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CHAPTER I 

SUMMARY *AND CONCLUSIONS 

Many of today ' s  loca l  r u r a l  roads and bridges were b u i l t  i n  the  

l a t e  1800s and e a r l y  1900s, when overland t r anspor t a t ion  was l imited t o  

horse and wagon or the  newly b u i l t  r a i l r o a d  l i n e s .  Farms were small ,  

and farmers needed road access t o  homes, schools ,  churches and markets. 

During the  1920s and 19308, loca l  r u r a l  roads were sur faced ,  mainly 

with g rave l ,  and some bridges were replaced t o  ca r ry  s i x  t o  seven ton 

loads. Since then, farm numbers have declined but farm s i z e  has in- 

creased,  and the  number of heavy vehic les  t r ave l ing  on these roads has 

increased. Farmers a r e  using l a r g e  tandem axle  and s e m i t r a i l e r  t rucks 

as  well as la rge  farm tractor-wagon combinations; and l a rge ,  heavy and 

wide combines t r a v e l  on these roads from farms t o  f i e l d s  and f i e l d s  t o  

farms. Farm supply and marketing firms a re  using l a rge  tandem axle  and 

s e m i t r a i l e r  t rucks fo r  t h e i r  pickups and d e l i v e r i e s .  A t  the  same time 

t h a t  heavier vehic les  a re  increas ingly  used on these roads,  revenues t o  

recons t ruc t  and maintain the  present system t o  accommodate the  changing 

needs of r u r a l  America a r e  dec l in ing  in  r e a l  terms. 

This study estimated the b e n e f i t s  t o  the t r ave l ing  public  of keep- 

ing groups of e x i s t i n g  roads in  the  system. These b e n e f i t s  were then 

compared t o  the  c o s t s  of r e t a i n i n g  these roads in  the  loca l  r u r a l  road 

system. The bas ic  purpose of the  study i s  t o  develop gu ide l ines  fo r  

l o c a l  supervisors  and engineers  i n  evalua t ing  loca l  r u r a l  road invest-  
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ment or  disinvestment proposals  and t o  provide information t o  s t a t e  

l e g i s l a t u r e s  i n  developing l o c a l  r u r a l  road and bridge p o l i c i e s .  

For t h i s  a n a l y s i s ,  t h ree  case s tudy areas  of 100 square miles  each 

were se l ec t ed  i n  Iowa. One s tudy area ,  located i n  Hamilton County, has 

a r e l a t i v e l y  high a g r i c u l t u r a l  tax  base ,  a high percentage of paved 

roads ,  and r e l a t i v e l y  few br idges .  The second study a rea ,  located i n  

Shelby County, has a r e l a t i v e l y  low a g r i c u l t u r a l  tax  base ,  h i l l y  

t e r r a i n ,  a low percent  of paved roads and a l a rge  number of br idges .  

The t h i r d  s tudy a r e a ,  located i n  Linn County, has a r e l a t i v e l y  high 

a g r i c u l t u r a l  t ax  base ,  a high percent of paved roads and a l a rge  number 

of non-farm households with commuters to  Cedar Rapids and Waterloo. 

A ques t ionnai re  was used t o  c o l l e c t  da t a  from farm and non-farm 

r e s i d e n t s  i n  the th ree  s tudy areas .  Data were obtained on the  number 

of 1982 t r i p s  by o r i g i n ,  d e s t i n a t i o n  and type of veh ic l e .  

A major i ty  of the t r a v e l  i n  the three  s tudy areas  was for  house- 

hold purposes, including commuting t o  work, shopping and r ec rea t ion .  

Almost 70 percent  of the  Linn County s tudy area  t r a v e l  was for  house- 

hold purposes. Household t r a v e l  i n  the  Shelby and Hamilton County 

s tudy areas  represented 68 and 63 percent of t o t a l  miles  t rave led .  

One-fourth of the Linn County study area  t r a v e l  miles was overhead 

t r a f f i c ;  overhead t r a f f i c  t r a v e l s  through the a rea  but  does not or ig in-  

a t e  and/or terminate i n  t h e  area.  

Farm t r a v e l ,  which includes a l l  farm re l a t ed  t r a f f i c  by auto- 

mobiles,  farm implements, farmer-owned t rucks ,  and commercial veh ic l e s  

which provide goods and se rv ices  t o  farms, represented 30 and 35 per- 



cen t  of t o t a l  miles  dr iven in the  Shelby and Hamilton s tudy a r e a s ,  but  

only f i v e  percent  of t o t a l  miles  dr iven in the Linn study area .  In 

each s tudy a rea ,  pickup t ruck  miles  were about three-fourths of t o t a l  

farm r e l a t e d  t r a f f i c .  Farm equipment and other  farm truck t r a v e l  each 

represented about 10 percent  of t o t a l  farm t r a v e l  in  the t h r e e  s tudy 

areas .  Post o f f i c e  and school bus mi l e s  were about two percent of 

t o t a l  mi les  i n  t h e  Shelby and Hamilton s tudy areas  and only 0.6 per- 

cent  of the t o t a l  miles  i n  the  Linn study area.  Thus, household and 

farm t r a f f i c  a re  the major sources of t r a v e l  on l o c a l  r u r a l  roads. 

While household t r a f f i c  was a  very l a r g e  percent of t o t a l  mi les  

t r ave led ,  household t r a v e l  represented a  r e l a t i v e l y  small percent of 

t o t a l  veh ic l e  t r a v e l  c o s t s  i n  the  r u r a l  s tudy areas.  In  the  Shelby 

County s tudy a rea ,  household t r a v e l  represented 70 percent  of t o t a l  

miles  dr iven ,  but  only 55 percent  of t r a v e l  cos t s .  I n  the Hamilton 

County s tudy a r e a ,  household t r a v e l  represented 63 percent  of t o t a l  

miles dr iven  but  only .67 percent  of t r a v e l  cos t s .  This type of t r a v e l  

has lower c o s t s  because a  h igh  propor t ion  of the  miles  dr iven i s  i n  

automobiles which have a  low cos t  per mile compared t o  o ther  veh ic l e s  

t r a v e l i n g  on l o c a l  r u r a l  roads. 

The cos t  of farm re l a t ed  t r a f f i c  is high r e l a t i v e  t o  the t o t a l  

farm miles  dr iven.  Farm r e l a t e d  miles  i n  the  Hamilton County s tudy 

a rea  was 35 percent  of t o t a l  miles  dr iven but  almost 49 percent  of 

t o t a l  t r a v e l  c o s t s .  Farm equipment t r a v e l  c o s t s  a re  even higher r e l a -  

t i v e  t o  t o t a l  miles  dr iven.  For example, i n  the  Hamilton County s tudy 

a r e a ,  farm equipment t r ave l - - t r ac to r s ,  tractor-wagons and combines--had 



only  f o u r  p e r c e n t  of  t o t a l  m i l e s  d r i v e n  b u t  had 18 p e r c e n t  of  t o t a l  

t r a v e l  c o s t s .  

School bus  and p o s t a l  s e r v i c e  t r a v e l  r e p r e s e n t e d  abou t  two p e r c e n t  

of  t o t a l  m i l e s  d r i v e n  i n  t h e  Hamilton and Shelby County s t u d y  a r e a s ,  

b u t  they i n c u r r e d  abou t  f o u r  p e r c e n t  of t o t a l  t r a v e l  c o s t s .  

Groups of r o a d s  were removed i n  each  s t u d y  a r e a  t o  e s t i m a t e  t h e  

b e n e f i t s  t o  t h e  t r a v e l i n g  p u b l i c  and t h e  c o s t  of keep ing  each g roup  of 

r o a d s  i n  t h e  s t u d y  s r e a  road system. A b e n e f i t - c o s t  r a t i o  was then  

e s t i m a t e d  f o r  each  g r o u p  of  roads .  The b e n e f i t s  were d e f i n e d  a s  t h e  

s a v i n g s  t o  t h e  t r a v e l i n g  p u b l i c  from keeping t h e  s e l e c t e d  groups  of  

r o a d s  i n  t h e  road system. The c o s t s  i n  t h e  b e n e f i t - c o s t  r a t i o  a r e  t h e  

c o s t s  of keep ing  t h e  r o a d s  i n  t h e  sys tem and i n c l u d e  maintenance,  

r e s u r f a c i n g  and r e c o n s t r u c t i o n  c o s t s  a s  w e l l  a s  t h e  l and  r e n t a l  v a l u e  

foregone--oppor tuni ty  cost--by keeping t h e  land i n  roads  r a t h e r  than i n  

a g r i c u l t u r a l  p r o d u c t i o n .  I f  t h e  b e n e f i t - c o s t  r a t i o  i s  g r e a t e r  than  

one,  t h e  b e n e f i t s  t o  t h e  t r a v e l i n g  p u b l i c  exceed t h e  c o s t  o f  keeping 

t h e  roads .  I f  t h e  r a t i o  is l e s s  than one,  t h e  b e n e f i t s  t o  t h e  t r a v e l -  

ing  p u b l i c  a r e  less than  t h e  c o s t  of keeping t h e  r o a d s  i n  t h e  system. 

I n  t h e  Hamilton and Shelby County s t u d y  a r e a s ,  a d d i t i o n a l  groups  of 

r o a d s  were removed from t h e  sys tem w i t h  t h e  i n i t i a l  group of  roads  

s t i l l  o u t  of t h e  sys tem,  B e n e f i t - c o s t  r a t i o s  were then e s t i m a t e d  f o r  

t h e  a d d i t i o n a l  groups  of roads .  

The e s t i m a t e d  b e n e f i t - c o s t  r a t i o s  v a r i e d  by s t u d y  a r e s .  I n  t h e  

Linn s t u d y  a r e a ,  n i n e  m i l e s  of roads  which se rved  no p r o p e r t y  a c c e s s e s  

were removed from t h e  s t u d y  a r e a  road network i n  t h e  computer a n a l y s i s  



t o  o b t a i n  t h e  b e n e f i t - c o s t  r a t i o s .  The b e n e f i t - c o s t  r a t i o  f o r  t h e s e  

n i n e  miles was 1.37. T h i s  m a n s  t h a t  t h e  t r a v e l i n g  p u b l i c  s a v e s  $1.37 

i n  t r a v e l  c o s t s  f o r  each  d o l l a r  s p e n t  to  m a i n t a i n  t h e  n ine  tniles of 

Linri County roads .  T h i s  high r a t i o  is b a s i c a l l y  t h e  r e s u l t  of a  l a r g e  

number of r e r o u t e d  household and s c l ~ o o l  bus t r a v e l  miles caused by the  

removal of t h e  n ine  m i l e s  of Linn s t u d y  a r e a  roads  from the  computer- 

i z e d  network. I n  a d d i t i o n ,  t h e  c o s t  of r e r o u t i n g  a  s u b s t a n t i a l  number 

of h igh c o s t  farm v e h i c l e  miles was high.  The average d a i l y  t r a f f i c  on 

t h e  nine  miles of roads  removed from t h e  Linn s t u d y  a r e a  roads  was 27 

v e h i c l e s  per  day. 

I n  t h e  Shelby County a n a l y s i s ,  t h r e e  groups  of roads  were removed 

from t h e  s t u d y  area w i t h  computer s i m u l a t i o n s .  None of t h e  roads  

s e r v c d  p roper ty  a c c e s s e s .  I n  t h e  f i r s t  s o l u t i o n ,  c a l l e d  t h e  S1 s o l u -  

t i o n ,  9.25 m i l e s  were removed from t h e  s t u d y  a r e a  road network. I n  t h e  

second s o l u t i o n ,  c a l l e d  S 2 ,  an a d d i t i o n a l  6.75 m i l e s  of road were 

removed from the  network,  r e s u l t i n g  i n  a t o t a l  of 16 miles removed from 

t h e  network. I n  t h e  t h i r d  s o l u t i o n ,  c a l l e d  S3, an a d d i t i o n a l  5.25 

miles were removed, making a  t o t a l  of 21.25 miles e l i m i n a t e d  from the  

system. The b e n e f i t - c o s t  r a t i o s  f o r  t h e  S1, S2 and S3 s o l u t i o n s  

were 0.90, 3.22 and 7.01, r e s p e c t i v e l y .  

I n  t h e  S1 s o l u t i o n ,  t h e  b e n e f i t s  t o  t h e  p u b l i c  from keeping t h e  

r o a d s  were about  equa l  t o  the  c o s t  of keeping t h e  roads.  The t r a f f i c  

l e v e l s  on t h e  S1 r o a d s  were r e l a t i v e l y  low; t h e  average d a i l y  t r a f f i c  

l e v e l  was o n l y  seven v e h i c l e s  per  day. Llowever, t h e  c o s t  of r e r o u t i n g  

t h e  low l e v e l s  of t r a f f i c  i n  S1 Was high because  the  t r a f f i c  was 



r e r o u t e d  r e l a t i v e l y  long d i s t a n c e s  over  g r a v e l  roads which have h igh  

v e h i c l e  t r a v e l  c o s t s .  The c o s t  s a v i n g s  from removitlg t h e  S1 r o a d s  

from t h e  road system were r e l a t i v e l y  low because the  r e r o u t e d  t r a f f i c  

r e s u l t e d  i n  a l a r g e  amount of v a r i a b l e  maintenance and r e s u r f a c i n g  

c o s t s  being t r a n s f e r r e d  t o  t h e  roads  which i n h e r i t e d  t h e  t r a f f i c .  The 

l a r g e s t  s a v i n g s  from abandoning the  S1 r o a d s  were i n  t h e  f i x e d  road 

and b r i d g e  maintenance c o s t s .  No s a v i n g s  were gained from p l a c i n g  t h e  

l a n d  i n  a g r i c n l t u r a l  p roduc t ion .  

The h i g h e s t  b e n e f i t - c o s t  r a t i o s  came from t h e  S2 and S3 a n a l y -  

s e s .  The major reasons  f o r  the  high b e n e f i t - c o s t  r a t i o s  i n  t h e  S2 

and S3 S o l u t i o n s  were: 

1. The r e l a t i v e l y  high t r a i f i c  l e v e l s  on t h e  abandoned S3 

roads .  

2. The s m a l l  number of paved r o a d s  i n  the  Shelby s t u d y  a r e a  

r e s u l t e d  i n  most of t h e  r e r o u t e d  t r a f f i c  being i n h e r i t e d  by 

g r a v e l  r o a d s  which have h i g h  v e h i c l e  t r a v e l  c o s t s .  

3. The remaining g r a v e l  roads  which i n h e r i t e d  t h e  r e r o u t e d  S2 

and S3 t r a f f i c  i n c u r r e d  l a r g e  i n c r e a s e s  i n  v a r i a b l e  

maintenance,  r e s u r f a c i n g  and r e c o n s t r u c t i o n  c o s t s .  

4. The l a n d  r e n t a l  fo regone  because t h e  l a n d  i s  i n  roads  was 

zero.  

Two sets of roads  were removed from the  Hamilton County s t u d y  

a r e a .  The f i r s t  s e t ,  c a l l e d  t i l ,  inc luded  17.75 miles of g r a v e l  roads  

t h a t  s e r v e d  no p r o p e r t y  a c c e s s e s .  The second set of r o a d s ,  c a l l e d  

H Z ,  c o n s i s t e d  of 40 m i l e s  of g r a v e l  roads  t h a t  served r e s i d e n c e ,  farm 



and f i e l d  accesses. The H2 roads were not abandoned, but r a t h e r  were 

converted t o  pr iva te  dr ives  i n  the  computer road network. 

The benefit-cost r a t i o s  computed f o r  the Hamilton County study 

a rea  were both l e s s  than one; t h i s  means tha t  the bene f i t s  to  the t r a -  

ve l ing  public  f o r  keeping the lil and H2 roads in  the  system were 

l e s s  than the cos ts  of keeping the roads i n  the system. The henef i t -  

c o s t  r a t i o  f o r  the  H1 s o l u t i o n  was 0.70 f o r  the 17.75 mi les  of road 

t h a t  served no property accesses.  The H I  roads had about the  same 

amount of t r a f f i c  per day a s  the roads in  the S1 so lu t ion .  However, 

t h e  benefi t -cost  r a t i o  f o r  the  H1 roads was lower than the  S1 mi les  

of roads f o r  the  following reasons: 

1. The cost  of r e rou t ing  the til t r a f f i c  was lower than f o r  the  

the  S 1  t r a f f i c  hecuitse mrch of the  H1 t r a f f i c  was rerouted 

onto paved roads which have lower t r a v e l  cos t s  per mile Eor 

a l l  vehicles.  

2 .  The amount of H1 household rerouted t r a f f i c  per mile of 

abandoned road was sharply lower than in  the S1 so lu t ion .  

3.  The resurfac ing  and recons t ruc t ion  cos ts  t r ans fe r red  to o ther  

roads was sharply lower in  the Hamilton area  than in  the 

Shelby area.  This is primari ly because the Hamilton County 

study area contains a  bas ic  network of paved roads to handle 

the  inhe r i t ed  t r a f f i c .  

4.  The net  opportunity cos t  of keeping the land i n  roads was 

higher i n  the  Hamilton study area  than i n  t h e  Shelby s tudy 

area .  



I n  the H2 so lu t ion ,  40 miles of roads which have residence 

accesses as  well as  farm and f i e l d  accesses were converted t o  p r iva te  

roads i n  the  computerized road network. The r e s u l t i n g  benefi t -cost  

r a t i o  was the  lowest of a l l  estimated benefi t -cost  r a t i o s .  The major 

reason fo r  the  low H2 r a t i o  is tha t  only th ree  of the  40 miles  of 

public  roads tha t  were converted t o  p r iva te  d r ives  had t r a f f i c  t h a t  was 

rerouted because of the  conversion t o  p r iva te  dr ives .  The o ther  37 

miles  of Hz roads were a l ready dead-end roads or  had become dead-end 

roads when the  17.75 mi les  of H 1  roads were abandoned and the three  

miles  of H2 roads were converted t o  p r iva te  dr ives .  Any overhead 

t r a f f i c  on the  37 miles  of dead-end Hz roads had been rerouted in  the  

H1 so lu t ion  or  in  the  Hz so lu t ion  when the  three  miles  of road with 

property access were abandoned. Dead-end roads can be converted t o  

p r i v a t e  dr ives  a t  no add i t iona l  t r a v e l  cost  because overhead t r a f f i c  is 

a l ready rerouted around the  dead-end road. Anyone using accesses on 

t h e  dead-end road can do so by t r ave l ing  on the p r iva te  drive.  The 

economic i s s u e  i n  convert ing dead-end roads t o  p r iva te  d r ives  is the  

savings i n  maintenance c o s t s  t o  the  county or  the public  compared t o  

the  cost  t o  the landowners of maintaining p r iva te  dr ives .  The average 

p r iva te  road and bridge maintenance cost  and p r iva te  road reconstruc- 

t i o n  cost  was $2,064 per mile per year of H2 p r i v a t e  dr ive .  

The major conclusions from the study are:  

The major sources of veh ic l e  miles on county roads a r e  

automobiles used fo r  household purposes and pickup truck 

t r a v e l  for  farm purposes. 



Farm r e l a t e d  t r a v e l  r ep resen t s  a  r e l a t i v e l y  small percent of 

t o t a l  t r a v e l  miles but a  r e l a t i v e l y  high percent of t o t a l  

t r a v e l  cos ts .  

a I n  a reas  with a  la rge  non-farm populat ion,  only a small 

number of roads can be abandoned without increasing v e h i c l e  

t r a v e l  cost  more than the  savings from e l iminat ing  the 

roads. 

I n  areas  with a  r e l a t i v e l y  small r u r a l  population and a very 

l a rge  percent of gravel  roads, only a  small number of roads 

with no property accesses can be  abandoned before the  

add i t iona l  t r a v e l  c o s t s  from the  abandonment exceed the  c o s t  

savings from e l iminat ing  the  roads from the system. A l a rge  

number of r u r a l  southern Iowa count ies  do not have a b a s i c  

network of paved roads t o  c a r r y  the  t r a f f i c  from the  

abandoned roads. 

I n  a reas  with a  small r u r a l  population and a high percent of 

paved roads, a  r e l a t i v e l y  l a r g e  number of miles of county 

roads with no property accesses can be abandoned and the 

savings from abandoning the roads w i l l  exceed the a d d i t i o n a l  

t r a v e l  cos ts .  A la rge  share of northern Iowa counties  have a 

r e l a t i v e l y  high percent of paved roads. A s t r a t egy  of county 

road abandonment in  these  a reas  would r e s u l t  i n  net  t ranspor-  

t a t i o n  cos t  savings. 

Dead-end roads with property access can be converted to pr i -  

v a t e  d r i v e s  with no add i t iona l  t r a v e l  cos ts .  Public road 



maintenance c o s t s  exceed p r i v a t e  d r i v e  maintenance cos t s .  

Therefore,  a  s t r a t e g y  of convert ing dead-end roads wi th  

proper ty  accesses t o  p r iva t e  d r ives  would r e s u l t  i n  savings 

t o  the  county which would exceed the  maintenance and 

r econs t ruc t ion  c o s t s  t o  the  property owners. 

The public  pol icy  impl ica t ions  of these  r e s u l t s  a r e :  

There a re  l imi ted  p o t e n t i a l  cos t  savings from abandonment of  

county roads with no property accesses i n  a reas  with a  l a rge  

non-farm r u r a l  population. 

a There may be p o t e n t i a l  savings from abandonment of roads with 

no property accesses i n  a reas  with a  small r u r a l  population 

and a l a rge  share  of gravel  roads i f  some g rave l  roads a r e  

resurfaced t o  c r e a t e  a  core  paved network. This a l t e r n a t i v e  

was not explored in t h i s  ana lys i s .  

There a re  r e l a t i v e l y  high p o t e n t i a l  cos t  savings from 

abandonment of roads with no property accesses i n  a reas  with 

a  small r u r a l  population and a core  network of paved roads. 

The l a r g e s t  p o t e n t i a l  cos t  savings a r e  l i k e l y  t o  come from 

conversion of public  dead-end gravel  roads with property o r  

residence accesses t o  p r iva t e  dr ives .  This p o t e n t i a l  cos t  

savings can be achieved in a l l  a reas  regard less  of the  

population or the  physical  condit ion of the remaining roads. 

However, a  s t r a t e g y  of road abandonment and conversion of 

dead-end roads t o  p r iva t e  d r ives  should be c a r r i e d  out  

simultaneously. An a l t e r n a t i v e  which may y i e l d  as  l a rge  c o s t  



savings as conversion t o  p r iva t e  d r ives  is t o  convert low 

volume g rave l  roads with property access t o  lower se rv ice  

roads with lower maintenance cos t s .  But t h i s  a l t e r n a t i v e  was 

not examined i n  t h i s  ana lys i s .  

I n  add i t ion  t o  a l l  the economic c o s t s  assoc ia ted  with the 

abandonment of roads which are  included i n  t h e  determinat ion 

of benef i t -cos t  r a t i o s  i n  t h i s  s tudy,  t h e r e  is one o ther  

poss ib le  cos t  which should be considered. There can be 

s u b s t a n t i a l  l ega l  c o s t s  and damage awards assoc ia ted  with a 

road abandonment, The p o s s i b i l i t y  and extent  of such c o s t s  

depends i n  l a r g e  p a r t  upon the  s t a t e  laws in e f f e c t  in  the  

va r ious  s t a t e s .  Since these c o s t s  vary widely from case t o  

case ,  it was not  poss ib l e  t o  include t h e s e  c o s t s  in t h e  

benef i t -cos t  r a t i o s  in  t h i s  study. 

I t  is poss ib l e  t h a t  present  laws i n  some s t a t e s  may preclude any 

p o s s i b i l i t y  of toad abandonment even though a l l  o the r  c o s t s  considered,  

including the  s h i f t i n g  of road c o s t s  from the public  t o  the  p r iva te  

s e c t o r ,  i n d i c a t e  a  net  bene f i t  from such abandonments. In  f a c t ,  i t  may 

r e q u i r e  changes i n  s t a t e  laws, along with a  major change i n  public  

po l i cy  and acceptance,  before  any of these changes could and would be 

implemented and accepted. Some of the a reas  which need t o  be addressed 

a re :  

1. An adequate method of compensation fo r  change from public t o  

p r i v a t e  access .  



2. A method of a r b i t r a t i o n  of d isputes  between adjoining 

landowners a f fec ted  by the  change and/or the  loca l  government 

author i ty .  

3. Exemption of the  loca l  government au thor i ty  from lega l  ac t ion  

upon completion of e s t ab l i shed  guidel ines .  

4 .  ~ e g i s l a t i v e  cons idera t ion  t o  s trengthen e x i s t i n g  laws 

regarding road abandonment and changing public  roads t o  

p r i v a t e  roads. 

5 .  A method of educating the  public  of the b e n e f i t s  and c o s t s  of 

a l t e r n a t i v e  road system changes t o  enable the  public  t o  

improve the  q u a l i t y  of i t s  input  in to  the  policy-making 

process. 



CHAPTER I1 

INTRODUCTION 

For purposes of t h i s  s tudy,  the  loca l  r u r a l  road system c o n s i s t s  

of the roads t h a t  a re  maintained and cont ro l led  by count ies  or  town- 

sh ips .  The l o c a l  r u r a l  road system conta ins  over 2.2 mi l l ion  mi les  of 

roads and rep resen t s  71 percent  of the  3.2 mi l l ion  miles of r u r a l  roads 

in  the United S ta t e s .  It is genera l ly  l a i d  out in  rec tangular  g r i d s ,  

p a r t i c u l a r l y  in  the  midwest; the  l a rge  number of miles and the regular-  

i t y  of the county road system d a t e  back t o  the  Ordinance of 1785 which 

es t ab l i shed  townships and the one-mile survey gr ids .  The o b j e c t i v e  of 

Congress was t o  open the land fo r  se t t lement .  

Many of today's  loca l  r u r a l  roads and bridges were b u i l t  i n  the  

l a t e  1800s and e a r l y  1900s when overland t ranspor ta t ion  fo r  both pas- 

sengers and f r e i g h t  was l imited t o  horse and wagon or  the r e c e n t l y  

b u i l t  r a i l r o a d  l i n e s .  Farms were small ,  and farmers needed road access  

t o  homes, schools ,  churches and markets. 

The discovery of l a r g e  petroleum reserves  in Texas and Oklahoma 

spurred the  development of the  automobile and truck i n d u s t r i e s  during 

the  1920s and 1930s and crea ted  a need t o  ge t  r u r a l  America "out of the 

mud." Roads were sur faced ,  and some bridges were replaced t o  acconnno- 

d a t e  t rucks with gross weights of s i x  t o  seven tons. About 70 percent  

of today's  r u r a l  br idges were b u i l t  before 1935. Even the bridges con- 

s t ruc ted  i n  the  1940s were only designed for  15-ton loads. 



By 1950, about 50 percent  of the  loca l  r u r a l  roads were impro~zed 

with all-weather gravel  or  paved surfaces .  Thus, the  widths,  grades,  

bases ,  su r face  des igns ,  and c a p a c i t i e s  of many l o c a l  r u r a l  roads and 

bridges a r e  based on the  t r a f f i c  needs of the  1940s and 1950s. 

The decl in ing  number of farms and the increas ing  s i z e  of farm 

implements and farm trucks a r e  changing the types of t r a f f i c  on the 

loca l  r u r a l  road system. There a r e  no weight l i m i t s  on "implements of 

husbandryw--farm equipment. Today, some farmers use a  t r a c t o r  and two 

wagons t o  haul  600 t o  900 bushels of g ra in  with a  gross  weight of 28 t o  

36 tons. Many bridges a r e  55 f e e t  long or  longer so tha t  the  e n t i r e  

load i s  on the  bridge a t  one time. Some s i n g l e  axle wagons hold over 

800 bushels of g ra in ;  a f t e r  deducting about 6,000 pounds of h i t c h  

weight,  the loaded weight ranges up t o  50,000 pounds per axle .  

A s  farm s i z e  has increased,  t rucks serving a g r i c u l t u r e  have become 

l a rge r .  Tandem axle  t rucks with gross weights of 27 tons a re  common on 

r u r a l  roads and bridges.  I n  1975, the U.S. Congress permitted s t a t e s  

t o  s e t  higher weight l i m i t s  for  t rucks on the I n t e r s t a t e  system. Most 

s t a t e s  have adopted the  f ede ra l  l i m i t s  and have ra ised  the weight l i m -  

i t s  t o  the f ede ra l  standard of 20,000 pounds per a x l e ,  34,000 pounds 

per 2-axle tandem, and 80,000-pound maximum overa l l  weight. 

The in t roduct ion  of low cost  uni t-grain t r a i n s  in  the  corn and 

wheat s t a t e s  has encouraged the use of la rger  farm vehic les  t o  haul  

g r a i n  longer d i s t ances .  Some farmers a re  buying tandem axle  and semi- 

t r a i l e r  t rucks t o  move t h e i r  g ra in  out of the f i e l d  quickly,  increase  

t h e i r  marketing opt ions ,  reduce hauling cos t s  and e l iminate  the s a f e t y  



hazards of farm tractor-wagon combinations. But these heavy vehic les  

p lace  add i t iona l  s t r e s s  on the  loca l  road and bridge system. 

Farm s i z e  has increased s t e a d i l y  i n  recent  decades. I n  most 

ins tances ,  the  only way a farmer can obta in  more land i s  t o  buy or  

l ease  from neighboring farms, thereby reducing the  t o t a l  number of 

farms. The l a r g e  reduction i n  the  number of farms means tha t  some 

r u r a l  roads may no longer be needed for  access t o  homes, schools ,  and 

markets. Some observers  be l ieve  tha t  the  number of miles of r u r a l  

roads might be reduced and s t i l l  provide needed access t o  the remaining 

farms and residences.  

And f i n a l l y ,  t he  dec l in ing  r u r a l  population has r e su l t ed  i n  a 

reduction in  the  number of r u r a l  schools. To help minimize the cos t  of 

t ranspor t ing  ,school ch i ld ren  longer d is tances  t o  fewer schools ,  school 

boards a re  purchasing 72- t o  89-passenger school buses. School buses 

of these  s i z e s  weigh up t o  15 tons when loaded. These loaded buses 

cannot c ross  bridges tha t  a r e  posted a t  l e s s  than t h e i r  gross 

weights. 

Condition of the  Local Rural Road and Bridge System 

Prec i se  da ta  on the current  condit ion of the loca l  r u r a l  road sys- 

tem a re  not ava i l ab le  s ince  no ongoing coordinated da ta  c o l l e c t i o n  

system e x i s t s  for  loca l  roads. There is ample evidence to suggest tha t  

the  system is d e t e r i o r a t i n g  rapid ly .  I n  a recent  I l l i n o i s  survey, 

farmers and agr ibus iness  representa t ives  ra ted  about half  of the  



I l l i n o i s  loca l  r u r a l  roads as  needing more than regular  maintenance; 

over 20 percent of these roads were ra ted  a s  needing major r epa i r .  

Common complaints about the  loca l  r u r a l  roads include: 

1. Overweight vehic les  a r e  breaking up road surfaces .  

2. Lack of hard sur faces  c r e a t e s  dus t  and r i d e a b i l i t y  problems. 

3. Road widths and other  design c h a r a c t e r i s t i c s  a re  inadequate 

for  today's la rge  farm equipment and heavy trucks. 

4. Narrow lanes c r e a t e  s a f e t y  problems. 

While the  loca l  road d e f i c i e n c i e s  a r e  s i g n i f i c a n t ,  the condi t ion  

of loca l  br idges is a l s o  of g rea t  concern. Def ic ient  bridges on loca l  

r u r a l  roads c r e a t e  se r ious  sa fe ty  and t r a f f i c  cons t r a in t s .  On January 

1 ,  1985, 184,977 bridges or  61 percent  of a l l  the  off-federal-aid 

bridges t h a t  had been inventoried were de f i c i en t .  In add i t ion ,  

118,390 o r  39 percent of the  306,388 of federal-aid system bridges a re  

posted or should have been posted a t  l e s s  than l ega l  weight l i m i t s .  

The est imated replacement and r e h a b i l i t a t i o n  cos t s  of these d e f i c i e n t  

of f-system bridges is $21 b i l l i o n .  However, even t h i s  unders ta tes  the 

magnitude of the problem. Bridges under 20 f e e t  long were not included 

in  the inventory, and there  a re  thousands of s t r u c t u r e s  under 20 f e e t  

i n  length t h a t  need replacement or r e h a b i l i t a t i o n .  

The d i s t r i b u t i o n  of d e f i c i e n t  bridges among s t a t e s  ind ica te s  tha t  

the  loca l  br idge problem is nat ional  i n  scope. S ta t e s  with the l a r g e s t  

number of d e f i c i e n t  bridges a re  Texas, Iowa, Missouri,  Nebraska, Okla- 

homa, North Carol ina,  Kansas, Indiana, Arkansas, Tennessee, Miss iss ippi  

and I l l i n o i s .  S ta t e s  in  the Northeast ,  Midwest, Southeast and South- 



west a r e  included i n  the  groups with a  high percent or  a  l a r g e  t o t a l  

number of d e f i c i e n t  bridges.  Western s t a t e s  have the  l e a s t  problem 

with bridges.  The paucity of county road and bridge condit ion da ta  

suggests  the  need fo r  s ta tewide  pavement da ta  bank or  inventory 

systems. 

Funding f o r  the  Local Rural Road and Bridge System 

Local r u r a l  road and bridge cons t ruc t ion  and maintenance funds a re  

t y p i c a l l y  derived from highway user  taxes and loca l  property taxes. 

Highway user tax  c o l l e c t i o n s  have increased recent ly  because of l a rge  

increases  in  f u e l  and truck road use taxes. 

Many counties  a r e  a l ready a t  the  maximum leve l  of the l o c a l  tax  

levy and can not increase  property taxes for  ru ra l  roads. For example, 

many count ies  in  Iowa a r e  a t  the maximum and can not r a i s e  property 

taxes without changes in  s t a t e  l e g i s l a t i o n .  Several count ies  a r e  

between 95 and 99 percent of the  maximum loca l  levy. Only a small 

number of Iowa count ies  could r a i s e  the  loca l  levy by 20 percent  or 

more. 

This means tha t  there  a r e  major cons t r a in t s  on add i t iona l  revenues 

fo r  rebuilding the loca l  r u r a l  road system. There a r e  major needs for  

increased loca l  r u r a l  road and bridge funding. For example, t he  Iowa 

Highway Needs Study Report i nd ica te s  tha t  the projected 1982-2001 

county road revenue buying power would cover only 51 percent of the  

projected county road and bridge needs. While the  recent  higher road- 

use tax  revenue and reduced i n f l a t i o n  l e v e l s  have marginally reduced 



t he  gap in  revenues and needs, there  is l i t t l e  doubt tha t  the  d e f i c i t  

in  county road revenues r e l a t i v e  t o  county road and bridge needs 

remains very la rge .  Counties and townships in  o ther  s t a t e s  as  well as  

s t a t e  departments of t r anspor t a t ion  face s imi la r  budget problems. 

Al t e rna t ive  Solu t ions  

The loca l  r u r a l  road and bridge problem is b a s i c a l l y  a shortage of 

funds t o  recons t ruc t  and maintain the present system t o  acconnnodate the 

changing t r anspor t a t ion  needs of r u r a l  America. Public debate about 

county roads has focused mainly on the d e t e r i o r a t i n g  condit ion of the 

system. The impl i c i t  assumption behind much of t h i s  debate is tha t  the 

system should be maintained "as i s . "  L i t t l e  a t t e n t i o n  has been given 

t o  a l t e r n a t i v e  so lu t ions  t o  the loca l  r u r a l  road and bridge problem. A 

number of a l t e r n a t i v e  so lu t ions  e x i s t ,  including the following: 

1. Continue the  present  sources and l e v e l s  of funds f o r  the  

l o c a l  r u r a l  road and br idge  system. 

This a l t e r n a t i v e  would mean tha t  there  would be no l a rge  

increases in  property o r  road-use taxes t o  f inance the  reconstruc- 

t i on  of the  loca l  r u r a l  road system. However, counties  and 

townships would continue t o  face increasing maintenance c o s t s  t o  

r epa i r  ex i s t ing  surfaces  and bridges. Moreover, many bridges 

would need t o  be closed because of no add i t iona l  replacement 

funds. Perhaps more importantly, county and township governments 

could face increased exposure t o  la rge  t o r t  l i a b i l i t y  claims from 

damages r e s u l t i n g  from d e t e r i o r a t i n g  roads and bridges.  His tor i -  

c a l l y ,  cour ts  have been generous t o  these kinds of claims. 



