o f  boats within different storage segm ents and size 

classes is estim ated  from the 1994 M ichigan  Boating Survey. This distr ibution is used to 

estimate num ber  o f  boats  stored in the regions. There are tw o  reasons to incorporate boat 

size into the allocation scheme: (1) the  Boat Registration Data provides information on 

the size o f  boats registered in counties, and (2) length o f  boats is an im portant factor in 

estim ating the average num ber  o f  days boats are used.

Boats are a llocated to storage counties within regions based on the c oun ty 's  share 

o f  boat-storage opportunities  available  in the region. The following form ula is used to 

allocate boats  to counties:

E S,
i g  R eg io n  r

w here T (t|r) : total num ber  o f  boats kept in county i. given region r; and 
Sj : availability o f  boat storage opportunities  in county i.

Different m easures o f  availab le  boat storage are used for each storage segment. 

Boats stored at m arinas in the G reat Lakes coastal regions, are distributed to the counties 

based on the coun ty 's  share o f  m arina  spaces in the region (Figure 6). Boats  stored at 

m arinas in the inland regions, are a llocated to counties  on the basis o f  the num ber o f  

inland lakes over  50 acres and total acres o f  inland lakes in the county (Figure 6), because 

there is no available estim ate  o f  the n u m b er  or capacity o f  in land m arinas. A cres o f  large 

lakes is considered a reasonable indicator o f  the num ber o f  inland m arinas spaces in the 

counties. Boats stored at seasonal hom es are distributed according to the estimated



Figure 5. Michigan Boating Regions (I)
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Figure 6. Storage Allocation M odels for Boats Stored at Marinas and Second Homes.

M ichigan R egistered Boats Stored a t M arinas M ichigan R egistered Boats S tored a t Seasonal Homes

A llo c a te  B oats  to  R eg io n s

❖ Group boats into three size classes 0  20* or less. 2 21'*28*. 3 20* ot larger)
❖ Estimate distribution by repons where the boats are kept for each size class
❖ Allocate boats to the regions where the boats are kept for each size class

A llo c a te  B oats  to  C o u n t)

C oastal R egions

<• Allocalc boats to counties based on the countv's share of manna spaces 
in each region

Inland Regions

❖ Allocate boats to counties based on the county's share of •boat 
storage opportunity index" in each region

A llo c a te  B o a ts  to  R eg ion s

•> Group boats into three size classes ( I less than 16*. 2 16’-20‘. 1 2 s' or larger) 
••• Estimate distribution by regions where the boats are kept for each size class 
❖ Allocate boats to the repons where the boats are kept for each size class

A llo c a te  B oats to  C ou n ty

•> Allocate boats to counties based on the county's share of " the number of 
second homes" in each repon

B o a tin g  I  se  In form ation

* Number of boats stored at second homes in regions/counties by size classes

B o a tin g  I  se  In form ation

❖ Number of boats stored at mannas m regions, counties by size classes
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num ber o f  seasonal hom es in each county  (Figure 6). Finally, boats  stored at waterfront 

and nonw aterfront perm anen t hom es are allocated to counties based on the num ber o f  

boats o f  different sizes registered in the county (Figure 7). C ounty  o f  registration is used 

because with few exceptions the perm anent hom e is the sam e as the registration address. 

Trip G eneration  and Trip Distribution M odels

The final com ponent o f  the system o f  m odels  consists o f  a trip generation model 

and a set o f  trip distribution m odels. The function o f  these m odels  is to: (1) estimate the 

num ber  o f  boat days in (destination) counties  by boats in d ifferent types o f  storage, and 

(2) m odel trip patterns from origin counties (boat storage locations) to destination 

counties (boat use location). The trip generation m odels  estim ate  the num ber  o f  boat days 

generated by boats stored in each county  by storage segments. The trip distribution 

m odels  distribute these boat days to different (destination) counties.

Total days by boats  in each  storage segment is com puted  by m ultip ly ing the 

average num ber o f  boat days w ith in  different size classes and storage segm ents times the 

num ber o f  boats kept in each county. The average num ber o f  boat days for different size 

c lasses and storage segm ents is estim ated from the 1994 M ichigan  Boating Survey data. 

Estim ates o f  total days generated  in each county are the prim ary input to the trip 

d istribution model.

Different approaches are em ployed  to distribute days by boats  in different storage 

segm ents to (destination) counties. The m odels  to distribute days by boats stored at 

second hom es and perm anent w aterfront hom es are relatively straightforward. Results o f  

1994 M ichigan  Boating Survey show  that alm ost all o f  these boat days (97%  for boats 

kept at second hom es and 95%  for boats stores at perm anen t waterfront hom es) are



Figure 7. Storage Allocation Models for Boats Stored at W aterfront Homes and Nonvvaterfront Homes.

M ich igan  R e g is t e r e d  B oats  S tored  at N on w a tcr fro n t H om es  

A llo c a te  B oats  to  R eg ion s
*> Group boats into two size classes (1 less than 16 feet. 2 16'  or larger)
♦> Estimate distribution by regions where the boats are kept for each size class 
❖ Allocate boats lo the regions where the boats are kept for each size class

A llo c a te  B oats to  C ou n ty

•> Allocate boats to counties based on the countv’s share of" the number of 
registered boats in that size class" within each region

B o a tin g  I ’se In form ation

* Number of boats stored at nonwatcrfront homes in regions-counties by size classes

M ichigan R egistered  Boats Stored at W aterfro n t Homes 

A llo c a te  B o a ts  to  R eg io n s
❖ Group boats into three size classes (1 16‘ or less. 2 l 6 ‘-20 \ 3 21' or larger)
❖ Estimate distribution by regions where the boats arc kept for each size class 
♦!* Allocate boats to the regions where the boats are kept for each size class

A llo c a te  B o a ts  to  C ou n ty

*> Allocate boats to counties based on the county's share of" the number of registered boats in 
that size class" within each region

B o a tin g  C sc  In form ation

❖ Number of boats stored at waterfront homes in rcgions counties by size classes
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inside the eounty  where they are stored during the boating season. Thus, the model 

distr ibutes all boat days by boats in these two storage segm ents to the counties  where they 

are kept during  the boating season.

Boat days by boats kept at m arinas located in inland counties  are all allocated to 

the eounty  w here  the m arina is located. G iven that it is generally  inconvenient and 

expensive to m ove and transport large-sized m arina  boats  to o ther  counties, it is assum ed 

that alm ost all boat days generated  by boats  stored at inland m arinas stay within the 

county  o f  storage.

A m ore  com plex  tw o-step  trip d istribution model is required for boats stored at 

m arinas in Great Lakes coastal counties, and boats stored at perm anent non-waterfront 

homes. Boats stored at non-w aterfront hom es are frequently  trailered to different counties 

where they are used. Boats s tored at Great Lakes m arinas  arc often operated  in adjacent 

counties  and /or  a long  popular G reat Lakes cruising routes. Information (e.g., trip origins) 

on boats that rent transient slips indicates that larger craft stored on the Great Lakes often 

travel considerable  d istances on G reat Lakes cruises (S tew art and Stynes, 1990).

The tw o step approach first d istributes boat days to concentric  (destination) /.ones 

around each (storage) county and then to the counties  w ithin these zones. An estimated 

distribution o f  boat days w ith in  different destination zones is used to distribute days o f  

boating to each  destina tion  zone. The es tim ates are derived from the 1994 M ichigan 

Boating Survey. Boat days are d istributed to counties  w ith in  a destination zone based on 

the coun ty ’s share o f  boating  use opportunities  available in the zone. The following 

form ula is used to distribute boat days to counties  w ithin destination zones:
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I 9 ( , u >  ~  U ,

z  u ,
i f D estin a tio n  zo n e  /

w here D(li/) : num ber  o f  boat days in destination county  i. given destination /o n e  
z. and

U, : availability o f  boating-use opportunities  in county i.

Previous boating studies indicate that the propensity  to travel and boating use 

patterns d iffer am ong boats  in different storage segments. Based on these findings 

different (concentric) destination zones and different m easures o f  county  boating use 

opportunities  are formulated for boats kept at coastal m arinas and those stored at 

nonw atcrfront perm anent hom es (Figures 8).

Three  destination zones arc established for boats  stored at coastal marinas 

-- (1) within county. (2) nearby counties. and (3) more distant counties. Results from the 

1994 M ichigan  Boating Survey show ed the tw o primary uses o f  boats kept at Great Fakes 

m arinas are pleasure boating in the county  where the m arina is located or adjacent 

counties, or “cruising” to m ore  distant counties. M iles o f  G reat Fake shoreline are used 

to distribute boat days to nearby counties. A cruising attraction/opportunity  index that 

com bines the num ber o f  transient slips in counties  and the num ber  o f  nights these 

transient slips are rented is used to distribute boat days to the counties within "m ore 

distant counties"  destination zone.

T he m odel that distributes days by boats stored at nonw aterfront perm anent hom es 

utilizes 30 m inute/m ile  driv ing zones. It is based on the assum ption  that: (1) boating use 

decreases as trailering distance from storage county increases, and (2) propensity to



Figure 8. Trip Generation and Distribution M odels for Boats Stored at M arinas in Coastal Counties and
Nonwaterfront Homes.

Boats S tored  a t M arinas in the  C oastal Counties by Size Classes

G en era te  B oat D ays

•> Estim ate average boat days for boats in each  s ize  class  
•> Estim ate total boat days generated by the boats kept in the counties

------------------------------------------------------

D istr ib u te  B o a t D a y s to  D estin a tio n  Z on es

•> Form three destination  zon es - "within county zon e”, "nearby counties  

zon e” and "more d istant zon e” for each county

❖  Estim ate d istribution o f  boat days w ithin destination zones  
by (storage) regions.

❖  D istribute boat davs to destination zones

D istr ib u te  B oat D ays to  C o u n tie s

W ithin C ounty Zone
•> D istribute boat days to the (storage) county.

N earby C ounties Zone

•> D istribute boat days to the counties based on the 

cou n ty 's share o f  "Great Fakes shoreline” in that zone. 

M ore D istant Z one

❖  D istribute boat days to the counties based on the 
“cruising opportunity index” .

Boats S tored a t N onw aterfron t Homes by Size Classes 

Generate Boat Days

❖ Estim ate average boat days for boats in each size  class.
❖ Estimate total boat davs generated b\ the boats kept in the counties

D istr ib u te  B oat D ays to D estin a tion  Z on es

❖  Komi 13 ”30 m inutes driving d istance” destination zones for each county

counts in the zone

• Estim ate distribution o f  boat days w ithin  destination  zones  

by istorage) regions

■ Distribute boat davs to destination zones

D istr ib u te  B oat D ays to C ou n ties

❖ Distribute Boat days to the counties based on the county's share o f  "boating 
opportunities index" in that zone

3 T

B oatin g  E sc  In fo rm a tio n B oatin g  E sc  In form ation

❖ N um ber o f  boat days used in destination regions/counties  

•> Travel flow s from origins (storage location) to destinations

v  N umber o f  boat days used in destination regions/counties  
•b 1 tavel Hows from origins (sto iage location) to destinations
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travel/trailer is constant within zones. A boating opportunity  index, based on weighted 

m easures o f  boating resources and facilities in the county, is the basis for distributing 

boat days to the counties  w ithin the (30 m inute) destination zones (Figure 8).



C H A P T E R  IV

M O D E L  SPE C IFIC A T IO N S A N D  RESI JETS

This chapter presents estim ates o f  boating use produced by the system o f  models. 

The m odels  are presented in three m ajor  sections: (1) boat storage classification. (2) boats 

kept in the counties, and (3) boat days in the counties. Each section reports the results 

from one or m ore  individual m odels. The presentation o f  the individual m odels  includes: 

(1) model specification, (2) assum ptions o f  m odel. (3) results o f  model, and

(4) evaluation o f  m odel. A sum m ary  o f  the results and evaluation o f  all m odels  are 

provided at the end o f  the section.

B O A T  S T O R A G E  C L A SSIFIC A TIO N  

Discrim inant analysis is used to classify boats into one o f  four storage segments:

(1) marinas. (2) second hom es, (3) waterfront hom es, and (4) nonw aterfront homes. The 

results o f  the discrim inant analysis are presented in three stages: (1) m odel specification.

(2) results and  m odel evaluation, and (3) interpretation.

Model Specification

The m odel specification stage identifies the dependent and independent variables. 

Storage segm ent (marina, second hom e, waterfront hom e, and nonw aterfront hom e) is 

used as the dependent variable in the analysis. Boats that w ere active in 1994 whose 

owners returned 1994 M ichigan Boating Survey are assigned to one  o f  the four segm ents

60
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based on “types o f  storage fac ili t ies"12 (m arina, second hom e, and perm anen t residence) 

and “ type o f  s torage lo ca t io n "13 (waterfront location vs. non-w aterfron t location). Boats 

kept at “o ther"  types o f  storage facilities, and boats (cases) with m issing  storage 

inform ation are excluded  from the analysis. The resulting  “storage segm ents"  are: 

(1) m arinas, (2) second hom es, (3) perm anent waterfront hom es, (4) perm anent 

non-w aterfront hom es (Table 6). The four storage segm ents are m utually  exclusive and 

exhaustive.

The characteristics o f  boats and boat ow ners that are used to predict boat storage 

segm ents  include (1) length o f  boat, (2) type o f  b o a t14, (3) location o f  the ow ners ' 

r e s idence15, (4) ow nersh ip  o f  a  second hom e, (5) age o f  boat ow ners  and (6) income. 

Type and length o f  boat, and o w n e r ’s address are part o f  the boat registration data 

collected by the Office o f  Secretary o f  State.

The characteristics o f  the boats and boat ow ners  vary considerably  between 

storage segments. M ost boats stored at m arinas  are large, averaging  31 feet in length. 

M ost (95% ) o f  the boats in this segm ent are inboards or sailboats. Boats stored at 

nonw aterfront hom es tend to be sm aller  craft with an average length o f  17 feet.

12 T h e  19 9 4  M ic h ig a n  B o a t in g  S u rv e y  c o l le c te d  in form ation  o n  f iv e  ty pes  o f  se a so n a l  storage:
( 1 )  perm anent r es id en ce ,  ( 2 )  a  c o t ta g e  or s e c o n d  h o m e ,  ( 3 )  a  ren ted sp a c e  in a p u b lic  m arina, ( 4 )  a 
rented sp a c e  in a  c o m m e r c ia l  marina, ( 5 )  an o w n e d  sp a ce  in m arina or d o c k a m in iu m  or ( 6 )  other  
storage  type  ( e .g . ,  fr iends h o m e ,  c o m m e r c ia l  rental fac il i ty) .  R en ted  s p a c e s  at pu b l ic ,  pr ivate  and  
c o m m e r c ia l  m arinas,  and c o n d o m in iu m  or d o c k a m in iu m  s p a c e s  are c o m b in e d  into a marina  

storage  ca teg o r y .
13 T h e  1 9 9 4  M ic h ig a n  B o a t in g  S u rv e y  c o l l e c te d  in form ation  o n  the lo ca t io n  o f  se a so n a l  storage: ( 1 )  at a

waterfront s ite  with  a c c e s s  to  the G reat  L akes ,  ( 2 )  at an inland lake waterfront s ite ,  ( 3 )  at a river or  
stream  waterfront s ite  or  ( 4 )  non-w aterfront site .  T h e  three w aterfront s i tes  are c o m b in e d  into a 
waterfront lo ca t io n  ca tegory .

M T y p e s  o f  boat  are re -g ro up ed  into inboards,  outboards,  sa i lboats ,  p o n to o n  b o a ts  and ca n o e s .
"  L o c a t io n s  o f  r e s id en ce s  are g ro u p ed  into se v e n  reg ions:  so u th -co a st  reg ion ,  cen tra l-co a s t  reg ion,  

north-coast  reg ion .  U p per  P en in su la  and out-of-s tate .



Fable 6. 1994 M ichigan B oating  Survey Sam ple S izes for D ifferen t S torage Segm ents.

B oat S to ra g e  Segm ents"

S A M P L E  

N u m b e r  o f  B o a ts Percent

P O P U L A T I O N  E S T I M A T E  

N u m b e r  o f  B o a ts  Percent

Marina 9 8 4 3 5 .7 5 9 , 0 7 7 1 1.6

S e c o n d  H o m e 5 7 4 2 0 .8 1 3 4 ,0 7 2 26 .3

W aterfront H o m e 5 9 3 2 1 .5 1 1 9 ,1 8 7 23.4

N o n w a terfro n t  H o m e 6 0 3 2 1 .9 1 9 6 ,6 8 6 3 8 .6

Total 2 ,7 5 4 100 5 0 9 , 0 2 2 100

a. C a s e s  with  m is s in g  storage  fac il i ty  or s to ra g e  loca t ion  in form ation  are e x c lu d e d  from  
the analys is .
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Tw o thirds (68% ) o f  these boats  are outboard  m otor boats. O w ners  o f  boats kept at 

second hom es are the oldest with an average age o f  59. A pproxim ately  88%  o f  them  own 

a second hom e, and 32%  are out-of-state  residents. The ow ners  o f  boats stored at 

nonw aterfront hom es are the youngest averaging 51 years o f  age. O nly  13% ow n a second 

hom e, and about h a lf  o f  them  reside in southern M ichigan (Table  7).

Results and M odel Evaluation

Overall, 69%  o f  the boats are correctly classified (Table  8). The discrim inant 

analysis correctly classifies 84%  o f  boats  stored at second hom es, 76%  o f  boats stored at 

marinas, 69%  o f  boats stored at nonw aterfront hom es, but only 44%  o f  boats stored at 

waterfront homes.

The classification m atrix  (Table 8) show s correct classif ications in the diagonal 

cells and incorrect c lassifications in the off-diagonal cells. Table  9 profiles the eases  that 

arc correctly and incorrectly classified for each storage segment. The m odel incorrectly 

classifies 10% o f  m arina boats  into the second hom e segm ent, and 11% into the 

waterfront hom e segment. T he  m is-classified m arina boats are sm aller  and m ore  are 

outboards or pontoon boats. T he  owners o f  the mis-classified boats  are on average older, 

they are m ore  likely to ow n a second hom e, and have a  lower average incom es com pared  

to the ow ners o f  correctly c lassified boats.

The m odel incorrectly classifies 7%  o f  second hom e boats into the marina 

segment, and 6%  into the nonw aterfront hom e segment. T hose  m is-classified second 

hom e boats are larger and/or m ore  are sailboats. Their  ow ners are younger, less likely to 

ow n a second hom e, and/or have  a lower average incom es com pared  to o ther group
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Table 7. Characteristics o i 'B oa t  and Boat O w ner by Storage Categories.

M arina
Mean

S T O R A G E  S E G M E N T S  

W aterfront  
S e c o n d  H o m e  H o m e  

Mean Mean

N o n w a terfro n t
H o m e
Mean

A L L  B O A T S

Mean

Boat Length (fee t ) 30.77 20.28 21.76 16.66 23.59

Boat T y p e
Inboard B oat 60% 42% 41% 22% 44%
O utboard  B oat 3% 28% 26% 68% 27%
Sail  Boat 35% 7% 8% 1% 16%
P ontoon 2% 17% 21% 1% 9%
C a n o e 0% 5% 3% 6% 3%

R e s id e n c e  L ocation

South  Coast 16% 10% 17% 13% 14%
Central C o a s t 14% 7% 7% 15% 1 1 %
North C oastal 15% 5% 24% 14% 15%
South  Inland 31% 36% 2 6 % 37% 32%
N orth  Inland 4% 3% 12% 10% 7%
U p p er  P en insu la 10% 7% 13% 11% 10%
Out o f  State 10% 32% 0% 0% 1 0" 0

In co m e
U n d er  $ 2 0 , 0 0 0 6% 12% 15% 2 1 % 12%
$20,000-$59,000 42% 39% 51% 56% 4 6 %
O v er  $ 6 0 , 0 0 0 45% 38% 24% 15% 33%

A g e  o f  O w n e r  (years) 52.75 5 9 .2 0 57.25 51.16 54.72

O w n  a S e c o n d  H o m e 2 1 % 88% 16% 13% 33%
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Table 8. C lassification Matrix for C om paring  N um ber o f  Boats in Storage Segm ents 
Predicted by the M odel with 1994 M ichigan Boating Survey.

1994  S U R V E Y  R E S U L T S

M arina

D I S C R I M I N A N T  A N A L Y S I S  

Predicted  S e g m e n t  M em b er s

W aterfront N on w aterfront  
S e c o n d  H o m e  H o m e  H o m e I'otal

Marina
(pet.)

7 4 8

76% *

102
10%

112
1 %

22
2%

984

S e c o n d  H o m e
(pet.)

4 2
7%

481
84% *

18
3%

33
6%

574

W aterfront H o m e

(pel )
107

18%
83

14%
2 6 0

44% *

143
2 4 %

593

N om vaterfront  H o m e

(pet.)
10

2%
71

12%
106

18%
4 1 6

69% *

603

M o d e l  Predicted  (total) 9 0 7 7 3 7 4 9 6 6 1 4  2 .7 5 4

SUMMARY STATISTICS

P ercent o f  c a se s  correct ly  c la s s i f ie d  6 9 .1 7 %

M a x im u m  c h a n c e  criterion 3 5 .7 0 %

Proportional c h a n c e  criterion 2 6 .4 9 %

* percent  correc tly  c la s s i f ie d  in bold .



Table 9. Profiles o f Boats (and Owners) Correctly and Incorrectly Classified into Storage Segments.

B O A T  STO RAGE SE G M E N T S  

Marina Second Hom e Waterfront Home Nonwaterfront Home

Correctly Incorrectly Survey C orrectly Incorrectly Survey C orrectly Incorrectly Survey Correctly Incorrectly Survey

C lassified  C lassified  O bserved C lassified  C lassified  O bserved C lassified  C lassified  Observed C lassified  C lassified  Observed

Boat Length (feet) 33.03 23.34 30 .767 19.35 24.6 20 .28 21.25 22.1 21 .758 15.43 19.27 16.66

Boat Type

Inboard Boat 57% 70% 60% 44% 32% 42% 53% 30°o 41% 4% 64% 22%

Outboard Boat 0% 11 % 3% 28% 32% 28% 0% 46% 26% 89% 23% 68%
Sail Boat 43% 9% 35% 4% 23% 7% 2% 13% 8% 0% 4% 1%
Pontoon 0% 9% 2% 18% 10% 17% 43% 5% 21% 0% 4% 1%

Canoe 0% 0% 0% 5% 3% 5% 1% 5% 3% 7% 4% 6%

Residence Location
South Coast 16% 17% 16% 11% 4% 10% 16% 18% 17% 14% 13% 13%

Central Coast 15% 10% 14% 7% 12% 7% 3% 9% 7% 15% 12% 15%
North Coastal 16% 14% 15% 5% 9% 5% 23% 25% 24% 14% 14% 14%
South Inland 35% 21% 31% 34% 42% 36% 29% 24% 26% 37% 34% 37%
North Inland 3% 6% 4% 3% 7% 3% 16% 11% 12% 11% 12% 10%

Upper Peninsula 8% 14% 10% 5% 14% 7% 13% 12% 13% 9% 15% 11%

Out o f  State 7% 19% 10% 36% 12% 32% 0% 0% 0% 0% 0% 0%

Income
Under $20,000 5% 11% 6% 11% 16% 12% 17% 14% 15% 22% 20% 21%

$ 2 0 ,0 0 0 -5 5 9 ,9 9 9 40% 46% 42% 38% 41% 39% 56% 47% 51% 57% 51% 56%

Over $60,000 47% 35% 45% 39% 28% 38% 18% 29% 24% 12% 20% 15%

Age o f  Owners (years) 51.84 55.52 52.751 60.54 52.52 59.198 58.67 56.35 57.251 50.39 53.19 51.16

Own a Second Home 15% 42% 21% 98% 31% 88% 0% 30% 16% 1% 39% 13%
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m em bers. The model incorrectly  classifies 12% o f  nonvvatcrfront hom e boats  into the 

second hom e segm ent and 18% into waterfront hom e segment. The mis-classified 

nonw atcrfront hom e boats are larger and/or are m ore likely to be inboards. Their owners 

are older, m ore likely to ow n a second hom e, and/or have a h igher average incomes 

com pared  to o ther group m em bers.

O ver  50%  o f  boats  stored at w aterfront hom es are incorrectly classified into other 

storage segments, f lic  d iscrim inant analysis can not accurately classify boats kept at 

perm anent w aterfront hom es based on the independent variables that w ere used in this 

analysis. A m ajor  reason for the inability to correctly classify waterfront hom e boats is 

that the boats  and their ow ners  have sim ilar characteristics with boats in o ther storage 

segments. Boats stored at waterfront hom es are s im ilar in types and size to boats stored at 

second hom es. There are few differences betw een boats stored at perm anent waterfront 

hom es and nonw aterfront hom es. Their ow ners have sim ilar incom es and propensity  for 

second hom e ownership.

There  is no universal standard  for accepting or rejecting a d iscrim inant function 

based on predictive accuracy o f  group classification. Two different criterion, the 

maximum chance criterion  and the proportional chance criterion , suggested by flair. 

A nderson  and Tatham  (1987) are used to evaluate predictive accuracy. The maximum 

chance criterion  requires that the percent o f  correct c lassification o f  the discrim inant 

analysis is h igher than the percent o f  group m em bers  in the largest g ro u p 16. In this study.

W e  c o u ld  arbitrarily a ss ig n  all su b jec ts  to  the largest group  and a c h ie v e  certain percent o f  accuracy ,  
w h ic h  is the sa m e  as  percent  o f  total su bjects  in the largest group,  w ithout the a id o f  d iscr im inant  
fun ct ions .  'Therefore, i f  the percent  o f  correct c la s s i f ic a t io n  for the d iscr im inan t  fun ct ions  d o  not  
e x c e e d  “ the percen t” o f  su b je c ts  in the largest group, it has not h e lp e d  us predict,  b a sed  on this  
criterion.
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the percent o f  correct classification o f  the d iscrim inant analysis is 69% . about double the 

m axim um  chance  criterion. 36%  (Table  8). A ccord ing  to this criterion, the discriminant 

analysis classif ies  boats  into the storage segm ents reasonably  well.

The proportional chance criterion  takes into account the ability o f  discrim inant 

functions to classify correctly subjects/objects  into sm aller  size groups as well as the 

largest group. The proportional chance  criterion requires the percent o f  correct 

classification from a discrim inant analysis to be h igher than C proportional• The form ula for 

this criteria is

C proportional =  £pi2 . w here p; = the proportion o f  subjects in group i .

In this study, the percent o f  correct classification (69% ) is m uch  higher than the 

proportional chance criterion  (26% ) (Table 8). Based on this criterion, the d iscrim inant 

analysis adequate ly  predicts boats in different storage segments.

Interpretation

D iscrim inant loadings. W ilks ' lam bda, and partial F are used to evaluate the 

relative im portance  o f  independent variables to d iscrim inate  am ong  the groups. The 

discrim inant load ing , or structure correlation, m easures the sim ple  linear correlation 

betw een independent variables and d iscrim inant func t ions17 (Table 10). The greater the 

absolute value o f  a d iscrim inant loading, the s tronger the rela tionship  betw een that 

variable and the d iscrim inant function. The sign o f  a d iscrim inant loading indicates the 

positive or negative correlation betw een the independent variables and the discrim inant

17 T h ree  d iscr im ina n t  fu n ct io n s  g enerated  b y  d iscr im inant a n a ly s is  are used to c la s s i fy  boats  into storage  
se g m e n ts .  T h e  discr im inant fu n ct io n s  are linear c o m b in a t io n  o f  ind ep en dent  var iab les  that will 
d iscr im in a te  best  b e tw e en  the p r io r i-d e f in ed  groups .  T h is  is a c h ie v e d  by the statist ical d e c is io n  
rule o f  m a x im iz in g  the b e tw een  g roup  v a r ian ce  relative  to the w ith in -g ro u p  variance.
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Table 10. D iscrim inant Loading for Independent Variables C om pris ing  
The D iscrim inant Functions.

D iscr im in a n t  Function  

I II III

B o a t  L ength  ( fee t ) .8 8 9 9 1 * 0 . 1 5 4 4 0 0 . 0 2 6 1 4

O utboard  B oat - .5 3 2 0 8 * - 0 .3 0 3 3 4 0 . 4 6 6 7 9

Sail  B oat .3 8 8 3 1 * 0 . 0 5 8 8 2 0 . 1 6 0 3 8

Inboard B oat . 2 5 9 3 2 * 0 . 1 2 4 1 9 - 0 .0 8 9 6 8

In c o m e  O v er  $ 6 0 , 0 0 0 .1 9 1 3 4 * 0 . 1 5 8 4 6 0 .1 5 0 6 1

C a n o e - .1 3 8 6 0 * - 0 .0 1 7 4 5 0 . 0 3 4 0 7

In c o m e  U n d er  $ 2 0 , 0 0 0 - .1 2 8 4 2 * - 0 .0 6 9 2 9 - 0 .1 0 9 7 6

S e c o n d  H o m e  O w n e r sh ip - 0 .2 4 6 7 6 .8 3 9 1 3 * 0 . 0 4 9 3 8

R e s id e  Out o f  State - 0 .0 4 3 4 4 .4 8 7 1 3 * 0 . 1 5 5 1 0

I n c o m e  $ 2 0 , 0 0 0  to  $ 5 9 , 9 9 9 -0 .0 8 1 8 1 -.1 1799* - 0 .0 5 4 6 9

P o n to o n  B oat - 0 .1 1 0 9 7 0 . 1 3 0 4 2 - .6 9 6 8  1 *

A g e  o f  B oat  O w n e r - 0 .0 6 6 5 4 0 . 1 7 8 2 5 - .3 8 5 6 4 *

R e s id e  in Central C oast  R e g io n 0 . 0 4 4 5 4 - 0 .0 6 2 2 2 .2 4 8 3 4 *

R e s id e  in N orth  Inland R e g io n - 0 .0 8 8 2 9 - 0 .0 8 1 1 8 - .2 1 0 8 0 *

R e s id e  in N orth  C o a s t  R e g io n 0 . 0 6 0 0 6 - 0 .1 5 4 1 8 - .2 0 1 4 4 *

R e s id e  in South  Inland R e g io n - 0 .0 3 7 9 5 0 .0 2 7 1 5 . 1 7 9 1 9 *

R e s id e  in U p p e r  P en in su la  R e g io n 0 . 0 0 0 6 7 -0.1 1579 - .1 7 4 2 4 *

R e s id e  in Sou th  C o a s t  R e g io n 0 . 0 4 7 2 9 - 0 .0 5 9 7 3 - .0 8 4 9 9 *

* Indicates  that the  corre lat ion  b e tw e e n  the in d ep en dent  var iab le  and d iscr im inan t  

function  is s ign if ican t  at 0 .0 5  leve l .
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functions. D iscrim inant function I m ay be interpreted as a function to differentiate 

betw een boats stored at m arinas  and boats in o ther types o f  storage. Boat length, sail, 

inboard pow ered, and incom e over  $60 ,000  are positive correlated with the discrim inant 

function I. D iscrim inant function II m ay be interpreted as a function to differentiate 

betw een boats stored at second hom es and boats in o ther  types o f  storage. Second home 

ow nership , and out-of-state  residency are positively correlated with the discriminant 

function II. D iscrim inant function III m ay be interpreted as a function to differentiate 

betw een boats  stored at nonw aterfront hom es and boats in o ther storage segments. 

Pontoon boats, age o f  the owners, and w hether the ow ners reside in northern-inland, 

northern-coastal or U pper Peninsula  regions, are negatively correlated with the 

d iscrim inant function III.

W ilk 's  lam bda and partial F value are utilized to determ ine  the impacts o f  

independent variables on the c lassification (Table 11). The W ilks ' lam bda which is the 

ratio o f  the w ith in-groups sum  o f  squares to the total sum o f  squares m easures the 

discrim inating  pow er o f  a variable. The larger the W ilk s ’ lam bda, the stronger the 

d iscrim inant pow er  o f  the independent variable. A partial F-value is obtained for each 

independent variable, where it partitions out the variance in the variable that is already 

expla ined  by the o ther  variables. Larger F-values indicate independent variables with 

greater d iscrim inating  power. Boat length, second hom e ow nership , and outboard  power 

have the strongest influences in classifying boats into storage segments.

The discrim inant m odel is a d isaggregate level o f  analysis, as it predicts storage o f  

individual boats (i.e., "does  the d iscrim inant m odel classify boat " x ” that is stored at a 

marina as a m arina stored boa t?” ). For m ost p lanning  and m arketing  decisions it is
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Table 11. Wilks' Lam bda  and Partial F for Independent Variables in The 
D iscrim inant Analysis.

Independ en t  Variables" W ilks' L am bda Partial V

B o a t  L ength  (fee t ) 0 .5 2 7 7 9 1 .8 5

S e c o n d  H o m e  O w n ersh ip 0 .3 3 3 6 4 5 . 6 8

O utboard B oat 0 .3 0 4 4 5  1.64

R e s id e  Out o f  State 0 .2 8 2 3 5 7 .9 5

P o n to o n  B oat 0 .2 6 1 3 0 4 .5 2

Sail  B oat 0 .2 5 2 2 6 0 .5 3

A g e  o f  B o a t  O w n e r 0 .2 4 7 2 2 6 .3 3

R e s id e  in South  Inland R e g io n 0 .2 4 4 2 0 0 .2 9

R e s id e  in Central C oast  R e g io n 0 .2 4 0 180.1 1

Inboard B oat 0 .2 3 8 1 6 2 .9 9

R e s id e  in Sou th  C oast  R e g io n 0 .2 3 7 1 4 8 .5 7

a. T h e  in d ep en dent  var iab les  entered  in s t e p w is e  d iscr im inant a na ly s is  based  o n  the rule o f  
m in im iz in g  overa ll  W ilks' lam bda.
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necessary to predict boat storage at an aggregate level (i.e.. “ how  m any boats in size class 

“x"  are stored at m arinas?"). A t the disaggregate level, the d iscrim inant m odel correctly 

classifies 748 (76% ) o f  the 984  boats  stored at m arinas. A t the aggregate level, the 

discrim inant model predicts 907  boats stored at m arinas. This  is 8%  less than the 1994 

M ichigan Boating Survey estimate o f  984 boats.

Except for the d iscrim inant m odel, other m odels  in the system (i.e.. storage 

allocation m odels  and trip distribution m odels)  are estim ated at the aggregate  level and 

they are evaluated accordingly. The aggregate m odels  first group individual boats into 

classes based on region, county, size class or segm ent and then m odel boating use o f  the 

group as a whole. The estim ated  param eters  from the d iscrim inant analysis can not be 

used directly in the allocation m odels  based on the Boat Registration data, because the 

primary independent variable, second hom e ow nership , is not m easured  in the data set.

B O A TS S T O R E D  IN C O U N T IE S

Spatial allocation m odels  are used to allocate boats within each o f  the storage 

segm ents to counties  w here they are kept during  the boating season. A tw o step approach 

is employed: boats first are allocated to storage regions, and then to counties  within each 

region. The allocation m odels  for each storage segm ent are sum m arized  in Figure 6 and 7 

(on pages 53 and 55).

M odel Specification

The num ber  o f  boats  in each size class is estimated from 1994 M ichigan  Boating 

survey for each storage segment. Boats stored at nonw aterfront hom es com prise  almost
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40%  o f  the active registered boats. Tw o thirds o f  these boats  are less than 16 feet. Almost 

h a lf  o f  M ich ig an 's  registered boats  are stored at either second hom es (26% ) or waterfront 

hom es (23%). A pproxim ately  12% o f  active registered boats are stored at m arinas during 

the boating season. O ver 70%  o f  these boats are longer than 21 feet (Table 12).

The estim ated distribution o f  boats in different size and different types o f  storage 

in (storage) regions is show n in Table 13. Based on the survey, about h a lf  o f  M ichigan 

boats are stored in the south-in land and southeast regions. A high proportion  o f  marina 

boats are stored in the southeast region. The north-inland, northeast and northwest 

regions are popular  storage locations for boats  stored at second hom es. A high percentage 

o f  boats under 20 feet stored at waterfront hom es are kept in the south-in land  region. The 

southeast region hosts a greater percentage (39% ) o f  larger boats stored at waterfront 

homes. M ost boats stored at nonw aterfront hom es are kept in south-in land  and southeast 

regions w here m ost o f  M ich igan 's  population resides.

M easures  o f  a coun ty ’s boat storage opportunities  (capacities) are used to allocate 

boats to the counties  w ithin each region w here they are kept. The num ber  o f  marina 

spaces in each county is used as an indicator (GM  indicator) o f  a c oun ty 's  storage

| o
opportunities  for m arina boats  kept in the coastal counties . The “num ber  o f  lakes over 

50 acres" and "total acres o f  inland lakes in the county" are com bined  into an storage 

opportunity  index (LM  index) to allocate m arina  boats to inland co u n tie s19. The num ber

l!i T he  num ber  o f  marina sp a c e s  in the  c o a sta l  c o u n t ie s  w a s  c o l l e c te d  by  the 1 9 9 4  Great L akes  M arina  
C en su s .

|y A n ind ex  o f  inland c o u n t y ’s boa t-s to ra g e  opportunity  for marina b o a ts  is c o n stru c ted  as fo l lo w in g :
acres  o f  lakes in the c o u n ty

G M  ind ex  = n o  o f  lakes o v e r  5 0  acres  * - ....................................................... - ..............
state avera g e  acres o f  lakes  

T he inform ation on the num ber  o f  la kes  o v e r  5 0  acres  and total acres o f  inland lakes  w a s  c o l l e c te d  in 
" M ic h ig a n  L akes  Inventory " ( M ic h ig a n  D epartm en t o f  Natural R e so u r c e s ,  19 7 4 ) .
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Tabic 12. E stim ated  N um ber o f  B oats in S torage Segm ents by Size C lasses.

Storage
S e g m e n t s  B o a t  S iz e N o .  o f  Boats" Percent

U n w e ig h te d
C a ses

M arina Segm ent 59,077 11.6% 9S4

2 0  feet or  sm aller 16 .105 3 .2 % 6 6

2 1 - 2 8  feet 2 7 .3 5 4 5 .4% 2 4 4

2 9  feet or  larger 1 5 ,6 1 8 3 .1 % 6 7 4

S eco n d  H om e Segm ent 134,072 26.3% 574

L ess  than 16 feet 7 3 .1 5 3 14.4% 127

16 -2 0  feet 3 9 ,3 2 5 7 .7 % 2 1 8

21 feet or  larger 2 1 .5 9 4 4 .2 % 2 2 9

W aterfront H om e Segm ent 119,187 23.4% 593

L ess  than 16 feet 5 0 ,3 3 1 9 .9 % 104

1 6 -2 0  feet 3 8 .941 7 .7 % 193

2 1 feet or larger 2 9 ,9 1 5 5 .9 % 2 9 6

N onw aterfroni H om e Segm ent I96 .6S6 38.6% 603

L e ss  than 16 feet 1 3 5 ,3 8 6 2 6 .6 % 2 6 4

16 feet or larger 6 1 , 3 0 0 12.0% 3 3 9

Tola! 509,022 100.0% 2, 754
a. C a s e s  with m is s in g  storage  type  and /or  storage  c o u n ty  in form ation  are e x c lu d e d  from  

the analysis .
note: E st im ates  are based  o n  the  1994  M ic h ig a n  B o a t in g  Survey .



T able 13. N um ber  and Percentage o f  Boats in Different S torage Segments by Region W here Boat Is Kept During Boating Season.

