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• A COMPREHENSIVE needs study was comple ted , m 1954, f o r a nighway study c o m -
mi tee of the Minneso ta l eg i s l a tu r e . The needs were developed by sec t ion app ra i s a l . 
Standard r e p o r t i n g f o r m s se rved as a bas is f o r the f i e l d app ra i s a l and made poss ib le 
a h i g h degree of u n i f o r m r e p o r t i n g of ex i s t i ng condi t ions and d e t e r m i n i n g needed i m ­
p rovemen t s . 

The 87 county engineers of the state made the app ra i s a l of the county and township 
r o a d sys tems by comple t i ng w o r k sheets f o r each road sec t ion of these sys tems . A l l 
w o r k sheets w e r e r e v i e w e d by the study s t a f f to in su re that p rocedures had been f o l l o w ­
ed and that i m p r o v e m e n t s proposed were j u s t i f i e d and cos ts were accu ra t e ly es t imated . 

These es tabl ished needs f o r the county and township sys tems w e r e separa te ly tabu la ­
ted f o r each county and to ta led to es tab l i sh state to t a l s . A f t e r th i s t abula t ion was c o m ­
ple ted , i t was decided to e ^ l o r e methods of s amp l ing and compare the r e s u l t s obtained 
w i t h the table of the comprehens ive study. I f a sample wou ld give reasonable r e s u l t s , 
i t cou ld be used i n f u t u r e yea r s to a r r i v e at state needs to date o r i t cou ld be used i n 
other states to de t e rmine a state needs t o t a l . 

F o r a d m i n i s t r a t i v e purposes , Minneso ta i s d iv ided in to eight cons t ruc t i on d i s t r i c t s 
by the Depar tmen t of Highways . These eight d i s t r i c t s a re geographica l ly located to 
p r o v i d e reasonably comparab le areas f o r a d m i m s t r a t i o n of the state t r u n k highway 
sys t em and a lso f o r the a d m i n i s t r a t i o n of i n t e r - r e l a t e d r o a d a f f a i r s between the s tate 
and l o c a l au tho r i t i e s . Because of the geography the counties w i t h i n each d i s t r i c t should 
be somewhat s i m i l a r w i t h respec t to f a c t o r s , such as t e r r a i n , economic condi t ions , 
popula t ion densi ty , r e l a t i v e weal th , and genera l r o a d p o l i c y . A s these f a c t o r s a f f e c t 
r o a d needs, each d i s t r i c t cou ld be used as a bas i s f o r s ampl ing . 

A tabula t ion was p r e p a r e d i n wh ich the count ies w e r e grouped by d i s t r i c t s showing 
the e x i s t i n g m i l e s , de f i c i en t m i l e s and percen t de f i c i en t f o r the state a i d , county and 
township sys tems , and co r re spond ing to t a l data f o r a l l sys tems w i t h i n the county. 
These data w e r e accumula ted i n d i s t r i c t t o t a l s and a l so i n s ta tewide t o t a l s . 

A s the tabulated data were taken f r o m a p reced ing needs app ra i sa l , a tes t of s amp­
l i n g methods cou ld be made by c o m p a r i s o n of the sample expansions to the ac tual state 
t o t a l s . I t was decided to use two methods of s amp l ing and to tes t the expanded pe rcen t ­
age of m i l e s de f i c i en t f o r the t w o samples against the co r r e spond ing known data. B o t h 
samples were chosen by se lec t ing one county f r o m each d i s t r i c t . Sample A was chosen 
by an engineer f a m i l i a r w i t h state condi t ions and h is sample was to r e f l e c t h i s judgment 
of counties wh ich wou ld have average needs f o r the d i s t r i c t s . Sample B chose a r a n d o m 
county f r o m each d i s t r i c t . 

The e^qpansion of sample A showed 3. 0 pe rcen t m o r e de f i c i en t mi l eage than ac tua l ; 
whereas , expansion of sample B showed 5. 3 pe rcen t m o r e than ac tua l . These d i f f e r ­
ences a r e r e l a t i v e l y s m a l l and indica te that s amp l ing p rocedure , i f c a r e f u l l y done, 
w o u l d produce a r e l i a b l e es t imate of the t o t a l s tate needs. 