2. Large inc reases  i n  s t a t e  and f e d e r a l  funding. 

The f ede ra l  government has r ecen t ly  levied s i g n i f i c a n t  

increases  i n  motor f u e l  and truck road-user taxes. I n  add i t ion ,  

many s t a t e  governments have levied la rge  increases  in s t a t e  motor 

f u e l  taxes.  Par t  of these increased taxes have been appropriated 

fo r  mass t r a n s i t  and a l a r g e  port ion of the  tax increases  was 

intended for  the  federal-aid system. These increased taxes have 

r e s u l t e d  in  some increased funding fo r  the  loca l  r u r a l  road 

system. However, these increases have f a l l e n  shor t  of the 

investment requirements t o  keep the  system "as is." Maintaining 

the  system "as is" would requi re  fu r the r  increases in  fue l  and 

truck road-use taxes or  a l a rge  a l l o c a t i o n  of the  road-use tax  

funds t o  the loca l  r u r a l  system. But many groups a re  lobbying t o  

reduce the share of the road-use funds t o  the loca l  r u r a l  road and 

br idge  system. 

3 .  Impose l o c a l  opt ion taxes  alone o r  with bonding au thor i ty  f o r  

l o c a l  r u r a l  road and br idge  funding. 

The loca l  opt ion taxes could be imposed in the form of 

property,  s a l e s ,  f u e l ,  exc ise  and o ther  taxes. When levied a lone ,  

loca l  opt ion taxes would approximate user  taxes because a 

s i g n i f i c a n t  port ion of the t r a f f i c  on loca l  roads is loca l  

t r a f f i c .  When these taxes a re  used t o  support a bonding program 

for  c a p i t a l  improvements, the  program becomes a mortgage on the 

f u t u r e  and increases the t o t a l  cost  of the system. 



4. Reduce the  minimum recons t ruc t ion  and maintenance s tandards  

f o r  l o c a l  r u r a l  roads and bridges.  

Minimum s tandards  fo r  l o c a l  r u r a l  roads and bridges a r e  gen- 

e r a l l y  based on a  design guide published by the American 

Associat ion of S t a t e  Highway and Transpor ta t ion  O f f i c i a l s .  In  

some cases ,  road plans m u s t  be approved by s t a t e  and f ede ra l  agen- 

c i e s .  Future  r econs t ruc t ion  c o s t s  could be reduced by lowering 

the  minimum des ign  s tandards on low volume, l o c a l  r u r a l  roads. 

Costs could be cu t  by reducing the  widths of r ights-of-  way, 

shoulders  and br idges ,  as  well  as by reducing the thickness of the  

pavement and maximum grades. 

Lower minimum s tandards ,  on the o ther  hand, could r e s u l t  i n  

increased maintenance c o s t s  through g rea te r  erosion of s t eepe r  

s lopes ,  f a s t e r  d e t e r i o r a t i o n  of pavements and br idges ,  and reduced 

snow s to rage  c a p a c i t i e s .  Operating c o s t s  for  the t r ave l ing  public  

would a l s o  be increased by t h i s  ac t ion .  

5. Reduce t h e  s i z e  of t h e  l o c a l  r u r a l  road system by abandoning 

roads t h a t  have no property accesses  and by reducing t h e  

number of property access  routes .  

A l a rge  por t ion  of the Midwest and West has a  rec tangular  

road g r i d  system. With t h i s  system, some property owners have 

four-way access  t o  t h e i r  farmsteads or  o the r  property because 

access  t o  the  property is ava i l ab le  from each of the  four roads.  

The p o s s i b i l i t y  e x i s t s  for  maintaining access  t o  property by pro- 

v id ing  one, two, or  three-way access.  Thus, one or more roads 



could be abanoned without l o s s  of property access .  A reduct ion of 

the  miles  of l o c a l  r u r a l  roads could be made by abandoning roads 

with no property accesses and roads which provide only a second or 

t h i r d  access .  I n  f a c t ,  some count ies  have a pol icy  which provides 

only one all-weather surfaced access  t o  an occupied r u r a l  

residence,  unless  increased se rv ice  is necessary t o  provide system 

con t inu i ty .  While t h i s  pol icy  does permit the use of unsurfaced 

roads i n  dry weather,  i t  causes d i s rup t ions  i n  school bus and mail  

routes  i n  bad weather and increases  t r a v e l  time and c o s t s ,  

The cos t  of keeping a road may be l e s s  than the  c o s t  of aban- 

doning it. D i s t r i c t  cour t s  have tended t o  make l a rge  awards t o  

landowners f o r  the  l o s s  of public  access.  Many county engineers  

be l i eve  t h a t  only a very small  number of r u r a l  roads w i l l  be 

vacated unless  laws a r e  changed. Proposed changes i n  l e g i s l a t i o n  

would allow coun t i e s  t o  remove a secondary or  f i e l d  access  t o  pro- 

per ty  with smaller  or  no damage claims for  the  ac t ion .  

6. Return some roads t o  p r i v a t e  ownership. 

A 1976 e d i t o r i a l  i n  the  Des Moines Regis te r  s t a t e s :  

"County roads t h a t  served dozens of farms f o r t y  years  
ago may be  serv ing  only two or three  farms today. 
Many roads t h a t  were once v i t a l  t o  a county 's  well- 
being have become, i n  e f f e c t ,  p r i v a t e  roads,  a l though 
the  county is respons ib le  f o r  t h e i r  upkeep. Such 
roads no longer belong i n  a county road system." 

Some observers  be l i eve  t h a t  re turn ing  some roads t o  p r i v a t e  

d r ives  i s  the  fundamental answer t o  the lack of funds for r u r a l  



road and br idge  cons t ruc t ion  and maintenance. This  opt ion  would 

preserve the access  t o  homes, farms and f i e l d s  on these  roads ,  but  

i t  would s h i f t  the  l i a b i l i t y  of acc idents  as  well  as  t h e  main- 

tenance from the  l o c a l  government t o  the property owners along the  

roads. 

7. Reduce and en fo rce  weight l i m i t s  on l o c a l  r u r a l  roads and 

p l a c e  weight and width l i m i t s  on "implements of husbandry." 

This  a l t e r n a t i v e  undoubtedly would reduce maintenance c o s t s  

of e x i s t i n g  roads and bridges.  However, a reduct ion of cur rent  

weight l i m i t s  and placing weight and width l i m i t s  on "implements 

of husbandry" could increase  the c o s t s  of producing and moving 

a g r i c u l t u r a l  products t o  market. It  would a l s o  c r e a t e  enforcement 

problems. There is a need t o  study the  recons t ruc t ion  and 

maintenance cos t  of increased weight l i m i t s  compared t o  t h e  

increased c o s t s  of a g r i c u l t u r a l  production i f  lower weight limits 

were imposed. 

Object ives 

The bas ic  purpose of the  s tudy is t o  develop gu ide l ines  for  l o c a l  

superv isors  and engineers  i n  eva lua t ing  loca l  r u r a l  road and bridge in- 

vestment or disinvestment proposals  and t o  provide information t o  s t a t e  

l e g i s l a t u r e s  in  developing l o c a l  road and bridge pol icy  proposals .  The 

gene ra l  ob jec t ive  of t h i s  s tudy was t o  eva lua te  the  b e n e f i t s  and c o s t s  

of  s e l ec t ed  a l t e r n a t i v e  l o c a l  r u r a l  road and bridge investment 

s t r a t e g i e s .  



S p e c i f i c a l l y ,  the  ob jec t ives  were to :  

I. Describe the  county road system t r a f f i c  flows i n  th ree  s tudy 

areas  i n  Iowa i n  terms o f :  

A. the  number, o r i g i n ,  and d e s t i n a t i o n  of t r i p s  by households by 

veh ic l e  type. 

B. the  number, o r i g i n ,  and d e s t i n a t i o n  of farm-related t r i p s  by 

veh ic l e  type. 

11. Estimate the veh ic l e  t r a v e l  cos t  per mile by vehic le  type and road 

sur face .  

111. Determine the c o s t s  of maintaining county bridges and county roads 

by su r face  type and t r a f f i c  l e v e l s .  

I V .  Develop a  computer program t o  es t imate  the change in t r a v e l  c o s t s  

and the change i n  road and br idge  maintenance c o s t s  under a l t e rna -  

t i v e  road investment s t r a t e g i e s .  

V. I d e n t i f y ,  analyze,  and eva lua te  the b e n e f i t s  and c o s t s  of a l t e r n a -  

t i v e  county road and br idge  investment s t r a t e g i e s .  

V I .  Describe the  impacts of the  a l t e r n a t i v e  investment s t r a t e g i e s  on 

farm, household, l o c a l  school system and post o f f i c e  t r a v e l  c o s t s  

and on county maintenance, r e h a b i l i t a t i o n  and recons t ruc t ion  

c o s t s .  



CHAPTER I11 

LITERATURE REVIEW 

Numerous w r i t e r s  have discussed the d e t e r i o r a t i n g  condi t ions  of 

t h e  l o c a l  r u r a l  road and br idge  system. However, only a  small number 

of s t u d i e s ,  namely those by Chicoine and Walzer, Baumel and Schornhorst 

and Fruin,  have attempted t o  iden t i fy  a l t e r n a t i v e  so lu t ions .  Fewer, 

y e t ,  have attempted t o  quant i fy  the impacts of the d e t e r i o r a t i n g  roads 

and bridges on t r a v e l  c o s t s  or the  impacts of a l t e r n a t i v e  so lu t ions  on 

t r a v e l  c o s t s  and loca l  government cos t s .  

The Pennsylvania Department of Transpor ta t ion  i d e n t i f i e d  an 

Agr i cu l tu ra l  Access Network i n  two Pennsylvania count ies .  These agri-  

c u l t u r a l  access  networks included those roads t h a t  were judged t o  be 

most important t o  the r u r a l  a g r i c u l t u r a l  a reas  for  the t r anspor t  of 

a g r i c u l t u r a l  products t o  markets and suppl ies  t o  the farms. I n  

add i t ion ,  t h e  s tudy i d e n t i f i e d  the key t r anspor t a t ion  obs t ruc t ions  

which c u r r e n t l y  i n h i b i t  a g r i c u l t u r a l  movements. 

Tucker and Johnson examined the  impact of a l t e r n a t i v e  r u r a l  road 

development and maintenance p o l i c i e s  on g r a i n  marketing c o s t s  i n  south- 

e a s t e r n  Michigan. The r e s u l t s  i nd ica t e  tha t  g ra in  marketing c o s t s  

decrease as  the road system is improved, but  the savings i n  g r a i n  

t r anspor t  c o s t s  were f a r  l e s s  than the c o s t s  of the road improvements. 

Nyamaah and Hitzhusen used a  c i r c u i t y  model t o  es t imate  the re- 

rout ing  c o s t s  t o  road users  when 15 r u r a l  br idges i n  Ohio were posted 

or  closed.  The model indicated s u b s t a n t i a l l y  g r e a t e r  b e n e f i t s  from 

br idge  r e p a i r  or  replacement than the county engineers  est imated.  



CKicoine and Walzer surveyed farmers, township o f f i c i a l s  and agr i -  

c u l t u r a l  and r u r a l  business o f f i c i a l s  in  four  Midwestern s t a t e s  t o  

i d e n t i f y  t h e i r  opinions and a t t i t u d e s  on a  wide range of r u r a l  road and 

br idge  ques t ions  and i ssues .  I n  add i t ion ,  they i d e n t i f i e d  t h e  pre- 

f e r red  a l t e r n a t i v e  sources of r u r a l  road and bridge f inancing ,  as  well  

as  a l t e r n a t i v e  investment s t r a t e g i e s  and management p rac t i ces .  

Smith, Wilkinson and Anschel examined the impact of unimproved 

roads in  the  eas t e rn  Kentucky coal  f i e l d s  on r e s iden t  p a r t i c i p a t i o n  in  

s o c i a l  r ec rea t ion ,  education and medical a c t i v i t i e s .  They found t h a t  

lack of access t o  all-weather roads had no measurable adverse e f f e c t  on 

human resource development and c u l t u r a l  in tegra t ion .  

The Midwest Research I n s t i t u t e  developed c r i t e r i a  for  evalua t ing  

low volume r u r a l  roads fo r  p o t e n t i a l  abandonment. These c r i t e r i a  were 

t o  be used t o  c a l c u l a t e  a  benefi t -cost  r a t i o  for  each road. The bene- 

f i t s  were based on t r a f f i c  l e v e l s ,  number and type of use r s ,  type of 

road and access requirements. Each fac tor  was assigned an a r b i t r a r y  

weight and aggregated i n t o  an index. The c o s t s  of r e t a in ing  a  road 

included the  20-year rou t ine  maintenance and c a p i t a l  c o s t s ,  l i a b i l i t y  

r i s k s  and vacat ing cos t s .  The benef i t  index does not include any mone- 

t a r y  measures of the  value of an individual  road t o  the t r ave l ing  

publ ic .  This procedure does not measure the change in cos t  t o  the 

t r ave l ing  public  from e l iminat ing  a  road or  s e t  of roads from the  net- 

work. Moreover, i t  does not measure the maintenance and resurfac ing  

c o s t s  t r ans fe r red  t o  roads tha t  i n h e r i t  add i t iona l  t r a f f i c .  



Johnson developed models which could be used t o  es t imate  the bene- 

f i t s  of road improvements including bui ld ing  a new road, rep lac ing  and 

upgrading br idges ,  and widening or  resur fac ing  a road. The a n a l y s i s  

was conceptual r a t h e r  than empi r i ca l ,  and no measured b e n e f i t s  a r e  pre- 

sented.  

Several s t u d i e s ,  including Hartwig and the Iowa Department of 

Transpor ta t ion ,  have suggested a p o t e n t i a l  cos t  savings from the  aban- 

donment of l o c a l  r u r a l  roads. However, no analyses were found which 

q u a n t i t a t i v e l y  evaluated the  impacts of a l t e r n a t i v e  road and bridge 

investment s t r a t e g i e s  on a l l  t r a f f i c  types on the r u r a l  road and bridge 

system. 



CHAPTER I V  

METHODS OF ANALYSIS 

A benef i t -cos t  method of a n a l y s i s  was used i n  t h i s  s tudy t o  eval-  

ua t e  the  b e n e f i t s  t o  the  t r a v e l i n g  ~ u b l i c  from keeping se l ec t ed  low 

t r a f f i c  volume roads i n  the  county system i n  th ree  a reas  of approxi- 

mately 100 square miles  each i n  Iowa. The s tudy a reas ,  ou t l ined  i n  Map 

1, a re  located i n  Kamilton, Shelby and Linn count ies  i n  Iowa. The 

th ree  count ies  were se l ec t ed  for  t h e i r  d i f f e rences  i n  t e r r a i n ,  q u a l i t y  

of roads and l e v e l  and the type of economic a c t i v i t y .  

1. Hamilton County, located i n  no r th  c e n t r a l  Iowa, has a 

r e l a t i v e l y  high a g r i c u l t u r a l  tax  base ,  r e l a t i v e l y  l e v e l  

t e r r a i n ,  a high percentage of paved roads and r e l a t i v e l y  few 

br idges .  

2. Shelby County, loca ted  i n  southwest Iowa, has a r e l a t i v e l y  low 

a g r i c u l t u r a l  t ax  base,  h i l l y  t e r r a i n ,  a small  percentage of 

paved roads and a l a rge  number of br idges.  

3. Linn County, located i n  e a s t  c e n t r a l  Iowa, has a r e l a t i v e l y  

high a g r i c u l t u r a l  tax  base,  a high percentage of paved roads 

and a l a rge  number of non-farm households with commuters to  

Cedar Rapids and Waterloo. 

Benef i t s  

The b e n e f i t s  to  the t r ave l ing  publ ic  a re  measured as reduced trav-  

e l i n g  c o s t s  from a l a r g e r  road system. I f  a road is removed from the  
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network, some veh ic l e s  must t r a v e l  fu r the r  t o  reach the  intended des- 

t i n a t i o n .  This add i t iona l  t r a v e l  d i s t ance  increases  t r a v e l  cos t s .  

This increased t r a v e l  cos t  is the  bene f i t  t o  the t r a v e l i n g  publ ic  for  

keeping the road i n  the  system. 

Except for  school bus and post o f f i c e  t r a v e l  c o s t s ,  the b e n e f i t s  

accruing to  the t r a v e l i n g  public  were estimated i n  two s t eps .  F i r s t ,  a 

network model was used t o  es t imate  the minimum cos t  t r a f f i c  flows for 

a l l  1982 t r a f f i c  wi th in  each s tudy area .  These t r a f f i c  flows were then 

used t o  es t imate  the minimum t o t a l  cos t  of a l l  1982 t r a v e l  i n  each 

s tudy area .  Travel  c o s t s  were defined as the  v a r i a b l e  veh ic l e  cos t  per 

mile  times the number of miles  t rave led  by each vehic le  type. 

A network model, u t i l i z i n g  D i j k s t r a ' s  a lgori thm, was used t o  e s t i -  

mate t h e  minimum cos t  rou t ing  of t r a v e l i n g  from each o r i g i n  t o  each 

d e s t i n a t i o n  for  each veh ic l e  type. The advantages of D i  j k s t r a ' s  algo- 

r i thm a re  t h a t  i t  preserves the or ig in-des t ina t ion  r e l a t i o n s h i p  and i t  

r e q u i r e s  r e l a t i v e l y  few opera t ions  t o  f ind an optimal s o l u t i o n .  A net- 

work c o n s i s t s  of a s e t  of nodes connected by a rc s .  A node represents  a 

point  where a t r i p  o r i g i n a t e s ,  i s  relayed or terminates .  Arcs repre- 

sent  the road d i s t ance  between two nodes and allow the  t r a f f i c  t o  flow 

between two nodes. 

The roads in each s tudy area  were coded i n t o  a computer network. 

Roads became a r c s ,  and nodes were located a t  i n t e r s e c t i o n s  as  well as 

a t  half-mile i n t e r v a l s .  The following sec t ion  descr ibes  the d iEferent  

types of a rc s  in  the  complete road network. 



Study Area Arcs 

The roads wi th in  each study a rea  were divided i n t o  approximately 

half-mile segments. A node represent ing  each household, farm and f i e l d  

access point on the  ha l f -mi le  a rc  was placed a t  the  end of the  arc. 

Each bridge i n  the  s tudy a rea  is a l s o  represented as  an arc.  The 

a c t u a l  square footage of each bridge is coded with i t s  a rc  so tha t  

maintenance, r e p a i r  and replacement cost  w i l l  be based on the ac tua l  

square footage of the  bridge. The physical c h a r a c t e r i s t i c s  of each 

half-mile s e c t i o n ,  i.e., pavement sur face ,  d i s t ance ,  and weight con- 

s t r a i n t s  were coded i n t o  a computer da ta  s e t .  

Border Area Arcs 

A l a rge  number of t r i p s  from the study area t o  outs ide  the  study 

a rea  a r e  t r i p s  t o  des t ina t ions  wi th in  three  miles of the  s tudy area 

borders.  Many farmers l iv ing  ins ide  the study area  farm t r a c t s  of land 

wi th in  the  three-mile border. Border area a rcs  were crea ted  t o  allow 

the  computer t o  accura te ly  route  t r i p s  t o  des t ina t ions  wi th in  the 

three-mile area  surrounding the s tudy boundaries. Border a rcs  were 

formed by placing a node a t  each road in t e r sec t ion  i n  the three-mile 

wide border around the ou t s ide  of the study area.  The d i s t ance  and 

pavement sur face  of these a rcs  were coded in to  the computer d a t a  s e t .  

Outside Arcs 

Outside a r c s  were crea ted  t o  allow the algorithm t o  route  farmers 

through the s tudy area  when t r ave l ing  to land outs ide  of the three-mile 



border area.  Outside a rcs  were formed by placing four nodes, one 

nor th ,  south,  e a s t ,  and west of the  s tudy area  and connecting these 

nodes t o  the  nodes on the  r e spec t ive  edge of the s tudy area.  For exam- 

p l e ,  i f  a  farmer had a t r a c t  of land located outs ide  the  three-mile 

border and south of the  s tudy a rea ,  the  t r a c t  would be given the south 

border node as  a  des t ina t ion .  Any t r i p s  t o  tha t  outs ide  t r a c t  would be 

routed from the  o r i g i n  node wi th in  the  s tudy area t o  the ou t s ide  node. 

This  allowed the ca lcu la t ion  of within-study-area cos t  of t r a v e l  t o  

t r a c t s  of land fu r the r  than th ree  miles outs ide  the study area.  

Highway Arcs 

Many t r i p s  a r e  t o  d i s t a n t  loca t ions ,  frequently t o  la rge  c i t i e s  

and out-of-state loca t ions .  The method used t o  incorporate these t r i p s  

i n t o  the  ana lys i s  is based on the assumption tha t  t r a v e l  routes  t o  or  

from d i s t a n t  loca t ions  w i l l  maximize the  use of s t a t e  or  i n t e r s t a t e  

highways. One node was assigned t o  each s t a t e  or  i n t e r s t a t e  highway 

wi th in  the  s tudy and boundry areas.  The highway nodes were connected 

t o  nodes serv ing  as access poin ts  t o  the  highway with a  zero d i s t ance  

fo r  a l l  vehic les .  The computer routed the t r i p  t o  the c l o s e s t  access 

t o  a s t a t e  or  f ede ra l  highway which l i e s  in  the  general  d i r e c t i o n  of 

the  t r u e  des t ina t ion  or o r ig in .  

Tract  Arcs 

The o r i g i n  or des t ina t ion  of many farmer t r i p s  a re  t r a c t s  of land. 

Trac t s  of farm land o f t en  have mul t ip le  access points .  In most cases ,  



t h e  access  used depended on the  d i r e c t i o n  of the  t r i p  or ig in .  Each 

t r a c t  of land was assigned a node number. When a farmer t rave led  from 

t r a c t  t o  t r a c t ,  t h e  o r i g i n  and d e s t i n a t i o n  were coded a s  the t r a c t ' s  

node number. The computer then found the  cos t  minimizing route  between 

t h e  two t r a c t s  by f inding  the  optimal access po in t s  t o  use fo r  each 

t r i p .  Tract  a r c s  were given a  d i s t ance  of 100 miles so t h a t  only t r i p s  

which had t h a t  t r a c t  node as  an o r i g i n  or  des t ina t ion  would be routed 

over the arc.  This e s s e n t i a l l y  prevents  road t r a f f i c  from "driving 

through the  f i e ld . "  When c a l c u l a t i n g  the  a c t u a l  cos t  of a  given t r i p ,  

t h e  100 miles  t o  t r a v e l  on a  t r a c t  a r c  was set equal t o  zero. 

Network Cons t ra in ts  

A s epa ra t e  computer program was developed t o  check the  weight 

l i m i t  of each s tudy area  bridge with the weights of the  veh ic l e s  i n  the  

s tudy area.  I f  t h e  weight of the vehic le  exceeded the weight c o n s t r a i n t  

of the bridge weight,  the a rc  d i s t ance  or cos t  was s e t  equal t o  a  l a rge  

number before the rou t ing  began. For example, i f  a  br idge has a  posted 

load l i m i t  of 10 tons  and the  vehic le  type has a  weight exceeding 10 

tons ,  then the  bridge a r c  was assigned a l a rge  d i s t ance  for a l l  t r i p s  

involving t h a t  vehic le  type. 

The 1982 t r a v e l  d a t a  taken from the ques t ionnai res  obtained from 

t h e  s tudy area  r e s i d e n t s  and farmers were coded i n t o  the  computer net- 

work. The computer then optimized the rout ings  for  a l l  1982 t r i p s  t o  

ob ta in  the  l e a s t  cos t  rout ings  of a l l  1982 t r a v e l  in  the  s tudy a reas .  



The bas ic  assumptions behind the network model used i n  t h i s  analy- 

sis are :  

1. Travel  c o s t s  a re  a l i n e a r  funct ion of d i s t ance  t rave led  fo r  

each veh ic l e  type. 

2. The number of t r i p s  from each o r i g i n  t o  each des t ina t ion  i n  

each time period by each veh ic l e  type is independent of 

changes i n  t h e  road system. 

3. Vehicle purchase dec is ions  a re  not a f f ec t ed  by the changes i n  

the  d i s t a n c e  between an o r i g i n  and a des t ina t ion  r e s u l t i n g  

from a change i n  the  road system. The changes i n  d i s t ance  

a r e  gene ra l ly  small.  

4. Vehicle t r i p s  leaving a s p e c i f i c  o r i g i n  for  a s p e c i f i c  

d e s t i n a t i o n  must leave t h a t  o r i g i n  and a r r i v e  a t  t h a t  

des t ina t ion .  

5. Vehicle d r i v e r s  s e l e c t  t r a v e l  routes  t o  minimize t r a v e l  

c o s t s .  

6. Vehicles with gross  weight g r e a t e r  than the  posted car ry ing  

capaci ty  of a br idge cannot c ross  t h a t  bridge. 

Detai led s p e c i f i c a t i o n s  of the  network model a r e  presented i n  Appen- 

d i x  A. 

The second s t e p  i n  es t imat ing  the  b e n e f i t s  was t o  reoptimize the 

t r a f f i c  flow t o  obta in  the  minimum t o t a l  cos t  of a l l  1982 t r a v e l  under 

t h e  assumption t h a t  s e l ec t ed  roads were el iminated from the system. In  

most cases ,  e l imina t ing  roads from the system w i l l  increase  t r a v e l  

miles  and c o s t s .  Thus, the d i f f e r e n c e  between the  t o t a l  cos t  of t r a v e l  



under the smaller  s i z e  road system obtained i n  s t e p  2 and the  c o s t  un- 

der  the o r i g i n a l  road system from s t e p  1 is defined as  the savings t o  

t h e  t r ave l ing  public  from keeping the analyzed roads i n  t h e  s tudy area 

system. 

School bus and post o f f i c e  t r a v e l  c o s t s  could not be est imated by 

the  network model because much of the  rout ing  of these veh ic l e  depends 

on how the routes  were s t ruc tu red  outs ide  the s tudy areas .  A l t e rna t ive  

methods were used t o  es t imate  the b e n e f i t s  to these veh ic l e s  from keep- 

ing the se l ec t ed  road i n  the  system. After se lec ted  roads were removed 

from the  system, e x i s t i n g  school bus routes  were rerouted v i s u a l l y  t o  

es t imate  t r a v e l  cos t s .  Pos ta l  s e rv ice  t r a v e l  c o s t s  before and a f t e r  

the  se l ec t ed  roads were el iminated from the system were est imated by 

o f f i c i a l s  from the  U.S. Post Office in Des Moines based on pos t a l  

routes  i n s i d e  and ou t s ide  each s tudy area.  

Costs 

The cos t  port ion of the benef i t -cos t  r a t i o  is defined as  the  annu- 

a l  cos t  of keeping the abandoned roads i n  the system. These c o s t s  

include:  

1. f ixed maintenance c o s t s  which are  assoc ia ted  with time and 

weather,  

2. v a r i a b l e  maintenance c o s t s  caused by vehic le  t r a f f i c ,  

3. the annualized cos t  of per iodic  resur fac ing  and r econs t ruc t ion  

and, 



4. the  ne t  oppor tuni ty  c o s t  of having the land i n  roads r a t h e r  

than i n  a g r i c u l t u r a l  production. 

Annual f ixed maintenance c o s t s  on paved roads include dra inage ,  

s igning  and major maintenance d i t c h i n g ;  these c o s t s  a re  independent of 

t r a f f i c  volume. Variable maintenance c o s t s  on paved roads include snow 

removal, r e su r fac ing ,  pa in t ing  l ane  s t r i p e s ,  patching,  and shoulder 

resur fac ing .  Variable maintenance c o s t s  on paved roads vary by su r face  

type and th ickness ,  subbase th ickness ,  number and weight of vehic le  

a x l e s ,  and number of veh ic l e  ax le  passes.  

Fixed c o s t s  on granular  roads include s igning ,  dra inage ,  snow 

removal and weed cont ro l .  Variable maintenance c o s t s  on granular  sur- 

face  roads include g rave l  r e su r fac ing  and bladeing. No es t ima tes  of 

t h e  impact of veh ic l e  ax le  weight a r e  ava i l ab le  on granular  and e a r t h  

surfaced roads. Major r econs t ruc t ion  and resur fac ing  c o s t s  vary by 

type of road and t r a f f i c  volume. The computer program for  es t imat ing  

maintenance, r e su r fac ing  and recons t ruc t ion  c o s t s  is presented i n  

Appendix B. 

The Data 

This sec t ion  descr ibes  the  d a t a  needed to  compute the benef i t -cos t  

r a t i o s ,  the  da ta  c o l l e c t i o n  method and a  summary of the c o l l e c t e d  da ta .  

The bas ic  road and br idge  investment s t r a t e g y  evaluated i n  t h i s  s tudy 

was t o  reduce the  number of roads i n  each of the th ree  s tudy a reas .  

Benefi t -cost  r a t i o s  were computed for  each study area  under the  assump- 

t i o n  t h a t  the  road system would be reduced by e l iminat ing  roads with no 



property or household access  poin ts .  I n  add i t ion ,  one benef i t -cos t  

r a t i o  was computed i n  t h e  Hamilton County s tudy area  under the  assump- 

t i o n  t h a t  a  s e t  of roads t h a t  have property and f i e l d  access  poin ts  

would be converted i n t o  p r i v a t e  roads. The d a t a  required t o  e s t ima te  

these  benefi t -cost  r a t i o s  include the following: 

1. The quan t i ty ,  o r i g i n s  and d e s t i n a t i o n s  of a l l  household and farm 

t r a v e l  by veh ic l e  type t h a t  o r i g i n a t e  or  terminate within t h e  s tu-  

dy areas .  

2 .  The quant i ty  and types of overhead t r a f f i c  t h a t  move through but 

do not o r i g i n a t e  or terminate i n  the s tudy areas .  

3. The t r a v e l  c o s t s  of each type of vehic le  t r ave l ing  i n  the  s tudy 

a reas .  

4. The miles and types of roads and the number and s i z e s  of bridges 

wi th in  the  s tudy areas .  

5 .  The cos t  of maintaining and rebui ld ing  the  roads and bridges i n  

t h e  s tudy areas .  

Quanti ty and Types of Travel  i n  the  Study Areas 

Data on personal and farm t r a v e l  were obtained by a t r a f f i c  survey 

of households and farms i n  the  th ree  s tudy areas .  The survey was 

conducted by the  Iowa S t a t e  Universi ty S t a t i s t i c a l  Laboratory. A l l  

in terviews were conducted by p ro fes s iona l  interviewers.  

The goal  of the  eurvey was t o  obta in  da ta  on 1982 t r a v e l  from a l l  

farm and non-farm r e s i d e n t s  i n  the three  s tudy areas .  The f i r s t  round 

of farm interviewing accounted for  about 75 percent of the  farm land 



w i t h i n  t h e  s t u d y  a r e a  b o r d e r s .  By mapping o u t  t h e  land covered by t h e  

completed q u e s t i o n n a i r e s ,  examining p l a t t  books and q u e s t i o n i n g  neigh- 

b o r s ,  t h e  m a j o r i t y  of t h e  l and  not  l i s t e d  i n  t h e  q u e s t i o n n a i r e s  was 

found t o  b e  farmed by o p e r a t o r s  who l i v e d  o u t s i d e  t h e  ten-mile by ten- 

mile s t u d y  a r e a s .  Farmers who o p e r a t e d  t h e  farm land n o t  covered i n  

t h e  i n i t i a l  round of i n t e r v i e w s  were l o c a t e d  and in te rv iewed .  These 

farmers  who l i v e d  o u t s i d e  t h e  s t u d y  a r e a s  b u t  farmed land w i t h i n  t h e  

s t u d y  a r e a s  a r e  r e f e r r e d  t o  a s  n o n r e s i d e n t  farmers  i n  t h e  remainder of 

t h i s  paper.  

Only f i v e  o u t  of 231 fa rmers  o p e r a t i n g  i n  t h e  Hamilton County s t u -  

dy a r e a ,  11 o u t  of 274 fa rmers  o p e r a t i n g  i n  t h e  Shelby County s t u d y  

a r e a  and 10 o u t  of 248 farmers  o p e r a t i n g  i n  t h e  Linn Csunty s t u d y  a r e a  

r e f u s e d  t o  b e  in te rv iewed .  Thus, t h e  farm i n t e r v i e w  r a t e  was 97.8 per -  

c e n t  i n  Hamilton County and 96 p e r c e n t  i n  Shelby and Linn c o u n t i e s .  

Neighbors were ques t ioned  about  t h e  farming c h a r a c t e r i s t i c s  of t h e  

r e f u s i n g  fa rmers .  In format ion  g a t h e r e d  from ne ighbors ,  a long  w i t h  

q u e s t i o n n a i r e  responses  from nearby fa rmers  w i t h  similar s i z e  farms,  

were used t o  c o n s t r u c t  q u e s t i o n n a i r e s  f o r  t h e  r e f u s i n g  farms. Resi- 

d e n t s  who d i e d  o r  moved ou t  of t h e  a r e a  s i n c e  1982 were a l s o  accounted 

f o r  by i n t e r v i e w i n g  ne ighbors  and f r i e n d s .  Q u e s t i o n n a i r e s  from re- 

spondents  w i t h  s i m i l a r  c h a r a c t e r i s t i c s  were then s u b s t i t u t e d  f o r  t h e s e  

r e s i d e n t s .  

A l l  non-farm r u r a l  households i n  t h e  Hamilton and Shelby s t u d y  

a r e a s  were t a r g e t e d  t o  be in te rv iewed .  Only e i g h t  o u t  of 125 non-farm 

households  i n  t h e  Hamilton County s t u d y  a r e a  and 10 o u t  of 170 non-farm 



households i n  the  Shelby County study area  refused t o  be interviewed. 

Thus, the  non-farm household in terv iew r a t e  was 93.6 percent i n  

Hamilton County and 94.1 percent  i n  Shelby County. Neighbors were 

questioned about the  c h a r a c t e r i s t i c s  of households t h a t  refused t o  be 

interviewed or  r e s i d e n t s  who died or  moved out of the  s tudy area  s ince  

1982. Responses from ques t ionnai res  obtained from nearby households of 

s imi la r  s i z e  and type were used for  the  missing households. 

Time and money c o n s t r a i n t s  prohibi ted interviewing the many non- 

farm r u r a l  households i n  the  Linn County study area. Therefore, a 

sampling procedure was devised t o  obta in  da ta  from these  households. 

F i r s t ,  a "windshield" survey of the  e n t i r e  Linn County study area  was 

made t o  pre-identify farm and non-farm households. Of the  445 i den t i -  

f ied  farm households, 245 turned out  t o  be non-farm households. A l l  of 

these  households were asked for  an interview. A t o t a l  of 14 households 

refused t o  be interviewed, r e s u l t i n g  in  a 94 percent response r a t e .  A 

random a rea  sample of the  remaining non-farm households was drawn a t  a 

sampling r a t e  of one out  of 12. Only 12 sampled non-farm households 

refused t o  be interviewed fo r  an 83 percent  response r a t e .  The 59 non- 

farm interviews were then expanded 11 times a t  the locat ion of each of 

the  59 interviewed loca t ions ;  tha t  is, the  responses on each question- 

n a i r e  were assigned t o  11 add i t iona l  households located a t  the same 

node as  the  interviewed household. 

The Hamilton and Linn study areas  each contained one incorporated 

town. Data on t r a v e l  pa t t e rns  of r e s iden t s  of these towns were ob- 

tained by an a rea  sample of households. One household was sampled for  



every 11 households. Data for  the remaining households were obtained 

by expanding the sampled ques t ionnai res .  

Table 1 p resen t s  a  summary of the  number and type of interviews by 

s tudy area.  The t o t a l  number of farms was near ly  i d e n t i c a l  i n  each of 

t h e  th ree  study areas.  The t o t a l  number of farm and non-farm house- 

holds was almost exact ly  the  same i n  the Hamilton and Shelby County 

areas .  However, t he  Linn County study area  had about four  times as 

many households as  the Hamilton and Shelby County study areas .  