BO A T  STO RAGE SE G M E N T S All Boats

Marina Second Home Waterfront Hom e Nonvvaterfront Home

Storage Region
20' or 

less 2P-28'

29' or 

lamer <16' l6 '-20’

2E  or 

lamer <16' 16-20'

2 1 ' or

larger < 16'

16’ or 

larger

N u m b er o f  b oats

Southeast 5 .538 11.785 8.321 694 1.089 2.189 4.162 5.035 11.635 16,807 13.726 80,981
East Central 1.566 3.579 1.182 3.641 1.136 545 1.040 103 530 7,801 4,398 25,521
Northeast 704 1.500 709 8.700 5.537 2.599 2.854 1.701 962 4 .144 2.120 31,530
Northwest 2,661 3.130 1.435 10.302 7.356 2.674 5,596 3.041 1.952 7,869 3,740 49,756
West Central 220 2.664 1.784 3.137 659 1.124 476 659 1.486 8.153 5,811 26,173
Southwest 243 1.203 1.368 1.016 1.661 726 3.531 1,243 1.435 7,027 2,305 21.758
South Inland 3.268 1.680 39 14.395 8.284 3.680 18.810 22.025 8,139 65 .666 22,711 168,697
North Inland 497 723 274 21 .948 7.246 4.263 6,442 3.814 2,886 13,358 3,744 65,195
South UP 0 482 267 6,839 3.893 3.090 2,572 455 534 2,495 1.261 21.888
North UP 1,406 609 239 2,480 2,463 704 4 .847 865 355 2,068 1,484 17.520

Total 16.103 27,355 15.618 73 ,152 39.324 21 .594 50 ,330 38,941 29 ,914 135,388 61 ,300 509,019

P ercent o f  boats

Southeast 34% 43% 53% 1% 3% 10% 8% 13% 39% 12% 22% 16%
East Central 10% 13% 8% 5% 3% 3% 2% 0% 2% 6% 7% 5%
Northeast 4% 5% 5% 12% 14% 12% 6% 4% 3% 3% 3% 6%
Northwest 17% 11% 9% 14% 19% 12% 11% 8% 7% 6% 6% 10%
West Central 1% 10% 11% 4% 2% 5% 1% 2% 5% 6% 9% 5%
Southwest 2% 4% 9% 1% 4% 3% 7% 3% 5% 5% 4% 4%
South Inland 20% 6% 0% 20% 21% 17% 37% 57% 27% 49% 37% 33%
North Inland 3% 3% 2% 30% 18% 20% 13% 10% 10% 10% 6% 13%
South UP NA 2% 2% 9% 10% 14% 5% 1% 2% 2% 2% 4%
North UP 9% 2% 2% 3% 6% 3% 10% 2% J% 2% 2% 3%

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

note 1: Cases with missing storage type and/or storage county information are excluded from the analysis, 

note 2: Estimates are based on the 1004 Michigan Boutina Survey.
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o f  second hom es in each county is used as an indicator (SH indicator) o f  second hom e 

opportun ities-0. The num ber  o f  registered boats  by size class used as an indicator (RS 

indicators) for boats kept at waterfront hom es and nonw aterfront hom es21. Indices for all 

counties  are provided in Appendix  C.

The indicators (index) m easure  a coun ty 's  attractiveness as a potential storage 

location for boats in different storage segments. The indices are used to distribute boats to 

counties in each region for each storage type. The following county level allocation 

formula is used:

I  S,
i c  R eg io n  r

w here T'(1|r) : total num ber  o f  boats kept in county  i, given region r; and 
S, : the availability o f  storage opportunities  in county i.

Sj = N u m b e r  o f  m arina spaces in the county for m arina  boats kept 
in coastal counties.

S| = The value o f  1M index (num ber o f  lakes over 50 acres and total 
acres o f  inland lakes) in the county  for m arina boats kept in 
inland counties.

Sj = N um ber  o f  second hom es in the county for boats stored at 
second homes.

S, = N u m b e r  o f  registered boats in the county  for different sized 
boats  stored at waterfront hom es and nonw aterfront homes, 

note - form ula allocates a share to each county within the region in proportion to 
its share o f  regional opportunities.

A ssum ptions

The allocation m odels  m ake five basic assum ptions in order to estimate the 

num ber o f  boats in different types o f  storage kept in counties.

11 T he  n u m ber  o f  se c o n d  h o m e s  in c o u n t ie s  c o m e s  from  1 9 9 0  M ic h ig a n  C en su s .
:l T he  num ber o f  reg istered  boats  by  d ifferent s iz e  c la s se s  in c o u n t ie s  is p a n  o f  the M ich ig a n  Boat  

R egistrat ion  D atab ase  (M ic h ig a n  Secretary o f  State,  1994) .



(1) The es tim ates o f  the regional d istribution o f  boats in storage segm ents bv size

classes from 1994 M ichigan Boating Survey arc reliable.

(2) It is assum ed that county  level m arina  occupancy rates do not varv

significantly w ithin a given region. The num ber o f  m arina spaces reflects 

the distribution o f  m arina  boats  in coastal regions.

(3) The boat-storage opportunity  index based on num ber o f  inland lakes over 50

acre and acres o f  inland lakes reflects the num ber o f  boats stored at 

m arinas in the inland counties.

(4) The propensity  o f  second hom es to provide storage for boats is similar across

counties w ithin a given region. In o ther words, the d istribution o f  second 

hom es will m irror the d istribution o f  boats stored at second hom es within 

a region.

(5) The distribution o f  registered boats within different size classes reflects the

distribution o f  boats stored at waterfront and nonw aterfront perm anent 

residences in a given region.

Results

The predictions o f  the allocation m odels  are reported in Table  14. The total 

num ber o f  boats kept in M ichigan  counties  ranges from 700 boats in K ew eenaw  county to 

34,000 boats  in O akland county. Southeast counties  house the largest num ber  o f  boats. 

The fewest num ber  o f  boats  are kept in northern  U pper Peninsula counties. The num ber 

o f  boats kept in counties  varies w ithin a region. For exam ple, in the southeast region. 

W ayne county  houses alm ost four t im es the num ber o f  boats kept in M onroe  county.



T able  14. N u m b e r  and  P ercen tage  o f  B oa ts  in M ich igan  C o u n t ies  by  S torage  Segm ents .

BOAT STORAGE SEGMENTS rotai

Storage C ount) M arina Second Home W aterfront Home N om vaterfront Home

No o f  Boats Col % Row % N o o f  Boats Col % Row  % No o f  Boats Col % Row % No o f  Boats Col % Row % No o f Boats Col %
M acom b 9.558 16 18% 35% 556 0 41% 2% 7.317 6 14% 27% 9.875 5 02% 36% 27.306 5 36%
M onroe 4.920 8 33% 56% 308 0 23% 3% 1.417 1 19% t6% 2.170 1 10% 25° o 8,816 1 73%
St Clair 4.882 8 26% 41% 2.028 151% 17% 2.005 1 68% 17% 2.932 1 49% 25% 1 1.847 " 5 3%
W ayne 6.284 10 64% 19% 1.080 0 81% 3% 10.092 8 47% 31% 15.556 7 91% 47% 33.012 6 49'%

Southeast 25,644 43.41% 32% 3,972 2.96% 5% 20,832 17.48% 26% 30,533 15.52% 38% 80,981 15.91",,
Bay 3.594 6 08% 47% 177 0 13% 2% 479 0 40%, 6% 3.356 1 71% 44% 7.606 1 49%
Huron 1.732 2 93% 31% 2.755 2 06% 49% 144 0 12% 3% 1.015 0 52% 18% 5.646 1 1 1%
Saginaw 112 0 19% 2% 109 0 08% 2% 748 0 63% 11% 5.591 2 84% 85% 6.560 1 29" ,
Sanilac 448 0 76% 14% 1.880 1 40% 60% 97 0 08% 3% 717 0 36% 23% 3.142 0 62%
Tuscola 440 0 74% 17% 401 0 30% 16% 205 0 17% 8% 1.520 0 77% 59% 2.567 0 50%
C entral East 6,327 10.71% 25% 5,322 3.97% 21% 1.673 1.40% 7% 12,199 6.20% 48% 25.521 5.01%
Alcona 96 0 16% 2% 3.876 2 89% 15% 566 0 4 7 % 11% 644 0 33% 12% 5.18.3 1 02%
Alpena 221 0 37% 6% 1.252 0 93% 33% 1.049 0 88% 28% 1,262 0 64% 33% 3.784 0 74” „
Arenac 693 1 17% 17% 1.669 1 24% 41% 852 0 72% 21% 845 0 43% 21% 4.059 (1 80'%
Cheboygan 695 1 18% 11% 3.341 2 49% 51% 1.173 0 98% 18% 1.327 0 67% 20% 6.5 56 1 28"„
Iosco 968 1 64% 12% 4.594 3 43% 56% 1.233 1 03% 15% 1.423 0 12% 17% 8,218 1 61%
Presque Isle 240 0 4 1 % 6% 2.105 1 57% 56% 643 0 54% 17% 763 0 39% 20% 3.751 0 74” ,,
Northeast 2,913 4.93% 9% 16,836 12.56% 53% 5,517 4.63% 17% 6.264 3.18% 20". 31.530 6.19%
A ntrim 240 0 4 1 % 4% 3.203 2 39% 53% 1.239 1 04% 21% 1.354 0 69% ""% 6.034 1
Benzie 796 1 35% 17% 2.145 1 60% 45% 861 0 72% 18% 982 0 50% 21% 4,785 0 9 4 " ,
Charlevoix 1.963 3 32% 29° o 2.642 1 97% 38% 1.102 0 92% 16% 1.165 0 59% 17% 6.872 1 55%
Irmmct 768 1 30% 12% 2.989 2 23% 48% 1.212 1 02% 19% 1.313 0 67% 21% 6.282 1 25%
G rand Traverse 384 0 65% 4% 2.248 1 68% 25% 3.083 2 59% 34% 3.317 1 6 9 " , 37% 9.032 1 77'0,
Leelanau 1.069 1 81% 17% 2.846 2 12% 44% 1.201 1 01% 19% 1.305 0 66% 20° a 6.421 1 2n%
M anistee 1.248 2 11% 23% 2.180 1 63% 41% 884 0 74% 17% 1.011 0 51% 19% 5.323 1 05'%
Mason 758 1 28% 15% 2.077 1 55% 41% 1.008 0 85% 20% 1.162 0 49% 23% 5.006 0 98",,
N orthwest 7,226 12 73% 15% 20.332 15.17% 41% 10,589 8.88% 21% 11.609 5.90",, 23% 49.756 9. 77",,
M uskegon 1.664 2 82% 19% 899 0 67% 10% 967 0 81% 11% 5.321 2 71% 60% 8.851 1 74",,
Oceana 118 0 20% 3% 2.693 2 01% 68% 147 o 12% 4% 988 0 50% 25'% 5.946 o 78",,
O ttawa 2.886 4 89% 22% 1.328 0 99% 10% 1.507 1 26" o 1 1” , 7.653 3 89% 57",, 15.376 2 6 3" „
W est C entral 4.6 68 7.90% 18% 4.920 3.67° i 19% 2.621 2.20% 10% 13.964 7.10% 53% 26.173 5 14%
Allegan 64(1 1 08% 10% 869 0 65% 13% 1.977 1 66",, 50% 3 .0 0 7 1 5.3% 46°,, 6 .49 .5 1 28",,
Berrien 1.578 2 67" „ 16% 1.416 1 06% 15% 2 6,89 2 26% 28'% 3 06 i 2 02" „ 41",, 9.646 1 9111' ,
Van Buten 596 1 01%, 11% 1.1 IS 0 83% 20% 1 1 29'% "7" r 2 362 1 20",, 42",, s 6 1 8 1 1 0 %

Southw est 2.814 4.76% 13% 3.403 2.54% 16% 6.209 5.21"., 29"., 9.332 4.74",, 43". 21.758 4 27"..



T able  14 (cont 'd) .

BOAT STORAGE SEGMENTS

Slorage Countv M anna Second H om e W aterfront Home N onw aterfront Home

N o o f  Boats Col % Row % No. o f  Boats Col % Row % No o f  Boats Col % Row % No o f  Boats Col % Row % No o f  Boats Col %
B arn 307 0.52% 5% 2.057 1 53% 36% 1.142 0 96% 208b 2,232 1 13% 39% 5.738 1 13%
Branch 246 0 4 2 % 5% 2.319 1 73% 46% 874 0 73% 17% 1.650 0 84% 32% 5.088 1 00"-,
Calhoun 100 0.17% 2% 9 0  01% 0% 1.444 1.21% 32% 3,010 1 53% 66% 4,563 0 90%
Cass 375 0.64% 6% 2.827 2 11% 43% 1.164 0 9 8 % 18% 2.205 1 12% 34% 6.571 1 29%
Clinton 2 0 00% 0% 41 0 03% 2% 827 0 69% 33% 1.625 0 83% 65% 2.495 0 49%
Eaton 2 0.00% 0% 132 0 10% 4% 1.150 0 97% 33% 2.241 1 14% 64% 3.525 0 69%
G enesee 56 0 10% 0% 708 0 53% 5% 4.566 3 83% 34% 8.201 4 17% 61% 13.531 2 66%
G ratiot 7 0 01% 0% 95 0 07% 6% 464 0 39% 31% 938 0 48% 62% 1.504 0 30%
H illsdale 56 0 10% 2% 1.628 1 21% 46% 662 0 56% 19% 1.215 0 62” b 34% 3,562 0 70%
Ingham 1 0 00% 0% 311 0 23% 4% 2.331 1 96% 33% 4,471 *> “>yo 0 63% 7,113 1 40%
Ionia 13 0.02% 1% 350 0  26% 15% 662 0 56% 28% 1.365 0 69% 57% 2,390 0 47%
Isabella 9 0 01% 0% 838 0 62% 33% 569 0 48% 22% 1.121 0 57% 44% 2,536 0 50%
Jackson 346 0 59% 4% 1.655 1 23% 20% 2.154 1 81% 26% 4.025 2 05% 49% 8,181 1 61%
K alam azoo 263 0 44% 3% 551 0 41% 7% 2.623 2 20% 31% 4.995 2 54% 59% 8,422 1 66%
K ent 235 0 40% 1% 1.222 0 91% 7% 5.979 5 02% 32% 11.253 5 72° b 60% 18.689 3 67%
Lapeer 60 0 10% 2% 667 0 50% 20% 903 0 76% 28% 1.654 0 84“ o 50% 3,284 0 65%
Lenawee 76 0 13% 1% 1.954 1 46% 36% 1.213 1 02% 22% 2.215 1 13% 41% 5,458 1 07%
Livingston 456 0 77% 6% 1.475 1 10% 19% 2.196 1.84% 28% 3.604 1 83“ , 47% 7.731 1 52%
M idland 14 0 02% 0% 374 0 28% 9% 1.282 1 08% 32% 2.358 1 20“ o 59% 4.028 0 79%
M ontcalm 173 0 29% 3% 2,577 1 92% 48% 854 0 72% 16% 1.815 0 92% 33% 5.418 I 06%
O akland 1.636 2 77% 5% 2.295 1 71% 7% 11.736 9 85% 34% 18.450 9 3 8 " , 54% 34,117 6 70%
Si Joseph 299 0 51% 6% 1.329 0 99% 26% 1.142 0 96% 23% 2.276 1 16” , 45% 5,047 I) 99%
Shiaw assee 4 0 01% 0% 105 0 08% 4% 816 0 68% 32% 1 .611 0 82“ o 6 45 , 2,535 0 50%
W ashtenaw 250 0 42% 3% 839 0 63% 12% 2.220 1 86% 31% 3.849 1 9 6 " , 54% 7,159 1 4 1 " ,

S ou th  Inland 4 ,987 8.44% 3% 26.359 19.6 6% 16% 48,974 41.09% 29% 88,377 44.93% 32% 168,697 33.14%
Cl3rc 78 0 13% 1% 3.735 2 79% 59% 1.047 0 88% 178b 1.452 0 7 4 " , 23% 6.312 1 24%
Craw ford 18 0 03% 1% 1.764 1 32% 55% 681 0 57% 21% 766 0 39" o 24% 3.228 0 63%
G ladw in 63 0 11% 1% 2.476 1 85% 48% 1.201 1 01% 23% 1.411 0 72“» 27% 5.151 1 01%
K alkaska 54 0 09% 2% 1.563 1 17% 50% 632 0 53% 20% 862 0 44” , 28% 3.111 0 61%
Lake 30 0 05% 1% 3.364 2 51% 74% 501 0 42% 11% 652 0 33“ , 14% 4.546 0 89%
M ecosta 158 0 27% 4% 1.476 1 10% 34% 1.156 0 97% 27% 1.532 0 78" , 3 5 " , 4.322 0 85" ,
M issaukee 37 0 06% 2% 1.088 0 8 1 % 47% 509 0 4.1% *itn 672 0 34" „ 29“ , 2.305 0  4 5 " ,

M ontm orency 164 0 28% 4 n,o 2.197 1 64% 60% 521 0 44% 14% 771 1) .39",, ,  10_  I 0 3 653 0 72°,,
N ew asgo 176 0 30% 3% 2.280 1 70% 37% 1.560 1 2* I " O 25% 2.121 1 0 8 " , >511 o 6,137 1 2 1 " ,
Ogemaw 76 o  13% , "Ml ' 

. .  O 2 560 1 9 |% 5 6 °  n 8 ] 1 II 6 8 % IS” ,, 1.087 0  5 5 " , 2 4 " , 4.534 O 8 9 " ,



T able  14 (cont'd).

BOAT STORAGE SEGMENTS Tot;tl

Storage County M arina Second Home W aterfront Home N onw aterfront Home

No o f  Boats Col. % Row % N o o f  Boats Col. % Row % No. o f  Boats Col % Row % No o f  Boats Col % Row % No o f  Boats Col %
O sceola 16 0.03% 1% 1.500 1.12% 51% 565 0 47% 19% 862 0 44% 29% 2.944 0 58%
O scoda 19 0.03% 1% 2.038 1.52% 66% 444 0 37% 14% 565 0 29% 18% 3.066 0 60%
O tsego 91 0.15% 3% 1.673 1.25% 48% 715 0.60% 21% 1.000 0 51% 29% 3.478 0 68%
Roscom m on 472 0 80% 5% 4,770 3.56% 54% 1.715 1 449 b 19% 1,922 0.98% 22% 8.878 1 74%
W exford 42 0 07% 1% 976 0 73% 28% 1,084 0 91%, 31% 1,427 0 73% 40% 3.529 0 69%

N orth Inland 1,494 2.53% 2% 33.457 24.95% 51% 13.142 11.03% 20% 17.102 8.69% 26% 65.195 12.81%
Delta 179 0 3 0 % 4% 2.342 1 75% 53% 908 0 76% 21% 976 0 50% 22% 4.406 0 87%
Dickinson 0 0 00% 0% 1.640 1 22% 55% 658 0 55% 22% 709 0 36% 24% 3.008 0 59%
Iron 0 0 00% 0% 2.509 1 87% 71% 493 0 419b 14% 514 0 26% 15% 3.516 0 69%
M ackinac 366 0 62% 7% 3.922 2 93% 71% 606 0 51% 11% 618 0 31% 11% 5.512 1 08%
M enom inee 173 0 29% 6% 1.677 1 25% 58% 517 0 43% 18% 545 0 28% 19% 2.912 0  57%
Schoolcraft 31 0 05% 1% 1.731 1.29% 68% 378 0 32% 15% 394 0 20% 16% 2.534 0 50%

South I  pper Peninsula 749 1.27% 3% 13.822 10.31% 63% 3.561 2.99% 16% 3.756 1.91% 17% 21,888 4.30%,
Alger 60 0.10% 5% 514 0 3 8 % 41% 436 0 37% 35% 246 0 13% 20% 1.255 0 25%
Baraga 326 0 55% 31% 316 0 24% 30% 249 0 2 1 % 24% 147 0 07° 8 14% 1.033 0 20%
Chippew a 883 1 49% 21% 1.323 0 99% 32% 1,190 1 00% 29% 729 0 37% 18% 4,124 0 81%
(iogebic 82 0 14% 4% 699 0  52% 38% 681 0 57% 37% 382 0 19% 21% 1.844 0 36%
H oughton 314 0 53% 14% 668 0  50% 29%) 803 0 67% 35% 495 0 25% 22% 2.280 0 45%
Keweenaw 172 0 29% 26% 355 0  26% 53% 85 0 07% ! 3°o 53 0 03% 8% 665 0 13%
Luce 0 0 00% 0% 307 0 23% 36% 364 0 3 1 % 42% 193 0 10% 22% 864 O 17%
M arquette 332 0 56% 7% 1.127 0 84% 25% 1,926 1 62% 43% 1.122 0 57% 25% 4.508 0 89%
O ntonagon 84 0 14% 9% 338 0 25% 36% 334 0 28% 35% 186 0 09% 20% 942 0 18%

North I  pper Peninsula 2.254 3.82% 13% 5.647 4.21% 32% 6.067 5.09% 35% 3,552 1.81% 20% 17.520 3.44%

ST A T E  T O T A L 59,076 100% 12% 134,070 100% 26% 119,185 100% 23% 196,688 100% 39% 509,019 100%

note the to la1 num ber o f  boats is less than the num ber o f  registered active recreational w atercraft (555.000 boats), due to the cases with m issing storage variables are excluded from the (survey based I estim ates

ol boats in different storage segm ents by storage regions (Table 13 1 w hich arc used to allocate boats to storage regions in the allocation models
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Counties w here boats  are kept vary across storage segments. O ver forty percent of 

m arina boats arc kept in southeast M ichigan. Sixteen percent o f  boats stored at marinas 

are in M acom b  county. The num ber  o f  boats  stored at m arinas is different across counties 

within a region. In the northw est  region, only 240 boats are stored at m arinas in Antrim 

county, w hile  a lm ost 2 .000 boats are stored at m arinas in neighboring  Charlevoix  county.

About a third o f  boats stored at second hom es are kept in northern inland or 

southern U pper Peninsula counties. The fewest num bers  o f  boats stored at second hom es 

are in southeast and southw est counties. R oscom m on and M ackinac counties have the 

largest num ber  o f  boats  stored at second homes.

There  are m ore  waterfront hom es in counties with w ater  resources and large 

populations and as a result m ore  boats  stored at waterfront hom es in these counties. 

A lm ost 60%  o f  all boats  stored at perm anent w aterfront hom es are in southeast or south 

inland counties. A bou t a quarter  o f  all boats kept at w aterfront hom es are in Wayne. 

O akland  and M acom b counties.

O ver 60%  o f  boats  at nonw aterfront hom es are kept in southeast or south-inland 

counties. Oakland. W ayne and Kent counties house m ore boats at nonw aterfront hom es 

than any o f  the o ther counties. In large part, this is a function o f  their population sizes. 

For exam ple, there are 2.75 tim es m ore boats  stored at nonw aterfront hom es in Ingham 

county  than neighboring  C lin ton county. Ingham  has m ore  population.

It is also useful to exam ine  the ratio o f  boats  kept in regions to the num ber o f  

boats orig inating from  regions (Table  15). The locations w here boat ow ners  reside are the 

places from which the boats originate. Ratio  values greater than one  indicate that the
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T ab ic  1 5. N u m b e r  o f  B o a ts  b y  R e g io n  o f  R e s id e n c e ,  R e g io n  o f  S to ra g e  a n d  S to ra g e  T ype .

M arina
B O A T  S T O R A G E  
S e c o n d  H o m e

S E G M E N T S
Waterfront

H o m e

N on w aterfront
H o m e

Total

R e s i d e n c e  R e g i o n s

Southeast 1 7 .0 8 8 2 3 . 3 5 2 1 9 .4 1 7 3 0 ,8 6 2 9 0 .7 1 9

bast  Central 3 .9 8 6 7 ,4 7 8 1,885 12 ,3 1 7 2 5 .6 6 6
N ortheast 1 .122 1.813 5 ,4 5 9 6,1 13 1 4 ,507
N o rth w es t 2 .9 4 2 2 ,4 6 8 10 ,663 1 1 ,3 9 6 2 7 .4 6 9

Central W est 2 ,7 0 3 3 ,5 2 7 2 ,6 0 8 1 3 ,6 3 7 2 2 ,4 7 5
So u th w est 1.741 3 ,0 1 9 6 ,4 6 0 9 ,3 0 9 2 0 ,5 2 9

Inland South 21 ,8 9 1 5 8 ,2 3 3 4 9 ,1 8 2 8 8 ,7 8 0 2 1 8 , 0 8 6
Inland North 1 ,2 1 8 3 ,9 2 5 12,541 1 6 ,3 6 5 3 4 .0 4 9
U p  South 4 1 3 4 ,1 2 1 3 ,5 5 7 3 ,7 5 5 1 1 ,846
IJP North 1 ,6 2 7 1,072 6 .1 0 3 3,551 12,353

State Total 5 4 ,731 1 0 9 .0 0 8 1 1 7 ,875 1 9 6 ,0 8 5 4 7 7 .6 9 9

Out o f  state 3 ,7 4 5 2 4 , 1 0 5 2 7 .8 5 0
M iss in g 6 0 0 9 5 7 1 ,310 6 0 3 3 ,4 7 0

Total 5 9 .0 7 6 1 3 4 ,0 7 0 1 1 9 ,185 1 9 6 ,6 8 8 5 0 9 ,0 1 9

S t o r a g e  R e g io n s

Southeast 2 5 ,6 4 4 3 ,9 7 2 2 0 ,8 3 2 3 0 ,5 3 3 80 ,981
Hast Central 6 ,3 2 7 5 ,3 2 2 1,673 1 2 ,1 9 9 25 ,521
N ortheast 2 ,9 1 3 1 6 ,8 3 6 5 ,5 1 7 6 ,2 6 4 3 1 .5 3 0
N orthw est 7 ,2 2 6 2 0 , 3 3 2 1 0 ,5 8 9 1 1 ,609 4 9 ,7 5 6
Central W est 4 , 6 6 8 4 ,9 2 0 2 ,6 2 1 1 3 ,9 6 4 2 6 ,1 7 3
Sou thw est 2 ,8 1 4 3 ,4 0 3 6 ,2 0 9 9 ,3 3 2 2 1 ,7 5 8
South  Inland 4 , 9 8 7 2 6 , 3 5 9 4 8 , 9 7 4 8 8 ,3 7 7 1 6 8 ,6 9 7
North  Inland 1,494 3 3 , 4 5 7 1 3 ,1 4 2 17 ,1 0 2 6 5 ,1 9 5
South U P 7 4 9 1 3 ,8 2 2 3 ,561 3 ,7 5 6 2 1 ,8 8 8
North  U P 2 ,2 5 4 5 ,6 4 7 6 ,0 6 7 3 ,5 5 2 1 7 ,5 2 0
State Total 5 9 ,0 7 6 1 3 4 ,0 7 0 1 19 ,185 1 9 6 ,6 8 8 5 0 9 , 0 1 9

R a t io  o f  N u m b e r  o f  B o a t s  in S t o r a g e  R e g i o n s  to  N u m b e r  o f  B o a t s  in R e s i d e n c e  R e g io n s

Southeast 1 .50 0 .1 7 1.07 0 .9 9 0 .8 9  :l
Hast Central 1 .59 0 .71 0 .8 9 0 .9 9 0 .9 9
Northeast 2 .6 0 9 .2 9 1.01 1.02 2 .1 7
N orthw est 2 .4 6 8 .2 4 0 .9 9 1.02 1.81
Central W est 1.73 1.39 1.00 1.02 1.16
S o u th w est 1.62 1.13 0 .9 6 1.00 1.06
Sou th  In land 0 .2 3 0 .4 5 1.00 1.00 0 .7 7
N orth  Inland 1.23 8 .5 2 1.05 1.05 1.91
South  U P 1.81 3 .3 5 1.00 1.00 1.85
N orth  U P 1.39 5 .2 7 0 .9 9 1 .00 1.42
State Tota l 1.08 1.23 1.01 1.00 1.07

a. T he  ratio, 0 . 8 9 ,  is equa l  to  the nu m b er  o f  boats  in southeast  ( s to r a g e)  reg io n ,  8 0 ,9 8 1 ,  d iv id e d  by  
the num ber  o f  boats  in so u thea st  ( r e s id e n c e )  reg ion ,  9 0 ,7 1 9 .  

note: N u m b e r  o f  boats  in r es id en ce  r eg io n s  is e s t im a ted  from the 1994  M ic h ig a n  B o a t in g  survey .
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region is a net im porter o f  boats, while  counties with ratios less than one are net 

exporters. The southeast, east-central and south-inland regions are net exporting  regions. 

O ther  regions are net im porting  regions, especially the northeast, northw est, north-inland 

and south U pper Peninsula  regions. The net flows capture the south-to-north boating 

travel patterns.

The south-in land region is a “ net exporting" region o f  boats  stored at m arinas and 

second hom es. N orthern  M ichigan  regions are “net im porting" regions. The general 

south-north  travel patterns apply  for these storage segm ents, except that the southeast 

region is a "net im porting" region for boats  at m arinas and “ net exporting" region for 

boats stored at second hom es. The south-to-north  patterns are m uch m ore  obvious for 

boats stored at second hom es. For exam ple, the num ber  o f  boats  stored at second hom es 

in the northeast region is nine tim es the num ber o f  boats stored at second homes 

orig inating in the region. For the boats stored at m arinas in the northeast region, the ratio 

is only 2.6.

M odel Evaluation

The allocation m odels  are evaluated on the bases o f  both  regional level estimates 

and county  level estimates. T he  two estimates are evaluated separately. The percent o f  

boats in different size classes and types o f  storage that are kept in regions is estimated 

from the 1994 M ichigan  Boating Survey. The model uses these estim ates to allocate boats 

to the regions w here they are kept. Sam pling  errors are calculated  for the estimated 

distribution. The sam pling  errors indicate the range o f  accuracy for regional level
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estimates. County  level estimates are evaluated by com paring  the allocation model 

es tim ates to direct survey estimates.

Table  16 provides estimated sam pling  errors at a 95 percent confidence le v e l"  

for the estimated distribution o f  boats  by storage segm ent and size class in the regions, 

f  or  exam ple , based on the 1994 M ichigan  Boating Survey, it is estim ated that 15.9% of  

all registered boats are kept in the southeast region. The sam pling error for this estimate 

is 1.3% (absolute percent) at a 95%  confidence level. Therefore, the 95%  confidence 

interval for the percent o f  all registered boats kept in the southeast region is between 

14.6% and 17.2%.

All sam pling  errors for the estimated distributions are under 10%; the majority 

(90% ) o f  the sam pling  errors are under 5%. The largest sam pling  errors occur for the 

small boat size c lasses2'  - boats under 20 feet stored at marinas, boats less than 16 feet 

stored at second hom es, and boats less than 16 feet stored at waterfront homes. The 

estim ated distribution for boats under 20 feet stored at m arinas is less reliable, due to the 

large sam pling  errors ranging from 3%  to 10%. For exam ple, based on survey estimates. 

34%  o f  boats (5 .500 boats) under twenty feet stored at m arinas are kept in the southeast 

region. W ith 9%  sam pling  error at the 95 percent confidence level, the num ber  o f  boats

:: T he  sa m p l in g  error at 9 5  percent c o n f id e n c e  interval for b in o m ia l  d istr ibution is form ula ted  as: 

e : -  Z - (P * (1 -P ) ]

N
W here  e - error

Z 71 .96 at the 95  percent  c o n f id e n c e  level  
P= po p u la t io n  proportion  
N =  n u m ber  o f  ca se s  

t h e  19 9 4  M ic h ig a n  B o a t in g  Su rvey  sam p led  few er  sm all  s ize  boats.



Table 16. Regional Distribution o f Boats by Storage Segment: Sampling Errors at A 95% Confidence Interv al.

B O A T  STO RA G E SE G M E N T S

Marina Second Home Waterfront Hom e Nonwaterfront Home All Boats

Storage

Regions 20' or less 21 ’-28'

29' or 

larger <16' 16-20'

21' or 

larger < 1 6 ’ 16’-20'

21' or 

larger 16’

16' or 

larger

S a m p lin g  E rro r  at 95%  C o n fid en ce  In terval

Southeast 9.0%  5.1% 3.1% 1.5% 1.8% 3.0% 4.5% 3.1% 4.8% 3.5% 3.2% 1.3%
East Central 7.9% 4.3% 2.6% 3.7% 2.0% 1.9% 2.6% 1.0% 2.0% 2.8% 2.8% 1.0%
Northeast 6.4% 3.7% 2.3% 5.4% 4.6% 4.0% 5.4% 3.9% 3.2% 2.4% 2.4% 1.1%
Northwest 10.3% 5.1% 2.9% 6.1% 5.3% 5.3% 6.8% 4.9% 4.2% 3.2% 3.2% 1.4%
Central West 2.9% 3.8% 2.6% 3.7% 1.5% 3.0% 1.9% 1.7% 3.0% 3.0% 3.0% 1.0%
Southwest 2.9% 2.5% 2.5% 2.2% 2.8% 2.2% 4.8% 2.4% 2.0% 2.6% 1.9% 0.9%
South Inland 8.7% 1.8% 0.5% 6.7% 5.0% 3.4% 9.0% 7.0% 3.8% 6.0% 4.8% 1.4%
North Inland 5.0% 1.8% 1.1% 8.1% 4.9% 4.4% 6.9% 5.0% 3.7% 4.1% 3.1% 1.1%
South UP N A 2.8% 1.4% 4.9% 4.4% 5.4% 4.1% 3.1% 2.9% 1.5% 2.9% 1.0%
North UP 9.0% 3.9% 1.6% 3.4% 4.1% 3.4% 5.4% 3.3% 2.7% 1.5% 3.0% 0.9%

D istr ib u tio n  o f  b oats in reg ions

Southeast 34.4%  43.1% 53.3% 0.9% 2.8% 10.1% 8.3% 12.9% 38.9% 12.4% 22.4% 15.9%
East Central 9.7% 13.1% 7.6% 5.0% 2.9% 2.5% 2.1% 0.3% 1.8% 5.8% 7.2% 5.0%
Northeast 4.4% 5.5% 4.5% 11.9% 14.1% 12.0% 5.7% 4.4% 3.2% 3.1% 3.5% 6.2%
Northwest 16.5% 11.4% 9.2% 14.1% 18.7% 12.4% 11.1% 7.8% 6.5% 5.8% 6.1% 9.8%
Central West 1.4% 9.7% 11.4% 4.3% 1.7% 5.2% 0.9% 1.7% 5.0% 6.0% 9.5% 5.1%
Southwest 1.5% 4.4% 8.8% 1.4% 4.2% 3.4% 7.0% 3.2% 4.8% 5.2% 3.8% 4.3%
South Inland 20.3% 6.1% 0.2% 19.7% 21.1% 17.0% 37.4% 56.6% 27.2% 48.5% 37.0% 33.1%
North Inland 3.1% 2.6% 1.8% 30.0% 18.4% 19.7% 12.8% 9.8% 9.6% 9.9% 6.1% 12.8%
South UP N A 1.8% 1.7% 9.3% 9.9% 14.3% 5.1% 1.2% 1.8% 1.8% 2.1% 4.3%
North UP 8/7% 1 2 % U5% 1 4 % 6 1 % 1 3 % 1 6 % 1 2 % 12% L5% 1 4 % 1 4 %
No. o f  Boats 16.103 27.335 15.618 73.152 39.324 21.594 50.330 38.941 29.914 135.388 61,300 509.019
No o f  Sam ples

o « n c o /  ~

66 244 6~4 12~ 218 229 104 193 296 264 339 2754
a. With a 95% o f  confidence interval, the sampling error is 1.3% for boats kept in southeast region which represent 16% o f  boats in the state

Therefore, the "population" percentage o f  boats in the southeast region is between (1 6 % -1.3%) and (16%* 1.3%).



86

under tw enty  feet stored at m arinas in southeast region could  range anyw here from 4.000 

boats to 6 .900  boats (25%  to 43% ).

T he  allocation m odel is also evaluated on es tim ates o f  the num ber  o f  boats kept in 

counties. M odel estim ates are com pared  with the direct estim ates from the 1994 

M ichigan Boating  Survey. Iirrors in model estim ates are likely the result o f  using county 

boat-storage opportunity  indicators/index to allocate boats to counties within the region 

where the boats are kept. The survey-based estimates are subject to sam pling errors. 

Large sam pling  error are usually  associated with county  level estim ates due to small 

sam ple sizes. Fifty one o f  83 counties  have sam ple sizes o f  less than 30 boats: only 32 

counties  have sam ple sizes o f  m ore than 30 boats. Sam ple sizes are m uch smaller for 

individual storage segm ents  at the county  level.

T he  percent difference is com puted  as the difference betw een m odel estimates and 

direct survey estim ates in proportion to the survey estimate. The percent differences 

ranges from a low o f  1% for R oscom m on county  to a high o f  799%  for I.uce county. 

Only one  boat was sam pled  in Luce county, so the survey-based estimate is quite 

unreliable. M ost counties  with greater than 100% percent difference have sample sizes o f  

less than 10 boats. The 32 counties  with sam ples o f  30 o r  m ore boats provide a more 

valid basis  for evaluating  the allocation m odels  (Table 17). For those 32 counties, the 

percent d ifference  range from 1% for R oscom m on county to 51%  for M ackinac county. 

For eleven counties  the percent difference is 10% or less. The percent difference is more 

than 30 %  for five counties.

T he  percent d ifference only indicates d iscrepancy betw een m odel estim ates and 

direct survey estimates. It does  not indicate w hich es tim ate  is m ore accurate. For



Table 17. Num ber o f  Boats Stored in Counties; A Comparison o f Survey Estimates and Allocation Model Estimates.

Allocation Model Survey Results3

M arina Second  H om e

Differenceb
Waterfront

Hom e

N onuaterfront

Hom e All Segm ents

Percent Difference1

C o u n t ie s  W ith  Sa m p le  Sizes M o re  T h a n  30  B oats
A llegan  6 .4 9 3  7 .832  ( 52 ) -313 -656 -1833 1463 -1 3 3 9 - 17%

A lpena 3 .784 3 .565 ( 31 ) 87 44 -304 392 219 6%

Antrim 6.035 7.924 ( 4 9  ) -1 1 8 6 -590 -880 768 -1 8 8 9 -24%

Arenac 4 .0 5 9 3 .6 9 9 ( 33 ) -391 535 530 -314 360 10%

B ay 7 .606 7 .3 8 9 ( 117 ) -324 164 50 3 27 217 3%

Berrien 9 .6 4 6 8 .7 2 6 ( 64 ) 591 634 9 87 -1292 920 11%

C harlevoix 6 .8 7 2 7 .194 ( 75 1 937 -1525 2 48 18 -322 -4%

C heboygan 6 .536 7.857 ( 91 ) -473 -907 -253 312 -1321 -17%

C hippew a 4 .124 5.263 ( 34 ) 622 -2222 -44 506 -1139 -22%

Delta 4 .4 0 6 4 .1 9 4 ( 44  ) 6 1425 -569 -651 212 5%

Emmet 6 .282 4.821 ( 73 ) -596 1784 781 -508 1461 30%

G enesee 13.531 9 .304 ( 37 ) -260 2 44 2 6 1 9 1624 42 2 7 45%

Grand Traverse 9 .0 3 2 8 .4 8 9 ( 72 ) -136 164 -183 698 543 6%

Houghton 2.280 2.675 1 37 ) -69 528 -601 -253 -395 -15%

Iosco 8.218 7.343 ( 4 9  ) 546 243 77 9 875 12%

Jackson 8.181 12.347 ( 33 ) -427 -628 -874 -2238 -4166 -34%

K alam azoo 8.432 11.829 ( 36  ) -163 -1106 -501 -1627 -3397 -29%

Kent 18.689 15.565 ( 50 ) 235 -44 3632 -699 3124 20%

lx e la n a u 6.421 7.253 ( 80 ) -141 131 -1040 218 -832 - 1 1%

M ackinac 5.512 11.156 1 97  ) -123 -5006 -1126 611 -5644 -51%

M acom b 2 7 .3 0 6 24 .904 1 116 ) 24 7 2 -193 -1878 2001 2402 10%

M anistee 5.323 5.957 ( 52 ) -102 1967 7*) -2571 -634 -11%

Marquette 4 .5 0 8 5.111 ( 57 ) -283 99 -99 -321 -603 -12%

M onroe 8 .816 9 .4 7 9 ( 45  ) 1332 308 423 -2727 -663 -7%

M uskegon 8.851 9.225 ( 91 ) -938 -551 -292 1407 -374 -4%

N ew aygo 6 .137 10.151 ( 37 ) -91 -3365 -336 -222 -4014 -40%

Oakland 34 .117 27 .342 ( 54 ) -568 694 158 6491 6775 25%

O ttaw a 13.376 14.346 ( 116 1 846 21 339 -2176 -970 7®- / 0

R oscom m on 8.878 8.925 ( 51 ) -282 561 -1146 821 -47 -i%

St Clair 11.847 16.325 ( 85 ) -933 -501 -3268 224 -4478 -27" »

V an Buren 5.618 5.201 ( 41 I -278 21 846 -171 417 8° .1
W ayne 33.012 50.275 ( 124 ) -2X71 386 4 '2 2 502 2739 9",,



Table 17 (cont'd).

