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TO THE READER : 

Thi s  bulletin r epor ts  hous eho ld imp a c ts of rural wa ter sys tem development b as ed 
on a case s tudy of the Brookings -Deuel Rural Wat er System. Thi s  s tudy was 
conduc ted as  par t  of Projec t B-056-S .Dak. funded by the Uni ted S tates Dep ar tmen t 
of the Interior , Office o f  Wa t er Research and Technology. 

This bulletin is wri t ten for two audiences . 

One audience is made of rural wa ter sys tem planners , pub li c  off i c ials , and p o l i cy
makers who have worked with rural wa ter sy s tems . Thes e readers wil l  unders tand the 
res u l ts and findings ,  al though the des cript ion of spec ifi c s t a t is tical pro cedures 
may not be exac t ly c lear to them. 

The o ther audience cons is ts of communi ty rural development s pec ial is ts  and o ther 
res earchers doing work in rural wa ter sys tems . 

Tab les in the tex t  of the b ul let in conta in des crip tive results  and a few s ta t i s 
t i ca l  tes ts . Tab les in the appendix contain analyses of variance results  and are 
intended to as s is t  the second audience of spec ia l i s t s .  

If  y o u  keep your own needs in mind as y o u  read this bul let in, we feel y o u  wi l l  
gain s ome va luab le ins ights i n t o  the relationships b etween a rural wa ter sys tem 
and the peop le who l ive in the area the sys tem s erves . ;:;l�

J 

Larry Janssen 

(�L ;f� 
Ardelle Lundeen 
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During the 197 0 ' s ,  large- s c ale rural 
water sys tems expanded cons iderab ly in 
South Dakota and s urrounding s ta tes . In 
South Dakota , rural wa ter sys t ems in
creas ed from 9 in 1970 to 30 in 1980; 
another 20 s y s t ems are prop os ed or under 
developmen t in the early 1980 ' s. S uch 
sys tems , many with over 1000 hookups and 
large capi tal cos t s ,  have the poten t ia l  to 
affec t not only their own memb ers but also 
others in the service area and the genera l 
pub l ic.  

Several s tudies (3 , 5 , 6) have examined 
private s ec tor and regional economic im
pac t s  of large-s cale rural wa ter sys tem 
developmen t. Two s tudies spec ifical ly 
addres s ed popula tion growth and demographi c  
impac ts. 

In a 1975 s tudy , S tam (7) inves t i
ga ted whether new rural wa ter sys tems led 
to popula t ion growth or whether populat ion 
growth led to the cons truc tion of wa ter 
sys tems . From data from s ix s tates , he 
con c luded tha t populat ion growth led to the 
cons truc t ion of water sys tems , imp lying 
tha t rural water sy s tems are bui l t  in re
sponse to a need and not as a means of 
developmen t. A s tudy of the Lincoln Rural 
Wat er Sys tem in S outh Dakota (8) showed , 
however , tha t populat ion growth i s  en
couraged by the avai lab il i ty of a rura l 
wa ter sys tem and that families moving into 
the area have more elementary and s econdary 
s chool chi l dren than es tab lished res iden t s .  

P ub li c  sec tor impacts  (changes i n  
s ta t e  and local government expendi tures 
and revenues ) of large-s cale rural water 
sys tem development were examined by the 
authors in a cas e s tudy (1 , 2) of the 
Brookings-Deuel Rural Wat er Sys t em. House
hol d ,  agricul t ural , and indus trial imp a c t s  
of rural wat er sys t em development were 

traced. Mos t household imp a c t s  were as s o
ciated with changes in demographi c  and 
hous ing-related charac t eri s t i c s .  This re
port focuses on these charac teri s t ics. 

Rural wa ter sys tem membership i s  volun
tary; only members receive the direc t bene
fi t s  of the water s upp ly . But rural water 
development is s ub s i di zed wi th government 
funds; consequen t ly , the ques t ion of who 
receives direc t benefi ts concerns p ol i cy
makers and the tax paying pub l ic. 

Rural water sys tem development can 
also crea te cos ts  and benefi t s  to local 
governments within the service t erri tory 
and to the pub l i c  sec t or general ly. A 
change in government expendi tures can b e  
traced to the rural wat er sys tem if i t s  
ins talla t ion triggers changes i n  p opulat ion 
numbers , den s i ty, or compos i t ion which lead 
to changes in demand for pub li c  s ervi ces. 
�ffec ted pub li c  services inc lude schools , 
roads , s now removal , fire and pol i ce p ro
tec t ion , and was te removal.) Norma l ly , 
demand for these s ervices wil l  increas e  as 
populat ion level or dens i ty increas es in a 
region , res ul t ing in increased pub li c  ex
pendi t ures. 

One of the maj or poten t i al benefi t s  of 
a rura l wa ter sys tem is improvement in 
hous ing to take advantage of water availa
b i l i ty. The pub li c  s ec tor c an benef i t  by 
increased revenues if home improvements  
res ul t in increas ed ass es s ed valua tions.  

Rural water sys tem dis tric t p lanners 
are also interes ted in comparing chara c ter
i s t ic s  of member and nonmember households . 
Certain household charac teri s tics,  such as 
income level and family s i ze, are p robab ly 
rela ted to membership dec i s i ons . Thi s  type 
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o f  inf orma tion can as s is t  them in future 
p lanning decis ions. 

BROOKINGS -DEUEL RURAL WATER SYSTEM 

The or gani z ation and development of 
the B r ookings-Deuel Rura l  Wa ter Sys tem 
(BDRWS) typ i fy many sys tems cons t ruc t ed i n  
S ou th Dako ta s in ce 197 0. Rural res i dents 
who encounter ed pt"ob lems in the quan t i ty 
and q ua l i ty o f  their wa t er sup p l i es met , 
formed a nonpro f i t  corporation , and orga
nized the rural  water sys tem. 

The sys tem ,  locat ed on the middle
eas tern b order o f  S ou th Dako ta adjacent to 
Minnes o t a , s erves rura l  househo lds in 
nor thern Brookings Coun ty , mos t of  Deuel 
Coun ty , and s ou thern Grant·  C ounty (Fig 
1). The sys tem i s  l o ca t ed in the B i g  S ioux 
River Bas in and s ecures wa ter a t  two lo ca
t io ns f r om a large aqui fer in the bas in. 
There are app roxima tely 1150 individual 
s ervice co nnec t ions and 630 mi les o f  p ip e
l ine in a s ervice ter r i tory o f  2000 s quare 
mil es. Overall , EDRWS i s  average in s i z e  
among larger sys tems in S ou th Dakota. 

In 197 9 ,  the sy s tem was s erving about 
45% of households i n  its s ervice terri to ry.  
Mos t  members were loca ted on farms and 
rural acreages and in sma l l  t owns . BDRWS 
also s erves seasonal lake co ttages on two 
lakes (Hendri cks and C ochrane) mobi le home 
c our ts , subdivi s ions , and pas ture tap s .  
Wa ter provi ded by BDRWS i s  not  us ed for  
c rop irriga t ion. 

Mos t c ons tru c t ion had b een c omp leted 
when this s tudy .was c onduct ed and mos t  
s ignup members were receiving wa ter from 
the sys tem. C onseq uen t ly the p ro f i le o f  
member and nonmember household cha.rac t eris
t ics reflec t s  ini t i al dif ferences or  s imi
lar i ties between these group s. Thi s  p ro
f i le may be expect ed to change gradual ly 
over t ime as more househo lds bec ome members. 

METHODOLOGY 

Objec t ives 

The major objec t ive was t o  inves t iga te 
demographic changes associat ed wi th ins tal
lation of a rural wa ter sys tem. A s econd 
objec t ive was to c ompare hous ing and wat er 
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s ources charac ter i s t i c s  o f  rural wat er 
sys tem member and nonmember hous eho lds. A 
third ob jec t ive was to  compare rural wa ter 
sys tem member and nonmember use o f  and 
s a t i s fac tion w i th pub li c  s ervices . 

The genera l  i s s ue examined throughout 
this s tudy is whether s elec ted charact er i s
tics  of  rura l  wa ter sys tem member hous e
ho l ds are s imi lar to or  sub s tan t ia l ly 
di f feren t than tho se o f  nonmember house
holds . Detai led compari s ons of  member and 
nonmember hous eho lds were made for  the fol
lowing household charac ter is t i c s :  

1. Farm/ nonfarm emp l oymen t and income 
orientation 

2. Annual hous ehold income levels 

3. Educa t ion level of  adults 

4. Age level o f  adu l t s  and fami l ies 

5. Number of chi ldren living at home 

6. Incidence and c os ts  o f  home remod
eling 

7.  Degree o f  s a t i s fa c tion wi th se
lec ted pub l ic services p rov ided 
by local government s  (s chools , 
p o l ice and fire p r o tec t ion , 
road maint enance , snow removal , 
and was t e  d{sposal) 

I f  there were s igni f icant diff erences 
between member and nonmember househo lds , we 
would exp ec t that  rural wa ter sys tem mem
ber househo lds would have ( 1 )  a grea ter non
farm orienta tion , (2) higher annual income 
levels ,  (3) more years o f  formal educa t i on , 

(4) younger adu l ts , (5) more chi ldren l iving 
at home, (6) higher incidence and cos ts of 
home remodeling , and (7) a les s er degree o f  
s a t i s fac tion wi th pub l i c  s ervices than 
would nonmember households .  

Dgta sources and ana lys i s  procedures 

Mai l  and pers onal s urveys o f  a samp le 
of  rura l  wa t er sys tem member and nonmemb er 
hous eho lds located in the BDRWS service 
terri t ory s ecured the da ta. 



Ana ly s i s  o f  respondent charac teris t ic s  
almos t a lways involved c omparisons o f  rura l  
wa ter sys tem memb er and/or new res i dents 
wi th nonmembers and long t ime res iden t s  
s erving as contro l g roup s.  L en g th o f  res i
dence was assumed to be a s s ocia t ed wi th many 
responden t  charac t er i s t ics and, fur ther
more, interrelated with rural wa ter sys t em 
memb ership. I t  was impor tant to  s epara t e  
any e f fe c t s  o f  rural water  sys t em memb er
ship f rom e f f e c t s  of leng th o f  r es idence. 

Hous eho lds were clas si f i ed as "long
time" or "new" based on loca tion of res i
dence in 197 2  and 197 8. The year 197 2 was 
the f irs t year of s e r i ous discuss ion about 
fo rming a rural wa ter dis t r i c t. Res idents 
moving into o r  reloca t ing wi thin the BDRWS 
s ervic e  terri tory af ter 197 2  may have b een 
inf luenced in the i r  lo cation decisions by 
rural water sys t em develop ment whi le long
time residents may have remained be caus e 
o f  BDRWS development. 

A common thread i n  al l o f  the s tat is
tical procedure s 1 * 

was analys is o f  re spon
dent charac t er i s t ic s  by rural wa ter sys tem 
memb ership (members and nonmemb ers) and 
leng th of residence (new and longt ime r e s i
dents). For each chara c t er is t i c, data was 
tabula t ed f or memb e r / nonmemb er and new/ 
long t ime res ident c ompari s ons .  Many of 
the s e  compar isons are shown in the tab les 
in this r ep o r t. When app ropriate, chi
square t es ts o f  s ta t is tical  s igni f i cance 
are a l s o  p res ented . 