T o tes t the s amp l ing f u r t h e r , tes ts were a lso made of the two samples w i t h i n the 
th ree sy s t em ca tegor ies of state a i d roads , county a i d and county roads , and township 
roads . Sample A produced expanded es t imates d i f f e r i n g f r o m ac tua l values by - 0 . 4 9 
pe rcen t f o r state a id roads , +1 .83 percen t f o r county a i d and county roads , and + 7 . 8 1 
percen t f o r township roads . The second sample p roduced co r re spond ing values of 
+1 .90 percen t , - 5. 04 percen t , and+18 . 77 percent . 

B o t h samples show a h igh degree of accu racy i n the h igher s y s t e m ca tegory , a l e s s ­
e r degree of accuracy m the i n t e rmed ia t e sy s t em ca tegory and the poo res t degree of 
accuracy i n the l ow sys tem ca tegory . 

I t i s not l o g i c a l to assume that t h i s d i f f e r e n c e i n degree of accuracy can be a t t r i b ­
u t ed to s a m p l i n g techn ic . T h e r e i s p robab ly l ess accuracy i n the ac tua l e s t ima tes i n 
the l o w e r sy s t em ca tegory than i n the h igher sy s t em ca tegory . 
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TABLE 1 
DEFICIENT MILES BY COUNTY AND DISTRICT 

Co Aid a Co Township 

County Exist Def Def Exist Def Def Exist Def Def Exist Def Def 
District I 
Carlton 145 73 10 50 41 264 76 40 28 94 462 102 20 22 12 871 251 70 28 90 
Cook es 35 00 53 85 92 60 10 65 33 290 130 85 45 12 447 225 95 

56 
50 SS 

Itasca US 81 51 55 07 686 388 00 56 56 1,099 348 05 31 67 1,933 817 
95 
56 42 29 

Koochiching 76 30 00 39 47 315 119 20 37 84 361 46 60 12 91 752 195 80 26 04 
Lake 46 8 86 19 26 130 124 70 95 92 412 104 20 25 29 588 237 76 

85 
40 44 

Pine 175 114 80 65 60 443 237 20 53 54 775 226 95 29 28 1,393 578 
76 
85 41 56 

St Louis 430 141 70 32 95 2,391 563 71 23 58 1,132 127 70 11 26 3,953 833 11 21 OS 
Total 1,085 484 97 44 70 4,321 1,569 31 36 32 4,531 1,086 55 23 96 9,937 3,140 83 31 61 
District n 
Beltrami les 111 60 57 28 406 196 20 46 33 927 173 87 IB 76 1,528 481 76 31 53 

84 Clearwater 143 67 66 47 31 355 181 86 51 23 555 75 25 13 56 1,053 324 77 30 
53 
84 

Hubbard 79 29 02 36 73 428 233 49 54 55 689 132 30 19 20 1,196 304 
526 

81 33 01 
Kittson 179 84 90 47 43 251 87 00 34 66 1,373 354 60 25 83 1,803 

663 

304 
526 50 29 21 

Lake of the Woods 59 13 50 22 88 346 125 30 36 21 258 25 80 10 00 
1,803 

663 164 60 24 83 
Marshall 193 51 50 26 68 549 155 30 28 29 1,790 930 00 51 96 2,532 1,136 80 44 90 
Norman 114 44 90 39 39 570 296 70 52 05 746 85 25 11 43 1,430 426 85 29 84 
Pennington 121 109 79 90 74 508 103 75 20 42 434 100 30 23 11 1,063 313 84 29 52 
Polk 272 124 79 45 88 617 217 90 35 32 2,078 645 50 31 06 2,967 988 19 

60 
33 31 

Red Lake 105 75 20 71 62 301 67 40 22 39 270 24 00 8 88 676 166 
283 

19 
60 24 64 

Roseau 137 24 80 18 10 617 78 45 12 71 1,040 160 30 17 34 1,794 
166 
283 55 15 81 