A major e f f o r t  was made t o  v a l i d a t e  the ques t ionnai re  response and 

interviewer qua l i ty .  Telephone c a l l s  were made t o  10 percent of the 

households and farms interviewed by each interviewer t o  v a l i d a t e  the 

i n i t i a l  ques t ionnai res .  The answers obtained through the  v a l i d a t i o n  

c a l l s  were e s s e n t i a l l y  the  same as  the i n i t i a l  answers. I n  addi t ion ,  

a l l  d iscrepancies  between answers within ques t ionnai res  or  unclear 

responses were resolved by telephone c a l l s  t o  the  i n i t i a l  respondents.  

Separate ques t ionnai res  were developed for  farm and non-farm 

respondents.  A summary of the  main information requested in the ques- 

t i o n n a i r e s  is presented i n  Table 2. The farm ques t ionnai re  asked for 

a l l  the information contained i n  Table 2. The non-farm ques t ionnai re  

asked for  information on items 1 and 14-17 in  Table 2 .  Copies of the 

farm and non-farm ques t ionnai res  a re  presented in  Appendix E. 

P a r t i a l  Survey Results  

Responses t o  the ques t ionnai res  provided a l a r g e  amount of in- 

formation on farm and non-farm t r a v e l  pa t t e rns .  Tables 3,  4  and 5 

summarize se lec ted  s e t s  of the  quest ionnaire da ta .  



Table 1. Summary of farm and non-farm interviews and sample expansion in 
the  Hamilton, Shelby and Linn County study areas .  

Descript ion 
Hami 1 ton Shelby Linn 

Households Farms Households Farms Households Farms 

Study a rea  farm 
interviews 

Nonresident farm 
interviews 

Farm refusals** 

Rural non-farm 
interviews 

Rural non-farm 
r e f u s a l s  

Town household 
sample interviews 

Small town household 
expans ion 

Linn County non-farm 
sample interviews 

Linn County sample 
r e f u s a l s  

Linn County non-farm 
sample expans ion 

TOTAL 

*Household t r a v e l  information was not taken fo r  nonresident farmers. 

**Includes nonresident farm re fusa l s .  



Table 2. Sumary of information requested on the quest ionnaires .  

Information requested 

1. Exact locat ion of respondent's home and land t r a c t s .  

2. Number of acres  i n  each t r a c t .  

3. Access points  for  each lend t r a c t .  

4. Location of land t r a c t s  ou ts ide  study area. 

5. Information about a  farming par tner ,  i f  appl icable .  

6. Del iver ies  made t o  each t r a c t .  

a )  Number of de l iver ies .  

b) Name and locat ion of dealer  making the del ivery.  

C )  Type of vehicle  used for  de l i ve r i e s .  

7. Al ternate  routes  (those d i f f e r en t  than the shor tes t  route) .  

8. Origin,  des t ina t ion  and number of pickup truck t r i p s  by farmers. 

a)  Tract-to-tract t rave l .  

b) Off-farm t rave l .  

9. Origin and des t ina t ion  of farm equipment t rave l  from one t r a c t  

t o  another t r a c t .  

a)  Type of vehicle .  

b)  Number of times veh ic le  entered each t r a c t .  

10. Number and s i z e  of combines used. 

11. Number and s i z e  of t r a c t o r s  used. 

12. Total  number s i z e  of trucks. 

13. Intra-farm and off-farm product hauling. 

a)  Products hauled. 

b) Number of t r i p s .  

C )  Dest inat ion of hauling. 

d )  Type of vehicle .  

14. Demographic informat ion. 

15. Detai led information on personal t r ave l .  

16. Del iver ies  made t o  the house. 

a )  Number of t r i p s .  

b)  Origin of t r i p s .  

C )  Type of vehicle .  

17. T r a f f i c  coming onto homestead. 

a) Number of v i s i t o r s .  

b)  Origin of the t r a f f i c .  

C )  Type of vehicle .  



Table 3. D i s t r i b u t i o n  of number of t r a c t s  per farm and average acres  
per farm i n  each t r a c t  group by county s tudy area.* 

Study 
a rea  

Aver age 
Number ac res  Percent Number Percent 

of per of t o t a l  of of t o t a l  
t r a c t s  farm ac res  farmers farmers 

-- - - 

Hamilton 1 

2 

3-5 

6-8 

9-11 

12-14 

Shelby 

L inn 

*Excludes nonresident farmers. 



Table 3 p resen t s  the  d i s t r i b u t i o n  of the  number of s p a t i a l l y  sepa- 

r a t e d  t r a c t s  of land operated by indiv idual  farmers. The d i s t ance  

sepa ra t ing  mul t ip l e  t r a c t  farms i s  a major determinant of the  amount of 

road t r a v e l  by farmers t o  p l a n t ,  c u l t i v a t e ,  ha rves t ,  and haul the crops 

t o  market or t o  on-farm s torage .  Single t r a c t  farms r equ i re  l i t t l e ,  i f  

any, road t r a v e l  t o  reach the f i e l d s .  

The percent  of farmers opera t ing  s ing le  t r a c t  farms was 23.0 per- 

cent  i n  Hamilton County, 25.7 percent  i n  Shelby County and 35.0 percent  

i n  Linn County. These s i n g l e  t r a c t  farmers,  with an average of 137 and 

142 acres  per farm i n  the  Hamilton and Shelby s tudy areas  and 86 acres  

per farm i n  the  Linn County a rea ,  operated a d i sp ropor t iona te ly  small 

percent  of the  t o t a l  farm acres  i n  the  t h r e e  s tudy areas .  Out of the 

t o t a l  acres  of farmland i n  the th ree  s tudy areas  t h a t  were farmed by 

s tudy area  r e s i d e n t s ,  only 8.0, 11.0 and 10.5 percent  were operated as  

s i n g l e  t r a c t  farms i n  the  Hamilton, Shelby and Linn s tudy a r e a s ,  re- 

spec t ive ly .  

Two-tract farms made up 23.6, 25.7 and 21.0 percent  of the  r e s i -  

dent  farmed land i n  the  Hamilton, Shelby and Linn study a reas ,  respec t -  

i ve ly .  The average s i z e  of the  two-tract farm was over 200 ac res .  The 

l a r g e s t  percent of farmers i n  the Hamilton and Shelby s tudy areas--40.8 

percent i n  Hamilton and 42 percent  in  Shelby--operated th ree  t o  f i v e  

t r a c t s  of land. Farms of s i x  or more t r a c t s  of land contained 30,  15 

and 48 percent  of t h e  land farmed by r e s iden t  farmers in  the Hamilton, 

Shelby and Linn County s tudy a reas .  The Linn County s tudy area had the 



l a r g e s t  percent  of s i n g l e  t r a c t  farms as  well  as the l a r g e s t  percent  of 

very l a r g e  farms. 

Table 4 presents  the  t o t a l  and average number of vehic les  used on 

r e s i d e n t  farms i n  the  th ree  s tudy areas .  A s  expected, the  most numer- 

ous veh ic l e  used was the  farm t r a c t o r .  There were 924 t r a c t o r s  i n  the  

Hamilton County s tudy a rea ,  near ly  1,200 t r a c t o r s  i n  the  Shelby County 

a r e a ,  and 841 t r a c t o r s  i n  the  Linn County s tudy area  fo r  an average of 

4.1, 4.5 and 3.2 t r a c t o r s  per farm, r e spec t ive ly .  The second most 

numerous vehic le  used was the  pickup t ruck  averaging between 1.2 and 

1.5 pickup t rucks  per farm. The most numerous la rge  t ruck used was the  

s i n g l e  ax le  t ruck;  one out  of three  Hamilton County s tudy area  farmers,  

one out  of two Shelby County s tudy a rea  farmers,  and two out  of f i v e  

Linn County s tudy area  farmers had a s ing le  axle truck. 

The Shelby and Linn study a rea  farmers owned more t rucks of a l l  

s i z e s  than the Hamilton s tudy area  farmers. One might conclude t h a t  

the  absence of any r a i l r o a d  l i n e s  in  Shelby County could be the  reason 

fo r  the  l a rge  number of t rucks  i n  the  Shelby study area.  However, the 

Linn County s tudy area  had more l a rge  t rucks than the other  two a r e a s ,  

and Linn County has more r a i l r o a d  l i n e s  than Hamilton County and, in- 

deed, more r a i l r o a d  l i n e s  than most Iowa counties .  A more reasonable 

explanat ion fo r  the l a rge  number of t rucks in the Linn and Shelby s tudy 

a reas  may be the loca t ion  of major g ra in  markets a t  Cedar Rapids and 

Cl in ton  for  the  Linn County farmers,  and a t  Council Bluf fs  and Omaha 

for  Shelby County farmers. Grain farmers in  Hamilton County s e l l  most 

of t h e i r  g r a i n  through u n i t - t r a i n  g r a i n  e l eva to r s  which a re  t y p i c a l l y  

located within 10 miles of most farms i n  the Hamilton s tudy area .  



Table 4. Average, t o t a l  and maximum number of vehic les  per farm by 
type of veh ic l e  and s tudy area.* 

Average Maximum 
T o t a l  veh ic l e s  number 

Study Type of number per of v e h i c l e s  
a r e a  vehic le  of veh ic l e s  farm per farm 

Hami 1 ton Trac tor  

Pickup 

Single  ax le  t ruck  

Tandem axle  t ruck 

Semi t r a i l e r  t ruck  

Shelby Tract  or  

Pickup 

Single axle t ruck  

Tandem ax le  t ruck 

Semi t r a i l e r  t ruck  

L inn Trac tor  

Pickup 

Single  ax le  t ruck  

Tandem axle  t ruck 

Semi t r a i l e r  t ruck  

*Excludes nonresident  farmers. 



Table 5 p resen t s  the average number of personal  t r i p s  per 

household per day i n  the th ree  s tudy areas.  The percent of households 

with l e s s  than one personal  t r i p  per day ranged from 21 percent  i n  the  

Linn s tudy a rea  t o  40 percent  i n  the Shelby s tudy area .  About 

one-third of the  households i n  a l l  t h ree  a reas  made 1.0 t o  1.9 personal  

t r i p s  per day. The percent  of households with two or  more t r i p s  per 

day was 28 percent  i n  the  Shelby a rea ,  38 percent  i n  the  Hamilton a rea ,  

and 46 percent  i n  the  Linn area.  Thus, the  Linn area  had the  l a r g e s t  

number of t r i p s  per day, followed by Hamilton and then Shelby. 

Table 6 presen t s  the  t o t a l  number and age d i s t r i b u t i o n  of the 

r e s i d e n t s  i n  the  th ree  s tudy areas .  The Linn County a rea  has about 

e i g h t  times a s  many non-farm re s iden t s  as the  Hamilton and Shelby 

areas .  Moreover, a  much higher percent of the  Linn non-farm r e s i d e n t s  

a r e  l e s s  than 50 years  old. 

The t o t a l  number of farm r e s i d e n t s  ranged from 533 i n  the Hamilton 

s tudy a rea  t o  639 i n  the  Shelby area .  With the  exception of the Linn 

s tudy a rea  r e s iden t s ,  the  farm groups had a  lower share of t h e i r  popu- 

l a t i o n  over 59 years of age. The age d i s t r i b u t i o n  da ta  suggest t ha t  

farm personal  t r a v e l  as  a  percent of t o t a l  t r a v e l  should be higher than 

non-farm personal  t r a v e l .  However, the da ta  on number of t r i p s  per day 

i n d i c a t e  t h a t  the non-farm population use the county roads for  personal  

t r a v e l  more o f t en  than the  farm population. 
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Table 6 .  Percent age d i s t r i b u t i o n  and t o t a l  number of r e s iden t s  in  
the  three  s tudy areas .  

Percent of r e s i d e n t s  
Age in  Farm Non-farm 
years  Hamilton Shelby Linn Hamilton Shelby Linn 

Tot a1 

Tota l  number 
of r e s iden t s  533 639 619 507 464 3,913 

Other Travel Data 

The farm and household survey d a t a  and the  post o f f i c e  and school 

bus da ta  provided information on a l l  t r a f f i c  o r ig ina t ing  and/or termin- 

a t i n g  wi th in  each study area.  However, these d a t a  did not include 

information on overhead t r a f f i c  which traveled through but d id  not 

o r i g i n a t e  or terminate in  the areas.  

Omission of overhead t r a f f i c  was thought t o  be most se r ious  in  the  

Linn County a r e a  because of t r a f f i c  which might be commuting through 

the  s tudy area  t o  and from Cedar Rapids. Therefore, an agreement was 

reached with the Iowa Department of Transportat ion and the Linn County 



engineers  o f f i c e  t o  conduct an overhead t r a f f i c  survey in  the Linn 

study area.  Two loca t ions  on paved roads and one loca t ion  on a gravel  

road were, s e l ec ted  t o  conduct a "stop and go" survey. 

A l l  vehic les  passing the  survey loca t ion  were stopped and asked 

t h e i r  en t ry  and e x i t  po in t s  i n  the  study areas.  I n  add i t ion ,  the type 

of vehic le  was recorded. The d r i v e r s  were a l s o  asked i f  they l ived in  

the  Linn County study area;  i f  they d id ,  t h e i r  t r a f f i c  was not counted. 

The vehic les  were stopped and the d r i v e r s  were asked these quest ions 

from 7:00 a.m. t o  1:00 p.m. on one day and 1:00 p.m. t o  7:00 p.m. on 

the  following day. Automatic counters  were placed a t  these loca t ions  

from 7:00 p.m. u n t i l  7:00 a.m. the  next day. The co l l ec ted  d a t a  were 

expanded t o  annual t r a f f i c  es t imates  by mult iplying by a conversion 

f ac to r  of 1.017 times 365 days. The conversion f a c t o r  was obtained 

from the Iowa Department of Transportat ion and was an average for  the  

s t a t e .  

Study Area Road Systems 

The th ree  s tudy a reas  chosen in  Hamilton, Shelby and Linn Counties 

each measured ten mi les  by ten  miles.  I n  addi t ion ,  a border a rea  of 

three  miles on a l l  s ides  of each study area was included in  the model. 

However, the only t r a f f i c  considered i n  the three-mile border a rea  was 

t r a f f i c  o r ig ina t ing  or terminat ing in  the s tudy area  tha t  terminated or 

or ig ina ted  i n  the  border areas.  Table 7 presents  the  number of miles 

of road by type of sur face  in  each study area  and border area.  



The d a t a  i n  Table 7 i n d i c a t e  t h a t  the  q u a l i t y  of the  county road 

systems i s  higher  i n  the  Hamilton and Linn s tudy areas  than i n  the 

Shelby s tudy area .  Over one-fourth of the Hamilton and Linn s tudy a rea  

roads a r e  paved, compared t o  only 11 percent  paved i n  the  Shelby area.  

Over one-half of the  Shelby County s tudy area  roads were o i l  or  e a r t h  

sur faced ,  whereas the Hamilton s tudy area  had no o i l  surfaced roads and 

only one percent e a r t h  surfaced roads. The Linn s tudy a rea  had no 

o i l e d  roads and only four  percent e a r t h  surfaced roads. 

Table 7. Miles of road i n  each s tudy and border a rea  by type of 
of sur face .  

Study a r e a  
Hami 1 ton Shelby Linn 

Type of road Miles Percent Miles Percent Miles Percent 

Study area  

Paved 57.5 28.5 23.5 11.5 56.2 26.0 

Gravel 142.2 70.5 75.0 36.7 151.2 70.0 

Ear th  2.0 1 .O 31.7 15.5 8.7 4.0 

Oiled 

Tota l  

Border a rea  

Paved 120.7 41.4 99.0 34.3 82.3 35.1 

Gravel 170.0 58.4 116.0 40.2 148.5 63.2 

Earth 0.5 0.2 28.0 9.7 4.0 1.7 

Oiled 0 0 45.5 15.8 0 0 -- ---- 
Total  



Unpaved Road Maintenance Costs  

No published or unpublished research  was found on unpaved road 

maintenance cos t s .  Therefore,  the  unpaved road maintenance c o s t  e s t i -  

mates used i n  t h i s  a n a l y s i s  were developed from d a t a  provided by the 

county engineers  i n  t h e  th ree  s tudy areas .  Table 8 presen t s  the  cos t  

per  u n i t  used t o  develop the annual maintenance cos t  per year.  

Table 8. Estimated maintenance c o s t s  per ton or per mile  on gravel  
roads by study a rea ,  1982. 

Type of cos t  
Study a r e a  

Hamilton Shelby Linn 

Gravel per ton $3.67 $8.00 $ 7.00 

Bladeing per mile per pass 21 .OO 21 .OO 21 .OO 

Snow removal per mile  475.70 475.70 475.70 

Signing per mile 100.00 100.00 100.00 

Culver t  r e p a i r s ,  weed con t ro l  
and minor d i t ch ing  per mile 300.00 300 .OO 300 .OO 

Culver t  replacement per mile 200.00 200.00 200.00 

Major d i t ch ing  removal of 400 
cubic yards of d i r t  per mile  800.00 800.00 800.00 

Gravel and bladeing c o s t s  a r e  assumed t o  vary with t r a f f i c  l eve l s .  

A l l  o the r  c o s t s  a r e  assumed to  be independent of t r a f f i c  l e v e l s .  The 

major d i f f e rences  i n  the cos t  equat ions is the variance i n  g rave l  c o s t s  

per  ton which a re  a  r e s u l t  of the  d i s t ance  gravel  must be t r anspor t ed ,  

t e r r a i n  and frequency of maintenance a c t i v i t y .  



The county engineer in  each study area  county used the cos t  da ta  

i n  Table 8 t o  es t imate  the following maintenance cos t  equat ions for  

g rave l  roads in  each of the three  study areas :  

CH = $2,370 + $4.70X (1) 

Cs = 2,765 + 8.75X (2) 

CL = 2,525 + 6.25X ( 3 )  

where: 

CH = annual maintenance cos t  on g rave l  roads in  Hamilton 

County; 

CS = annual maintenance cos t  on g rave l  roads in  Shelby 

County; 

CL = annual maintenance cost  on gravel  roads in  Linn 

County; 

X = average number of vehic les  per day. 

The inaintenance cos t  equation for  e a r t h  surfaced roads was e s t i -  

mated by e l iminat ing  gravel  c o s t s  from the Hamilton study area e s t i -  

mates i n  Table 8. The r e s u l t i n g  cost  equation for  e a r t h  sur faces  i s :  

CD ' $2,026 + $1.52X ( 4  ) 

where : 

CD = average ea r th  and o i l ed  surfaced road maintenance 

cos t  in  each of the  three  study areas .  

No da ta  were ava i l ab le  on o i l  sur face  roads maintenance cos ts .  There- 

fo re ,  the  e a r t h  sur face  maintenance cos t  funct ion was used for  o i l  

sur face  roads. 



Paved Road Maintenance Costs 

The annual f ixed  maintenance c o s t s  for  paved roads included 

shoulder maintenance, s t r i p i n g  and pa in t ing ,  patch and c r a c k - f i l l i n g ,  

s igning ,  dra inage ,  and weed con t ro l .  The paved road fixed maintenance 

c o s t s  fo r  each county, est imated by the county engineer i n  each s tudy 

a rea ,  a r e  a s  follows: 

Paved road 
annual f ixed  

County 
Hamilton 

maintenance c o s t s  
$1,160 

Shelby 1,083 

Linn 1,400 

The Iowa Department of Transportat ion r e p o r t s  average t o t a l  annual 

maintenance c o s t s  by county and su r face  type. The annual paved road 

f ixed  c o s t s  per mile  were subt rac ted  from the Iowa Department of Trans- 

po r t a t ion  average 1982 t o t a l  paved road maintenance c o s t s ;  the remain- 

der  was defined a s  the average annual paved road va r i ab le  maintenance 

c o s t .  The average va r i ab le  maintenance c o s t s  were then assigned t o  the 

paved roads i n  t h e  s tudy i n  proport ion t o  the  type of vehic les  t r ave l -  

ing on t h a t  road i n  the  following manner: 

1. Data were c o l l e c t e d  on the design term, s t r u c t u r a l  number, s l a b  

thickness and type of pavement for  a l l  paved roads i n  the t h r e e  

s tudy areas .  The design term is an ind ica to r  of the  e f f e c t i v e  

th ickness  of t h e  sur face ,  base and subbase of the road. I t  was 

used t o  c a l c u l a t e  the  remaining 18-kip app l i ca t ions  t o  the road 

before r e su r fac ing  is required.  The t o t a l  l i f e t i m e  18-kip 



app l i ca t ions  were d iv ided  by the  expected l i f e  of t h e  road t o  

ob ta in  a year ly  18-kip load app l i ca t ion  fo r  the road. An 18-kip 

is an 18,000 lb .  weight pass  over the  road surface.  The 

s t r u c t u r a l  number was used t o  determine the  18-kip equivalence of 

a l l  s i n g l e  and tandem ax le  loadings on f l e x i b l e  pavements and t h e  

s l a b  thickness was used t o  es t imate  the 18-kip equivalance of a l l  

s i n g l e  and tandem ax le  loadings on r i g i d  pavements. 

2. Data on the type of ax le  and weight on each axle were co l l ec t ed  

f o r  a l l  veh ic l e s  t r ave l ing  in the  three  study areas.  The a x l e  

type and weight,  along with the s t r u c t u r a l  number and s l a b  

th ickness  were used t o  c a l c u l a t e  the  number of 18-kip loads each 

veh ic l e  appl ies  t o  a road with each pass. 

3. The number of t r i p s  each type of veh ic l e  makes on each road was 

obtained from the  t r a f f i c  flow es t imates  from t h e  network model. 

The number of t r i p s  per year by each veh ic l e  type on each road was 

mul t ip l ied  by the  appropr ia te  18-kip equivalence t o  es t imate  the  

number of 18-kip app l i ca t ions  t o  each road i n  1982. The number of 

18-kip app l i ca t ions  was summed over a l l  vehic les  t o  obta in  the 

t o t a l  number of 18-kips applied t o  each road in 1982. 

4. The t o t a l  number of 18-kip app l i ca t ions  in 1982 was divided by the 

average annual kip app l i ca t ion  remaining i n  the road and then 

mul t ip l i ed  by the  average va r i ab le  maintenance c o s t s  of t h a t  road 

t o  es t imate  the va r i ab le  maintenance c o s t s  for t h a t  road. 

This procedure accounted for  the weight app l i ca t ion  of d i f f e r e n t  vehi- 

c l e  types on d i f f e r e n t  road sur faces .  I t  a l s o  provided es t imates  of 



t h e  change i n  va r i ab le  maintenance c o s t s  on roads t h a t  have increased 

or decreased t r a f f i c  r e s u l t i n g  from d i f f e r e n t  county road investment 

s t r a t e g i e s .  

Resurfacing and Reconstruct ion Costs  

I n  addi t ion  t o  annual maintenance c o s t s ,  roads must be periodi-  

c a l l y  resurfaced and, l e s s  o f t e n ,  completely recons t ruc ted .  Table 9 

shows the  frequency which r e su r fac ing  and r econs t ruc t ion  c o s t s  were 

charged t o  d i f f e r e n t  type of roads. The resur fac ing  and r econs t ruc t ing  

c o s t s  for  each type of road were obtained from the Iowa Department of 

Transpor ta t ion  and were converted t o  annual c o s t s  by a  c a p i t a l  recovery 

forumla using a  1982 r e a l  i n t e r e s t  r a t e  of 5 . 6  percent  per year.  The 

d e t a i l e d  procedures for  es t imat ing  maintenance, r econs t ruc t ion  and 

r e su r fac ing  c o s t s  a re  presented i n  Appendix B. 

Table 9. Frequency of road r e su r fac ing  and recons t ruc t ion  by road 
su r face  i n  years .  

Surface 
type 

Frequency i n  years  
Resurfacing Reconstruct ion 

Paved 

Gravel 

Ear th  



Pr iva te  Drive Maintenance and Reconstruction Costs 

Maintenance cos t  d a t a  for  p r iva te  roads were obtained on s i x  pri-  

v a t e  dr ives  tha t  had been converted from public roads or p r iva te  dr ives  

constructed by the  Iowa Department of Transportat ion and turned over t o  

p r i v a t e  ownership i n  Iowa. Two p r iva te  d r ives  se rve  non-farm house- 

holds,  two serve small t o  medium s i z e  farms, one serves a  l a r g e  farm 

and one serves a  f i e l d  access d r ive  only. The maintenance c o s t s  ob- 

tained from the owners o r  r e s i d e n t s  of these p roper t i e s  a r e  presented 

i n  Table 10. The average annual maintenance c o s t s  were $1,437 per 

mile fo r  p r iva te  d r ives  serving households only,  $1,509 per mile for  

d r ives  serving small t o  medium s i z e  farms, $2,382 per mile for  a  pri- 

v a t e  d r ive  serving a l a r g e  farm and $460 per mile for  a  d r ive  serving 

f i e l d s  only. I n  addi t ion  t o  annual maintenance c o s t s ,  the  p r iva te  

d r ives  in  the  Hamilton County study area  were charged a recons t ruc t ion  

cos t  of $7,824 per mile annualized over 60 years.  

A l a r g e  share  of the  annual p r iva te  d r i v e  maintenance c o s t s  was 

for  resurfac ing  and grading. The r e l a t i v e l y  small d i f f e rence  between 

maintaining a residence driveway compared t o  dr ives  serving small t o  

medium s i z e  farm d r i v e s  is probably due t o  the cos t  e f f i c i e n c i e s  of 

having a t r a c t o r  front-end loader ,  sprayer and mower on the  farms. 

Thus, even though the  t r a f f i c  is heavier on the farm d r i v e s ,  the  annual 

maintenance cost  is only s l i g h t l y  higher than on residence d r ives .  
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Bridges i n  t h e  Study Areas 

Table' 11 presen t s  da ta  on bridge numbers, s i z e ,  and condit ions in 

the  three  s tudy areas.  The Shelby and Linn study areas  have the larg-  

e s t  number, t he  l a r g e s t  average s i z e  and the  most bridges having load 

r a t i n g s  below the l ega l  Limi t :  of 40 tons. Bridge maintenance c o s t s  i n  

the  th ree  s tudy a reas  were estimated by the county engineers t o  be 80 

cen t s  per square foot annually t o  keep the  bridges in  an "as is" condi- 

t i on .  

Table 11. Tota l  number, s i z e  and condit ion of the  bridges in  the  
Hamilton, Shelby and Linn study areas.  

Hamilton Shelby Linn 

Number of bridges 31 58 59 

Average bridge s i z e  
i n  square f e e t  

Smallest br idge 
i n  square f e e t  

Largest br idge 
in  square f e e t  

Number of bridges with l e s s  
than 40 tons  load r a t i n g  3 46 36 

Vehicle Travel  Costs  

Over 100 d i f f e r e n t  types of vehic les  t raveled over the county 

roads i n  the  t h r e e  study areas .  F ~ r m  t r a c t o r s  alone were reported t o  

p u l l  25 d i f f e r e n t  types of t r a i l i n g  equipment or  wagons. In addi t ion ,  

the re  were many d i f f e r e n t  s i zes  of the  same type of vehic le  such as  

combines and t r a c t o r s .  The l a rge  number of vehic les  made it necessary 



t o  group seve ra l  d i f f e r e n t  types of veh ic l e s  together  and t o  es t imate  

c o s t s  ,for a t y p i c a l  veh ic l e  i n  the  group. 

Travel  c o s t s  per mile  were estimated for  a l l  major groups of vehi- 

c l e s  t r ave l ing  on the  county roads i n  the  th ree  s tudy areas .  The major 

veh ic l e  groups a r e  automobiles,  pickup t rucks ,  school buses, commer- 

c i a l l y  owned vans and t rucks ,  garbage t rucks ,  farmer-owned s i n g l e  ax le ,  

tandem axle  and s e m i t r a i l e r  t rucks ,  farm combines, and farm t r a c t o r s  

p u l l i n g  g r a i n  wagons or  farm t i l l a g e  equipment. 

Variable opera t ing  c o s t s  per mile were estimated fo r  each of these  

veh ic l e  groups opera t ing  on paved, g rave l  and e a r t h  su r face  roads. 

Variable opera t ing  c o s t s  inc lude  f u e l ,  o i l ,  t i r e s ,  maintenance and 

t r a v e l  time. These c o s t s  r e f l e c t  the marginal cos t  of d r iv ing  an addi- 

t i o n a l  mile on each of the th ree  types of road su r faces .  Fixed c o s t s  

including time-related deprec ia t ion ,  insurance and l i censes  were not 

included i n  the opera t ing  c o s t s  because they a r e  l a rge ly  independent of 

veh ic l e  miles .  There is a small component of insurance premiums t h a t  

is mileage-related,  bu t  t h i s  cos t  a l s o  v a r i e s  by d r i v e r  age and sex and 

purpose and d i s t ance  of the t r i p .  The l a rge  number of va r i ab le s  

a f f e c t i n g  the  small  amount of mileage-related insurance c o s t s  essen- 

t i a l l y  made it  impossible t o  bui ld  these  c o s t s  i n t o  the  ana lys i s .  

Variable c o s t s  a re  assumed t o  be a l i n e a r  funct ion of the  number 

of miles  t raveled on each su r face  type. Therefore,  a l l  est imated c o s t s  

a r e  est imated i n  cen t s  per mile.  The c o s t s  a r e  based on 1982 p r i c e s  

and r e p r e s e n t a t i v e  veh ic l e s .  I n  cases where 1982 p r i c e s  were not 

a v a i l a b l e ,  the  non-1982 p r i c e s  were adjusted t o  1982 p r i c e  l e v e l s .  



The da ta  used t o  develop the  v a r i a b l e  cos t  funct ions  were gathered 

from t h r e e  general  sources of da ta .  F i r s t ,  published and unpublished 

r e sea rch  were used whenever poss ib l e  . Second, indus t ry  sources such as  

automotive, t ruck ,  and farm equipment manufacturers and d e a l e r s ,  t i r e  

manufacturers and d e a l e r s ,  automotive p a r t s  and petroleum d e a l e r s ,  and 

t ruck  and farm equipment owners were asked t o  provide t h e  necessary 

d a t a .  Third,  expe r t s  such as  a g r i c u l t u r a l  engineers ,  i ndus t ry  execu- 

t i v e s ,  and researchers  were asked t o  provide da ta  not a v a i l a b l e  e l se -  

where. I n  some cases ,  one of these  general  d a t a  sources provided a l l  

t h e  necessary da ta .  I n  o ther  i n s t ances ,  a  combination of the th ree  

sources was used to  provide the appropr ia te  information. 

The p r i ces  and d a t a  co l l ec t ed  were not co l l ec t ed  from random sam- 

p l e s  because random sample da ta  were not ava i l ab le .  Consequently, no 

var iances  or o ther  s t a t i s t i c a l  measures r e l a t i n g  t o  the d i s t r i b u t i o n  of 

t h e  cos t  es t imates  a re  provided. The d e t a i l s  of the  es t imat ion  proce- 

dure  a r e  presented i n  Appendix C. 

The da ta  were genera l ly  gathered for  a  t y p i c a l  "representat ive" 

veh ic l e  t r ave l ing  on r u r a l  road sur faces  and not for  the spectrum of 

each veh ic l e  type. For example, the da ta  used t o  develop the auto- 

mobile va r i ab le  cos t  per mile , r e f l ec t  operat ing c h a r a c t e r i s t i c s  of a  

1978 3,500 lb.  automobile, such as  a  Chevrolet Caprice C las s i c ;  the 

pickup truck da ta  r e f l e c t  opera t ing  c h a r a c t e r i s t i c s  of a  1978 3,500 lb.  

pickup t ruck ,  such as a  360 cubic inch V-8 Dodge pickup truck.  The 

s e l e c t i o n  of the r ep resen ta t ive  vehic les  used t o  develop the va r i ab le  

c o s t  es t imates  was based upon frequency d i s t r i b u t i o n s  of vehic le  types 



obtained from the  county veh ic l e  r e g i s t r a t i o n  f i l e s  along with personal  

communications wi th  public  and p r i v a t e  sec to r  sources. 

Variable c o s t s  per mile were est imated for  empty and loaded t r a v e l  

fo r  t rucks  and farm t r a c t o r s  pu l l ing  wagons. The cos t  es t imates  for  

t hese  veh ic l e s  presented i n  Tables 12 and 13 a r e  averages of loaded and 

empty v a r i a b l e  c o s t  per mile.  Table 12 p resen t s  the est imated t o t a l  

v a r i a b l e  cos t  i n  cen t s  per mile for  road veh ic l e s  on paved, gravel  and 

e a r t h  su r faces .  The automobile and the  pickup t ruck ,  chosen t o  repre- 

s en t  the  1982 f l e e t  of c a r s ,  had va r i ab le  c o s t s  of 20 and 24 c e n t s  per 

mile  on paved su r faces ,  r e spec t ive ly .  Vehicles  with v a r i a b l e  c o s t s  

between 31.2 t o  39.8 c e n t s  per mile on paved sur faces  include school 

buses,  pickup trucks pul l ing  a  t r a i l e r ,  farmer-owned s i n g l e  axle 

t rucks ,  tandem axle  t rucks ,  and s e m i t r a i l e r s .  Commercial vans and 

s e m i t r a i l e r  t ruck  va r i ab le  c o s t s  were 40.2 and 53.5 cents  per mi l e ,  

r e spec t ive ly .  The primary reason t h a t  commercial t rucks  had higher  

c o s t s  per mile  than farmer-owned t rucks  was the  wage r a t e  charged fo r  

t rucks .  The wage r a t e s  used were $3.60 per hour for farmer-owned 

t rucks  and $8.60 per hour for  commercial t rucks .  These a re  the typ ica l  

non-union wage r a t e s  paid i n  1982 i n  r u r a l  a reas  and they a r e  

s i g n i f i c a n t l y  lower than union wage r a t e s .  

V i r t u a l l y  a l l  va r i ab le  cos t  components were higher for  garbage 

t rucks  than for  a l l  o ther  road veh ic l e s .  The c o s t s  a re  higher  primari- 

l y  because of the  continuous "stop and go" t r a v e l  p a t t e r n  of garbage 

t rucks .  



Table 12. Estimated 1982 road vehic le  v a r i a b l e  cos t  in  cen t s  per 
mile  by v e h i c l e  and su r face  type. 

Vehicle Cost per mi le  
type Paved Gravel Ear th  

Automobile 20.2 28.3 36.4 

Pickup t ruck  24.4 33.8 43.2 

Pickup t ruck  pu l l ing  a t r a i l e r  35.3 48.9 62.6 

Commercial van 40.2 55.8 71.3 

Commercial s e m i t r a i l e r  truck* 53.5 80.3 107.1 

Garbage t ruck 77.2 112.4 147.7 

School bus 31.2 45.6 59.7 

Farmer-owned s i n g l e  axle truck* 

Truck alone 

Pul l ing  pup 

Pul l ing  g r a i n  wagon 

Farmer-owned tandem axle  truck* 

Truck alone 

Pu l l ing  pup t r a i l e r  

Pul l ing  g r a i n  wagon 

Farmer-owned s e m i t r a i l e r  truck* 39.8 59.7 79.7 

*Assumes 50 percent  of t r a v e l  is loaded and 50 percent  of 
t r a v e l  is unloaded. 

The cos t  per mile  was lowest for  a l l  vehic les  on paved su r faces .  

Costs per mile for  automobiles, pickup t rucks ,  and commercial vans 

increased 38 t o  40 percent  on gravel  sur faces  and 77 t o  80 percent  on 

e a r t h  su r faces .  

The c o s t s  per mile  fo r  the garbage t ruck  and s i n g l e  and tandem 

axle  t rucks increased 42 t o  45 percent on g rave l  and 84 t o  91 percent 



on e a r t h  s u r f a c e s .  S e m i t r a i l e r  c o s t s  i n c r e a s e d  50 p e r c e n t  on g r a v e l  

and 100 p e r c e n t  on e a r t h  s u r f a c e s  over  paved s u r f a c e s .  