Ana lys is o f  var iance and mul tiple  r e
gres s i on p roc edures were used to  examine 
the p r obab i l i ty level of s i gnif i cance for  
rural wa ter sys t em memb ership af ter 
ac counting for  the effects o f  o ther vari
ab les and interac t i on t erms . The overal l  
leve l o f  s i gnifi canc e  and p ropo r tion o f  
var iance exp lained (R2) by the model  was 
o f  s e condary impor tance. S tatis tical  tes t s  
o f  s ignif i cance were eva lua ted a t  the 5% 
p robab i l i ty level, unles s o therwis e  no ted. 

In s o me models, a t t enti on was also  
given to locat ion (region o r  lake), emp loy
men t  (farm, nonfarrn, or r e t i r ed) and to 

*Al l  foo tno t ed mat er ia l  app ear s in 
Endno tes at  the back of this pub l i 
cat ion . 

o ther fac tors  t o  exp lain var i ation in re·
s pondent charac teris tics.  

Survey pr ocedur es and r esponse rates 

Mai l  surveys o f  township households 
(farm, rural acreage, and vil lage hous e
holds) and lake hous eho lds were c onduc t ed 
in la t e  197 8 and in 197 9. S ince mos t  town
ship hous eho lds invo lved permanent res iden t s  
whi l e  mos t  lake hous eho lds involved seasonal 
res i dents, there were some d i f f e rences in 
the ques tionnaires for  township versus lake 
hous eholds. 

Various direct ory lis ts  gave the 
names and addres s e s  of over 2100 househo lds 
lo c a t ed in the BDRWS s ervi ce terri t ory 
(Fig 1). This l i s t of ho useho lds, includ
ing 1830 township hous eho lds and 27 7 lake 
hou s eho lds, r epr esented 85-90% of memb er 
and nonmemb er hous eholds in the service 
terri t o ry. 2 From these hous ehold l i s ts, 
s amp les o f  4 7 2  t ownship hous eho lds (26% 
o f  town ship hous eho lds )  and 139 lake 
hous eho lds (50%) o f  lake hous eholds) were 
s elec ted for mai l  surveys .  Househo lds in 
each s urvey were s trat i f i ed by rural wa ter 
sys t em memb ership and location (region or 
lake) prior to samp le s e le c t ion . Township 
hous eho lds were al s o  s epara ted by l ength 
o f  res idence p ri o r  to  sample s el ec t i on; 
lake househo lds wer e  not so  s tr a t i f i ed, due 
to insuf f i ci en t  inf orma t i on prior  t o  
s amp le s e le c tion. 3,4,5 

For ea ch s urvey, ques t ionnaires were 
p r e t es t ed and mod i f ied p r io r  t o  mai ling. 
Hous eho lds no t r es ponding to  the ini t ial 
l e t t er and mai l  ques ti onnaires were con
tac t ed through two f o llow-up mai l ings 
ove r  a 6-week period. 

The ma il  survey o f  township house
holds was conduc ted in November and 
Dec ember 1 978. Upon comp le t ion o f  the 
mail  survey, a four th of respond ent s 
and nonrespondent s wa s s ele c t ed for 
p er sonal interviews which were con
duc t ed in mid -March and ear ly May 
197 9. 6 Per sona l  int erview r e spondent s 
who had no t resp onded t o  the ini t ial 
ma i l  survey wer e asked to  comp l e t e  the 
mai l  and p er sonal survey que s t ionnaires.  

Township survey r esul ts are 
based on responses from 27 2 hou seho lds, 
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57 . 6% of the 472 households surveyed. 
The response rate for member s (7 5%) 
was higher than tha t for nonmember s 
(45%). The d istr ibution of t ownship 
respondents by rural wa ter system 
member ship, leng th of residence, 
and region is shown in Tab le 1 .  

The mai l  survey of lake households 
was conducted during June and July 197 9, 
wi th no follow-up personal interview sur
veys. Seven ty househo lds (50. 3% of sam
p led households) comp leted the survey. 
The response rate  for memb ers (60%) was 
higher than tha t  for nonmembers (40%). 
The distribution of lake househo ld respon
dents by rural wa ter system membership and 
loca t ion is shown in Table 2 .  

The tota l numb er of township and 
lake survey responden ts was mor e  than 
half of a l l  households conta c t ed and 
more than a seventh of a l l  households 
loca ted in the BDRWS service territory . 
Most respondents answered a l l  questions 
asked . Respondents were inc luded in the 
ana lysis if they answered a l l  e xcept one 
or two q uestions . The usual response 
ra te to a q uestion was 95-100%. The 
lowest response rate to a question was 
85% (respondent income level). 

FAMILY AND HOUS ING CHARACTERI STICS 
OF TOWNSHIP SURVEY RESPONDENTS 

Resul ts in this sec tion are based on 
responses from 272 township households 
(farm, rural acreage, and village house
holds) loca ted in the BDRWS service t er ri
tory . 

Employment and farm or ientation 
charac ter istic s 

The relationship between membership 
and the respondent's farm or nonfarm 
orientation was based on information about 
(1) the primary and secondary occupations 
of adult household members and (2) the 
p roror t ion of househo ld income ob tained 
from farm sources. 

The distribution of household emp loy
ment was 

1. Farm emp loyment only 46% 

2.  Farm and nonfarm emp loyment 17 % 

3. Nonfarm emp loymen t  only 18% 

4 .  Ret irement 19% 

Households were also classified by 
the p rincip a l  occupation status of the 
head of household (Tabl e  3). The overa l l  
in terp re tation of Tab le 3 i s  tha t house
holds actively emp loyed, (both farm and 
nonfarm occ upations) are strongly associ8-
ated with rural wa ter system member ship . 
Retiremen t households were most frequen t ly 
nonmemb ers. Longtime residents t end to  
be farmers or reti r ed p ersons, whi l e  most 
new r esidents are a c t ivel y  emp loyed with 
a relatively high p roportion of nonfarm 
emp loyment. 

A related measure o f  f arm-nonfarm 
orientation is the propor tion of annual 
household income ob tained from farm 
sources - rental and proprietors'  income 
(Tab l e  4). 9 Seventy-seven percen t  of 
long t ime residents reported a majority 
of their net income origina t ed from farm 
earnings . A majority of new residents 
repo rted most of the i r  househo ld income 
was ob tained from nonfarm sources.  Chi
square test r esu l ts indicate p roportion 
of income from farm sources was signifi
cant ly related to ieng th of residence, 
but not to rura l  water system memb ership. 

F indings from the emp l oyment and 
income approaches to f arm-nonfarm ori en
ta t ion a�e consistent . L ength of residence 
is significant ly r e la ted to resp ondent ' s  
farm orientation . Rural  water system 
memb ership is not related to resp ondent ' s  
farm orientation. 

Income level relationships 

Ano ther issue examined is ·whe ther 
househo ld income leve l is associ ated with 
rural water system memb ership. Eighty
five p ercent of a l l  respondents repor t ed 
their annual income level - the lowest 
r esponse to any question (Tab le 5). 
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()) Table 1. Distribution of township survey respondents by rural water 
system membership, length of resi den ce, an d region 

ITistri but-ion oIResponden ts 
Length of Resid ence and Membershir 

Nimber New New Old Old Total 
Region Member Nonmember Member Nonmember of Respond ents 

Central Brookings 24 17 18 24 

N. Brookings-S. Deuel 16 3 29 19 

Central Deuel 29 7 37 19 

N. Deuel-S. Grant 4 2 15 9 --- -· - - ·-

Total Number of 
Respond ents 73 29 99 71 

Table 2. Distribution o f  lake survey respon dents by rural water 
sys tern membership an d lo cation 

·---,··--�--... 

Lake 

Cochrane 

Hend ricks 

Total 

D�s!!ibution of Res£ond e�i_� 
Member Nonmember 

34 21 

14 1 - -

48 22 

Total ----

= 55 

= 15 -

70 

83 

67 

92 

30 -

272 



<O 

A. 

Table 3. Distribution of employment by rural water system membership 
an d length of resi den ce for township respon dents 

ffi sTr-lo u ti on-6 f Respondents 
Length of 

Empl oyment MembershiD Resid ence 
Category Member Nonmember New OlCl Total 

Farm % 64.7 47.3 S2.S 62.3 58.6 

Nonf arm � 0 21. 8 22.6 36.6 13.0 22.0 

Retired % 13.5 30.1 1 () . 9 24.7 19.4 --- ----
Total � 0 10 0.0 100.0 100.0 100.0 100.0 

N = 1 7 () 93 101 162 263 

B. Chi-Scuare Tests of Statistical Signif icance 
Empl oyment - Farm, Nonfaim & Retired Empl oy�ent - Farm & N6iifarm Onl y 

Variabl es 

Membership 
by Empl oyment 

Length of 
Resid ence of 
Empl oyment 

x2 d .  £. 

11.64 2 

22.95 2 

p x2 d . f .  p 

0.0 0 30 0.82 1 0 .3640 

0.00 0 1  13.71 1 0.0 0 0 2  

The following notation is use d in Table 3 and many subsequent tables in this report: 

N2= Number of respondents 
X = Chi - square value 

d.f.= Degrees of freedom 
D = Probability level of signifi can ce 
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0 Table 4. Proportion of township respon dents' in come obtaine d from 

farm sour ces by rural water system membership an d length 
of residen ce 

Proportion of 
Income f rom 
Farm Sources 

(percent) 

100 

50 -99 

1--49 

0 

Total 

� 0 

% 

% 

% 

N = 

x
2

= 

d .  f. = 

p = 

Distribution of Respond ents ·��-
Length of 

Membership Resid ence 
�l'....,....· l e-l�ilL-) e ·r- ----·1fo nm e nw er 'Fre-w--------::::oc--=1-a� 

43.0 

24.7 

13.3 

19.0 

100.0 

158 

---------

S.33 

3 

D.1494 

33.7 

30 .4 

21. 7 

14.2 

1 () 0 . 0 

92 

28.1 46.8 

20 .8 30.5 

24.0 11. 7 

27.1 11. 0 

100.0 10 0.0 

96 154 

21.53 

3 

0 .0 0 0 1  

Total 

39.6 

26.8 

16.4 

1 7. 2 

10 0.0 

250 
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Table 5. Township household income level by rural water system 
membership and length of residence 

bisfYibufion-Hcff--RespOnaen ts 
Household Length of 

Annual Income Membership Residence 
_Q_9_28 do 11 a rs ) Member Nonmember New Old 

$ 0-$ 499g % 12. 7 28.1 14.6 21.1 

$ 5000-$ 9999 9.: 0 19.7 28.1 14.6 28.2 

$10000-$14999 9.: 0 27.5 13.S 24.7 2 () . 4 

$15000-$19999 % 12.0 12.4 13.5 11. 3 

$20000-$24999 % 11. 3 5.5 15. 7 4.9 

$25000 and above % 1 6.8 12.4 16.9 14.1 ---- ·-- ---

Total % 100.0 100.0 100.0 100.0 

N = 142 89 89 142 

Total 

18.6 

22.9 

22.1 

12.1 

9.1 

15.2 ---

10 0. 0 

231 



Low annual income levels (less than 
$10,000) are as s o c i a ted wi th nonmemb ers 
and longt ime residents . High annual in
come l evel s  ($20,000 o r  more) are a s s o c i
ated with rural wa t er sys tem member s  and 
new res id en-ts .. 