Total 1,597 737 75 46 20 4,948 1,743 35 35 23 10,160 2,727 17 26 84 16,705 5,208 27 31 18 
District m 
Aitkm 132 123 60 93 64 337 196 10 58 19 813 154 60 19 02 1,282 474 30 37 00 
Benton 190 134 60 70 84 235 129 60 55 15 261 106 00 40 61 686 370 

692 
20 53 97 

Cass 107 75 20 70 28 577 351 73 60 96 1,084 265 45 24 49 1,768 
370 
692 38 39 16 

Crow Wing 114 71 10 62 37 259 127 60 49 27 766 204 45 25 95 1,161 403 15 
85 

34 72 
78 Isanti 122 76 70 62 87 218 135 65 62 22 471 199 50 42 36 811 411 

15 
85 50 

72 
78 

Kanabec 114 33 30 29 21 294 116 80 39 73 235 79 10 33 66 643 229 
468 

20 35 65 
MiUe Lacs 116 90 70 78 19 221 195 70 88 55 399 182 20 45 66 736 

229 
468 60 63 67 

Morrison 238 141 50 59 45 372 267 80 71 99 916 353 90 38 64 1,526 763 20 50 01 
Sherburne 152 55 05 36 22 259 86 90 33 55 305 60 06 19 69 716 202 01 28 21 
Stearns 336 151 00 44 94 476 287 60 60 42 1,370 191 80 14 00 2,182 630 40 28 89 
Todd 287 214 90 74 88 301 167 95 55 80 974 197 25 20 25 1,562 580 10 

50 
37 14 

Wadena 121 89 60 74 OS 324 259 90 80 22 309 136 00 44 01 754 465 
10 
50 64 39 

Wright 249 114 20 45 86 175 52 80 30 17 655 282 15 33 00 1,279 449 15 35 12 
Total 2,278 1,371 4e 60 20 4,048 2,376 13 58 70 8,780 2,412 46 27 48 15,106 6,160 04 40 78 
District IV 
Becker 164 81 80 49 88 360 261 45 72 63 1,306 165 85 12 70 1,830 509 10 27 82 
Big Stone 127 39 70 31 26 267 209 00 78 26 442 96 50 21 83 836 345 20 

85 
41 29 

Clay 213 118 75 55 75 473 131 10 27 72 1,067 189 00 17 71 1,753 438 
20 
85 25 03 

18 Douglas 324 185 23 57 17 259 146 01 56 37 479 84 80 17 70 1,062 416 04 38 
18 

03 
18 

Grant 116 29 00 25 00 329 92 45 28 10 426 44 30 10 35 673 165 75 
38 
18 99 

Mahnomen 91 37 25 40 93 160 104 69 65 43 304 96 25 31 66 555 238 19 42 92 
Otter Tail 324 170 10 52 50 698 339 60 48 65 1,950 163 20 8 37 2,972 672 90 22 64 

66 Pope 172 73 90 42 97 132 119 80 90 76 555 241 50 43 51 859 435 20 SO 
64 
66 

Stevens 171 77 85 45 53 203 137 00 67 49 531 168 00 31 64 905 382 85 42 30 
Swift 181 147 90 81 71 422 170 70 40 45 594 197 25 33 21 1,197 515 85 43 10 
Traverse 139 106 10 76 33 318 115 3C 36 26 594 58 70 9 88 1,051 280 10 26 65 
Wilkin 162 93 10 57 47 293 117 30 40 03 734 93 70 12 77 1,189 304 10 25 58 
Total 2,184 1,160 68 53 14 3,914 1,944 40 49 68 8,984 1,599 05 17 80 15,082 4,704 13 31 19 
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TABLE 1 (Cont ) 
DEFICIENT MILES BY CX5UNTV AND DISTRICT 

State Aid Co Aid & Co Township Total 

Miles Miles MUes % Miles % 
County Exist Def 

D 
Def Enst Def Def Exist Def Def Exist Def Def 

District V 
Anoka 113 76 84 68 00 169 104 34 61 74 395 173 54 43 93 677 354 72 52 40 
Carver 124 68 30 55 08 103 43 10 41 64 366 104 70 26 61 593 216 10 36 44 
Chicago 
Dakota 