Tab le  1 3  p r e s e n t s  t h e  e s t i m a t e d  total  v a r i a b l e  c o s t s  i n  c e n t s  per  

m i l e  f o r  paved and g r a v e l  s u r f a c e s  by s ize of farm t r a c t o r  and t y p e  of  

v e h i c l e  p u l l e d  by t h e  t r a c t o r .  The c o s t  on paved s u r f a c e s  f o r  a t r a c -  

t o r  w i t h  no t r a i l i n g  v e h i c l e  ranged from 100 c e n t s  p e r  m i l e  f o r  a 60 

h.p. t r a c t o r  t o  184 c e n t s  p e r  mi le  f o r  t h e  185 h.p. t r a c t o r .  Thus,  t h e  

v a r i a b l e  c o s t  p e r  mile i n c r e a s e d  84 p e r c e n t  w i t h  t h e  s i z e  of  t h e  t r a c -  

t o r .  

Table 13. Estimated 1982 v a r i a b l e  farm t r a c t o r  t r a v e l  c o s t s  i n  c e n t s  
per mi le  by t r a c t o r  s i z e ,  type of t r a i l i n g  equipment and road 
surface .  

Trac to r  s i z e  
Equipment or 
wagon being 60 HP 100 HP 140 BP 185 W 
pul led  Paved Gravel Paved Gravel Paved Gravel  Paved Gravel 

T r a c t o r a l o n e  100.1 112.6 123.5 139.7 138.2 157.1 184.4 207.4 

Farmmachinery 100.8 113.9 124.6 141.7 139.7 160.1 186.6 211.7 

Grain  wagons 

125-bushel* 100.9 114.1 124.7 142.0 139.9 160.4 186.8 212.3 

250-bushel* 101.5 115.3 125.6 143.8 141.2 163.1 188.8 216.1 

350-bushel* 102.0 116.4 126.4 145.5 142.4 165.5 190.5 219.6 

450-bushel* --- --- 127.3 147.3 143.7 168.2 192.4 223.4 

550-bushel* --- --- 128.7 149.9 145.6 172.0 195.2 228.9 

2 350-bushel* --- -- 129.4 151.4 146.7 174.0 196.6 231.9 

2 450-bushel* --- --- --- --- 149.3 179.3 200.4 239.5 

*Assumes 50 percent  of t r a v e l  is loaded and 50 percent  of t r a v e l  is 
unloaded. 



The type of equipment pulled by the  t r a c t o r  on paved sur faces  had 

l i t t l e  impact on the  va r i ab le  cos t  per mile.  Variable c o s t s  increased 

only two percent for a small t r a c t o r  pu l l ing  a 350-bushel wagon 

compared t o  d r iv ing  the t r a c t o r  alone. For the  la rge  185 h.p. t r a c t o r ,  

v a r i a b l e  c o s t s  increased only 8.7 percent  when pul l ing  two 450-bushel 

wagons. The impact of the  type of equipment pulled on va r i ab le  cos t  

per mile was s l i g h t l y  higher on g rave l  sur faces  than on paved sur faces .  

Variable c o s t s  per mile for the smal les t  t r a c t o r  and for the  l a r g e s t  

t r a c t o r  when ~ u l l i n g  two l a rge  wagons increased 3.3 and 15 percent ,  

r e s p e c t i v e l y ,  over the cos t  of d r iv ing  the t r a c t o r  alone. 

Variable cos t  increases  on gravel  su r faces  over paved su r faces  

were smaller  for  t r a c t o r s  than fo r  road vehic les .  Variable cos t  in- 

c reases  for  t r a c t o r s  on gravel  su r faces  ranged from 12 t o  14 percent  

fo r  the 60 h.p. t r a c t o r ,  13 t o  17 percent  for  the 100 h.p. t r a c t o r ,  14 

t o  20 percent  for  the  140 h.p. t r a c t o r ,  and 12 t o  20 percent for  the 

185 h.p. t r a c t o r .  The smaller  increases  for  t r a v e l  on gravel  su r faces  

were a reswlt  of t r a c t o r s  being designed t o  opera te  on low q u a l i t y  sur- 

faces .  For example, t r a c t o r  t i r e s  have l e s s  wear on gravel  roads than 

on paved roads. 

Table 14 presents  the est imated va r i ab le  running c o s t s  i n  cen t s  

per mile for  farm combines. The v a r i a b l e  cost  of opera t ing  a small 

two-row combine on a paved road was 101.7 c e n t s  per mi le ;  t h i s  cos t  

increased 12 percent on a g rave l  road. The cos t  per mile increased 

sharp ly  with l a r g e r  s i z e  combines. On paved su r faces ,  the cos t  per 



mile of a 6-8 row combine was 59 p e r c e n t  h i g h e r  t h a n  f o r  a  two-row com- 

b i n e ;  on g r a v e l  s u r f a c e s ,  t h e  6-8 row combine c o s t  was 60 p e r c e n t  more 

p e r  mile than  f o r  a 2-row combine. 

Table  14. Es t ima ted  1982 farm combine v a r i a b l e  c o s t  i n  c e n t s  per  
m i l e  on paved and g r a v e l  s u r f a c e s  by s i z e  of combine. 

Engine - S i z e  of Cost  p e r  m i l e  
horsepower c o r n  head Paved Gravel  

Post  O f f i c e  T r a v e l  Cos t s  

A l l  p o s t a l  t r a v e l  c o s t s  were provided by t h e  United S t a t e s  P o s t a l  

S e r v i c e .  P o s t a l  t r a v e l  c o s t  per  mile f o r  1982 i n c l ~ ~ d e d  a 30-cent per  

m i l e  v e h i c l e  a l lowance .  C a r r i e r  s a l a r y  c o s t s ,  i n c l u d i n g  f r i n g e  bene- 

f i t s ,  were e s t i m a t e d  t o  be $900 p e r  hour per  yea r .  The a v e r a g e  speed 

f o r  p o s t a l  c a r r i e r s  was e s t i m a t e d  t o  be 12 miles per  hour.  

T r a v e l  Time P e n a l t y  

For t h e  t i m e - c r i t i c a l  farm o p e r a t i o n s ,  an e x t r a  c o s t  was added t o  

t h e  i n c r e a s e d  t r a v e l  c o s t  due t o  changes i n  t h e  road system. A t r a v e l  

t i m e  p e n a l t y  is i n c u r r e d  i f  t h e  i n c r e a s e d  t r a v e l  p r o h i b i t s  a  farmer  

f rom complet ing time-critical o p e r a t i o n s ,  such a s  p l a n t i n g  o r  h a r v e s t -  

i n g ,  i n  t h e  same amount of time a s  b e f o r e  t h e  change i n  t h e  road 

sys tem.  I n  t h i s  scudy,  t h e  t r a v e l  time p e n a l t y  was charged on ly  t o  t h e  



i n c r e a s e  i n  time-critical farm o p e r a t i o n s  r e s u l t i n g  from r e d u c t i o n s  i n  

t h e  miles of road. The method used t o  e s t i m a t e  t h i s  c o s t  was t o  ca lcu-  

l a t e  t h e  c o s t  of i n c r e a s i n g  t h e  f a r m e r ' s  machine c a p a c i t y  t o  a l l o w  t h e  

farmer  t o  d r i v e  t h e  a d d i t i o n a l  d i s t a n c e  and complete t h e  t i m e - c r i t i c a l  

o p e r a t i o n s  on t h e  same number of acres i n  t h e  same amount of time r e -  

q u i r e d  b e f o r e  t h e  change i n  t h e  road system. Appendix D p r e s e n t s  a 

d e t a i l e d  e x p l a n a t i o n  of t h e  t r a v e l  time p e n a l t y  and t h e  e s t i m a t i o n  pro- 

cedu re. 

The e s t i m a t e d  t r a v e l  time p e n a l t y  c o s t s ,  p r e s e n t e d  i n  Table  15,  were 

a p p l i e d  on ly  t o  t h e  i n c r e a s e d  p l a n t e r ,  combine and p a r t  of t h e  t i l l a g e  

road t r a v e l  mi les  r e s u l t i n g  from changes i n  t h e  road system. 

Table  15. Travel  t i m e  p e n a l t y  v e h i c l e  c o s t s  a p p l i e d  t o  t h e  
i n c r e a s e d  t r a v e l  due t o  a change i n  t h e  road sys tem 
by type  of v e h i c l e  i n '  c e n t s  per mile. 

Machine 
Road s u r f a c e  

Paved Gravel  

P l a n t e r / t i l l a g e  

Combines 

2-row 

4-row 

6-8 row 

Opportuni ty  Cost  of Using Land f o r  Roads 

Land I J S ~ ~  f o r  r o a d s  i n c u r s  an o p p o r t u n i t y  c o s t  because t h e r e  a r e  

o t h e r  p roduc t ive  u s e s  of t h a t  l a n d ,  and t h a t  o p p o r t u n i t y  c o s t  must be 



considered i n  t h e  benefi t -cost  r a t i o .  Agr i cu l tu ra l  production is the  

most l i k e l y  a l t e r n a t i v e  use for  the  land i n  the  three  s tudy areas .  

Rental values were used as  the  measure of the  opportuni ty cos t  of keep- 

ing the land i n  roads. 

Farmland r e n t a l  va lues  i n  1982 f o r  Hamilton, Shelby, and Linn 

Counties were est imated i n  two s teps .  F i r s t ,  the  crop repor t ing  d i s -  

t r i c t  average r e n t a l  r a t e  per acre  was ca l cu la t ed  as  a  percent of the  

average land va lue  i n  the  crop r epor t ing  d i s t r i c t .  To obta in  the e s t i -  

mated county land r e n t ,  the  1982 average county farmland va lue  was mul- 

t i p l i e d  by the  percent t ha t  the average crop r epor t ing  d i s t r i c t  r e n t a l  

r a t e s  were of farmland value. Table 16 p resen t s  the est imated 1982 

r e n t a l  va lues  f o r  the  three  s tudy areas .  

Table 16. Estimated r e n t a l  values of farmland per acre i n  the 
th ree  study a reas ,  1982. 

Study area 

1982 land 
r e n t a l  va lue  

per acre  

Hami 1 ton 

Shelby 

Linn 



CHAPTER V 

RESULTS 

The main purposes of t h i s  s tudy a re  t o  eva lua te  the economic bene- 

f i t s  and c o s t s  of reducing the  number of miles  of county roads i n  th ree  

s tudy areas  in  Iowa and t o  determine the incidence of these  b e n e f i t s  

and c o s t s .  The b e n e f i t s  and c o s t s  of reducing the number of county 

roads were est imated by removing se l ec t ed  roads from the  computerized 

road network and rerunning a computer program which s imula tes  the 

e f f e c t s  of the  smaller  road system on t r a v e l  miles and cos t s .  The only 

roads el iminated from the Linn and Shelby County s tudy areas  were those 

roads tha t  serve  no property or  residence accesses.  In  the  Hamilton 

s tudy a rea ,  roads with no property or residence accesses were f i r s t  

e l iminated  from t h e  computerized county road system. However, removing 

the  f i r s t  s e t  of roads from the  computerized Hamilton s tudy area  road 

network created seve ra l  dead-end roads in the network. Dead-end roads 

a r e  road segments t h a t  connect with another road a t  only one end of the  

segment. Therefore,  i n  the  second Hamilton s tudy area  s o l u t i o n ,  these 

dead-end roads were converted from public  roads t o  p r iva t e  d r ives  in  

t h e  computerized county road network. Only t r a f f i c  o r i g i n a t i n g  or t e r -  

minating on the p r i v a t e  d r ives  was permitted t o  t r a v e l  over the  p r i v a t e  

d r ives .  In  add i t ion ,  a small number of low t r a f f i c  volume roads t h a t  

were not dead-end roads t h a t  serve  f i e l d  and household accesses were 

a l s o  converted t o  p r i v a t e  d r ives .  



Road Se lec t ion  C r i t e r i a  and Study Assumptions 

The c r i t e r i a  for  s e l e c t i n g  roads t o  be  eliminated from the compu- 

t e r i z e d  road networks were as  follows: 

I. Roads which landlocked no property or houses were el iminated 

from the  system. This category of roads had th ree  common 

c h a r a c t e r i s t i c s .  

a. road surface--only gravel  or e a r t h  surfaced roads were 

el iminated from the  networks. 

b. t r a f f i c  levels--roads with low t r a f f i c  l e v e l s  were 

el iminated.  

c. t r a f f i c  flows--only roads which do not serve as an 

important l ink  in the  network were eliminated from the  

network. 

11. Roads which landlock property or houses were converted t o  

p r i v a t e  d r i v e s  under the  following c r i t e r i a :  

a. t r a f f i c  levels--only roads with low t r a f f i c  l e v e l s  were 

converted t o  p r iva te  d r ives .  

b. dead-end roads--roads which became or  were already dead- 

end roads were converted t o  pr iva te  dr ives .  

The following assumptions were made in  t h i s  analys is :  

* The t r ave l ing  public  at tempts t o  minimize the  t r a v e l  c o s t s  

from an o r ig in  t o  a  des t ina t ion .  

* The number of t r i p s  from an o r ig in  t o  a  des t ina t ion  does 

not change as  a  r e s u l t  of changes in  the road system. 



* The routes  used t o  t r a v e l  from an o r i g i n  t o  a des t ina t ion  

can change i f  the  road system changes. 

* The v a r i a b l e  vehic le  t r a v e l  cos t s  a r e  a l i n e a r  funct ion of 

d i s t ance .  

* The U.S. Pos ta l  Service m u s t  serve  a l l  residences t h a t  have 

a passable road access. 

* School buses must provide school t r anspor t a t ion  t o  a l l  

res idences  with school-age chi ldren .  

* I f  t he  va r i ab le  maintenance cos t  on the  e x i s t i n g  surface  of 

a paved road exceeds the annualized cos t  of resurfac ing  t o  

a higher q u a l i t y  pavement, the road w i l l  be upgraded t o  a 

higher  q u a l i t y  surface.  

* A port ion of the  road maintenance cos t s  a r e  independent of 

t r a f f i c  levels .  The remaining maintenance cos t s  vary  with 

t r a f f i c  l eve l s .  

A network algori thm was used t o  determine the  cos t  minimizing 

routes  and d i s t ances  with a l l  1982 county roads in  the  model fo r  a l l  

1982 t r i p s  from each o r i g i n  t o  each des t ina t ion  for  each farm and 

household i n  each study area. This computer run i s  ca l l ed  the base 

so lu t ion .  Then, s p e c i f i c  road segments were removed from the computer- 

ized road network, and the computer model was rerun t o  reroute  the same 

t r i p s  from each o r i g i n  t o  each des t ina t ion  for  each vehic le  type. With 

a smaller number of road miles ,  the  t o t a l  t r a v e l  miles increased be- 

cartse of longer d i s t ances  between some o r ig ins  and des t ina t ions .  The 

d i f f e rence  between the  t o t a l  t r a v e l  cost  of the computer so lu t ion  with 



a smaller  road system and the t o t a l  t r a v e l  cos t  of the base so lu t ion  is 

t h e  est imated savings i n  t r a v e l  cos t  by the  t r ave l ing  public  i f  a l l  

base so lu t ion  roads remain open. The cos t  t o  the  count ies  or  the  pub- 

l i c  t o  keep the  roads open include the d i f f e rences  i n  fixed and var ia -  

b l e  maintenance c o s t s  between the two s o l u t i o n s ,  and i n  the annualized 

per iodic  r e su r fac ing  and recons t ruc t ion  cos t s .  I n  add i t ion ,  the oppor- 

t u n i t y  cos t  of keeping the land i n  roads r a t h e r  than i n  a g r i c u l t u r a l  

production was included i n  the cos t  of keeping the roads open. 

The est imated savings t o  the  t r ave l ing  public  and the cos t  of keep- 

ing the  analyzed roads open were used t o  c a l c u l a t e  benefi t -cost  r a t i o s  

for  each group of roads. I f  the benef i t -cos t  r a t i o  is g r e a t e r  than 

1.0, t h e  b e n e f i t s  t o  the t r ave l ing  public  exceed the  cos t  t o  the public  

of keeping the  group of roads i n  t h e  system. I f  the  benef i t -cos t  r a t i o  

is l e s s  than 1.0, the  publ ic  cos t  of keeping the roads i n  the  system 

exceeds the t r a v e l  cos t  savings t o  the t r a v e l i n g  publ ic .  The following 

a r e  the r e s u l t s  of the  ana lys i s  i n  each of the th ree  s tudy areas .  

Linn County Study Area 

Table 17 p resen t s  the estimated miles  of t r a v e l  i n  the Linn County 

s tudy area  under two so lu t ions .  The f i r s t  s o l u t i o n ,  the base s o l u t i o n ,  

had a l l  the  s tudy area  roads i n  the computer road network. The second 

s o l u t i o n ,  c a l l e d  L1, had n ine  miles  of study a rea  roads removed from 

t h e  computerized road network. The nine miles  of road, cons i s t ing  of 

f i v e  miles  of g rave l  road and four miles  of e a r t h  surfaced road, served 

no household, farm or  f i e l d  accesses.  I n  a d d i t i o n ,  t h ree  bridges with 
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a t o t a l  of 2,335 square f e e t  of deck space were e l iminated .  Map 2 

shows the  Linn s tudy a rea  road system i n  the base so lu t ion  and the 

abandoned roads i n  the  L1 so lu t ion .  

The est imated veh ic l e  miles  dr iven  i n  the s tudy a rea  i n  the  1982 

base so lu t ion  t o t a l e d  28.1 mi l l i on  miles .  Of t h i s  t o t a l ,  19.6 mi l l i on  

or 69.7 percent  of t o t a l  miles  were driven for  household purposes; most 

of t h i s  t r a v e l  was i n  automobiles. 

Over seven mi l l i on  miles or  one-fourth of a l l  t r a v e l  was overhead 

t r a f f i c .  Overhead t r a f f i c  is defined as tha t  t r a f f i c  t r a v e l i n g  

through, bu t  not  o r i g i n a t i n g  or terminat ing i n ,  the  s tudy area .  

The t h i r d  important category of t r a f f i c  was farm t r a v e l .  Farm 

t r a v e l  included automobile and pickup truck miles dr iven fo r  farm pur- 

poses as  well  as  l a r g e r  farmer-owned t rucks ,  commercial t rucks  serv ing  

t h e  farm opera t ion  and a l l  farm implement miles .  Farm t r a v e l  t o t a l ed  

1.3 mi l l i on  miles  or  4.7 percent  of a l l  t r a f f i c  i n  the Linn County s tu-  

dy area .  Farm pickup t ruck  t r a v e l  was 3.4 percent  of a l l  t r a v e l  and 

almost 73 percent  of a l l  farm t r a v e l .  The next l a r g e s t  type of farm 

t r a v e l  was truck miles .  Truck miles  include farmer-owned trucks and 

t rucks  serv ing  farms but owned by farm supply and marketing f i rms.  

The four th  category of t r a v e l  i n  the s tudy area  was school bus and 

p o s t a l  s e rv ice  mi les .  These two types of t r a v e l  each represented 0.3 

percent  of t o t a l  1982 t r a v e l  i n  the s tudy area. 

After  removing the  n ine  miles  of road serv ing  no household, farm or  

f i e l d  accesses i n  the  L1 s o l u t i o n ,  t o t a l  t r a v e l  miles  increased by 

about 0.6 percent  over the base so lu t ion  miles .  Household t r a f f i c  



. Linn County Study Area 

- L1-Roads examined for abandonment 
9.0 miles; 3 bridges 



increased by 0.6 percent  or  about the  same percent as  t o t a l  t r a f f i c ;  

most of t h e  inc rease  i n  household t r a v e l  miles  was by automobiles. 

None of the  overhead t r a f f i c  t rave led  on the  nine miles  of road 

removed from the  base so lu t ion  road network. Therefore,  e l imina t ing  

t h e  nine miles  of road r e su l t ed  i n  no change i n  overhead t r a f f i c  

miles.  

Farm v e h i c l e  t r a f f i c  increased about 4.1 percent  from the  abandon- 

ment of the  n ine  miles  of road. Pickup t rucks  accounted fo r  over 75 

percent of t h i s  increased farm veh ic l e  t r a f f i c .  Trac tors  accounted fo r  

15 percent  of the increased farm mi les ,  and l a r g e r  t rucks accounted fo r  

only th ree  percent  of the  increased farm t r a f f i c .  

School bus and pos t a l  vehic le  miles  increased 10.9 percent ;  t h i s  

was the l a r g e s t  percent  increase  i n  t r a v e l  of a l l  the vehic le  groups. 

This is reasonable because these  veh ic l e s  must provide se rv ice  t o  the 

same households under both road systems. Pos ta l  s e rv ice  miles  in- 

creased 4.7 percent  which is well above the  percent increase  i n  t o t a l  

miles  dr iven .  

Table 18 p resen t s  the estimated t o t a l  va r i ab le  cos t  of t r a v e l  i n  

the  base and L1 so lu t ions .  Under the base so lu t ion  with a l l  s tudy 

area  roads i n  the  computerized network, the  estimated t o t a l  v a r i a b l e  

c o s t  of a l l  t r a v e l  i n  the  s tudy area  was $6.9 mi l l ion .  About two- 

t h i r d s  of the  t o t a l  va r i ab le  cos t  was for  household t r a v e l ,  mostly 

by automobile. Overhead t r a v e l  cos t  was about one-fourth of a l l  t r a v e l  

c o s t .  Farm veh ic l e  t r a v e l  c o s t s  were e igh t  percent of a l l  veh ic l e  

t r a v e l  c o s t s  even though the  farm v e h i c l e  had only four percent of 
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t o t a l  miles.  Combined school bus and pos t a l  s e rv ice  t r a v e l  c o s t s  were 

1.4 percent  of t o t a l  c o s t ,  bu t  only one-half of one percent of the 

t o t a l  miles  of t r a v e l .  The reason fo r  the  high farm, school bus and 

p o s t a l  vehic le  sha re  of t o t a l  cos t  r e l a t i v e  t o  t o t a l  miles  dr iven i s  

t h e  high cos t  per mile  of d r iv ing  these vehic les .  

After  the  n ine  miles  of road were el iminated from the computerized 

road network i n  the  L1 s o l u t i o n ,  t o t a l  t r a v e l  cos t  increased $56,224 

or  an increase  of 0 . 8  percent  over the  base so lu t ion  c o s t .  Almost ha l f  

of the  increased c o s t  was for  farm t r a v e l ,  even though farm t r a v e l  

miles  had only 27.9 percent  of the change i n  miles dr iven .  The $27,937 

of increased farm t r a v e l  c o s t s  represents  the va lue  of the n ine  miles  

of road t o  a g r i c u l t u r e .  The higher farm share of t o t a l  cos t  is caused 

by the high t r a v e l  cos t  per mile of farm vehic les .  I n  add i t ion ,  a  

t r a v e l  time penal ty  of $3,231 was charged for  the time of the p l a n t e r /  

t i l l a g e  equipment and combine l o s t  f i e l d  time because of the longer 

t r a v e l  d is tances .  The t r a v e l  time penalty charge is equivalent  t o  the 

add i t iona l  investment i n  farm equipment required t o  enable the  farmer 

t o  p l an t  and harvest  h i s  crops in the same t o t a l  time, including t r a v e l  

t ime,  as  the t o t a l  time requi red  i n  the base so lu t ion .  Household t rav-  

e l  had 35.8 percent  of the  change i n  t o t a l  c o s t ,  but  t h i s  group had 63 

percent  of the change i n  miles  dr iven.  School buses and post o f f i c e  

veh ic l e s  had 9.1 percent  and 5.4 percent  of the change in t o t a l  t r a v e l  

c o s t s ,  respec t ive ly .  

Table 19 p resen t s  the annual cos t  t o  the county t o  maintain the 

L1 (nine)  miles  of road. Less than 10 percent  of the t o t a l  cost  



Table  19. Est imated t o t a l  annua l  c o s t  of keeping t h e  n ine  m i l e s  of 
L1 r o a d s  i n  t h e  Linn County road system,  1982. 

Annual 
Type of c o s t  cos t 

Cost t o  t h e  county 

V a r i a b l e  road maintenance 

Fixed road maintenance 

Resur fac ing  

R e c o n s t r u c t i o n  

Bridge maintenance 

T o t a l  county c o s t  

Plus  

Ren ta l  v a l u e  foregone 
i f  l and  is used a s  roads  $9,125 

Less 

Road o b l i t e r a t i o n  c o s t s  504 8,621 

T o t a l  c o s t  of keeping t h e  L1 r o a d s  

t o  t h e  county of $32,365 were c o s t s  t h a t  vary  w i t h  t r a f f i c  l e v e l s .  The 

remainder of t h e  c o s t s  a r e  l a r g e l y  independent  of t r a f f i c  l e v e l s .  I n  

a d d i t i o n  t o  t h e  county c o s t s ,  keeping t h e  land i n  roads  r e s u l t s  i n  an 

o p p o r t u n i t y  c o s t  t o  the  a b u t t i n g  land owners because ,  i n  most c a s e s ,  i f  

a  county road is abandoned, t h e  land r e v e r t s  t o  t h e  a b u t t i n g  l and  own- 

ers,  who can r e t u r n  t h e  l and  t o  a g r i c u l t u r a l  p roduc t ion  o r  o t h e r  pro- 

d u c t i v e  uses .  Using 1982 l a n d  r e n t a l  v a l u e s  f o r  a g r i c u l t u r a l  p u r p o s e s ,  

t h e  e s t i m a t e d  r e n t a l  va lue  f o r  t h e  land i n  t h e  nine  miles of road was 

$9,125. However, a c o s t  of $1,000 p e r  mile was charged t o  o b l i t e r a t e  

t h e  road and c o n v e r t  t h e  road bed t o  a g r i c u l t u r a l  p roduc t ion .  The 



annua l i z ed  c o s t  of o b l i t e r a t i n g  t h e  n ine  miles of road was $504, re- 

s u l t i n g  i n  a ne t  r e n t a l  va lue  of $8,621. The g r o s s  r e n t a l  va lue  would 

a c c r u e  to  t he  a b u t t i n g  land owners. I n  mst c a s e s ,  the  county would 

i n c u r  the  o b l i t e r a t i o n  c o s t s .  

Table  20 summarizes t he  r e s u l t s  of t he  a n a l y s i s  of t he  n ine  miles 

of Linn County roads .  The bene f i t - co s t  r a t i o  f o r  keeping t h e  n ine  

miles of road and t h r e e  b r i dges  i n  t he  system was 1.37. Th is  means 

t h a t  t h e  t r a v e l i n g  pub l i c  would save  $1.37 i n  t r a v e l  c o s t s  f o r  every  

$1.00 spen t  i n  keeping t he  n ine  miles of roads  i n  network. 

Table  20. Benef i t -cos t  r e s u l t s  of t h e  Linn County s tudy  a r e a  
a n a l y s i s .  

B e n e f i t s  t o  t he  t r a v e l i n g  
p u b l i c  from keeping t h e  L1 miles 
of road i n  t he  system $56,224 

Cos t s  of keeping t he  nine 
miles of road i n  t h e  network 

Benef i t -cos t  r a t i o  1.37 

Change i n :  

a .  miles of road -9 

b. number of b r i dges  -3 

The bene f i t - co s t  r a t i o  is an  average  over  21 s e c t i o n s  of road 

t o t a l i n g  n ine  miles which s e r v e  no r e s idence ,  farm o r  p roper ty  ac- 

cesses. The average  d a i l y  t r a f f i c  on t h e  L1 road segments was 21 

v e h i c l e s  per day. However, e i g h t  of t h e  road segments had less than 10 

v e h i c l e s  per day. The b e n e f i t s  t o  t he  t r a v e l i n g  pub l i c  f o r  keeping t h e  



roads in  the  network depend on the number and type and cos t  of the  

vehic les  t r ave l ing  over the  roads under ana lys i s ,  as well as the  addi- 

t i o n a l  t r a v e l  d i s t ance  required i f  the roads a r e  removed from the  net- 

work. Obviously, a very small number of vehic les  per day means low 

t r a v e l  savings from keeping the roads in  the network. Thus, the 

conclusion from the  Linn County study area  ana lys i s  is t h a t ,  on the 

average, keeping the nine miles of analyzed roads i n  road system w i l l  

r e t u r n  bene f i t s  t o  the t r ave l ing  public g rea te r  than the cos t  of keep- 

ing the roads. Nevertheless ,  there  i s  a small group of roads in t h i s  

n ine  miles tha t  w i l l  l i k e l y  save the  t r ave l ing  public  fewer d o l l a r s  

than the  cos t  of keeping these roads. Thus, some roads with very low 

vehic le  t r a f f i c  l e v e l s  could s t i l l  be candidates fo r  abandonment. 

Individual  ana lys i s  of these  low t r a f f i c  roads would be needed t o  

determine b e n e f i t s  t o  the  t ravel ing  public  and the cost  of keeping 

these  roads in  the system. The bas ic  conclusion from the  Linn study 

a rea  ana lys i s  i s  t ha t  t he re  is l imited p o t e n t i a l  cos t  savings from 

reducing the s i z e  of the  county road system in  urbanized areas l i k e  the 

s tudy area  in  Linn County. 

Shelby County Study Area 

Table 21 p resen t s  the  estimated miles of t r a v e l  i n  the  Shelby 

County. study a rea  under four so lu t ions .  The f i r s t  so lu t ion ,  ca l led  the  

base so lu t ion ,  had a l l  the s tudy area  roads in  the computer network. 

The f i r s t  a l t e r n a t i v e  s o l u t i o n ,  ca l l ed  S1,  had 9.25 mi les  of study 

area  roads removed from the computerized network. The second s o l u t i o n ,  





c a l l e d  S2, had 6.75 miles  of road removed from the network. The 

t h i r d  a l t e r n a t i v e  s o l u t i o n ,  c a l l e d  S3, had 5.25 miles  of road removed 

from t h e  network. None of the  S1, S2 or  S3 roads served house- 

hold, farm, or  f i e l d  accesses.  In  add i t ion ,  11 bridges with a t o t a l  of 

12,699 square f e e t  of deck space were el iminated i n  S l ,  and one 

br idge  each was el iminated i n  the  S2 and S3 so lu t ions .  Table 22 

shows number of mi les  of road abandoned i n  each of the  Shelby s tudy 

a rea  so lu t ions  by type of road system. A l l  of the abandoned roads were 

g r a v e l ,  o i l  or e a r t h  surfaced.  Map 3 shows the  roads i n  t h e  base solu- 

t i on  and the  roads abandoned i n  the  S1, S2 and S3 so lu t ions .  

Table 22. Miles of road i n  the  base so lu t ion  and miles abandoned 
in Shelby County by su r face  type and computer so lu t ion .  

Surface Base Miles of road abandoned i n  
type so lu t ion  s1  s2  s 3  

Paved 23.5 0 0 0 

Gravel 75.0 1.5 3.5 4.0 

Oiled 74.2 1.5 1.0 1.25 

Ear th  31.7 - 6.25 - 2.25 - 0 - 
Tota l  204.4 - 9.25 - - 6.75 - - 5.25 - - 

From Table 21, the est imated vehic le  miles dr iven in the  s tudy 

a rea  i n  1982 to t a l ed  6.2 mi l l i on  miles .  The Shelby s tudy area  had only 

22 percent  as  many t r a f f i c  miles  as  the Linn study area.  Of t h i s  to- 

t a l ,  4.2 mi l l ion  or 68.4 percent  of t o t a l  miles were driven for  house- 

hold purposes; most of t h i s  t r a v e l  was in automobiles. 
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3 Shelby County Study Area 

- S1-Roads examined for abandonment 
Average daily traffic mostly less than 10 vehicles 
9.25 miles; 11 bridges - S2-Roads examined for abandonment 
Average daily traffic mostly 11 to 30 vehicles 
6.75 miles; 1 bridge 

S3-Roads examined for abandonment 
Average daily trallic greater than 30 vehicles 
5.75 miles; 1 bridge 

Tntal miles = 21.75 



Farm t r a v e l  t o t a l e d  1.8 mi l l ion  miles or  29.7 percent of a l l  t r a f -  

f i c  i n  , the Shelby County study area.  Farm pickup truck t r a v e l  was 23.4 

percent of a l l  t r a v e l  and almost 79 percent of a l l  farm t r a v e l .  The 

next l a rges t  type of farm t r a v e l  was la rge  t ruck miles which to t a l ed  

only 2.9 percent of t o t a l  miles.  

The t h i r d  category of t r a v e l  i n  the  s tudy area  was school bus and 

p o s t a l  s e rv ice  miles.  These two types of t r a v e l  each represented 1.9 

percent of t o t a l  1982 t r a v e l  in  the  study area.  

After removing the 9.25 mi les  of road, t o t a l  t r a v e l  miles in  the 

S1 so lu t ion  increased by about 1.2 percent over the  base so lu t ion  

miles. Household t r a f f i c  increased by only 0.7 percent or  ju s t  s l i g h t -  

l y  more than ha l f  as  much as  t o t a l  t r a f f i c  miles.  Most of the in- 

creased household t r a f f i c  was by automobiles. 

Farm vehic le  t r a f f i c  increased about 2.2 percent due t o  the  aban- 

donment of the  9.25 mi les  of road. Pickup trucks accounted for  over 55 

percent of t h i s  increased farm veh ic l e  t r a f f i c .  Trac tors  accounted fo r  

39 percent of the increased farm t r a f f i c ,  and l a rge  t rucks accounted 

fo r  only 2.7 percent of the  increased farm t r a f f i c .  

School bus miles  increased 4.3 percent.  Pos ta l  serv ice  miles  in- 

creased 2.3 percent ,  which is almost double the percent increase in 

t o t a l  miles  driven. 

There was a l a rge r  increase in  t o t a l  miles  driven in  the S 2  

so lu t ion  than in  S i ,  even though fewer miles  of road were abandoned 

i n  the S2 so lu t ion .  Overa l l ,  t o t a l  miles driven increased 2.5 per- 

cent  in the S2 so lu t ion  over the combined SI and base so lu t ions .  



The l a r g e s t  increase  i n  miles  dr iven i n  S2 was by farm pickup t rucks ,  

followed by household automobiles and farm t r a c t o r s .  Almost ha l f  of 

t h e  S2 inc rease  i n  miles  was by farm pickups and 25 percent was by 

household automobiles. 

The S3 s o l u t i o n  crea ted  a l a r g e r  inc rease  i n  t o t a l  miles  dr iven  

than the  S1 o r  S2 s o l u t i o n ,  even though S3 had only 5.25 mi les  of 

road abandoned. Total  miles  dr iven  i n  S3 increased 3.4 percent  over 

t h e  combined base ,  S1 and S2 so lu t ion  mi les .  Almost ha l f  of t h e  

S3 inc rease  i n  miles  was by automobiles dr iven fo r  household pur- 

poses, while  pickup t rucks  had a 35.9 percent  increase  i n  miles  dr iven.  

The major reason fo r  t h e  l a rge  inc rease  i n  automobile and pickup miles  

i n  S3 is t h a t  most of the  roads abandoned i n  S3 had r e l a t i v e l y  high 

t r a f f i c  l e v e l s  and were r e l a t i v e l y  c l o s e  together  which reduced the re- 

rou t ing  opt ions .  The geographic concent ra t ion  of the abandoned roads 

i n  S3, combined with roads abandoned i n  S2 and S1 which were 

nearby, r e s u l t e d  i n  long t r a v e l  d i s t ances  fo r  automobile and pickup 

t r a f f i c  t o  ge t  i n t o  and out  of t h e  a rea .  

Table 23 p resen t s  the estimated t o t a l  va r i ab le  cos t  of t r a v e l  i n  

t h e  Shelby base so lu t ion  and the  change i n  the  t o t a l  cost  of t r a v e l  

fo r  the  S1, S2 and S3 so lu t ions .  Under the base so lu t ion  wi th  

a l l  s tudy area  roads i n  the computerized network, the  est imated t o t a l  

v a r i a b l e  cos t  of a l l  t r a v e l  i n  the s tudy area  was $1.85 m i l l i o n .  