Analys i s  o f  var iance (ANOVA) tes ts  o f  
hous ehold income levels are shown i n  Appen
d ix Tab le 1. The mul tiple  R2 s ta t is t i c  in
d i ca tes 28. 3% of var i a t ion in household 
income l evel was exp lained by the f our 
fac tors of emp loyment (EMPLOY) , regional 
l o c a t ion (REGION) , length o f  res idence 
(NEWRES ) ,  and rural wat er sys tem memb e r
ship (RWSUSER) and all  poss ib le two-fa c t o r  
interac t io n  t erms . Employment w a s  in- _ 
eluded to  accoun t  f o r  dif ferences in income 
l evels b e tween f arm, nonfarm, and r e t ir ed 
hous eho ld . The fac tors o f  emp l oymen t and 
rural water  sys t em memb ership were s ta t i s
t i c a l ly s ignif i cant along w i th the inte r
ac tion t erms o f  (1) region and l ength o f  
res idence, and (2) rura l  water sys tem 
memb ership and leng th o f  res idence . 

The s ta t i s t i ca l  results  indic a t e  
that rural water sys t em membership i s  r e
lat ed to househo ld income l evel a f ter 
accoun ting for  e f fe c t s  o f  emp loyment, 
region, length o f  r es idence, and all in
t erac t ion t erms . Ove ra l l, higher income 
levels are as s oc ia t ed wi th rural wat e r  
sys t em memb ers . 

Educat ion charac t er i s t i c s  

Educ a t ion c an d irec t ly cont ribute t o  
expanded o c cupa t i on choice and quali ty o f  
l i f e . I t  c a n  i ndirec t ly a f f e c t t h e  com
pos i t io n  o f  demand f or pub l i c  services . 

All respo ndents  were asked the num
ber o f  years o f  s choo li ng comp le t ed by 
each adul t memb e r  o f  thei r  hous eho ld . 
S ince there were no overall  dif f er ences 
b e tween educ a t i on l evel o f  a l l  adu l t s  and 
head of hous eho ld, f indings are repor t ed 
f o r  head o f  hous eho ld only . 

The median educa tion level i s  12 . 0  
y ears o f· s choo ling . Three f our ths o f  
rural wa ter sys tem member househo lds and 
f ive $1x ths of new res ident hous eho lds 
comp l e ted high s cho ol, whi le les s  than 
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three f i f ths o f  nonmemb er and long t ime 
res ident households c omp l e t ed high s choo l .  
Mor e  than a thi rd o f  new res i dent adult s  
had c omp l e ted 1 6  or  more years o f  educat ion 
comp ared to less than 5% o f  longt ime r es i
dents . App roxima t e ly one s ix th o f  memb er s  
and nonmemb er s  h a d  comp le ted 1 6  or  mor e  
years o f  s choo l .  

Respondents' age and length o f  r es i
dence are s ignif icant ly related to educa
t ion levels, whi le rural water memb ership 
i s  no t a s igni f i can t fac tor (Appendix 
Tab le 2) . The in terac t ion term of memb er
ship and leng th o f  res idence was s ta t is t i
cal ly s igni f i cant a t  the 10% probab i l i ty 
leve l . The model exp lained 25. 1% o f  vari
at ion in head o f  hous ehold educat ion 
leve ls . 

Overall, resul ts  indicate BDRWS mem
b e r  and nonmemb er adul ts have s imilar 
level s  of educa t i on .  

Family s iz e ,  number o f  childr en 
and age level char a c t er i s t i c s  

Fami ly s i ze and compos i tion can a f f e c t  
the level and c ompo s i t ion of household 
demand for  p riva t e  and pub li c  services . 
The age level o f  fami ly memb ers and the 
number of chi ldren living at home a f f e c t  
home remodeling dec is ions and p urchas es 
o f  wa t er-related app l iances . Numb er o f  
s chool age chi ldren a f fe c t s  demand fo r 
pub li c  s choo l s  and t ranspo r t a t i on-related 
s e rvices such as s choo l bus ing, snow r e
moval and road ma int enanc e .  

One o f  the rela ti onships tes ted in 
thi s  s tudy was whe ther rura l wa t er sy s tem 
memb er hous eho lds were younger fami l i e s  
wi th mor e  chi ldren p e r  f amily l iving a t  
home than nonmember househo lds . 

Average respondent f ami ly s i ze was 
3. 13 p eop l e . Fifty-four percen t  o f  re
spondents ' f amilies had no chi ldren l iving 
at home; 31% had one or two chi ldren a t  
home; 1 5% had three o r  more childr�n 
a t  home (Table 6) . Mo s t  o f  the var ia
t ion in hous ehold s i z e  by memb er ship 
and length o f  r e s id ence wa s rela t ed 
t o  number o f  children l iv ing at home . 
For examp l e, 56% o f  memb er households  
had one  or mo re children l iving at  



Table 6. Township respondent family size, number o f  chil dren, 
and age levels by rural water system membership and 
length o f  resi dence. 

No. o f  r e p o r t i ng 
ho us e ho ld s  a 

F amily S ize : 

No. o f  adult s a n d  
childr e n  p e r 
ho us e ho ld 

me an = 

No . o f  child r e n 
pe r ho us e ho ld 

me an = 
1Jis tr ibut io n of 
Eous eho lds bv 
No . otChilclien 
Livin g  a t  Ho me : 

No child r e n  

On e o r  two 
child r e n  

T hr e e  o r  mo r e  
child r e n 

T ot al 

No. o f  Childr e n  
p�r Ho us e ho ld 
wit h Child r en 

mean 

Ag e  Le v e l  

All r e s p on d e n t s  
Me d ian 
M e an 

He a d  o f  Ho us e ho ld 
Me dian 
Me an 

Dis br ibut io n  o f  R e s po n d e n t s  

Me mbe r No nme mbe r Old 

1 69 

3.46 

1 .  33  

% 4 3. 7  

% 3 6. 9  

% 1 9.4 

1 0 0. 0  

2 . 3 7 

4 7. 2  
4 7. 0  

96 

2 . 5 5  

(). 5 8 

7 0. 8  

2 0. 9  

8 . 3  

1 0 0 . 0  

2 . 0 0 

4 8 � 0  
4 3.1 

5 7. 0  
5 8. 8  

1 0 1 

3.4 5 

1 .  4-6 

3 2 . 7  

4 6. 5  

2 0. 8  

1 0 0. 0  

2 .1 8 

2 4 . 8  
2 5 ,0 

3 5. 7  
4 0. 3  

Ne w 

1 64 

2 .9 3  

0.81 

66. 5  

2 1 . 3 

1 2 . 2  

1 0 0 . 0  

2 .4 2 

4 2 . 5  
4 0 .9 

5 5 .8 
5 6.1 

To t al 

2 65 

3.1 3 

1 .  0 6  

5 3. 6  

3 0. 9  

1 5. 5  

1 0 0. 0  

2 . 2 8 

3 1 . 0 
3 4 . 0  

5 1 .1 
5 0. 0  

aF a mily s ize a n d  ho us e ho ld dis t r ibut ion s t a t is t ics a r e  ba s e d o n  
2 65 r e p o r t in g  ho us e ho ld s ( 9 7. 5  pe rce n t  o f  t own s hip r e s p o n d e n t  
ho us e ho ld s ) .  S ix o f  t he s e  2 65 ho us e ho ld s  d id n o t r ep o r t  a g e s  o f  
f amily membe r s .  Ag e le v e l  s t a t is t ics a r e  ba s e d o n  2 5 9  r ep o r t in g  ho us e ho ld s .  
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home compar ed to  only 29% o f  nonmem
ber hou seho lds.  S ixty-s even per c ent 
o f  new res ident hou s eho ld s  had one 
or mor e  children l iving a t  home 
compar ed to 33% of long t ime r e s id ent s .  
For househo ld s wi th children, the 
mean number o f  children wa s 2. 28 
with relat ively l i t t le var ia t ion 
by member ship or  length o f  r e si
dence. 

Age l evel o f  adults, leng th of r e s i
dence, and rural wa ter sys t em membership 
wer e  s ig ni f i cant ly a s s o ciated wi th numb er 
o f  chi ldren l iving at home (App endix 
Tab l e  3) . The interac tion o f  memb ership 
and leng th of res id ence was s ta t i s t i ca l ly 
s igni f icant a t  the 10% p robab i li ty level. 
A third o f  the variation in numb er of 
chi l dren l iving at home was explained by 
the variab les i n  the  model. 

Age level data for 259 rep o r t ing 
hous eho lds showed hal f  of the resp ond ents 
were young and middl e-age adul t s  from 19-
59 years o ld, a third were children, and a 
s ix th were 60 years o f  age o r  o lder. The 
med ian age l evel of al l respondents was 
31. 0 years, whi l e  the med ian age level o f  
head o f  hous eho ld was 51. 1 years (Tab le 6) . 
Cons iderab l e  var i a t ion i n  age levels o f  
a l l  respondents and head o f  hous eho ld was 
evi dent by memb ership and l eng th o f  res i
denc e. Younger adu l t s ,  mos t ly w i th chi l
dren, were ass o ciated wi th membe r  and new 
res ident  hous eho lds, whi l e  e lderly adul t s  
wi th no children were a s s o c ia t ed wi th non
memb er and long t ime res ident hou s eholds.  

The fac tors  o f  emp loyment, length of 
res id ence, rural wa ter s ys tem memb ership, 
and thei r  i nterac t i on t erms in an ANOVA 
model  exp lained 64. 6% o f  variation in the 
age level of resp ondent househo lds (Ap p en
dix Tab l e  4) . The emp lo yment fac tor was 
included to  account for  p robab l e  variation 
i n  age  levels o f  farm, nonf arm, and r e
t ired adults.  The main effects  o f  emp loy
ment, l eng th o f  res idence, and rural water  
memb ership were s ta t i s t i ca lly s ig ni f i cant. 
No interac t ion e f f e c t s  invo lving rur a l  
wa ter sys t em memb er were s igni f ic ant. 

The s e  results indi cate tha t age l evel 
o f  adu l t s  and numb er of chi ldren living a t  
ho me are as s oc ia ted wi th rural wa ter sys -

t e rn  memb ership. Rur a l  wa ter sys t em memb e r  
and new res ident hous eho lds are generally 
young and middle-age fami lies wi th chil
dren. The numbe r  o f  chi ldren p e r  hous e
hold wi th chi ldren does no t s igni f i cantly 
vary b e tween memb er s  and ,nonmemb ers o r  be
tween new and long time res idents. 

S el ec t ed past l o ca t ion charac t er i s t ic s  
o f  new hous eho lds 

New resident hous eho lds, def ined as 
hous eho lds chang ing res ident ial location 
s ince 197 2, were examined f or pas t lo ca
tion charac teri s t i cs and f ac tors influ
enc ing their locat ion decis ion. 