US 87 80 75 89 164 111 40 67 93 386 144 70 37 49 666 343 00 51 64 Chicago 
Dakota 22S 106 10 48 50 146 95 90 65 68 475 124 45 26 20 847 325 45 38 42 
Hennepin 
Ramsey 
Scott 

252 98 00 38 89 189 32 20 17 04 506 128 45 25 39 947 258 65 
61 

27 31 Hennepin 
Ramsey 
Scott 

97 13 95 14 38 46 6 31 13 72 96 5 35 5 57 239 25 
65 
61 10 72 

Hennepin 
Ramsey 
Scott 144 113 94 78 85 153 31 75 20 75 230 32 SO 14 13 527 177 79 33 74 
Waslungton 104 40 90 39 33 140 92 50 66 07 422 194 00 45 97 666 327 40 49 16 

Total 1,176 604 43 51 40 1,110 517 SO 46 62 2,676 907 69 31 56 5,162 2,029 62 39 32 

District VI 
Dodge 
FiUmore 

136 58 90 41 84 151 26 10 17 28 430 91 65 21 31 717 174 65 24 36 Dodge 
FiUmore 2S2 49 70 19 72 137 47 70 34 82 914 214 20 23 44 1 303 311 60 23 91 
Freeborn 254 110 00 43 31 329 88 25 26 82 633 148 90 23 52 1,216 347 15 28 55 
Goodhue 246 110 20 44 44 137 8 30 6 06 828 230 10 27 79 1,213 346 60 

5b 
28 73 

Houston 77 77 45 100 58 153 9 20 6 01 456 101 85 22 24 688 166 
60 
5b 27 40 

Mower 209 59 10 28 28 114 35 30 32 09 921 104 SO 11 35 1,244 198 90 15 99 
Olmstead 279 119 92 42 98 42 19 85 47 26 733 307 60 41 99 1,054 447 57 42 46 
Rice 217 117 30 54 06 221 107 35 48 57 375 117 30 31 28 813 341 95 42 06 
Steele 160 37 50 23 44 105 20 00 19 05 419 46 90 11 19 684 104 40 15 26 
Wabasha 151 62 00 41 06 148 54 75 36 99 432 133 60 30 93 731 250 35 34 25 
Winona 157 71 40 45 48 186 107 00 57 53 452 131 18 29 02 795 309 58 38 94 

Total 2,140 871 47 40 72 1,723 523 60 30 40 6,595 1,627 98 24 69 10,458 3,023 25 28 91 

District Vn 
Blue Earth 286 207 60 72 59 377 211 85 S6 19 579 123 90 21 40 1,242 543 35 43 75 
Brown 202 148 40 73 47 67 39 40 58 81 693 253 00 36 51 962 440 80 45 82 
Cottonwood 210 131 10 62 43 197 127 50 64 72 706 349 40 49 49 1,113 606 00 54 63 
Faribault 138 75 20 54 49 237 92 20 38 90 828 289 90 35 01 1,203 457 30 38 01 
Jackson 244 108 40 44 43 205 35 80 17 46 789 172 95 22 49 1,218 317 IS 26 04 
Le Sueur 261 136 90 48 72 201 15 00 7 46 256 51 65 20 25 738 203 75 27 61 

185 83 30 
80 

45 03 350 147 OS 42 01 730 137 80 18 68 1,265 368 15 29 10 
Nicollet 151 104 

30 
80 69 40 133 86 20 64 61 380 96 SO 25 39 664 287 

488 
SO 43 30 

Nobles 216 129 40 59 91 155 70 80 45 68 927 268 69 28 96 1,296 
287 
488 89 

75 
36 12 

132 90 95 66 90 170 106 90 64 06 570 147 90 25 95 872 347 
89 
75 39 86 

Sibley 
Waseca 

194 110 40 56 91 171 104 40 61 05 570 211 90 37 16 935 426 70 45 64 Sibley 
Waseca 204 163 55 60 17 1S9 76 79 46 30 334 126 65 37 98 697 367 