Allocation Model Survey Results3

Marina Second  H om e

DifTerenceb
Waterfront

Hom e

Nonwaterfront

Hom e All Segm ents

Percent Difference'

C o u n ties  W ith  S am p le  S izes L ess T h an  30  B oats
A lcona 5 .183  5.491 ( 22  ) 72 -186 -9 -186 -308 -6%

A lger 1.255 2.141 ( 13 ) -530 319 -787 113 -886 -4 1 0 o

Baraga 1.038 445 ( 13 ) 61 256 189 87 593 133%

B am ' 5 .738 8.246 ( 28  ) -156 -66 -2166 -120 -2508 -30%

Benzie 4 .7 8 5 4 .5 0 3 ( 25 ) 552 -1347 488 588 282 6%

Branch 5.088 4 .095 ( 14 ) 246 1668 -1489 569 993 24%

Calhoun 4.563 4 ,514 ( 10 ) 100 -775 1201 -477 49 1%

C ass 6.571 6.893 ( 26  ) -317 975 -2644 1664 -322 -5%

Clare 6 .312 5.333 ( 18 ) 78 952 303 -354 979 18%

C linlon 2 .495 2 .9 5 4 1 10 ) 2 41 -44 -458 -459 -16%

Crawford 3 .228 3.454 ( 15 ) 18 121 282 -646 -226 -7%

D ick inson 3 .008 1.520 1 10 ) 0 471 577 439 1488 98%

Eaton 3.525 2.122 ( 6  ) 2 132 366 903 1403 66%

Gladw in 5.151 5 .5 3 6 ( 22  ) 63 -1561 493 620 -385 -7%

G ogebic 1.844 703 ( 15 ) -4 352 681 112 1141 162%

Gratiot 1.504 2 .813 ( 6 ) 7 95 -56 -1355 -1309 4 7 %

H illsdale 3 .562 2 .089 ( 6 ) 56 412 32 972 1473 71%

Huron 5.646 5.519 ( 25 ) 1021 -1021 131 -4 127 2%

Ingham 7.113 2.892 ( 7 ) 1 311 208 8 1822 4221 146%

Ionia 2 .3 9 0 2.192 ( 9  ) 13 -297 360 122 198 9%

Iron 3 .5 1 6 3.211 ( 11 ) 0 124 372 -191 305 10%

Isabella 2 .5 3 6 3.684 ( 17 ) -105 -893 98 -247 -1148 -31%

Kalkaska 3 . I l l 1.555 ( 7 ) 54 974 579 -51 1556 100%

Keweenaw 665 259 ( 7 ) 166 162 25 55 406 157%

Lake 4 .5 4 6 2.743 ( 10 ) 30 1213 396 165 1803 66%

Lapeer 3.284 2.201 ( 8 ) 60 667 690 -334 1083 4 9 %

Lenawee 5.458 6.197 ( 12 ) 76 164 -174 -805 -739 -12"..

Livingston 7.731 10.930 I 20  ) 456 -331 -3337 13 -3199 - 29 %

Luce 864 96 1 1 ) 0 211 364 193 768 799",,

M ason 5.006 3.614 ( 19 ) 673 -586 515 7X0 1392 59"

M ecosta 4 .3 2 2 6 .609 1 28 ) -219 -2250 -64 246 -2287 - 35 %

M enom inee 2 .912 1.253 ( 27 ) 86 1677 566 -476 1659 1 42" . .



Table 17 (cont'd).

Allocation Model Survey Results3

Marina Secon d  Hom e

Difference11
Waterfront

H om e

N on waterfront 

Hom e All Segm ents

Percent Difference3

Midland 4 .028 6.083 ( 16 1 14 -199 549 -2419 -2055 -34%

M issaukee 2.305 3 .278 ( 12 ) -59 -5 -720 -188 -973 -30%

M ontcalm 5.418 6 .4 2 6 ( 20  ) 173 404 -580 -1004 -1008 -16%

M ontm orency 3 .653 2 .5 7 0 ( 12 ) 164 674 174 7! 1083 42%

O ceana 3.946 2 .604 ( 11 ) 92 529 -47 768 1342 52%

O gem aw 4.5 3 4 3.013 ( 18 ) 76 1474 229 -258 1521 50%

O ntonagon 9 42 823 ( 10 ) 35 298 274 -488 119 14%

O sceo la 2 .9 4 4 3 .1 8 6 ( II ) 16 53 -135 -177 -242 -8%

O scoda 3 .0 6 6 1.396 ( 6  1 19 1423 129 99 1670 120%

O tsego 3 .4 7 8 3 .264 ( 10 ) 91 .5 -5 134 214 75 b

Presque Isle 3.751 3 .574 ( 20  ) 160 271 -42 -212 177 5%

Saginaw 6 .5 6 0 5 .596 ( 19 | -669 -411 2 28 1816 964 17%

Sanilac 3 .1 4 2 2.101 ( 14 ) -115 1265 -93 -16 1041 50%

Schoolcraft 2 .5 3 4 555 ( 5 ) 31 1307 378 263 1979 357%

Shiaw assee 2 .535 1.348 ( 4  ) 4 105 816 263 1187 8 8 5 ,

St Joseph 5 .047 4 ,0 4 7 ( 12 ) 299 -24 -768 1492 1000 25%

T uscola 2 .5 6 7 4.913 i 24  ) 87 4 -315 -2123 -2346 -4 8 5 ,

W ashtenaw 7 .1 5 9 12.585 ( 21 ) 250 -1 5 5 0 23 -4150 -5426 -43%
W exford 3 .5 2 9 4 .182 ( 19 ) 42 -257 -177 -261 -653 -16%

a N um bers in the parentheses are the unw eighted count o f  boats in the storage counts from the 1994 M ichigan B oating Survey

b. D ifference is caculated as estim ates from allocation  m odel substract the estim ates from survey observed.

c. Percent o f  d ifference is caculated as the d ifference over the estim ates from survey observ ed
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M ackinac county, the model predicts h a lf  as m any boats  stored as the survey based 

estimates. The prim ary  difference is the allocation o f  boats stored at second homes. The 

allocation m odel estim ates 3 ,922 boats stored at second hom es  in the county  ( fab le  14). 

com pared  to the survey estim ate  o f  8,928 boats. The num ber  o f  second hom es in 

M ackinac county  is estim ated to be 4 ,039 (M ichigan H ousing  Census, 1990). The survey 

estimate o f  boats stored at second hom es is m ore  than tw o tim es the num ber  o f  second 

homes. It appears that the m odel estimate is m ore  reasonable  for M ackinac county.

For N ew aygo  county, the model estim ate  o f  the num ber  o f  boats kept in the 

county is 40%  less than the survey estimate. Again, there is a m ajor  difference in 

estim ates o f  boats stored at second hom es. The model es tim ates 2 ,280 boats stored at 

second hom es in the county  (Table 14), and the survey estim ates  5,645 boats. It appears 

that the survey overestim ates  the num ber o f  boats stored at second hom es. The estimate 

o f  5,645 boats is h igher than the estimate o f  the num ber  o f  boats  stored at second hom es 

in R oscom m on  county, and R oscom m on  county  has tw ice as m any second hom es as 

N ew aygo  county. It is unlikely  that there are m ore boats at second hom es  in N ew aygo 

than R oscom m on. N ew aygo  county  has 5 ,057 second hom es; 500 less than the num ber  o f  

boats estim ated by the survey to be stored at second homes.

B O A T  D A Y S  IN C O U N T IE S  

A trip  generation m odel and a set o f  trip  d istribution m odels  are used to predict 

the num ber o f  boat days in counties  by boats  in different types o f  storage. The m odels 

also provide orig in-destination patterns o f  boats  in storage segm ents. A  trip generation
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model first es tim ates the num ber  o f  boat days generated by boats  kept in each county . The 

trip distribution model then distributes these days to destination (use) counties.

Because a lm ost all boat days by boats kept at waterfront hom es, second hom es, 

and m arinas in inland counties, occur in the county w here they are kept, all boat days are 

distributed to these counties. How ever, distinct tw o-step  trip d istribution m odels  are 

required for boats  stored at m arinas in coastal counties and those stored at nonw aterlront 

homes. Figure 7 graphically  describes these m odels  (on page 57).

The presentation o f  the m odels  is div ided into four sections: (1) trip generation 

model w hich predicts num ber o f  boat days generated by boats  kept in the counties.

(2) trip distribution model for boats stored at m arinas in coastal counties, (3) trip 

distribution model for boats stored at nonw aterfront hom es, and (4) the sum m ation  o f  

overall trip d istribution m odels  which estimate num ber o f  boat days in the (destination) 

counties by boats in different storage segments.

Trip Generation M odel

Model Specification and Assumptions

The num ber o f  days generated  by boats kept in counties  is estim ated by 

m ultiplying (1) the num ber o f  boats  in each size-storage segm ent by (2) the average 

num ber o f  boat days for that segment. The generation m odel is form ulated  as:

II

1 (ils) =  £  B  ( i |s .c )  *  D  (S|C) 
c = l

W here T (1|S): total boat days generated by boats kept in county  i, given storage
segm ent s.



B (1S CI: num ber o f  boats kept in county  i. given storage segm ent s and boat 
size c.

D (s!c»: average boat days generated by boats  in storage segm ent s. given 
boat size c.

Kstimates o f  the num ber  o f  boats in size-storage segm ents  for each county  are 

produced by the previous allocation m odel. Estim ates o f  average boat days are based on 

the 1994 M ichigan  Boating Survey (Table  18). Average boat days range from 17 days for 

boats under 16 feet stored at nonw aterfront hom es to 37 days for 16 '-20 ' boats at 

waterfront hom es. M arina boats  are used m ost often, average o f  31 days. Boats stored at 

nonw aterfront hom es are used least frequently (1 7 days).

The trip generation m odel assum es that the average num ber  o f  boat days for each 

segm ent does not vary significantly  across counties. In o ther  words, spatial variation in 

average boat days is explained by the d ifferences in the m ix o f  d ifferent boat sizes and 

types o f  storage.

Results and Evaluation

A pproxim ately  ha lf  o f  all boat days are generated  by boats  kept in the southeast 

and south-in land regions. A bout 30 percent o f  boat days are by boats  stored at north 

inland, northw est, and northeast regions. Boats kept in the U pper  Peninsula  generate 8% 

o f  all boat days, f i f te e n  percent o f  boat days are by boats at m arinas, 27%  by boats at 

second hom es, and the over h a lf  (58% ) by boats stored at perm anen t waterfront and 

nom vaterfront hom es (Table  19). A ppendix  D  presents  county  level estimates.

Analysis o f  variance is used to test for the varia tions in boat days across regions, 

and variations across s ize-storage segments. The tests are perfo rm ed  to validate  the use o f



Table 18. A verage N um ber B oat D ays by B oat Size C lass and S torage Segm ent.

S torage  S e g m e n t B o a t  S iz e A v e r a g e  N u m b e r  B oat  D a y s

A farina Segm ent

2 0  feet or sm aller

21 -2 8  feet

2 9  feet or larger

31.23

3 0 .2 6

3 0 .9 0

3 2 .8 3

S eco n d  H om e Segm ent

L e ss  than 16 feet  

1 6 -2 0  feet  

21 feet or larger

25.07

2 2 .8 3

2 5 .6 5

3 1 .5 9

W aterfront H om e Segm ent

L e ss  than 16 feet  

16 -2 0  feet  

21 feet or  larger

30.4-1

2 6 .9 0

3 6 .5 8

2 8 .2 2

N onw aterfront H om e Segm ent

L e ss  than 16 feet  

16 feet or  larger

17.5S

17.14

18.55

note: E st im a tes  are b a sed  o n  the  1 9 9 4  M ic h ig a n  B o a t in g  Su rvey .
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Table 19. N um ber o f  B oat D ays G enerated  by S torage Segm ent and Storage Region.

S T O R A G E
R E G IO N Marina

B O A T  S T O R A G E  S E G M E N T  

W aterfront  
S e c o n d  H o m e  H o m e

N onw aterfront
H o m e

T O T A L (P ercent)

Southeast 8 0 5 , 1 0 2 1 1 2 ,9 2 3 6 2 4 ,6 7 3 5 4 2 ,6 8 8 2 ,0 8 5 ,3 8 5 17.0%

Central East 1 9 6 ,8 1 0 1 2 9 ,4 7 5 4 6 ,7 6 1 2 1 5 , 2 8 7 5 8 8 ,3 3 3 4 .8 %

N ortheast 9 0 , 9 4 6 4 2 2 , 7 4 3 1 6 6 ,3 0 9 110 ,351 7 9 0 , 3 4 8 6 .4 %

N orthw est 2 2 4 , 3 8 0 5 0 8 . 3 4 6 3 1 7 ,1 8 3 2 0 4 ,2 4 5 1 .2 5 4 ,1 5 4 10.2%

Central W est 1 4 7 ,5 8 6 124 ,021 7 8 ,8 6 7 2 4 7 , 5 3 4 5 9 8 . 0 0 9 4 .9 %

S o u th w est 8 9 , 4 6 9 8 8 , 7 3 6 1 8 1 ,1 5 4 1 6 3 ,1 9 3 5 2 2 .5 5  1 4 .3 %

South  Inland 1 5 2 ,0 7 7 6 5 7 , 3 6 5 1 ,5 4 2 ,4 2 3 1 ,5 4 6 ,7 3 4 3 ,8 9 8 ,5 9 9 3 1 .7 %

N orth Inland 4 6 ,3 8 1 8 2 1 , 5 7 4 3 9 4 ,6 2 1 2 9 8 ,3 9 1 1 ,5 6 0 ,9 6 7 12.7%,

South  U P 2 3 , 6 6 6 3 5 3 , 5 9 4 1 0 1 ,0 5 2 6 6 ,1 5 4 5 4 4 , 4 6 6 4.4%,

N orth  U P 6 9 . 2 1 3 1 4 2 ,0 3 5 1 7 2 ,3 3 4 6 2 ,9 7 3 4 4 6 , 5 5 5 3.6%,

Tota l 1 ,8 4 5 ,6 2 9 3 , 3 6 0 ,8 1 2 3 , 6 2 5 ,3 7 5 3 ,4 5 7 ,5 5 0 1 2 ,2 8 9 ,3 6 6 100.0%,

(P ercent) 15 .0% 2 7 .3 % 2 9 .5 % 2 8 .1 % 100 .0%

n ole: B e c a u se  ca ses  w ith  m is s in g  storage v a r ia b le s  are e x c lu d e d  from  the (su r v ey  b a se d ) es t im a tes  o f  b oa ts in d ifferen t

sto ra g e  se g m en ts  b y  storage reg ion s (T a b le  13) that are u se d  to  a llo ca te  b oats to  storage r e g io n s  in the a llo ca tio n  

m o d e ls , th e tota l n u m b er o f  b oa ts e s t im a te d  by storage a llo c a tio n  m o d e ls  is le ss  than th e  n u m b er o f  re g istered  a c tiv e  

recreation a l w atercraft ( 3 5 5 ,0 0 0  b o a ts). B e c a u s e  the e s t im a te s  by trip g en er a tio n  m od el are b ased  on  the e s tim a tes  

d er iv ed  from  th e a llo c a tio n  m o d e ls , th e  m o d el e s tim a ted  n u m b er o f  b oat d a y s  is le ss  than  n u m b er o f  b oat d avs (1 3  4  

m illio n  d ays) reported  in 1 9 9 4  R ecrea tio n a l B o a t in g  S u r v ey  (S ty n e s  et al , 1 9 9 5 )
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state average boat days for different segm ents  to estimate the num ber o f  boat days 

generated by the boats kept in counties. Probabilities o f  the F tests at the end o f  each 

co lum n indicate regional variations in average boat days for different storage (si/e)  

segments. Probabilities o f  the F test at the end o f  each row indicate the variations o f  boat 

days across the storage (size) segm ents for d ifferent regions (Table 20).

Except for boats  21 "-28' s tored at m arinas, there is no significant regional 

variation in boat days. Based on this result, it is acceptable to apply state average boat 

days for each segm ent to estim ate  num ber  o f  boat days generated by boats  kept in the 

counties. There  arc significant regional varia tions in boat days by boats  2 1 2 8 '  stored at 

m arinas. The num ber o f  days ranges from 21 days in the northeast region to 58 days in the 

south IJP reg ion24. The average boat days (58 days) in south UP region significantly 

differ from the state average (31 days). This  m eans that applying the state average boat 

days to boats 21 ’-28 ' stored at m arinas w ould  underestim ate  the total num ber o f  boat days 

generated  in som e counties  (e.g.. south UP) and overestim ate  days generated in other 

counties  (e.g.. northeast region).

Except for boats kept in the northern U P region, there are significant variations in 

boat days across size-storage segments. This  confirm s the assum ption  that variations in 

boat days are expla ined  by the d ifferences in boat storage type and boat size, not by the 

location w here the boats are kept. It also supports the approach o f  applying state average 

boat days for each size-storage segm ent to estimate the total num ber  o f  boat days 

generated  by boats kept in the counties.

:4 T h e  es t im a ted  a v e ra g e  boat d a y s  for  21 ’- 2 8 ’ boats  stored at m arinas in the inland south  reg ion  is 6 0  d a \  s.
T h is  e s t im a te  is q u es t io n a b le  as it is b a sed  o n  a sa m p le  o f  o n ly  f e w  boats.
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Tabic 20 V ariations in A verage Boat Days by Boats W ithin S ize-Storage Segm ents 
and Storage Regions.

B O A T  S T O R A G E  S E G M E N T S

M arina  S e c o n d  H o m e  W aterfront H o m e  N on w aterfront
H o m e

Storage

R eg io n

2 0 ’ or  

less 21 '-28'

29' or  

larger < 16' 16'-20'
21' or  
larger < 16' 16'-20'

21' or  
larger <16'

16’ or 
larger : prob.

S ou theast 35 3 0 30 10 43 2 7 22 4 3 31 13 24 0 .0 1 5

Central East 16 2 9 34 16 22 8 1 1 3 0 33 15 1 1 0 .001

N ortheast 25 21 34 15 20 35 2 6 2 9 23 16 14 0 .0 0 6

N o rth w est 27 25 34 31 24 33 24 34 30 2 0 20 0 . 0 0 9

Central W est 4 0 25 36 15 28 2 8 15 24 27 18 18 0 .001

S o u th w est 25 2 9 38 58 2 6 2 8 3 0 2 9 23 31 12 0 .0 3 0

Sou th  Inland 32 6 0 24 24 2 4 2 7 30 38 26 16 18 0 .0 0 0

North  Inland 35 35 37 22 2 2 3 0 31 31 25 2 0 16 0 .0 4 4

South  U P N A 58 4 2 21 3 6 4 6 4 2 41 25 22 14 0 .0 0 0

North  U P 2 9 3 0 33 28 3 6 2 7 15 2 6 29 12 20 0 .0 8 9

S e g m e n t  

.1 v e  r a g e 3 0 31 33 23 2 6 32 2 7 37 28 17 19 0 .0 0 0

F prob. 0 .4 9 0 0 .0 0 2 0 .1 0 2 0 . 1 6 9 0 .8 9 6 0 . 0 8 9 0 .61 1 0 .7 7 8 0 .9 1 0 0 .1 7 9 0 .1 5 9



97

Trip Distribution M odel For Boats Stored At M arinas In Coastal Counties  

Model Specification

For each  (storage) county, three types o f  destination zones are defined: (1) “within 

coun ty” zone, (2) “ nearby coun ties” zone, and (3) ’’m ore  d istan t” zone. The “ within 

coun ty"  zone is the (storage) county. The “nearby counties” are coastal counties  bordering 

the (storage) county. The “m ore  d istant” zone consists o f  counties  o ther than those 

bordering  the (storage) county. For exam ple, for St. Clair county, the “ within county" 

zone is St. C la ir  county; the “nearby counties” zone includes Sanilac and M acom b 

counties; and the “ m ore d is tan t” zone includes all coastal counties  o ther than St. Clair. 

M acom b and Sanilac counties.

The regional d istr ibu tion  o f  boat days w ith in  destination zones was estimated 

based on the 1994 M ichigan B oating  Survey. M ost (83% ) o f  the boat days generated by 

boats  stored at m arinas in coastal counties  are w ith in  the county  where the m arina is 

located, 10% in the “nearby coun ties” zone, and the rem ain ing  7%  in the “ m ore distant" 

zone. O ver 85%  o f  boat days generated  by boats kept in the U pper Peninsula, northeast, 

and northw est regions are w ith in  the county  w here the boats  are kept. Boats kept in the 

central-east, central-west, and northeast regions are m ore  likely to take longer distance 

trips. M ore  than 9%  o f  boat days generated by boats in these regions are in the “ more 

d istan t” zone (Table  21).

The es tim ated  regional d istribution is used to distr ibute  boat days generated by 

boats  in each storage county  to one o f  the destination zones. For exam ple, the southeast 

reg ion ’s distr ibution is used for St. C lair  county. Eighty-one percent o f  boat days
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T a b l e  21 D i s t r i b u t i o n  o f  B o a t  D a y s  b y  D e s t i n a t i o n  Z o n e  a n d  S t o r a g e  R e g i o n :  M a r i n a  S e g m e n t .

S to ra g e  R e g io n s
"W ithin County" Z o n e

D E S T I N A T I O N  Z O N E S  

"N earby C ou nties"  Z o n e "M ore Distant" Z o n e

Southeast 8 1 .0 9 % 1 2 .3 7 % 6 .5 4 %

Central East 7 7 .4 7 % 6 .1 2 % 16.42%

N ortheast 8 6 .0 8 % 4 .9 6 % 8 .9 6 %

N o rth w est 8 8 .4 2 % 7 .2 5 % 4.32"  o

Central W est 7 7 .8 7 % 1 3 .0 0 % 9 .1 3 %

S o u th w est 8 4 .9 9 % 7 .6 4 % 7 .3 6 %

Sou th  U P 9 5 .1 2 % 1.19% 3 .6 9 %

N orth  U P 9 1 .2 8 % 6 .2 3 % 2 .4 9 %

Total 8 2 .5 8 % 10 .0 4 % 7 .3 8 %

note: E st im a tes  are b a sed  o n  the 1 9 9 4  M ic h ig a n  B o a t in g  Survey .
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generated by boats  stored at m arinas in St. Clair county  are d istributed to the St. Clair 

county. 12% to M acom b  and Sanilac counties in “nearby coun ties"  zone, and the 

rem ain ing  7%  to o ther  coastal counties in “m ore  distant"  zone.

Several m easures  o f  a c oun ty 's  boating opportunities  are used to distribute boat 

days to the counties  w ith in  a destination zone. The length o f  G reat Lakes shorelines is 

used as an indicator (SL  indicator) o f  boating opportunities  w ith in  the “ nearby counties 

zone ."25 The “ num ber o f  transient s lips” and “num ber  o f  transient nights in state- 

operated m arinas"  are com bined  into an cruising opportunity  index (CP index) to 

d istribute boat days to the counties  within a “m ore distan t"  zone26. The “cruising 

opportunity” index is constructed  as following:

C P ,  =  1 /2  *(Nightj + Slipj) * W (j,r,

W here  C Pj i  the cruising opportunity  index for county i;
Night,: standardized transient nights in county i27;
Slipj: standardized transient slips in county i; and 
W,i | r): the w eights  assigned to county  i. given region r  .

25 Inform ation o n  m i le s  o f  Great L akes  sh o re l in es  in c o u n t ie s  c o m e s  from M ic h ig a n  T o ur ism  R eso u rce  
D a ta b a se  (Sp otts ,  1995) .

2<’ T h e  n u m ber  o f  transient s l ip s  in coasta l  c o u n t ie s  w a s  c o l l e c t e d  by  the  19 9 4  Great L akes  M arina Census.
T h e  n u m ber  o f  transient n ights  at s tate -operated  m arinas in c o a sta l  c o u n t ie s  w a s  c o l l e c te d  by the 

M ic h ig a n  D epartm en t  o f  Natural R esou rces .
27 S tandardized  bo a t in g  opportunity  is ca lcu la ted  as the am ount o f  b o a t in g  opp ortu n it ies  in the counts  

d iv id e d  by  the state average .
2S T h e  w e ig h ts  a s s ig n e d  to c o u n t ie s  initially  are b a sed  on the a ssu m p tio n  that c o u n t ie s  in northern M ich ig a n  

are m ore  attractive  to  lo n g -d is ta n ce  bo a t ing  trips,  g iv e n  the  sa m e  b o a t in g  opportunit ies .  T h is  is 
su pp orted  by  the habitual “sou th -to -north” b o a t in g  patterns d esc r ib ed  in m any  pre v io u s  boating  
studies .  A fter  sev era l  ca librations,  the final w e ig h ts  are “ 3 ” for  c o u n t ie s  in U p per  Pen insu la ,  
northw est ,  cen tra l-w est ,  and southeast  r eg io n s ,  “ 2 ” for  c o u n t ie s  in so u th w e st  region, and “ 1” for 
c o u n t ie s  in cen tra l-east  and northeast reg ions .  T here  are tw o  rea so ns  for a ss ig n in g  w e ig h t  " 3 ” to 
c o u n t ie s  in the sou theast  reg ion.  First, 5 4 %  o f  all m arina sp a c e s  are p ro v id e d  in southeast  region.  
A  portion o f  s e a so n a l  sp a ce s  w o u ld  a lso  be used by transient boats  i f  they  are not rented for the 
sea so n .  T h erefo re ,  the co m b in a t io n  o f  transient n ights  at s ta te -operated  m arinas and the transient  
s l ip s  in the  c o u n ty  u n derest im ates  the ca p a c it ie s  o f  the  c o u n t ie s  in sou theast  reg ion  to provide  
transient bo a t ing  use.  S e c o n d ,  travel d is ta n ce  is not inc luded  in the cru is in g  opportunity  index ,  and  
the 4 3 %  o f  m arina boats  are kept in sou theast  reg ion .  A s s ig n in g  a w e ig h t  o f  3, to the c o u n t ie s  in 
the sou theast  r eg ion  m a y  s im p ly  ref lect  the e f fe c ts  o f  travel d is ta n ce  and the m ass  o f  c o u n t y ’s 
popula t ion .
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The d istribu tions o f  boating  opportunity  indices are provided  in A ppendix  C.

They show  a c oun ty 's  a ttractiveness as a boating destination. They are used to distribute

boat days into (destination) counties  within different destination zones. The following

county  level d istribution form ula is used:

T(i|/)= U,

X Ui
i g  D estin a tio n  z o n e  Z

w here  T (j|Z) : num ber o f  boat days in county  i, given destination zone z;
U, : availability o f  boating opportunities  in county  i.

Ui = the m iles o f  Great Lakes shorelines in the county  for 
"nearby  counties"  zone.

Uj -  The value o f  C P index (com bination  o f  num ber o f  transient 
slips and transient nights) in the county  for "m ore  distant" 
zone.

note: the form ula distributes a share o f  boat days to each county  in the
destination zone in proportion to its share o f  total boating opportunities 
in the zone.

Assumptions

T he trip d istribution m odel for boats  stored at m arinas in coastal counties  is based 

on three basic assum ptions.

(1) The distributions o f  boat days w ithin the three destination zones for each

(storage) region are reliable.

(2) The distribution o f  Great Lakes shoreline captures the d istribution o f  boat days

within the "nearby  counties” destination zone.

(3) The distribution o f  the cruising opportunity  index reflects the num ber  o f  boat

days in counties  w ithin the "m ore  distant” destination zone. In other 

words, the num ber o f  boat days attributed to long-distance cruising trips is



a function o f  the destination coun ty 's  cruising opportunity  index. Other 

factors, such as distance and directions do not have a significant impact.

Results

I able 22 sum m arizes  the results from the trip distribution model for boats stored 

at m arinas in coastal counties. About 57%  o f  all boat days by boats  stored at m arinas in 

coastal counties  take place in southeast and central-east regions. Sixteen percent are in 

M acom b county, w hich is m ore  than the total num ber  o f  m arina  boat days in any o f  the 

o ther regions.

Table 22 also shows the ratio o f  the num ber o f  boat days received in counties  to 

the num ber  o f  days generated by boats stored at m arinas located in the counties. Ratios 

greater than one indicate that the region is a net im porter o f  boat days. Regions with ratios 

less than one arc net exporters. The southeast, east-central, and central west regions are 

“ net exporting" regions. The o ther regions are “ net im porters ,"  especially northeast, 

northwest, and U pper Peninsula  regions. The net flows confirm  the south-to-north 

boating (use) travel patterns.

Table 23 presents the origin (storage location) - destination (use location) matrix 

for boating by boats stored at m arinas in the coastal counties. O ver 90%  o f  boat days in 

southeast, central-east, and central-west regions are by boats stored at m arinas within the 

sam e region. The southeast region receives 766,000 boat days. A bout 97%  o f  them  are 

by boats kept in the region, 1.2% are by boats  kept in the  central-east region, and the 

rem ain ing  1.4% are by boats kept in o ther  regions. Com parative ly , less boat days in 

northeast, northw est and UP south  regions are by boats  kept w ithin those regions. The



102

T ab le  22 B oa t  D ays  by C o u n ty  o f  O rig in  (S to ra g e )  and  D es t in a t io n  (Use); M a r in a  S egm ent.

C o u n tie s /R e g io n s

T o ta l B o a t D av s  bv  C o u n ts ' o f  

D es tin a tio n "
( A )

P e rcen t

T o ta l B o a t D av s  bv C o u n ty  o f  

O r ig in  ( S to ra g e  )h 
(B )

R atio  
( A )/(B 1

M ac o m b 2(19.454 ( 16 4 %  ) 30 0 .0 7 7 9(1%
M o n ro e 1 42.99(1 ( 8 7 %  ) 154 .469 9.3%
St ( la ir 1 5 8 .7 8 4 ( 9  6 %  ) 153 .277 1114".,
W a y n e 1 9 4 .3 6 8 ( 1 1 8 %  ) 197 .278 99"
S O C T H E A S T  R E G I O N 7 4 5 .5 9 5 ( 46.5% ) 005.102 95%
H ay 8 7 .8 7 7 ( 5 3 %  1 1 1 1.809 79 %
H u ro n 4 5 .2 5 3 ( 2 .7 %  ) 53 .874 84" „
S a g in a w 2 .7 3 2 ( 0  2 %  ) 3 .488 78" n
S an ilac 2 7 .0 2 9 ( 1 6 %  ) 13 .950 194"',,
T u s c o la 1 3 .8 3 9 ( 0  8 %  ) 13.690 I0 l" „ ,
(  K N T R A I . E A S T  R E G I O N /  7 4 ,710 ( 10.7% ) 196,010 90%
A lco n a 4 .3 8 8 ( 0  3 %  1 3.006 1 4 6 %
A lp en a 7.521 ( 0  5 %  I 6 .904 109%
A ren ac 2 4 .7 4 8 ( 1 5 %  ) 21 .6 3 5 1 14%
C h e b o y g a n 24 .401 ( 1 5 %  1 21 .6 9 5 1 12",,
Io sco 29.2(iO ( 1 X% I 30 .2 0 6 97",,
I’re sq u e  Isle 10 .424 ( 0  6 %  1 7.499 1 .39" „
N O R T H  E A S T  R E G I O N 100,742 < 6.1% ) 90,946 III", ,
A ntrim 9.19(1 ( 0  6 %  ) 7 .4 4 0 124“ ,,
B e n / ie 27.77(1 ( 1 7 %  ) 2 4 .7 1 6 1 12%
C h a rle v o ix (iS .4 (il ( 4 ()“ „ ) 6 0 .9 5 0 107",,
1 u n m e t 29.1  18 ( 1 8 %  ) 23 .833 122",,
G ra n d  T ra v e rs e 1 5 .2 5 7 ( 0  9 %  ) 11,938 128“ ,,
1 .e e lan au 4 0 .5 0 7 ( 2 5 %  ) 3 3 .2 0 7 122",,
M a n is te e 3 9 .0 9 7 ( 2 4 %  ) 3 8 .7 5 6 102'!,,
M aso n 2 6 .8 0 6 ( 1 6 %  1 2 3 .5 3 9 1 14%
N O R T H W E S T  R E G IO N 2S.1.H06 ( 15.4% ) 224,380 113",,
M u sk e g o n 5 0 ,8 9 0 ( 3 1%  ) 52 ,613 97" ,,
( Iceana 8 .7 8 2 ( 0  5 %  1 3 ,726 2.36",,
( ll law a 8 1 .0 1 8 ( 4 9 %  ) 91 ,2 4 6 89" „
W E S T  C E N T 'R A E  R E G I O N 140,690 < 0.5% ) 147,506 95",,
A lle g an 2 5 .5 1 2 ( 1 5 %  1 2 0 .3 5 8 125",,
B e rrien 4 4 .9 6 7 ( 2 7 %  1 5 0 .1 5 6 9 0 ” ,.
V an  B u re n 2 4 .9 8 7 ( 1 5%  ) 18.955 1.32",,
S O I  1 I I W E S  1 R E G IO N 9 5 .4 4 4 ( 5.0°,, > 09,469 107",,
D elta 7.1 33 ( 0 4 %  ) 5 .664 126%
M a c k in a c 2 2 .5 5 6 ( I 4 %  1 11.555 195",,
M e n o m in e e 6 .3 4 2 ( (1 4 %  ) 5.461 1 16 “ „
S c h o o lc ra f t 1 .507 ( 0 1%  1 986 1 53“ ,,
S O I  1 11 C 1 T E R  P E N T N S l 'E A 5 7 ,5 5 # ( 2.3% 1 23,666 159",,
A lg e r 2 .4 9 7 ( 0  2 %  ) 1,844 135%
B ara g a 10 ,144 < 0  6 %  1 10.019 1 01%
C h ip p e w a 3 0 .0 9 3 ( 1 8 %  ) 2 7 .1 0 7 1 1 1%
G o g e b ic 2 .7 2 4 ( 0  2 %  1 2 .5 2 0 ll )8“ „
1 lu u g h to n 1 1 .106 ( 0  7 %  ) 9 ,6 5 0 1 15%
K ew een aw 7 ,0 1 4 ( 0  4 %  ) 5 .286 133%,
l.u c e 191 1 0  0 %  1 0 NA
M a rq u e tte 10.21 1 ( 0 6 %  ) 10,204 100",,
O n to n a g o n 2 ,6 4 2 ( 0  2 %  ) 2 ,582 102%
N O R T H  I 'P P E R  P E N I N S l 'l .A 76,623 < 4.7 % ) 69,213 111",,
T O T A L 1 .6 4 7 ,1 7 1 1 1 0 0 %  ) 1 ,647 ,171 1(111%

a Tota l  n u m b e r  o f  b oa t  d a y s  in the  c o u n t ie s  w h e r e  th e  b o a t s  ar e  u sed  

b To ta l  n u m b e r  o f  b o a t  d a y s  g e n e r a t e d  by b oa t s  kep t m  th e  co un t ies .

no te  B e c a u s e  c a s e s  w i th  m i s s in g  s to r a g e  v a r i a b le s  a r e  e x c lu d e d  f ro m  th e  ( s u r v e y  b a s e d )  e s t im a te s  o f  b o a t s  m  d i f f e re n t  s to rag e

s e g m e n t s  by s to r a g e  r eg io n s  ( f a b l e  13)  th a t  a r e  u sed  m the  a l lo c a t io n  m o d e ls ,  th e  n u m b e r  o f  boa ts  e s t i m a t e d  by  s to rag e  

a l lo c a t io n  m o d e l s  is less than  th e  n u m b e r  o f  r e g i s t e r e d  a c t iv e  c r a t l  ( 5 5 5 , 0 0 0  b o a t s )  B e c a u s e  the  e s t im a te s  by t r ip  d is t r i b u t io n  

m o d e l  a r e  b a s e d  o n  th e  e s t im a te s  d e r iv e d  from  the  g e n e ra t i o n  a n d  a l lo c a t io n  m o d e ls ,  the  m ode l e s t im a te d  n u m b e r  o f  

boat d a s s  w o u ld  be  l o w e r  th a n  to ta l n u m b e r  o f  boat d a y s  r e p o r t e d  in 10 ^ 4  K ee re a t io n a i  B o a t in g  S u rv ey  (Sty lies  el  al . I )



Table 23. Number o f Boat Days by Storage Region and Destination Region: Marina Segment.

Boat Days

D E ST IN AT IO N

REG IO NS Southeast Central East Northeast

REG IO NS OF STORAGE  

Central

Northwest West Southwest South UP North UP Total (pa.>

South East 745,393 8.884 2.209 2.801 3.790 1.806 242 470 765,595 46 .5%

Row pet. 97 .4% 1.2% 0 .3% 0.4% 0.5% 0.2% 0 0% 0.1%,

Column pet. 92 .6% 4 .5% 2 .4% 1.2% 2 .6% 2.0% 1.0% 0 “%

Central East 14,141 160,047 919 493 667 318 43 83 176,710 10%%,

Row pa. 8 .0 % 90.6% 0.5% 0.3% 0.4% 0.2% 0.0% 0.0%,

C olumn p a 1.8% 81 .3 % 1.0% 0.2% 0.5% 0.4% 0.2% 0 . 1%,

North East 6 .542 8,065 82 .209 1.478 1.471 701 94 182 100.742 6.1%,

Row pet. 6 .5% 8 .0% 81 .6 % 1.5% 1.5% 0.7% 0.1% 0.2%

Column pet. 0 .8% 4 .1% 90.4% 0.7% 1.0% 0.8% 0.4% 0.3%

North West 18.737 9.513 2 .950 215.361 4 .446 2.007 269 522 253 ,806  15.4%,

Row p a 7.4% 3.7% 1.2% 84 .9 % 1.8% 0.8% 0.1% 0.2%

Column p a 2 .3 % 4 .8% 3.2% 96 0% 3 .0% 2.2% 1.1% 0.8%

Central West 5 .370 2 .726 704 1.767 128.383 1.514 77 150 140,690 8.5%

Row pet 3 .8% 1.9% 0.5% 1.3% 91.3% 1.1% 0.1% 0 1%

Column pet 0 .7% 1.4% 0.8% 0 .8% 8 7 0 % 1.7% 0.3% 0 2%

South West 3 ,885 1.972 509 646 6.349 81.941 56 108 95 ,466  5 .8%

Row pa. 4 .1% 2.1% 0.5% 0.7% 6 .'% 85 .8% 0.1% 0.1%

Column pa. 0 .5% 1.0% 0.6% 0.3% 4.3% 91.6% 0.2% 0.2%

South UP 6.168 3 .132 808 1.025 1.387 661 22,708 1,649 37 ,538  2 .3%

Row p a 16.4% 8.3% 2.2% 2 .7% 3 J % 1.8% 60.5% 4.4%

Column p a 0 .8% 1.6% 0.9% 0.5% 0.9% o .~ % 96.0% 2.4%

North UP 4.866 2 ,470 638 809 1.094 521 177 66,049 76,623 4. ~%,
Row pet 6.3%, 3 .2% 0.8% 1.1% 1.4% 0.7% 0.2% 86 2%,

Column pet 0.6%, 1.3% 0 . '% 0 .4% 0. ~%, 0.6%, 0. 7% 95.4%,

Total 805 .102 196.810 90 .946 224 .380 147.586 89.469 23.666 69,213 1.647.171
tpercentI 48.9%, 11.9%, 5.5%, 13.6%, 9.11%, 5.4%, 1.4%, 4.2%,

103
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northeast region receives 101.000 boat days. A bou t 82%  are by boats kept within the 

region. 15%  by boats  in southeast and central-east regions, and the o ther 4%  by boats kept 

in o ther regions.

The origin - destination m atrix  also reveals som e potential p roblem s associated 

with d istr ibu ting  boat days to counties  in the “m ore d istan t"  zone w ithout incorporating 

the impact o f  travel distance. Fo r  exam ple. 16% o f  boat days (6 .000  days) in the south 

UP region are by boats kept in the southeast region. Only 5%  (1 .800 days) are by boats 

kept in the northeast and northw est  regions. It is questionable  w hether  boats  kept in the 

southeast region would  account for three tim es m ore  boat days than boats kept in 

northeast and northw est regions, given that these regions are m uch  closer. However, the 

southeast region is a m ajor  exporte r  o f  boat days to northern  regions including the Upper 

Peninsula, so it is possible.

Model Evaluation

The distribution model is evaluated on its ability to d istribute boat days (1) first to 

destination zones and (2) then to counties. Estim ates from the tw o steps are evaluated 

separately. The percentage o f  boat days w ithin each destination zone by (storage) regions 

is es tim ated  from  the 1994 M ich igan  Boating Survey. The m odel uses these estimates to 

distribute boat days to destination zones. Sam pling  errors are calculated  for the estimated 

distribution. T he  sam pling  errors indicate the range o f  accuracy for num ber  o f  boat days 

in the destination zone. The es tim ates o f  num ber o f  boat days in regions/counties  are 

evaluated by com paring  the distr ibution m odel estim ates and direct survey estimates.
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Tabic 24 provides estim ated  sam pling  errors at a 95 percent confidence level for 

the estim ated distribution o f  boat days by (storage) regions. Tor exam ple, the model 

estimates that 82 .6%  o f  all boat days by boats stored at m arinas in coastal counties occur 

in the “within  coun ty” destination zone. The sam pling  error for this estim ate  is 2 .4%  at 

the 95%  confidence level. Therefore, at the 95%  confidence level, the percentage o f  

m arina boat days occurring  at the “within county” destination zone is betw een 80%  to 

85%.