S eventy p er cent o f  new res ident hous e
holds reloca t ed less  than 25 mi les, whi le 
20% relo ca t ed 100 mil es or mo re. For t y
s ix per c ent o f  new resi dent househo lds had 
moved from a farm locat ion; 24% had moved 
from a rural acr eage or  village; and 30% 
had moved f r om an urban cente r  ranging in 
s i z e  and location from Madis on, Brookings, 
Wa t er town, and S ioux Fa l l s ,  South Dako ta 
to  Minneapo l i s-S t . Paul, Chicago, and 
Los Angeles.  

Al l  new res idents wer e asked to  lis t 
one o r  more p ri ncipal reas ons for  their 
reloca t ion decis ions. 10 Res p ons es are 
summari z ed as f o l lows : 

1. Occupa t i on - related decis ions 
51% 

2. L i f es tyle, "country l iving" dec i
s ions 21% 

3. Nearne s s  t o  relatives 14% 

4. Re tirement dec i s i ons 4% 

5. Lo cal proper ty tax and s chool 
dis tri c t  cons idera t ions 5% 

6. Avai lab i l i ty o f  rural  water sys
tem and other u t i l i t ies 5% 

Hous ing charac ter i s t i c s  

Eight o f  nine respondent hous eho lds 
r ep o r t ed owning their home. 5 Nine ty-six 
percent o f  hous eho lds repor ted living i n  
a s ingle- fami ly home on a permanent f oun-
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da t i on. O ther responden t s  l ived in mob i le 
homes and apar tments.  Almos t a l l  homes 
had b as ements  (94%) and ba throoms (98%). 
The ave rage numb er of rooms, exclud ing 
bathrooms, was s even. 

The mean age of resp ond ents' houses 
wa s 50 year s; le s s  than 15% of the 
housing had been bu i l t  s inc e 197 2 .  
In many cases, the repor t ed hous ing 
age wa s for the oldest  or main por-
t ion of  the hou se and d id no t reflect  
mor e  recent  add i t ion of ba s emen t s ,  b ed
rooms, and bathrooms. 

Rural water sys t em memb ership i s  no t 
re la ted to variation in hous ing age, inci
dence o f  home ownership, incidence of home 
building, or  numb er and type o f  rooms. 

Home r emodel ing charac t er i s t ic s  

Wat er sour c e  chara c t er is t ic s  

Mos t  BDRWS memb er s  covered i n  the sur
vey did  no t r e ly on the rural wa t e r  sys
tem for their ent ire wa ter  need s ,  but us ed 
mul tipl e  s our ces o f  wa ter for  f arm and 
hous ehold us e (Tab le 7 ) .  For examp le, jus t  
12% o f  the members used only the rural 
water sys t em for  farm us e, but as many as 
70% r el i ed.on rur a l  wat er for  a t  leas t 
par t of their farm ne eds. Ab out 53% o f  
memb ers relied o n  the rural wa ter sys t em 
as their exc lus ive hous ehold water s ource, 
and 44% used rural water in conjunc t i on 
wi th we l l  wa t er. In some cases the 
wa ter f rom BDRWS was us ed for  drinking 
and water- r e la t ed househo ld app l iances 
whi l e  wel l  wa ter was used for lawn 
wa tering. 

About 91% of nonmemb ers us ed p r iva te 
wells  as  the i r  only hous ehold wa ter s ourc e  
whi l e  9 %  hauled wa ter to thei r  hous e. Wel ls 
wer e  the only s ourc e  o f  wa ter f or l ive
s to ck f or 58% o f  nonmemb er s .  Mos t  o ther 
nonmemb ers ob tained wa ter f r om ponds, 

Horne remode ling and imp rovements  have creeks , and we l l s .  
c ons ider ab le p o t en t ia l  impac t on· t h e  qual-
i ty of l i fe for res id ents, aes the tic  appeal, FAMILY AND HOUS ING CHARACTERISTIC S  
and p rope r ty values of  residences and prop- O F  LAKE SURVEY RESP ONDENTS 
er t y  tax r e c e ipts. 

All respondents  were asked ab out 
home r emodeling decis ions and as s o c ia t ed 
c o s ts  from 197 5-197 8. Thi r ty- one percen t  
o f  a l l  r espondents repor t ed s ome r emode l ing 
work wi th highes t prop ens i ty to remodel 
rep o r t ed by n ew res iden ts (41%) and rural 
wa ter sys tem members (37 %) . Chi- square 
tes ts  i nd i ca te the s e  r e l a t i onships are 
s ta t i$tical ly s ignifican t  a t  the 2% proba
b i l ity level. 

To tal r emodeling cos ts  p er househo ld 
varied f rom $200 to  $40, 000 wi th a mean 
expens e of $64 80 p er household. Exp end i
ture did no t vary by leng th of res idence 
o r  rural wa ter sys tem memb ership. 

One may conclude tha t rura l water 
sys t em memb er s are mo r e  l ikely t o  engage 
in home remodeling. However, remodeling 
cos ts  p er hou s eho ld are s imi lar for mem
b er and nonmemb er househo lds.  

Fo r mos t family charac teris t i c s ,  the 
p r o f i l e  o f  lake households was cons ider
ab ly d i f f erent than the pro f i le o f  t own
ship hous eho lds.  Lake households had 
much higher annual income l evels, median 
education l evels, and d i f f erent f amily 
age dis tribu tions than township househo ld s .  
Almos t a l l  l ake hous eho lds a r e  seasonal 
r es iden t s ,  whi le township hous eho lds are 
p ermanent resid ents. 

Emp loyment and income character i s ti c s  

Five s ixths o f  lake hous eho lds ind i
ca t ed one or mor e  family member s were 
employed in nonfarm occupat ions, pr i
mar ily profe s s iona l  and manager ia l 
o c cupat ions. Both husband s and wives 
in hal f  of the se hou seho lds were em
p loyed. An eighth of the hou seho ld s 
had r e t ir ed r e s id ent s, whi l e  ano ther 
5% were engaged in far ming. 

Income levels o f  lake hous eho lds wer e  
much higher than income lev e ls rep o r t ed b y  
township res idents. Three f if ths o f  lake 

1 5  



� 
O> Table 7. Distribution of household and farm water sources by rural water system 

membership for township respondents 

Ho us e ho l d  Wate r 
S o ur c e s  

Rur a l  w a t e r  s y s t em o n l y  
Rur a l  wate r s y s t e m and 

w e l l 
P r iv a t e  w e l l  o n l y  a 

Ha ul ing o n l y  

T o t a l  

F a rm W a t e r  S o ur c e s  b 

Rur a l  w a t e r  s ys t e m  an d 
w e l l  

Rur a l  w a t e r  s y s t em o n l y  
Rur a l wa t e r  s y s t e m a n d  

p o n d s  o r  c r e e ks but 
n o  w e l l  

We l l  o n l y  
We l l  a nd p on d s  o r  c r e e ks 
Po n d s  a n d  c r e e ks o n l y  

T o t a l  

Rur a l  Wate r  S vs tem Membe r s hin 
Mem be r -- Norime-inoe r 

Niimoe r P e r c e n t  Numbe r P e rc e n t  

9 1  5 3. 2  0 0 . 0  

7 6  4 4.4 0 0 . 0  
4 2 .4 9 1  9 1 . 0 
0 0 . 0  9 9 . 0  

1 7 1 1 0 0 . 0  1 0 0  1 0 0 . 0  

62  4 9 .6 0 0 . 0  
1 5  1 2 . 0  0 0 . 0  

1 1  8 . 8  0 0 . 0  
2 0  1 6, 0  4 5  5 8 .4 
1 5  1 2. 0  3 0  3 9 . 0  

2 1 .  6 2 2 . 6  -

1 2 5  1 0 0. 0  7 7  1 0 0 . 0 
a Pr i v a t e  w e l l  w a t e r  w a s  us e d  f o r  ho us e ho l d  us e .  

w a t e r i n g  l i v e s t o c k  a t  a d i f f e r e n t  l o c a t io n .  
Wa t e r  fr om BDRWS w a s  us e d  fo r 

bin c l ude s o n l y  r e s po n d e n t s  i n d i c a t ing a f a rm - wa t e r  s o ur c e  f o r  t he ir l iv e s t o c k r e 
g a r d l e s s  o f  t he r e s po n d e n t 's pr im a r y  o c c up a t io n .  
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househo lds r epor t ed annual incomes exc eed
ing $20,000 (Tab le 8) . S ix ty-nine p er
cent of rural wa ter system memb ers and 
new residents r ep o r ted annua l income 
l evels exceeding $20,000, and less than 
10% o f  them repo r t ed incomes o f  less than 
$10,000 . 

Rural wa t er syst em memb ership and 
educat ion are significan t ly rel ated to  
househo ld income levels; bu t age level, 
length o f  resid enc e, and interaction. 
t erms ar e not (Appendix Tabl e  5). 
Overall, 28. 5% o f  variat ion in income 
levels was expla ined by the variabl es 
considered. 

Education level charac teristics 

Forty-f ive p ercen t  of lake household 
resp ondents had c omp l e t ed a c o l lege educa
t ion, and 88% had comp le ted high schoo l. 
The median educ a tion l evel o f  14. 2 y ears 
is 2. 2 y ears ab ove the med ian l evel for  
township resp ondents. Rural wa ter system 
memb er adul ts ave rage one more year of edu
cation than nonmemb er adults. 

S ta tist ical analysis, shown in App en
dix Table 6, indicates 34% of var i a t i on in 
educa tion level is exp lained by the vari
ab l es of age and income leve ls, memb ership, 
and l eng th of r esidence p lus their int er
ac t ion term. Co e f f ic i ents for  age and in
come leve l were signif i cant a t  the 5% p roba
bility level while rural wa t er system 
membership was significant at the 9% 
probability level. Membership in ter
act ion terms were not significant.  

Over all, the level o f  educa tion of  
lake households is weakly related t o  
rur a l  wa t er system membership. Educa t ion 
level is no t r elated to rural wa ter  system 
memb ership in township respondent house
ho lds. 

Family siz e, numb er of children, 
and age level characteristics 

Family si ze, numb er o f  chi ldren, and 
age l evel informa t io n  about lake house
ho lds is summari zed in Tab l e  9. 

Average lake r espo ndent family si z e  
was 3. 44  persons. For ty-four percen t  o f  
respondents' f amil ies had no chi ldr en 

l iving a t  home; 38% o f  famil i es had one 
o r  two chi ldren a t  home; whi l e  18% had 
three o r  mor e  children. Variat ion in 
househo ld si z e  was p r imar ily r e la ted to  
numb er o f  chi ldren per househo ld. Fif ty
seven percent of l ong t ime r esidents, 29% 
o f  new r esiden ts, and 44% o f  a l l  lake 
househo lds had no chi ldren l iving at home .  
For househo lds wi th chi ldren, the mean 
numb e r  o f  chi ldren living at home was 2. 2 
wi th l i t t l e  var i a t i on by leng th o f  r esi
dence or  rural  water  syst em memb ersh ip. 