F i f ty - f ive  percent  of the  t o t a l  va r i ab le  cos t  was for  household t r a v e l ,  

mostly by automobile. Farm veh ic l e  t r a v e l  c o s t s  were 40.6 percent  of 

a l l  vehic le  t r a v e l  c o s t s ,  even though the  farm veh ic l e s  had only 29.7 
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percent of t o t a l  miles .  The combined school bus and pos ta l  s e rv ice  

t r a v e l  cost  was 4.4 percent  of t o t a l  c o s t ,  but  these  two types of 

veh ic l e s  had' only 1.9 percent  of the t o t a l  miles  of t r a v e l .  The reason 

fo r  the  high farm, school bus and pos ta l  share of t o t a l  cos t  r e l a t i v e  

t o  t o t a l  miles  dr iven  is the high cost  per mile of d r iv ing  these vehi- 

c  l e s  . 
After the 9.25 miles  of road were eliminated from the  computerized 

road network in  the  S1 so lu t ion ,  t o t a l  t r a v e l  cost  increased $39,275, 

or an increase  of 2.1 percent over the base so lu t ion  cos t .  Almost 80 

percent of the  increase  i n  cos t  was for  farm t r a v e l  even though farm 

t r a v e l  miles had only 55.5 percent of the change i n  miles  driven.  The 

$31,219 increase in  farm t r a v e l  cos t s  is the va lue  of the 9.25 miles of 

Sl roads t o  a g r i c u l t u r e .  

I n  the  S2 s o l u t i o n ,  t o t a l  t r a v e l  cost  increased $78,437, an 

increase  of 4.1 percent  over the combined base and S1 so lu t ions .  

Almost 75 percent  of the  increased t r a v e l  cost  was for  farm t r a v e l .  

I n  the  S3 so lu t ion ,  t o t a l  t r a v e l  cos t s  increased $77,052, an 

increase of 3.9 percent  over the  combined base, Sl and S2 so lu t ion  

cos t s .  About 40 percent  of t h a t  increased t r a v e l  cos t  was for 

household t r a v e l ,  50 percent for  farm t r a v e l  and 10 percent fo r  school 

bus and post o f f i c e  t r a v e l .  

Table 24 presen t s  the  annual cost  of maintaining the roads elimin- 

a ted  from the  S1, S2 and S3 so lu t ions .  Total  va r i ab le  mainten- 

ance c o s t s  do not f a l l  i f  the S1, S2 and S3 roads a r e  removed 

from the  system. The reason is t h a t  the t r a f f i c  t r ave l ing  on these 



Table 24. Estimated t o t a l  annual cost  of keeping the S1, S2 
and S3 roads i n  the  Shelby County road system. 

Type of cost  
Annual c o s t  

s 1  s7 S? 

Cost t o  the  county 

Variable road maintenance $ -944 $-2,676 $-4,719 

Fixed road maintenance 20,957 17,001 14,517 

Resurf acing 81 1 765 -1,869 

Reconstruction 9,906 4,572 - 23 

Bridge maintenance 10,159 2,743 $ 1 , 5 6 8  

Total  cos t  t o  the  county $40,889 $22,405 $ 9,474 

Plus 

Rental value foregone 
i f  land is used a s  roads 7,066 5,156 4,011 

Less 

Road o b l i t e r a t i o n  c o s t s  4,403 3,213 2,499 

Tota l  cost  of 
keeping the  roads $43,552 $24,348 $10,986 

roads i n  the  base so lu t ion  was rerouted to o ther  roads i n  the SL, 

S2 and S3 so lu t ions .  Most of the roads i n  the  Shelby study area  

a r e  unpaved, and most of the rerouted t r a f f i c  continued to move over 

unpaved roads. Unpaved roads have higher va r i ab le  maintenance cos t s  

than paved roads. Thus, when the S1, S2 and S3 roads were re- 

moved from the computerized road networks, t he  higher t r a f f i c  l e v e l s  

over the  remaining unpaved roads resul ted  in  higher t o t a l  va r i ab le  

maintenance cos ts  than i f  a l l  the  roads remained i n  the  system. 



Fixed road maintenance c o s t s  d e c l i n e d  s h a r p l y  i n  t h e  S1, S2 

and S3 s o l u t i o n s  because  t h e  reduced miles of road r e d w e d  t h e  amount 

of f i x e d  road maintenance c o s t s .  

Resur fac ing  and r e c o n s t r u c t i o n  c o s t s  d e c l i n e d  as the  number of 

miles of road d e c l i n e d  i n  t h e  S1 and S2 s o l u t i o n s .  However, in-  

c r e a s e d  r e s u r f a c i n g  and r e c o n s t r u c t i o n  c o s t s  on t h e  remaining r o a d s  i n  

t h e  S3 s o l u t i o n  more t h a n  o f f s e t  t h e  r e s u r f a c i n g  and r e c o n s t r u c t i o n  

c o s t  r e d u c t i o n s  on t h e  roads  abandoned i n  t h e  S3 s o l u t i o n .  The main 

r e a s o n  f o r  t h e  r e l a t i v e l y  small r e s u r f a c i n g  s a v i n g s  i n  t h e  S1 and 

S2 s o l u t i o n s  and t h e  r e s u r f a c i n g  and r e c o n s t r u c t i o n  c o s t  i n c r e a s e  i n  

t h e  S3 s o l u t i o n  is t h a t  t h e  poor q u a l i t y  roads  remaining i n  t h e  Shel-  

by s t u d y  area r e q u i r e d  a d d i t i o n a l  r e s u r f a c i n g  and r e c o n s t r u c t i o n  a s  

t h e y  i n h e r i t e d  a d d i t i o n a l  t r a f f i c .  

Br idge maintenance c o s t s  changed w i t h  t h e  number of square  f e e t  of 

deck space  of b r i d g e s  i n  t h e  S1, S2 and $3 s o l u t i o n s .  The S1 

s o l u t i o n  e l i m i n a t e d  12,699 s q u a r e  f e e t  of b r i d g e  deck s p a c e ,  S2 e l i m -  

i n a t e d  3,428 s q u a r e  f e e t  of b r i d g e s  and S3 e l i n i n a t e d  1 ,960 s q u a r e  

f e e t  of b r i d g e  deck space.  

Each mi le  of road c o n t a i n s  e i g h t  a c r e s  of land.  Thus, the  

abandoned Sl r o a d s  con ta ined  74 a c r e s  of l a n d ,  t h e  abandoned S2 

r o a d s  con ta ined  54 a c r e s  of l a n d ,  and t h e  abandoned S3 r o a d s  

c o n t a i n e d  42 a c r e s  of l and .  The 1982 r e n t a l  v a l u e  of land i n  Shelby 

County was e s t i m a t e d  t o  be $95.49 p e r  acre. However, t h e  e s t i m a t e d  

c o s t  of o b l i t e r a t i n g  t h e  roads  and r e t u r n i n g  t h e  l and  t o  a g r i c u l t u r a l  

p r o d u c t i o n  was e s t i m a t e d  t o  be $8,500 per  mile .  The n e t  r e s u l t  of a l l  



t h e  c o s t s  of main ta in ing  t h e s e  roads  was $43,552 f o r  t he  S1 r o a d s ,  

$24,348 f o r  t he  S2 roads  and $10,986 f o r  t he  S3 roads .  

Tab le  25 summarizes t h e  r e s u l t s  of t h e  a n a l y s i s  of the  S1, $2, 

and S3 s o l u t i o n s .  The bene f i t - co s t  r a t i o  f o r  t he  S1 roads  w a s  

0.90. This  means t h a t  t he  t r a v e l i n g  pub l i c  r e ce ive s  $0.90 i n  t r a v e l  

c o s t  s av ings  f o r  each $1.00 spen t  on keeping t he  S1 roads  i n  t he  sys-  

tem. The bene f i t - co s t  r a t i o s  Eor t he  S2 and S3 roads  were 3.22 and 

7.01, r e s p e c t i v e l y .  These bene f i t - co s t  r a t i o s  a r e  averages  over  many 

s e c t i o n s  of road. As shown i n  Table  26, t h e r e  was a  wide range i n  t h e  

average  number of v e h i c l e s  per day on t h e s e  road segments. I n  t h e  S t  

s o l u t i o n ,  78 pe r cen t  of t h e  road segments had 10 o r  fewer v e h i c l e s  per 

day. In  S2,  43 pe r cen t  of t he  roads  had 21-30 v e h i c l e s  per day. In  

t h e  S3 s o l u t i o n ,  54 pe r cen t  of t he  roads  had 31-40 v e h i c l e s  per  day. 

Bene f i t s  t o  t he  t r a v e l i n g  pub l i c  f o r  keeping i n d i v i d u a l  roads  i n  the  

network depend on t he  number, type  and c o s t  of t he  v e h i c l e s  t r a v e l i n g  

over  t he  roads  as w e l l  a s  t he  a d d i t i o n a l  t r a v e l  d i s t a n c e  requ i red  i f  

t h e  roads  a r e  removed from the  network. Obviously,  a very sma l l  number 

of v e h i c l e s  per day means low t r a v e l  sav ings  from keeping the  roads  i n  

t h e  network. Thus, t h e  conc lus ion  from t h e  Shelby County s t udy  a r e a  

a n a l y s i s  i s  t h a t ,  on t h e  average ,  keeping t he  roads  i n  S1 r e t u r n  

b e n e f i t s  to  che t r a v e l i n g  pub l i c  t h a t  are s l i g h t l y  lower than t h e  c o s t  

of keeping t h e s e  roads.  Keeping t h e  roads  i n  S2 and S3 would 

r e t u r n  b e n e f i t s  t o  t he  t r a v e l i n g  p u b l i c  g r e a t e r  than the  c o s t  of 

keeping t h e  roads.  

There are small groups of roads  i n  t h e  S1 and S2 s o l u t i o n s  

t h a t ,  i f  abandoned, would l i k e l y  c o s t  t he  t r a v e l i n g  pub l i c  fewer 



Table  25. Benef i t -cos t  r a t i o s  i n  Shelby County s t udy  a r e a  by 
computer s o l u t i o n .  

Bene f i t  -cos t 
component s1 S2 S3 

B e n e f i t s  t o  t he  t r a v e l i n g  
p u b l i c  from keep ing  t h e  S1, 
S2 and S3 r o a d s ' i n  
t h e  system $39,275 $78,437 $77,052 . 
Costs  of keeping t he  S1, 
S2 and S3 roads  i n  t he  
system 43,552 24,348 10,986 

Benef i t  c o s t  r a t i o  0.90 3.22 7.01 

Change in :  

a .  miles of roads  -9.75 -6.75 -5.25 

b. number of b r idges  -1 1 - 1 -1 

Table  26. Average number of base s o l u t i o n  v e h i c l e s  per day 
t r a v e l i n g  over  t h e  Shelby s tudy  a r e a  roads  abandoned 
i n  t h e  S1, S2 and 5 3  s o l u t i o n s .  

Average number of 
v e h i c l e s  per day 

Number of r oads  abandoned 

$1 s 2  $3 

0-10 

11-20 

21-30 

31-40 

41-50 

Over 50 



d o l l a r s  than  t h e  c o s t  of keeping t h e s e  roads.  Thus, a second conclu-  

s i o n  is t h a t  an a n a l y s i s  of i n d i v i d u a l  roads  is needed t o  de te rmine  

which i n d i v i d u a l  roads  save  t h e  t r a v e l i n g  p u b l i c  less than t h e  c o s t  of 

keep ing  each road i n  t h e  system. 

A t h i r d  but t e n t a t i v e  c o n c l ~ ~ s l o n  can be drawn from t h e  Shelby 

a n a l y s i s  about t h e  s t r a t e g y  of reduc ing  t h e  number of county roads  t o  

s a v e  c o s t s .  Reducing t h e  m i l e s  of road i n  a n  area where the  remaining 

r o a d s  are of poor q u a l i t y  is l i k e l y  t o  i n c r e a s e  t r a v e l  c o s t s  more than 

t h e  c o s t  s a v i n g s  from road abandonment. Only 11 p e r c e n t  of t h e  roads  

i n  t h e  Shelby County s t u d y  a r e a  a r e  paved. Thus, most of t h e  r e r o u t e d  

t r a f f i c  a f t e r  a road abandonment was n e c e s s a r i l y  rou ted  over  unpaved 

roads .  Both v e h i c l e  t r a v e l  c o s t s  and road maintenance c o s t s  are h i g h e r  

on unpaved than on paved roads .  The h igher  v e h i c l e  t r a v e l  c o s t s  in-  

c r e a s e d  t h e  numerator of the  b e n e f i t - c o s t  r a t i o .  The high maintenance 

c o s t s  on unpaved o r  low q u a l i t y  paved roads  reduced t h e  denominator 

when t h e s e  roads i n h e r i t e d e d  a d d i t i o n a l  t r a f f i c .  These high t r a v e l  and 

maintenance c o s t s  were a major reason f o r  the  high b e n e f i t - c o s t  r a t i o s  

i n  Shelby County. The b e n e f i t - c o s t  r a t i o  f o r  t h e  S l  s o l u t i o n  might 

have been s u b s t a n t i a l l y  below one,  and t h e  b e n e f i t - c o s t  r a t i o  f o r  t h e  

S2 s o l u t i o n  may have been below one i f  t h e r e  had been a c o r e  sys tem 

of p r o p e r l y  spaced paved roads  i n  t h e  Shelby s t u d y  a rea .  

Hamilton County Study Area 

Three  computer s o l u t i o n s  were run f o r  t h e  Hamilton County s t u d y  

a r e a .  The base s o l u t i o n  inc luded  a l l  roads  i n  t h e  s t u d y  area i n  1982. 



The f i r s t  a l t e r n a t i v e  s o l u t i o n ,  H I ,  e s t i m a t e d  t o t a l  miles d r i v e n  and 

t r a v e l  c o s t s  a f t e r  17.75 miles of g r a v e l  road were removed from the  

Hamilton County s t u d y  a r e a  network. None of t h e  roads  removed from the  

H 1  s o l u t i o n  s e r v e d  f i e l d ,  farm o r  r e s i d e n c e  a c c e s s e s .  

I n  t h e  second a l t e r n a t i v e  s o l u t i o n ,  H2, 40 a d d i t i o n a l  miles of 

g r a v e l  road were removed from the  computerized road network and con- 

v e r t e d  t o  p r i v a t e  d r i v e s .  The t r a n s f e r  of t h e s e  p u b l i c  r o a d s  t o  p r i -  

v a t e  roads  was based on t h e  assumption t h a t  o r i g i n a t i n g  o r  t e r m i n a t i n g  

t r a f E i c  could  t r a v e l  over  t h e  p r i v a t e  d r i v e s  and t h a t  t h e  maintenance 

c o s t s  of t h e  H2 miles would s h i f t  from t h e  county t o  t h e  a b u t t i n g  

Land owners. 

Three miles o f  road i n  t h e  H2 s o l u t i o n  were d i f f e r e n t  from the  

remaining 37 miles of road.  The t h r e e  miles of t h e  H2 r o a d s  se rved  

p r o p e r t y  a c c e s s e s  but no household a c c e s s e s  and were connected a t  both 

ends  t o  o t h e r  roads  s o  t h a t  overhead t r a f f i c  had t r a v e l e d  on t h e s e  

roads .  Conver t ing t h e s e  t h r e e  m i l e s  of roads t o  p r i v a t e  d r i v e s  re-  

s u l t e d  i n  r e r o u t i n g  of overhead t r a f f i c .  The remaining 37 miles of 

H2 roads  s e r v e d  p r o p e r t y  and r e s i d e n c e  a c c e s s e s ,  but a l l  were dead- 

end roads .  They had been dead-end o r  became dead-end r o a d s  because of 

abandonment of t h e  17.75 miles of roads  i n  H1 and c o n v e r t i n g  the  

t h r e e  mi les  of non-dead-end roads  i n  H2 t o  p r i v a t e  d r i v e s .  The dead- 

end roads  served only  t r a f f i c  o r i g i n a t i n g  o r  t e r m i n a t i n g  on t h e  dead- 

ends .  T h e r e f o r e ,  c o n v e r t i n g  t h e s e  roads  t o  p r i v a t e  d r i v e s  caused no 



t r a f f i c  t o  be r e r o u t e d  and caused no a d d i t i o n a l  t r a v e l  c o s t s .  Map 4  

shows t h e  roads  i n  t h e  base  s o l u t i o n ,  t h e  roads  abandoned i n  the  H1 

s o l u t i o n  and t h e  r o a d s  conver ted  t o  p r i v a t e  d r i v e s  i n  t h e  Hz 

s o l u t i o n .  

Table  27 p r e s e n t s  t h e  e s t i m a t e d  t o t a l  miles d r i v e n  i n  t h e  Hamilton 

b a s e  s o l u t i o n  and t h e  a d d i t i o n a l  m i l e s  d r i v e n  by r e r o u t e d  t r a f f i c  i n  

t h e  H1 and H2 s o l u t i o n s .  Veh ic le  m i l e s  d r i v e n  i n  the  Hamilton s t u -  

d y  a r e a  base  s o l u t i o n  t o t a l e d  j u s t  over  5  m i l l i o n .  Almost two-thi rds  

of t h e s e  miles were d r i v e n  f o r  household purposes ;  mos t ly  i n  automo- 

b i l e s .  Almost 35 p e r c e n t  of t h e  m i l e s  d r i v e n  were f o r  farm purposes ;  

over  77 p e r c e n t  of t h e  farm r e l a t e d  m i l e s  w a s  by pickup t r u c k s .  Only 

two percen t  of a l l  t r a f f i c  was s c h o o l  bus o r  p o s t a l  s e r v i c e  miles. 

A f t e r  t h e  17.75 miles of g r a v e l  road were removed i n  t h e  H1 

s o l u t i o n ,  t o t a l  d i s t a n c e  t r a v e l e d  i n c r e a s e d  121,286 miles, an i n c r e a s e  

of 2.4 p e r c e n t  over  the  base s o l u t i o n  miles .  Two-thirds of the  in -  

c r e a s e d  miles were f o r  farm purposes ,  l a r g e l y  by pickup t r u c k s .  Only 

35 p e r c e n t  of t h e  base  s o l u t i o n  m i l e s  were f o r  farm purposes .  Post  

o f f i c e  and school  bus mi les  had on ly  two percen t  of t h e  base  s o l u t i o n  

miles but had over  16 p e r c e n t  of t h e  a d d i t i o n a l  m i l e s  i n  t h e  H1 s o l u -  

t i o n .  Household t r a v e l  had 6 3  p e r c e n t  of t h e  base  s o l u t i o n  miles but 

had less than 18 p e r c e n t  of t h e  a d d i t i o n a l  m i l e s  r e s u l t i n g  from t h e  

abandonment of t h e  17.75 miles of H1 roads .  

I n  t h e  Hz s o l u t i o n ,  t o t a l  t r a f f i c  i n c r e d s e d  71,542 miles, an in-  

c r e a s e  of 1.4 p e r c e n t  over  the  combined base  and H1 s o l u t i o n  mi les .  



Map 4 .  Hamilton County Study Area 

m Hl-Roads examined for abandonment 
17.75 miles; 5 bridges - H2-Roads examined for conversion to private drives 
40.0 miles; 9 bridges 
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A l l  of t h i s  increase  i n  miles  driven was from the abandonment of the 

t h r e e  miles  of non-dead-end road in  H2 solu t ion .  S l i g h t l y  over 60 

percent of the  increased t r a f f i c  was for  farm purposes, mostly by pick- 

up trucks.  The remaining increased miles were s p l i t  near ly  evenly 

between household purposes and school buses and pos ta l  s e rv ice  vehi- 

c l e s .  There was no increase  in  the  miles  driven on the 37 miles  of 

dead-end roads which had been converted t o  p r iva te  d r i v e s ;  overhead 

t r a f f i c  on these roads had been rerouted i n  the H1 so lu t ion  or  by the 

conversion of the  th ree  miles  of non-dead-end roads in  the  H2 solu- 

t ion. 

Table 28 shows the  est imated t r a v e l  cost  of a l l  base so lu t ion  

t r a f f i c  and the  add i t iona l  t r a v e l  cost  r e s u l t i n g  from removing the  

17.75 mi les  of road i n  H i  and converting 40 miles of Hz road t o  

p r i v a t e  dr ives .  The cos t  of a l l  Hamilton study area  t r a v e l  in the  base 

so lu t ion  was $1.5 mi l l ion .  About 47 percent of the t o t a l  cos t  was for  

household t r a v e l  even though 63 percent of t o t a l  miles  was fo r  house- 

hold t r a v e l .  Almost 49 percent  of the cost  was fo r  farm t r a v e l ;  yet  

only 35 percent of t o t a l  miles was farm t r ave l .  Only 4.5 percent of 

the  t o t a l  cos t  was for  school bus and post o f f i c e  t r a v e l .  

I n  the H i  s o l u t i o n ,  t o t a l  cost  increased $58,164, an increase  of 

3.9 percent over the base so lu t ion  cos t .  Over 70 percent of the in- 

creased t r a v e l  cos t  was fo r  farm t r a v e l .  The l a rges t  increase  in  farm 

t r a v e l  cost  was for  pickup t rucks ,  followed by t r a c t o r s  pu l l ing  equip- 

ment and t imel iness  cos t .  Household t r a v e l  c o s t s  were only seven per- 
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c e n t  of t h e  i n c r e a s e d  c o s t s  and s c h o o l  bus and p o s t  o f f i c e  t r a v e l  were 

a lmos t  23 p e r c e n t  of t h e  i n c r e a s e d  c o s t s .  

I n  t h e  H2  s o l u t i o n ,  t r a v e l  c o s t s  i n c r e a s e d  $31,215 o v e r  t h e  com- 

bined base  and HI s o l u t i o n  c o s t s .  A l l  of t h i s  i n c r e a s e d  t r a v e l  c o s t  

came from r e r o u t i n g  t r a f f i c  on t h e  t h r e e  mi les  of non-dead-end roads .  

Most of t h e  a d d i t i o n a l  t r a v e l  c o s t  on t h e  t h r e e  mi les  on non-dead-end 

r o a d s  was f o r  farm t r a f f i c ,  m o s t l y  by pickup t r u c k s .  School bus and 

pos t  o f f i c e  t r a v e l  had 26.6 p e r c e n t  of t h e  a d d i t i o n a l  c o s t s .  Household 

t r a v e l  had on ly  11.4 p e r c e n t  of t h e  a d d i t i o n a l  c o s t s .  

Tab le  29 p r e s e n t s  t h e  annua l  c o s t  of m a i n t a i n i n g  t h e  roads  e l i m i n -  

a t e d  from t h e  H1 and Hz s o l u t i o n s .  The net  t o t a l  c o s t  t o  Hamilton 

County f o r  m a i n t a i n i n g  t h e  17.75 m i l e s  of HI r o a d s  was $64,334.  I n  

a d d i t i o n ,  t h e  n e t  o p p o r t u n i t y  c o s t  of keeping t h e  l and  i n  roads  was 

$19,313,  which i n c l u d e s  $20,009 i n  r e n t s  forgone minus the  $700 p e r  

mi le  of a n n u a l i z e d  c o s t  of o b l i t e r a t i n g  t h e  road and r e t u r n i n g  t h e  l and  

t o  a g r i c u l t u r a l  p r o d u c t i o n .  The n e t  r e s u l t  was an annua l  c o s t  of 

$83,647 f o r  keeping t h e  17.75 m i l e s  of H1 r o a d s  i n  t h e  county  

system. 

The t o t a l  c o s t  t o  t h e  county  o r  t h e  p u b l i c  f o r  keeping t h e  40 

miles of W2 r o a d s  was $173,521. On a  per  mile b a s i s ,  t h e  c o s t  t o  

t h e  coun ty  was somewhat lower f o r  t h e  H1 miles than f o r  t h e  Hz 

m i l e s ,  p r i m a r i l y  because t h e  abandonment of t h e  H I  roads  r e s u l t e d  i n  

a  r e l a t i v e l y  l a r g e  amount of t r a f f i c  r e r o u t e d  t o  o t h e r  roads .  

The p r i v a t e  d r i v e  road and b r i d g e  maintenance and road r e c o n s t r u c -  

t i o n  c o s t s  f o r  t h e  40 m i l e s  of H z  r o a d s  were e s t i a a t e d  t o  be $82,546.  

This  was a n  average  maintenance and r e c o n s t r u c t i o n  c o s t  of  $2,064 per  



mile of p r iva te  road. There a r e  nine bridges on the  40 mi les  of H2 

roads. The average s i z e  of these bridges is 880 square f e e t .  A t  80 

cen t s  maintenance cos t  per square f o o t ,  the  average annual bridge 

maintenance cost  was $704 per year. The smal les t  bridge is 408 square 

f e e t ,  and the  l a r g e s t  bridge is  2,000 square f e e t .  Assuming these 

c o s t s  would be paid by abu t t ing  land owners, the net cost  of keeping 

the  H z  roads i n  the county system was $90,975. 

Table 29. Estimated t o t a l  annual cos t  of keeping the  Hi  and H2 
roads i n  the  Hamilton County road system, 1982. 

Type of cos t  
Annual cos t  

H i  H2 

Cost t o  the county 

Variable maintenance $-5,712 $ 1,680 

Fixed maintenance 42,067 95,985 

Resurfacing 11,145 30,226 

Reconstruction 14,482 39,296 

Bridge maintenance 2,352 6,334 

Total  cost  t o  the  county $64,334 $173,521 

Less 

Pr iva te  dr ive  road maintenance --- 
Priva te  d r ive  bridge maintenance --- 
Priva te  d r ive  recons t ruc t ion  --- 
Road o b l i t e r a t i o n  696 

Plus 

Land r e n t a l  value 20,009 --- 
Net Cost $83,647 $ 90,975 



Table  30 summarizes t h e  r e s n l t s  of t h e  a n a l y s i s  of t h e  H I  and 

H2 s o l u t i o n s .  The b e n e f i t - c o s t  r a t i o  f o r  removing t h e  17.75 miles of 

H1 g r a v e l  roads  from t h e  Hamilton County road system was 0.70. T h i s  

means t h a t  the  t r a v e l i n g  p u b l i c  i n c u r s  70 c e n t s  i n  a d d i t i o n a l  d r i v i n g  

c o s t s  f o r  each d o l l a r  saved by removing t h e  roads  from t h e  system. The 

benef i t - c o s t  r a t i o  f o r  t h e  H2 s o l u t i o n  was 0.34. T h i s  means t h a t  t h e  

t r a v e l i n g  p u b l i c  would have i n c u r r e d  34 c e n t s  of t r a v e l i n g  c o s t  f o r  

each  d o l l a r  saved by c o n v e r t i n g  the  40 m i l e s  of g r a v e l  roads  t o  p r i v a t e  

d r i v e s .  The s a v i n g s  from c o n v e r t i n g  t h e  H2 r o a d s  t o  p r i v a t e  d r i v e s  

i s  net  of t h e  p r i v a t e  maintenance and r e c o n s t r u c t i o n  c o s t s .  I f  t h e s e  

r o a d s  were conver ted  t o  p r i v a t e  d r i v e s ,  the  p r i v a t e  d r i v e  maintenance 

and r e c o n s t r u c t i o n  c o s t s  would most l i k e l y  be borne by t h e  r e s i d e n t s  

and landowners on t h e  p r i v a t e  d r i v e s .  

Table  30. Benef i t - coa t  r a t i o s  f o r  t h e  Hamilton County s t u d y  a r e a  
by computer s o l u t i o n .  

Benef i t - cos t  
components 

Computer s o l u t i o n .  

H1 H2 

B e n e f i t s  t o  t h e  t r a v e l i n g  
p u b l i c  f o r  keeping t h e  H1 
and H2 roads  i n  t h e  sys tem $58,164 $31,215 

Coats  of keeping t h e  H1 and 
H2 r o a d s  i n  t h e  sys tem 83,647 90,975 

Benef i t -cost  r a t i o s  

Change i n :  

A. miles of roads  

B. number of b r i d g e s  -5 -9 



Table 31 shows the  base so lu t ion  average number of veh ic l e s  per 

day t r a v e l i n g  on the HI and H2 roads. Over 72 percent  of the roads 

abandoned i n  t h e  H i  so lu t ion  had 10 o r  fewer vehic les  per day, and 27 

percent  had between 11 and 20 veh ic l e s  per day. This suggests  t h a t  

roads wi th  20 o r  fewer veh ic l e s  per day serv ing  no access po in t s ,  

located i n  a reas  with a  core  of properly spaced paved roads,  y i e l d  

lower r e tu rns  t o  the  t r ave l ing  public  than the cos t  of keeping the 

roads i n  the  system. 

Table 31. Average number of veh ic l e s  t r ave l ing  over the Hamilton 
s tudy area  H 1  and Hz roads in the  base so lu t ion .  

Average number of Number of s ec t ions  of road 
veh ic l e s  per day H1 H2 

0- 10 29 41 

11-20 11 26 

21-30 1 19 

31-40 0  5 

Over 40 0  2  

About ha l f  of the  H2 road segments had 10 o r  fewer veh ic l e s  per 

day, and almost 28 percent  of the Hz roads had 21 o r  more veh ic l e s  

per day. Most of the H2 roads were dead-end roads. Converting dead- 

end roads t o  p r iva t e  d r ives  c r e a t e s  no change in t r a v e l  miles.  

The major conclusions from the  Hamilton County s tudy area  a n a l y s i s  

a r e :  

1. There is a  l a rge  p o t e n t i a l  cos t  saving from reducing the  

number of miles  of low volume roads tha t  serve no property 



accesses  in  a reas  where the remaining road system is of 

r e l a t i v e l y  high q u a l i t y .  Areas within a l a rge  number of 

count ies  i n  no r th  c e n t r a l  and northwest Iowa f a l l  i n  t h i s  

category. 

2. The l a r g e s t  cos t  savings p o t e n t i a l  is in convert ing dead-end 

roads t o  p r i v a t e  d r i v e s ,  This cos t  savings p o t e n t i a l  e x i s t s  

i n  a l l  count ies .  An a l t e r n a t i v e  t o  convert ing these  roads t o  

p r i v a t e  d r ives  is t o  keep them i n  the public  road system but  

reduce the  l eve l  of maintenance and county l i a b i l i t y  on these  

roads. 



CHAPTER V I  

IMPACT OF ROAD ABANDONMENT AND PRIVATE DRIVES BY TYPE OF TRAVEL 

The major impact of road abandonment on t r a v e l  miles and c o s t s  

f a l l s  on farm t r a v e l .  I n  four  of the  s i x  abandonment and p r iva te  d r i v e  

so lu t ions ,  the  change i n  farm miles driven was g rea te r  than the  change 

i n  miles driven by household, post o f f i c e  and school bus miles.  The 

change in  farm t r a v e l  c o s t s  was a l s o  g r e a t e r  than the  change in  house- 

hold, school bus and post o f f i c e  t r a v e l  c o s t s  in  a l l  Hamilton and 

Shelby County study area  so lu t ions .  Only the la rge  amount of household 

t r a f f i c  in  the  Linn County study area  made the impacts of abandonment 

g r e a t e r  on households than on farms in  the  Linn County study area.  

There a re  two major reasons why the impacts of road abandonment 

a r e  g rea te r  on farms than on household t r a f f i c :  

1. The per mile cost  of most farm veh ic l e  t r a v e l  is higher than 

the  per mile cost  of vehic les  serving households. 

2. The r e l a t i v e l y  shor t  d is tances  of most farm t r i p s  reduces the  

rerout ing  opt ions  and the re fo re  increases the  addi t ional  miles 

required t o  reach the des t ina t ions .  

The impacts of road abandonment vary among farms. Obviously, the  

farmers most impacted by road abandonment a re  those who use the roads 

tha t  would be abandoned. However, as  shown i n  Table 32, farmers who 

operate a l a rge  number of t r a c t s  of land incur  a la rger  share of t o t a l  

farm equipment t r a v e l  than farmers who operate a small number of t r a c t s  

of land. 



Table  32. P e r c e n t  i n c r e a s e  i n  farm equipment m i l e s  r e s u l t i n g  from 
road  abandonment and p e r c e n t  of  f a rmers  o p e r a t i n g  s i x  o r  
more t r a c t s  of  l a n d ,  Hamilton and Shelby County s t u d y  
a r e a s .  

V e h i c l e  
P e r c e n t  i n c r e a s e  i n  t o t a l  m i l e s  d r i v e n  

Hami 1 t o n  She lby  

T r a c  tor-wagon 

T r a c t o r  p u l l i n g  equipment 
o r  a l o n e  

Combines 

Weighted average  

I n  t h e  Hamilton County s t u d y  a r e a ,  t h e  12.6 p e r c e n t  of f a rmers  who 

o p e r a t e  s i x  o r  more t r a c t s  of  l a n d  i n c u r r e d  20 p e r c e n t  of t h e  change i n  

t o t a l  farm equipment m i l e s  r e s u l t i n g  from t h e  H1 road abandonments. 

I n  t h e  Shelby County s t u d y  a r e a ,  t h e  s i x  pe rcen t  of t h e  fa rmers  opera-  

t i n g  s i x  o r  more t r a c t s  of  land had 14.1 p e r c e n t  of  t o t a l  change i n  

farm equipment miles r e s u l t i n g  from abandonment of t h e  S1, S2, and 

$3 r o a d s .  Moreover, t h e s e  l a r g e  farmers  tend t o  use  t h e  v e r y  l a r g e  

t r a c t o r s  and combines which have t h e  h i g h e s t  c o s t  p e r  m i l e  o f  t r a v e l .  

T h e r e f o r e ,  l a r g e  fa rmers  w i l l  i n c u r  an even l a r g e r  s h a r e  of t h e  t o t a l  

change i n  t r a v e l  c o s t s  r e s u l t i n g  from a r e d u c t i o n  i n  t h e  t o t a l  road 

system. 

School buses  and pos t  o f f i c e  v e h i c l e s  i n c u r  l a r g e r  changes i n  

m i l e s  d r i v e n  than t h e  household  t r a v e l  f o r  t h e  f o l l o w i n g  r e a s o n s :  

1. School buses  must s e r v e  a l l  r e s i d e n c e s  w i t h  schoo l  age 

c h i l d r e n  and p o s t  o f f i c e  v e h i c l e s  must s e r v e  a l l  r e s i d e n c e s .  



This se rv ice  requirement l i m i t s  the  a b i l i t y  of school 

d i s t r i c t s  and the  p o s t a l  s e r v i c e  to  ad jus t  t h e i r  rou te s  t o  

minimize d i s t ance  t r ave led  i n  response t o  road abandonment. 

2. The veh ic l e  cos t  per mile of school buses and post o f f i c e  

veh ic l e s  is higher  than fo r  the  veh ic l e s  serv ing  household 

t r a v e l .  

I f  dead-end roads a r e  converted t o  p r i v a t e  d r i v e s ,  post o f f i c e  

r egu la t ions  r equ i re  t h a t  r u r a l  residences continue t o  r ece ive  d i r e c t  

mail  s e rv ice  a t  the  present  mail box loca t ion .  There a re  no regula- 

t i o n s  t h a t  r equ i re  school buses t o  continue t o  pick up and d e l i v e r  

ch i ld ren  t o  res idences  on p r i v a t e  dr ives .  The dec is ion  t o  se rve  these 

res idences  d i r e c t l y  r e s t s  with indiv idual  school d i s t r i c t s .  

Accident L i a b i l i t y  on P r i v a t e  Roads 

Once a  public  road is t r ans fe r r ed  t o  p r iva t e  property,  the pro- 

pe r ty  owner is respons ib le  for  accident  l i a b i l i t y .  A major quest ion 

a r i s i n g  from the t r a n s f e r  of r e s p o n s i b i l i t y  is "what is the impact of 

the  accident  l i a b i l i t y  fo r  p r i v a t e  d r ives  on insurance r a t e s  and cover- 

age." To obta in  information on t h i s  quest ion ,  t h ree  insurance compan- 

i e s  t ha t  s e l l  l a rge  amounts of farm insurance in Iowa were asked t o  

make a judgment on the impacts on insurance r a t e s  of convert ing public  

roads t a  p r iva t e  d r ives .  

The responses var ied  among the  t h r e e  insurance companies. A l l  

t h r e e  company rep resen ta t ives  indicated tha t  there  was i n s u f f i c i e n t  

exposure from convert ing public  roads t o  p r iva t e  d r ives  t o  s t a t i s t i -  



c a l l y  determine the impact on r a t e s  and coverage. The s a l e s  represent -  

a t i v e  of insurance company one indica ted  t h a t  the increased exposure on 

longer ~ r i v a t e  lanes  could inc rease  the  premiums on the l i a b i l i t y  cov- 

e rage  by up t o  10 percent ,  or  a  t o t a l  add i t iona l  cos t  of between $5 t o  

$10 per farm per year.  