M ost o f  the sam pling errors are around 5%. The largest sam pling  errors (10-13% ) 

are in the south IJP region due to the small sam ple size (50 boats). Because o f  these large 

sam pling errors, the estimated d istribution o f  m arina boat days within destination zones 

in the south U P  region is less reliable than for o ther regions. The 13% sam pling  error at a 

95 percent confidence  level m eans  that the num ber o f  boat days in the "w ithin  county” 

zone could  range from 19.000 days (82% ) to 23.666 days (100% ) for boats kept at 

m arinas in the south  U pper Peninsula  region.

T he second stage o f  the  evaluation is an exam ination  o f  the m odel produced 

estim ates o f  num ber o f  boat days in counties. The model es tim ates are com pared  with 

survey based estimates. Two types o f  m odel es tim ates (A and B) are made, depending  on 

the form o f  m odel input: (1) survey based estimates o f  boat days generated  by boats kept 

in counties (m odel estim ates A), and (2) estim ates o f  boat days in the storage counties 

produced by the trip generation m odel (m odel estim ates B).

The m arina  boat days allocation m odel, m arina  trip generation m odel, and m arina 

trip d istribution m odel are linked together. The num ber  o f  boats stored at m arinas in



Table 24 Marina Boat Days by Storage Region and Destination Zone: Sampling Errors at A 95% Confidence Interval.

DE ST IN A T IO N  Z O N E S Southeast Central East Northeast

STO RA G E REGIONS  

Northwest Central West Southwest South UP Notth UP

ALL

Sa m p lin g  E rror  at 9 5 %  C o n f id en ce  Interval

"Within County" Zone 5.17%  6.47% 7.13% 5.30% 6.51% 7.68% 12.93% 8.97% 2.40%

"Nearby Counties" Zone 4.66% 4.62% 5.37% 4.26% 5.39% 6.34% 9.62% 7.48% 1.96%

"More Distant" Zone 3.83% 6.03% 6.89% 4.76% 5.58% 6.64% 10.65% 7.12% 2.08%

D istr ibution  o f  B oat D a y s  in Dest ination  Z ones

"Within County" Zone 81.1%  77.5% 86.1% 88.4% 77.9% 85.0% 95.1% 91.3% 82.6%

"Nearby Counties" Zone 12.4% 6.1% 5.0% 7.3% 13.0% 7.6% 1.2% 6.2% 10.0%

"More Distant" Zone 6.5% 16.4% 9.0% 4.3% 9.1% 7.4% 3.7% 2.5% 7.4%

No. o f  Boat Day s 805.102 196.810 90,946 224.380 147.586 89.469 23.666 69.213 l . 6 4 ~ l ~ l

No. o f  Sam ples 354 228 188 341 225 162 50 114 1662
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counties estim ated  by the m arina boat allocation model is an input to the trip generation 

m o d e l . The num ber  o f  boat days generated  by boats kept in counties  estimated by the trip 

generation m odel is an input to the trip d istribution m o d e l . The potential problem 

associated with connecting  the set o f  m odels  is that the system atic errors produced  by one 

model can carry over  to the next model. In order to independently  evaluate the 

perform ance o f  the trip d istribution model w ithout accum ulated  errors (influences) 

contributed by other m odels, survey-based es tim ates o f  boat days by boats  kept at m arinas 

are also used as the initial inputs to the trip d istribution model.

The percent difference betw een m odel estim ates (A) and direct survey estimates 

range from 1% in M onroe  county  to 1730%  in Schoolcraft county. Only one boat was 

sam pled in Schoolcraft county, so the survey-based estim ate  is quite unreliable. Twenty 

one o f  42 coastal counties have sam ple sizes o f  less than 30 boats. O nly  21 counties  have 

sam ple sizes greater than 30 boats. M ost counties  with m ore than a 100% percent 

d ifference betw een the tw o estim ates  have a sam ple size o f  less than 30 boats.

The tw enty-one counties  with sam ple sizes greater than 30 boats provide a better 

basis for evaluating the trip d istribution m odel (Table 25). For all o f  these counties, the 

percent difference betw een direct survey estim ates and m odel es tim ates (A) are 20%  or 

less, and for tw o thirds o f  them  the difference is less than 10%. The m odel estimates (A) 

are 20%  less than direct survey estim ates o f  the num ber o f  boat days in H uron  and Iosco 

counties.

The trip distribution m odel for boats kept at m arinas in coastal counties  perform s 

reasonably well for counties in the southeast, northeast, northw est, and southw est regions.
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Tabic 25 Marina Boat Days by County o f  Destination; A Com parison o f  
Survey and Model Estimates.

RL CdON/C'Ot M Y

S ur ve y Estimate

N o  

( a scs

N l  ’M B E R  O P  B O A T  D A Y S
M o d e l  Est imate  

M o d e l  Input from 1994 Survey* M o d e l  Input f t o m  I

( A )  Percent Dif fe re nc e' !  <B)

rc v io us  M o d e l

Percent

D if l crcnc c'

R e g i o n a l  H s t i m a t c s  

Sou th ea st  R e g io n S 2 S . 3 6 ~ 321 "96. /.?* "6.%S95
Central  I n s t  R e g io n I J V .  3 5 9 173 / 5 2 . 3 / J «?""'•
Nor theas t  R e g io n * 5 . 3 9 6 184 .57., 3 6 0 I" i , i o o . I S " , ,

N m t h w c s l  R e gion 2 3 4 . 9 2 7 3 40 2 3 7 , 9 3 2 1*0 2 5 3 . 8 0 6 8%
( ential  W est R e g io n / - c v v / o 190 /  I M S - I " : U O . f t W I - J

S o ut hw e s t  R e g io n VO V/.V 132 H l l .  4 1 4 5 % 9.5 jr<r>

South I ppc i  Peninsula -12. M i s 9 | ■is . f . r n ; - /% 3 ~  53.V
N o t lh  I ppct Peninsu la VS. TSY> 128 "V.2'/V I " . , " 6 ,6 23
H V IA I 1 . 0 4 7 . 1 7 ! 1 .0 47 .  | 7 | 0*0 1 .6 47 ,1 71 O'S.

C o u n t y  l e v e l  L s t u n a l c s  L o r  C o u n t i e s  W ith  S a n p i c  S i z e s  l a r g e r T h a n  3 0  He a l s
Al leg an 3 2 . 2 5 0 4 8 3 0 .5 1 3 -5% 2 5 . 5 1 2 - 2 1*..
Atcnnc 3 4 . 4 7 8 3 9 3 1 ,5 8 4 • 8% 2 4 . 7 4 8 -28'-n

Bay 9 8 . 7 1 9 108 9 1 . 8 0 3 -7 no 8 7 , 8 7 7 - 1 1 %
B c m c n 3 0 . 5 2 5 45 3 7 .4 0 3 4 4 , 9 6 7 2 3 410
( 'ha i l cvo ix 4 0 . 0 9 0 05 4 2 . 8 7 8 7*'o 6 5 .4 6 1 6.3%
( 'he bt n  gan 2 9 . 2 4 2 55 3 2 . 0 1 7 9*o 24 .4 0 1 -1 7*0

E m m e t 4 3 . 8 0 7 0 0 4 3 . 5 1 7 -l " o 29.1 18 -34*.,

( ha nd  I ta v c ts c 1 7 .3 3 0 35 1 8 .8 0 7 9*n 1 5 . 2 5 7 - 1 2 " , i
I luion 1 9 .4 3 0 34 1 5 .5 0 7 - 2 0 % 4 5 . 2 3 3 135"o

ItlSCO 1 2 .3 3 0 45 9 . 8 9 9 - 2 0 % 2 9 . 2 6 0 l 3 7 * o
l .cclan au 38 .2 8 1 73 4 0 . 4 2 4 6*o 4 0 , 5 0 7 6*,.

M ac ki nac 3 3 , 2 2 2 54 3 0 . 0 9 4 9*o 2 2 , 5 5 6 -32*, .
M a c o m b 2 0 4 . 7 1 9 89 2 2 9 .7 2 1 12*« 2 6 9 . 4  51 5 2* o
Marquette 2 1 , 4 4 2 34 2 1 . 9 0 3 2*o 10,2 1 1 -52*,,
M an is tee 4 0 , 8 4 0 37 4 5 , 4 3 5 -3*o 3 9 . 6 9 7 - 1 5 %

M o m o e 1 0 9 .1 4 4 45 1 0 8 .4 7 0 -1*0 1 4 2 . 9 9 0 5 | * o

M u s k e g o n 8 4 . 8 0 5 82 7 1 . 7 8 4 - 1 5 % 5 0 , 8 9 0 -40 *o

Ottaw a 5 5 . 4 9 0 80 0 4 . 9 3 8 l7*o 8 1 . 0 1 8 46* 0
St Clan 2 3 8 , 0 7 0 88 2 2 0 . 6 1 7 -7*0 1 5 8 .7 8 4 - 35 *0

V an  Butcn 2 8 , 1 4 3 39 3 3 . 4 9 7 19*o 2 4 , 9 8 7 - 1 1 %
W a y n e 2 7 1 , 4 2 8 9 9 2 3 7 . 3 3  1 - l 3 * o 1 9 4 ,3 6 8 -2 8*o

C o u n ty  L e v e l E s t im a te s  L o r  C o u n t i e s  W ith  S a m p le  S iz e s  S m a l le r  T h a n  31) B o a ts
A lc o n a 1. 4 4 7 10 2 . 2 5 7 56*«> 4 , 3 8 8 2 0 5 * o
Algci 1 0 .0 7 0 7 10 .143 1*0 2 . 4 9 7 -75 *o

A lp ena 2 . I l o 13 3 .2 5 5 54 % 7.521 25 5*o

Anti  im 2 5 , 0 7 2 27 2 3 . 3 4 0 - 7 ° 0 9 , 1 9 0 -(*5*o
B aiu ga 13 .5 0 7 13 13.871 2uo 10 .1 44 -25* o

B e n / i e 19 .7 8 5 20 14.804 - 2 5 % 2 7 . 7 7 0 40*, ,
C h ip pcw  a 1 8 ,9 0 0 20 15,91 1 - 1 0 “ o 3 0 . 0 9 3 5 9 %

Della 0 . 3 8 9 21 8 , 2 2 0 2 9 % 7 . 1 3 3 l2*o

( i o g e b i c 1.521 4 1,848 2 2 % 2 .7 2 4 79*, ,

1 l o ug hto n 7 ,6 5  1 21 11,972 5 6 no 1 1.106 4 5 * o
K e w e e n a w 4 , 6 7 9 15 2.361 - 5 0 % 7 . 0 1 4 50 *o

Luce • 2 2 3 7 N A 191 N A
M a so n 3.66 1 1 1 8 , 7 2 0 I 3 8 u0 2 6 , 8 0 6 6 3 2 * o

M e n o m in e e 2 . 8 6 5 15 3 . 7 0 6 3 l * u 6 . 3 4 2 l 2 l * o
O ce a na 5 .5 4 8 22 8 ,3 2 7 50*o 8 .7 8 2 SH%
O nt o na g o n 8 9 0 6 99 2 1 1% 2 .6 4 2 I97*. .

P resqu e Isle 5 . 7 7 7 10 7 ,3 5 4 27 *o 10 ,4 24 80 * o
Sag ina w 4 , 7 7 2 4 7, 9 6 5 6 7* o 2 . 7 3 2 - 4 3 %
Sanilac 1 0 .3 1 8 16 2 7 . 6 7 2 ] 6 8 ° o 2 7 , 0 2 9 l 6 2 * o

Scl io ol c ia tt 32 1 5 80 I 7 3 0 * o 1.507 4 6 5 8 * o
T us c olu 6.12 I 1 1 9 , 3 0 8 5 2 % 1 3 ,8 3 9 I2 6 * o

a T h e  m o d e l  input, num be i  o f  boat  d a y s  in the sto rage co un tie s ,  are gen erated direc t ly  f i o in  tbe 19 94 M ic h ig a n  B o a t in g  Su r \e >

b I'he m o d e l  input,  num be i  o f  boat day s  in the sto rage co un tie s ,  m e  g e n e ia te d  t io in  p i e v i o u s  boat  d ay s  g e n e ia t io u  inod e)  

c Pei  cent  di l Tei eu ce s a i e  calc ula ted as ( m o d e l  es t im at e - s u i \ e y  es t im a te )  •' s u n  cy es t im at e
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D ifferences betw een direct survey estim ates and m odel estim ates (A) arc within 5% for 

these regions. Percent d ifferences at regional level are larger for the central-east (9%) and 

south U pper Peninsula  regions (14%).

D ifferences betw een direct survey estim ates and model es tim ates (B) are generally 

larger than differences betw een direct survey estim ates and m odel es tim ates  (A). This is 

largely due to the com pound ing  effects (errors) from the previous m odels  associated with 

m odel estim ate  (B). The percent differences range from 6%  to 137%. The percent 

d ifferences are less than 35%  for 15 o f  21 counties with sam ple  sizes o f  m ore than 30 

boats.

Regional es tim ates  directly from the survey are s im ilar to m odel estim ates (13). 

The two estim ates  are w ith in  10% for the southeast, northw est, w est central, southwest, 

and north U pper Peninsula  regions. The largest regional percent differences between 

survey estim ates  and model estim ates (B) are for the central-east (27% ) and northeast 

regions (18%).

Trip Distr ibution M odel for Boats  Stored at N onw aterfront H om es 

Model Specification

T he regions used in the trip distribution m odel for boats  s tored at nonwaterfront 

hom es are slightly different from the regions in o ther m odels. The regions are shown in 

the Figure 9. Inland counties  are grouped into the south-in land, cen tral- in land , and north 

inland regions. T he  central-inland region has few w ater resources, such as lakes and 

rivers. I'he south and north  U pper Peninsula  regions are com bined  into one region.



Figure 9 Michigan Boating Regions (II).
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For each (storage) county. 13 tim c-distance destination zones were defined: 

“within 20 m iles". “21-60 m iles” . “61-90 m iles". “ 91 -120 m iles". “ 121 -1 50 miles". “ 151- 

180 m iles". “ 181-210 m iles". "211 -240 m iles". “241-270  m iles". “271-300 m iles". “ 301 - 

360 m iles". “ 361-420 miles", and “over 421 miles". Each zone includes one or more 

(destination) counties.

The d istribution o f  boat days in destination zones within (storage) regions was 

estim ated from the 1994 M ichigan  Boating Survey (Table  26 and Figure 10). As would 

be expected, the percentage o f  boat days in each zone generally  declines as distance 

increases since boats  kept at non-waterfront hom es m ust be trailered to waterfront 

locations. The greater the distance the h igher the travel cost - tim e and m oney costs - 

associated with using these boats. A lthough the num ber  o f  boat days generally decreases 

as distance increases, som e fluctuations occur in the distance decay curve. These 

fluctuations m ay be the result o f  several factors, such as the availability o f  boating 

opportunities  and facilities, boater travel habits, and agglom eration  effects o f  counties in 

the destination zone.

The patterns o f  boat days distribution within destination zones vary som ew hat 

across regions. In northern Michigan, over  85%  o f  boat days by boats stored at 

nonw aterfront hom es take place in the “ within 20 m iles" zone. In southern M ichigan 

regions, less than 55%  o f  boat days occur in the “ within 20 m iles"  zone. Travel 

propensity  is influenced by the am ount and quality o f  boating opportunities  within the 

origin (storage) counties. O w ners  o f  boats kept in counties  that have  m ore  and/or higher



Tabic 26. D istribution o f  Boat Days By Storage Region and T im e Distance Destination 
Zone; N onw aterfron t H om e Segment.

T im e -d is ta n c e
D est inat ion
/ .o n e s

South

East"

Central
East

North
East

North
W est

Central
W est

South
W est

South
Inland

Central
Inland

North
Inland

U.P. Total

W ithin  2 0  m i le s 4 4 % 52% 9 2 % 87% 70% 55% 54% 3 8 % 59% 85°.. 56",.

2 1 - 6 0  m ile s 2 5 % 7% 5% 6% 9% 32% 2 0 % 12% 15% 0% 1 6",,

6 1 - 9 0  m ile s 8% 18% 2% 1% 8% 3% 7% 17% 1 1% 4% 8",,

9 1 - 1 2 0  m i le s 0% 3% 0% 2% 0% 0% 2% 3% 0% 8% 2%

121 - 1 5 0  m i le s 2% 10% 0% 0% 1% 0% 1 % 12% 1% 1% 3%

1 5 1 - 1 8 0  m i le s 1% 4% 0% 1% 0% 0% 5% 2% 0% 2% 2" I.

1 8 1 -2 1 0  m i le s 1% 3% 0% 0% 1% 1% 1% 4% 0% 0% 1 0 1 (1

21 1 -2 4 0  m i le s 7% 0% 1% 0% 0% 1% 3% 4% 1% 0% •}(>0

2 4 1 - 2 7 0  m i le s 3% 2% 0% 1% 0% 0% 3% 2% 1% 0% TO

2 7 1 - 3 0 0  m i le s 2% 0% 0% 0% 0°b 8% 1% 1% 0% 0% 1%

3 0 1 - 3 6 0  m i le s 2% 0% 0% 0% 3% 0% 2% 3% 0% 0% 2%

3 6 1 - 4 2 0  m i le s 4% 0% 0% 0% 1% 0 % 0% 2% 0% 0% 1%

O v er  4 2 0  m i le s 3% 0% 0% 1% 5% 1% 0% 1% 13% 0% 1U

a. For ea ch  c o u n ty  in the  sou theast  reg io n ,  4 4 %  o f  the boat da y s  by  b o a ts  kept in non w aterfront  h o m e s  
are a l lo c a ted  to  the  "within 2 0  m iles"  t im e-d is ta n ce  dest inat ion  zo ne ,  

note: E st im ates  are based  on the 199 4  M ic h ig a n  B o a t in g  Survey.
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F igure  10. D is tr ib u t io n  o f  B o a t  D a y s  b y  D e s t in a t io n  Z o n e  and S to r a g e  R e g io n ;  N o n w a t e r f r o n t  H o m e  S e g m e n t .

S o u t h e a s t  R e g io n

T im e -d is ta n c e  D es tin a tio n  Z one
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C e n t r a l  H a st R e g io n S o u t h  I n la n d  R e g io n
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l im r - r i t 't a n c r  D es tin a tio n  / .n n r

C e n t r a l  I n la n d  R e g io n

0 4

lim e - d i t la t ic e  D e s tin a tio n  /.o n e

N o r t h e a s t  R e g io n
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0 4

0 2

T im e -d iita n c e  D e s tin a tio n  / .o n e

N o r t h  I n la n d  R e g io n

0 5

0  2
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T iin r -d ik la n tr  D e s tin a tio n  Z t

C e n t r a l  W e s t  R e g io n

T im e -d is ta n c e  D e s tin a tio n  Z one
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quality boating  opportunities  have a low er propensity to travel than in counties  with fewer 

or low er quality  boating opportunities.

A ssum ing  the regional d istr ibu tions  apply to all counties  in the region, boat days 

generated by boats  stored at nonw aterfront hom es are distributed from each origin 

(storage) county  to the destination zones. For exam ple, the northeast reg io n 's  distribution 

is used for A lcona county  to d istribute boat days to destination zones. 82%  o f  days to the 

“ within 20 m iles"  zone. 5%  to the “ 21-60 m iles" zone. 2%  to the “61-90 m iles"  zone, 

and 1 %  to the “ 211 -240 m iles"  zone.

Step tw o o f  the d istribution m odel is to d istribute boat days to counties  within 

each destination zone in order to es tim ate  total num ber  o f  boat days in the (destination) 

counties. An index o f  boating opportunities  (TR  index) — a weighted co m b in a t io n ' '1 o f  

“acres o f  lakes", “acres o f  inland water" , “m iles o f  Great Lakes shorelines", "m iles o f  

state or federally-designated wild and scenic/natural rivers” , “num ber  o f  lakes over  50 

acres", "num ber  o f  Great Lakes access sites", and “ num ber  o f  cam pgrounds"  -- is 

em ployed  to d istribute boat days to the counties within destination z o n e s ’0. The index for 

each county  is constructed  as following:

2‘‘ In it ially  4 0  var iab les  m e a su r in g  the  quantity  and quality  o f  boat ing-re la ted  r e so u rces ,  fac il i t ie s ,  and  
a c t iv i t ie s  w e re  potentia l  ca n d id a te s  to construct  the b o a t in g  opportunity  index .  N e t  f l o w  ratios for 
e a ch  c o u n ty  (n u m b e r  o f  boat d a y s  in the c o u n t ie s  d iv id e d  by  n u m b e r  o f  boat d a y s  g enerated  by  
boats kept in the county') w h ic h  se r v e  as  a p ro x y  m ea su re  o f  a c o u n t y ’s a t tract iven ess  to  boats  at 
nonw aterfront  h o m e s  are c a lcu la ted .  T h e  correlation  a n a ly s is  and  s t e p - w is e  m u lt ip le  regress ion  
a n a ly s is  are u sed  to ass is t  the d e c i s io n s  on the var iab les  and w e ig h ts  for th e  var iab les  c o m p r is in g  
the bo a t in g  opp ortu n ity  index.

’u The acres o f  lakes,  and num ber  o f  lakes o v e r  5 0  acres w ere  c o l l e c te d  in “ M ic h ig a n  L ake Inventory"  
( M D N R ,  1974) .

M ile s  o f  Great L akes  sh o re l in es ,  acres  o f  inland water,  m i le s  o f  state or  fe d e ra l ly -d es ig n a ted  w ild and  
scen ic /natura l  rivers, n u m ber  o f  Great Lakes a c c e s s  s ites ,  and num ber  o f  c a m p g r o u n d s  in the  
c o u n t ie s  are a s s e m b le d  in the M ic h ig a n  Tourism R e so u rc es  D a ta b a se  (Sp otts ,  1995) .
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TR, - (4*R ,+4*G ,+ 2 .5*W T ,+  1.5*LK,+ 1.5*LK50,+ I *AC, +1 *CM,)* W (irl

W here TR,: the boating opportunity  index for county  i:
R ,: s tandardized m iles o f  scenic/nature rivers in county  i31:
G,: s tandardized m iles o f  Great Lakes shorelines in county i:
WT,: standardized acres o f  inland w ater in county  i;
LK,: s tandardized acres o f  lakes in county  i;
ACj: standardized num ber  o f  public  access sites on G reat Lakes

in county i;
CM,: s tandardized num ber  o f  cam pgrounds in county  i; and
W (1|r): the w eights assigned to county i, given region r32.

The index m easures  a co u n ty 's  a ttractiveness as a destination for boats stored at 

nonw aterfront homes. The county level distribution form ula (on page 100) is applied to 

distribute boat days by boats stored at nonw aterfront hom es to counties  within a 

destination zone. The T R  index is used in the form ula to m easure  the availability o f  

boating opportunity  in the county ( U j ) .

Assumptions

The trip d istribution m odel for boats stored at nonw aterfront hom es involves two 

basic assum ptions.

(1) The regional distribution o f  boat days w ithin 13 destination zones is reliable.

(2) The distribution o f  boating opportunity  index (TR index) reflects the num ber

o f  boat days that occur in the counties within a t im e-distance destination 

zone.

’ ’ T h e  s tandardized  m easure  o f  a resource  in a c o u n ty  is c a lcu la ted  as the am oun t  o f  a resource  in the counts  
d iv id e d  by  the state av era g e  a m o u n t  o f  that resource .

°  T h e  w e ig h ts  a s s ig n e d  to c o u n t ie s  are b a sed  on the a ssu m p tio n  -  the c o u n t ie s  in the northern M ic h ig a n  are 
m ore  attractive,  g iv e n  the sa m e  bo a t in g  opp ortu n it ies  — w h ic h  c o u ld  be  su pp orted  by  the "south to 
north” habitual b o a t in g  patterns foun d  in m a n y  pre v io u s  bo a t in g  s tud ies .  A fter  severa l  calibrations,  
the final w e ig h ts  are ”2 . 5 ” for  c o u n t ie s  in the U p per  P en in su la ,  northw est  reg ion ,  northeast,  
centra l-east ,  and north-in land reg ions ,  ” 0 . 5 ” for  co u n t ie s  in the cen tra l- in land  and southeast  
reg io ns ,  and " 1 .5 ” for  the other  count ies .



Results

Table 27 sum m arizes the distribution o f  boat days for boats stored at 

nonw aterfront hom es. About 30%  o f  boat days generated  by boats  stored at 

nonw aterfront hom es take place in the south-inland region. Except for a couple o f  

counties with large populations, m ost counties  house 1% to 2%  o f  these boat days. For 

exam ple. 7%  o f  the days occur in O akland  county and 5%  o f  the  days take place in 

W ayne county.

The ratios o f  boat days that take place in a county  by boats  stored at nonwaterfront 

hom es to the num ber  o f  boat days generated  by boats stored at nonw aterfront hom es in 

the county indicates counties  that either export or im port boat days. Ratios greater than 

one indicate counties  that arc net importers o f  boat days. Ratios less than one indicate 

counties  that are net exporters. Southeast and central-inland regions are “ net exporters", 

and northeast, northw est, north-inland and U pper Pen insu la  regions are “net importing" 

regions. The net flows capture the south-to-north  boating (use) travel patterns.

Table  28 presents the origin (storage location) - destination (use location) matrix 

for boats stored at nonw aterfront homes. O ver three quarters o f  boat days in the southern 

M ichigan regions - southeast, central-west, south-inland and central-inland regions - are 

by boats kept w ithin the sam e region. In the central-inland region, 92%  o f  days are by the 

boats kept w ith in  the region. But, less than h a lf  (42% ) o f  days genera ted  by boats kept in 

this region stay w ithin the region. This is because the central-in land region has relatively 

few lakes and boating opportunities. In com parison, in northern  M ichigan  regions 

- northeast, central-east, northw est, north-inland and U pper Peninsula  regions -



Table 27. Boat Days By County  o f  Origin (Storage) and Destination (Use): 
N onw aterfront H om e Segment.

C o u n t ie s /  R e g io n s
T o ta l B o a t  D a y s  b y  C o u n ty  o f  

D e s tin a tio n "

( A )  ( p e t . )

T o ta l B o a t D a y s  b y  C o u n ty  o f  

O r ig in  (S to r a g e )11

(B )
Ratio  

f A ) / (B )
M a c o m b 1 0 5 .9 5 4 ( 3 .1 %  ) 1 7 5 .8 9 7 6 0 %
M o n ro e 4 1 , 3 5 9 ( 1.2%  ) 3 8 ,5 4 7 107° o
St Clair 6 7 , 6 2 0 ( 2 .0 %  ) 5 2 ,0 4 8 130%
W a y n e 1 7 3 .0 2 1 ( 5 .0 %  ) 2 7 6 , 1 9 6 63%
S o u t h  E ast 3 8 7 , 9 5 3 (  1 1 . 2 %  ) 5 4 2 , 6 8 8 7 1 " ,,
Bay 6 5 . 7 6 8 ( 1.9%  ) 5 9 ,3 8 8 I 1 1%
Huron 3 5 .7 1 3 ( 1.0% ) 1 8 ,0 2 8 198"..
San ilac 1 9 ,8 7 3 ( 0 .6 %  ) 1 2 ,6 4 2 157%
T u sco la 3 6 ,6 8 3 ( 1.1%  ) 2 6 ,8 0 3 137%
C e n t r a l  E a st 1 5 8 , 0 3 7 f  4 . 6 %  ) 1 1 6 , 8 6 1 1 3 5 " , ,
A lco n a 2 5 , 6 8 8 ( 0 .7 %  ) 1 1 .345 226".,
A lp en a 3 1 , 8 4 6 ( 0 .9 %  ) 2 2 ,0 7 7 144",,
A renac 4 5 , 5 6 4 ( 1.3% ) 1 5 ,2 0 8 300",,
C h eb o y g a n 3 7 . 8 1 8 ( 1 .1%  ) 2 3 , 3 4 8 162",,
Io sco 3 9 , 1 6 5 ( 1.1% ) 2 5 , 0 2 0 157",,
P resque Isle 2 2 , 6 7 7 ( 0 .7 %  ) 1 3 ,3 5 4 170",,
N o r t h e a s t 2 0 2 , 7 5 7 (  5 . 9 %  ) 1 1 0 , 3 5 1 1 8 4 %
Antrim 3 0 , 2 3 2 ( 0 .9 %  ) 2 3 , 8 2 6 127'!,,
B e n z ie 2 6 ,9 9 3 ( 0 .8 %  ) 1 7 ,2 0 5 157%
C h a rlev o ix 3 5 , 5 3 7 ( 1 .0%  ) 2 0 , 5 8 0 173°,,
E m m et 2 9 , 8 6 6 ( 0 .9 %  ) 2 3 ,1 2 5 129°,,
Grand T raverse 7 2 , 2 4 2 ( 2 .1 %  ) 5 8 , 4 8 0 124",,
Leelanau 3 5 .8 9 3 ( 1.0% ) 2 2 , 9 8 9 156%
M anistee 2 8 , 7 5 7 ( 0 .8 %  ) 17,711 162",,
M ason 4 2 , 7 1 2 ( 1.2% ) 2 0 ,3 2 8 2 1 0 %
N o r t h w e s t 3 0 2 , 2 3 2 (  8 . 7 %  ) 2 0 4 , 2 4 5 1 4 8 " , ,
M u sk e g o n 9 0 , 0 0 8 ( 2 .6 %  ) 9 4 ,2 4 1 9 6 %
O ce a n a 2 6 , 8 5 9 ( 0 .8 %  ) 1 7 ,3 8 8 154",,
O ttawa 1 2 0 .3 6 4 ( 3 .5 %  ) 1 3 5 ,9 0 5 89%
C e n t r a l  W e s t 2 3  7 ,2 3 1 (  6 . 9 %  ) 2 4 7 , 5 3 4 9 6 " , ,
A lleg a n 7 8 .1 8 9 ( 2 .3 %  ) 5 2 ,5 5 5 149",,
Berrien 4 6 , 0 0 7 ( 1.3% ) 6 9 , 3 7 7 66" „
V an B uren 5 0 ,8 8 7 ( 1.5%  ) 4 1 , 2 6 0 123%
S o u t h w e s t 1 7 5 , 0 8 3 (  5 . 1 %  ) 1 6 3 , 1 9 3 1 0 7 " , ,
Barry 3 8 , 9 6 4 ( 1.1% ) 3 8 ,9 2 5 100%
B ranch 2 8 , 8 0 9 ( 0 .8 %  ) 2 8 , 8 0 0 100%
C a lho u n 4 1 , 9 0 8 ( 1.2% ) 5 2 ,3 4 3 80%
C a ss 4 1 , 0 4 5 ( 1.2% ) 3 8 ,4 9 5 107%
H il lsda le 1 8 ,5 4 7 ( 0 .5 %  ) 2 1 ,2 3 5 87"/,,
J ackson 7 3 ,4 0 2 ( 2 .1 %  ) 7 0 ,3 4 5 104°,,
K a la m a z o o 6 8 , 2 2 2 ( 2 .0 %  ) 8 7 ,2 1 3 78%
Kent 1 5 3 ,6 3 7 ( 4 .4 %  ) 1 9 6 ,5 8 2 7 8 “ o
L e n a w e e 3 3 , 2 2 0 ( 1.0% ) 3 8 ,7 3 5 86",,
L iv in g sto n 1 1 1 ,3 9 6 ( 3 .2 %  ) 6 3 , 3 8 6 176%
M o n tc a lm 3 8 , 0 4 9 ( 1.1% ) 3 1 ,5 3 9 121%
O akland 2 4 6 , 7 3 7 ( 7 .1 %  ) 3 2 5 , 2 1 7 7 6 %
Saint Joseph 3 5 , 2 7 6 ( 1.0% ) 3 9 ,6 4 5 8 9 %
W a sh ten a w 9 1 , 1 8 0 ( 2 .6 %  ) 6 7 ,4 8 3 135%
S o u t h  In la n d 1 , 0 2 0 , 3 9 1 (  2 9 . 5 %  ) 1 , 0 9 9 , 9 4 4 9 3 %



Table 27 (cont'd).

T o ta l M oat D a y s  b y  C o u n ty  o f  T o ta l M oat D a y s  b y  C o u n ty  o f

C o u n t ie s /  R e g io n s D e s tin a tio n *

( A ) ( p d . )

O r ig in  (.Storage)*'

( B )
Ratio  

( A  )■'(»>
Clinton 1 2 .8 8 9 ( 0 .4 %  ) 2 8 .3 2 7 46" o
Raton 1 6 .5 2 7 ( 0 .5 %  > 3 9 ,0 6 7 42",,
G e n e s e e 6 8 , 0 0 6 ( 2 .0 %  ) 1 4 3 ,5 6 5 4 7 %
Gratiot 7 .0 9 0 ( 0 .2 %  ) 1 6 .3 2 2 43" „
Ingham 3 2 ,7 0 8 ( 0 .9 %  ) 7 8 .0 2 9 42"..
Ionia 1 7 .1 4 8 ( 0 .5 %  ) 2 3 ,7 4 5 72",,
Isabella 9 .1 0 5 ( 0 .3 %  ) 1 9 .5 3 0 47",,
l .ap eer 1 5 .9 8 7 ( 0 .5 %  ) 2 8 ,9 2 3 55".,
M id land 1 6 .9 9 9 ( 0 .5 %  ) 4 1 , 2 1 6 4 1 %
S a g in a w 3 8 , 7 7 8 ( 1.1% ) 9 8 , 4 2 6 39",,
S h ia w a ssee 1 1 .2 7 0 ( 0 .3 %  ) 2 8 , 0 6 6 4 0 %
C entra l Inland 2 4 6 , 5 0 9 (  7 .1 %  ) 5 4 5 , 2 1 6 4 5 " , ,
Clare 2 6 . 6 2 2 ( 0 .8 %  ) 2 5 .2 4 4 105",,
C rawford 3 9 , 4 3 9 ( 1.1% ) 1 3 ,5 1 5 292",,
( i  lad win 2 8 . 1 6 5 ( 0 .8 %  ) 2 4 ,7 2 5 1 14%
K alkaska 1 6 .7 0 8 ( 0 .5 %  ) 1 4 ,9 8 5 1 1 1%
Lake 3 1 .474 ( 0 .9 %  ) 1 1 ,4 1 6 276",,
M eco sta 2 5 . 2 1 7 ( 0 .7 %  ) 2 6 . 6 9 8 94",,
M is sa u k ee 1 0 .6 2 6 ( 0 .3 %  ) 1 1 ,735 9 1" „
M o n tm o re n c y 1 1 ,827 ( 0 .3 %  ) 1 3 ,3 5 6 89",,
N e w a y g o 6 0 , 7 7 4 ( 1 .8% ) 3 6 ,9 2 4 165",,
O g e m a w 3 8 .1 9 1 ( 1.1% ) 1 8 ,9 4 6 202",,
O sc e o la 1 5 .6 3  1 ( 0 .5 %  ) 1 4 ,9 5 9 104",,
O sc o d a 3 0 ,9 8 8 ( 0 .9 %  ) 9 ,9 0 6 313",,
O tse g o 2 4 .8 0 3 ( 0 .7 %  ) 1 7 ,3 6 8 143%
R o s c o m m o n 4 7 , 0 8 7 ( 1.4% ) 3 3 ,6 9 5 140",,
W ex fo rd 2 3 ,4 5 2 ( 0 .7 %  ) 2 4 , 9 1 9 94",,
North Inland 4 3 1 , 0 0 3 (  1 2 . 5 %  ) 2 9 8 , 3 9 1 1 4 4 " , ,
Delta 1 2 ,1 9 5 ( 0 .4 %  ) 4 ,3 5 1 280",,
D ic k in so n 9,51  I ( 0 .3 %  ) 2 ,6 1 7 363",,
Iron 4 9 , 7 5 5 ( 1.4%  ) 1 2 ,9 6 7 384",,
M ack in ac 2 5 . 9 3 9 ( 0 .8 %  ) 17,191 151",,
M e n o m in e e 1 1,981 ( 0 .3 %  ) 1 2 .5 0 2 96" o
Schoo lcra ft 1 8 ,3 9 4 ( 0 .5 %  ) 6 ,7 4 8 2 7 3 %
A lg e r 1 4 ,1 7 5 ( 0 .4 %  ) 8 ,811 161",,
Baraga 1 4 ,7 7 8 ( 0 .4 %  ) 8 ,9 8 7 164" o
C h ip p e w a 2 0 , 8 1 4 ( 0 .6 %  ) 9 3 5 2 2 2 6 " „
G o g e b ic 1 7 ,6 5 7 ( 0 .5 %  ) 3 ,381 5 2 2 %
H o u g h to n 3 6 ,6 7 2 ( 1.1% ) 10 ,9 4 2 335",,
K e w e e n a w 2 2 , 4 3 9 ( 0 .6 %  ) 19 ,8 8 5 113%
Luce 9 , 9 9 0 ( 0 .3 %  ) 9 ,6 1 3 104",,
Marquette 12 ,193 ( 0 .4 %  ) 3 ,2 7 8 3 7 2 %
O n to n a g o n 19 ,863 ( 0 .6 %  ) 6 ,9 2 0 287" u
Upper Peninsula 2 9 6 , 3 5 4 (  8 . 6 %  ) 1 2 9 , 1 2 7 2 3 0 " , ,

STATE T O T A L 3,457,550 3,457,550
a  T o ta l  n u m b e r  o f  b o a t d a y s  in  th e  c o u n t ie s  w h e re  th e  b o a ts  a re  u s e d  

b  T o ta l n u m b e r  o f  b o a t d a y s  g e n e ra te d  by  b o a ts  k e p t  in th e  c o u n t ie s

n o te : M ecau se  c a s e s  w ith  m is s in g  s to ra g e  v a r ia b le s  a re  e x c lu d e d  fro m  th e  (su rv ey  b a s e d )  e s t im a te s  o f  b o a ts  in  d if fe re n t  s to ra g e  

s e g m e n ts  b> s to r a g e  re g io n s  (T a b le  IT )  th a t  a re  u s e d  in  th e  a l lo c a t io n  m o d e ls ,  th e  n u m b e r  o f  b o a ts  e s t im a te d  by s to ra g e  

a l lo c a t io n  m o d e ls  is le ss  th a n  th e  n u m b e r  o f  r e g is te re d  a c t iv e  c ra f t  ( 5 5 5 ,0 0 0  b o a ts )  M ecau se  th e  e s t im a te s  b y  tr ip  d is tr ib u t io n  

m o d e l a ie  b a s e d  o n  th e  e s t im a te s  d e r n e d  fro m  th e  g e n e ra t io n  a n d  a l lo c a t io n  m o d e ls ,  th e  m o d e l e s t im a te d  n u m b e r  o f  

b o a t day s w o u ld  b e  lo w e r th a n  to ta l  n u m b e r  o f  b o a t  day s r e p o r te d  in  IW T  R e c re a t io n a l  M o a tin g  S u rv ey  (S ty n e s  e l  al . 10 0 5 1



Table 28. Num ber o f  Boat Days by Storage Region and Destination Region; Nonvvaterfront Home Segment.

Boat Days REG IO NS OF STO RAGE TO'IAI.

D E ST IN AT IO N Central Central South Central North

REGIONS Southeast East Northeast Northwest West Southwest Inalnd Inland Inland UP (pet.)