Age leve l o f  adul ts and length of 
residence ar e significan t ly asso c i
ated with number o f  children l iving 
at home (App endix Table 7) . Rural 
wa ter syst em membership is no t sta
t ist i cally signi ficant individual ly 
or as an int erac t ion term. 

Fami ly age distributi ons are dif f erent 
b e tween lake and township househo lds. 
Lake househo lds had a much higher p ropor
t ion o f  middle-age adults f rom 40-59 y ears 
o ld and a much lower p er cen tage of young 
adults from 19-39. Also, three f our ths 
of lake household children were 13-17 
years old compar ed to one third o f  
t ownship househo ld children. Ag e 
level dif f er ences by l ength o f  residence 
or  rural wa t er syst em memb er ship ar e 
no t as d ist inc t for lake househo lds as 
for t ownship households. 

S ta t isti cal analysis i ndicates 22% o f  
age level var iati on was exp lained b y  rural 
water system memb er ship and l ength of resi
dence p lus their int erac tion term (Appen
dix Tab le 8) . Len g th o f  r esidence was sig
nif icant, but memb ership and interac t ion 
o f  memb ership and l eng th of residen c e  
were no t. 

For lake resp o ndents, rura l water  
system memb ership is no t associated wi th 
number of children l iving at home or age 
l eve l of adul t  resp ondents. This f inding 
d i f f e rs f rom results f o r  township house
holds. 

Lake use and permanent location 
charac terist ics 

Most lake homes are not o c cup i ed y ear
round and are no t the principal home o f  

1 7  
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00 Table 8� Lake respondent's household income level by rural water system membership 

and length of residence 

Dis t r iFu t i_o _ii��6T--Re s ponae n t  s 
Le n g t h  o f  

Ho us e ho l d  Annua l Memb e r s  hi� Re s ide n c e  
I n c o me Lev e l Me mbe r onmembe r Ne w Ol d T o t al 

$ 0 - $  4 9 9 9  % 2 .  2 1 6. 7  3 . 4  8 .  8 6. 3 

$ 5 0 0 0 -$ 9 9 9 9  % 6. 7 1 6. 7  0 .0 1 7 . 6  9 . 5  

$1 0 0 0 0 - $1 4 9 9 9  % 1 1 . l 1 1. 1  1 7 . 2 5 .  9 1 1 . 1  

$1 5 0 0 0-$1 9 9 9 9  % 11.1 1 6. 7  1 0.3 14 . 7  1 2. 7  

$ 2 0 0 0 0 - $ 2 4 9 9 9  % 2 0 . 0  5. 6 2 0 . 7  1 1 . 8 1 5. 9  

$ 2 5 0 0 0  an d abo v e % 4 8 . 9  33.3 4 8 .3 4 1 . 2 4 4 . 5  

T o t a l  % 1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

N =  4 5  1 8  2 9  3 4  63 
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Table 9. Lake respondent family size, number of children,and age levels by rural 
water system membership and length of .residence 

·---·· 

No . o r--Respond i ng 
Ho useho l ds 

N = 

F am i l y  S i ze 
No . o f  Adult s 

and chi ld r e n  
p e r  hou se ho ld 

M e a n  = 

No. o f  C hi ld r e n  
pe r ho use ho l d  

Me an = 

Di st r i but i o n o f  
Ho use ho l ds by 
No . o f  C hi ld r e n  

N o  c h i ld r e n  % 

1 o r  2 c hi ld r e n  % 

D i st rib u t f6n- -or R e spo nde n t s  

Membe rshiJ2 
Me mbe r N o nmembe r 

4 7  1 9  

3 . 5 1 3 . 2 6 

1 .  3 0  1 .  0 5 

4 0. 5  4 7 .4 

4 0. 5  3 6. 8  

3 o r  mo r e  c hi l d r e n 1 9. 0  1 5 . 8 
T o t a l % 1 0 0 . 0  1 0 0. 0  

N o . o f  c hi ld r en 
p e r  Ho useho ld 
w i t h  c hi ld r e n  2 .  2 2 . 2 

He a d  o f  Ho use ho l d  
Age Lev e la 

Me d i an 5 2 ! 0  5 3 .l 
Me an 5 2 .1 58 .l 

L e ngt h.  o r  
R e si d e n c e  
N ew O ld 

3 1  3 5  

4 . 0 6 2 . 7 7 

1 .  6 7 0 .8 3  

2 9 . 0  5 7 .1 

4 1 . 9 3 4 .3 

2 9. 1  8 .6 
1 0 0 . 0  1 0 0 . 0  

2 .  4 2 .  0 

5 1 . 0 5 9 . 8  
4 8 .5 5 8 . 5  

�ge le vel st a t ist i c s a r e  base d o n  6 4  r e po rting ho use ho lds . 

T o t a l  

66 

3.4 4 

1 .  2 3 

4 3 .9 

3 7 .9 

1 8 . 2  
1 0 0 . 0  

2 .  2 

5 2 . 5  
5 3 . 8  



thei r  r es i dents. Only 5 of 70 lake respon
den t s  indicated their l ake home is thei r  
p ermanen t res idence. 

S ix ty p er c ent o f  the 65 s easonal 
lake respondent s  r ep o r t ed thei r  permanent 
res idence was l ocated in eas tern S ou th 
Dako ta, mo s t ly in Brooking s ,  Wat er t own, 
or S ioux Fal l s .  Almo st all remaining 
r espondent s wer e  f rom wes tern Minnesota 
or from the Minneap o l i s -S t .  Paul metro
po l itan ar ea. 

S eas onal lake home us e chara c t er i s t i cs 
are r ep o r ted in Tab le 10. The med ian num
b er o f  usage days was 45. New res idents 
and rura l  wat er sy ·s t ern memb ers had a con
s iderab ly higher l ake home daily use rate 
than long t ime res id ents and nonmemb er s  .. 

App roxima t e ly a third o f  s easona l 
lake r e s p ondents l ived wi thin 25 mi les o f  
their lake home, whi le a f our th o f  the 
lake f ami lies l ived mo re than 100 mi les 
f rom the i r  lake home. S eventy-four per
cent of rural wa ter sys tem members lived 
mo re than 25 mi les f rom thei r  lake homes 
compared to 52% of nonmemb ers.  

Hous ing, home owner ship, and home 
r emodel ing char ac t er i stic s 

All l ake respond ents r ep or t ed owning 
their lake home. Twenty-s ix p e r c ent wer e  
mob ile homes whi le 74% wer e  cottages o r  
hous es on a p ermanent foundation. A l l  
excep t thr ee lake ho mes had o n e  or mo r e  
bathrooms. The average number o f  rooms, 
exc lud ing bathrooms, was f our. The 
averag e lake lo t was 0. 8 acres. S i g
n if i cant var iation in the s e  charac t er
istics by rural wa t er sy stem member ship ,  
length o f  r e s id ence, and lake r e s idence 
wa s no t f ound. 

The mean age o f  lake hous ing was 14 
years wi th a thir d  o f  hous es or mob i l e  
homes built s ince 1973. L es s  than a f i f th 
o f  lake r esp ondent s  r ep o r ted thei r  lake 
home to b e  mo re than 20 y ears o ld. A 
s igni f icantly hi gher prop o r t ion o f  new 
res iden t s  and rural wa t er sys t em memb er s  
have built or  l ive in newer homes than 
long t i me r es idents and nonmemb ers.  

App roxima t e ly 43% o f  memb e r  and non
member resp ondents indicated their lake 
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home was s ui tab le f or all-wea ther us e. 
New res idents  had a s i gn i f i cant ly higher 
propor t i on (65% vs. 20%) o f  a ll-weather 
l ake houses  than longtime residents.  

Lake home r emodeling duri ng 1975-1978 
was r epor t ed by 28% o f  the respondents.  
Ave rage r emode l ing cos t was $4400 p e r  
hous ehold wi th a range from $200 t o  
$20,000. There was no s igni f i cant 
variation in incidence or c o s t  of r emod e l
ing by memb er ship, length o f  res idence, o r  
lake reside nce. 

Water sour c e  charac teristics 

The ava i lab i l ity o f  a dep endab le 
s upply o f  qua l ity wa ter for lake home 
use can sub stantially improve the 
us ab i lity and quality o f  lake home s. 
Mo st (85%) memb ers r e l ied on the rural 
water system as their only sour ce of 
water. Half  of nonmember s used we l l  
water, while the remainder haul ed water 
to their home or  used lake water. 

Overal l ,  lake respondent memb ers 
r ely mor e  on the rural water system 
than township respondents. The .high 
inc idence (50%) o f  nonmemb er s haul ing 
water to the ir lake h�me ind i cated 
add itional rural water system develop
ment is pos sible along both lakes. 

RES IDENTS ' SATIS FACTION WITH PUBLI C  
S ERVICES 

Pers ona l survey resp ondents were 
asked about thei r  use o f  and level of 
s ati s f a c t i on wi th e i ght pub li c  s e rvic es; 
s ewage d isp osal, s ol id was te disposal, 
s now removal, road maintenance, s cho ols , 
s chool bus ing, f ir e  prote c t ion, and law en
forcement. The pr imary purpose was to s e
cure quant ita t ive data to  test whether 
rura l  wa ter sys tem members and/or new resi
dent s wer e less  sat isf ied with pub l ic ser
v i c es than nonmemb ers or  longtime r e s idents. 
Level of s a t i s f ac tion answers were c oded 
f rom 1-9 wi th 1 ind i ca t ing the lowes t 
degree o f  s a t i s f a c t i on, 5 indica t ing neu
tral  feelings , and 9 the highest leve l o f  
s ati s f a c t io n. 

There were 90 hous eho lds in thi s s amp le 
with the number o f  resp ons es per p ub l i c  
s ervice rangi ng from 47 to  87. Overall 
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Table 10. Lake home use characteristics of nonpermanent lake house�old respondents 
by rural water system membership and length of residence 

Lake Ho use ho ld Use 
Ra t e s- -N o . o f  Da ys 
Per Ye a r  

Me an 
Me d i an 

D i st a n c e  f r o m  
Pe rm ane n t  Resi d e n c e  
t o  La ke R e si d e n c e :  

1 - 2 5  m i les % 
2 6  - 99 mi le s % 

1 00 o r  mo r e  m i le s  % 

T o t al 

N 

a 

D i st r i buti o n  o f  R e spo n d e n t s  

Membe rshi p 
�mbe r N o nm embe r 

4 5 . 0  
5 0 . 5 

2 6 . 0  
4 8 . 0  
2 6 . 0  ---

1 00 . 0 

4 6  

2 0 . 0  
4 3 . 0  

4 7 . 4  
3 1 . 6 
2 1 . 0 ---

1 00 . 0  

1 9  

Le ngt h o-f 
R e sid e n c e  
N ew OTa. 