The underwriter of the  second insurance company indica ted  t h a t  

most of the  l a r g e  l i a b i l i t y  claims aga ins t  farmers a re  for  acc iden t s  

involving farm equipment on publ ic  roads.  Thus, convert ing publ ic  

roads t o  p r i v a t e  roads would reduce the l i a b i l i t y  exposure of farm 

equipment on publ ic  roads. Moreover, p r i v a t e  roads would reduce the 

p r o b a b i l i t y  of l i a b i l i t y  claims aga ins t  farmers r e s u l t i n g  from animal 

escape. The same underwriter f e l t  t h a t  convert ing public  roads t o  p r i -  

va t e  d r ives  could reduce l i a b i l i t y  premiums, or a t  the worst ,  r e s u l t  i n  

no change i n  premiums. 

The underwri ter  of insurance company th ree  indicated t h a t  " turning 

publ ic  roads i n t o  p r i v a t e  d r ives  would increase  the insurance company's 

exposure and hence r a t e s  unless:  

a. the road can be made t o  appear as a  p r iva t e  d r i v e  t o  the 

t r ave l ing  public  by means of a  g a t e ,  a  la rge  s ign  c l o s e  t o  

the  edge of the road or o ther  devices ,  and 

b. the  road i s  maintained t o  the degree tha t  a  reasonable and 

prudent person would maintain a  p r iva t e  drive." 

On the  i s s u e  of mul t ip l e  ownership of the p r iva te  d r i v e ,  the 

s a l e s  r e p r e s e n t a t i v e  of insurance company one s t a t e d  t h a t  two or more 

owners of the  p r i v a t e  d r i v e  would c r e a t e  l i t i g a t i o n  problems for  the 



insurance companies. The underwriter r ep resen ta t ives  of insurance com- 

panies two and th ree  s t a t e d  t h a t  mul t ip l e  ownership of the  p r i v a t e  

d r i v e  would c r e a t e  no problems which would increase  l i a b i l i t y  r a t e s .  

Legal and P o l i t i c a l  Impl ica t ions  

I n  addi t ion  t o  a l l  the  economic c o s t s  assoc ia ted  with the abandon- 

ment of roads which a re  included i n  the  determinat ion of benef i t -cos t  

r a t i o s  i n  t h i s  s tudy,  t he re  is one o ther  poss ib le  cost  which should be 

considered. There can be s u b s t a n t i a l  l ega l  c o s t s  and damage awards 

assoc ia ted  with a road abandonment. The p o s s i b i l i t y  and extent  of such 

c o s t s  depends i n  l a r g e  p a r t  upon the  s t a t e  laws i n  e f f e c t  i n  the  va r i -  

ous s t a t e s .  Since these  c o s t s  vary widely from case to  case ,  i t  was 

not poss ib le  t o  include these  c o s t s  i n  the benef i t -cos t  r a t i o s  in  t h i s  

study. 

It is poss ib le  t h a t  the present  laws i n  some s t a t e s  may preclude 

any p o s s i b i l i t y  of road abandonment even though a l l  o ther  c o s t s  con- 

s ide red ,  including the  s h i f t i n g  of road c o s t s  from the public  t o  the  

p r i v a t e  s e c t o r ,  i n d i c a t e  a net  bene f i t  from such abandonments. I n  

f a c t ,  i t  may requ i re  changes i n  s t a t e  laws along with a major change i n  

publ ic  pol icy  and acceptance, before  any of these changes could and 

would be implemented and accepted. Some of the a reas  which need t o  be 

addressed are: 

1. An adequate method of compensation for  change from public  t o  

p r i v a t e  access .  



2 .  A method of a r b i t r a t i o n  of d i spu tes  between adjoining 

landowners a f fec ted  by the  change and/or the  loca l  government 

au thor i ty .  

3 .  Exemption of the  loca l  government au thor i ty  from lega l  ac t ion  

upon completion of es tabl i shed guidel ines .  

4. L e g i s l a t i v e  cons idera t ion  t o  s t rengthen e x i s t i n g  laws 

regarding road abandonment and changing public  roads t o  

p r i v a t e  roads. 

5 .  A method of educating the  public  of the  b e n e f i t s  and c o s t s  of 

a l t e r n a t i v e  road system changes t o  enable the  public  t o  

improve the  q u a l i t y  of i t s  input  i n t o  the  policy-making 

process. 

Suggestions f o r  Fur ther  Research 

The l a rge  c o s t  of developing the  computer model, c o l l e c t i n g  a l l  

t he  d a t a  fo r  the  th ree  s tudy areas and running the  a l t e r n a t i v e  

so lu t ions  l imi ted  the  number of investment s t r a t e g i e s  tha t  could be 

examined in  t h i s  study. There is a need t o  examine the  b e n e f i t s  and 

c o s t s  of add i t iona l  investment s t r a t e g i e s ,  such as paving se lec ted  core 

roads, changing property access loca t ions  and simultaneously abandoning 

o ther  roads or lowering the  maintenance standards on o ther  roads. 

The cu r ren t  farm c r i s i s  is forcing major s t r u c t u r a I  changes on ag- 

r i c u l t u r e .  These s t r u c t u r a l  changes may r e s u l t  i n  fewer but l a rge r  

farmers. There is a need t o  es t imate  the  impact of these changes on 



t r a f f i c  l e v e l s  and the  impl ica t ions  of the  changing t r a f f i c  l e v e l s  on 

the  benefi t -cost  r a t i o s .  

This st'udy incorporated a  l a r g e  number of roads and a l l  property 

access po in t s  in  the  model i n  an attempt t o  minimize e r r o r  from the  

f a i l u r e  t o  include a l l  t r a f f i c  in  each so lu t ion .  The l a rge  computer 

cos t  of each so lu t ion  l imi ted  t h i s  a n a l y s i s  t o  groups of roads,  r a t h e r  

than ana lys i s  of indiv idual  roads. A smaller  computer model t h a t  can 

be run on a  microcomputer i s  needed t o  analyze the  investments and 

c o s t s  of a l t e r n a t i v e  investment s t r a t e g i e s  on individual  road segments. 

A small microcomputer model is cu r ren t ly  under development and w i l l  be 

made ava i l ab le  for  public  use. There w i l l  be a  need t o  t e s t  the  re- 

s u l t s  of t h i s  small model t o  determine how c lose ly  they compare with 

the  r e s u l t s  of the  l a r g e  model t h a t  was used in  t h i s  study. 



APPENDIX A 

DESCRIPTION OF THE MODEL 

The bas ic  purpose of t h i s  appendix is t o  present  the mathematical 

model and computer algori thm used t o  es t imate  the b e n e f i t s  of a l t e rna -  

t i v e  investment s t r a t e g i e s  in  a  loca l  r u r a l  road and bridge system. I n  

add i t ion ,  the benefi t -cost  models used t o  evalua te  a l t e r n a t i v e  invest-  

ment s t r a t e g i e s  a r e  presented. 

The network model used i n  t h i s  ana lys i s  f inds  a l l  the  minimum cost  

routes  of t r ave l ing  from each o r i g i n  t o  i t s  speci f ied  d e s t i n a t i o n  for  a  

given vehic le  type. A network c o n s i s t s  of a  s e t  of nodes connected by 

a s e t  of a rcs .  A node r ep resen t s  a  point  where a  t r i p  o r i g i n a t e s ,  i s  

relayed or terminates.  An arc is the  road d is tance  between two nodes; 

a r c s  allow t r a f f i c  t o  flow between nodes. 

Define Q = (41, 92, q3, 44) t o  be a  vector  where each of i t s  

components denote the  following: 

q1 = t he  code number fo r  the  loca t ion  of the o r i g i n ;  

q2 = the  code number fo r  the  loca t ion  of the d e s t i n a t i o n ;  

q3 = t he  code number for  the  veh ic l e  type used; 

q4 = the  number of t r i p s  made. 

Define A t o  be the  s e t  of a l l  Q gathered from the  ques t ionnai re .  The 

model can be expressed as  a  l i n e a r  programming problem as  follows: 

Minimize C q4 Gq (5) 
Q 

Q E A  



subjec t  t o  L f q  - z f  jql 
1  fo r  a l l  Q E A 

j J 

= -1 f o r  a l l  Q E A 

Cf i j  - f  = o fo r  i + ql ,  
j J ji 

i # q2 fo r  a11 Q E A  

WT.. > WGq3 for  a l l  Q E A  
=J - 

f i j  = 0 ,  1 f o r  a l l  Q E A  (10) 

where : 

= t he  cos t  of making one t r i p  from o r i g i n  q t o  des t ina t ion  1 

q with veh ic l e  q 
2 3; 

= the  amount of t r a f f i c  flowing from the  ith node t o  the  j t h  
f i j  

node; 

D i s t i j  = the  d i s t ance  from the ith node t o  the  j thnode; 

CPMGq3 = t he  cos t  per mile of t r ave l ing  over a  gravel  su r face  

with veh ic l e  q3; 

G i j  = 1 i f  the  a rc  from the  ith node t o  the jth node has a  

gravel  su r face  otherwise, G . .  = 0; 
1 J 

CPMDq = the  cos t  per mile of t r ave l ing  over a  d i r t  sur face  

with vehic le  q3; 

D . .  = 1 i f  the arc  from the  ith node t o  the jth node has a  d i r t  
= J  

su r face ,  otherwise,  D = 0; i j  



CPMP = t he  cost  per mile of t r ave l ing  over a  paved surface  
q3  

with vehic le  q 
3; 

'i j 
= 1 i f  the  arc  from the  ith node t o  the  jth node has a  paved 

su r face ,  otherwise,  Hij = 0; 

WT.. = the  weight cons t r a in t  of the  a rc  connecting the ith node 
1 J 

t h  
t o  the  j node; 

WG = t he  weight of vehic le  q3; 
q3 

i = beginning node; 

j = ending node; 

Equation ( 6 )  guarantees tha t  the  trip spec i f i ed  from o r i g i n  q l  t o  

d e s t i n a t i o n  q2 with vehic le  type q3 leaves the  o r ig in  ql. Equa- 

t i o n  ( 7 )  guarantees t h a t  the  t r i p  spec i f i ed  from or ig in  q l  t o  des t in-  

a t ion  q2 with vehic le  type q3 en te r s  des t ina t ion  q2. Equation 

(8) ensures the conservat ion of t r a v e l  as it moves through the  the  net- 

work. These three  equations hold fo r  each Q in  s e t  A. Equation ( 9 )  

ensures the  weight cons t r a in t  of a  bridge is not v io la ted .  

The problem expressed in  equations 5 through 11 can be viewed a s  

f inding the  minimum cost  route from node q l  ( the  o r i g i n )  t o  node q2 

( the  d e s t i n a t i o n )  for  vehic le  type q3 f o r  each Q in s e t  A. One meth- 

od of solving t h i s  problem is t o  f ind  the  minimum cost  route  from one 

node (o r ig in  q l )  t o  a l l  the  o ther  nodes in the  network. The minimum 

cos t  routes  can be found e f f i c i e n t l y  using a computer algorithm. 



D i j k s t r a ' s  Algorithm 

D i j k s t r a ' s  algori thm develops the  s h o r t e s t  route  t r e e  or rou te  by 

fanning out  from the  o r ig in .  The advantage of t h i s  procedure i s  t h a t  

once an arc  is p a r t  of the  t r e e ,  i t  never leaves the t r e e ,  and once a 

node value is permanently assigned, i t  does not change. Therefore,  the 

s h o r t e s t  route t o  a l l  permanently labeled nodes a re  known regardless  of 

whether or not the remaining nodes a re  labeled.  D i j k s t r a ' s  algori thm 

has been c i t e d  as  the  most e f f i c i e n t  algorithm t o  solve t h i s  problem 

and i s  the  main so lu t ion  rechnique employed in  the r u r a l  road and 

bridge model. 

D i j k s t r a ' s  algorithm f inds  the minimum d i s t ance  and corresponding 

route  from a spec i f i ed  source node t o  a l l  o ther  nodes in the network. 

The algorithm assigns a temporary l a b e l  and a permanent l abe l  t o  each 

node in  the network. The temporary l abe l  represents  an es t imate  of the  

s h o r t e s t  d i s t ance  from the  source node t o  each o ther  node. Once a 

temporary l abe l  can no longer be improved, i t  is declared as permanent. 

The permanent l a b e l  represents  the minimum d i s t ance  from the source 

node t o  t h a t  node. 

I n i t i a l l y ,  every node except the source node is given a temporary 

l abe l  equal t o  the d is tance  of the arc  connecting tha t  node d i r e c t l y  t o  

the  source node. I f  a node i s  not d i r e c t l y  connected t o  the source 

node, the node is given a temporary l abe l  equal to i n f i n i t y .  The perm- 

anent l abe l  of the  source node is s e t  a t  zero and the permanent l a b e l s  

of the remaining nodes a re  ca lcula ted  by the following i t e r a t i v e  proce- 

dure: 



Step  I - Inspect  a l l  temporary l a b e l s  of nodes not previously declared 

permanent. Declare the node with the  minimum temporary l abe l  

as  permanent and s e t  i ts permanent l a b e l  equal t o  the va lue  

of i t s  temporary l abe l .  

S t ep  I1 - Compare t h e  remaining temporary l a b e l s  t o  the  sum of the  l a s t  

declared permanent l a b e l  and the d i r e c t  d i s t ance  from the  

l a s t  node dec lared  permanent t o  the  node under cons idera t ion .  

The minimum of these  two values i s  the  new temporary l abe l  

fo r  t h a t  node. Then repea t  Step I. 

This  process continues u n t i l  a l l  t h e  nodes have been declared as  perma- 

nent .  Once a  node i s  assigned a  permanent l a b e l ,  i ts  temporary l a b e l  is 

excluded from the  c a l c u l a t i o n s  i n  Step 11. 

The algori thm s i m p l y  works backwards t o  f ind  the  d i s t ance  mini- 

mizing route  from the  source node t o  some node j. I t  compares the 

permanent l a b e l  of node j t o  the  sum of the d i r e c t  d i s t ance  from some 

node i t o  node j and the  permanent l abe l  of node i. If these  two 

va lues  a re  equal ,  then node i is used i n  f inding  the  s h o r t e s t  d i s t ance  

from the  source node t o  node j and i s  t he re fo re  p a r t  of the route .  

This rou t ine  is repeated u n t i l  the  e n t i r e  route  is found. 

Example Solu t ion  

Suppose the problem is t o  f ind the  d i s t ance  minimizing so lu t ion  i n  

t r a v e l i n g  from node 1 ( t h e  source node) t o  a l l  the  o the r  nodes i n  the 

undirected network given i n  F igure  1. The numbered nodes a r e  c i r c l e d  

and the  d i s t ances  between nodes a re  shown above the  arrows. The 

d i s t ance  mat r ix  f o r  t h i s  network is shown i n  Table 33. This mat r ix  



Figure 1 .  Sample problem network for application of D i jks tra ' s  
algorithm. 

Table 33.  Distance matrix from node i to  node j for the network 
given in  Figure I .  



con ta ins  the  d i r e c t  d i s t ance  of t r a v e l i n g  from node i t o  node j. I f  a  

node is not d i r e c t l y  connected t o  another  node, the d i r e c t  d i s t ance  i s  

s e t  a t  i n f i n i t y .  The algori thm i n i t i a l l y  s e t s  the permanent l a b e l  of 

node 1 ( the  source node) t o  zero and the  temporary l abe l  of the  remain- 

ing nodes t o  i n f i n i t y .  The next  s t e p  is t o  compare the temporary l a b e l  

of node j  ( j  E[2,61) t o  the  sum of the  permanent l abe l  of node one and 

t h e  d i r e c t  d i s t ance  from node 1 t o  node j .  The minimum of these  two 

va lues  is the  new temporary l a b e l  of node j .  The d i r e c t  d i s t ance  from 

node 1 t o  node j is found i n  the j th  column of the f i r s t  row i n  

t h e  d i s t ance  matr ix.  

The t h i r d  s t e p  is t o  f ind  the  minimum value  of the  updated tempor- 

a ry  l a b e l s  and dec la re  t h a t  node as  permanently labeled.  This  is shown 

i n  Table 34, with the I i nd ica t ing  the  node as being declared perma- 

nen t ly  labeled.  In  the  case of t i e s ,  a  node is chosen a r b i t r a r i l y .  

S tep  four  is s imi l a r  t o  the  second s t e p  except node 2  i s  now the l a s t  

permanently labeled node. Hence the  sum of the  permanent l a b e l  of node 

2 and the  d i r e c t  d i s t ance  from node 2 t o  node j ( j  c [3 ,6 ] )  i s  compared 

with the  temporary l a b e l  of node j. The remaining s t eps  a re  summarized 

i n  Table 34. 

The d i s t ance  matr ix and the permanent l a b e l s  a re  used t o  f ind  the  

d i s t ance  minimizing routes .  Suppose the problem is to  f ind  the  short-  

e s t  route  from node 1 t o  node 6. The f i r s t  s t e p  is t o  f ind  the  node 

preceding node 6  on the s h o r t e s t  route .  Using the s i x t h  column of the  

d i s t a n c e  mat r ix  and the permanent l a b e l s ,  the  permanent l a b e l  of node 6  





i s  compared with t h e  sum of the permanent l a b e l  of node i ( i  E [ 1 ,5 ] )  

and the  d i r e c t  d i s t ance  from node i t o  node 6. I f  these  two va lues  a r e  

equal ,  a s  i n  the  case when i = 5, then t h a t  node precedes node 6 on the 

optimal route .  The next  s t e p  i s  t o  f ind  the  node which precedes node 5 

on the  optimal route .  Hence the  permanent l a b e l  of node 5 is compared 

with the sum of the  permanent l abe l  of node i ( i  ~ 1 1 , 4 1 1  and the d i r e c t  

d i s t ance  from node i t o  node 5. This process is repeated u n t i l  the  

e n t i r e  route  is found. The reader  can v e r i f y  t h a t  the  optimal route  

from node 1 t o  node 6 i s  1-3-5-6. 

Algorithm Modif icat ions 

D i  j k s t r a ' s  a lgor i thm was modified s l i g h t l y  i n  the  app l i ca t ion  t o  

the  r u r a l  road and br idge  problem. The f i r s t  a l t e r a t i o n  was t o  elimin- 

a t e  the d i s t ance  matr ix.  There a r e  over 500 nodes i n  each of the th ree  

s tudy areas .  This means the  d i s t ance  mat r ix  would be l a r g e r  than a  500 

x 500 matrix. Even though the d i s t ance  mat r ix  is symmetric, the com- 

puter  s to rage  requirement exceeded 900K. The following method reduced 

t h e  amount of computer s to rage  t o  156K and g r e a t l y  increased the  compu- 

t a t i o n a l  e f f i c i e n c y  of D i j k s t r a ' s  a lgori thm. 

Figure 1 ,  which has 6 nodes and 14 a r c s ,  i l l u s t r a t e s  the a l t e r a -  

t ion .  F i r s t ,  two a r r a y s ,  a r ray  A and a r r ay  B, were dimensioned t o  the  

number of a rc s  i n  the  network. Array A conta ins  the node numbers t h a t  

a r e  d i r e c t l y  connected t o  each node and a r r ay  B conta ins  the d i r e c t  

d i s t ance .  Secondly, two a r r ays ,  a r ray  P1 and a r r ay  P2, were dimen- 

sioned to  the number of nodes i n  the  network. The ith c e l l  in  



a r ray  P1 conta ins  the beginning loca t ion  of the node numbers connected 

t o  node i s tored  in  ar ray  A, while the ith c e l l  i n  a r ray  P2 con- 

t a i n s  the  ending loca t ion  of node numbers connected t o  node i s tored  i n  

a r ray  A. 

The new computer representa t ion  of the  network is shown i n  Table 

35.  The four th  c e l l  ( i . e .  when i = 4 )  of P1 and P2 conta in  the  numbers 

8 and 10 respect ive ly .  This ind ica te s  tha t  the nodes d i r e c t l y  

connected t o  node 4 a re  s tored i n  c e l l s  8, 9 and 10 of array A and the 

d i s t ances  a r e  s tored  i n  c e l l s  8,  9 and 10 of a r ray  B. Storage area 

requirements a r e  reduced because only the  nodes d i r e c t l y  connected t o  

o ther  nodes and the respect ive  d i s t ances  a r e  s tored .  

Table 35. An a l t e r n a t i v e  method of representa t ion  of the network 
presented in  Figure 1. 



The computational e f f i c i e n c y  of D i j k s t r a ' s  a lgori thm i s  a l s o  

increased with t h i s  new computer r ep resen ta t ion  of the network. This 

a l t e r a t i o n  l i m i t s  the second s t e p  of D i j k s t r a ' s  a lgori thm and t h e  route  

f inding  process t o  only the  nodes d i r e c t l y  connected t o  the l a s t  perma- 

nent  ly  declared node. 

Thus f a r ,  D i j k s t r a ' s  a lgori thm has been discussed only i n  terms of 

minimizing the d i s t ance  between two nodes. The algori thm can a l s o  be 

used t o  minimize the  cos t  of t r a v e l i n g  between two nodes. This is 

accomplished by s t o r i n g  the d i r e c t  cos t  of t r ave l ing  from node i t o  

node j i n  a r ray  B r a t h e r  than the d i r e c t  d i s t ance  from node i t o  node 

j. The d i r e c t  cos t  of t r a v e l i n g  from node i t o  node j i s  the  product 

of the d i r e c t  d i s t ance  from node i t o  node j and the veh ic l e  cos t  per 

mile  of the s p e c i f i c  veh ic l e  type. The vehic le  cost  depends on the road 

su r face  of the a rc  connecting node i t o  node j, as  well  as on the vehi- 

c l e  type. A s epa ra t e  computer run of the algori thm would be necessary 

t o  es t imate  t r a v e l  cos t  for  each veh ic l e  type,  s ince  the cos t  of 

t r a v e l i n g  over a  paved, g rave l ,  or d i r t  sur face  i s  d i f f e r e n t  for  a l l  

veh ic l e s .  Since the re  were over 100 d i f f e r e n t  vehic les  in  t h i s  analy- 

s is ,  a  method t o  decrease the  number of computer runs was imperative. 

With a  few s i m p l i f i c a t i o n s ,  groups of vehic les  could be routed i n  the 

same computer run. The r a t i o s  of the  vehicle-mile cos t  on g rave l  sur- 

face  t o  vehicle-mile cos t  on paved sur face  and the  r a t i o s  of d i r t  

su r face  vehic le  cos t  r e l a t i v e  t o  paved su r face  cos t  were ca l cu la t ed  for  

each type of vehic le .  The veh ic l e  c o s t s  per mile and t h e i r  su r face  
1 

adjustment r a t i o s  a re  presented i n  Table 36. The va lues  of these  ra- 



Table 36. Adjusted veh ic le  va r i ab le  c o s t s  i n  centa  per mile and eurfece 
adjustment r a t i o s  by veh ic le  type. 

Surface  edjust -  
ment r a t i o s  

Paved Peved 
Centa per  mile  t o  t o  

Type of v e h i c l e  Paved Gravel Ear th  g rave l  e a r t h  

Automobile 
Pickup 
Pickup pu l l ing  t r a i l e r  

Commercial van 
C m e r i c s l  s e m i t r a i l e r  

Empty 
Loaded 

Garbage t ruck 
Fermer-owned s i n g l e  e x l e  t ruck 

50 percent  Loaded 
Pu l l ing  empty pup 
Pu l l ing  loaded pup 
Pu l l ing  empty g r a i n  wagon 
Pu l l ing  loeded g r a i n  wagon 

Farmer-owned tandem e x l e  t ruck 

Empty 
Loaded 
Pu l l ing  empty pup 
Pu l l ing  loaded pup 
Pu l l ing  empty g r a i n  wagon 
Pu l l ing  loaded g r s i n  wegon 

Farmer-owned s e m i t r a i l e r  

Empty 
Loaded 

Tractor  (alone) 
Trsc to r  pul l ing:  

Equipment 
125-bushel wagon - empty 
125-bushel wegon - loaded 
250-bushel wegon - empty 
250-bushel wagon - loeded 
350-bushel wegon - empty 
350-bushel wagon - loeded 

450-bushel wegon - empty 
450-bushel wegon - loaded 
550-bushel wagon - empty 
550-bushel wagon - loeded 
350-bushel tandem - empty 
350-bushel tandem - loeded 
450-bushel tandem - empty 

450-bushel tandem - loaded 
650-bushel g ra in  buggy - empty 
650-bushel g ra in  buggy - losded 

Combines : 

2-row combine 
4-row combine 
6-8 row combine 



t i o s  were found t o  be very s imi l a r  fo r  veh ic l e s  with s i m i l a r  weight 

c h a r a c t e r i s t i c s .  Thus, fo r  s i m p l i c i t y  and computer e f f i c i e n c y ,  vehi- 

c l e s  with s i m i l a r  r a t i o  values were grouped together .  For example, the  

r a t i o s  for  c a r s ,  pickups, commercial d e l i v e r y  vans and pickups pu l l ing  

a  t r a i l e r ,  i nd ica t ed  t h a t  the cos t  per mile  mile  of t r ave l ing  over a  

g rave l  su r face  is 1.39 times the  c o s t  of t r ave l ing  over a  paved sur- 

f ace ,  and t h e  c o s t  per mile  of t r a v e l i n g  over a  d i r t  su r face  is 1.77 

times the  cos t  of t r ave l ing  over a  paved sur face .  Within each group of 

veh ic l e s ,  pseudo d i s t ances  a re  ca l cu la t ed  based on the r a t i o s .  A l l  

these  grouped veh ic l e s  then comprise a  s i n g l e  computer run. For the  

above example, the pseudo d i s t ance  of a  g rave l  a rc  is equal t o  1.39 

times the  a c t u a l  d i s t ance  of the a r c ,  and 1.77 times the a c t u a l  d is -  

tance of the  a rc ,  fo r  a  d i r t  sur face .  I f  the a rc  has a  paved s u r f a c e ,  

t h e  pseudo d i s t ance  is equal t o  the a c t u a l  d i s t ance  of the  arc.  Equa- 

t i o n s  (12) and (13) express  the  r e l a t i v e  cos t  of t r ave l ing  over a  grav- 

e l  and d i r t  su r face  for  a l l  these  veh ic l e  types. 

CPMG 

CPMP q3 = 1.39 
93 

CPMDq3 
CPMP 

= 1.77 
93 

where the v a r i a b l e s  a re  as  previously defined. Use of these  r a t i o s  

r e s u l t s  i n  s l i g h t l y  d i f f e r e n t  veh ic l e  c o s t s  per mile i n  Table 36 than 

a r e  presented i n  Tables 12, 13 and 14. These s l i g h t  d i f f e rences  caused 



by the  r a t i o s  g r e a t l y  reduced the computational c o s t s  of the  a n a l y s i s  

and made only a  s l i g h t  d i f f e rence  i n  t h e  r e s u l t s  of the  ana lys is .  The 

v a r i a b l e  c o s t s  per mile  fo r  farm t r a c t o r s  opera t ing  alone,  pu l l ing  farm 

equipment and var ious  s i z e s  of wagons a r e  averaged-over a l l  s i z e s  of 

t r a c t o r s  weighted by the  frequency of t r a c t o r  s i z e s  obtained from the  

ques t ionnai re .  

S u b s t i t u t i n g  equat ions (12) and (13) i n t o  equation (11) and re- 

wr i t ing  y i e l d s  equat ion (14). 

G = CPMP x x f i j  (D i s t i j  H i j  t 1.39 D i s t i j  G i j  
Q3 '3 i j 

Equation (14)  is minimized when the sum of the  terms i n  brackets  i s  

minimized for  each o r i g i n  and d e s t i n a t i o n  pa i r .  The psuedo d i s t ance  of 

an arc  is the  sum of the terms i n  parentheses.  Thus, D i j k s t r a ' s  a l -  

gorithm can be used i n  a  s ing le  computer run t o  minimize the t o t a l  

t r a n s p o r t a t i o n  cos t  of severa l  vehic les  by minimizing the psuedo d is -  

tances of t h e  a rc s .  The minimized cos t  of qq t r i p s  from an o r i g i n  t o  

a  d e s t i n a t i o n  with veh ic l e  type q3 is simply the minimized psuedo 

d i s t ance  of t r ave l ing  through the network mul t ip l ied  by the  veh ic l e  

t y p e ' s  cos t  per mile of t r ave l ing  over a  paved sur face  and by q4 

t r i p s .  

The computer program picks a  node i n  the network as the source 

node and begins D i j k s t r a ' s  i t e r a t i v e  procedure on the psuedo d i s t ance  

of the a rcs .  The f i n a l  r e s u l t  w i l l  be the minimized cos t  of t r ave I ing  

from the source node t o  a l l  the  o ther  nodes in the network. But upon 



c l o s e r  inspect ion ,  o ther  minimal routes  a re  being obtained. D i j k s t r a ' s  

algori thm opera tes  on the logic  t h a t  i f  a  shor t e s t  path from the  source 

node t o  node j i s  known and node i belongs t o  t h i s  path,  then the  

minimal path from the  source node t o  node i is known, and i t  is the  

por t ion  of the  o r i g i n a l  path ending a t  the  a t  the  ith node. This 

logic  can be extended t o  two nodes i and k on the known s h o r t e s t  path 

from the  source node t o  node j. I f  t h i s  is the case,  as shown in  Fig- 

ure 2 ,  the following minimum cos t  rou tes  a re  known: 

t h  1 )  The minimum cos t  routes  from the  source node t o  the i , 
ktb and jth nodes a r e  known. The minimum cost  of the 

routes  is the cos t  per mile of t r ave l ing  over a  paved surface  

with vehic le  q3 mul t ip l i ed  by the  value of the  permanent 

l a b e l  for  the ith, kth  and jth nodes, respect ive ly .  

2) The minimum cost  routes  from the  ith node t o  the  kth 

and jth node a r e  known. The minimal d i s t ance  of the  route  

from the  ith node t o  the jth node is the  cos t  per 

mile of t r ave l ing  over a  paved surface  with vehic le  q3 

mult ip l ied  by the  d i f f e rence  of the values of the permanent 

l a b e l s  for  nodes k and i. The minimum cost  from node i t o  node 

j is found in  a  s imi la r  manner. 

3 )  The minimum cost  route  from the  kth node t o  the jth 

node is known. The minimum cost  of t h i s  route  is simply the  

cos t  per mile  of t r ave l ing  over a  paved surface  with veh ic l e  

93 mult ip l ied  by the  d i f f e rence  of the permanent l abe l s  for  

nodes j and k. 



The computer model s e l e c t s  a  node as t h e  source  node and ca lcu-  

lates t h e  psuedo d i s t a n c e  from t h e  s o u r c e  node t o  a l l  t h e  o t h e r  nodes 

i n  t h e  network. The computer checks t o  see i f  t h e  minimized c o s t  r o u t e  

between any of t h e  o r i g i n - d e s t i n a t i o n  p a i r s  l i e  on t h e  minimized c o s t  

F i g u r e  2.  Minimum r o u t e s  found when t h e  minimal r o u t e  from t h e  
s o u r c e  node t o  node j is known and nodes i and k  l i e  on t h e  
minimal r o u t e .  

p a t h  from t h e  source  node t o  any o t h e r  node i n  t h e  network. I f  t h e  

o r i g i n - d e s t i n a t i o n  p a i r  is on any of t h e s e  r o u t e s ,  a l l  t h e  minimized 

c o s t  r o u t e s  between t h e  o r i g i n  and d e s t i n a t i o n  w i l l  have been ca lcu-  

l a t e d .  The number of t r i p s  between t h e  o r i g i n  and d e s t i n a t i o n  w i l l  

t h e n  be  spread evenly  over a l l  t h e  r o u t e s  which a r e  of equa l  c o s t .  I f  

t h e  r o u t e  f o r  an o r i g i n - d e s t i n a t i o n  p a i r  is not found, t h e  computer 

w i l l  s e l e c t  ano ther  node t o  be  t h e  source  node. Th is  p rocess  c o n t i n u e s  

u n t i l  a minimized c o s t  r o u t e  is found f o r  a l l  o r i g i n - d e s t i n a t i o n  

p a i r s .  



Benef it-Cost Analysis 

Where public investment p ro jec t s  a r e  designed t o  provide for  pr i -  

v a t e  sec to r  production, an appropr ia te  benefi t -cost  r a t i o  is: 

Annualized value of ne t  b e n e f i t s  t o  the  p r i v a t e  s e c t o r  
Annualized value of public c o s t s  

Using t h i s  form, p ro jec t s  with r a t i o s  g r e a t e r  than one can be ranked 

and se lec ted  i n  order  of t h e i r  rank u n t i l  public  funds a r e  exhausted. 

The following form was used t o  evalua te  the  quest ion "should a 

road segment, group of road segments, or  bridge remain in  the  county 

road system?" 

where : 

= t he  abandonment benef i t  cost  r a t i o  of the rth arc  
C 

rA  

MCr-l = t he  t o t a l  maintenance cost  before the rth arc  i s  

abandoned 

MCr = the  t o t a l  maintenance cos t  a f t e r  the  rth a rc  is 

abandoned 

REC, = t he  roadbed recons t ruc t ion  c o s t s  of the r t h  a rc  

RES, = the  resurfac ing  c o s t s  of the rth arc  



ROW, = the  cos t  of convert ing the  right-of-way of the r t h  

a r c  t o  a g r i c u l t u r a l  product ion ; 

TCrml = t o t a l  veh ic l e  t r anspor t a t ion  c o s t s  a f t e r  the  rth a r c  

is not  maintainted;  

TC = t o t a l  veh ic l e  t r anspor t a t ion  c o s t s  i f  the  rth a r c  is 

maintained;  

VLr = va lue  of the  land i f  the  rth arc  is not maintained; 

i = i n t e r e s t  r a t e ;  

n1 = number of years  between recons t ruc t ions  of the rth a r c ;  

n2 = the  number of years  r e su r fac ings  of the  rth arc .  

I f  the va lue  of the  r a t i o  in  equat ion (15) i s  l e s s  than one, the 

ne t  bene f i t  t o  t r ave l ing  public  of keeping the road i n  the system i s  

l e s s  than the cos t  t o  the  county of keeping the  a r c  i n  the system. I f  

t h e  r a t i o  i s  g r e a t e r  than one, the bene f i t  t o  the t r ave l ing  public  of 

keeping the road is g r e a t e r  than the cos t  t o  the county of keeping the 

road. 

The following was used t o  eva lua te  the  quest ion "should road seg- 

ment or group of road segments be converted t o  p r i v a t e  dr ives?"  

+ i ( 1  + i)"2 i ( 1  + i I n 3  

RECj 
- 

(1  + i)"2 -1 (1 + i l n 3  -1 
*'pd I -' 



where: 

B - = p r i v a t e  d r i v e  benef i t -cos t  r a t i o  of the jth arc. 
'jpd 

TCj = t o t a l  vehic le  t r a n s p o r t a t i o n  c o s t s  a f t e r  the  j th  

a rc  is converted t o  a  p r iva t e  d r ive .  

TCj-l = t o t a l  veh ic l e  t r anspor t a t ion  c o s t s  i f  the  j t h  

a r c  is not converted t o  a  p r i v a t e  d r ive .  

MCj-l = t o t a l  maintenance cos t  i f  the  jth a r c  i s  not 

converted t o  a  p r i v a t e  d r ive .  

MCj = t o t a l  maintenance cos t  a f t e r  the  jth a r c  is 

converted t o  a  p r iva t e  d r ive .  

RECj = roadbed recons t ruc t ion  c o s t s  of the jth arc .  

RESj = resufac ing  cos t  of the j th  a r c .  

RECpd = r econs t ruc t ion  cos t  for  a  p r i v a t e  dr ive .  

MCpd = maintenance cos t  for  a  p r iva t e  dr ive .  

n1 = the  number of years between recons t ruc t ion  of the 

r th  arc .  

n2 = the  number of years  between resur fac ing  of the 

r t h  arc .  

n3 = t h e  number of years  between p r i v a t e  d r i v e  

r econs t ruc t  ions 

I f  l ega l  c o s t s  or  damage awards were included i n  the a n a l y s i s ,  

these  c o s t s  would be subt rac ted  from the  denominator in  equat ions (15) 

and (16). 