Southeast 307 .967 2.424 9 0 57 212 61 .632 15.391 260 0 387.953 11%
R ow  P ci 79.4% 0 6% 0 .0% 0 .0% 0 0% 0  1% 15 9% 4.0% 0.1% 0.0%

C o lu m n  P c i. 56  7% 2 .1 % 0 .0% 0 .0 % 0 .0% 0 .1% 5 .6 % 9 H0A 0 1% 0 0 %

Central East 9 .202 77.044 354 623 461 2 .160 2 1 .270 45 .175 1.745 158.037 5%
R o w  P ci 5 .8% 4 8 .8% 0 .2 % 0 .4 % 0 3 % 1 4% 13 5% 2 8 .6% 1 1 % 0.0%

C o lu m n  Pci. 1 .7% 65.9% 0 .3% 0 .3% 0 2 % 1.3% 1 9% 8 .3% 0 6% 0 .0%

Northeast 11.017 10,594 105.047 2 ,324 3.405 1.207 2 6 .340 34 .030 8,042 750 202,757 6%
R ow  P ci 5 4% 5 2% 5 1 .8 % 1.1% 1 7% 0 6% 13 o% 16 8% 4 07 .i 0 4%

C o lu m n  Pci. 2 .0% 9 1% 95.2% 1.1% 1 4 % o -% 2  4% 6 2% ") -o.- 0 .6%

Northwest 10.663 3.212 973 190.036 7.614 6.515 43 .997 23 ,075 15.360 787 302.232 9%
R ow  Pci. 3 .5 % i . i % 0 .3% 6 2 .9 % 2 .5% 2.2% 14 6% 7.6% 5 1% 0.3%

C o lu m n  P ci 2 0% 2 .7% 0.9% 93.0% 3 1% 4 .0% 4 0% 4.2% 5.1% 0.6%

Central West 6 .599 352 35 925 183.360 4.723 26 .637 8.056 6 .544 0 237,231 7%
R o w  Pci. 2 .8 % 0 .1% 0.0% 0.4% 77.3% 2.0% 11 2% 3 .4% 2 8% 0.0%

C o lu m n  P ci 1 2 % 0.3% 0.0% 0.5% 74.1% 2 9% 2 4% 1.5% *) 10,' 0 .0%

Southwest 2 .903 136 5 167 5,826 113.608 46.481 5 .686 271 0 175.083 5°b
R o w  P ci I. 7% 0 .1 % 0 .0% 0.1% 3 .3% 64 .9% 2 6 .5% 3 2% 0.2% o.o%

C o lu m n  P et 0 .5 % 0 1 % 0.0% 0.1% 2.4% 6 9 .6% 4 2% 1.0% 0  I % 0.0%

South Inalnd 110,012 3,671 91 808 13,089 28 .109 775 .446 86 .349 2 .816 0 1.020.391 30%
R o w  P e l 10 .8% 0 .4% 0 .0% 0.1% 1.3% 2 .8% 76.0% 8 .5% 0.3% 0  0%

C o lu m n  Pci. 20  3% 3 .1 % 0 .1% 0 .4% 5 3% 17.2% 7 0 .5 % 15.8% 0 .9% 0 0%,

Central Inland 4.092 1.039 10 51 236 79 12.886 2 2 7 .6 4 9 466 0 246 .509 7 %

R o w  Pci. 1 7% 0 .4% 0 .0% 0 .0 % 0 .1% 0 0% 5 .2 % 92.3% 0.2% 0.0%
C o lu m n  P c i 0 .8 % 0  9% 0 .0% 0 .0% 0.1% 0 0 % 1.2% 41.8% 0 2 % 0 0%

North Inland 4 3 .2 7 8 17.042 3,049 5.686 12.843 5.609 63 ,533 58 ,487 221 .066 412 431.003 12%
R ow ’ P e l 1 0 0 % 4 .0 % 0 7 % 1.3% 3 .0 % 1.3% /  4. /  % 13.6% 5 1 .3% 0.1%

C o lu m n  Pci. 8.0% 14 6% 2 .8% 2  8% 5 .2 % 3 4% 5 8% 10.7% 74.1% 0.3%

UP 36 ,954 1.347 778 3.625 20 .643 971 21.721 41 .318 41.821 127,175 296 .354 9%
R o w  Pci. 12 .5% 0 .5% 0 3 % 1.2% 7 0% 0 7 j  % 13 9%, 14.1% 42 9%

C o lu m n  P e l 6.8% 1.2%, 0  '% 1 8 % 8.3% 0 (>«„ 2 I) % '  6°„ 14 0% 98 5"o

Total 5 42 .688 116.861 110.351 204 .245 247 .534 163.193 1.099.944 545.216 298.391 129,127 3 .457 .550

(percent) 16° o 3% 3% 6% 7 ° o 5 ° o 32° o 1 6 % 9 ° o 4°n
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over 40%  o f  boat days occurring in the region arc generated by boats kept in the other 

regions. For exam ple. 52%  o f  boat days in the northeast region are by boats kept within 

region. 30%  by boats kept in the south-in land  and central-in land regions, and 11% by 

boats kept in the southeast and  central-east regions. The orig in-destination matrix also 

show s a “ south-to-north"  pattern o f  m ovem en t by boats stored at nonwaterfront homes. 

Model Evaluation

Sim ilar to the evaluation o f  the  d istribution m odel for boats stored at marinas, the 

trip d istribution m odel for boats  s tored at nonw aterfront hom es is evaluated on its ability 

to d istribute (1) boat days first to destination zones and (2) then to counties. The two 

steps are again evaluated separately. Fable 29 provides the estim ated sam pling  errors at 

the 90 percent confidence level for the distribution o f  boat days within 13 destination 

zones by storage regions. For exam ple ,  there is a 3%  sam pling  error (90%  confidence 

level) associated  with the es tim ate  that 56%  o f  boat days take place within the "20  miles" 

zone. This m eans that within the 90%  confidence level, the population distribution o f  

boat days occurring  in the “ within 20 m iles” zone ranges from 53%  to 59%.

Eighty percent o f  the sam pling  errors are 5%  or less. The four largest sam pling 

errors (11%  to 13%) are for the central-east, northeast and southw est regions which have 

relatively small sam ple  sizes (41 o r  fewer boats in the regions,).. For exam ple, large 

sam pling  errors produce less reliable  estimates for the percent (num ber) o f  boat days 

"w ith in  20 m iles” zone in the central-east region. W ith a 13% sam pling  error, the num ber 

o f  days that take place in the "w ith in  20 m iles” zone could  range from 46 ,000  days to

76,000 days.



Tabic 29. N onw atcrfron t H om e B oat D ays by S torage R egion and D estination  Zone:
S am pling  E rrors at A  90%  C onfidence Interval.

T im e -d is ta n c e
D est inat ion
Z o n e s

South
East

Central
East

N orth
East

North
W est

Central
W est

South
W est

South
Inland

Central
Inland

N orth
Inland

IJ.P. Total

S a m p l i n g  E r r o r  a t  9 0 %  C o n f i d e n c e  I n t e r v a l

W ith in  2 0  m iles  8 .1 %  13 .0%  11 .1%  8 .8% 9 .5 % 12.8% 5.3% 6.1 % 7.7% 8.2" o 2 .7 %

21 - 6 0  m i le s 7 .2 % 7 .8 % 7.8% 7.7% 7.9% 1 1.0% 4 .3 % 4 .8 % 6 .6 % 0 .0 °  o 2.0".,

6 1 - 9 0  m i le s 4 .3 % 9 .9 % 4 .6 % 2 .9 % 4 .0 % 6 .7 % 3 .7 % 5 .1% 5.3% 6.1% 1.7%

9 1 - 1 2 0  m i le s 0 .0 % 6 .8 % 0 .0 % 2 .1 % 2 .4 % 0 .0 % 1.9% 3 .3 % 1.5% 6 .1 % 1.0" „

1 2 1 - 1 5 0  m i le s 2 .3 % 5 .7 % 4 .6 % 2 .1 % 2 .4 % 4 .0 % 1.6% 3 .8 % 2 .9 % 1.8% 0.9",,

1 5 1 - 1 8 0  m i le s 2 .3 % 4 .0 % 0 .0 % 2 .1 % 2 .4 % 4 .0 % 2 .0 % 2 .5 % 2 .1 % 2 .5 % 0.8",,

1 8 1 - 2 1 0  m i le s 2 .3 % 4 .0 % 0 .0 % 2 .1 % 2 .4 % 6 .7 % 1.9% 3 .1 % 2 .1 % 1.8% 0.9" „

21 1 -2 4 0  m i le s 4 .0 % 0 .0 % 4 .6 % 2 .1 % 0 .0 % 5 .5% 2 .0 % 2 .9 % 2 .5 % 1.8% 0.9",,

2 4 1 - 2 7 0  m i le s 3 .6 % 4 .0 % 4 .6 % 2 .1 % 0 .0 % 0 .0 % 2 .2 % 2.7 % 2.1 °,0 0 .0 % 0.9",,

2 7 1 - 3 0 0  m i le s 3 .6 % 0 .0 % 0 .0 % 0 .0 % 2 .4 % 4 .0 % 2 .0 % 1.1% 0 .0 % 0 .0 °  „ 0.7",,

301 - 3 6 0  m i le s 2 .3 % 4 .0 % 0 .0 % 0 .0 % 2 .4 % 0 .0 % 1.7% 2 .5 % 0 .0 °  « 0.0" 0 0.7",,

3 6 1 - 4 2 0  m i le s 2 .9 % 0 .0 % 0 .0 % 0 .0 % 2.4 % 0 .0 % 0 .7 % 1.9% 1.5% 0.0" 0 0.5" „

O v er  4 2 0  m i le s 1.7% 0 .0 % 0 .0 % 2 .9 % 2.4'! o 4 .0 % 1.0% 1.6% 3 .2 % 0.0" o 0.6",,

D i s t r i b u t i o n  o f  B o a t  D a y s  in D e s t i n a t i o n  Z o n e s

W ithin 2 0  m ile s  4 4 %  5 2 %  9 2 %  87% 70% 55% 5 4 % 3 8 % 5 9 “ o 8 5 “ o 56%

2 1 - 6 0  m i le s 2 5 % 7% 5% 6% 9% 32% 2 0 % 12% 15% 0% 16%

6 1 - 9 0  m i le s 8% 18% 2% 1% 8% 3% 7% 17% 1 1% 4 % 8%

9 1 - 1 2 0  m i le s 0% 3% 0% 2% 0% 0% 2% 3% 0% 8% 2%

1 2 1 - 1 5 0  m i le s 2% 10% 0% 0% 1% 0% 1% 12% 1% 1% 3%

1 5 1 - 1 8 0  m i le s 1% 4% 0% 1% 0% 0% 5% 2% 0% 2% u
1 8 1 - 2 1 0  m i le s 1% 3% 0% 0% 1% 1% 1% 4 % 0% 0% 1 u 1 1)

2 1 1 - 2 4 0  m i le s 7% 0% 1% 0% 0% 1% 3% 4 % 1% 0% 3%

2 4 1 - 2 7 0  m i le s 3% 2% 0 % 1% 0% 0% 3% 2% 1% 0% 2%

2 7 1 - 3 0 0  m i le s 2% 0 % 0 % 0% 0% 8% 1% 1% 0% 0% 1%

3 0 1 - 3 6 0  m i le s 2% 0% 0% 0% 3% 0% 2% 3% 0% 0% 2".,

3 6 1 - 4 2 0  m i le s 4 % 0% 0% 0% 1% 0% 0% 2% 0% 01b 1%

O v e r  4 2 0  m i le s 3% 0% 0% 1% 5% 1% 0 % 1% 13% 0 % 2",,

N o .  o f  B o a t

D a y s  ( 0 0 0 ' ) 5 4 3 i n n o 2 0 4 2 4 8 1 6 3 / , W O 5 4 5 2 9 8 1 2 9 3 . 4 5 8



The second stage o f  the evaluation focuses on the es tim ates o f  the num ber o f  boat 

days in the counties. The model estim ates o f  hoat days in the counties  are com pared  with 

the direct survey estimates. Again , tw o types o f  m odel es tim ates (A and B) are introduced 

by using two form s o f  m odel inputs: (1) survey based estim ates o f  boat days generated by 

boats kept in counties  (model es tim ates  A), and (2) estim ates o f  boat days in the storage 

counties  produced  by the trip generation m odel (model estim ates B). In addition, the 

com parison  betw een direct survey estim ates and model estim ates (A and B) is only at the 

regional level, not at the county  level, because only tw o counties have sam ple sizes 

greater than 30.

The trip d istribution m odel for boats stored at nonw atcrfront hom es estim ates boat 

days in the regions reasonably  well. W ith the exception  o f  the southw est region, the 

regional percent differences betw een survey based estim ates and m odel estim ates (A) are 

5%  or less. The regional percent difference betw een the two estim ates is about 11% in 

southw est region (Table  30). T he  11% percent d ifferences betw een the two estimates are 

acceptable  w ithin a 90%  confidence level due to  h igher sam pling errors (13% ) in that 

region (Tahle 29).

In general, the differences betw een direct survey estim ates and model estimates 

(B) arc greater than the differences betw een direct survey estim ates and model estimates 

(A). This is largely due to the com pound ing  effects (errors) from the previous models. 

Except for the southw est region, the regional percent d ifferences betw een survey base 

estim ates and m odel es tim ates (B) are under 15%. The percent difference betw een the 

two estim ates is 28%  in the southw est region.
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Table 30. N onw aterfron t H om e B oat D ays By C ounty  o f  D estination : A
C om parision  o f  Survey and  M odel Estim ates.

R e g io n /C o u n ty
S u rv e y  E s tim a te

N o .
C a s e s

N U M B E R  O F  B O A T  
M<

M o d e l In p u t  fro m  19 9 4  S u rv e y ’ 
I’e rc c n

(A )  D if fe re n c e

D A Y S  
id c l E s tim a te

M o d e l In p u t f ro m  P re v io u s  M o d e l1,

(B )  P e rc e n t D if f e r e n c e 1

R e g io n a l  E st im a tes
S o u th  l a s t 3 4 1 .3 1 7 8 0 3 4 1 .8 1 5 0 % 3 8 7 .9 5 3 14".,
C e n tra l  l :a s t 1 7 2 .8 4 4 56 1 7 0 .5 0 9 -1 % 1 5 8 .0 3 7 -9"
N o r th e a s t 1 8 2 .8 8 7 73 1 8 7 .9 2 3 3 % 2 0 2 .7 5 7 1 1%
N o rth w e s t 3 2 8 .0 6 1 115 3 1 8 .3 1 3 -3 % 3 0 2 .2 3 2 -8 " .,
C e n tra l W e s t 2 4 5 .1 7 3 80 2 4 9 .6 9 5 2 % 2 3 7 .2 3 1 -3".,
S o u th w e s t 2 4 4 .2 3 1 44 2 1 8 .3 3 9 -1 1% 1 7 5 .0 8 3 -2 8 " .,
S o u th  In la n d 0 3 4 .0 2 7 161 9 7 6 .6 9 5 5 % 1 ,0 2 0 .3 9 1 9 %
C e n tra l  In la n d 2 3 3 .4 4 2 55 2 3 5 ,0 8 6 1% 2 4 6 .5 0 9 6"
N o r th  In la n d 4 8 1 .3 8 5 136 4 5 0 ,5 6 1 -6 % 4 3 1 .0 0 3 -1 0 %
U p p e r  P e n in s u la 2 9 4 .1 8 4 140 3 0 8 .6 1 3 5 % 2 9 6 .3 5 4 l" o

S T A T E  T O T A L 3 .4 5 7 .5 5 0 9 4 0 3 .4 5 7 .5 5 0 3 .4 5 7 .5 5 0

C o u n ty  L e v e l  E st im ates  For C o u n t ie s  W ith  S a m p le  S i z e s  Larger T han  3 0  B o a ts
G ra n d  T ra v e rse 9 2 .3 3 9 31 7 9 .0 3 5 -1 4 % 7 2 .2 4 2
O tta w a 1 4 2 .5 5 5 4 6 1 5 0 .2 8 1 5 % 1 2 0 .3 6 4 -1 6 " ,.

C o u n ty  L e v e l  E st im ates  For C o u n t ie s  W ith S a m p le  S iz e s  S m a l ler  T han 3 0  B o a ts
A lc o n a 1 7 ,5 2 7 10 2 0 .4 2 7 1 7 % 2 5 .6 8 8 4 7 " ,,
A lg e r 1 0 ,2 0 7 8 1 2 .3 9 0 2 1 % 1 4 .1 7 5 3 9 " ,,
A lle g a n 8 7 ,3 8 9 13 6 6 ,5 6 9 - 2 4 % 7 8 .1 8 9 -II".,
A lp e n a 3 6 ,2 1 4 13 2 2 .8 9 9 -3 7 % 3 1 .8 4 6 -1 2 %
A n tr im 3 8 .6 2 8 8 2 7 ,6 3 2 - 2 8 % 3 0 .2 3 2 -2 2 " ,,

A re n a c 2 9 .6 1 0 10 4 7 ,5 9 7 61% 4 5 .5 6 4 54",,
B a ra g a 1 7 .3 0 3 9 1 7 .0 4 7 -1% 1 4 .7 7 8 -1 5 %
B a rry 1 1 4 .4 6 2 17 3 6 .8 2 9 -6 8 % 3 8 .9 6 4 -6 6 " .,
B ay 5 0 .6 7 5 27 5 2 ,8 2 3 4 % 6 5 .7 6 8 30" ,,
B e n z ie 3 7 .3 5 0 16 2 1 ,8 5 7 -4  1 % 2 6 .9 9 3 -2 8 %
B e rr ie n 6 3 .5 7 6 15 8 5 .3 4 2 3 4 % 4 6 ,0 0 7 -2 8 ” ,,
B ra n c h 1 3 .7 8 6 4 1 6 .3 6 6 1 9 % 2 8 ,8 0 9 109%
C a lh o u n 1 6 .9 7 2 5 5 0 ,2 0 5 1 9 6 % 4 1 ,9 0 8 1 4 7 %
C a s s 4 0 .6 6 7 4 3 5 .2 9 1 -1 3 % 4 1 ,0 4 5 1%
C h a r le v o ix 1 4 ,4 5 3 8 2 6 .7 1 5 8 5 % 3 5 .5 3 7 146" „
C h e b o y g a n 4 5 .9 5 0 15 3 4 .5 5 8 -2 5 % 3 7 .8 1 8 -18%
C h ip p e w a 3 ,1 8 2 3 2 1 .1 0 1 5 6 3 % 2 0 .8 1 4 554 " ,,
C la re 4 3 .9 4 0 7 4 8 .7 6 9 11 % 2 6 .6 2 2 -3 9 " ,,
C lin to n 8 ,4 0 9 2 1 6 .0 0 5 9 0 % 1 2 .8 8 9 5.V  <>
C ra w fo rd 1 6 .8 7 0 5 4 8 .4 1 1 1 8 7 % 3 9 ,4 3 9 134°,,
D e lta 2 3 ,1 7 7 6 1 6 .0 3 3 -3 1 % 1 2 .1 9 5 -4 7 " ,,
D ic k in s o n 3 ,2 4 9 6 8 ,4 5 6 1 6 0 % 9 .5 1  1 1 9 3 %
E a to n 1,771 1 1 8 ,5 6 2 9 4 8 % 1 6 ,5 2 7 8 3 3 " ,,

E m m e t 2 6 ,5 3 1 9 2 8 ,1 4 5 6 % 2 9 ,8 6 6 13%
G e n e s e e 5 2 ,8 3 0 13 6 3 .3 4 8 2 0 % 6 8 ,0 0 6 2 9 “ o

G la d w in 4 0 ,2 1 0 8 2 1 ,5 9 4 -4 6 % 2 8 ,1 6 5 -3 0 %
G o g e b ic 4 ,7 7 6 3 1 3 ,5 6 4 1 8 4 % 1 7 ,6 5 7 2 7 0 %
G ra tio t 3 5 ,1 5 9 3 3 1 ,8 9 0 -9 % 7 ,0 9 0 -8 0 “ ,,
1 l i l ls d a lc 4 ,3 7 8 2 1 1 .8 1 8 1 7 0 % 1 8 .5 4 7 3 2 4 “ ,,
1 lo u g h to n 1 3 ,0 7 6 11 3 0 ,2 4 2 1 3 1 % 3 6 .6 7 2 180“ ,,
H u ro n 7 2 ,2 6 7 19 3 5 ,3 6 8 -5 1 % 3 5 .7 1 3 -5 1 %
In g h a m 2 ,2 4 4 3 1 1 ,6 3 7 4 1 9 % 3 2 ,7 0 8 1 3 5 8 %
Io n ia 4 .9 5 8 4 1 1 ,7 1 5 1 3 6 % 1 7 ,1 4 8 2 4 6 %
Io sco 3 0 ,9 5 0 17 3 1 ,1  56 1% 3 9 ,1 6 5 2 7 %
Iron 5 5 ,0 7 1 TT 4 0 .1  56 -2 7 % 4 9 .7 5 5 -1 0 %
Is a b e l la 12 .2 9 3 5 1 4 ,7 5 6 2 0 % 9 .1 0 5 -2 6 “ ,,
J a c k s o n 1 6 6 ,521 19 1 18 .361 -2 9 % 7 3 .4 0 2 -5 6 ” ,,
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Table 31 (cont'd).
N U M D L R  O f  M O A T  I M Y S  

S u rv e y  L s t im a tc  M o d e l L s tim a tc

R e g i o n / C o u n t y

N o .
C a s e s

M o d e l In p u t f ro m  199 4  S u rv e y "  
P e rc e n t

(A )  D if f e r e n c e 1

M o d e l In p u t fro m  P re v io u s  M o d e l1, 

(U ) P e rc e n t D if fe re n c e
K a la m a z o o 7 8 ,2 0 6 13 5 5 .1 1 3 -3 0 % 6 8 .2 2 2 -1 3 %
K a lk a s k a 2 0 .5 2 6 4 2 6 .0 6 3 2 7 % 1 6 .7 0 8 -1 0 %
K en t 5 1 .7 4 5 21 1 3 9 .2 8 3 1 6 9 % 1 5 3 .6 3 7 197",.
K e w e e n a w 7 0 .1 3 2 16 2 1 .4 2 7 -6 9 % 2 2 .4 3 9 -6 8 " ..
1 a k c 4 .0 1 4 3 2 7 .5 9 8 5 8 8 % 3 1 .4 7 4 6 8 4 " .,
L a p e e r 2 2 .5 9 7 7 1 0 .8 0 5 -5 2 % 1 5 .9 8 7 -2 0 " ,,
f e c l a n a u 1 1 .8 1 9 12 2 2 .2 9 8 8 9 % 3 5 .8 9 3 2 0 4 " ,,
L e n a w e e 4 6 .3 8 4 7 3 3 ,0 1 0 -2 9 % 3 3 .2 2 0 -2 8 " ,,
L iv in g s to n 3 1 .1 0 1 10 9 0 .9 9 9 1 9 3 % 11 1 .3 9 6 2 5 8 " ,,
I u c c 1 6 .9 5 2 10 1 6 .0 0 7 -6 % 9 .9 9 0 -4 1 %
M a c k in a c 4 7 .3 7 9 18 5 0 .0 4 8 6 % 2 5 .9 3 9 -4 5 " ,,
M a c o m b 1 0 7 .6 4 0 17 8 5 ,1 5 6 -21% , 1 0 5 .9 5 4
M a n is te e 8 7 .1 0 1 24 7 9 .6 3 4 -9 % 2 8 .7 5 7 -0 7 %
M a rq u e t te 1 1 ,2 8 6 9 2 2 .5 0 6 9 9 " ,, 1 2 .1 9 3 8 %
M a s o n 19.841 7 3 2 .9 9 8 6 6 % 4 2 .7 1 2 1 15%
M e c o s ta 1 3 .6 5 6 9 1 7 .9 6 3 3 2 % 2 5 .2 1 7 8 5 %
M e n o m in e e 1 .8 2 6 4 6 .1 0 6 2 3 4 % 1 1.981 5 5 o %
M id la n d 7 6 .6 6 2 7 4 0 .0 1 3 -4 8 % 1 6 .9 9 9 -7 S %
M is s a u k e e 3 0 .3 4 1 5 1 1 .273 -6 3 % 1 0 .6 2 6 -0 5 %
M o n ro e 6 9 .8 2 0 24 4 9 .3 5 6 - 2 9 % 4 1 .3 5 9 -4 1 " ..
M o n tc a lm 8 2 .9 0 2 12 5 3 .0 7 2 -3 6 % 3 8 .0 4 9 -5 4 %
M o n tm o r e n c y 1 7 .6 0 0 6 8 .9 3 9 -4 9 % 1 1 .827 -5 3 " ..
M u s k e g o n 9 3 .1 0 5 2 8 8 3 ,5 8 3 -1 0 % 9 0 .0 0 8 -3 " ..
N e w a y g o 5 4 ,0 2 0 18 8 3 ,7 5 5 5.4% 6 0 .7 7 4 15%
O a k la n d 18 1 .0 9 0 2 6 2 0 1 .4 7 0 1 1 % 2 4 6 ,7 3 7 3 0 " ..
O c e a n a 9 .5 1 3 6 15,831 6 6 % 2 6 ,8 5 9 1X 2%
O g e m a w 1 9 .4 7 3 6 3 4 ,2 2 0 7 6 % 3 8 ,1 9 1 W „
O n to n a g o n 8 ,0 6 4 7 1 6 ,4 4 3 1 0 4 % 1 9 .8 6 3 140".,
O s c e o la 1 0 ,3 6 8 5 9 .4 5 5 -9 % 15.631 5 1 %
O s c o d a 1 4 ,2 0 8 8 2 3 ,4 0 7 6 5 % 3 0 ,9 8 8 1 IK"..
O ts e g o 1 6 ,0 3 5 5 2 4 ,1 4 1 51 % 2 4 .8 0 3 5 5 " ..
P re s q u e  Is le 2 2 ,6 3 6 8 3 1 .2 8 6 3 8 % 2 2 .6 7 7 0 "..
R o s c o m m o n 126 ,921 2 6 4 0 .8 5 6 -6 8 % 4 7 .0 8 7 -0 3 %
S a g in a w 1 0 ,9 3 7 8 1 2 .6 1 5 15% 3 8 ,7 7 8 2 5 5 %
S a m i J o se p h 7 .1 5 2 4 1 1 ,3 4 9 5 9 % 3 5 ,2 7 6 3 9 3 " .  i
S a n ila c 6 ,9 8 2 1 2 3 ,8 1 2 241  % 1 9 ,8 7 3 1X5%
S c h o o lc ra f t 8 ,5 0 3 8 1 7 ,0 8 6 101 % 1 8 .3 9 4 I 10%
S h ia w a s s e e 5 ,5 8 2 2 3 .7 4 0 -3 3 % 1 1 .2 7 0 102 %
S t C la i r 4 8 ,9 3 5 14 5 2 ,9 4 3 8 % 6 7 .6 2 0 3 8 %
T u s c o la 4 2 ,9 2 1 9 5 8 ,5 0 6 3 6 % 3 6 ,6 8 3 -1 5 %
V a n  B u re n 9 3 ,2 6 6 16 6 6 ,4 2 7 -2 9 % 5 0 ,8 8 7 -4 5 " ..
W a sh te n a w 9 8 .6 5 8 17 1 2 3 .5 2 7 2 5 % 9 1 ,1 8 0 -8 %
W a y n e 1 1 4 .9 2 2 25 1 5 4 ,3 6 0 3 4 % 17 3 ,0 2 1 5 1 " ..
W e x fo rd 5 3 ,2 0 4 21 2 4 ,1 1 6 -5 5 % 2 3 ,4 5 2 -5 6 %

a  The m o d e l in p u t , n u m b e r  o f  b o a t  d a y s  in th e  s to ra g e  c o u n t ie s ,  a re  g e n e ra te d  d ir e c t ly  f ro m  th e  199 4  M ic h ig a n  B o a t in g  S u i t e s

h  I h e  m o d e l in p u t ,  n u m b e r  o f  b o a t  d a y s  in  th e  s to ra g e  c o u n t ie s ,  a re  g e n e ra te d  f ro m  p re v io u s  b o a t  d a y s  g e n e ra t io n  m o d e l 

c P e rc e n t  d if f e re n c e s  a re  c a lc u la te d  a s  ( m o d e l e s t im a te  -  s u rv e y  e s t im a te )  /  s u rv e y  e s t im a te



B oat D ays In C oun ties By Boat S torage Segm ents

This section presents and evaluates the overall results  o f  trip distribution m odels 

which are used to estim ate  the num ber  o f  boat days in the counties  by boats in different 

storage segments. The sum m ation  o f  “overall trip distribution m odels"  includes the trip 

generation m odel, trip d istribution m odel for boats stored at m arinas in the coastal 

counties, trip d istribution m odel for boats stored at nonw aterfront homes and  trip 

distribution schem e for boats kept at m arinas in the inland counties, waterfront homes 

and second ho m es3'1.

Results

Table  31 sum m arizes  the predictions o f  the overall trip d istribution models. The 

total num ber o f  boat days in counties  ranges from 24,200 days in Gratiot county  to 

727.800 days in O akland county. Fifteen percent o f  the s ta te 's  total boat days occur in 

four southeast counties. Conversely, nine north Upper Peninsula  counties  host only 5% o f  

s ta te 's  total boat days. A bou t 18% o f  boat days take place in the northeast and northwest 

regions, 29%  in the south-in land region, 19% in the north-inland and south Upper 

Peninsula regions, 9%  in the central-w est and southw est regions, and the rem aining 5% in 

the central-east region.

The spatial d istribution o f  boating destinations vary across storage segments. Over 

forty percent o f  the boat days generated by boats stored at m arinas take place in the 

southeast region, and another 22%  o f  days occur in the northw est (14% ) and central-west

A s  m e n t io n e d  in the m eth o d  chapter,  all the boat days  g enerated  by  boats  stored at marinas in inland  
co u n t ie s ,  s e c o n d  h o m e s  and waterfront h o m e s  are a l lo ca ted  to their s torage  c o u n t ie s ,  a ssu m in g  that 
all the boat d a y s  take p lace  w ith in  storage  count ies .



Table 31. Number o f Boat Days by Storage Segment and Destination County.

B oat days (0 0 0 ’s) B O A T  STO RA G E SE G M E N T S Total

M arina  S econd  H om e W aterfron t H om e N onw a terfron t H om e

D E S T IN A T IO N

C O U N T Y /R E G IO N

N o  o f  B oat 

D ays

Col. % Row % N o o f  B oat 

D ays

C ol % R ow  “ o N o. o f  B oat 

D ays

C ol % Row % N o o f  B oat 

D ays

C ol % Row % N o o f  B oat 

D ays

C ol %

M acom b 2 6 9 5 14.6% 4 4 .3 % 15.8 0 .5 % 2 .6% 2 17  7 6 .0 % 3 5 .8 % 106 0 3 .1% 1 7 4 % 608 .9 5 0%
M onroe 143.0 7 .7% 6 0 .6 % 8.8 0 .3% 3 .7 % 4 2 8 1.2% 18.1% 41.4 1.2% 17 5% 235 9 1 9%
St C la ir 158.8 8 .6 % 4 6 .2 % 57.6 1.7% 1 6 8 % 59.7 1.6% 17.4% 67.6 2 .0% 19 7% 343  8 2.8%
W ayne 194 4 10.5% 27 7% 30.7 0 .9 % 4 4 % 3 0 4 5 8 .4 % 4 3 .3 % 173.0 5 .0% 24  6% 702.6 5.7%
S O U T H E A S T 76S.6 41.5% 40.5% 112.9 3.4% 6.0% 624.7 17.2% 33.0% 388.0 11.2% 20.5% 1.891.1 15.4%
B ay 87 .9 4  8% 51 .3% 4.3 0 .1 % 2 5 % 13 4 0 .4 % 7 .8 % 65.8 1 9% 38  4 % 171.4 1 4%
H uron 4 5 .2 2 .5 % 2 9 .8 % 67 .0 2 .0 % 4 4  1% 4 0 0 .1 % 2 .7 % 35.7 1.0% 23 5% 1 5 2 0 1.2%
S aginaw 2.7 0 .1 % 4 .2 % 2.7 0 .1 % 4.1% 2 0 9 0 .6 % 32 1% 38.8 1.1% 59  6 % 65.0 0 5%
S an ilac 27 .0 1.5% 2 8 .4 % 4 5 .7 1.4% 4 8 .0 % 2.7 0 .1 % 2 .8 % 1 9 9 0 .6% 2 0 .8 % 9 5 3 0 8%
T u sco la 13.8 0 .7 % 2 1 .0 % 9.8 0 .3 % 14.8% 5.7 0 .2 % 8.7% 36.7 1.1% 55 6 % 6 6 0 0 5%
C E N T R A L  E A S T 176.7 9.6% 32.1% 129.5 3.9% 23.6% 46.8 1.3% 8.5% 196.8 5.7% 35.8% 549.8 4.5%
A lcona 4.4 0 .2 % 3 .0 % 97.3 2 .9% 6 7 4 % 17.0 0 .5 % 1 1 8 % 25 7 0 .7% 17 8% 1 4 4 4 1 2 %
A lpena 7.5 0 .4 % 7 .4% 3 1 4 0 .9% 3 0 .9 % 3 0 9 0 .9 % 3 0 .4 % 31.8 0 .9% 3 1 3 % 101 7 0 .8%
A renac 24 .7 1 .3% 17.7% 41 9 1.2% 2 9 .9 % 2 7 ,8 0 .8 % 19.9% 45.6 1.3% 32  5% 1 4 0 0 1.1%
C h eboygan 24 .4 1.3% 13.5% 83 9 2 .5 % 4 6 4 % 34  7 1.0% 19.2% 37 8 1.1% 2 0  9 % 180 8 1.5%
Iosco 29 .3 1.6°/. 13 3% 1 15.3 3 .4 % 5 2 2 % 37 .0 1.0% 16.8% 39.2 1.1% 17 7% 220  8 1.8%
P resque Isle 10.4 0 .6 % 9 9 % 52.9 1.6% 50.4% 18 8 0 .5 % 18 0 % 22.7 0 .7% 21 6 % 104 8 0 .9%
N O R T H  E A S T 100.7 5.5% 11.3% 422.7 12.6% 47.4% 166.3 4.6% 18.6% 202.8 5.9% 22.7% 892.6 7.3° o
A ntrim 9.2 0 .5 % 5 9% 80  1 2 .4 % 5 1 1 % 37.3 1.0% 23 8% 30.2 0.9% 19 3 % 1 5 6 8 1 3 %
B enz ie 27 .8 1.5% 2 0 .7 % 53.6 1.6% 4 0 .0 % 25 .8 0 .7 % 19.2% 27.0 0 .8% 2 0  1% 134 2 1.1%
C harlev o ix 65 5 3 .5 % 32 7% 66.1 2 .0 % 3 3 .0 % 33 .0 0 .9 % 16.5% 35.5 1.0% 17 8% 200.1 1.6%
E m m et 29.1 1.6% 17.1% 74.7 2 .2 % 4 4  0 % 36.3 1.0% 2 1 3 % 29.9 0 .9% 17 6% 170.0 1.4%
G ran d  T raverse 15.3 0 .8 % 6 .5 % 56.2 1.7% 2 3 .8 % 9 2 6 2 .6 % 3 9 .2 % 72 2 2 .1% 3 0 .6 % 2 3 6 3 1.9%
L eelanau 4 0 .5 2 .2% 2 2 .1 % 71.2 2 .1 % 3 8 .7% 36  I 1 .0% 19.7% 3 5 .9 1.0% 19 5% 183 7 1 5%
M an is tee 3 9 .7 2 .2 % 2 6 .6 % 54.5 1.6% 3 6 .5 % 26.3 0 .7 % 17.6% 28.8 0 .8% 19 3% 14 9 3 1 2 %
M ason 2 6 .8 1.5% 17 7% 51.9 1.5% 3 4 .3% 2 9 8 0 .8 % 19.7% 42.7 1.2% 2 8 .2 % 151.3 1 2%
N O R T H W E S T 253.8 13.8% 18.4% 508.3 15.1% 36.8% 317.2 8.7% 23.0% 302.2 8.7% 21.9% 1.381.6 11.2%
M uskegon 5 0 .9 2 .8 % 2 6 4 % 22 .7 0 .7% 11.8% 2 9  1 0 .8 % 15.1% 9 0 .0 2 .6% 4 6  7% 192.7 1 6 %
O cean a 8 8 0 .5 % 8 .1% 6 7 .9 2 .0% 6 2 .9 % 4.4 0 .1 % 4 .1 % 26.9 0 .8% 2 4 9 % 1 0 8 0 0.9%
O tta w a 81 0 4 .4 % 28  9% 33.5 1.0% 11.9% 4 5 .3 1.2% 16.2% 120.4 3 .5% 4 3 .0 % 280.1 2 3%
C E N T R A L  W E S T 140.7 7.6% 24.2% 124.0 3.7% 21.4% 78.9 2.2% 13.6% 237.2 6.9% 40.8% 580.8 4.7%
A llegan 25.5 1 4 % 13 9 % 22.7 0 .7% 12 3% 5 7 7 1.6% 31 4% 78 2 2 .3% 42 5% 184 1 1.5%
B errien 45 .0 2 4 % 21 8% 36  9 1.1% 17 9 % 78 5 2 2 ” ci 38 ()n o 46  (I 1 3% 22 3% 206  4 1 7%
V an B uren 2 5 0 1 4% 16 7% 29  1 (19% 19 4% 45 0 1 2% 30 0% 50.9 1 5%, 33 9% 150 0 1 2",.
S O U T H W E S T 95 .5 5 .2% 17.7% 88.7 2.6% 16.4% 181.2 5.0% 33.5",, 175.1 5.1% 32 .4% 540.4 4.4",,



Table 31 (cont'd).

B oat days (0 0 0 's) B O A T  ST O R A G E  S E G M E N T S Total

M a n n a  S econd  H om e W aterfron t H om e N o nw a te rfron t H om e

D E S T IN A T IO N N o  o f  B oat C ol % Row % N o o f  B oat C ol % Row 8 o N o o f  B oat C ol 80 Row 0 0 N o o f  B oat C ol % Row 0 0 N o ol B oat Col %
C O U N T Y /R E G IO N D ays D ays D ays Days Days
B arry 9-1 0 5% 6 .9% 51.3 1.5% 37.988 35 7 1.088 2 6 4 % 39.0 1 1% 28 88o 135 3 1 1%
B ranch 7 5 0 .4 % 6 .2 % 57 8 1.7% 4 7 .5 % 27  5 0 888 2 2 .6 % 28.8 0 .8% 23.788 1 2 1 7 1 0%
C alhoun 3 0 0 .2 °/o 3 .4% 0.2 0 .0 % 0 .2 % 44  8 1 28o 49.88o 4 1 9 1 2 % 46  6% 90  0 0 7%
C ass 1 1 4 0 .6 % 7.2% 70.5 2 . 1% 4 4 .2 % 3 6 5 1.088 22 .9% 4 1 0 1.288 25.78o 159 5 1 3%
C lin ton 0 1 0 0 % 0 . 1% 1.0 0 .0 % 2.688 25 9 0 788 6 5 .0 % 12.9 0 .4 % 32  388 39  9 0 3%
Eaton 0.1 0 0 % 0 1% 3.3 0 1% 5 .980 36  1 1.088 64.588 16.5 0 5% 29 58o 55 9 0 5%
G enesee 1 7 0 .1% 0.7% 17.7 0 5% 7 .6% 143 7 4.088 62 2 % 68 0 2 0% 29.488 231.1 1 9%
G ratio t 0 2 0 .0 % 0.9% 2.4 0 . 1% 9.888 14 5 0.488 60.088 7.1 0 288 29 388 24 2 0 2 %
H illsdale I 7 0 1% 2 .1% 40.6 1.2% 49.68o 21 0 0.688 25 .6% 18.5 0 .5 % 22 78 „ 81 9 0 7%
Ingham 0 .0 0 .0 % 0 .0 % 7.7 0 .2 % 6.880 72 9 2.088 6 4 .3 % 32.7 0.988 28 888 1 1 3 4 0 9%
Ionia 0 4 0 .0 % 0 .9% 8.7 0 .3 % 18 688 20  6 0 688 43 988 17 1 0.588 36.688 46  9 0 4%
Isabella 0.3 0 .0 % 0 .6% 20.9 0 .6 % 43.488 17.8 0 588 37.188 9.1 0.388 18 988 48  1 0 4%
Jackson 1 0 6 0 .6 % 5.5% 4 1 3 1.2% 21.488 67 .4 1.988 35.08o 73.4 2 . 180 38.188 192 6 1 6%
K alam azoo 8.0 0 .4 % 4 .7 % 13.7 0 .4 % 8.088 S2 0 2.388 4 7  788 68.2 2.088 39 .7% 171.9 1 4%
K ent 7.2 0 4 % 1.9% 30.5 0 .9 % 8.088 1 8 7 2 5.288 49.588 153.6 4.488 40  683 378 5 3 1%
Lapeer 1 8 0 . 1% 2 .9% 16 6 0 .5 % 26.588 2 8 4 0.888 45.288 16 0 0.588 25 488 62 9 0 5%
Lenaw ee 2 3 0 . 1% 1.9% 4 8 .7 1.5% 39.888 3 8 3 1.188 31.288 33 .2 1.088 27.188 122 6 1 0%
L iv ingston 13 9 0 .8 % 6 .0 % 3 6 8 1. 1% 15.988 69  6 1.988 3 0 .1 % 111.4 3.288 48  188 231 .7 1.9%
M id land 0.4 0 .0 % 0 .6% 9.3 0 .3 % 13.988 4 0  5 1.188 60.288 17.0 0.588 25 388 67  2 0 5%
M ontca lm 5 3 0 .3% 3 .9% 64.3 1.9% 48.088 2 6 3 0 788 19.788 38 .0 1.188 28  488 133 9 I 1%
O ak land 49  9 2 .7 % 6 .9% 57.2 1 .7% 7.988 37 3 .9 10.388 51.488 246 .7 7.188 33.988 727 8 5 9 8 0
S h iaw assee 9 1 0 .5% 12 .6% 2.6 0 1% 3.688 25.5 0.788 35.288 35.3 1.088 4 8 .6 % 72 6 0 680
St Jo seph 0 1 0 .0 % 0 . 1% 33.2 1.0 % 4 1 .3 % 3 5 .8 1.088 44.588 11.3 0.388 14 088 80  3 0 788
W ashtenaw 7.6 0 .4 % 4 .0 % 20.9 0 .6% 11.0 % 70.4 1.988 3 7 .0 % 91.2 2 688 47.983 190 2 1 588
S O U T H  IN L A N D 152 .1 8 .2 % 4.2% 657 .4 19 .6% 18.4% 1,542 .4 4 2 .5 % 45 .1% 1,228.1 5 5 .5  % 5 4 .5% 5 ,5 8 0 .0 29 .1%
C la re 2.4 0 . 1% 1.6 % 91.7 2 .7 % 6 0 .5 % 3 0 9 0 .9 % 20.488 2 6 6 0.888 17.683 151.7 1 2 %
C raw fo rd 0 6 0 .0 % 0 .5 % 43.3 1.3% 4 1 .2 % 2 1 .7 0.688 20.788 39 .4 1 188 37 6 % 105 0 0 9%
G ladw in 2 .0 0 . 1% 1.5% 60.8 1.8% 47.88o 36.3 1.0 % 2 8 .5% 28.2 0.888 2 2 . 1% 127 2 1 088
K alkaska 1.7 0 . 1% 2 .2% 38.4 1. 1% 51.088 18 5 0.588 24.688 16 7 0.588 22 28o 75 3 0 6%
Lake 0.9 0 .0 % 0 .7 % 82.6 2 .5 % 63.288 15 7 0.488 12 .0 % 31.5 0.988 2 4 .1 % 130 7 1. 1%
M ecosta 4 .9 0 .3% 4 .9 % 36.2 I 1% 3 6 .0 % 34 4 0 9 % 34.188 25.2 0.788 25 0% 100 7 0 888
M issaukee 11 0 1% 2 . 1% 2 6 7 0 8% 4 9 .5 % 15 5 0 4 % 28 7% 10 6 0 3% 19 7% 54 1) 0 4°,,
M on tm orencv 5.1 0 .3% 5 .9% 53 9 1.6 % 6 2 .9 % 14 9 0 .4% 17 4% 11 8 0 3% 13 8% 85 8 0 7%,
N ew aygo 5 5 0 3% 3 2% 5 6 0 1 7 % 3 3 .2 % 46  5 I 3 % 27 5% 60 8 1.8% 36 0% 168 7 1 4%



Table 31 (cont'd).