4 3 . 7  
5 7 . 0  

3 1 . 3 
4 6 . 9  
2 1 . 8  

1 00 . 0  

3 2  

30 . 0  
40 . 0  

3 3 . 3  
39 . 4  
2 7 . 3  

1 00 . 0  

3 3  

T o t al 

4 0 . 0  
4 5 . 0  

3 2 . 3  
4 3 . 1  
2 4 . 6  

1 00.0 

6 5  

F i ve o f  7 0  r esp onde n t s  i n d i c a t e d  the i r  lake hom e  w a s  t he i r  p e rm a n e n t  r esi d e n c e . 
These r e sp o n d e n t s  a r e  n o t  i n c lu d e d  i n  t hi s  t able . 



samp le means f o r  users o f  each s ervi ce were 
fairly high, ranging f r om 7. 24 for snow 
removal to 8. 62 for s choo l bus ing. S ince 
9 ind i c a t es highes t p o s s ib le satis f a c ti on, 
mos t hous eho lds were relatively wel l  s at is
f ied wi th the i r  pub li c  services .  

A t es t f o r  d i f ference i n  p ub li c  s er
vice s a t i s f a c tion means b e tween members 
and nonmemb er s  and b e tween l ong t ime and new 
res ident s  was made us ing two-factor  analy
s i s  o f  var iance. Ther e wer e no s igni f i - -

cant s ta t i s t i ca l  d i f ferences a t  the 10% 
level b e tween e i ther o f  thes e  g roups for  
any s er vi c e s .  Fur ther analys es were made 
includ ing the covari a tes o f  age, income, 
and educa ti on. Again, there were no s i gni
f i cant d i f f er ences at  the 10% level. 

SUMMARY 

Findings are bas ed on responses f rom 
272 township hous eho lds (farm, rural 
acreage, and vi llage hous eholds) and 70 
l ake househo lds (mo s t ly s easonal res idents 
l o ca ted along Lake C ochrane and Lake Hen
dricks ) .  Thi s  repres en t ed over 5 0% o f  
househo lds contac t ed and over one s eventh 
o f  a l l  househo lds l o c a t ed in the BDRWS 
s ervi ce terri tory.  

Findings 

Major f indi ngs from the surveys o f  
township hous eho lds are 
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1. Thr e e  f i f ths of township hous e
holds wer e  involved in farming. 
Rura l  water sys t em memb ership was 
no t related to respondents ' f arm 
or nonf arm emp loyment and income 
orien t a t ion. A s igni f ican t ly 
higher p ropo r ti on o f  new res idents 
than long t i me r e s id en t s  was em
p loyed in nonf arm o c cupa tions 
and received a majori ty of in
come f rom nonfarm s ources. 

2 .  Rural water s tys tem member 
hous eho lds had s igni f i cant ly 
higher annual income leve l s  
than nonmember househo lds 
had . 

3 .  Educ a tion l evel o f  adults  was no t 
related to  rural wa ter sys tem mem
b ership. 

4. Rural wa ter sys t em memb er families  
wer e  much y ounger than nonmemb er 
famil ies.  New r es ident fami l ies 
wer e  much younge r  than long t ime 
res ident f ami lies .  The s ame r e
lationships held for age level 
comparis ons o f  heads o f  hous eho lds . 

5. A s igni f i cant ly higher propor t ion 
o f  rur a l  water sys t em memb er 
hous eho lds and new res ident house
ho lds had one o r  more chi ldren 
l iving a t ' home than nonmemb er or 
lon g time res i dent hous eho lds . For 
hous eho lds wi th chi ldren, there 
were no s i gnif i cant d i f f erences 
in the numb er of chi ldren p e r  
hous ehold by rural  water �ys tem 
memb ership o r  length of res idenc e. 

Fami ly charac t eris tics  o f  lake house
ho lds were d i f ferent f rom t ownship hous e
holds.  Almos t a l l  lake househo lds had 
s eas onal res iden t s  whi le township hous e
ho lds had p ermanent res idents.  Lake hous e
ho lds had much higher annual income leve l s ,  
g rea ter educa t ion level s, and a d i f f erent 
fami ly age dis tribution than t ownship 
hous eho lds. 

Majo r f indings for lake hous eho lds are 

1 .  Only 5% o f  lake hous eholds had 
fami ly memb ers emp loyed in farming 
or receiving inc ome f rom farm 
s our ces.  

2.  Rura l  wat er sy s tem member and new 
res ident hous eholds had s igni fi
can t ly higher annual inc ome levels 
than nonmemb er and long t ime res i
dent hous eho lds.  

3. Rural  water sys t em member adul ts 
had an average o f  one mor e  year 
o f  educat ion than nonmemb er 
adul ts, but the d i f f erence wa s 
no t s tatis t i ca l ly s igni f i cant. 

4.  New res ident fami lies  were much 
younger than longt ime res ident 
fami li es .  There was l i t tle  d i f
ference in age level dis tribution 



o f  rural wat er sys t em member and 
nonmemb er f ami lies . 

5. I nc idenc e  o f  and number o f  children 
per hous ehold were not s i gnif i
can t ly relat ed to  rural water sys
t em memb ership. However, a s i g
ni f icant ly higher propor tion o f  
new r es idents had one or  mor e  
chi ldren l iving at  home than long
t ime res idents. 

Findings from b o th surveys ind i cate  
cer tain d emo graphic charac teris tic s  are  
asso cia t ed with rural wa ter sys t em members 
and new res idents. However , there i s  very 
l i t t le evidence that the rural water sys
t em is a major fac t or in loca tion and 
housing-r e la t ed dec isions made by memb ers 
or new r es iden ts. The only s i gnif i cant 
d i f ferences b e tween member and nonmemb ers 
wer e : 

1. BDRWS memb er s  had a higher inc i
dence of home r emodel ing than 
nonmembers, and 

2. BDRWS memb ers owned newer lake 
homes and used the ir lake home s 
mo re f requen t ly than nonmemb ers. 

Memb ers and nonmember househo lds did 
no t vary in their rate o f  u s e  and s a t i s
fac t ion with eight local governmen t pub lic 
s e rvices. 

For ty-f ive percen t  o f  township and 
lake hous eho lds located in the BDRWS s er
vice territory were rural water  sys t em 
memb ers by early 197 9. Mos t memb ers, ex
cep t lake hous eho lds, did no t r e ly on the 
rural wa ter sys tem for the i r  ent i re wat er 
need s ,  but used mul tip le sources o f  wa ter 
for f arm and hous ehold use. 

IMPLICATIONS 

Demographic chara c teris t ics  and 
changes in tho s e  charac teris tics  have im
p li ca t ions tha t po licy makers and research
ers should cons ider when evaluating water  
proje c t s. S eve ral imp lications o f  thi s 
s tudy for  local governments, pub l i c  sub s idy 
p o l i cies, and further res ear ch f o l low .  

Impl ications f or local government s  

No f indings i n  this s tudy indicate  
tha t ini t ial rura l  wa ter sys t em development 
i s  a cataly s t in the social and economi c  
develop ment o f  the Brookings-Deuel s ervi c e  
region. I t  is only o n e  o f  many fac tors . 

Home remodeling and improvements  by 
rural water  sys t em members can inf luence 
real property values over t ime. If thes e 
increas ed values are t rans lated into in
crea s ed taxab le a s s es s ed values , the tax 
base for local governments  can incr eas e by 
modes t amounts. 

Local goverrunent o f f i cials are con
t inually p r es s ed by many cons t i tuen t s  to  
p rovide high qua l i ty pub li c  s ervi ces. 
Rura l  wa t er system development does no t 
nec e s sarily lead t o  increased pressur es 
for providing add i t ional public services. 

Find ings f rom this case s tudy indicate  
tha t rural wat er sys tem memb ers are 
nei ther mor e  nor less s a t i s f ied with local 
government pub l i c  s ervices  than nonmemb ers. 
O ther f indings ind i ca t e  tha t member fami
l ies consis t of younger adul t s  than non
me mb er f ami lies, have mo re s chool age chil
dren, and us e more s chool-re lated pub li c  
s ervices. However, ther e  i s  very lit t l e  evi
dence tha t rur al water sys t em development 
was a causal fac to r  in locat ion decis ions 
or  pub lic s ervic e  choices. 

Imp l icat ions for sub s idy p o l i c ie s  

S ta t e  and f ederal g overrunen t agencies 
p rovide subs tant ial sub s i dies to  rural  
wa ter s y s t ems through mat ching gran t s  and 
low interes t loans. The jus t i fica t ion f o r  
the s e  sub s idies does no t aris e f r o m  rural 
wa ter sys t ems p roviding pub l i c  (s o cial) 
goods. The p rovi s ion and us e o f  pub li c  
rural water does no t invo lve "nonexc lus ion" 
or  "join t consump t ion". Hous eho lds can 
choose  to  b e long or  no t b e long to rural 
water  sys tems , and only memb e rs receive 
direct  b ene f i t s  o f  water f rom this source. 

Government sub s idies have o f  ten  b een 
used to p rovide merit goods .  Meri t  goods 
are p riva te or  pub li c  goods that provide 
bene f i t s  to many ind ividual hous eho lds and 
to the overal l  c ommuni ty. Low cos t rental 
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housing, scho o l  lunch programs , and publ ic 
mus eums are examples o f  meri t  goods receiv
ing government sub s idies.  

Rural water sys t ems have s o me charac
teris t i cs o f  mer i t goods - to  household s  
and f arms they p rovide a convenien t, depend
abl e  supply  of good qua l i ty c lean wat er 
for  l ive s t o ck and human use. Thes e  a t t r ib 
utes  also  b enef i t  soc i e t y  b ecause they 
improve genera l  hea l th and wel l -b e ing. 

Some pub li c  sub s idies are intended 
to  reduce income d i s pari ties b e tween 
hous eho lds and regions by sub s id i z ing low
income hous eholds o r  low-income regions.  
Rural wa ter sys t em proj e c t  f inanc ing i s  
inf luenced by a regiona l  income obj e c t ive. 
The amount of s ub s idy f o r  rural water proj 
ec t s  i s  related to  proj ec t ed use and re
p ayment cap ac i ty.  Proj e c t ed repaymen t ca
p ac i ty is l inked to  medi an income l evels 
of the s e rvice t er r i t ory. However, rural  
wat er sys t em memb ership wi thin a region is 
not  res tric ted by income tes ts  f or ind i
vidual households.  

Income l evel f inding s  f rom this cas e 
s tudy c learly indicate  that BDRWS membe r  
hous eho lds have higher average annual i n
come s  than nonmemb er hous eholds . However, 
p er cap i ta income levels are s imilar, s ince 
memb e r  f ami ly s i ze is larg er than the f am
_i ly s i ze o f  nonmember households. The main 
imp lica t i on o f  this f inding is that  pub l i c  
s ub s id ies linked to  regional development 
and income obj e c t ives should no t b e  ex
p ec t ed to ini t ia l ly b enef i t  mo � t  lower 
income households within the reg ion. 

Pub li c  sub s idies are f requent ly j us ti
f ied in building infrastruc ture (highways ,  
airp o r t s ,  s ewer sys tems , wa ter treatment 
p lant s )  that f ac i li ta t e  economic grow th. 
F indings f rom this s tudy indicate rural 
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wa ter sys tem development leads to increas ed 
home remodelin g  and water app li ance pur
chas es.  However very l i t t le populat ion in
crease o r  relocation ac t ivi ty can b e  
a t t r ibuted to  rur a l  wa ter sys t em develop
men t . 