APPENDIX B 

MAINTENANCE, RECONSTRUCTION, AND RESURFACING COSTS 

Paved Maintenance Cost 

The bas ic  assumption underlying the maintenance cos t  fo r  a  paved 

road is t h a t  a  por t ion  of the  cos t  v a r i e s  d i r e c t l y  with the number of 

ax le  loadings passing on the  road. Therefore,  the f i r s t  s t e p  in e s t i -  

mating the  maintenance c o s t s  was t o  express  a l l  vehic les  i n  terms of 

equiva lent  18,000-pound (18-kip) ax le  loadings tha t  the road would sus- 

t a i n  through one pass by each vehic le .  The remaining port ion of the 

maintenance cos t  is fixed and i s  independent of the t r a f f i c  l e v e l  or  

composition. This f ixed port ion of the maintenance c o s t s  i s  assoc ia ted  

wi th  s igning ,  s lope eros ion ,  d i t ch ing  and snow removal. 

Variable Maintenance Cost 

Pavements a re  designed t o  withstand the  projected number of 18-kip 

loadings during the  expected l i f e  of the  road, usua l ly  20 years .  An 

increase  i n  the pro jec ted  number of 18-kip loadings ( add i t iona l  andlor 

heavier  veh ic l e s )  wi th in  a  given period of time w i l l  increase  the main- 

tenance cos t  of the road sur face .  

The measure of pavement condi t ion  used i s  the Pavement Service- 

a b i l i t y  Index (PSI).  This su r face  roughness index ranges from 5.0 

downward t o  0.0 with the upper l i m i t  being the ind ica t ion  of the bes t  

condi t ion  possible .  

Tables 37 and 38 show the  remaining 18-kip load app l i ca t ions  a  

pavement can be expected t o  s u s t a i n  before resur fac ing  is needed a t  PSI 
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of 2 . 0 .  Therefore,  i f  the  pavement was assumed t o  be new a t  4.5 PSI 

and 'needing r e su r fac ing  at 2 . 0 ,  the  va lues  i n  Tables 37 and 38 can be 

used a s  es t imates  of t h e  t o t a l  number of 18-kip loads the pavement can 

s u s t a i n  before i t  needs resur fac ing .  

The columns i n  Tables 37 and 38 headed "Design term" a r e  the  pave- 

ment s t r u c t u r e  i n d i c a t o r s  used t o  determine the number of loads a road 

can withstand before i t  r equ i re s  resur fac ing .  The o r i g i n  of the  rough- 

ness  measurement is the  AASHTO Road Test of 1958-60. Roughness mea- 

sured i n  Present  S e r v i c e a b i l i t y  Index (PSI) changes from a maximum of 

5 .0  t o  a s e l ec t ed  va lue  of 2 .0  over time i n d i c a t e s  an increase  i n  

roughness. 

The design term r e l a t e s  the number of passes of a standard 18,000 

lb .  ax le  load t o  the  load car ry ing  capaci ty  of the  var ious  pavement 

l aye r s .  I n  t h i s  s tudy,  t h e  design term ind ica t e s  the  number of stan- 

dard axle  loads t h a t  can pass over a pavement before  the roughness 

(PSI) reaches 2 .0  fo r  each f l e x i b l e  or  r i g i d  pavement thickness.  The 

des ign  term fo r  each paved road i n  the  th ree  s tudy areas  was computed 

from pavement type and thickness information supplied by the  count ies  

and Iowa Department of Transpor ta t ion  records.  

Tables 39 and 40 present  the t r a f f i c  equivalence f a c t o r s  for  sin- 

g l e  ax le  and tandem axles  on r i g i d  pavements. These t ab le s  i n d i c a t e  

t h e  18-kip equivalence for  a range of kip-loads on r i g i d  pavements with 

s l a b  thickness ranging from 6 t o  11 inches. 



Table 39. Traf f ic  equivalence factors  for s i n g l e  ax les  on r i g i d  pavement 
where PSI = 2.0  

Axle load Slab thickness i n  inches 
kips 6 7 8 9 10 11 

Source: AASHO Interim Guide for Design of Pavement Structures,  1972. 



Table 40. T r a f f i c  equivalence f a c t o r s  for  tandem axles  on r i g i d  
pavements where PSI = 2.0. 

Axle load Slab  th ickness  i n  inches 
k i p s  6 7 8 9 10 11 

Source: AASHO Inter im Guide f o r  Design of Pavement S t ruc tu res ,  1972. 

Note: For tandem axle  loads under 10 k i p s ,  the  following equivalence 
f a c t o r s  were u t i l i z e d :  0.0004 f o r  4 k i p s ,  0.0014 for  6 k i p s ,  
and 0.004 fo r  8 k ips .  



Tables 41 and 42 present  the t r a f f i c  equivalence f a c t o r s  for  s in-  

g l e  ax les  and tandem axles  on f l e x i b l e  pavements fo r  s e l ec t ed  k ip  load- 

ings and s t r u c t u r a l  numbers. 

Table 43 i n d i c a t e s  the  number and type of ax les  and the loading on 

each ax le  fo r  a l l  veh ic l e s  i n  t h i s  study. This  t a b l e ,  along wi th  

Tables 39, 40, 41 and 42 y i e l d  the  number of 18-kip equivalent  loads 

t h a t  each veh ic l e  a p p l i e s  t o  a  pavement. The 18-kip equivalent  number 

is mul t ip l i ed  by the  veh ic l e  year ly  t r a f f i c  l e v e l  on the road t o  obta in  

the  t o t a l  number of 18-kip loadings the veh ic l e  app l i e s  t o  the road. 

Summing over a l l  veh ic l e  types y i e l d s  the  annual number of 18-kip load- 

ings applied t o  a  road. 

For example, suppose a  commercial van t rave led  10,000 times over a  

road with a  r i g i d  pavement with a  s l a b  thickness of s i x .  Table 43 

shows t h e  commercial van having two s i n g l e  ax les  weighing 2,800 and 

2,400 pounds, r e spec t ive ly .  By i n t e r p o l a t i n g  between two and four axle  

load k ips  i n  Table 39, t h e  f ron t  ax le  app l i e s  0.00092 k i p  equiva lents  

t o  the road su r face ,  while  the  r e a r  ax le  app l i e s  0.00056 kip equiv- 

a l e n t s .  Hence, the  commercial van app l i e s  0.00148 k ip  equiva lents  t o  

t h e  road on each pass and 14.8 k i p  equiva lents  when the commercial van 

t r a v e l s  over the road 10,000 times. 

The t o t a l  number of 18-kip loadings a  road can withstand i n  i t s  

l i f e t i m e  from Tables 41 and 42 were divided by the  l i f e  of the road t o  

y i e l d  the  t o t a l  number of 18-kip loadings a  road can withstand i n  a  

year .  



Table 41. Traf f ic  equivalence factors  for s i n g l e  ax les  on f l e x i b l e  
pavement where PSI = 2.0 .  

Axle load Structural number 
k ips  1 2 3 4 5 6 

Source: AASHO Interim Guide for Design o f  Pavement Structures,  1972. 



Table 42. T r a f f i c  equivalence f a c t o r s  for  tandem axles  on f l e x i b l e  
pavement where PSI = 2.0 

Axle load S t r u c t u r a l  number 
kips* 1 2 3 4 6 8 

*For tandem axle  loads under 10 k ips ,  the following equivalence 
f a c t o r s  were u t i l i z e d :  0.0004 for  4 k ips ,  0.0014 for  6 k ips ,  and 
0.004 fo r  8 k ips .  

Source: AASHO Inter im Guide f o r  Design of  Pavement S t ruc tu res ,  1972. 



Tsble 43. Vehicle axle wights by typa OF vehicle in pounds. 

- 
First - 
1,750 
2 , m  
1,7% 
6,150 
6,900 
3 , m  
1,754 
7 , m  
9,000 
3,810 
3.830 

Individuel axle loaditlgs* 
Sgmd lhird Fcurth Fifth 

- 
Sixth Vehicle Daseriptim 

C B  2 
Cmmtcial vm 2 
P i c b  2 
Sinple w l e  truck-half foaded 2 
Taixkm axle truck-eqty 2 
Tretor with wipren t  3 
Picktp with trailer 3 
Carbige truck 2 
Connercial sernitraik-ewty 3 
Trstor  2 
Trs to r  with e w k t  3 
Colbine, h a r  2 
W i n e ,  4-rar 2 
Gnbine, +Tar 2 
Tracta with 125-bu. w i ~ m v @ y  4 
Tractor with 2Whr. vag-ty 4 
T r s t a  with 3X-t~.  wag- 4 
Trstor  with 4 W h .  vag-ty 4 
Treeta with 5%&. wegm-m+ty 4 
Trstor  with 2 3%. vagms-eqty 6 
Tractor with 2 4 W h .  wagm-eqty 6 
SimIe wle t r d  with plpenpty 3 
F m  mitraile-ty 3 
Tadan w l e  truck with &upPnpty 3 
Sirgle axle t w k  with 2%-hr. wag-ty 4 
Single wle truck with 350-hr. "$-ty 4 
Taixkm axle truck with 4%+. w.s~-ty 4 
Tractor with grain b - t y  3 
T d e n  axle truck with 5504~.  wag-ty 4 
T d e n  w t e  truck with 2 3Ytbu. vagar 

enPtY 6 
Twden axle truck with 2 450-h. wig-ty 6 
Cmmrciat dtreiler-loeded 3 
Twden axle truck-loaded 2 
Farm &trai ler- lded 3 
Sirgle axle truck with pllrloaded 3 
Taden wle truck with &uploaded 3 
Trecta with 125-tu. wagarloaded 4 
Trector with 2504% vagmloaded 4 
Trector with auger wagm-loaded 3 
Treetor with 3Xtbu. wagarloaded 4 
T r ~ t a  with 4%-hr. wagmloaded 4 
Tractor with 550-hr. vagarloadel 4 
Tractor with 2 3%. wqms-ided 6 
Treetor with 2 450-hr. ~gms-loaded 6 
Sirgh axle truck with Wtht. wagarloadd 4 
Single a t e  truck with 350-bu. rag-loaded 4 
Tanden axle t n r k  with 4%&. vcgm-loadd 4 
Taden axle truek with 5%. ragm-loaded 4 
T d e n  axle t w k  vith 2 3Xt-t~. wagour 

loaded 6 
Tanden axle truck vith 2 4%-hr. wzgms- 

loaded 6 

* represents a taden axle, othenise the wle is a eitlgle wie. 

Saurce: Ian, Departmt of T r w s p r t a t i a ,  "1982 TN& Weight Stldy," kree, Ian,. 

hrpienent d ltactor, 1983, Red Bmk Ism, Vol. 90, No. 5, 1903. 

vrpKlblished eelee brachres, selected farm Lrplenent m k t u r e r s ,  1983. 

Heatt of Ian, Cap, Ulpblished s a l e  wights, Roland, Ian,, 1983. 

Pmker Inlustries, 'kwity Beds ad W i n e  Related Speeificsticn Sheets," Jefferscn, Iani. 



The average maintenance for  county paved roads i n  each s tudy area 

was obtained from t h e  Quadrennial Need Study f o r  Study Years 1982 

through 2001. The average annual f ixed maintenance cos t  for  each s tudy 

a rea  was subt rac ted  from the  s tudy area annual average t o t a l  mainten- 

ance cos t  t o  obta in  the  annual average va r i ab le  maintenance per mile of 

paved road. The r e s u l t i n g  annual va r i ab le  maintenance cos t  per mile of 

paved road i n  the th ree  s tudy areas  were: 

Annual va r i ab le  maintenance 
c o s t  per mile  of 

Study a rea  paved road 

Hamilton $175.60 

Shelby 542.40 

L inn 427.00 

Variable maintenance c o s t s  for  each paved road were est imated by 

equation (17). 

K A VMC = - * AVMC * D i s t  
YK 

where: 

VMC = v a r i a b l e  maintenance cos t ;  

KA = t h e  t o t a l  number of 18-kips applied in 1982; 

YK = t h e  yearly a l l o c a t i o n  of 18-kip app l i ca t ions ;  

AVMC = the  average v a r i a b l e  maintenance cos t  per mile  of road;  

Dis t  = t h e  d i s t ance  of road. 

The va r i ab le  maintenance c o s t s  ca l cu la t ed  by equat ion (17) were un- 

r e a l i s t i c a l l y  high for  many paved country roads i n  each s tudy area.  The 

l i f e t i m e  k ip  loadings of these  roads were being consumed in the model i n  



l e s s  than one year .  It  was assumed, based on pas t  county p r a c t i c e s ,  t ha t  

county engineers  would upgrade the roads r a t h e r  than r ebu i ld  the roads on 

an annual b a s i s .  The upgrading procedure cons is ted  of adding s u f f i c i e n t  

pavement t o  inc rease  the  l i f e t i m e  k ip  loadings t o  500,000. Assuming a 

20-year l i f e ,  the  a d d i t i o n a l  s i x  inches of pavement would withstand 

25,000 18-kip a p p l i c a t i o n s  per year.  The est imated cos t  of resur fac ing  a  

paved road with s i x  inches of pavement for  the  th ree  s tudy areas  a re  pre- 

sented i n  Table 44. 

Table 44. Estimated cos t  of resur fac ing  by s tudy area.  

Study area  
Cost per 
lane mile 

Annualized cost  
per lane mile 

Hami 1 ton $25,881 

Shelby 25,881 

Linn 30,684 

Equation 18 r ep resen t s  the a l t e r n a t i v e  method of c a l c u l a t i n g  va r i -  

ab le  maintenance c o s t s  for  paved roads in t h i s  study. 

where: 

UPC = t h e  annualized upgrading c o s t ;  

R = 50,000 k ip  app l i ca t ions  spread over 20 years .  

The va r i ab le  maintenance of a  paved road used i n  t h i s  ana lys i s  is the  

minimum va lue  of equat ions (17) and (18). Hence, equation (19) repre-  

s e n t s  the  maintenance cos t  equation for  paved roads. 



MC = (FMC * Dis t )  + S 

where : 

MC = maintenance c o s t ;  

FMC = t h e  fixed maintenance cos t  per mile of road; 

S = t h e  minimum value  of va r i ab le  maintenance cos t  ca l cu la t ed  i n  

equat ions  (17) and (18). 

Gravel and D i r t  Maintenance Cost 

Table 45 expresses maintenance cos t  for paved, g rave l ,  and d i r t  

roads as a funct ion of average d a i l y  t r a f f i c  (ADT) l e v e l  and an in t e r -  

cept  term. The average d a i l y  t r a f f i c  l e v e l  was ca l cu la t ed  for  a l l  

g rave l  and d i r t  roads i n  each of the t h r e e  s tudy areas .  The average 

Table 45. Maintenance cos t  per mile  of g rave l  road as  a funct ion 
of average d a i l y  t r a f f i c  and an in t e rcep t .  

Cost per 
average d a i l y  

County Road sur face  t r a f f i c  I n t e r c e p t  

Hami 1 ton paved $0.94 $1,160 

g rave l  4.70 2,376 

d i r t  1.52 2,026 

Shelby paved 

gravel  

d i r t  

L inn paved 

gravel  

d i r t  



d a i l y  t r a f f i c  was mul t ip l i ed  by i t s  appropr ia te  c o e f f i c i e n t  t o  y i e l d  

t h e  v a r i a b l e  por t ion  of maintenance cos t .  The t o t a l  maintenance cos t  

was obtained by adding the f ixed por t ion  of maintenance t o  the v a r i a b l e  

maintenance cos t  and mul t ip ly ing  by the  d i s t ance  of the  road. 

Reconstruct ion and Resurfacing Costs  

Tables 46 and 47 show the  recons t ruc t ion  and resur fac ing  c o s t s  of 

roads i n  each of t h e  t h r e e  s tudy areas  obtained from the  Quadrennial  

Need Study for  Study Years 1982 through 2001. From Table 45, a  lane 

mile  of gravel  road i n  Hamilton County with an ADT of 97 o r  99 r equ i re s  

$6,621 i n  r e su r fac ing  c o s t s  every 20 years .  A grave l  road with an ADT 

of 101 r equ i re s  $17,454 i n  r e su r fac ing  c o s t s  every 60 years .  The 

increase  i n  r e su r fac ing  c o s t s  by adding 2 ADT is zero when t r a f f i c  

increases  from 97 t o  99 ADT, while  adding 2 more ADT increases  resur-  

fac ing  c o s t s  $10,833 when t r a f f i c  increases  from 99 t o  101 ADT. 

The va lues  i n  Tables 46 and 47 were in t e rp re t ed  as  the reconstruc-  

t i o n  or resur fac ing  c o s t s  for  the  midpoint of i t s  ADT group f o r  highway 

group numbers 3 and 7. Highways a re  grouped by ease of e n t r y  and 

length  of t r i p .  For example, highway group 1 c o n s i s t s  of i n t e r s t a t e  

highways with long length t r i p s  and f u l l  access con t ro l .  Highway group 

8 c o n s i s t s  of r u r a l  roads with very shor t  t r i p s  and no access con t ro l .  

A lane mile of gravel  road i n  HamiIton County with an ADT of 62.50 

r e q u i r e s  $6,621 i n  r e su r fac ing  c o s t s  every 20 years .  The midpoint 

t r a f f i c  l e v e l s  for  highway group numbers 3 and 6 were 3,250 and 250 

ADT respec t ive ly  . The minimum recons t ruc t  ion and r e su r fac ing  



Table 46. Resurfacing cos t  per lane mile of road by road type,  
t r a f f i c  l e v e l  and highway group, 1982. 

Highway 
group ADT Surface Study a rea  
number group type Hamilton Shelby Linn 

3 over 1,500 paved $32,877 $32,877 $38,892 

4 400-1,500 paved 30,094 30,094 35,583 

5 under 400 paved 25,881 25,881 30,684 

6 over 100 g rave l  17,454 17,454 20,656 

7 25.1-100 gravel  6,621 6,621 7,764 

8 0-25 d i r t  4,213 4,213 4,899 

Table 47. Reconstruction c o s t s  per lane mile of road by road 
sur face ,  t r a f f i c  l e v e l  and highway group, 1982. 

Highway 
group ADT Surface Study a rea  

number group type Hamilton Shelby L inn 

3 over 1,500 paved $183,867 $263,684 $307,642 

4 400-1,500 paved 123,505 165,865 193,695 

5 under 400 paved 58,141 73,092 85,659 

6 over 100 g rave l  26,121 36,088 42,179 

7 25.1-100 gravel  12,399 19,043 22,113 

8 0-25 d i r t  7,824 11,977 13,867 



cos t  of paved and gravel  roads were represented by highway group num- 

bers' 5  and 8. The slope was ca lcula ted  between each of the  midpoints. 

The revised recons t ruc t ion  and resurfac ing  cost ,  equations a r e  shown in  

Tables 48 and 49. 

Long-term investments i n  road recons t ruc t ion ,  resurfac ing  and 

o b l i t e r a t i o n  were annualized using the  following c a p i t a l  recovery equa- 

t ion:  

i ( l + i I n  
CRF = C 

(1+ i ln  -1 

where: 

CRF = c a p i t a l  recovery f a c t o r ;  

C = investment cos t ;  

n  = se rv ice  l i f e ;  

i = i n t e r e s t  r a t e .  

The i n t e r e s t  r a t e  used in  t h i s  ana lys i s  was a  r e a l  i n t e r s t  r a t e  obtain- 

ed by sub t rac t ing  the  1982 i n f l a t i o n  r a t e  of s i x  percent from the  nomi- 

na l  i n t e r e s t  r a t e  on high grade municipal bonds of 11.57 percent .  

Thus, the  r e a l  i n t e r e s t  r a t e  used t o  obta in  the  c a p i t a l  recovery on 

road investment c o s t s  was 5.6 percent 



Table 48. Resurfacing cos t  equat ions per lane mile of road by road 
su r face ,  t r a f f i c  l eve l  and study area.  

ADT 
group Surface County Resurfacing cos t  equations 

Over 1,500 paved Hamilton W = $1.212 + $30,094 

Shelby W 1.212 + 30,094 where Z = ADT-950 

Linn W = 1.442 + 35,583 

400 - 1,500 paved Hamilton W = 7.662 + 25,881 

Shelby W = 7.662 + 25,881 where Z = ADT-400 

L inn W = 8.912 + 30,684 

under 400 paved Hamilton W = 25,881 

Shelby W = 25,881 

L inn W = 30,684 

over 100 g rave l /  Hamilton W = 57.782 + 6,621 

d i r t  Shelby W = 57.782 + 6,621 where 2 = ADT-62.50 

L inn W = 68.762 + 7,764 

25.1-100 gravel /  Hamilton W = 64.212 + 4,213 

d i r t  Shelby W = 64.212 + 4,213 where Z = ADT-25 

Linn W = 76.402 + 4,899 

0-25 g rave l /  Hamilton W = 4,213 

d i r t  Shelby W = 4,213 

Linn W = 4,899 



Table 49. Reconstruction cos t  equations per lane mile of road by 
road su r face ,  t r a f f i c  l eve l  and study area. 

ADT 
group Surface County Reconstruction cos t  equat ions 

Over 1,500 paved Hamilton Y = $26.242 + $123,505 

Shelby Y = 42.532 + 165,865 where Z = ADT-950 

L inn Y = 49.542+ 193,695 

400.1-1,500 paved Hamilton Y = 118.842 + 58,141 

Shelby Y = 168.682 + 73,092 where 2 = ADT-400 

Linn Y = 196.432+ 85,659 

under 400 paved Hamilton Y = 58,141 

Shelby Y = 73,092 

L inn Y = 85,659 

over 100 g rave l /  Hamilton Y = 73.182 + 12,399 

d i r t  Shelby Y = 90.912 + 19,043 where Z = ADT-62.50 

L inn Y = 107.022 + 22,113 

25.1-100 gravel /  Hamilton Y = 122.002 + 7,824 

d i r t  Shelby Y = 188.432 + 11,977 where 2 = ADT-25 

L inn Y = 219.892 + 13,867 

gravel /  Hamilton Y = 7,824 

d i r t  Shelby Y = 11,977 

Linn Y = 13,867 



APPENDIX C 

PROCEDURE FOR ESTIMATING VEHICLE TRAVEL COSTS ON PAVED, GRANULAR 

AND EARTH SURFACE ROADS 

Each veh ic l e  was c l a s s i f i e d  as  e i t h e r  a road veh ic l e  or a farm 

veh ic l e .  Road veh ic l e s  include automobiles,  pickups, commercial vans, 

and s e m i t r a i l e r  t rucks ,  garbage t rucks ,  school buses, farmer-owned s in-  

g l e  ax le ,  tandem axle  and s e m i t r a i l e r  t rucks .  Farm veh ic l e s  include 

farm t r a c t o r s  and combines which a re  designed pr imar i ly  fo r  f i e l d  work 

purposes. After accounting for  the  va r ious  veh ic l e s  pu l l ing  d i f f e r e n t  

types of equipment, v a r i a b l e  c o s t s  a r e  estimated fo r  13 types of road 

veh ic l e s  and 21 types and s i z e s  of farm vehic les .  The following is a 

summary of the procedures used t o  es t imate  each cost  component. 

Fuel Costs  

Fuel cos t  in  cen t s  per mile  for each vehic le  type was est imated 

as :  

where: 

Fi = f u e l  cos t  i n  cen t s  per mile for vehic le  type i; 

FPi = f u e l  p r i ce  i n  cen t s  per ga l lon  fo r  vehic le  type i; 

FCi = f u e l  consumption i n  miles  per ga l lon  for  veh ic l e  

type i; 

For farm v e h i c l e s ,  f u e l  consumption i n  miles  per ga l lon  is defined as  

t h e  r a t i o  of speed i n  miles  per hour divided by f u e l  consumption in 

g a l l o n s  per hour o r :  



where: 

Si = speed i n  miles  per hour for  farm veh ic l e  type; 

G i  = f u e l  consumption i n  ga l lons  per hour for  

farm veh ic l e  type i. Behavioral r e l a t i o n s h i p s  between 

G i  and t h e  percent engine load for  veh ic l e  type i (EL;) 

were est imated using l e a s t  squares regress ion  procedures 

and a re  used t o  es t imate  G i  f o r  each vehic le  type. The 

e s t ima te  for  EL; is obtained from (23): 

where : 

V i  = percent of engine load for  veh ic l e  i with no 

t r a i l i n g  equipment or  wagons; 

V i  = 30 percent  on g rave l  roads a t  10 m.p.h., 

V i  = 40 percent  on paved roads a t  11 m.p.h. 

Di  = t h e  d r a f t  of veh ic l e  type i is defined i n  (24): 

= C i  * A i  

where: 

C i  = adjustment c o e f f i c i e n t  t o  convert  the weight of 

equipment being pul led  by v e h i c l e  type i on a spec i f i ed  

su r face  type t o  veh ic l e  d r a f t ;  



A i  = weight of the equipment being pul led by vehic le  type i 

obtained from (23).  

O i l  Costs 

O i l  cos t  i n  cen t s  per mile for  each vehic le  type was ca l cu la t ed  as  

follows : 

Oi = OPi * OCi ( 2 5 )  

where: 

Oi = o i l  cos t  i n  cen t s  per mile for  vehic le  type i; 

OPi = o i l  p r i c e  per u n i t  fo r  vehic le  type i; 

OCi = o i l  consumption i n  qua r t s  per mile for  road 

veh ic l e  type i. For farm veh ic l e  type i ,  o i l  

consumption i n  ga l lons  per mile i s  defined as (26): 

where: 

O M i  = o i l  consumption in ga l lons  per hour for  farm veh ic l e  

type i was taken d i r e c t l y  from the  1981 Agr i cu l tu ra l  

Engineering Yearbook and is defined as :  

= 0.00573 + 0.00021 H i  

where: 

H i  = engine horsepower for farm veh ic l e  type i; 

S i  = speed i n  miles  per hour for  farm veh ic l e  type i. 



T i r e  Costs  

T i r e  cos t  i n  c e n t s  per mile for  each veh ic l e  type was estimated 

as follows: 

where: 

Ti = t i r e  cos t  i n  cen t s  per mile for  veh ic l e  type i; 

k = type of t i r e  ( i . e .  f r o n t ,  r e a r ,  t r a i l e r  t i r e s ) ;  

Nik = number of the t i r e  type k onlvehic le  type i; 

TPik = pr i ce  of t i r e  type k fo r  veh ic l e  type i; 

Lik = expected l i f e  i n  miles  of t i r e  type k fo r  road veh ic l e  

type i; 

For farm veh ic l e  type i ,  the  expected l i f e  i n  miles  of t i r e  type k i s  

defined a s :  

Lik = Mik * Si 
where: 

Mik = expected l i f e  in  hours of t i r e  type k for  vehic le  

type i; 

Si = speed i n  miles  per hour fo r  vehic le  type i. 

Maintenance Costs  

Maintenance and r e p a i r  cos t  i n  cen t s  per mile for  road vehic les  

were taken from previous s tud ie s  whenever poss ib le .  In  those cases 



where maintenance and r e p a i r  cos t  fo r  road veh ic l e s  were not a v a i l a b l e ,  

maintenance c o s t s  for  v e h i c l e  type i were estimated by: 

where : 

M C i  = maintenance and r e p a i r  cos t  in  cen t s  per mile for  

vehic le  type i; 

- 
R i  = average annual maintenance and r epa i r  cos t  i n  cen t s  for 

road veh ic l e  type i; 

- 
AM; = average annual miles  dr iven by road vehic le  type i. 

Maintenance and r e p a i r  cos t  in  cents  per mile f o r  farm veh ic l e  

type i was estimated by: 

where : 

R i  = est imated t o t a l  l i f e t i m e  maintenance and r e p a i r  cos t  for 

farm veh ic l e  type i. The 1981-1982 Agr icul tura l  Engineers 

Handbook es t imates  R i  t o  be (32): 

= (0.120) (VP;) (Qi11000) 
2.033 (32 

AMi = t o t a l  l i f e t i m e  miles  for  farm veh ic l e  type i and is 

estimated by (331: 

= Qi * S .  
1 



where: 

Ri = t o t a l  l i f e t i m e  r e p a i r s  i n  cen t s  for  vehic le  type i; 

VP; = l i s t  p r i c e  of veh ic l e  type i; 

Q i  = est imated l i f e  i n  hours for  veh ic l e  type i; 

Si = speed i n  miles  per hour for  vehic le  type i. 

Travel  Time Component 

Variable t r a v e l  time cos t  i n  cen t s  per mile for  each veh ic l e  type 

was ca l cu la t ed  as :  

TTi = (NA; * Wi) ( ~ ~ 1 - l  

where: 

TTi = t r a v e l  time cos t  i n  cen t s  per mile for  vehic le  

type i; 

N A i  = t h e  average number of a d u l t s  i n  vehic le  type i; 

W i  = the  est imated va lue  of the  a d u l t s '  time i n  cen t s  per 

hour fo r  veh ic l e  type i; 

S i  = the  speed i n  miles  per hour of vehic le  type i. 

Table 50 p resen t s  the  estimated t r a v e l  time cos t s  per mile for  r eg i s -  

te red  veh ic l e s .  The hourly wage r a t e  used for  a  farm t r a c t o r  and com- 

b ine  d r i v e r  was $7.00 per hour. 



Table 50. Estimated time va lue  i n  cen t s  per mile  for r eg i s t e red  
vehic l e s  . 

Time va lue  i n  
Vehicle cen t s  per mile 

Au t omob i l e  

Pickup truck 

Commercial van 

Commercial s e m i t r a i l e r  t ruck 21.5 

Garbage t ruck  29.4 

School bus 10 .O 

Farmer-owned s i n g l e  ax le  t ruck  10.8 

Farmer-owned tandem truck 10.8 

Farmer-owned s e m i t r a i l e r  t ruck  10.8 

Variable Costs by Surface Type 

The f u e l ,  o i l ,  t i r e ,  maintenance, and t r a v e l  time cos t  components 

were est imated for  each road veh ic l e  and then summed t o  a r r i v e  a t  a 

"base" va r i ab le  cos t  funct ion ,  r e f l e c t i n g  the su r face  combination which 

corresponds t o  t h e  da ta  used t o  develop the cos t  funct ions.  The 

su r face  combination for  the  school bus v a r i a b l e  cos t  es t imate  was 43 

percent paved, 50 percent  g rave l ,  and seven percent e a r t h  sur face  t rav-  

e l .  The farmer-owned a ing l e  ax le ,  tandem ax le ,  and semi t r a i l e r  su r face  

combination was assumed t o  be 50 percent  paved and 50 percent g rave l  

su r face  t r a v e l .  The remaining road vehic les  "base" va r i ab le  cost  e s t i -  

mates were assumed t o  have 100 percent  of t r a v e l  on paved sur faces .  

Each base va r i ab le  cos t  funct ion was then adjus ted  t o  paved, g rave l ,  



and e a r t h  su r face  va r i ab le  cost  funct ions by using Winfrey's 40 mile 

per hour su r face  adjustment fac tors .  

Winfrey's su r face  adjustment f a c t o r s  r e f l e c t  the changes i n  va r i -  

ab le  running c o s t  tha t  occur due t o  changes i n  sur face  types. These 

v a r i a b l e  cos t  changes a r e  the  r e s u l t  of c h a r a c t e r i s t i c s  of the  road 

surface  such as  f i rmness,  abrasiveness,  roughness, dus t iness  and loose- 

ness of the  surface.  Winfrey's adjustment f a c t o r s  include f u e l ,  o i l ,  

t i r e s ,  maintenance and deprec ia t ion .  The t r a v e l  time cost  component 

was a l s o  included i n  the  adjustment f a c t o r s  because of the  speed d i f -  

f e r e n t i a l s  on d i f f e r e n t  sur face  types. 

Winfrey only provided surface  adjustment f a c t o r s  for  road vehi- 

c l e s .  Consequently, t he  f u e l ,  o i l ,  t i r e ,  maintenance, and t r a v e l  time 

c o s t s  for  farm veh ic l e s  were estimated fo r  each type of vehic le  on both 

paved and g rave l  sur faces .  The impact of su r face  type on va r i ab le  

c o s t s  is r e f l e c t e d  i n  the  estimated speed, engine load, including 

d r a f t ,  and t i r e  wear. The estimated cos t  components were then summed 

by surface  type t o  a r r i v e  a t  va r i ab le  cos t  funct ions for  each farm 

vehic le  on paved and gravel  sur faces .  The r e s u l t i n g  cos t s  per vehic le  

mile a r e  presented in  Table 36. 



APPENDIX D 

TRAVEL TIME PENALTY 

Some farm equipment t r a v e l  r e s u l t i n g  from a change i n  the  road 

system has an e x t r a  c o s t  i n  add i t ion  t o  the  usual f u e l ,  t i r e  wear, 

l a b o r ,  o i l  and maintenance cos t s .  Farmers w i l l  incur  an opportuni ty 

c o s t  from the  increased t r a v e l  time i f  the  e x t r a  t r a v e l  time prevents  

f i n i s h i n g  t h e  p l an t ing  or harves t ing  of a crop i n  the  optimal time 

period.  I f ,  fo r  example, a f i e l d  could not be planted i n  one day and 

overnight the weather changed t o  r a i n ,  s eve ra l  days may pass before 

p lant ing  is completed. Assuming a corn crop and an i n i t i a l  p lan t ing  

d a t e  of May 14, a two-day delay i n  p lant ing  can reduce y i e l d  by approx- 

imately 1.6 percent  [Edwards and Boehlje,  19801. Assuming a 100- 

bushel per acre  y i e l d  with a corn p r i ce  of $2.50 per bushel ,  a two-day 

p lan t ing  delay would cos t  $4 per  acre .  Thus, when a farmer is forced 

t o  t r a v e l  longer because of a change i n  the road system, a t r a v e l  time 

penal ty  is incurred.  

When faced with increased t r a v e l  time, a farmer can minimize h i s  

l o s s e s  by seve ra l  s t r a t e g i e s  including:  

1. Allow the  y i e l d  t o  decl ine--cal led t imel iness  loss .  

2. Work longer hours. 

3. Change the  crop mix. 

4. Farm fewer acres .  

5. Increase the s i z e  of h i s  machinery--called machine capaci ty .  



Pred ic t ing  t h e  cos t  of implementing any of the f i v e  s t r a t e g i e s  should 

g i v e  an es t imate  of the t r a v e l  time penal ty.  

I n  t h i s  s tudy,  the  t r a v e l  time penal ty  cos t  is based on the cos t  

f o r  increas ing  machine capaci ty  t o  permit the  farmer t o  opera te  the  

same amount of land i n  t h e  same t o t a l  time a s  before the  change i n  t h e  

road system. For example, of the farmer spends an e x t r a  10 minutes on 

t h e  road machine capaci ty  i s  increased enough t o  allow the same amount 

of acres  t o  be covered i n  ten fewer minutes. 

Est imating Increased Machinery Capaci ty 

The amount of increased machinery capaci ty  can be est imated by 

using measures of e f f e c t i v e  f i e l d  capaci ty  and road speed. The ef fec-  

t i v e  capaci ty  fo r  a machine is the  est imated number of acres  a given 

machine can cover i n  one hour. For example, a &row, 30 inch p l an te r  

has an est imated f i e l d  capaci ty  of 4.6 acres/hour [PM 696, ISU Exten- 

s ion  Serv ice  1. 

Assuming a farmer maintains an average road speed of 10 m.p.h. on 

a gravel  road, an e x t r a  mile t rave led  on g rave l  requi res  s i x  add i t iona l  

minutes. I f  the  farmer g ives  up s i x  minutes of f i e l d  time because of 

one add i t iona l  mile  of t r a v e l ,  then h i s  machine capaci ty  must increase  

enough t o  cover the  same ground i n  s i x  l e s s  minutes. 

The change i n  machine capaci ty  per e x t r a  mile t rave led  can be rep- 

resented  by the  following equat ions:  



where: 

AAijk = t h e  change i n  acres  per e x t r a  mile  t rave led  which 

farmer i must cover with increased machine capaci ty  

fo r  the  jth machine on the kth su r face  type t o  

compensate fo r  the  e x t r a  road mile  t rave led .  

MCj = the  machine capaci ty  i n  acres  per hour fo r  the 

jth machine; 

. th  MPHjk = t h e  speed i n  miles  per hour of the  J 

machine on the kth road sur face  type,  

and with t h e  following: 

where: 

ACijk = t h e  change i n  capaci ty  required per e x t r a  mile 

t rave led  for  farmer i using machine j on the kth su r face  

type; 

'ij = t h e  t o t a l  work time of farmer i where work time is 

the  t o t a l  of t r a v e l  and f i e l d  time, using machine j on 

su r face  type k. 