B oat  days  ( 0 0 0 ’s) B O A T  STO RA G E SE G M E N T S Total

M a r in a  S eco n d  H o m e W aterfront H o m e  N onwa te r f ron t H ome

D E S T IN A T IO N

C O U N T Y /R E G I O N

N o  o f  Boat  

Days

Col . % Row  % No. o f  Boat  

Days

Col  % Row % N o  o f  Boat  

Days

Col % Row 0 o N o  o f  Boa t 

Days

Col % Row ° o N o  o f  Boat 

Davs

Col. %

O g e m a w 2.4 0 .1 % 1.9% 62 9 1 9 % 4 9 2 % 24 3 0 .7 % 19.0% 38 2 1 1% 29  9 % 127 7 1 0 %
O sc eo la 0 5 0 .0 % 0 .7 % 36 8 1 1% 5 2 .8 % 16 8 0 5 % 24 0 % 15 6 0 5 % 2 2 4 % 69.7 0 .6 %
O sc o d a 0.6 0 .0 % 0 .6 % 50 0 1 5 % 52 3 % 1 4 0 0 .4 % 14 6 % 31 0 0 9 % 32 4 % 95 6 0 .8 %
O ts eg o 2.8 0 .2 % 3 .2 % 41 1 I 2 % 4 5 .8 % 2 0 9 0 6 % 23 4 % 24 8 0 7 % 27 7% 89 7 0  7%
R o s c o m m o n 14 7 0 .8 % 6 .4 % 117 1 3 5 % 5 0 9 % 51 3 1.4% 22 3 % 47 1 1 4 % 20 5% 230  1 1 9 %
W exford 1.3 0 1% 1 6 % 24 (I 0 7 % 2 9 .4 % 33 0 0 .9% 4 0 3 % 23 5 0 7 % 28 7% 81 7 0 7%
N O R T H  I N L A N D 46.4 2.5% 2.7% 821.6 2 4 .4 % 48.5% 594.6 10.9% 25.5% 451.0 12.5% 25.4% 1.695.6 15.8%
Delta 7 1 0 .4 % 6 .0 % 59 9 1 8 % 5 0 4 % 25 9 0 7 % 2 1 .8 % 25 9 0 8 % 21 8 % 118 8 1 0 %
Dick inson - 0 .0 % 0 .0 % 42  0 1 2 % 57 7 % 18 7 0 5 % 25 8% 1 2 0 0 3 % 16.5% 72.7 0 6 %
Iron - 0 .0 % 0 .0 % 64 2 1 9 % 69  2 % 13 8 0 .4% 1 4 9 % 14 8 0 4 % 15 9 % 92 8 0 8 %
M ack in ac 22 6 1.2% 12 8 % 100 5 3 0 % 5 6 .7 % 17 3 0 .5% 9 .8% 36 7 1 1% 20 7% 176.8 1 4 %
M e n o m inee 6.3 0 .3 % 8 .6 % 42 9 1 3 % 5 8 0 % 14 7 0 .4% 19 9 % 10 0 0 3 % 13 5% 73 9 0 .6 %
S choolc raf t I 5 0 .1 % 2 .0 % 44 3 1 3 % 58 0 % 1 0 6 0 .3% 14 0 % 19 9 0 6 % 26  0 % 76 3 0  6 %
S O I  T H  I  .P . 3 7 .5 2.0% 6.1% 555.6 10.5% 57.8% 101.1 2.8% 16.5% 119.2 5.4% 19.5% 611.4 5.0%
Alger 2.5 0 .1 % 6 .3 % 1 2 9 0 .4 % 32 4 % 1 2 2 0 3 % 30  7% 1 2 2 0 4 % 30  6 % 39 8 0 .3 %
Baraga 10 1 0 .5 % 29  3 % 7 9 0 2 % 2 2 .9 % 7 1 0 2 % 20  4 % 9 5 0 3 % 27 4 % 34 7 0 3 %
C h ip p e w a 30  1 1.6% 2 0 .4 % 33 3 1 0 % 2 2 .6 % 34 1 0 .9% 2 3 .1 % 49 8 1 4 % 33 8 % 1 4 7 2 1 2 %
G o geb ic 2 7 0 .1 % 4 .7 % 1 7 6 0 .5 % 30  4 % 1 9 2 0 5 % 3 3 .2 % 1 8 4 0 5 % 31 7 % 57.9 0 5%
H o u gh to n II  1 0 6 % 17.1% 16 8 0 5 % 2 5 .8 % 22 9 0 .6 % 3 5 .3 % 1 4 2 0 4 % 21 8 % 65 0 0 5 %
K ew eenaw 7 0 0 .4 % 17 9 % 8 9 0 3 % 22  8 % 2 4 0 1% 6 2 % 20 8 0 6 % 53 1% 3 9 2 0 3 %
Luce 0 2 0 .0 % 0 .5 % 7 7 0 .2 % 21 6 % 10 1 0 .3 % 2 8 .4% 1 7 7 0 5% 4 9  4 % 35 7 0 .3 %
M arque t te 10.2 0 .6 % 8 .8 % 28  4 0 8 % 2 4 .5 % 54 8 1.5% 4 7 .3% 22 4 0 6 % 19.4% 115 8 0 9 %
O n to n ag o n 2 6 0 .1 % 8 .1 % 8 5 0 3 % 2 5 .9 % 9 4 0 3 % 28 8 % 1 2 2 0 4 % 37  2 % 32.8 0 3 %
N O R T H  I  .P. 76.6 4.2% 15.5% 142.0 4.2% 25.0% 172.5 4.8% 50.5% 177.1 5.1% 51.2% 5 68.1 4.6%
T O T A L 1,845.6 1 0 0 % 1 5 .0 % 3 J 6 0 . 8 1 0 0 % 2 7 . 3 % 3 .62 5 .4 1 0 0 % 2 9 . 5 % 3.457.6 1 0 0 % 2 8 . 1 % 12,289 .4 1 0 0 %

note: B ec au se  ca ses  with  m iss ing  s to rage  v ar iab le s  are exc luded  from the  (survey based)  es t im a te s  o f  boats  in d if fe rent s to rage segm ents  b \  sto rage  reg ions  (Table  I !) 

tha t are u sed  in the  al loca t ion  mode ls ,  the  n u m b e r  o f  boats  es tim ated  by  sto rage  a l locat ion  m ode ls  is less than  the  n u m b e r  o f  registered  ac tive  craft (555 ,000  boats) 

Because  the  es t im ates  by tr ip  d is tr ibution  m o d e l  are based  on the es tim ates  de r ived  from the gene ra t ion  and  al loca t ion  models , the mode l es timated  n u m b er  o f  boat  

days  is lower  than total n u m b e r  o f  boat days  (13 .4  m i ll ion  days)  reported in 1994 Rec rea tional  B oa t ing  S u rv ey  (S tv nes  et a l . 19 9 s )
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regions (8%). Fifteen percent (269.500 days) o f  the boat days by boats stored at marinas 

take place in M acom b county.

A pproxim ately  35 percent o f  boat days generated by boats stored at second homes 

occur in the north-inland and south U pper Peninsula regions, and only 3.4%  at the 

southeast region. Cheboygan. R oscom m on, and M ackinac  counties individually host over

100.000 boat days.

A lm ost 60 percent o f  boat days generated by boats stored at waterfront hom es take 

place in the south-in land (43% ) and southeast regions (17% ), and only 2 .8%  in the south 

Upper Peninsula  region. Counties, such as Oakland. W ayne and M acom b, with high 

population density  and fair am ounts  o f  water resources receive m ore than 200.000 davs 

each.

A lm ost h a lf  o f  all boat days generated by boats stored at nonwaterfront hom es 

occur in the south-in land and southeast regions. 18% in the central-east, central-west and 

southw est regions. W ayne (246 .700  days), Kent (173.000 days), and O akland (153.600 

days) counties  host over  a ha lf  m illion  boat days by boats stored at nonw aterfront homes.

The regions vary significantly in the am ount o f  boating use by boats in different 

storage segments. For exam ple, a lm ost 21 million boat days take place in the southeast 

region. The greatest n u m b er  o f  days are by boats stored at m arinas (41% ) and waterfront 

hom es (33% ). In com parison , there are 611,400 days o f  boating in the south UP region o f  

w hich 58%  is by boats  stored at second homes. In the north U P region, a lm ost two-thirds 

(62% ) o f  the 568 ,000  days are by boats stored at waterfront hom es (30% ) and 

nonw aterfront hom es (31% ).
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Table 32 provides an origin (storage location) - destination (use location) matrix. 

The matrix  reveals the am ount and  proportion o f  boat days in destination regions by boats 

kept in the d ifferent origin regions. The matrix also show s the num ber  and proportion of 

days generated  by boats  kept in regions that take place in d ifferent destination regions. A 

low er percentage o f  boat days generated by boats kept in southern  M ichigan — southeast, 

central-east, cen tral-w est and south-inland regions — occur w ithin these regions. About 

87%  o f  boat days by boats kept in the south-inland region rem ain within the region. 13% 

are exported  to the o ther  regions. Com paratively , a lm ost all (over 95% ) o f  boat days by 

boats  kept in the  N orthern  M ichigan  rem ain  within the region. The origin-dcstination 

matrix  clearly show s the “south-to -north” travel patterns for M ichigan  boating use. An 

origin (storage location)- destination (use location) m atrix  broken dow n by storage 

segm ent is included in the appendix  E. It show s how  boats in d ifferent storage segments 

contribute  to the orig in-destination Hows.

Model Evaluation

The predictions o f  overall trip distribution m odels  are evaluated by com paring 

model es tim ates  w ith  direct survey estimates. The percent differences betw een direct 

survey estim ates and m odel estim ates range from 2%  in G rand T raverse  county  to 4442%  

in Ingham  county. Only 4 boats w ere sam pled in Ingham  county, so the survey based 

estim ates is quite  unreliable. M ost counties with over  100% difference have sam ple sizes 

o f  less than 15 boats. Usable  responses to the 1994 M ichigan  Boating  Survey were less



Table 32. Number o f  Boat Days by Storage Region and Destination Region.

Boat Days STO RAGE REGIONS Total

Destination South Central North North Central South Inland Inland UP

Regions East East East West West West South North U P  South North (pet.)

Southeast 1 ,790,956 12,504 2 .218 2,801 3.847 2 ,018 75 .827 260 242 470 1.891,143 15%
R ow  P ci 95% l% 0% n% 0% n% 4% 0% 0% 0%

C o lu m n  pci. 86% 2% 0% n% i% 0% 2 % 0% 0% 0%

Central East 2 3 ,375 463 .0 4 6 1.275 1.117 1.129 2 ,484 55 ,447 1,760 46 83 549 ,760 4%
R ow  P ci. 4% 8 4 % (1% 0% 0% o% 10% 0% o% 0%

C o lu m n  p c i. 1% 79% 0 % 0% 0% n% i% 0% 0% 0%

Northeast 17,559 31.262 776 .308 3 .802 4.875 1.908 4 7 .7 6 8 8,042 328 699 892,551 7%
R o w  Pci. 2% 4% 87% 0% 1% 0 % 5°/o 1% 0% 0%

C o lu m n  p c i. 1% 5% 98% n% l% 0% 1% 1% 0% 0%

Northwest 2 9 ,4 0 0 17.027 3.923 1.230,927 12.060 8.522 62 .770 15.360 743 835 1.381,567 11%
R o w  P ci 2% l% 0% 89 % l% i% 5% 1% 0% 0%

C o lu m n  pci. 1% 3% 0% 98% 2% 2% 2% 1% 0% 0%

Central West 11,969 3.587 739 2 .692 514.632 6 ,237 34 .184 6 .544 77 150 580 ,810 5%
Rcrw P ci 2% 1% 0% n% 89 % 1% 6 % 1% 0% 0%

C o lu m n  pci. 1% 1% 0% 0% 8 6 % 1% 1% 0% 0% n%

Southwest 6 ,788 2.481 514 812 12.176 4 6 5 .4 3 9 5 1 .794 271 56 108 540,438 4%
R om P et l% 0% ri% 0% 2% S6 % 10% n% 0% 0%

C o lu m n  pel. 0% 0% 0% 0%, 2% 89% l% 0% 0% 0%

Inland South 114.073 12.180 100 858 13.324 28.181 3 .408 .0 0 4 3.268 0 0 3 .579 ,987 29%
R o w  Pci. 3% 0% 0% 0% 0% 1% 95% 0% 0% 0%

C o lu m n  p ci. 5% 2% 0% 0% 2% 5% 8 7 % l)% 11% 0%

Inland North 4 3 .278 30 .582 3 .049 5 .686 12.843 5 .609 108.480 1.483.641 272 139 1,693,578 14%
R om  Pci. 3% 2% 0% n% i% 0% 6% 88% 0% n%

C o lu m n  pet. 2% 5% 0% 0% 2% 10'/ /o 3% 95% 0 % 0%

UP South 15.155 8.433 1.373 2.232 9.711 953 23 .929 6 .049 538.505 5,066 611 .407 5%
R om P et 2% l % ri% n% TO • «. /O 0% 4% 10 ■ 1 0 88% 1%

( 'o lu m n  p c i 1% i % n% 0% TO ' .  0 n% . 1% 0°i) 99% 1%

UP North 32.833 7.231 851 3.227 13.412 1.200 30 .396 35.771 4.197 439 ,006 568.124 5%
R om Pet. 6% 1% O'.'n / % 2% o % 6°„ 1",, -~On

( 'o lu m n  pet. 2% 1% t)°0 n% o D”„ 17, r „ 98”,,

Total 2 .085 .385 588.333 790 .348 1.254.154 598 .009 522.551 3 ,898 .599 1.560.967 5 4 4 .4 6 6 446.555 12.289.366
(percent) 17® o 5®o 6°o 10°o 5°o 4% 32% 13% 4% 4%
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than 30 for 42 out o f  the 83 coun ties34. Only 12 counties  had questionnaires  representing 

m ore than 100 boats. Sam ple sizes are m uch sm aller  for individual storage segm ents at 

the county  level. T he  41 (destination) counties  w ith  sam ple  size greater than 30 boats 

provide a firmer basis for evaluating trip d istribution m odel (Table  33).

W ith the exception  o f  the  central-east region and northeast region, the differences 

betw een direct survey estim ates  and m odel estim ates are less than 12%. The percent 

differences betw een the tw o estim ates are 21%  in central-east region and 23%  in the 

northeast region. In the northeast region, there is a m ajo r  difference in estim ates o f  boat 

days by boats kept in the second hom es. The trip d istribution m odels  es tim ate  m ore boat 

days by boats at second hom es com pared  to the survey based estimate. This m ay suggest 

that the boats stored at second hom es are used less frequently  in the northeast region, or 

the second hom e ow ners  have less propensity  to use or store their boats  w ith in  the region.

For the 41 counties  w ith  sam ple  sizes m ore than 30 boats, the percent difference 

ranges from 1% to 235% . The percent difference is less than 10% for 13 counties, and 

m ore than 50%  for seven counties  (Iosco, Oceana, M enom inee, H oughton , and M ackinac. 

Barry and Kent counties). For the Iosco, Oceana, M enom inee, H oughton , and M ackinac 

counties, d ifferences betw een the tw o estim ates are largely a ttr ibutable  to d ifferences in 

the estimates o f  boat days by boats stored at second hom es. M ost o f  the differences 

betw een the estim ates for Barry and Kent counties  are caused by the differences in 

estimates for boats s tored at waterfront and nonw aterfront hom es. T he  percent difference 

only indicates the discrepancy be tw een  the m odel es tim ate  and direct survey estimate. It

'4 T h e  boats  s e lec t  the c o u n ty  as o n e  o f  their boat ing  dest inat ions .  19 9 4  M ic h ig a n  B o a t in g  S u rv e \  
q u es t ion na ire  a l lo w e d  r esp o n d en ts  to ind icate  o n e  to three c o u n t ie s  as their m o st  frequent boating  
destinations .



Table 33. Boat Days by C ounty  o f  Destination; A C om parison  o f  Survey and
M odel Estimates.

D is t r i b u t io n

Moat d a y s  ( 0 0 ( f )  M o d e l

D e s t i n a t i o n  C o u n t y / R e g i o n

S u r v e y  E s t i m a t e s ' 1

M a r i n a

D i lT e r c n c e b

S e c o n d  W a t e r f r o n t  
H o m e  H o m e

N o n -  

w a t c r l r o n t  

I l o m c All

P e r c e n t

d i f f e r e n c e '

R e g io n a l  E s t im a te s
S o u t h e a s t 1 .891.1 2.1 52 .7 ( 5 4 3 -5 7  8 - 2 3 8 .4 -12 .1 4 6  6 -261  6 -1 2" , ,
C e n t r a l  l a s t 5 4 9  8 4 5 4  3 ( 2 7 8 3 7  4 3 6 .2 8 9 13 0 95 5 21" ,,
N o r t h e a s t 8 9 2 . 6 7 2 3 . 3 ( 4 0 0  1 15 3 1 16 2 17 8 19 9 169 3 23 " , ,
N o r t h w e s t 1 .3 8 1 .6 1 .3 5 4  6 ( 71 1 1 18 9 2 7 . 6 6 .3 -2 5  8 2 6  9 TO f,
C e n t r a l  W e s t 5 8 0 . 8 5 5 1 . 2 ( 3 3 5  ) -5  2 36.1 6  7 -7 .9 2 9  6 5",,
S o u t h w e s t 5 4 0 . 4 5 9 8 . 2 ( 221  ) - 1 5 -8  1 2 0 .9 - 6 9  1 - 5 7  8 -1 0 " , .
S o u t h  I n la n d 3 . 5 8 0 . 0 3 .5 4 1 . 4 (  4 6 2  ) -0.1 3 2 .5 - 6 5 .5 7 1 6 3 8  6 r „

N o r t h  I n la n d 1 . 6 9 3 .6 1 . 6 8 2 .6 ( 35 1  1 0.1 5 9 .2 2.1 - 5 0  4 1 1 (I i " „

S o u t h  1 )1 ’ 6 1 1 . 4 6 5 7 . 4 ( 2 9 6  ) - 5 .0 - 1 4 .2 - 4 1 5 14 6 - 4 6 . 0 - 7 " „
N o r t h  11.1’ 568 .1 5 7 3 . 6 ( 3 1 1 ) -2  2 -47 .1 5 6 .3 - 1 2  5 -5 5 - 1 %

T O T A I .  1 2 .2 8 9 . 4  1 2 .2 8 9 . 4  ( 3 9 0 8  )

C o u n t y  L e v e l  E s t im a te s  F o r  C o u n t i e s  W i th  S a m p l e  S i z e s  L a r g e r  
A l c o n a  1 4 4  4  1(13 5  ( 4 0  ) 2  9

Than 3 0  B o a ts
2 3  4  6 .5 8 .2 4 0  9 4 0 ",,

A l le g a n /,5V / 2 5 6 .5 ( 8 6  1 ■ 6 7 - 2 / 9 -3 4  9 -9  2 -7 2  7 -2 8 " ,,
A l p e n a 1 0 / 7 1 0 5  5 ( 41 1 5 4 - 1 7  4 9 5 -4  4 -6  5 -6"„
A n t r i m 1 5 0 .5 2 0 3 .8 ( 6 9  ) ■15 9 -6  4 -1 6 .3 -8  4 -4 ~  0 -2 3 " ,,
A r e n a c 1 4 0  0 9 8  9 ( 6 5  1 -9 .7 1 8 .4 16 5 16 (1 41  / 42"„
H a r r y 1 3 5 .3 3 7 2 .9 ( 41  1 -7 .0 -3 2 .2 - 1 2 2  9 -7 5  5 -2 3  7 6 -6 4 " ,,
H ay 1 7 /  4 1 6 6  7 ( 1 4 6  1 -1 0 .8 -1 .2 1 6 15  / 4 6 5"  „
H c n / i c 1 3 4 .2 1 4 4 .0 ( 5 4  1 8 .0 3 .0 -1 0 .4 - 1 0  4 - 9 5
H c rr ie n 2 0 6  4 1 5 8 .7 ( 71 t 8 .4 23 . 7 3 3  1 -1 7 .6 4 7 ' 3 0 " ,,
C h a r l e v o i x 2 0 0 . / 1 8 2 .9 ( 1 2 9  1 2 5 .4 -3 9 . 7 1 0 .5 2 1 .1 1 7  2 9"„
C h e b o y g a n 1 5 0  5 2 1 / 0 ( 1 2 6  ) -4 .8 -3 .8 -1 3  4 - 8 1 -3 0  2 -1 4 " ,,
C h i p p e w a 1 4 7  2 2 0 6  7 ( 8 5  ) 1 1 1 -6 1 .5 -3  8 -5  3 -5 9 .5 -2 9 " ,,
D e l t a 1 1 5 .5 1 1 4 .4 ( 5 8  ) 0 .7 3 4 .0 - 8 .8 -2 1  4 4  5 4"„
E m m e t 1 7 0 .0 1 2 4 .0 ( I I I  ) -1 4 .7 3 0 .8 2 6 .7 3  3 4 6  1 3 7,,„
( i r a n d  t  r a v e r s e 2 3 6 .3 2 3 2  7 ( 1 0 9  ) -2 .1 2 3 .3 2  6 - 2 0  1 3 7 **«>.

H o u g h t o n 6 5 . 0 3 9 . 0 ( 4 6  > 3.5 12.9 5.7 4 0 2 6  0 67 " , ,

1 l u r u n 1 5 2 .0 1 5 5 .5 ( 6 6  1 2 5 .8 4  5 2 8 - 3 6  6 -3  4
lo s e o 2 2 0 .8 129.1 ( 8 6  / 16 9 5 8 .7 7 .8 8 2 91 7 7 1 "  „
J a c k s o n 1 9 2 .6 3 4 9 . 8 ( 3 9  ) 0.3 - 1 1 .2 -5 3  2 -9 3  1 - 1 5 7  2 -4 5" , ,
K a l a m a z o o 1 7 1 .9 1 9 7 .6 ( 3 2  J - 1 1 3 -1 8  6 14 2 - 1 0 . 0 -25  6 -13" . ,
K e n t 3 7 8 .5 1 5 8  7 ( 3 6  ) 7 .2 7 6 103.1 101 9 2 1 9 . 8 138".,
l . c e l a n a u 1 5 3  7 1 5 8 .0 ( 1 3 3  1 i  i 18  3 - 1 8  9 2 4  1 2 5  7 16".,
M a c k i n a c 1 7 6 .8 3 8 8 . 0 ( 1 6 9  ) - 1 0  7 - 1 3 8  8 - 8 5 .3 2 3 . 6 - 2 1 1 2 -54
M a c o m b 6 0 5  9 7 1 5 .8 ( 161 1 6 4  7 -9 1 .7 -7 8 .2 -1 .7 - 1 0 6 9 - I5 " „
M a n i s t e e 149 .3 164  1 ( 74  1 -7  1 5 1 0 -0 .4 - 5 8  3 -14  8 -9 "„

M a r q u e t t e 1 15 .8 1 6 8  8 ( 6 7  1 -1 1 2 - 1 1 9 17 8 - 4 7  7 -53  0 -3 1 "„
M a s o n 151 .3 1 4 5  3 ( 3 2  1 23  1 - 5 2  6 12 5 2 2  9 6 0 4",,
M e c o s t a 100 .7 1 5 9  5 ( 3 4  J - 1 4 - 8 3  7 14 8 1 1 6 - 5 8  7 -37" , ,
M e n o m i n e e 7 3 . 9 22 .1 ( 3 2  ) 3 .5 4 2 . 9 12 5 - 7 .0 51 9 2 3 5 " , ,

M o n r o e 2 3 5 .9 232.(1 < 7 7  ) 3 3 .8 -2 6 .9 2 5 .4 -2 8  5 3  9 •><<

M u s k e g o n 1 9 2  7 2 3 2 .7 ( 1 3 0  ) -3 4 .0 1 .8 -4 .6 -3 .1 -4 0 .0 - r ° u
N e w a y g o 16 8 .7 2 4 5 . 0 ( 5 3  ) -7 .2 - 6 8 .3 -7 .5 6 .8 - 7 6 .3 -31" . ,
O a k l a n d 7 2 7 . 8 6 2 6 . 7 ( 6 0  ) 3 1 4  6 2 7 . 8 6 5 . 6 1 0 1 1 16",,
O c e a n a 1 0 8  0 5 8 .8 /  3 8  1 3  2 3 0 .7 -2 .1 1 7 .3 4 9 .2 8 4 "  v
O t t a w a 2 8 0  1 2 5 9 . 7 ( 1 67  ) 2 5 . 5 3  6 13 5 - 2 2  2 2 0  4 8 " „
I’ r e s q u e  Isle 1 04  8 7 2 .2 ( 4 2  ) 4  6 3 7 .0 -9 .0 0  0 3 2 . 6 4 5 " „
R o s c o m m o n 2 3 0  1 3 3 2 . 9 ( 75  1 -8.1 2 5  6 - 4 0  4 - 7 9  8 -1 0 2  8 -3 l" u
S t  C la i r 3 4 3 .8 5 4 7 . 7 ( 151  ) -7 9 .3 -7 1 .0 -7 2 .3 18. 7 -2 0 3  9 -3 "" „
V a n  U u r e n /  5 0 .0 1 8 2 .8 ( 6 4  ) -3 .2 -1 0 .0 22 . 7 -4 2  4 - 3 2  8 -1 8 " ,.
W a y n e 7 0 2 .6 6 5 7 .2 ( 1 5 4  ) - 7 7  / -4 8 .8 1 1 3  1 5 8  1 4 5 .3
W e x f o r d 8 1 7 8 6  8 ( 3 0  ) 1 3 2 2 .3 1.0 - 2 9  8 -5 1 - 6 " „
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Table 33 (cont'd).
D is t r ib u t io n P e r c e n t

Moat  d a v s  1000 '>  M o d e l S u r v e y  L s t in ta tc s" D i f f e r e n c e 1’
N o n ­

d i l l e r e n c e

D e s t in a t io n  C o u n t y / R e g i o n S e c o n d  W a te r f r o n t  

M a r i n a  H o m e  H o m e

w a t e r f r o n t
H o m e  All

C o u n ty  L e v e l  E st im a tes  For C o u n t ie s  W ith  S a m p le  S i z e s  S m a l ler  T han 3 0  B o a ts

A lg e r 3 9  3 5 9 .0 2 4  I -7 .6 3  7 -4  3 - 1 1 0 -1 9  1 -  S V‘

B a r a g a 3 4  7 I S .  1 21 -3 .4 6 .6 7 .0 6 .3 16 5 91",,
B r a n c h 121 7 1 1 9  3 16 7 .5 3 3 .5 -5 3 .7 1 5 .0 2  3
C a l h o u n 9 0  0 ■15.5 3  ) 3 .0 -1 1 .3 2 7 .3 2 4 .9 4 4  4 93
C a s s 1 5 9 .5 2 3 0 .3 2 7 - 3 2 .4 3 7 .7 -7 6 .5 0 .4 -7 0 .8 -31";,
C la r e 1 5 1 .7 1 1 4  1 19  ) 2 .4 4 3 .5 9 .0 -1 7 .3 3 7 .6 3 3 " ,,
C l i n to n 3 9  9 2 6 .1 4 0 .1 1 .0 3 .2 4 .5 1 3 .7 53",,
C r a w  lord 1 0 5  0 4 2 .3 14 -1 .3 3 2 .2 3 .3 2 2  6 6 2  2 145",,
D ic k i n s o n 72. 7 1 1 .3 3  I 0 .0 3 2 .9 1 7 .9 10 .2 6 0  9 5 1 8 " ,,
B ato n 5 5 .9 1.8 1 1 0.1 3 .3 3 6 14 8 54 2 3 0 5 9 " , ,

C ie ncsec 2 3 1 1 1 7 4  2 2 8  ) -9 .7 2 .2 4 9 . 3 15 .2 5 7 0 3 3 "  „
G l a d w i n 127 .2 1 2 2 .6 2 8  ) 2 .0 -8 .3 2 3 . 0 - 1 2 .0 4 6 4 " „
( i o g e b i c 5 7 .9 3 8 .5 17 ) 1.2 - 1 0 .9 19.2 9  9 19 4 5 0 ' ’,,
t i r a t i o t 2 4 .2 5 2 .5 5 ) 0 .2 2 .4 -2  8 -28 .1 -2 8  3 -54" , ,
H i l l sd a le 8 1 . 9 6 2  5 7 ) 1.7 - 1 0 .8 14.3 14.2 19 4 31" , ,
I n g h a m 1 13.4 2 .5 4 ) 0 .0 7.7 7 2 .7 3 0 .5 1 10 9 4 4 4 2 " , ,

Ion ia 4 6 . 9 51 9 10 ) 0 .4 - 2 9  9 12.3 12 2 -5  (I -111",,
I ron 9 2 .8 8 8  1 17 1 0  0 -4 .5 1 1 7 -2 5 4 7 5",,
I sabe l la 4 8  1 4 6  6 14 ) - 0 .8 -9 .0 14.6 -3 2 1 5 3 " „
K a l k a s k a 75  3 3 0  4 1 ) 1 7 2 9  6 17.4 -3 .8 4 4 .8 147" ,,
K e w e e n a w 3 9  2 17 0 2 7  1 2 3 3.1 -0  8 17 6 2 2  2 131", ,

L a k e 130 .7 1 2 1 8 12 ) 0 . 9 -2 3  8 4 3 2 7 .5 8 .9 7“ „
L a p e e r 6 2  9 3 6  7 10 ) 1.8 16 3 14.7 -6  6 2 6 .2 71" ,,
L e n a w e e 1 2 2  6 1 6 1 3 16 ) -0 .7 2 9 .4 - 5 4 .3 - 1 3 .2 - 3 8 .7 -24" ,,
L i v in g s to n 2 3 1 .7 2 5 7 . 8 2 6  ) 13.9 0 .8 - 1 21 .1 8 0 .3 - 2 6 . 0 - I 0 " „
L u c e 3 5 . 7 9 .4 5 ) 0 .2 3.1 10.1 12 .9 2 6  3 2 8 0 " , ,

M id l a n d 6 7 . 2 108 9 12 1 0 .4 0.5 17 .0 - 5 9 . 7 - 4 1 7 -3 8" ,,
M i s s a u k e e 5 4 .0 8 5 .2 13 ) 0 . 8 1 1 2 - 2 3 .5 - 1 9  7 - 3 1 2 -3 7" ,,

M o n t c a l m 133 9 2 0 9  3 25  ) 5.3 7.2 - 4 2 .9 - 4 4  9 - 7 5  3 -3 6" , ,

M o n t m o r e n c y 8 5 .8 9 6 . 2 15 ) 4 .8 - 1 4 .7 5 .2 -5 .8 - 1 0  4 -1 l " „
O g e m a w 127 .7 6 2 .3 16 ) 2 4 3 6  7 7 .7 18.7 6 5 .5 105", ,
O n t o n a g o n 3 2 . 8 17.1 19 ) 1 8 7 8 5 .2 0 .9 15 .6 9  1 “ „

O s c e o la 6 9 .7 9 4 . 7 11 > 0 .5 12.6 - 4 3 .3 5.3 - 2 5 .0 -26" , ,
O s c o d a 9 5  6 2 4 . 7 12 ) - 1 5 4 5  5 10.0 16.8 7 0  9 2 8 7 " , ,
O t s e g o 8 9 .7 6 3 . 6 12 ) 2 .8 - 1 2 15 .7 8 .8 2 6 . 0 41 " , ,
S a g in a w 6 5 . 0 3 6  0 16 1 - 2 .0 - 1 1 .2 14.4 2 7 .8 2 9 . 0 81" , ,
S a n i l a c 9 5 .3 3 1 7 24  1 16 7 4 2  0 - 8 .0 12 9 6 3 . 6 2 0 1 " , ,
S c h o o lc r a l l 7 6 .3 33  1 12 ) 1 5 19 4 10 5 1 1 8 4 3  2 131", ,
S h i a w a s s e e 7 2 . 6 84  3 13 1 9.1 - 3 1 1 - 1 7  8 2 8  1 -11 7 -14" , ,
St J o s e p h 8 0  3 5 .6 2  1 0  1 3 3 .2 3 5  8 5.7 74  7 1339" , ,
T u s c o l a 6 6  0 6 4  4 2 6  ) 7 .7 2 1 - 1 9 -6  2 1 6 3" „
W a s h t e n a w 1 90 .2 158  7 2 6  ) 7 6 - 5 .6 3 6  9 -7 .5 3 1 4 20" , ,

a  N u m b e r s  in t h e  p a r e n t h e s e s  a r e  th e  u n w e i g h t e d  c o u n t  o f  c a s e s  in t h e  c o u n t y  f r o m  t h e  1994  M i c h i g a n  H o m i n g  S u rvev  

h D i l l e r e n c e  is c a lcu la ted  a s  e s t i m a t e s  f r o m  t r ip  d i s t r i b u t i o n  m o d e l  s u b s t r a c t  th e  e s t i m a t e s  f r o m  s u r v e y  o b s e r v e d  

c. P e r c e n t  d i f f e r e n c e  is c a c u l a t e d  a s  t h e  d i l l e r e n c e  o v e r  t h e  e s t i m a t e s  f r o m  s u r v e y  o b s e r v e d
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docs not reveal w hich estim ate  is m ore  accurate. For exam ple, direct survey estim ates are 

quite  different for Barry and K alam azoo  counties. Because these two adjacent counties 

have sim ilar population sizes and boating opportunities, they are expected  to have similar 

boating use in the counties. The survey estim ates tw ice as m any  days in Barry county than 

K alam azoo county. The m odel predicts a s im ilar num ber  o f  days in both counties. It 

appears that model estimate is m ore reasonable.

Table 34 is a com parison  o f  survey based and m odel estim ated origin (storage) 

- destination (use) matrices. The origin-destination matrix  estimated from the 1994 

M ichigan Boating Survey is reported in Table  5 on page 21. Table  32 on page 131 shows 

the model estim ated matrix. The matrix is used to evaluate how  well the model predicts 

the Hows o f  boat days. The cells report the absolute and percent d ifferences between the 

survey based and m odel based estimates. The diagonal cells h ighlight d ifferences between 

the survey based and model estim ated orig in-destination matrices. The d iagonals  are boat 

days that occur within the regions by boats stored in those regions. For exam ple, the 

difference betw een the model based and survey based estim ates o f  boat days occurring in 

the northeast region by boats stored in the region is 140,420 days. This is a 22%  

difference. W ith  the exception  o f  central-east, northeast, and southern  U pper  Peninsula 

regions, the percent differences for the estim ates in the d iagonal cells are less than 12%. 

The differences betw een the tw o estimates are largely a ttr ibuted to the differences 

betw een survey and m odel estim ates o f  the total num ber o f  boat days in storage regions. 

For exam ple, the average num ber  o f  boat days by boats stored in the central-east region is 

less than the state average (Table  20). This results  in a 37%  difference betw een the model



Table 34. Boat Days by Storage Region and Destination Region: A Comparison o f  Survey and Trip Distribution Model Estimates.

Boat Days (000') 

Destination Regions South-East

Central-

East

REGIONS OF STORAGE  

Central-

North-East North-West West South-West
South
Inland

North

Inland

U.P.

South

U . P .