Economi c g rowth can also o c cur from 
l ive s t o ck p roduc t i on increas es o r  from re
duced cos ts  of providing water p e r  uni t o f  
output. These p o ten t i a l  s ources o f  eco - -
nomi c growth wer e not  examined in th i s  
s tudy. 

Fu tur e research 

Longer term growth imp a c t s  o f  rural 
wat er sys tem development should be examined 
t o  verify or  refute ini t ial f indings. Thi s  
s tudy only examined initial devel opment 
imp ac ts .  

Lake hous eho lds had a c ons iderab ly d i f
f erent demographic prof i le than township 
hous eho lds.  Lake hous eho ld impac ts  have 
no t b een rep o r t ed in o ther s tudi es .  Fur
ther examina tion of lake househo lds and 
o ther rural  nonfarm househo lds are needed 
to b et ter unders tand the impacts  of rural 
water  sys tem deve lopment on househo ld 
loca t io n  decis ions. 

Lives tock p roduc tion imp a c t s  need to  
b e  thoroughly examined. What are the 
heal th and p roduc t ivi ty impac t s  of rural 
wat e r  sys tems for c a t tle, hogs, sheep , and 
poultry ?  Wha t are the re la tive per uni t 
cos ts  o f  providi ng wat er f rom this source 
compared t o  al terna t ive sour c e s ? Wha t 
p ropo r t ion o f  farmer memb ers receive p ro
duc t ivi ty and convenience b enef i ts f rom 
thi s  water s our c e ?  Agri cu l tural impac t s  
o f  rural wa ter sys tem development a r e  
l ikely to b e  sma l l  unless c ons iderab le 
lives t o ck produc tion increas es occur. 
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ENDNOTES 

The S ta t i s t ical Package f or the S o c ia l  
S ci ences (SP S S )  for OS / 360, Vers i on H 
on the IBM comp uter at  S ou th Dako ta 
S ta t e  Univers i ty was us ed for data 
process ing and s ta ti s t ic a l  computat ion 
purp o s es (4) . 

Members excluded f rom the s amp l e  were 
landlo rds no t residing in the servi ce 
region, nonfa�m corporat ions, nonpro f i t  
ins t it ut ions ,  and members l iving i n  
munic ipali t ie s  and rural  sub divisions 
where collec t ive decis i ons were made 
concerning memb ership in the rural 

7.  

water sys t em. Nonmemb ers exc luded from 
the samp le were land lords res iding out
s ide of  the s ervice region and hous e
ho lds no t inc luded in county d ir e c to ri es , 
lake ownership directories, t elephone 8· 

dire c tories, or o ther l i s t s  us ed to 
deve lop the s amp le frame. 

For township hous eho lds, a 40% samp l ing 
rate was s elec ted for  new res iden t s  
comp ared t o  a 20% s amp l ing rate f o r  
long t ime res idents . Thi s r esul t ed in 
an overa l l  s amp ling rate o f  26% . 

Loca t ion s t rata were added to insure 
equal proport ions of hous eho lds lo
cated in each r eg ion or by each lake 
were inc luded in the samp le . 

In bo th surveys ,  hous eho lds wer e  ran
domly s e l e c ted wi thin each s tra tum . 
Respondents were asked s everal que s t ions 
in the surveys to  p ermi t proper po s t
s urvey s trata c lass if i ca t ion . Less  
than 2% of  township resp ondents  were 
mis clas s i f ied by regi on and rural wa ter 
sys tem memb ership s tra ta, whi l e  14% 
were mis c la s s i f ied by leng th o f  resi
dence s trata . Eight p ercent of l ake 
respondent s  were mis clas s i f i ed by mem
bership s tra ta . Po s t  survey (correc t) 
s trata wer e  used f or the a ctual s ta t is
tical ana lys es . 

9. 

Resp ondent s  from 90 of  118 hous eho lds 
sub s ampl ed comp le t ed the pers onal in
t ervi ews . O f  these 90 respond ents, 32 
had no t responded to the earlier  mai l  
survey and were asked t o  comp le t e  the 
mai l  and personal survey ques t ionnaires . 
Thi s  pro cedure permi t ted examina t io n  
o f  nonresp onden t b ias to the mai l  sur
vey . No s ta ti s t i ca l ly s i gn i f i cant d i f
feren c es in charac t er i s t i c s  and responses 
to ques t i ons wer e  f ound b e tween the two 
group s .  Therefore, analys i s  of t own
ship survey resul ts  is based on the en
tire  data s e t  o f  272 resp ondent house
holds . 

S everal chi- s quar e  tes ts are repor t ed 
in thi s  s tudy . The f o ll owing r emarks 
are an interp r e t a t ion of  this s ta t is
t i c  for  the catego ry variab l e s  emp loy
ment by memb ership . The null  hypo
theses  tes t ed i s  tha t  observed and 
exp e c t ed c e l l  f requenci e s  for  the f ac
t ors  o f  memb ership (member , nonmember) 
and emp loyment (farm, nonfarm, and re
t i r e�) �re e1ua�. The chi- s quare tes t 
s ta t i s t i c  (X ) is 11 . 64 w i th two de
grees o f  f re edom .  The level o f  s ta
t i s t ical s igni f ican c e  or probab i l i ty 
o f  acc ep t ing the nul l  hyp othes i s  under 
r ep ea t ed s amp ling cond i t io ns i s  0 . 3% 
(P=0. 0030) . I f  our cri terion value i s  
s e t  for the 5 %  p robab i li ty level w e  r e
j ec t  the null hypo thes i s  and accep t 
the al t ernative hypo thes i s  tha t obs erved 
and exp e c ted cell  frequencies are no t 
equal , whi ch imp lies a s ta t i s t ically 
s igni f i c an t  relationship b e tween mem
b ership and emp l oyment .  

I ncome s ource data were cross-checked 
with employme n t  data . Finding s  indi
ca t e  c l o s e  agreemen t  b e tween income and 
empl oyment mea s ures of farm o ri en ta tion . 
Re tiremen t  hous eholds were even ly di
vided b etween f arm and nonfarm income 
orien t a tion. P ersona l  interviews of  a sub s ampl e  o f  

responden ts  and nonres p ondents  to the 
mai l  survey were used to  ob tain mor e  
detailed inf ormation neces sary for  the 
pub li c  s e c tor imp a c t  s imula tion mod e l .  
O f  interes t to this r ep o r t  wer e  ques
t ions concerning resp o ndents ' us e o f  
and s at is fac tion with pub l i c  s ervi c es .  

10. The analy s is o f  fac tors invo lved in 
th@ l o ca t io n  decis ion is no t comprehen
s ive . New res iden ts were no t asked t o  
compare and rank the relat ive imp o r
tance o f  the s ame s e t  o f  location de
cis ion facto rs . 
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Appendix Table 1. Analysis of variance of township household income levels . 

Sum of Me an S i g n if 
S ou r c e  o f  Var i a t i o n S qu a r e s  D F S q u a r e  F o f  F 

Ma i n  E f f e c t s  1 0 6 . 4 0 7  7 1 5 . 2 01 6 . 69 5  0 . 0 0 0 
EMPL OY 5 6 . 2 4 2  2 2 8 . 1 2 1  1 2 . 3 8 5  0 . 0 0 0  
RE G I ONS 1 1 . 664 3 3 . 8 8 8  1 . 7 1 2  0 . 1 66 
NEWRE S 0 . 9 4 2  1 0 . 9 4 2  0 . 4 1 5  0 . 5 2 0  
RWS US E R  8 . 65 7  1 8 . 65 7  3 . 8 1 3 0 . 0 5 2 

2 - W ay I n t e r a c t i o n s  7 2 . 9 93 1 7  4 . 2 9 4  1 . 8 9 1  0 . 0 2 1  
EMPL OY RE G I ON 1 5 . 5 9 6  6 2 . 5 9 9  1 . 1 4 5  0 . 33 8  
EMPLOY NEWRE S 2 . 5 4 6  2 1 . 2 73 0 . 5 61 0 . 5 7 2  
E MPLOY RWS US E R  4 . 4 4 4  2 2 . 2 2 2 0 . 9 7 9  0 . 3 7 8  
RE G I ON NEWRE S 2 1 . 1 4 9  3 7 . 0 5 0 3 . 1 0 5  0 . 0 2 8  
RE G I O N  RWS US E R  9 . 236 3 3 . 0 7 9 1 . 3 5 6 0 . 2 5 7  
NEWRE S RW S US E R  1 6 . 834 1 1 6 . 834  7 . 4 1 4  0 . 0 0 7  

Expla i n e d  1 7 9 . 4 0 0  2 4  7 . 4 7 5  3 . 2 9 2  0 . 0 0 0  

R e s i du a l  4 5 4 . 1 1 2  2 0 0  2 . 2 7 1 

T o t al 633 . 5 1 2  2 2 4  2 . 8 2 8  

2 7 2  c a s e s  w e r e  p r o c e s s e d 
4 7  c a s e s  ( 1 7 . 3 p c t . )  w e r e  m i s s i n g  R 2 = 0 . 2 83 



I\) 
CX> Appendix Tab le 2 .  Analysis of covariance of education level of head of household 

township survey 

Sum oF ___ -----� ---1.fean i gn 1-f 
S o u r c e  o f  v a r i a t i o n  S qu a r e s D F  Squ a r e  F o f F 

Ma i n  E f f e c t s  61 . 4 3 2  1 3 0 . 7 1 6  4 . 4 2 2  0 . 0 1 3  
NEWRE S 60 . 9 0 8  1 60 . 9 0 8  8 . 7 69 0 . 0 0 3  
RWS U S E R  0 . 8 67 1 0 . 8 6 7 0 . 1 2 5  0 . 7 2 4  

C o v a r i a t e s  4 63 , 8 1 0  1 4 63 . 8 1 0  66 . 7 7 4  0 . 0 0 0  
Ag e d  4 63 . 8 1 0  1 4 63 . 8 1 0  66 . 7 7 4  0 . 0 0 0  

2 - w ay I n t e r a c t i o n s  1 8 . 4 60 1 1 8 . 4 60 2 . 65 8  0 . 1 0 4 
NE WRE S RWS U S E R  1 8 . 4 60 1 1 8 . 4 60 2 . 65 8  0 . 1 0 4 

Exp l a i n e d  5 4 3 . 7 0 3 4 1 3 5 . 9 2 6  1 9 . 5 69 0 . 0 0 0  

R e s i dua l 1 62 5 . 3 5 0  2 3 4 6 . 9 4 6  

T o t a l  2 1 69 . 0 5 3 2 3 8  9 . 1 1 4  

2 7 2  c a s e s  w e r e  p r o c e s s e d  
3 3  c a s e s  ( 1 2  p c t . )  w e r e  m i s s i ng 

R 2 = 0 . 2 5 1 
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Appendix Table 3 .  Analysis of covarian ce of number of children per township househol d 

2'um· or-- - - Rean�--------- --- -STgnTf 
S o u r c e o f  Va r i an c e  S q u a r e s DF S q u a r e F o f  F 