145 
19 52 68 

Watonwan 176 34 70 19 72 175 14 00 8 00 406 96 go 23 87 757 
367 
145 60 19 23 

Total 2,619 1,524 70 58 22 2,597 1,129 69 43 51 7,749 2,327 54 30 04 12,964 4,982 13 38 43 

District vni 
Chippewa 
Kandiyohi 
Lac qui Parle 
Lincoln 

138 82 90 60 07 102 72 70 71 27 779 117 10 15 03 1,019 272 70 26 76 Chippewa 
Kandiyohi 
Lac qui Parle 
Lincoln 

259 142 20 54 90 428 226 20 53 32 577 117 OS 20 29 1,264 487 45 38 56 
Chippewa 
Kandiyohi 
Lac qui Parle 
Lincoln 

216 84 30 39 03 271 210 90 77 82 784 97 17 12 39 1,271 302 37 30 87 

Chippewa 
Kandiyohi 
Lac qui Parle 
Lincoln 188 

282 
111 25 59 16 242 84 55 34 94 517 75 90 14 66 947 271 70 28 69 

Lyon 
Mc Leod 

188 
282 37 40 13 26 158 119 40 75 57 753 148 55 19 73 1,193 305 35 25 60 Lyon 

Mc Leod 140 67 20 48 00 156 61 30 39 20 518 78 00 15 06 814 206 SO 25 37 
Meeker 152 117 OS 77 01 605 486 30 60 41 77 6 60 11 43 1,034 612 15 59 20 
Murray 
Pipestone 
Redwood 

179 71 40 39 89 217 149 00 68 66 616 221 71 27 17 1,212 442 11 36 48 Murray 
Pipestone 
Redwood 

192 121 85 63 46 228 111 90 40 08 393 91 60 23 31 813 325 35 40 02 
Murray 
Pipestone 
Redwood 197 75 90 38 53 271 123 95 45 74 97S 213 05 21 85 1,443 412 90 28 61 
Renville 260 114 45 44 02 361 56 45 14 82 1,032 77 50 7 51 1,673 246 40 14 65 
Yellow Medicine 214 55 00 25 70 247 43 31 17 53 818 67 50 8 25 1,279 165 81 12 96 

Total 2,417 1,080 90 44 72 3,508 1,747 96 40 86 8,039 1,313 03 16 34 13,962 4,142 79 29 67 

State Total 15,496 7,836 35 SO 57 26,167 11,552 34 44 15 57.713 14,002 37 24 26 99,376 33,391 06 33 60 
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CONCLUSIONS 

These inves t iga t ions d i d not a t t empt to show that an accura te needs es t imate cou ld 
be obtained f o r a l a rge area by s amp l ing the needs i n a f e w s m a l l a reas . T h i s p robab­
l y could be done f o r a reasonably homogeneous l a r g e area . However , i f the l a r g e a rea 
i s heterogeneous, t h i s es t imate could p robab ly be accompl i shed by t ak ing a r andom 
sample of 10 pe rcen t of the a r e a of each county and thereby hav ing condi t ions appl icab le 
to eve ry county represen ted i n the t o t a l sample . 

K t i m e and cost a re i m p o r t a n t cons idera t ions i n the es t imate p rocedure , i f the de­
s i r e d r e s u l t i s to obta in a long range es t imate of the t o t a l needs of a l a r g e area , and i f 
the es t imate i s to be used f o r long range f i n a n c i a l p lann ing w h i c h i s f l e x i b l e r a t h e r than 
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Figure 1. Map of Minnesota d i s t r i c t toundarles and counties selected for sample 4. 
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T A B L E 2 

S A M P L E A 

Counties D i s t r i c t 

D i s t . Sample T o t a l Def . /o T o t a l Def . M i l e s 
No. County M i l e s M i l e s Def . M i l e s Expan . A c t u a l 

S T A T E A I D S Y S T E M 

1 Pine 175 114.80 65 .60 1,085 712 485 
2 Roseau 137 24 .80 18.10 1,597 286 738 
3 M o r r i s o n 238 141.50 59.45 2 ,278 1,354 1,371 
4 Douglas 324 185.23 57.17 2 ,184 1,249 1,161 
5 Dakota 226 105.10 46 .50 1,176 547 604 
6 Goodhue 248 110.20 44 .44 2 ,140 951 871 
7 Cottonwood 210 131.10 62.43 2,619 1,635 1,525 
8 R e n v i l l e 260 114.45 44 .02 2,417 1,064 1,081 