North Total

South East -213.46 11.38 -1.88 2.58 3.45 0.28 6.16 -1.91 0.11 0.47 -192.81
P ercent D ifference -10.6% 1014 4% -45 9 % 1193 8% NA lh 2°o 8 8% -88 0% 82 2% NA -9 3%

Xo. o f  boats survey based (505) (5) (2) (I) (0) (23) (2) (1) (0) (54%

Central East 5.61 110.04 -0.30 -0.72 1.13 2.00 -13.86 0.48 -0.42 0.08 104.05
P ercent D ifference 31 6% 3 1 .2 % -19 0 % -39 2% NA 418 2% -20 0% 37 1% -90 2% NA 23 3%

Xo. o f  boats survey based (21) (216) (12) ( I ) (0) (1) (23) (3) (1) (0 ) (278]

North East 6.98 2.73 140.42* 0.43 3.43 1.69 -0.02 -5.92 0.08 0.64 150.44
P ercent D ifference 65 9% 9 6% 2 2 .1 % 12 6% 237 4% 765 5° o 0 0% 4 2  4% 32 I0., 1027 0 % 20 3%

So . o f  boats su rrey  based (6) (57) (282) (12) (5) (1) (21) (12) (2) (2 ) (4 0 0 ]

North West 9.87 14.22 1.13 24.47 4.69 -11.02 -10.33 -13.37 0.44 0.83 20.93
Percent D ifference 50 5% 506 4% 40 3% 2 .0 % 63 5% -56 4% -14 1% -46 5°o 149 2% NA 1 5%

S o . o f  boats su rrey  based (10) (5) (14) (591) (31) (12) (24) (23) I I ) (0 ) (7111

Central West 10.48 3.53 0.13 2.26 57.87 -11.01 -11.97 5.25 0.08 -0.13 56.50
Percent D ifference 705 4% 6649 5% 21 8% 521 T o 12 .7% -63 8% -25 9% 404 1% N A 4 5  9° „ H) 8%

S o  o f  boats surrey  based (1) (1) (3) (3) (269) (28) (26) (2) (0 ) (2 ) 1335)

South West 4.81 2.48 0.51 -0.25 -12.03 -21.43 -5.73 0.27 0.06 0.11 -31.21
Percent D ifference 242 4% N A N A -23 T o -49 7% -4 .4 % -10 0% NA N A N A -5 5%

So . o f  boats su rrey  based ( I ) (0) (0 ) (0) (27) (180) (13) (0 ) (0) (0) (221)

South Inland 24.09 -2.15 -0.32 -2.15 -7.92 -9.25 70.84 -6.23 0.00 0.00 66.90
P ercent D ifference 26.8% -15 0% - 7 6 2 % -71 5% -37 3% -24 7% 2 .1 % -65 6% N A N A 1 9%

Xo. o f  boats survey based (20) (3) (1) (2) (4) (7) (421) (4) (0 ) (0 ) (462)

North Inland 7.75 5.05 2.74 2.84 6.32 5.61 -43.43 -72.35 0.27 0.08 -85.12
Percent D ifference 21 8% 19 8% 883.3% 99 8% 97 0% N A -28 6% 4 . 6 % N A 135 8% -4 8%

Xo. o f  boats s u n e y  based (8) (8) (1) (3) (4) (0) (50) (276) (0) ( 1) (351)

U.P. South 10.44 7.39 -1.87 -3.35 3.03 0.46 12.10 -0.11 -115.65 3.42 -84.14
Percent D ifference 221 7% 709  1% -57,7% -60 0% 45 4% 92 1% 102 3% -1 8% -1 7 .7% 208 7% -12 !%

Xo. o f  boats survey based (3) (4) (23) (29) (3) (2) (9) (5) (208) ( ID ) (296)

U.P. North 4.30 3.60 -0.53 0.50 -3.18 -6.33 -4.66 0.10 -7.53 8.21 -5.53
Percent D ifference 15 1% 98 9% -38.6% 18 5% -19 1% -84 1% -13 3% 0 3% -64 2% 1.9% -1 0%

Xo. o f  boats s u n  ey based (5) (4) (14) (15) (3) (3) (13) (6 ) (19) (229) (311)

Total -129.13 158.26 140.03 26.61 56.79 -49.01 -0.91 -93.80 -122.56 13.72 0.00
Percent D ifference -5 8% 36 8% 21 5% 2 2% 10 5% -8 6% (I 0% -5  7 % -18 4% ’ ■)« 0 .0 %

S o  o f  hoals surre t based (580) (303) (352) (657) (346) (238) (623) (333) (232) (244) (3908)

4 140.400 days  arc the  d if fe re n c e  b e tw e en  the  model e s tim a te  (776.500 days  in  T a b le  5 2 ) and s u r\e v  based e s tim a te  (635.000 d a \s  in T a b le  5 ) o f  boat d a \s  in  d ie  northeas t re g io n  b \ boa ts  s tored  in  the re g io n

136
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estim ates o f  total boat days (588.300 days) and survey estimates (430.100 days) by boats 

stored in the central-east region. Since approxim ately  80%  o f  those boat days remains 

w ithin the central-east region (Table  32), the difference betw een the tw o estimates 

contributes to the 31%  difference betw een the m odel and survey estim ates o f  the num ber 

o f  boat days occurring in the region by boats stored in the region.



C H A P T E R  V

C O N C L U S IO N S

Tim ely  and accurate boating use inform ation is im portant for planning, 

m anagem ent and m arketing  undertaken  by agencies, boating organizations, and boating 

related businesses. There  is a special need for regular estim ates o f  boating use (e.g.. 

num ber o f  boats  in different types o f  storage, num ber  o f  boats kept in counties, boating 

days in counties)  for m anagem ent, feasibility assessm ent and planning. Currently  the 

only sources o f  inform ation arc  state registration data, s tate-w ide boater surveys, and 

local and special purpose studies. A lthough boat registration data are potentially useful, 

they do not provide a direct m eans  to estim ate  boating use or boat storage. The problem s 

with sta te-w ide boater surveys are that they are costly (averaging about $10.00 per usable 

questionnaire), they are conducted  five to eight years apart, and sam ple sizes are 

insufficient to produce  reliable es tim ates o f  boating use for counties  or Great Lakes ports. 

Local (e.g.. feasibility o f  a particular m arina) or special purpose studies do not provide 

information to evaluate  trends or spatial patterns o f  boating  use. Often local or special 

purpose studies rely on sta te-w ide boating surveys or registration data  as starting points to 

es tim ate  local boating use.

The prim ary objective o f  this study w as to develop  a system  o f  m odels  which 

utilizes various secondary data  sources to produce  reliable county  level estim ates o f  

boating use by boats in different types o f  storage. This  chapter rev iew s the structure and

138



139

com ponen ts  o f  the system, sum m arizes  and evaluates the perform ance o f  the system, and 

d iscusses  som e lim itations o f  the system and recom m endations  for im proving and 

im plem enting  the system.

T H E  S Y S T E M  OF M O D E L S 

The system o f  m odels  utilizes boat registration data and the recent survey to 

es tim ate  boating use at regional and county  levels. The system include classification, boat 

allocation, trip generation and trip d istribution models. A d iscrim inan t analysis is used to 

classify registered boats  into (type of) storage segm ents  — m arinas, second homes, 

perm anen t waterfront hom es and  perm anen t nonw aterfront homes. Boats in each storage 

segm ent are then allocated to the  counties  w here they are stored using a set o f  allocation 

m odels. A llocation  m odels  w ere  developed  for four storage segments. The num ber o f  

boat days in (destination) coun ties  by boats in different storage segm ents is estimated by a 

trip generation m odel and a set o f  trip distribution models. A trip generation model is 

used to predict num ber  o f  boat days in the county o f  storage. Then those boat days are 

d istributed to the destination counties  by trip d istribution m odels  for boats at each storage 

segment.

M odels  are linked together into a system. The es tim ates o f  one  model are used as 

an input for the next m odel. F o r  exam ple, the num ber  o f  boats  stored in each county is an 

input for the trip genera tion  m odel w hich  is further input to the d istribution m odel. Both 

allocation m odels  and trip d istr ibu tion  m odels  are based on the distinct boating use 

characteristics and  patterns o f  boats in different storage segments. For exam ple, different
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trip distribution m odels  are established for boats stored at m arinas in coastal counties and

boats stored at nonw aterfront homes.

C om pared  to direct survey based estimates, the system o f  m odels  provides 

som ew hat m ore robust use estimates by d raw ing  upon several independent sources o f  

data and by linking various types o f  m odels  together. Boat registration counts, marina 

inventories and other local boating opportunity  indices help to ground the estimates at the 

county level. Recreational travel theories (i.e., d istance decay) and inform ation on boating 

use patterns identified in previous boating studies provide the conceptual basis for the 

models. In particular, m o st  boating occurs either close to hom e, or c lose to where boats 

are stored during the season. M arinas and second hom es are the prim ary types o f  storage 

away from the boat o w n e r 's  prim ary residence and therefore explain  a considerable share 

o f  inter-regional flows from  residence location to storage location. On the o ther hand, 

three prim ary reasons for boats traveling outside the storage counties  are (1) boats stored 

near county  boundaries boating in nearby counties, (2) boats  on extended  overnight 

cruises, and  (3) boats  kept at nonwaterfront hom es trailering to boating sites.

T H E  M O D E L S  A N D  E ST IM A T E S O F B O A T IN G  USE 

This section evaluates the overall perform ance o f  the system o f  m odels  including 

the boating use estim ates predicted by the system o f  m odels, and the principal m odeling 

strategies used in the system. The m odels  should  provide cost-effective estimates o f  

boating use that are (1) current and (2) reliable at the regional and county level. The 

approach to m odeling boating use is different from  previous attem pts in that two different



m odeling  strategies are em ployed: (1) incorporating type(s) o f  storage as the principal 

structure o f  the system, and (2) inserting storage location as an interm ediate  stage 

betw een location o f  the o w n e r 's  residence and (use) destination location.

The boating use estim ates produced by the system o f  m odels  capture the spatial 

patterns o f  M ichigan  boating use. The predom inate  “ sou th-to-north"  spatial patterns 

predicted by the system o f  m odels  confirm  sim ilar travel patterns observed  in previous 

M ichigan boating studies. The system o f  m odels  show s that the “ south-to-north"  spatial 

patterns occur w hen boats  are m oved  from the ow ners ' residence to locations w here boats 

are kept during the boating season. The pattern also exists w hen  boats are m oved from 

their storage location to the (use) destinations. The m odels  also reveal that southern 

M ichigan has the largest num ber  o f  boats registered, the largest num ber  o f  boats kept in 

the region during  the boating season, and the largest num ber o f  boat days (used) in the 

region.

It is difficult to assess the accuracy o f  boating use es tim ates  produced  by the 

system o f  m odels  because there is no reliable secondary source o f  inform ation on boating 

use — boats  stored or used in regions or counties. Direct es tim ates  from the 1994 

M ichigan Boating Survey are com pared  with the m odel estim ates, but the direct survey 

estim ates are subject to sam pling  errors. C ounty  level es tim ates are usually subject to 

large sam pling  errors, especially  for the counties w here less than 30 1994 M ichigan 

Boating Survey questionnaires w ere returned. For exam ple, based on questionnaires 

representing 25 boats, the survey estim ated  that boats kept in Benzie count) ' average 30 

days o f  use. The standard  error o f  m ean is ±5 days for this estimate. In com parison , the
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survey estimate o f  boating use in the northw est region is also 30 days, but it is based on 

471 questionnaires. The standard error o f  m ean is ±1 day for this estimate. The estimate 

o f  average hoat days at the regional level is m uch m ore reliable than the estimate at the 

county level.

A com parison  o f  m odel predictions with direct survey based estim ates show s that 

the model estim ates o f  boating use are w ithin 10% o f  survey estim ates  for m ost regional 

estimates. Regional estimates o f  boat days by m arina  stored boats produced  by the 

distribution model are within 1 0%  o f  direct survey estim ates for every region except for 

the southern U pper Peninsula. The estim ates o f  days by boats  kept at nonwaterfront 

hom es are within 10% o f  survey estim ates for each region, except for the south-west. The 

regional estim ates by overall trip  distribution model are w ith in  12 %  o f  survey estimates, 

except for the central-east and north-east regions. M odel es tim ates that differ m ore than 

10% from survey estimates are for regions where a relatively small num ber  o f  1904 

surveys were returned.

A com parison  o f  m odel predictions with survey estim ates for counties  with 

sam ple sizes m ore than 30 boats indicates that m odel es tim ates are reasonably accurate. 

Storage allocations are within 20%  o f  survey estim ates for 22 o f  32 counties. Estim ates o f  

total boat days predicted by the trip d istribution m odels  for the four storage segm ents are 

within 10% o f  survey estim ates for 13 ( o f  41) counties, and betw een  11-30%  for 14 (o f  

41) counties. County  estim ates o f  boat days by m arina  stored boats are w ithin 20%  o f  

survey estim ates for every county  with a sam ple  size over  30.
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Sam pling errors at county level associated with survey estim ates  arc likely much 

larger than the errors in the m odel estimates. For exam ple, direct survey estim ates o f 'the  

num ber o f  boat days are quite  different for Barry and K alam azoo counties. These two 

adjacent counties  have sim ilar populations and boating opportunities. The survey 

estimates twice as m any days in Barry county  than K alam azoo county. The model 

predicts a sim ilar num ber o f  days in both counties.

The system o f  m odels  im proves the efficiency o f  estim ating  boating use by 

incorporating m ultip le  data sources, l inking several types o f  m odels  and generating 

various types o f  boating use estimates. The system o f  m odels  is developed  based on a 

large state-w ide boating survey, regularly collected data sets (e.g., boat registrations, 

transient slip rentals) and o ther  secondary data sets regarding the inventories o f  boating 

related resources/facilities. The M ichigan boating survey provides a necessary basis for 

developing  and evaluating  the m odels  com prising  the system. By com bining  m odels 

estimated periodically from the state-w ide boating survey with data  that are gathered on a 

regular basis and information on coun ty ’s boating “supp ly” variables, the system o f  

m odels  can produce up-to-date use estimates and predict boating use dow n to the county 

level.

l 'he linkages o f  m odels  com prising  the system also im prove the efficiency o f  the 

estimates. Estim ates from individual m odels  provide im portant boating use estimates. In 

addition these estim ates are used as inputs to o ther m odels  in the system. L inking the 

different m odels  reduces data requirem ents for the individual m odels. For exam ple, 

estim ates o f  the num ber  o f  boats stored in counties  generated  by the a llocation m odels  are
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input to the trip generation m odel. W ithou t the allocation m odel estim ates, it would he 

necessary  to have another source o f  inform ation on the num ber  o f  boats  stored in 

counties. Currently  this inform ation is not collected on a regular basis by any agency or 

organization. In addition, the system o f  m odels  provides various boating use estimates 

sim ultaneously  -- num ber  o f  boats  stored in the counties  w ithin different storage 

segm ents, and the num ber  o f  boat days in the (destination) counties  by different storage 

segments. These estim ates can easily be aggregated into regional estim ates (i.e.. various 

types o f  p lanning  regions).

W hile linking the different m odels  has a num ber o f  benefits, the dow nside  is the 

potential propagation and m ask ing  (canceling out) o f  errors. I f  system atic errors exist in 

es tim ates  produced  by one  m odel, they would  be incorporated into es tim ates produced by 

m odels  that rely on these prev ious es tim ates as  input. For exam ple , i f  there are errors in 

es tim ates  p roduced  by the regional a llocation o f  boats, they will carry over to the county 

level allocation. Also, som e errors m ay not be obvious because they can be canceled or 

m asked  by errors in estim ates produced  by o ther m odels  in the systems. M onte  Carlo 

sim ulation experim ents  could  be conducted  to assess aggregation/propagation  errors.

The system o f  m odels  show s that type o f  storage is very useful for predicting type, 

am ount, and distribution o f  boating activities. There  are significant differences in size and 

type (e.g., inboards, sail) o f  boats in different types o f  storage. The m odels  also reveal 

that boats in different storage segm ents have  distinct use patterns including counties 

w here they are kept during the season, use locations, average num ber o f  boat days and
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average travel distance. Incorporating types o f  storage into the system o f  m odels  improve 

the estim ates o f  the am ount and spatial distribution o f  boating use.

Producing  separate use  estim ates for boats in different storage segm ents also 

provides better information to assist public or private agencies with p lanning and 

m anagem ent decisions. For exam ple, the num ber o f  boats stored at m arinas in a county is 

m uch m ore useful in de term ining  the feasibility o f  a proposed  m arina than an aggregate 

estimate o f  all boats stored (or registered) in the county. Similarly, the spatial distribution 

o f  use by boats  stored at nonw atcrfront hom es is especially relevant for assessing the need 

o f  public access sites.

fhe  strategy o f  incorporating the location o f  storage into the system o f  m odels 

im proves boating use estimates. Previous boating studies exam ined  the spatial patterns o f  

boating use only from the locations o f  the boat o w n e r 's  residences to boating (use) 

destinations. The tw o-stage approach  is em ployed in the system o f  m odels  — from 

o w n e r 's  residence to storage location, then from storage location to boating (use) 

destination — better captures variations in spatial m ovem ents. A lm ost ha lf  (46% ) o f  boat 

days occur outside the counties  where boat ow ners reside, but only 17% occur outside the 

county w here the boat is kept during the season. Spatial m ovem ent from locations o f  

residence to use destinations is largely explained by the m ovem ent from the location o f  

residence to the storage location. This approach is also helpful to m odel the spatial 

m ovem ent for boats kept in different types o f  storage. For exam ple, 83%  o f  boat days by 

boats stored at second hom es occur outside the county w here the boat ow ners  reside. 

A lm ost all o f  those boat days occur in the county w here the second hom e is located.
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Therefore, there is no need to model distribution o f  days from storage location to use 

location.

L IM IT A T IO N S A N D  R E C O M M E N D A T IO N S  

This section discusses study limitations and recom m endations . First, the 1994 

M ichigan  Boating Survey was the prim ary data source used to develop  and evaluate the 

system o f  m odels. Several survey estim ates such as the d istribution o f  boats in storage 

regions by boats in different storage segm ents, the average num ber  o f  boat days by 

storage segm ents, and the d istribution o f  boat days within destination zones by (storage) 

regions are key com ponents  o f  the m odels. Therefore, the predictions by the system o f  

m odels  arc subject to the sam pling  errors associated with these estimates.

W ith 3.000 returns for the 1994 M ichigan Boating Survey, m ost estim ates at the 

regional level are reliable. How ever, this sam ple size is insufficient to generate reliable 

estim ates o f  use by boats in different storage segm ents for som e o f  the regions. For these 

regions, there is som e concern about using these estim ates as a basis for the allocation 

and d istribution models. R educing  the num ber  o f  categories and segm ents w ould  lower 

sam pling  errors associated  with the survey estimates. For exam ple, fewer destination 

zones m ay be used for boats kept at nonw aterfront hom es. O n the o ther hand, further 

research should focus on m odels  (i.e., spatial distribution m odels  o r  probability  models) 

that can predict those regional distributions.

The trip generation m odel utilizes s tatewide averages o f  boat days to estimate 

num ber  o f  days generated by boats  stored in counties for each  type o f  storage. Although



analysis o f  variance indicates that there is no statistically significant difference across 

regions for boats in m ost o f  the storage segments, there still is considerable variation in 

the es tim ates  o f  average boat days. Instead o f  state average boat days, o ther estimates 

such as average boat days for different regions (i.e.. U pper Peninsula, northern Lower 

Peninsula, and southern Low er Peninsula) or average boat days for coastal counties and 

for inland counties  should  be considered  for the trip generation model. Future research 

should focus on testing the application o f  more sophisticated causal m odels  to produce 

m ore reliable estimates than those generated directly from the surveys.

T he 1994 M ichigan Boating Survey provided important data for developing  and 

evaluating the system o f  m odels. Boaters should be surveyed periodically to identify 

changes in m arket structure, boater behavior and use patterns in order to update model 

param eters. A m uch shorter  and less costly survey than was conducted  in 1994 could 

provide adequate  inform ation to update the models.

Secondly, the accuracy o f  county  level es tim ates depends on the m easures 

(indices) o f  a co u n ty 's  boating opportunities. Reliance on secondary sources o f  

information on the “ supply" o f  boating opportunities  in counties  raises som e concerns. 

This is true especially  w hen  there  are no inventories or inform ation about county boating 

opportunities  that are incorporated  into the m odels. For exam ple, there is no accurate 

count o f  the num ber  o f  m arinas, storage facilities o r  boating resources in inland counties. 

N um ber  o f  lakes and acres o f  lakes was used as a proxy for m arina spaces in inland 

counties. Further research should be directed at constructing recreational boating 

opportunity  indices, evaluating appropriate  m easures o f  boating opportunities  in a given
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area, and determ ining  the rela tionships betw een such boating opportunity  indices and the 

type and am ount o f  boating activities (i.e.. the relationship  betw een various s u p p l y  

variables and the boating "dem and").

Third, the estim ates o f  boating use produced by the m odels  arc for boats w ith 

valid M ichigan Registrations. The es tim ates do not include non-m otorized  boats and 

boats under 16 feet in length. In some inland counties, days by non-registered boats could 

represent a relatively large share o f  boating activities. Estim ates o f  the num ber o f  non ­

registered boats and their use  are needed for the system to produce  com prehensive 

estim ates o f  boat use.

In addition, locations where boats are kept during the season and types o f  storage 

should be collected as part o f  Registration Data. This would e lim inate  the need to 

estim ate  this information and it will enhance the ability o f  the system o f  m odels to 

provide reliable, com prehensive  and up-to-date estimates o f  boating use.

A PPL IC A T IO N S

The m odels  provide  important information for m anagem ent, m arketing and 

econom ic  impact assessm ent. M odel produced estimates o f  the num ber  o f  boats kept in 

different counties and the num ber o f  boat days by boats in different types o f  storage can 

be used to assess the current adequacy and "need” for boating facilities/services. The 

M ichigan  Legislation and D epartm ent o f  Natural Resources also require reliable estimates 

o f  the am ount and locations o f  boating use to form ulate and assess regulations and 

policies. Origin and destination patterns are essential inform ation for the design o f
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m arketing and m anagem ent s trategies a im ed at a ttracting different types o f  boaters and 

boating use. Currently  this inform ation is not available on a regular basis for regions and 

counties.

The system o f  m odels  can be the bases for a recreational boating information 

system to support p lanning  and m anagem ent decisions. Such an inform ation system can 

serve the M ichigan  boating (industry) better by provid ing  reliable boating use information 

m ore conveniently  and by m atch ing  inform ation with the needs o f  planers  and managers. 

W ith som e additional works, the  system o f  m odels  can be m ade  m ore  user-convenient. 

Currently  the system  o f  m odels  is developed on M icrosoft Excel spreadsheets. Additional 

p rogram m ing  is needed  to m ake  the system m ore  “user friendly” including: (1) capability 

to generate standard reports, (2) the ability to m odify  m odel param eters . (3) updating data 

on w hich m odels  are based, and (4) provid ing  different options for users. Additional 

p rogram m ing  and instruction on  use o f  the system will facilitate use by agencies and 

organizations.
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-nô l C

O m w  G o n tp td e  N «m e<s) a n d  \M < » 4 s

WATERCRAFT MC

>4uR Idantrtrahon Nu>r**r

H ,4  M M tnal

..I.

j County n( I ta M ltn r t  j  C

Cort* j Uorial nr f +nmtI
O w n e m ’ C o m p te le  a n d

CD OW NER CD OTHER

III  PRESENTED:

USE THIS SECTION FOR TAX EXEMPT TRANSACTIONS 
(S ee Instruction* On Reverse Side)

IF VOUN TITLE IS  N O T  R E C E IV E D  W ITH IN  6 0  DAYS F R O M  T H E  DATE O F  

FIL IN G , CONTACT A  SE C R E T A R Y  O f  STATE O F F IC E



15!

U P O N  S A L E  O F  T H IS  V E S S E L  P R E S E N T  T H IS  R E G IS T R A T IO N  
4A N D  T I U L ,  IF  IS S U E D ) t O  T H E P U R C H A S E R

O N  THIS O A Tt

f 1 I sold or transferrp'd W»s IPreseol rtvs rryQrsfTiifion *o °®w

o w i w  ) S p Hphq P o c p  S 

J ) I c h a n g e d  m y  a d d r e s s

[ ) I d estroyed  or ahandnned this vessrH

*41 W  O W M  p r .  C O M P l f  I f  NAMf 

M O f  f T A P T * *  V ,

C i t v  s t a u  Z IP r.O O f

I c e r t i f y  m e  a b o v e  s t a t e m e n t  »s in * *

O w n e r's  S ignature X  _ ____________________
in p  i x m l e  a \« o n e rl  to  Ifwv « e v <  <•. jrv) ia r tm A  h r  h m V f ' i r t  to any ofi«r»

V f ' . v t  optfwalt* n  > e n > e r<1 lo  a t u m t u r  m *l a n y  m a n rx t »  « «rtr*>l to f»w
f»r* «^1 ( n » *  cittarM O alr j»*» r  *»r.i •* 'J v ~*I W r*«. , <«*>iy r> ti  *»r « u  «1ant iM ttr'*

USE TAX RETURN
THE SECTION PROVIDING FO R  PAYMENT O F TAX IS C O M PLETED  A S  FOLLOW S:

L in e  1 r .n t o i  t h e  lu ll p u r c h a s e  p r i c e  o r  r e ta i l  d o lla r  v a lu e  T h e  lu ll p u r c h a s e  p r t c e  i n c l u d e s
I h e  lu ll a m o u n t  p a id  l o  t h e  p r e v io u s  o w n e r  t o g e t h e r  w i th  a n y  o u t s t a n d i n g  d e b t
n w t td  S u c h  p a y m e n t  m e a n s  m o n e y ,  c r e d i t ,  s e r v i c e s  r e n d e r e d ,  t r a d e s ,  o r  a n y t h i n g  
o l  v a lu e  T h e  a m o u n t  a l l o w e d  lo r  t r a d e - i n  i s  n o t  d e d u c t i b l e

R etail D ollar V alue: tl a  d e f in i te  d o lla r  v a lu e  h a s  n o t  b e e n  e s t a b l i s h e d  b e f o r e  
a p p ly in g  lo r  h lk*. t h e  p r i c e  t o  b o  u s e d  in  c o m p u t i n g  ta x  s h a l l  n o t  b e  l e s s  t h a n  tin* 
v e s s e l ' s  s u g g e s t e d  r e ta i l  d o lla r  v a lu e  a s  l i s t e d  m  a n y  c u r r e n t l y  r e c o g n i z e d  j i p p r a i s a l  
g u id e

l i n e  ?  I n t e r  to u r  p e r c e n t  ( 4 % )  o t  t h e  a m o u n t  o t  lin e  t

l i n e  3  I n t e r  a n y  S a l e s  o r  U s e  T a x  p a r d  in  a n o t h e r  s t a t e  ( in c lu d in g  t a x  p a i d  t o  l o c a l  g o v e r n
m e n !  u n i t s )  w h ic h  i s  r e c i p r o c a l  w i th  M ic h ig a n  S u b m i t  p r o o f

L in e  4  ( i n t e r  t h e  a m o u n t  o l  u s e  ta x  d u e  II Im e  3  is  c o m p l e t e d ,  t h e  t a x  d u e  w ill b e  i n

d i t t o r e n c o  b e t w e e n  l in e  2  a n d  th e  t a x  s h o w n  a s  p a i d  o n  lin e  3  In  a ll o t h e r  c m  **■.
im e  4  wiH b e  t h e  s a m e  a s  Une ?

EXEM PTION — T ran sfers  B e tw e e n  R e la tiv es:

A n  e x e m p t i o n  I t o m  u s e  ta x  is  a l lo w e d  w h e n  t h e  n e w  o w n e r  is  t h e  s p o u s e  l a t h e r  m o t h e r . b r o t h e r ,  s i s t e r  < Mild ■ ‘ 'hr*
p r e v i o u s  o w n e i  D o c u m e n t a t i o n  p n .y m y  t h e  r e l a t i o n s h i p  m a y  b e  r e q u e s t e d  b y  t h e  D e p a r t m e n t  o l  T r e a s u r y

I m u l d e t i r f m in . i l io n  o t  t fu  < i> iie i  t t . n  lia b ility  is  m a d e  b y  th e  Mic h iy a n  D e p o t t m e n t  o f T r e a s u i  y Y o u  m a y  t • r e i  j u h  • - • ; fn 
d o c u m e n t  y o u r  t a x  r e tu r n  or p r o v e  a r e  e n t i t l e d  t o  t h e  e x e m p t io n  c l a m ie o  It y o u  c a n n o t  s u p p o r l  y m n  < ' m u : . . '  t e n
p e n a l t i e s  i n c l u d e  t h e  a d d e d  ta x  .» n e g l i g e n c e  p e n a l ly ,  p lu s  i n t e r e s t  f r o m  m e  d a t e  o f  t i lin g  t h i s  a p p le  .m - < A d d i t -  mu'
p e n a l t i e s  c a n  h e  m i p n s f d  a n  lu d .n g  n in in o l p r o s e c u t i o n  or a s s e s s i n g  u p  l r  1 /-"> p e r c e n t  o t  t h e  ta x  d u e

A p e r s o n  w h o  v io la te s  .-i p i e  v im oi i • ,t -,e<.1nii i w it h  m ien *  to  d e f i  a n d  * ,< !< •*vad» m e p a y m e n t  u t  a  l.i»  • ■ i p . i i t  ' t«  
la »  is g u ilty  o t  a  le lu r iy  p u n i s h a b l e  t<y a  t in e  o l  n u t  m o r e  It m  S ‘> ( H 'l  1 O l '  . ' n ; s  ■ u n n - n l  lo r  n o l  h iu m - h ,  - - ^ , .. - <r
h u t* . S e<  ?  I  P u h ln  Ai I lh l>  i >i c - u n ,



I 5 2

M ICHIG AN R E G IS T R A T IO N  R IC H A R D  H A U ST IN  S e c r e ta r y  o l S la te  M ICHIG AN R E G IS T R A T IO N  R IC H A R D  H AUSTIN S n rro la ry  ol SM lp

W A T E R C R A F T  ( S e e  I n s t r u c t io n s  o n  B a c k )  _____

MC

W A T E R C R A F T  

MC

C m /i'*  Ot ti/1 H*»"tit»( at«o«> l ou-ity o ' O n s r te o t r

C-i*)# I  yf>* C o ) c  Povue'

r Coo* r ̂

-ip tp t#  NA'T'A »nr) Own©' s Cckotarlp Haini

"<3&" • II H ih w vih) |C h * n 0p 1C R E G IS T R A T IO N  M U ST BE IN P O S S E S S IO N  O F  O P E R A T O R  
W H E N E V E R  THE V E S S E L  IS  IN U SE

U P O N  SALE O F  T H IS  V E S S E L , P R E S E N T  TH IS R E G IS T R A T IO N  (AND 
TITLE IF IS S U E D ) T O  TH E P U R C H A S E R

O N  THIS OATE

( . . ]  1 so ld  ° f tra n s f e r r e d  th is  v e s s e l  (P re s e n t  th is  r e g is tra t io n  to th e  n o w  
o w n e r )

□  I c h a n g e d  my a d d r e s s

I 1 I d e s t ro y e d  or a b a n d o n e d  th is  v e s s e l

Ni*» Omhmw » C o 'T 'pteie N an ta  a n d  Adtu*xy

I H E R E B Y  A T T E ST  TO TH E A C C U R A C Y  O F  THE A B O V E ST A TEM EN T

N u m b e r a s s ig n e d  to  th is v e s s e l  is p e r m a n e n t  a n d  s h a ll  not b e  tra n s fe r re d  to  
an y  o th e r v e s s e l

V e sse l  o p e ra to r  is re q u ire d  to  re n d e r  a s s i s ta n c e  a n d  re p o r t  a n y  m arin e  
a c c id e n t to  th e  n e a re s t  p e a c e  o fficer, s t a t e  p o lice  p o s t  o r sh e riff o l th e  co u n ty  
in w hich th e  a c c id e n t o c c u rs
A ||( i f  A nim  H.’ktAi A n  V)3 Ul < enr « t  am en d ed

NOTiCC

Th*- leiV***1 ItOAl ‘>»l©'y All LX 197* '©QkA«©S *11 VtAle* lo  CÔ XlW* m ure  OelJUlOC? •nlf*m‘j ln v ' i>*' 
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1994 M IC H IG A N  R E C R E A T IO N A L  BO A TIN G  SU R V E Y  Q U ESTIO N N A IR I



1994 MICHIGAN RECREATIONAL BOATING SURVEY

1 H o w  m a n y  b o a ts  d o  y ou  o w n  th a t w e re  reg is te red  in  M ich ig an  in 1 9 9 4 ? ___________________

IF  Y O U  O W N  M O R E  T H A N  O N E  B O A T  T H A T  IS  R E G IS T E R E D  IN  M IC H IG A N , P L E A S E  
A N S W E R  T H IS  S U R V E Y  O N L Y  F O R  T H E  B O A T  ID E N T IF IE D  IN  T H E  A D D R E S S  L A B E L  O N  
Y O U R  E N V E L O P E

2. W a s  y o u r  b o a t u s e d  fo r  re c re a tio n  in  M ic h ig a n  in  1994?

O  Y E S  

£
IF Y O U R r* )A T  W AS IN A C T IV E  IN 1994, PIXASF. SK IP  T O  Q t T .S IIO N  24 

A N D  F O I J jO W TH F. IN ST R U C T IO N S FOR R E T U R N IN G  TH IS SUR VI Y

D ESC R IPTIV E INFORM ATION ABOUT YOUR BOAT

Y T y p c o f b o a t  P  In b o a rd  
(c h e c k  o n e )  : P  In b o a rd /o u tb o a rd

□  O u tb o a rd

4. B o a t le n g th  ( f e e t ) __________ _ _  __

□  S a il , u n pow crcd
□  S a il , w ith  pow er
□  P on toon

Q  C a n o e  o r  R ow
D  P e rso n a l w a tc rc ra f l (e g  Jet sk i) 
□  O th e r ,

p le a se  s p e c i fy ___________

5 H o w  lo n g  h a v e  y o u  o w n e d  th is  boa(7
yea rs m on ths

6 . W h e re  d id  y o u  u s u a lly  k e e p  th is  b o a t d u r in g  th e  1994 b o a tin g  s e a so n 9 

a . C o u n ty  w h e re  th e  b o a t w as  k e p i _____________________________

b. T y p e  o f  fa c i li ty  (c h e c k  o n e ) c. D u rin g  th e  1994 b o a t in g  season , w h e re  w as your bo a t k ep t '

□  p e rm a n e n t  re s id e n c e
□  c o t ta g e  o r  se c o n d  h o m e 
P  p u b lic  m a r in a
□  re n te d  sp a c e  in  a  c o m m e rc ia l m a rin a
□  o w n e d  sp a c e  in  m a r in a  o r  d o ck a m in iu n i 
P  y a c h t  f  b o a t c lu b
P  O th e r  (p le a s e  s p e c i f y ) __________________

□  O n  la n d
□  In  a  d ry  s tack  fac ility
□  In  th e  w a te r  (w et s lip , m o o rin g  or d ocksidc )
□  A tta c h e d  to  o r o n  a la rg e r  b a i t
□  O th e r  (p le a se  s p e c i fy )________

d  W a s  th i s  lo c a tio n  (c h e c k  one):

P  A  w a te rf ro n t s i te  w ith  access  to  th e  G rea t L a k es  & co n n e c tin g  w ate rs  
P  A n  in la n d  la k e  w a te rfro n t site (no  G re a t L a k es  access)
□  A  n v e r  o r s tre a m  w a te rfro n t s ite  (n o  G re a t L a k es  access)
P  A  n o n -w a te rfro n t s ite

7 In  1995  d o  y ou  in te n d  to  (ch ec k  o n e ) P  C o n tin u e  lo  use th is  boat

0
□  S ell o r d isp o se  o f  th is  boat ^  S k ip  to

Q u e s tio n  w K

7a. W ill th i s  b o a t b e  re g is te re d  in  M ic h ig a n  in  I9 9 5 9 □  Y E S  O  N O

7b  D u r in g  th e  1995 b o a tin g  s ea so n , w ill you keep  th is  boat in  th e  sam e  coun ty  as  in  19 9 4 9 

□  Y E S  □  N O T  S U R E  □  N O  O  W hat co u n ty  in  19957

7c  In  19 9 5 , w ill y o u  k ee p  (h is  b o a t m  the  sam e  k in d  o f  fac ility  as  in  1994 (see ca teg o rie s  in q u es tio n  o h ) ’* 

□  Y E S  □  N O T  S U R E  □  N O  ^  W hat type o f  la c il iiy  tn  19959 ___

7d  W ill you !u i\e  d n e c l  access  lo  G re a t I^akes w aters from  tin s  fac ility  in I9 9 5 9 

D  Y E S  D  N O
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USE O F YOUR BOAT IN M ICHIGAN W ATERS IN 1994

8. P le a se  e s tim a te  to  th e  b es t o f  y o u r  re c o lle c tio n  th e  to ta l n u m b e r  o f  d ay s  th is  b oa t w as  u sed  m  M ich ig an  u a i c r s  in 
1994 , w h e th e r  b y  y ou  o r  s o m e o n e  e l s e  C o u n t e a ch  day  o r  p a r t o f  a  d a y  th a t th e  b oa t w as u n derw ay  as o n e  d ay  o f  
b o a tin g . R e p o r t d a y s  o f  u s e  o n ly  fo r  th e  b o a t y ou  d esc rib ed  above .

________________________T O T A L  D A Y S  T H IS  B O A T  W A S  U S E D  IN  M IC H IG A N  D U R IN G  1994

9 N ow  p le a s e  d iv id e  th i s  u s e  b e tw e e n  G R E A T  L A K E S  a n d  IN L A N D  b o a tin g  u s in g  the  d e f in itio n s  at th e  r ig h t 
Y o u r e s tim a te s  o f  G R E A T  L A K E S  a n d  IN L A N D  b o a tin g  u se  s h o u ld  su m  to  th e  to ta l you  en te red  in q u es tio n  8

G R E A T  L A K E S  B O A T IN G  D A Y S  = an y  d ay s  tha t th e  b oa t w as  u n derw ay  o n  the  
G re a t L akes  a n d  c o n n e c tin g  w a te rw ay s  {takes Huron. Sujx-nor. /{nr, 
M ic h ig a n , a n d  S t  C la ir ,  th e  S t  M a ry 's . S t .(  'la ir  a n d / V m u /  H iecr), 
in c lu d in g  lakes a n d  r iv e rs  th a t p ro v id e  access  to  th e  G reat L a k es

IN L A N D  B O A T IN G  D A Y S  = a n y  d a y s  th e  b oa t w as u n d e rw ay  on ly  on  in la n d  lakes 
a n d  s trea m s tha t d o  n o t p ro v id e  d ire c t access  to  th e  G rea t L ik e s

10. In  th e  ta b le  b e lo w  n a m e  th e  M ic h ig a n  c o u n tie s  (see  th e  e n c lo s e d  m a p )  in  w h ic h  th is  bom  w as  u sed  in 1994. 
b e g in n in g  w ith  th e  lo c a tio n  u s e d  m o s t freq u en tly . In  C o lu m n  B . e s tim a te  th e  to ta l n u m b e r o f  days th e  bo a t w as 
u n d e rw a y  in  e a c h  o f  th e se  c o u n tie s . In  c o lu m n  C , e n te r  th e  n u m b e r  o f  th e se  d a y s  th a t th e  boat w as  u sed  o n  the  
G re a t L a k e s  o r  c o n n e c t in g  w a te rs  in  th is  co u n ty  (a s  d e f in e d  above)

C o lu m n  B  C o lu m n  C'
B O A T IN G  U S E  
B Y  C O U N T Y

M IC H IG A N  C O U N T Y  
(sec  m a p  fo r  c o u n ty  n am es)

D ays b o a t u a s  u sed  in  th is  
co u n ty  in  1994. all u a ic r s

D ays boat u a s  u sed  in  th is  
coun ty . G rea t L akes  w a te rs

E X A M P L E C  f f a  V -T u /  1 6-
C o u n ty  u sed  m o s t 
o f te n
C o u n ty  u s e d  2 n d  
m o st o fte n
C o u n ty  u sed  3 rd  
m o s t o fte n
A ll o th e r  c o u n tie s A L L  O T H E R  C O U N T IE S

N ote: I f  y o u  b o a te d  in m ore than one co u n ty  on the same day, a ssign  tha t day  to the coun ty  used  fo r  the m ost tim e I f  you 
b o a ted  in m ore th a n  three coun ties  in  1994, reco rd  the days the b o a t was used  in a ll o ther counties in fhe final row See 
e n clo sed  m ap  f o r  c o u n ty  names.

11. E s tim a te  th e  p e rc e n ta g e  o f  u se  o f  th is  b o a t in  1994 tha t in v o lv e d  e a c h  o f  the  fo llo w in g  ac tiv itie s  (T h e  four 
pctccnU agcs s h o u ld  a d d  to  100% E n te r  z e ro  if  you d id  not u se  th is  b oa t for a  g iv e n  ac tiv ity  )

P le a s u re  b o a t in g   %

F is h in g  fro m  b oa t   %

W a te r s k iin g    %

O th e r  (e  g  sc u b a , h u n tin g  fro m  boat. ) _ %

T O T A L  S H O U L D  E Q U A L 100%
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12 T r a n s p o r t in g  &  L a u n ch in g . In  1994. how  m any lim es w as th is  boat tra n sp o rted  from  you r h o m e  o r o th e r 
lo c a tio n  to  o n e  o r  m o re  la u n c h in g  s ite s  o r  m a n n a s  in M ic h ig a n ?  (E n te r 0  if  n o n e)

  T ra n s p o r t in g  to  la u n c h  at s ite s  w ith  access to  th e  G r ea t L ak es in  M ic h ig a n

_ _  T ra n s p o r t in g  to  la u n c h  at site s  on  In lan d  L ak es o r  r iv ers  in  M ich ig an

13. In  1994 , d id  y ou  e v e r  k ee p  th is  b o a t o v e rn ig h t at a M ich ig an  m a rin a , yacht ch ib  o r  d o c k a m im u m  for a sh o rt 
p e r io d  (1*30 n ig h ts ) ,  fo r e x a m p le  w h ile  o n  an  o v e rn ig h t tr ip ?  D o  not inc lude  th e  fac ility  w h e re  you  n o rm a lly  
k e e p  y o u r  b a i t

□  Y U S ^  N u m b er o f  n ig h ts  in  a  tem p o rary  m a rin a  sp ace  in  1 9 9 4 ? _____________

a N O  O
14. A n n u a l E x p e n se s  fo r  th is  b oat. E s tim a te  th e  am oun t o f  m o n ey  spen t in  1994 to  o p e ra te  a n d  m a in ta in  th is  

b o a t R ep o rt e x p e n se s  o n ly  fo r th e  boat tha t you  have d esc rib ed  above. D O  N O T  in c lu d e  s p e n d in g  for 
c o n s u m a b le  ite m s  u sed  o n  b o a t in g  tr ip s  o r  tra n sp o rta tio n  to  a n d  fro m  b o a tin g  a re a s  (fo r e x a m p le , a u to  fuel, 
food , b a i t  a n d  lu re s )

B o a t eq u ip m e n t (e  g., motors, trailer, 
anchors, sails, fishing wateraki, safety A S

S ea so n a l s lip  ren ta l o r  
d ry  s ta c k  storage S

electronic equipment, )
R e p a ir  &  M a in te n a n c e  (e g , to hull, 
motor, trailer, mast, sails, galley, d eck  shaft. $ P u t in  an d  haul out f e e s S
prop, docks......)