Ma i n  E f f e c t s  5 1 . 2 2 2 5 . 6 1 9 . 1  0 . 0 0 0  
NEWRE S 1 7 . 9  1 1 7 . 9  1 3 . 4  0 . 0 0 0  
RWS U S E R 2 6 . 7 1 2 6 . 7 2 0 . 0  0 . 0 0 0  

C o v a r i a t e s  1 1 4 . 8  1 1 1 4 . 8  8 5 . 9  0 . 0 0 0  
Ag e d  1 1 4 . 8  1 1 1 4 . 8  8 5 . 9  0 . 0 0 0  

I n t e r a c t i o n s  3 .  7 1 3 . 7 2 .  8 0 . 0 9 8 
NEWRE S RWS U S E R 3 .  7 1 3 .  7 2 .  8 0 . 0 9 8 

Exp l a i n e d  1 6 9 . 7  4 4 2 . 4 2 31 . 7 0 . 0 0 0  

R e s i du a l 339 . 6  2 5 4 1 .  34 

T o t a l  5 0 9 . 3  2 5 8  1 .  9 7  

2 7 2  c a s e s  w e r e  p r o c e s s e d 
R 2 

= 0 . 333 1 4  c a s e s  ( 5 . 1 p c t . )  w e r e  m i s s i n g  



w Ap p endix Table 4 .  Analysis of variance of age of head of household - township survey 0 

Sum o f  Me a n  S i g nif 
S o ur c e  o f  Va r i a t i o n  S qu a r e s  DF S q ua r e F o f  F 

Ma i n  e f f e c t s  4 1 0 0 1 . 2 4 2  7 5 8 5 7 . 3 2 0  5 4 . 3 7 0  0 . 0 0 0 
E MP LO Y  1 7 3 68 . 7 7 7  2 8 68 4 . 3 8 7  8 0 . 61 2  0 . 0 0 0  
RE G I O N  3 0 1 . 7 4 7  3 1 0 0 . 5 8 2  0 . 9 3 4  0 . 4 2 5  
NEWRE S 9 4. 5 0 . 5 3 5  1 9 4 5 0 . 5 3 5  8 7 . 7 2 3  0 . 0 0 0  
RWS US E R  1 0 8 9 . 8 5 9  1 1 0 8 9 . 8 5 9  1 0 . 1 1 6  0 . 0 0 2  

2 - Way I n t e r a c t i o n s  3 9 3 1 . 2 7 7  1 7  2 3 1 . 2 5 2  2 . 1 4 7  0 . 0 0 6 
EMP L O Y  RE G I ON 1 2 4 7 . 7 60 6 2 0 7 . 0 60 1 . 9 3 0  0 . 0 7 7  
EMP L O Y  NEWRE S 7 9 2 . 2 5 1  2 3 9 6 . 1 2 5 3 . 67 7  0 . 0 2 7  
E MP LOY RWS U S E R  2 8 1 . 2 0 1 2 1 4 0 . 60 1  1 . 3 0 5  0 . 2 7 3 
RE G I O N NEWR E S  5 7 5 . 3 4 2  3 1 9 1 . 7 8 1  1 . 7 8 0  0 . 1 5 2  
RE G I O N  RW SUS E R  4 3 1 . 8 5 3  3 1 4 3 . 9 5 1  1 . 3 3 6  0 . 2 63 
NEWRE S RWS U S E R  5 . 3 67 1 5 . 3 67 0 . 0 5 0  0 . 8 2 4  

Exp l a i n e d  4 4 9 3 2 . 5 2 0  2 4  1 8 7 2 . 1 8 8  1 7 . 3 8 7  0 . 0  

R e s i dua l 2 4 5 62 . 7 3 0 2 2 8 1 0 7 . 7 3 1  

T o t a l 69 4 9 5 . 2 5 0  2 5 2  2 7 5 . 7 7 5  

2 7 2  c a s e s  w e r e  p r o c e s s e d 2 
1 9  c a s e s  ( 7 . 0 p c t . ) w e r e  m i s s i n g R = 0 . 64 6  



Appendix Table 5 .  Analysis o f  covariance of lake household income levels 

Sum o f  ---�-Mean 
-----------

S i gn i f  
S o ur c e  o f  V a r i a t i o n  S qu a r e s  D F  S qu a r e  F o f  F 

Ma i n  e f f e c t s  9 . 8 0 1 2 4 . 9 0 1  2 . 5 1 5  0 . 0 9 1  
NEWRE S 1 . 2 0 6  1 1 . 2 0 6 0 . 61 9  0 . 43 5  
RWS U S E R  8 . 0 1 6  1 8 . 0 1 6  4 . 1 1 3 0 . 0 4 8  

C o v a r i a t es 2 4 . 661 2 1 2 . 330 6 . 32 7  0 . 0 0 4 
A G E D  0 . 8 9 8  1 0 . 8 9 8  0 . 4 61 0 . 5 0 0  
E DU CAT E 1 7 . 0 8 5  1 1 7 . 0 8 5  8 . 7 6 7 0 . 0 0 5  

2 - Way I n t e r a c t i o n s  4 . 31 3  1 4 . 31 3  2 . 2 1 3 0 . 1 43 
NEWRE S RWS U S E R  4 . 31 3  1 4 . 31 3  2 . 2 1 3 0 . 1 5 3 

E xp l a i n e d  38 . 7 7 5  5 7 . 7 5 5  3 . 9 7 9 0 . 0 0 4  

R e s i du a l  9 7 . 439 s o  1 . 9 4 9  

T o t a l  1 36 . 2 1 4  5 5  2 . 4 7 7  

C o v a r i a t e  Raw R e g r e s s i o n C o e f f i c i e n t  

A G E D  - 0 . 0 1 4  
E DUCATE 0 . 1 8 5  

7 0  c a s e s  w e r e  p r o c e s s e d  2 
1 4  c a s e s  ( 2 0 . 0  p c t . )  w e r e  m i s s i n g  R = 0 . 2 8 4  

w ...... 



w 
I\) Appendix Table 6 .  Analysis of covariance of e ducation level of head of household 

lake survey 

S um o f  Me a n  S i g n i f  
S o u r c e  o f  Var i a t i o n  S qu ar e s  D F  S qu a r e  F o f  F 

Ma i n  e f f e c t s  2 5. 2 7 4  2 1 2 .63 7 1 . 5 60 0 . 2 2 0  
NEWRE S 0. 8 9 3  1 0.8 9 3  0 .1 1 0  0 . 7 4 1  
RWS U S E R  2 4. 9 8 8  1 2 4. 9 8 8  3.0 8 5  0 . 0 8 5  

C o va r i a t e s  1 5 8 .3 0 2  2 7 9 .1 5 1  9 . 7 7 1  0. 0 0 0  
A G E D  4 8. 4 4 0  1 4 8 .4 4 0  5 . 9 8 0  0 . 0 1 8  
I NC OME 7 1 . 5 5 1  1 7 1 . 5 5 1  8 .8 3 2  0. 0 0 5  

2 - Way I n t e r a c t i o n s  2 1 . 0 8 8 1 2 1 .0 8 8  2 .60 3 0.1 1 3  
NEWRE S RWS U S E R  2 1 . 0 8 8  1 2 1 .0 8 8  2 .60 3 0 . 1 1 3  

E x p l a i n e d  2 0 4. 663 5 4 0 .9 3 3  5 .0 5 3  0 . 0 0 1  

R e s i du a l  4 0 5. 0 4 7 5 0  8 . 1 0 1  

T o t a l  60 9. 7 1 0 5 5  1 1 . 0 8 6  

C o va r i a t e  Raw R e g r e s s i o n  C o e f f i c i e n t  

A G E D  - 0 . 0 9 9  
I NC OME 0 . 7 7 6  

7 0  c a s e s  w e r e  p ro c e s s e d 2 
1 4  c a s e s  ( 2 0. 0  p c t . ) w e r e  m i s s i n g  R = 0 . 3 3 6  



w 
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Appendix Table 7 .  Analysis of covariance of number of children per lake h ouseh old 

S um o f  Me a n  S i g n i f  
S o u r c e  o f  Var i a t i o n S q u a r e s  D F  S qu a r e  F o f  F 

Ma i n  e f f e c t s  1 2 . 3 2 0  2 6 . 1 60 3 . 8 9 8  0 . 0 2 6  
NEW 1 1 . 2 8 7  1 1 1 . 2 8 7  7 . 1 4 2  0 . 0 1 0  
USE R 0 . 1 8 6  1 0 . 1 8 6 0 . 1 1 8  0 . 7 3 3  

C o va r i a t e s  1 4 . 4 1 1 1 1 4 . 4 1 1  9 . 1 1 9  0 . 0 0 4 
A G E D  1 4 . 4 1 1  1 1 4 . 4 1 1  9 . 1 1 9  0 . 0 0 4 

2 - Wa y  I n t e r a c t i o n s  4 . 3 8 8  1 4 . 3 8 8  2 . 7 7 6  0 . 1 0 1 
NEWRE S RWS U S E R  4 . 3 8 8  1 4 . 3 8 8  2 . 7 7 6 0 . 1 0 1  

Exp l a i n e d  3 1 . 1 1 8  4 7 . 7 8 0  4 . 9 2 3  0 . 0 0 2  

Re s i du a l 9 3 . 2 4 1  5 9  1 . 5 8 0  

T o t a l  1 2 4 . 3 5 9  63 1 . 9 7 4  

C o v a r i a g e  Raw R e g r e s s i o n C o e f f i c i e n t  

AG E D  - 0 . 0 4 7  

7 0  c a s e s  w e r e  p r o c e s s e d 2 
6 c a s e s ( 8 . 6  p c t . ) w e r e  m i s s i n g  R = 0 . 2 5 0  



(.,.) Appendix T ab le 8 . Analysis of variance of age of head of household - lake household .i::.. 

S um o f  M e a n  S i gn i f  
S o u r c e  o f  Va r i a t i o n S q ua r e s  D F  S q u a r e  F o f  F 

Ma i n  e f f e c t s  1 7 9 8 . 667 2 8 9 9 . 3 3 4  8 . 3 6 5 0 . 0 0 1  
NEWRE S 1 3 3 5 . 9 1 3  1 1 3 3 5 . 9 1 3  1 2 . 4 2 5  0 . 0 0 1  
RWS U S E R  2 2 4 . 8 5 5  1 2 2 4 . 8 5 5  2 . 0 9 1  0 . 1 5 3  

2 - Way I n t e r a c t i o n s  0 � 0 8 2  1 0 . 0 8 2  0 . 0 0 1  0 . 9 7 8  
NEWRE S RWSY S E R  0 . 0 8 2  1 0 . 0 8 2  0 . 0 0 1  0 . 9 7 8  

E xp l a i n e d  1 7 9 8 . 7 5 0  3 5 9 9 . 5 8 3  5 . 5 7 7  0 . 0 0 2  

R e s i du a l  64 5 0 . 9 61 60 1 0 7 . 5 1 6  

T o t a l  8 2 4 9 . 7 1 1  63 1 3 0 . 9 4 8  

7 0  c a s e s  w e r e  p r o c e s s e d 2 
6 c a s e s  ( 8 . 6  p c t.)  we r e  m i s s i n g  R = 0 . 2 1 8  
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