T o t a l 15,497 7 ,798 7 ,836 

Sample E r r o r -0 .49% 

C O U N T Y A I D A N D C O U N T Y S Y S T E M 

1 Pine 443 237.20 53.54 4 , 3 2 1 2,313 1,569 
2 Roseau 617 78 .45 12 .71 4 ,948 629 1,743 
3 M o r r i s o n 372 267.80 71 .99 4 ,048 3,582 2 ,376 
4 Douglas 259 146 .01 56.37 3,914 2,206 1,944 
5 Dakota 146 95 .90 65 .68 1,110 729 518 
6 Goodhue 137 8.30 6.06 1,723 104 524 
7 Cottonwood 197 127.50 64 .72 2,597 1,681 1,130 
8 R e n v i l l e 381 56.40 14.82 3,506 520 1,748 

T o t a l 26,167 11,764 11,552 

Sample E r r o r + 1 . 83% 

TOWNSHIP S Y S T E M 

1 Pine 775 226.95 29 .28 4 , 5 3 1 1,327 1,087 
2 Roseau 1,040 180.30 17.34 10,160 1,762 2 ,727 
3 M o r r i s o n 916 353.90 38 .64 8,780 3,393 2,412 
4 Douglas 479 84 .80 17.70 8,984 1,590 1,599 
5 Dakota 475 124.45 26 .20 2 ,876 754 908 
6 Goodhue 828 230.10 27 .79 6,595 1,833 1,628 
7 Cottonwood 706 349.40 49 .49 7 ,748 3,834 2 ,328 
8 R e n v i l l e 1,032 77 .50 7 . 5 1 8,039 604 1,314 

T o t a l 57,713 15,097 14,003 

Sample E r r o r + 7 . 8 1 % 
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T A B L E 3 

S A M P L E B 

Count ies D i s t r i c t 

D i s t . Sample T o t a l Def . % T o t a l Def . M i l e s 
No. County M i l e s M i l e s D e f . M i l e s Expan . A c t u a l 

S T A T E A I D S Y S T E M 

1 P ine 175 114.80 65 .60 1,085 712 485 
2 M a r s h a l l 193 51.50 26 .68 1,597 426 738 
3 Todd 287 214 .90 74 .88 2 ,278 1,706 1,371 
4 C lay 213 118.75 55.75 2 ,184 1,218 1,161 
5 Washington 104 40 .90 39.33 1,176 463 604 
6 M o w e r 209 59 .10 28 .28 2 ,140 605 871 
7 B r o w n 202 148.40 73 .47 2 ,619 1,924 1,525 
8 Redwood 197 75 .90 38.53 2,417 931 1,081 

T o t a l 15,496 7 ,985 7,836 

Sample E r r o r +1.90% 

C O U N T Y A I D A N D C O U N T Y S Y S T E M 

4 , 3 2 1 2 ,313 1,569 
4 ,948 1,400 1,743 
4 ,048 2 ,259 2 ,376 
3 ,914 1,085 1,944 
1,110 733 518 
1,723 553 524 
2,597 1,023 1,130 
3,506 1,604 1,748 

26,167 10 ,970 11,552 

-5 .04% 

1 Pine 443 237 .20 53 .54 
2 M a r s h a l l 549 155.30 28 .29 
3 Todd 301 167.95 55 .80 
4 C l a y 473 131.10 27 .72 
5 Washington 140 92 .50 66 .07 
6 M o w e r 114 35 .30 32 .09 
7 B r o w n 67 39 .40 58 .81 
8 Redwood 271 123.95 45 .74 