B o a t I n su ra n ce $ _______ O ff-sea so n  storage %________

15. H o w  m u c h  m o n e y  w as sp e n t o n  fuel fo r th is  b oat in  1994? $_

16. A rc  th e re  f ix e d  o r  p o rta b le  to ile t fac ili tie s  on  th is  b a i l?  D Y E S  □  N O  ^  S k ip  to  Q u e s tio n  17

a . W h a t k in d ?  (ch ec k  e a c h  ty p e  tha t you h av e  an d  co m p le te  q u es tio n s  be lo w  th a t co lu m n )

□  H E A D /IN S T A L L E D  T O IL E T  
( f ix e d  o n  th e  b o a t)

b. H ow  o f ic n  is  th e  h ea d  u sed  o n  the  b a i t?

M o st S o m e  R are ly  N ot
T r ip s  T r ip s  U sed
□  □  D  n

□  P O R T A B L E  T O IL E T  
(rem ovab le  from  bo a t)

b H ow  oficn  is a  p o rta b le  to ile t u sed  o n  th e  b o a t?

M ost S om e R a rc h  N ot 
T rip s  T u p s  U sed
□ □ □  □

c . H ow  m a n y  tim es  d id  th is  b o a t use a 
p u m p o u t fac ili ty  in  M ic h ig a n  in  1994?

tim e s  u sed  a p u m p o u t

c  W h e re  do  you u su a lly  em pty u m i  p o r ta b le  toilet*'

□  At a  d u m p  s ta tio n
□  In a p u b lic  rc s tio o m
□  At a  h o m e  o i co ttag e
□  In th e  w ater
□  O ther

d  H ow  o fte n  h av e  you e n c o u n te re d  p rob lem s in f in d in g  o r  u s in g  pum pou t fac ili tie s  or d u m p  
s ta tio n s  o n  yo u r b o a tin g  tr ip s  in  M ich ig an  '  (C heck  on e)

□  M O S T  O F  T H E  T IM E  O  S O M E T IM E S  □  H A R D L Y  E V E R  □  N E V E R
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INFORM ATION ABOUT YOU AND YOUR FAMILY This information is requested lo p r o v id e  a 
profile of registered boat owners and lo identify boating patterns for different subgroups of boaters

17 Please give the county, stale or province, and 7.ipcodc of your permanent residence

C o u n ty  S ta te  or P ro v in c e  Z jpcodc

18. A g e  o f  th e  b o a t o w n er _ _ _ _ _ _ _  yea rs

19 H ow  m a n y  p eop le , in c lu d in g  y o u rse lf , re s id e  in  your h o u se h o ld ?

___________ A du lts   C h ild re n  u n d e r  18 yea rs  o f  age

20. W h a t w as  y o u r a n n u a l h o u se h o ld  in co m e in 1994 ?  (ch ec k  o n e  ca tegory  b e lo w )

□  U n d e r  $ 2 0 ,0 0 0  □  S 6 0 .0 0 0 -S 9 9 .9 9 9

□  $ 2 0 ,0 0 0 -  $ 3 9 ,9 9 9  

O  $ 4 0 ,0 0 0 -5 5 9 ,9 9 9

21. D o  you c u r re n t ly  ow n  a  s ea so n a l hom e, co n d o m in iu m  o r  c o tta g e  in  M ic h ig a n ?

D  Y E S  ^  In w h a t M ic h ig a n  co u n ty  is it l o c a te d ? ______________

□  N O  coun ty

22. D o  you  in te n d  to  reg is te r  a n y  w a te rc ra f t in  1995 th a t you  d id  not ow n  or reg is te r  in  M ic h ig a n  d u r in g  th e  1994 
b o a tin g  se a so n ?

□  N O  □  N O T  S U R E  □  Y E S  *=> W h a t size  b o a t(s)?  feel

23. W e a rc  p la n n in g  to  ask  a  sa m p le  o f  boat ow n ers  to  rep o rt th e ir  o p in io n s  ab o u t w a te r  q u a l i ty  is su es  a n d  b o a tin g
fa c i li tie s  in  M ic h ig a n  W o u ld  you be w ill in g  to  c o m p le te  a n o th e r  sho rt m a ile d  surv ey  a b o u t th e se  to p ic s ’'

□  Y E S  D  N O

24. T H A N K  Y O U  V ER Y  M U C H  F O R  Y O U R  H E L P  W IT H  T H IS  S U R V E Y  T O  R E T U R N  Y O U R  C O M P L E T E D  
S U R V E Y . F O L D  A N D  T A P E  O R  S T A P L E  IT  S O  T H E  R E T U R N  A D D R E S S  S H O W S  M A IL  IT  F R O M  
A N Y  U .S . P O S T A L  B O X .

BUSINESS REPLY MAIL
FIRST CLASS MAIL PERMIT NO 941 EA ST LANSING. Ml

PO STA G E WILL BE PAID BY ADDRESSEE

DEPARTMENT OF PARK, RECREATION 
AND TOURISM RESO U RCES  

MICHIGAN STATE UNIVERSITY 
131 NATURAL RESO U RCES BUILDING 
EAST LANSING Ml 4 8 8 2 4 -9 9 0 2

N O  P O S T A G E  
N E C E S S A R Y  

IF M AILED 
IN THE 

U N IT E D  S T A T E S

M u l l . . ! . I . M . . I I . I . I I  1 . 1 . 1 . . I I
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Appendix  C. Indices o f  Boating Opportunities.

C O U N T Y G M “ L M h

B O A T I N G  O P P O R T U N I T I E S  I N D I C E S

S H C R S ' 1
<16' I6 '-20’ > 2 1 '  >16'

G L C C P ' -,-R.e

A l c o n a 101 N A 5 .6 0 5 1 .3 04 6 5 4 2 9 2 9 4 6 2 7 0 84 32  5

A lg c i JO N A 1 .8 5 8 1.1 18 2 6 5 157 4 2 2 120 0 2 9 6 7  c
A lle g a n 1.1.12 N A 2.7 .10 5 . 8 8 5 2 . 3 6 5 1 .2 6 7 3 .6 3 2 24 1 31 22  9

A lp e n a 2.12 N A 1 .8 1 0 2 . 8 7 5 9 6 4 4 2 7 1.391 61 0 89 3 7  8

A n t r i m 177 N A 4 .6 9 5 2 . 6 2 6 1 .2 4 9 6 7 7 1 .9 2 6 2 7 0  97 3 6  5

A r e n a c 7 2 7 N A 2.41.1 1 .0 0 9 1 .8 4 9 4 0 4 2 . 2 5 3 4 7 0 32 2 7  8

B a r a g a 163 N A 1.1 42 61 1 197 9 2 2 8 9 70 0 4 8 4 6  1

B a r r y N A 0 . 4 7 2 .2 91 4 . 7 9 2 2 . 0 0 3 9 4 0 2 . 9 4 3 N A N A 9  0

B a y 2 . 1 4 8 N A .127 4 . 8 3 4 2 . 8 3 6 2 .1 3 5 4 .9 7 1 3 6 0 3 0 19 (I

B e n z ie 5 8 8 N A 3 .1 4 5 2 . 0 6 9 8 4 7 3 0 4 1.151 25 2 81 4 7  5

B e r r i e n 2 . 7 8 0 N A 4 . 4 4 8 7 . 5 7 3 3 .1 3 3 2 , 0 1 3 5 . 1 4 6 14 1.33 6 6

B r a n d t N A 0  3 8 2 .5 8 3 3 , 4 7 3 1 .6 28 7 03 2 .3 3  1 N A N A 6 9

C a l h o u n N A 0 15 10 6 . 7 3 8 2 . 4 1 4 9 2 2 3 . 3 3 6 N A N A 4 2

C a s s N A 0  58 3 . 1 4 9 4 . 6 3 2 2 ,0 9 1 1 .0 4 6 3 . 1 3 7 N A N A 7 7

C h a r l e v o i x 1 .4 5 0 N A 3.87.1 2.1 13 1 .0 37 8 4 2 1 .879 102 7 25 74  8

C h e b o y g a n 7 2 9 N A 4 ,8 3 1 2 . 7 4 2 1 .0 57 8 1 2 1 .869 35 3 .7 5 73  9

C h i p p e w a 4 4 1 N A 4 . 7 8 7 2 . 8 3 7 1 .1 0 8 4 3 3 1.541 4 5 6 3 73 2 0 7  9

C l a r e N A 0  17 8 . 2 8 5 2 . 5 4 2 9 1 0 4 5 0 1 .3 60 N A N A 7 2

C l i n t o n N A 0.00 4 6 3 . 5 1 6 1.485 5 9 6 2 .08 1 N A N A 0 3

C r a w f o r d N A 0 .0 4 3 . 9 1 2 1 .047 1.233 2 1 6 1 .4 49 N A N A 5 7  8

D el t a 2 2 4 N A 2 . 4 1 2 3 .131 9 9 2 281 1 .2 73 199 1 19 104 3

D ic k i n s o n N A 149  76 1 .689 2 . 2 6 7 7 3 3 200 9 3 3 N A N A 6 3

b a t o n N A 0.00 147 4 . 8 1 8 2 . 0 8 0 8 5 6 2 , 9 3 6 N A N A 0  4

H in m e t 5 6 7 N A 4 . 3 8 2 2 , 5 0 5 1.141 7 8 9 1 .9 3 0 75 3 12 32  6

G e n e s e e N A 0 . 0 9 7 8 9 1 6 .5 1 0 8 . 3 7 9 4 . 9 3 6 1 3 .3 1 5 N A N A 1 2

t i l a d w  in N A 0  14 5 .4 9 2 2 . 1 8 8 1 .3 4 0 6 8 5 2 . 0 2 5 N A N A 7 8

G o g e b i c 41 N A 2 . 5 3 0 1 .7 6 3 4 8 6 152 6 3 8 3 0 0 2 6 8 4  9

G r a n d  T r a v e r s e 2 8 4 N A 3 . 2 9 6 6 . 2 3 8 3 . 0 0 7 2 . 0 0 8 5 , 0 1 5 56 2 05 5 8 .9

G r a t i o t N A 0.01 106 2 . 0 6 9 8 2 9 2 7 9 1 .1 08 N A N A 0  3

I li l l s d a l c N A 0 .0 9 1 .8 1 4 2 , 5 1 8 1 ,2 8 9 5 2 0 1 .8 0 9 N A N A 2 7

1 lo u g h t o n 157 N A 2 .4 1 7 1 ,9 0 0 7 0 2 361 1 ,063 51 1 1 5 4 4 .3

I lu r o n 1 .0 3 5 N A 5 .1 0 0 1.361 9 7 7 6 8 7 1 .664 93 2 .0 3 4 6  8

I n g h a m N A 0 0 0 3 4 6 9 . 4 7 2 4 . 1 3 2 2 ,0 5 1 6 . 1 8 3 N A N A 0  4

I o n ia N A 0.02 3 9 0 3 .0 4 4 1 .1 35 4 0 5 1 .54 0 N A N A 1 7

I o s co 1 .0 1 5 N A 6 .6 4 3 2 , 9 6 0 1.391 5 8 3 1 .974 36 1 9 6 27  3

I ron N A 1 .8 5 9  71 2 . 5 8 4 1,871 3 8 0 115 4 9 5 N A N A 4 7  4

I s a b e l la N A 0 01 9 3 3 2 , 4 2 4 1 .0 1 4 4 2 1 1 ,4 3 5 N A N A 0  3

J a c k s o n N A 0 .5 3 1,8 44 8 . 3 2 5 3 , 7 6 5 2 , 2 6 2 6 . 0 2 7 N A N A 8 8

K a l a m a z o o N A 0 . 4 0 6 1 4 1 0 .4 9 3 4 . 5 7 8 2 .5 3 1 7 , 1 0 9 N A N A 7 0

K a l k a s k a N A 0 12 3 .4 6 6 1.513 4 7 7 321 7 9 8 N A N A 14 5

K e n t N A 0 .3 6 1.361 2 3 . 4 7 3 1 0 .6 0 9 5 . 7 9 3 1 6 .4 0 2 N A N A 3 6  (>

K e w e e n a w 86 N A 1.284 2 0 3 80 32 1 12 4 2 4 1 19 1 3 5 6

l a k e N A 0 .0 7 7.4 61 1.0 25 7 9 8 103 901 N A N A 4 5  8

L a p e e r N A 0  0 9 7 4 3 3 , 3 8 6 1 ,6 56 9 0 0 2 , 5 5 6 N A N A 1 2

L e e l a n a u 7 9 0 N A 4 , 1 7 2 2 , 5 0 8 1 ,1 9 2 7 0 2 1 ,8 9 4 151 6 43 6 0  9

L e n a w e e N A 0.12 2 , 1 7 7 4 , 5 4 8 2 , 2 8 9 1 ,10 6 3 , 3 9 5 N A N A 4 4

L i v i n g s t o n N A 0 . 7 0 1,643 6 ,6 9 3 4 , 1 9 9 2 , 9 4 0 7 , 1 3 9 N A N A 9 .7

L u c e N A N A 1,112 9 8 6 184 77 261 31 - 7 7  1

M a c k i n a c 4 5 7 N A 4 , 0 3 9 1,8 02 5 9 7 3 5 2 9 4 9 2 9 8 7 15 132  1

M a c o m b 1 1 ,5 8 0 N A 5 2 7 1 8 ,5 2 5 1 2 ,1 0 4 1 3 ,5 1 4 2 5 , 6 1 8 27 12 4 6 2 7

M a n i s t e e 9 2 2 N A 3 . 1 9 6 2 .1 5 2 8 0 6 3 4 8 1 ,1 54 25 3 .1 7 3 8  5

M a r q u e t t e 166 N A 4 . 0 7 9 4 . 8 2 6 1,5 85 5 0 6 2 .0 9 1 7 9 0 31 54  4
M a s o n 5 6 0 N A 3 ,0 4 5 2 .5 0 8 8 4 5 4 2 7 1 ,2 72 28 3 0 9 68 7
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Appendix  C (cont'd).

C O U N T Y G M a L M h

B O A T I N G  O P P O R T U N I T I E S  

SEE RS*'
<16 '  16'-20' > 2 1 '

IN D IC E S

> 1 6 ’
GIT CP' TIC

M e c o s t a N A 0  3 5 3 . 2 7 3 2 .6 01 1.102 5 3 7 1 .6 3 9 N A N A 9  9

M e n o m i n e e 21 ft N A 1.7 2 7 1.701 5 4 0 2 0 8 7 4 8 41 0 79 20 1

M idland N A 0.02 4 1 7 4 . 8 6 7 2 .4 1 2 1 .1 42 3 .5 5 4 N A N A (1 5

M i s s a u k e e N A 0 . 0 8 2 .4  13 1 .1 03 6 4 8 165 8 1 3 N A N A 5 8

M o n io c 5.961 N A 2 9 2 4 . 3 5 4 2 ,9 8 8 2 . 2 1 4 5 .2 0 2 5 7 0 . 9 7 5 8

M o n tca lm N A 0 .2 7 2 .8 7 1 4 . 1 0 3 1 .3 7 4 5 4 5 1 .9 1 9 N A N A 22 6

M o n t m o r e n c y N A 0 .3 7 4 . 8 7 3 1 .4 3 0 2 8 3 241 5 2 4 N A N A 1 1 2

M u s k e g o n 2 . 4 9 9 N A 1 .1 7 0 7.87 1 3 .3 9 2 2.212 5 .6 0 4 27 2 6 9 21 7

N e w a y g o N A 0.4(1 5 . 0 5 7 3 . 6 3 9 1 .5 2 8 6 4 3 2 .1 71 N A N A 4 8  0

( lak la nd N A 2 52 2 . 5 5 6 3 2 . 8 7 3 2 3 . 0 8 2 1 6 .6 4 7 3 9 . 7 2 9 N A N A 13 8

O c ea n a 177 N A 3 . 5 0 4 1 .6 5 9 5 5 5 2 7 9 8 3 4 27 1 05 2 8  1

O g e m a w N A 0 . 1 7 5 .6 7 8 1 ,83 8 8 5 6 3 2 5 1.181 N A N A 3 9  1

O n t o n a g o n 4 2 N A 1.222 8 7 2 2.36 65 301 56 (I 0 9 58  8

O s c e o la N A 0 .0 4 3 . 3 2 8 1.56 5 5 4 7 124 671 N A N A 5 0

( Lscoda N A 0 . 0 4 4 . 5 2 0 868 7 3 7 94 831 N A N A 5 0  4

O t s e g o N A 0.2(1 3.71  1 1,771 5 6 2 32.3 8 8 5 N A N A 31 8

Ottaw a 4 . 3 3 4 N A 1.7 2 8 1 0 .7 2 8 4 . 9 9 6 3 .6 8 8 8 .6 8 4 25 4 53 1 1 8

I’rc sque Isle 2 5 2 N A 3 .0 4 4 1 .71 6 5 3 5 3 3 7 8 7 2 6 9 2 33 3 9  6

R o s c o m m o n N A 1 (16 1 0 .5 8 0 2 .9 4 5 1.6 27 1 .217 2 .8 4 4 N A N A 4 8  3
S a g in a w 6 7 N A 202 8 . 9 0 7 4 . 5 1 0 2 .4 2 5 6 .9 3 5 - 0.02 (I 3

Saint Clair 5 .9 1 5 N A 1.921 5 .9 5 2 3 . 4 5 0 3 .4 7 2 6 .9 2 2 164 8 52 1 1 8

Saint Joseph N A 0  4 6 1.481 4 . 9 7 7 2 ,0 5 4 7 4 0 2 .7 9 4 N A N A 7 0

Sani lac 2 6 8 N A 3 . 4 7 9 1 ,1 0 4 6 0 7 3 4 2 9 4 9 41 2 19 15 9

S ch oo lcr a f t 3 9 N A 1,7 82 1 ,3 6 8 3 2 2 112 4 3 4 4 6 0 .3 7 86 2

S h i a w a s s e e N A 0.01 I 17 3 .4 9 5 1,461 5 7 7 2 . 0 3 8 N A N A 0 1
T u sc o la 2 6 3 N A 7 4 3 2 , 3 6 2 1 .2 6 9 7 1 2 1.981 20 0.02 13 4

V an Uuren 1 .0 54 N A 3,51  1 4 ,6 6 1 1 ,8 13 9 6 5 2 , 7 7 8 13 3 .3 5 8 5

W a s h t e n a w N A 0 . 3 9 9 3 5 7 ,5 7 3 4 , 2 9 8 2 ,3 5 7 6 , 6 5 5 N A N A 9  3

W a y  lie 7 .6 1 3 N A 1.0 23 3 1 , 4 7 8 2 1 , 1 7 2 1 5 .7 0 9 3 6 .8 8 1 75 4 .0 4 7 3
W ex fo rd N A 0 . 0 9 2 ,1 6 6 2 , 3 4 7 1 .3 3 9 3 7 6 1.7 15 N A N A 13 3

a CIM indicator: n u m b er  o f  m arina  s p a c e s  in the co u n ty

b I .M index: s to ra ge  op p o r tu n i ty  in d e x  for boats  kept  at m a rina s  in in land c o u n t ie s  

c  SI I ind icator  n u m b e r  o f  s e c o n d  h o m e s  in the co u n ty ,  

d R S ind icator  n u m b er  o f  regis tered  b oa ts  in the c o u n t y  

e  Cil. ind icator  m i l e s  o f  Great  Lak es  sh o r e l in e s  in the co u n ty  

f  CIJ in d ex  cr u i s in g  o p p o r tu n i ty  in d ex

g  I R in d ex  b o a t in g  o p p o r tu n i ty  in d ex  for boats  kept at n o nw ater fro n t  h o m es .
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A p p e n d ix  D. N u m b e r  o f  B o a t  D a y s  G e n e ra te d  by  B o a ts  in D if fe re n t  S to ra g e  S e g m e n ts
in D if fe re n t  C o u n t ie s .

C O U N T Y  o r  S T O R A G L M a r in a

B O A T  S T O R A G L  SI (A 1 I  N I 

S e c o n d  H o m e  W a te r f r o n t  H o m e
N o n w a tc r f ro n t  

1 Io n ic

T O I ' A I

.S o u th e a s t
M a c o m b 300 .( 177 1 5 .8 1 5 21 7.6X7 1 7 5 .8 9 7 7 0 9 . 4 7 5
M o n ro e 1 3 4 . 4 ( 0 8 .7 0 3 4 2 . 7 7 9 3 8 . 5 4 7 2 4 4 . 5 5 7

S t C la ir 1 3 3 .2 7 7 5 7 .0 4 7 5 9 .7 2 5 5 2 . 0 4 8 3 2 2 .0 9 7

W a s  ne 1 0 7 . 2 7 8 3 0 . 0 9 9 3 0 4 . 4 8 2 2 7 0 . 1 9 0 X08.05( i
C e n t r a l  h a s t
H as 1 1 1 x o o 4 . 2 9 8 1 3 .4 1 4 5 9 . 3 8 8 1 8 8 . 9 0 9
1 III roil 3 3 .8 7 4 0 7 .0 3 1 4 . 0 4 7 1 8 .0 2 8 1 4 2 . 9 8 0
S a g in a w 3 . 4 8 8 2 .0 5 5 2 0 .8 7 1 9 8 . 4 2 6 1 2 5 .4 4 0
S a n ila c 1 3 .9 5 0 4 5 . 7 2 0 2 . 7 0 3 1 2 .6 4 2 7 5 .0 2 1
T u sco la 1 3 .0 9 0 9 . 7 0 5 5 .7 2 5 2 0 .8 0 3 5 5 . 9 8 4
N o r t h e a s t
A lc o n a 3 . 0 0 0 9 7 .3 2 5 1 7 .0 4 4 1 1 .345 1 2 8 . 7 2 0
A lp e n a 0 .9 0 4 3 1 . 4 2 9 3 0 . 9 0 7 2 2 . 0 7 7 9 1 . 3 1 7
A re n a c 2 1 . 0 3 5 4 1 . 8 9 9 2 7 . 8 3 0 1 5 .2 0 8 1 0 0 . 5 7 8

C h e b o y g a n 2 1 . 0 9 5 8 3 . 8 8 5 3 4 . 6 5 3 2 3 . 3 4 8 103 .581
Io sco 3 0 . 2 0 0 11 5 .3 4 9 3 7 . 0 2 9 2 5 . 0 2 0 2 0 7 . 0 0 3
P re s q u e  Is le 7 . 4 9 9 5 2 . 8 5 0 1 8 .8 3 9 1 3 .3 5 4 9 2 . 5 4 8
N o r th w e s t
A n tr im 7 .4 4 0 8 0 . 0 7 9 3 7 . 2 7 7 2 3 . 8 2 6 1 4 8 .0 2 3
B e n z ie 2 4 . 7 1 0 5 3 .0 4 2 2 5 , 7 9 2 1 7 .2 0 5 1 2 1 .3 5 5
C lu ir lc s 'o ix 0 0 . 9 3 0 0 0 , 0 5 9 3 3 . 0 3 2 2 0 . 5 8 0 180 .0 21
P n n n e l 2 3 . 8 3 3 74 .7 41 3 6 . 2 9 9 2 3 .1 2 5 1 5 7 . 9 9 8
G ra n d  T rav erse 1 1 .93 8 5 0 . 2 1 8 9 2 , 6 0 3 5 8 . 4 8 0 2 1 9 .2 3 9
1 e c la n a u 3 3 . 2 0 7 7 1 . 1 5 9 3 6 . 0 9 3 2 2 . 9 8 9 1 6 3 .4 4 8
M a n is te e 3 8 . 7 5 0 5 4 .5 1 2 2 6 . 2 9 0 17.711 1 3 7 . 2 0 8
M a s o n ■>3 5 3 9 5 1 . 9 3 0 2 9 . 7 9 6 2 0 . 3 2 8 125 .001
C e n t r a l  W e s t
M u s k e g o n 5 2 . 0 1 3 22.000 2 9 . 1 3 9 9 4 .2 4 1 1 9 8 .0 5 9

< )c e a n a 3 , 7 2 0 0 7 .8 8 1 4 , 4 4 0 1 7 .3 8 8 9 3 . 4 3 0
O tta w a 9 1 . 2 4 0 3 3 ,4 7 5 4 5 . 2 8 8 1 3 5 .9 0 5 3 0 5 . 9 1 4
S o u th w e s t
A lle g a n 2 0 . 3 5 8 2 2 , 6 0 3 5 7 .7 1 3 5 2 ,5 5 5 1 5 3 .2 8 9
B e rr ie n 5 0 . 1 5 0 3 0 ,9 2 5 7 8 . 4 7 3 0 9 . 3 7 7 2 3 4 . 9 3 2
V a n  B u re n 1 8 .9 5 5 2 9 , 1 4 7 4 4 , 9 0 8 4 1 . 2 0 0 1 3 4 .3 3 0
S o u th  I n l a n d
B arrs 9 . 3 5 4 5 1 . 2 9 0 3 5 .0 8 5 3 8 . 9 2 5 1 3 5 .2 5 3
B ra n c h 7 .4 9 5 5 7 . 8 2 7 2 7 , 5 3 4 2 8 . 8 0 0 1 2 1 .0 5 0
C a lh o u n 3 . 0 4 8 2 2 4 4 4 . 7 9 2 5 2 . 3 4 3 1 0 0 .4 0 0
C a s s 1 1 .4 45 7 0 , 4 9 8 3 6 , 4 9 2 3 8 , 4 9 5 150 .93 1
C lin to n 57 1 ,0 30 2 5 , 9 0 0 2 8 , 3 2 7 5 5 . 3 1 3
B a to n 00 3 ,2 9 1 3 6 , 0 6 9 3 9 . 0 6 7 7 8 . 4 8 8
G e n e s e e 1 ,7 13 17 .6 6 4 1 4 3 .7 5 0 1 4 3 .5 6 5 3 0 0 .6 9 1
G ra tio t 200 2 , 3 7 3 1 4 ,5 1 9 1 6 .3 2 2 3 3 . 4 2 0
H ills d a le 1.721 4 0 ,6 1  1 2 0 , 9 7 9 2 1 ,2 3 5 84  5 4 0
In g h a m 31 7 ,7 4 6 7 2 .9 4 3 7 8 . 0 2 9 1 5 8 .7 5 0
Io n ia 4 0 8 8 .7 3  1 2 0 , 5 8 0 2 3 . 7 4 5 5 3 . 4 6 4
Is a b e l la 2 0 8 20.888 1 7 .8 1 4 1 9 . 5 3 0 5 8 . 4 9 9
J a c k s o n 1 0 .5 0 0 4 1 . 2 8 3 0 7 .3 6 1 7 0 , 3 4 5 1 8 9 .5 5 5
K a la m a z o o 8 . 0 0 7 1 3 ,7 4 6 8 1 . 9 7 2 8 7 .2 1 3 1 9 0 .9 3 8
K e n t 7 . 1 7 3 3 0 , 4 6 9 1 8 7 , 2 4 6 1 9 6 .5 8 2 4 2 1 , 4 7 1
L a p e e r 1 .83 2 16 .6 34 2 8 , 4 2 0 2 8 . 9 2 3 7 5 . 8 0 9
L e n a w e e 2 , 3 2 2 4 8 , 7 3 8 3 8 , 2 9 0 3 8 ,7 3 5 1 2 8 .0 8 5
L iv in g s to n 1 3 ,9 0 9 3 6 ,7 8 3 6 9 , 6 4 6 6 3 . 3 8 6 1 8 3 .7 2 4
M id la n d 4 2 7 9 , 3 3 6 4 0 , 4 5 4 4 1 . 2 1 6 9 1 . 4 3 3
M o n tc a lm 5 , 2 6 8 6 4 , 2 7 5 2 6 , 3 4 5 3 1 . 5 3 9 1 2 7 . 4 2 0
O a k la n d 4 9 .8 9 1 5 7 ,2 2 3 3 7 3 , 9 1 2 3 2 5 . 2 1 7 8 0 6 . 2 4 3
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Appendix D (cont'd).

C O U N T Y  O f  S T O R A G E M a n n a

M O A T  S T O R A C jT S I .G M I  M  

S e c o n d  H o m e  W aterfront H o m e
N o nw a ter fro n t  

1 lo m c

T O TA I

St Joseph 9 . 1 2 0 3 3 . 1 5 6 3 5 . 7 6 8 3 9 .6 4 5 1 1 7 .6 9 5
S h i a w a s s e e 112 2 . 6 1 9 2 5 .5 4 1 2 8 . 0 6 6 5 6 . 3 3 8
W a sh te n a w 7 .0 3 8 2 0 . 9 3 2 7 0 .4 1 2 67.48 .3 1 6 6 .4 6 5
N o r t h  I n l a n d
Clare 2 . 4 1 0 9 1 . 7 1 6 3 0 . 9 0 6 2 5 . 2 4 4 1 5 0 . 2 7 7
C raw ford 561 4 3 . 3 0 7 2 1 . 7 1 9 1 3 .5 1 5 7 9 .1 0 1
( i l a d w in 1 .9 5 8 6 0 . 7 9 7 3 6 . 3 2 0 2 4 . 7 2 5 123 .801
K alkaska 1 .6 8 9 3 8 . 3 6 9 1 8 .4 9 5 1 4 .9 8 5 7 3 .5 3 8
1 ake 9 2 3 8 2 .5 9 5 1 5 .6 6 4 1 1 .4 1 6 1 10 .5 97
M e c o s t a 4 .8 9 3 3 6 .2 3 3 3 4 . 3 9 9 2 6 . 6 9 8 H P
M i s s a u k e e 1 .1 4 6 2 6 .7 1 2 1 5 .5 1 2 1 1 .7 3 5 5 5 . 106

M o n t m o r e n c y 5 .0 9 4 5 3 .9 4  5 14 .9 3 3 1 3 .3 5 6 8 7 . 3 2 7
N e w a y g o 5 .4 6 5 5 5 .9 8 2 4 6 . 4 7 4 3 6 .9 2 4 1 4 4 .8 4 5
( ) p e m a « 2 .3 7 3 6 2 , 8 5 7 2 4 . 3 1 7 1 8 .9 4 6 1 0 8 .1 9 3
< )sceo la 4 9 7 3 6 . 8 4 2 1 6 .7 5 4 1 4 .9 5 9 6 9 .0 5 1
( )scod a 5 8 7 5 0 , 0 3 7 1 3 .9 7 0 9 . 9 0 6 7 4 .5 0 1
O t s e g o 2 . 8 2 4 4 1 ,0 8 1 2 0 , 9 4 7 1 7 .3 6 8 82 ,2 21
R o s c o m m o n 1 4 .6 6 6 1 1 7 ,1 2 3 5 1 . 2 5 2 3 3 . 6 9 5 2 1 6 .7 3 5
W exfo rd 1.2 95 2 3 . 9 7 8 3 2 . 9 5 8 2 4 . 9 1 9 8 3 . 1 5 0
S o u t h  U p p e r  P e n i n s u l a  
D elia 5 .6 6 4 5 9 . 9 2 2 2 5 . 8 5 5 17,191 1 0 8 .6 3 2
D ic k in s o n 0 4 1 .9 60 1 8 .7 4 8 1 2 .5 0 2 7 3 .2 1  1
Iron 0 6 4 . 1 9 5 1 3 .8 2 8 8 .9X 7 8 7 . 0 1 0
M a c k in a c 1 1 .5 55 1 0 0 .3 4 2 1 7 .26 3 1 0 .9 4 2 1 4 0 .1 0 2
M e n o m i n e e 5 .4 61 4 2 . 9 0 4 1 4 .7 0 9 9 . 6 1 3 7 2 .6 8 8
S ch o o lcr a f t 9 8 6 4 4 .2 7 1 1 0 .6 4 8 6 . 9 2 0 6 2 . 8 2 5
N o r t h  U p p e r  P e n i n s u l a
Alger 1,8 44 1 2 ,9 1 7 1 2 .2 3 5 4 .35 1 3 1 .3 4 7
Baraga 1 0 .0 1 9 7 , 9 3 9 7 .0 6 1 2 . 6 1 7 2 7 .6 3 6
C h i p p e w a 2 7 . 1 0 7 3 3 . 2 7 9 3 4 , 0 7 8 1 2 .9 6 7 107.431
l i o g c b i c 2 . 5 2 0 1 7 ,5 8 8 1 9 .2 2 8 6 . 7 4 8 4 6 .0 8 5
1 lo u g h to n 9 , 6 5 0 16 .8 03 2 2 . 9 4 0 8 .8 11 5 8 ,2 0 5
Keweenaw' 5 . 2 8 6 8 . 9 2 6 2 . 4 4 9 9 3 5 1 7 .5 9 6
l.u ce 0 7 ,7 31 1 0 .1 3 7 3 .3 8 1 2 1 . 2 4 9
M arquette 1 0 ,2 0 4 2 8 , 3 5 7 5 4 , 7 7 9 1 9 ,8 8 5 1 1 3 .2 2 4
O n t o n a g o n 2 , 5 8 2 8 , 4 9 5 9 . 4 2 7 3 .2 7 8 2 3 . 7 8 2

S ta te  T o ta l 1 .8 4 5 , 6 2 9 3 , 3 6 0 , 8 1 2 3 .6 2 5 , 3 7 5 3 , 4 5 7 , 5 5 0 1 2 , 2 8 9 , 3 6 6
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Appendix E. Number o f  Boating Days in Storage Regions and Destination Regions By Boats in Different Storage Segments.

Boat Days (000's)

DESTINATION
REGIONS

South
East

Central
East

North
East

North

West

STORAGE REGIONS

Central South 

West West

Inland
South

Inland
North

UP
South

UP
North

Total

S o u th ea st 1.791.0 12.5 2.2 2.8 3.8 2.0 75.8 0.3 0.2 0.5 1.891.1

M a n n a 745.4 8.9 2.2 2.8 3.8 1.8 - - 02 0 5 765 6

S e c o n d  hom e 112 9 - - - - - - - - - 112 9

W a te rfro n t H om e 624.7 - - - - - - - - - 624  7

S o n w a te r fro n l H o m e 308 .0 3.6 00 - 0.1 0.2 75.8 0.3 - - 388  0

C en tra l E ast 23.4 463.0 1.3 1.1 1.1 2.5 55.4 1.8 0.0 0.1 549.8
M a rin a 14 1 160.0 0 9 0 5 0.7 0 3 - - 00 0 1 1 7 6 7

S e c o n d  hom e - 129.5 - - - - - - - - 129.5
W a terfro n t H om e - 46 .8 - - - - - - - 46  8

S o n w a te r fro n l H om e 9.2 126.8 0 4 0 6 0.5 *> -> 55.4 1 8 0.0 - 196 8

N orth ea st 17.6 31J 776.3 3.8 4.9 1.9 47.8 8.0 0.3 0.7 892.6
M a rin a 6.5 8 1 82  2 1 5 1.5 0 7 - - 0 1 0.2 100 7

S e c o n d  hom e - - 4 2 2  7 - - - - - - 422.7

W a terfro n t H om e - - 166 3 - - - - - - - 166 3
S o n w a te r fro n l H om e 11 0 23 .2 1 0 5 0 2 3 3.4 12 47.8 8 0 0 2 0.5 202 8

N orth w est 29.4 17.0 3.9 1.230.9 12.1 8.5 62.8 15.4 0.7 0.8 1,381.6
M a rin a 18.7 9.5 3 .0 215 .4 4.4 2.0 - - 0 3 0 5 253 8

S e c o n d  hom e - - - 508  3 - - - - - - 508  3
W a terfro n t H om e - - - 3 1 7 2 - - - - - - 317  2

S o n w a te r fro n l H om e 1 0 7 7.5 10 1 9 0 0 7.6 6 5 62  8 15 4 0  5 0.3 302 2

C en tra l W est 12.0 3.6 0.7 2.7 514.6 6.2 34.2 6.5 0.1 0.1 580.8
M a rin a 5.4 2.7 0 7 1 8 1 2 8 4 1 5 - - 0 1 0 1 140 7

S e c o n d  hom e - - - - 124.0 - - - - - 124 0

W aterfro n t H om e - - - ■ 78 9 - - - - - 78 9

S o n w a te r fro n l H om e 6 6 0.9 0 0 0 9 183 4 4 7 34 .2 6 5 - - 237 2

S o u th w est 6.8 2.5 0.5 0.8 12.2 465.4 51.8 0.3 0.1 0.1 540.4

M a n n a 3.9 2.0 0.5 0 6 6.3 81 9 - - 0 1 0.1 95 5

S e c o n d  hom e - - - • - 88 7 - - - - 88 7

W a terfro n t H om e - - - • - 181 2 - - - - 1 8 1 2
S o n w a te r fro n l H om e 2 9 0 5 0  0 (I 2 5 8 113 6 51 8 0 ; ■ 175 1



Appendix E (cont'd).

B o at D ays (00 0 's)

D E S T IN A T IO N

R E G IO N S

South

E ast

C entra l

E ast

N orth

E ast

N orth

W est

S T O R A G E  R E G IO N S

C en tra l South 

W est W est

Inland

South

Inland

N orth

UP

South

U P

N orth

Total

In la n d  S o u th 114.1 12.2 0.1 0.9 13.3 28.2 3.408.0 3.3 0.0 . 3,580.0
Marina - - - - - - 152 1 - - - 152 1

Second home - - - - - - 657 4 - - - 657 4
Waterfront Home - - - - - - 1.542.4 - - - 1.542 4

Xomvaterfront Home 114.1 122 0 1 09 133 28.2 1.056.1 3.3 00 - 1.228 1

I n la n d  N o r th 43.3 30.6 3.0 5.7 12.8 5.6 108.5 1.483.6 0.3 0.1 1,693.6
M anna - - - - - - - 464 - - 46 4

Second home - - - - - - - 821.6 - - 821 6
Waterfront Home - - - - - - - 394 6 - - 394 6

Sonwaterfronl Home 43 3 30.6 3.0 5.7 12.8 5.6 108.5 221.1 03 0.1 431 0

U P  South 15.2 8.4 1.4 2.2 9.7 1.0 23.9 6.0 538.5 5.1 611.4
Marina 6 2 3.1 0.8 10 1.4 07 - - 22 7 I t ) 37 5

Second home - - - - - - - - 353.6 - 353 6
11 aterfronl Home - - - - - - - - 101.1 - 101 1

Sonwaterfronl Home 9.0 5.3 0 6 1.2 8 3 03 239 60 61 2 3.4 1192
U P  North 32.8 7.2 0.9 3.2 13.4 1.2 30.4 35.8 4.2 439.1) 568.1

M anna 4.9 2 5 06 0.8 1 1 0 5 - 02 66 0 76 6

S e c o n d  hom e - - - - - - - - - 142 0 142 0
H'aterfronl Home - - - - - - - - - 172 .3 172 3

Sonwaterfronl Home 280 4.8 0.2 2.4 12.3 0 7 304 35.8 40 58.6 177 1

T O T A L 2.085.4 588.3 790.3 1.254.2 598.0 522.6 3.898.6 1.561.0 544.5 446.6 12.289.4
Marina 805.1 196.8 90 9 224.4 147 6 89 5 152.1 4 6 4 23 7 69 2 1.845 6

S e c o n d  h om e 112 9 129.5 422.7 508 3 124.0 88.7 657 4 821.6 353 6 142 0 3.3 60  8

Waterfront Home 624 7 46 8 166 3 317.2 78.9 181 2 1.542 4 394 6 1011 172.3 3.625 4
Sonwaterfronl Home 542 7 215.3 1104 204.2 247 5 163.2 1.546 7 298 4 662 63.0 3.457.6
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