T o t a l 

Sample E r r o r 

TOWNSHIP S Y S T E M 

1 P ine 775 226.95 29 .28 
2 M a r s h a l l 1,790 930 .00 51.96 
3 Todd 974 197.25 20 .25 
4 C l a y 1,067 189.00 1 7 . 7 1 
5 Washington 422 194.00 45 .97 
6 M o w e r 921 104.50 11.35 
7 B r o w n 693 253 .00 3 6 . 5 1 
8 Redwood 975 213.05 21 .85 

T o t a l 

Sample E r r o r 

•x,531 
10,160 
8,780 
8,984 
2,876 
6 ,595 
7 ,748 
8,039 

57,713 

1,327 
5,279 
1,778 
1,591 
1,322 

749 
2 ,829 
1,757 

1,087 
2,727 
2 ,412 
1,599 

908 
1,628 
2 ,328 
1,314 

16,632 14,003 

+18.77% 
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r i g i d , then i t i s e n t i r e l y f ea s ib l e and des i r ab le to r e s o r t to s amp l ing technics as an 
economy measure . The state cou ld be r e s a m p l e d eve ry th ree yea r s w i t h app rox ima te ly 
the same cash out lay f o r needs es t imates over a 30-year p e r i o d as a s ingle t o t a l needs 
es t imate wou ld cost . I t i s a l m o s t essen t ia l that there be r eapp ra i s a l s of needs at sho r t 
i n t e r v a l s . I f these r eapp ra i s a l s a r e each to be on a t o t a l bas is , the expendi ture of m o n ­
ey and eng ineer ing manpower becomes excess ive . Sampl ing teenies, i f acceptable, 
wou ld be a conserva t ion measure and produce the d e s i r e d r e s u l t . 

Assembled Data 

The data assembled i n t h i s i nves t iga t ion inc ludes , two state maps showing the c o n -
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Figure 2. £fe.p of Minnesota d i s t r i c t 'boundaries and counties selected for sample B. 
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T A B L E 4 

EXPANSION O F A L L SYSTEMS 

Counties D i s t r i c t 

D i s t . Sample T o t a l Def . % T o t a l Def . M i l e s 
No. County M i l e s M i l e s Def . M i l e s E:Q>an. A c t u a l 

S A M P L E A 

1 P ine 1,393 579 41 .56 9,937 4 ,130 3 ,141 
2 Roseau 1,794 284 15 .81 16,705 2, 641 5,208 
3 M o r r i s o n 1, 526 763 50. 01 15,106 7, 555 6,160 
4 Douglas 1,062 416 39.18 15,082 5,909 4, 704 
5 Dakota 847 325 38 .42 5,162 1,983 2 ,030 
6 Cioodhue 1,213 349 28.73 10,458 3,005 3,023 
7 Cottonwood 1,113 608 54.63 12,964 7,082 4 ,982 
8 R e n v i l l e 1,673 248 14.85 13,962 2,073 4,143 

To ta l s 99 ,376 34,378 33 ,391 

Sample E r r o r +2. 96% 

S A M P L E B 

1 P ine 1, 393 579 41 .56 9,937 4 ,130 3 ,141 
2 M a r s h a l l 2, 532 1,137 44 .90 16,705 7, 500 5,208 
3 Todd 1, 562 580 37 .14 15,106 5,610 6,160 
4 Clay 1,753 439 25.03 15,082 3 ,775 4 ,704 
5 Washington 666 327 49 .16 5,162 2, 538 2 ,030 
6 M o w e r 1,244 199 15.99 10,458 1, 672 3,023 
7 B r o w n 962 441 45 .82 12,964 5, 940 4 ,982 
8 Redwood 1,443 413 28. 61 13,962 3,995 4,143 

T o t a l 99 ,376 35,160 33 ,391 

Sample E r r o r +5.30?o 

s t r u c t i o n d i s t r i c t boundar ies and the count ies se lected f o r samples A and B ; a t abu la ­
t i o n of de f i c i en t m i l e s by county, d i s t r i c t and sys t em as d e t e r m i n e d f r o m the ac tua l 
needs study; two tabulat ions i n w h i c h the de f i c i en t m i l e s f o r each sample were e>q?and-
ed in to state to ta l s by sys tem; and one t abu la t ion i n wh ich each sample was expaaded 
i n to state to ta l s f o r a l l sys tems . 