The percent change i n  capaci ty  t equ i r ed  is estimated by ( 3 7 ) :  



where : 

PCCijk = t h e  percent change i n  machine capaci ty  required 

per e x t r a  mile  t r ave led  by farmer i, using 

machine j on su r face  type k ;  

C C i j  = t h e  t o t a l  machine capaci ty  of farmer i, defined by 

Ai j  , where A i j  i s  the t o t a l  a rea  farmed 

'ij 
by i ,  and Y i j  is the  t o t a l  work time 

of farmer i, using machine j. 

PCCijk can a l s o  be w r i t t e n  as the following: 

F ie ld  Capacity ~ a l c u l a t i o n s  

The harves t ing ,  p lan t ing  and t i l l a g e  opera t ions  were the only 

f i e l d  operat ions considered as  t ime-c r i t i ca l .  The e f f e c t i v e  f i e l d  

c a p a c i t i e s  fo r  d i f f e r e n t  s i z e s  of farm equipment used i n  these  opera- 

t i o n s  a r e  presented i n  Table 51. Average machine c a p a c i t i e s  a r e  shown 

i n  Table 52. 

The p l a n t e r s '  machine c a p a c i t i e s  were combined because the farm 

t r a v e l  ques t ionnai re  da t a  d id  not separa te  p l an te r  t r i p s  by p l an te r  

s i z e .  A weighted average p l an te r  f i e l d  capaci ty  was estimated using 

weights based on judgement of an Iowa S t a t e  Universi ty a g r i c u l t u r a l  



Table 51. Estimated machine f i e l d  capac i t i e s .  

Machine 
E f f e c t i v e  f i e l d  capaci ty  

i n  acres  per hour 
-- 

4-row, 30 inch p l a n t e r  

6-row, 30 inch p l a n t e r  

&row, 30 inch p l a n t e r  

2-row, 38 inch combine 

4-row, 30 inch combine 

6-row, 30 inch  combine 

8-row, 30 inch combine 

5-foot o f f s e t  d i sk  

SOURCE: Estimating Fie ld  Capacity of Farm Machines, PM-696, 
August 1976, Cooperative Extension Serv ice ,  Iowa S t a t e  
Universi ty.  

Table 52. Machine f i e l d  c a p a c i t i e s  for  t i l l a g e ,  p lan t ing  and 
harves t ing ,  averaged over s i z e s  of machines. 

Machine 
E f f e c t i v e  f i e l d  capaci ty  

in acres  per hour 

P lanter  6.7 

2 row combine 1.5 

4 row combine 2.3 

6-8 row combine 3.5 

Disk 6.6 



engineer.  The weights a r e  e s s e n t i a l l y  r ep resen ta t ive  of the  number of 

each p lan te r  s i z e  used by farmers. Except for  d i f f e r e n t i a t i n g  between 

6- and 8-row combines, combine s i z e s  were known from the  ques t ionnai re  

da ta .  Therefore, separa te  f i e l d  c a p a c i t i e s  were used for  2, 4 and 6-8 

row combines. 

Using equation (38), the  percent change i n  machinery required t o  

compensate for  the  time l o s t  i n  each e x t r a  mile t raveled on paved and 

g rave l  sur faces  were estimated fo r  f i v e  farm s i zes .  Five farm s i z e s  

were used, and were taken from the  Iowa Farm Business Association [Iowa 

Farm Business Associat ion,  Averages fo r  the  Year 1982, Grain, April  29, 

19831. The average ro ta t ed  acres  and range of acres of the f i v e  farm 

s i z e s  a r e  as follows: 

Average 
r o t a t e d  ac res  Range of ac res  

The percent change i n  capaci ty  for  the  f i v e  machines and f i v e  farm 

s i z e s  a r e  presented in  Table 53. The est imated percent changes in  ca- 

pac i ty  required fo r  each add i t iona l  mile of t r a v e l  a re  based on a speed 

of 11 mi les  per hour on paved roads and 10 miles per hour on gravel  



Table 53. Percent change in  capacity required for each mile traveled on paved and 
gravel surfaces for f ive  farm s izes  by type of equipment. 

Type of equinment 
Parm s i z e  Planter Disk 2-row combine 4-row combine 6-8 row combine 
in  acres Paved Gravel Paved Gravel Paved Gravel Paved Gravel Paved Gravel 

The d a t a  es t imates  i n  Table 53 i n d i c a t e  tha t  smaller farms requi re  

a  l a r g e r  percentage increase  i n  capaci ty  per add i t iona l  mile t rave led  

than l a r g e r  farms. The reason is t h a t  small farms use smaller  equip- 

ment than l a rge  farms and thus r equ i re  a  l a rge r  percentage increase  i n  

capaci ty  t o  o f f s e t  t r a v e l  time on roads. 

The cos t  of t h i s  increased capaci ty  was based on the r e l a t i o n s h i p  

between the c o s t  of changing the e f f e c t i v e  f i e l d  capaci ty  and percent 

change i n  machinery fixed cos t .  That is ,  the cos t  of increas ing  ma- 

chine capac i ty  was estimated by a  percent change in f ixed cos t .  

The assumption underlying t h i s  proposed r e l a t i o n s h i p  i s  t h a t  var i -  

ab le  c o s t s  e s s e n t i a l l y  remain cons tant  with an increase  in machine 

capaci ty .  Labor does not change because the farmer i s  spending the 

same amount of t o t a l  time; with an increase in t r a v e l  time he ju s t  

spends more time on the road and l e s s  i n  the f i e l d .  Changes in other  

f ie ld- t ime r e l a t e d  va r i ab le  c o s t s ,  such as f u e l  consumption, a r e  small.  



Moreover, the  add i t iona l  wear on the equipment and f u e l  use because of 

e x t r a  road t r a v e l  is taken i n t o  account by the v a r i a b l e  running c o s t s  

described i n  Appendix C. 

The r e l a t i o n s h i p  between percent  change i n  f i e l d  capaci ty  and per- 

cent  change i n  f ixed  cos t  was est imated from d a t a  obtained from a 

recent  a n a l y s i s  of farm machinery cos t  i n  c e n t r a l  Iowa [Fulton] .  This 

a n a l y s i s  provides va lues  fo r  f ixed cos t  r e l a t i v e  t o  hours of annual use 

f o r  d i f f e r e n t  machine/ tractor  combinations. The percent change i n  ca- 

p a c i t y  was est imated by the  following equation: 

PCC = S1 - S2 * 100 
s 2  

where : 

PCC percent change i n  capaci ty ;  

S1 = s i z e  of machine 1;  

S2 = s i z e  of machine 2; 

The r e l a t i o n s h i p  between annual f ixed cos t  and percent change i n  

capac i ty  was est imated by equation (40): 

C i j  = bj(PCC. .) 
13 

where : 

C i j  = t h e  cos t  of increas ing  machine capaci ty ,  using 

machine j, predic ted  by PCCij. 

Equation (40) was estimated for  a p l a n t e r ,  combine and d isk .  Data 

were not ava i l ab le  for  o ther  t i l l a g e  equipment s o  the d i s k  was assumed 

t o  be r e p r e s e n t a t i v e  of o the r  t i l l a g e  machines. The s lopes  ( b j ) ,  and 

R ~ * S  fo r  each regress ion  a r e  presented i n  Table 54. 



2 Table 54. Slopes and R of the  l i n e a r  regress ions  r e l a t i n g  
percent change i n  f ixed  c o s t  t o  percent  change i n  capaci ty .  

Machine R2 5 lope 

P lan te r  

Combine 

Disk 

None of the  i n t e r c e p t s  were s i g n i f i c a n t l y  d i f f e r e n t  from zero. A l l  

s lopes  were s i g n i f i c a n t  a t  the  0.0001 l eve l .  

Fixed Cost Calcula t ions  

The values of the fixed cos t  for  each machine s i z e  were used t o  

c a l c u l a t e  an average f ixed cos t  per machine. The values and the aver- 

age f ixed cos t  per machine a r e  presented i n  Table 55. 

Cost Per Mile Calcula t ions  

A t r a v e l  time penal ty cos t  per mile fo r  d i f f e r e n t  types of farm 

equipment for  the  f i v e  farm s i z e s  was ca l cu la t ed  using the r e l a t i o n s h i p  

f o r  percent change in f ixed cos t  and percent change i n  capaci ty .  The 

r e s u l t s  of these c a l c u l a t i o n s  a r e  presented i n  Table 56 fo r  paved and 

g rave l  sur faces .  

The d a t a  from the  farm ques t ionnai re  only i d e n t i f i e d  the number of 

t r i p s  for  t r a c t o r s  pul l ing  farm equipment. These t r i p s  included both 

d i s k s  and p lan te r s .  An extension pub l i ca t ion ,  "Estimated Cost of Crop 

Production i n  Iowa", was used t o  es t imate  the number of f i e l d  t r i p s  

a t t r i b u t a b l e  t o  t i l l a g e  versus  p lant ing .  Assuming a 50 percent  corn 



Table 55. Annual f ixed machinery cos t  by machine s i z e  and average 
annual f ixed cost  by type of machine. 

Machine type Annual machine fixed Average annual 
and s i z e  cos t  in  d o l l a r s  machine fixed cos t  

Disk 

10 f e e t  

14 f e e t  

18 f e e t  

22 f ee t  

26 f e e t  

30 f e e t  

P lan te r  

4-38 inch rows 

6-30 inch rows 

6-38 inch rows 

8-30 inch rows 

8-38 inch rows 

12-30 inch rows 

Two-row combine 

2-38 inch rows 

Four-row combine 

4-30 inch rows 

4-38 inch rows 

Six-eight row combine 

6-30 inch rows 

6-38 inch rows 

8-30 inch rows 



Table 56. Percent change i n  capaci ty  and fixed cos t  by farm s i z e  
and road su r face ,  annual f ixed cos t  by type of machine 
and time penal ty  cos t  per mile by farm machine, farm s i z e  
and road sur face .  

Machine 

Disk 

P lan te r  

2-row 
combine 

&row 
combine 

6-8 row 
combine 

Farm 
s i z e  

(acres)  

147 
202 
298 
398 
736 

Fixed cos t  
Percent  channe Percent channe Annual oer  mile  - .. 

i n  capac i ty  i n  f ixed  c o s t  f ixed  t r a v e l l e d  
Paved Gravel Paved Gravel c o s t  Paved Gravel 



and 50 percent  soybean crop mix, approximately one p lant ing  t r i p  is 

made per 2.5 t i l l a g e  t r i p s .  The d i sk  and p l a n t e r  c o s t s  per mile were 

then weighted accordingly.  

The t r a v e l  time penal ty  c o s t s  were then combined i n t o  an average 

c o s t  over a l l  s i z e s  of farms. A frequency d i s t r i b u t i o n  was run on the  

farm s i z e s  from t h e  ques t ionnai re  da t a  from the  t h r e e  s tudy areas .  The 

time penal ty c o s t s  per mile for the f i v e  farm s i z e s  were combined i n t o  

one number based on the farm s i z e  frequencies .  Table 57 conta ins  the  

frequency and percents  for  the farm s i z e  ranges. 

Table 57. Number and percent of farms by farm s i z e  i n  the  three  
s tudy areas.  

Farm s i z e  
i n  acres  

Number 
of farms 

Percent 
of farms 

Table 58 con ta ins  the  estimated t r a v e l  t i m e  penal ty cos t s .  The 

time penal ty cos t  is s i g n i f i c a n t l y  higher for  p l a n t e r / t i l l a g e  equipment 

than for  combines. The p l a n t e r l t i l l a g e  combination has a  much higher 

capaci ty  per acre  or  per given time period which causes the cos t  of 

los ing  f i e l d  time t o  be much higher.  



Table 58, Estimated t r a v e l  time penal ty cos t  per mile by type of 
farm machinery and road su r face  i n  d o l l a r s  per mile. 

Machine Paved Gravel 

P l a n t e r / t i l l a g e  

2-row combine 

4-rov comb ine  

6-8 row combine 

Applying t h e  Travel  Time Penal ty 

The t r a v e l  time penal ty was charged only t o  t i l l a g e / p l a n t i n g  and 

combining operat ions.  The concept of a  t r a v e l  time penalty i s  r e l a t e d  

t o  a  poss ib l e  y i e l d  l o s s  from not f i n i s h i n g  f i e l d  operat ions in an 

optimal t i m e  period. The t r a v e l  time penal ty was applied only t o  the 

change i n  p l a n t e r l t i l l a g e  and combine t r a v e l  miles  r e s u l t i n g  from 

changes i n  the  road system. The l a s t  t r i p  back from the  f i e l d  was not 

charged a  penal ty.  Once the  opera t ion  is complete, the only cos t  fo r  

t r a v e l i n g  was assumed t o  be the va r i ab le  cos t  on the  t r a c t o r ,  equipment 

and combine. 



APPENDIX E 

COPIES OF TfiE FARM AND NON-FARM QUESTIONNAIRES 
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(HAND R STUDY A
R

EA
 MAP 

AND 
YELLOW M4RKER. 

INDICATE TO 
R THE LOCATION OF 

HOMEBASE] 

Would 
you 

l
o
o
k
a
t
 this map 

of a portion 
of 

your 
county. 

Here 
is 

the 
exact 

location of 
your home. 

Would 
you 

please 
draw 

the approximate boundaries 
of the 

land 
that makes 

up 
this 

home 
tract. 

[NUMBER THIS TRACT 
11 

In 
1982, how many 

different tracts, including your home 
tract, did 

you operate on your own, in partnership 
or 

in a corporation? 
TA T

R
A
C
T
 IS A UNIT OF 

LAND SEPARATED BY A
 ROAD OR OTHER LAND  NOT^ 

-
-
 
[IF ONE, GO TO Q. 

ha] 
OPERATED. 

IF THE LAND 
IS ADJACENT OR 

NOT 
SEPARATED, TAIS 

BE ONE 
TRACT 

L 
Now 

we would 
like you to 

identify 
the other 

tracts you operated 
in 1982. 

Let's 
begin with 

the 
tracts that 

fall 
within the 

boundaries of 
this map. 

Please locate each of 
these tracts by 

drawing 
the 

approximate boundaries. 

[NUMBER EACH TRACT AND 
ENTER TRACT NUMBER 

I
N
 COLUMN a IN THE TABLE. 

ASK 
b AND 

c FOR ALL 
TRACTS ON MAP] 

How many 
acres are in 

tract G
&

zT
?
 

How many 
access points 

do you have 
into tract 

Z 
(number) 

[HAND R THE 
RED 

PEN1 

With 
this 

red 
pen, would 

you 
place 

a line on 
the map 

indicating each access point 
(road,etc.).you 

have 
into tract 7

z
iiX

s
. 

[IF 
THE NUMBER OF 

TRACTS OUTLINED IS LESS THAN 
THE NUMBER 

IN Q
. 
2
,
 GO TO Q

. 61 

That 
seems to 

account 
for 

all 
the 

tracts you 
operate, but 

just to 
double check, let 

m
e 
ask 

you, in 
1982, 

did 
you operate any 

tracts which 
are not within the 

boundaries of 
this map? 

-
 Yes 

-
 NO -> 

(Q. 
8aj 
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9. 
Now 

w
e
 would 

like you 
to 

think of 
the products that 

were either delivered 
to you or picked 

u
p
 by 

a 
member 

of 
your 

farming operation 
in 

1982. 
We 

will 
only 

record 
information for 

products brought 
to 

tracts within 
the boundaries of 

the map. 

[ASK a FOR ALL 
PRODUCTS] 

a. 
In 

1982 was 
brought 

to any of 
these 

tracts? 
[IF N

O
,
 G
O
 T
O
 NEXT 

PRODUCT] 
(product) 

b. 
Did you usually 

take a full truck 
load? 

c. 
To 

which 
tracts was 

delivered? 

d. 
During 

1982, 
how 

many 
times was 

delivered 
to 

tract 
? 

(product) 
(number) 

e. 
Looking at the green card which 

lists various 
types of 

delivery vehicles, tell m
e
 the code 

number 
for the 

type of vehicle which usually 
delivered 

the 
? 

(product) 

f. 
What 

is the name 
and 

location of 
the dealer who delivered 

the 
? 

(product) 

e 

5
p
e
 of 

vehicle 

Product 

Diesel fuel 
or 

gasoline 

LP gas 
(propane) 

or 
fuel oil 

f 

Dealer 
6 

location 

a 

Delivered? 

b
 

Full? 

c 
&

 d 

Y
e
s
 

1
2

 

1 

Yes 
NO 

2 

No 

1
2

 

1
2

 

Number 
Tract 

of 
no. 

times 

-
-
-
-
 

-
-
-
-
 

-
-
 -
-
 

Number 
Tract 

of 
no. 

times 

-
-
-
-
 

-
-
-
-
 

-
-
 -
-
 

Number 
Tract 

of 
no. 

times 

-
-
-
-
-
-
-
 

-
-
 -
-
 

Number 
Tract 

of 
no. 

times 

-
 

-
 

-
-
 -
-
 





10a. 
In 

1982, did 
you 

take any 
equipment which was 

more 
than 

16 
feet wide 

on county 
roads? 

(E
x. 

a planter, combine, cultivator? 

-
 Yes 

-
 NO
 
(Q. 

1
1
4
 

b. 
What 

type of 
equipment was 

that? 

lla. 

What was 
the width of 

this 
equipment when 

traveling on county 
roads? 

ft. 
wide 

Please think about 
all the vehicles and 

farm equipment that 
you or other members of your 

farming operation drove on the 
county 

roads in 
the study area. 

In 1982, did 
you ever 

take 
an alternate 

route 
'1 

(reason) 

[IF Y
E

S, 
ASK

 
b AND 

c] 

With what 
equipment or vehicles did 

you take an alternate route 
? 

(reason) 

We 
are going 

to 
call 

this route 
. 

Using 
this marker, would 

(letter from c) 

you draw 
the route you 

took .
-
G

a
?
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[HAND R
 T
H
E
 WHITE 

CARD] 

12. 
Now 

w
e'd 

lik
e

 you 
to

 th
in

k
 ab

o
u

t 
th

e
 u

se o
f 

p
ick

u
p

 tru
c

k
s on 

y
o

u
r 

farm
. 

W
ould 

you 
lo

o
k

 a
t th

e
 w

h
ite

 
card

 
w

h
ich

 
lis

ts
 

reaso
n

s a
 p

ick
u

p
 

m
ig

h
t 

b
e 

u
sed

. 
K

eep
in

g
 

th
e

se
 

reaso
n

s 
in

 m
in

d
, 

w
e'd 

lik
e

 you 
to

 th
in

k
 ab

o
u

t 
how

 
o

fte
n

 you 
o

r o
th

e
r m

em
bers 

o
f 

y
o

u
r 

farm
in

g
 o

p
e

ra
tio

n
 

tra
v

e
le

d
 w

ith
 a p

ick
u

p
 on 

co
u

n
ty

 
ro

ad
s 

to
e

a
c

h
 

tra
c

t you 
o

p
erated

. 

[
A
S
K
 a

 T
H
R
O
U
G
H
 e

 FOR E
A
C
H
 T
R
A
C
T
 R O

P
E
R
A
T
E
S
]
 

a. 
In

 
1982, 

d
u

rin
g

 th
e

 w
in

te
r m

o
n

th
s, 

how
 

o
fte

n
 d

id
 som

eone go 
to

 tra
c

t 
w

ith
 a p

ick
u

p
? 

(n
u

m
b

er) 

b. 
In

 1982, 
d

u
rin

g
 th

e
 sp

rin
g

 m
o

n
th

s, 
how

 
o

fte
n

 d
id

 
som

eone go 
to

 tra
c

t 
w

ith
 a 

p
ick

u
p

? 
(n

u
m

b
er) 

c. 
In

 
1982, 

d
u

rin
g

 th
e

 
sum

m
er m

o
n

th
s, 

how
 

o
fte

n
 d

id
 

som
eone g

o
 

to
 tra

c
t 

w
ith

 a 
p

ick
u

p
? 

7
E

E
G

z
 

d. 
In

 1982, 
d

u
rin

g
 th

e
 f

a
ll m

o
n

th
s, 

how
 

o
fte

n
 d

id
 

som
eone go 

to
 tra

c
t 

w
ith

 a
 

p
ick

u
p

? 
(n

u
m

b
er) 

e. 
W

hen 
you 

tra
v

e
le

d
 

to
 tra

c
t 

, g
e

n
e

ra
lly

, w
h
ich

 
tra

c
t w

ere 
you 

com
ing 

fro
m

? 
(n

u
m

b
er) 
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13. 
Still 

thinking about 
your pickup, 

now we'd 
like to know all 

of 
the 

places you 
traveled off 

the 
farm 

-
 

with 
this 

vehicle 
for 

farm 
business or 

activities.. 

a. 
In 

1982, to what 
cities, towns or 

locations did 
you 

or 
other members 

of 
your farming operation 

travel 
with 

a pickup 
to 

do 
farm 

business? 

[DO NOT 
INCLUDE HAULING PRODUCTS HERE - TH

EY 
WILL 

BE RECORDED LATER] 

[ASK b THROUGH el 

b. 
In 

the winter months, how 
often 

did 
someone go to 

with a pickup 
to 

do 
farm business? 

(location) 

c. 
In 

the 
spring months, how 

often 
did 

someone go to 
with a pickup 

to 
do farm business? 

(location) 

d. 
In 

the 
summer months, how 

often did 
someone go 

to 
with 

a pickup 
to 

do 
farm business? 

(location) 

e. 
In 

the 
fall months, how 

often did 
someone go to 

with 
a pickup 

to do 
farm business? 

(location) 

f. 
Thinking of 

all 
the 

trips made with 
a pickup 

to 
, what 

percent 
were 

from 
tract 

l?
 

(location) 

[REPEAT FOR EACH 
CITY, TOWN, LOCATION] 





1
4

. 
[HAND R THE PINK CARD] 

Listed 
on 

the 
pink 

card 
are 

types of 
farm vehicles. 

We 
want 

to 
know about 

the 
use 

of 
vehicles like these 

on your 
farm. 

Would 
you 

think 
about 

all of 
the 

vehicles used 
for activities you engage in 

from spring 
tillage through fall field work. 

Do not 
include grain hauling or 

the use of 
the 

pickups 
since we 

are 
recording 

those 
trips elsewhere. 

We 
will 

record 
trips with 

these vehicles to 
all 

tracts, but 
only want 

to consider trips 
if 

the vehicle 
traveled 

on 
county roads. 

[ASK FOR ALL 
VEHICLES] 

a. 
In 

1982, was 
a 

used 
on your farm and 

driven o
n
 county roads? 

(vehicle type) 

[IF YES, ASK 
b THROUGH dl 

b. 
Where 

did 
this 

come from? 
(vehicle) 

[ASK c AND 
d 
FOR 

EACH 
TRACT VEHICLE CAME FROM] 

c. 
To which 

tracts did 
the 

go? 
(vehicle) 

[ASK FOR EACH 
ROUTE 

INDICATED IN b AND 
cl 

d. 
How many 

times was 
that 

trip 
taken? 

[REPEAT FOR 
EACH 

VEHICLE 
TYPE] 

Vehicle 
type 

a 
tractor 

alone 

a 

Used 
Yes 

1
2

 

b 
c
 

d 

No 
Where 

from? 
Where 

to? 

-
-
 -
-
 

-
-
 
-
-
 

No. 
of 

times 

-
 

-
 

b 
c
 

d 
b 

c
 

d 

Where 
from? 

Where 
to? 

-
-
 -
-
 

-
-
 -
-
 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
L
-
-
-
-
-
-
-
_
-
-
_
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 

Where 
from? 

Where 
to? 

-
-
 
-
-
-
 

-
-
 
-
-
-
 

No. 
of 

times 

-
 

-
 

No. 
of 

times 





15. 
Now 

I am
 

g
o

in
g

 to
 a

sk
 se

v
e

ra
l q

u
e

stio
n

s 
ab

o
u

t 
y

o
u

r 
farm

 m
ach

in
ery

. 
O

n 
w

h
ich

 
tra

c
t o

r tra
c

ts
 is

 m
ost 

o
f 

y
o
u
r 

farm
 m

ach
in

ery
 

k
ep

t 
o

r sto
re

d
?

 

16. 
How 

m
any 

co
m

b
in

es d
id

 you 
u

se 
in

 1982?
 

-
-
 

[IF
 N

O
N

E, 
G

O
 

TO
 Q. 

171 

a
. 

T
e

ll m
e 

th
e

 m
ake 

and 
m

odel 
of 

each
 

co
m

b
in

e? 

b. 
H

ow
 

m
any 

row
s 

is
 th

e
 co

rn
h

ead
? 

c
. 

W
hat 

w
as 

th
e
 s

iz
e

 of 
th

e
 b

ean
h

ead
? 

. 
a 

M
ake 

& 
m

odel 

b
 

C
o
rn

h
ead

 

-
-
 row

s 

-
-
 ro

w
s 

-
-
 row

s 

c 

B
eanhead 

-
 ft. 

-
 ft. 

-
 ft. 



17
. 

H
o
w
 m
an
y 

tr
ac
to
rs
 d
id
 
yo
u 
us
e 
in
 
19
82
? 

[
I
F
 N
O
N
E
,
 G
O 
TO
 
Q.
 
19
1 

[
F
O
R
 E
A
C
H
 T
R
A
C
T
O
R
,
 A
SK
 
18
a,
 1
8b
 
an
d 

18
cI
 

18
. 

I'
d 

l
i
k
e
 t
o 
as
k 
s
o
m
e
 q
u
e
s
t
i
o
n
s
 a
bo
ut
 
e
a
c
h
 t
r
a
c
t
o
r
 y
o
u
 u
se
d.
 

Le
t'
s 

be
gi
n 
w
i
t
h
 
t
h
e
 l
a
r
g
e
s
t
 t
ra
ct
or
. 

a.
 

Wh
at
 
i
s
 
th
e 
ma
ke
 
an
d 
mo
de
l 
of
 
th
is
 
tr
ac
to
r?
 

b.
 

Wh
at
 
h
o
r
s
e
p
o
w
e
r
 i
s
 t
hi
s 
tr
ac
to
r?
 

[A
SK
 a
 
F
O
R
 A
LL
, 
T
H
E
N
 A
SK
 
b 
AN
D 
c 
F
O
R
 E
AC
H 
TR
AC
TO
R]
 

c.
 

T
h
i
n
k
i
n
g
 o
f 
al
l 
th
e 
ti
me
s 
s
o
m
e
o
n
e
 t
o
o
k
 a
 
t
r
a
c
t
o
r
 o
n
 c
o
u
n
t
y
 r
o
a
d
s
 i
n
 1
98
2,
 w
h
a
t
 
p
e
r
c
e
n
t
 o
f 
t
h
e
 t
im
e 
wa
s 

th
is
 
t
r
a
c
t
o
r
 u
se
d?
 





24
. 

N
ow

 
w

e 
w

ou
ld

 
li

k
e

 y
ou

 
to

 t
h

in
k

 a
b

o
u

t 
th

e
 p

ro
d

u
c

ts
 

th
a

t 
w

er
e 

h
au

le
d

 
fr

o
m

 a
 
tr

a
c

t 
to

 a
n

o
th

e
r 

lo
c

a
ti

o
n

 
u

si
n

g
 c

o
u

n
ty

 
ro

ad
s.

 
T

h
is

 
co

u
ld

 
in

c
lu

d
e

 t
ra

n
sp

o
rt

in
g

 
fr

o
m

 a
 

fi
e

ld
 t

o
 o

n-
fa

rm
 

st
o

ra
g

e
, 

to
 t

h
e

 e
le

v
a

to
r,

 
to

 m
ar

k
et

, 
a

s
 w

e
ll

 a
s

 t
o

 a
n

y
 

o
th

e
r 

lo
c

a
ti

o
n

. 
P

le
a

se
 

in
c

lu
d

e
 c

u
st

o
m

 h
a

u
li

n
g

, 
a

s
 w

e
ll

 a
8

 h
a

u
li

n
g

 d
o

n
e 

by
 

an
y

 
o

th
e

r 
m

em
be

r 
of

 
y

o
u

r 
fa

rm
in

g
 o

p
e

ra
ti

o
n

. 
In

c
lu

d
e

 
tr

ip
s

 f
o

r 
p

ro
d

u
ct

s 
h

au
le

d
 

i
n

 1
98

2 
ev

en
 

if
 

th
e

y
 w

er
e 

p
ro

d
u

ce
d

 
in

 a
n

o
th

e
r 

y
ea

r.
 

[E
N

TE
R

 T
R

A
C

T 
NU

M
BE

R 
IN

 C
OL

UM
N 

BE
LO

W
 

AN
D 

A
SK

 
. . .

I 

a
. 

W
ha

t 
p

ro
d

u
c

ts
 w

er
e 

h
a

u
le

d
 

fr
o

m
 

tr
a

c
t 

u
si

n
g

 c
o

u
n

ty
 r

o
ad

s?
 

L
IS

T
 P

R
O

D
U

C
TS

 
IN

 C
O

L.
 

(n
u

m
b

er
) 

[
 

A
SK

 
b

 T
H

RU
 

f 
FO

R
 E

A
CH

 

b.
 

A
p

p
ro

x
im

at
el

y
 

ho
w

 
m

an
y 

lo
a

d
s 

o
f 

w
er

e 
h

a
u

le
d

 
u

si
n

g
 c

o
u

n
ty

 r
o

a
d

s?
 

(p
ro

d
u

c
t)

 

c.
 

T
h

in
k

in
g

 o
f 

on
-f

ar
m

 
a

s
 w

e
ll

 a
s

 o
ff

-f
ar

m
 

lo
c

a
ti

o
n

s
, 

w
h

er
e 

w
as

 
th

e
 

h
a

u
le

d
?

 
[A

SK
 

d
 T

H
RU

 
f 

FO
R

 E
A

CH
 L

O
C

A
TI

O
N

 
(p

ro
d

u
c

t)
 

d
. 

H
ow

 
m

an
y 

lo
a

d
s 

d
id

 y
ou

 
ta

k
e

 
to

 
? 

7
lo

c
a

ti
o

n
) 

e.
 

L
o

o
k

in
g

 
a

t 
th

e
 y

el
lo

w
 

c
a

rd
, 

w
h

ic
h

 l
is

ts
 t

y
p

e
s 

o
f 

h
a

u
li

n
g

 v
e

h
ic

le
s,

 
w

ou
ld

 
y

o
u

 
te

ll
 m

e 
th

e
 c

o
d

e 
nu

m
be

r 
fo

r 
th

e
 

ty
p

e
 o

f 
v

e
h

ic
le

 u
se

d
 

to
 h

a
u

l 
th

e
 

to
 

? 
'w

 (
lo

c
a

ti
o

n
r 

f.
 

W
he

n 
h

a
u

li
n

g
 g

ra
in

, 
w

h
at

 
w

as
 

th
e

 a
v

er
ag

e 
nu

m
be

r 
o

f 
b

u
sh

e
ls

 h
au

le
d

 
p

er
 

tr
ip

 t
o

 
? 

(l
o

c
a

ti
o

n
) 

f 

A
vg

. 
bu

. 
h

a
u

le
d

 

I 

T
ra

c
t 

nu
m

be
r 

-
 

a 

P
ro

d
u

c
t 

h
a

u
le

d
 

d
 

N
o.

 
o

f 
lo

a
d

s 
to

 l
o

c
a

ti
o

n
 

-
-
 

-
-
 

-
-
 

-
-
 

e 

T
y

p
e 

o
f 

v
e

h
ic

le
 

-
-
 

-
-
 

-
-
 

-
-
 

b
 

T
o

ta
l 

rr
o.

 
o

f 
lo

a
d

s 
h

au
le

d
 

c 

W
he

re
 

to
?

 





25
. 

In
 
th
is
 s
ec
ti
on
 o
f 
th
e 
in
te
rv
ie
w 
we
 w
ou
ld
 
li
ke
 s
om
e 
in
fo
rm
at
io
n 
ab
ou
t 
pe
rs
on
al
 a
nd
 

fa
mi
ly
 t
ra
ve
l.
 

Fi
rs
t 
we
 w
il
l 
as
k 
so
me
 q
ue
st
io
ns
 a
bo
ut
 y
ou
r 
ho
us
eh
ol
d.
 

In
 1
98
2,
 h
ow
 
ma
ny
 
pe
op
le
 w
er
e 
li
vi
ng
 
i
n
 t
hi
s 
ho
us
eh
ol
d.
 

In
cl
ud
e 
co
ll
eg
e 
st
ud
en
ts
 w
ho
 m
ay
 

be
 
aw
ay
 
te
mp
or
ar
il
y 
as
 w
el
l 
as
 a
ny
on
e 
el
se
 w
ho
 
li
ve
s 
he
re
 
an
d 
ha
s 
no
 
ot
he
r 
ho
me
. 

-
-
 

a.
 

Wh
at
 
is
 t
he
 
fi
rs
t 
na
me
 o
f 
ea
ch
 h
ou
se
ho
ld
 
me
mb
er
? 

[E
NT
ER
 I
N 
CO
LU
MN
 a
] 

[A
SK
 b
 
AN
D 
c 
FO
R 
EA
CH
 H
OU
SE
HO
LD
 M
EM
BE
R1
 

b.
 

Wh
at
 
wa
s 

ag
e 
on
 h
is
lh
er
 
la
st
 
bi
rt
hd
ay
? 

(m
em
be
r)
 

c.
 

W
h
a
t
i
s
 

re
la
ti
on
sh
ip
 t
o 
th
e 
he
ad
 
of
 
th
e 
ho
us
eh
ol
d?
 

(m
em

be
r) 

a 

Ho
us
eh
ol
d 
me
mb
er
 

e
 

b Ag
e 

-
-
 

-
-
 

-
-
 

-
-
 

-
-
 

-
-
 

-
-
 

c
 

Re
la
ti
on
sh
ip
 

. 



a 
a 
8 d 
I-, 
w 

E 
YO 
d .,-I 
a u 
d a 
> aJ 

I-, 
- U a aJ 

C L, 
0 
d I4 
-0 

2 a 0 
WM 



I 
asylu

ap
 ao lo

la
o

p
 
B
 a

a
s 0

1
 

(B 



IN COLUMN a) 
BELOW THE NAME OF EACH TOWN 

OR 
CITY 

LISTED 
IN QUESTION 27 

b THROUGH f FOR 
EACH 

CITY OR 
TOWN 

1 
28a. 

Next we 
would 

like you 
to 

think 
about 

how 
frequently your family goes 

to each 
town or city. 

Please think of 
all 

household 
members 

as well 
as 

all 
the different 

reasons in order to 
determine how many 

total trips were 
taken. 

You nay 
give your answer on a daily, weekly, monthly 

basis 
or 

as a
 total for 

the time period 
(season). 

b. 
Thinking of 

the winter 
season, how 

often did 
household 

members go 
to 

? 
(city) 

I ENTER 
NUMBER AND 

CIRCLE FREQUENCY 1 

c. 
During 

the 
spring season, how 

often did 
household members go 

to 
? 

(city) 

d. 
During 

the 
summer season, how 

often did 
household 

members go 
to 

? 
(city) 

e. 
During 

the 
fall season, how 

often did 
household 

members go 
to 

?
 

[IF NO 
CHILDREN 

IN HOUSEHOLD, SKIP 
(f)] 

f. 
When 

you go 
to 

, what 
percent 

of 
the 

trips you 
take a

r
e
o
n
l
y
 to 

transport your children to 
and 

(city) 

from 
their 

activities such as 
school, doctors, dentists and 

recreation? 





29a. 
W

ould 
you 

lo
o

k
 a

t th
e

 o
ran

g
e 

c
a

rd
 w

h
ich

 
lis

ts
 p

ro
d

u
c

ts w
h

ich
 m

ay 
h

av
e 

b
een

 d
e

liv
e

re
d

 to
 you. 

T
h

in
k

in
g

 of 
any 

p
ro

d
u

c
ts lik

e
 th

e
se

, 
w

ould 
you 

te
ll m

e, 
in

 1982 d
id

 
you 

h
av

e 
an

y
 o

f 
th

e
se

 k
in

d
s of 

d
e

liv
e

rie
s

 m
ade 

to
 y

o
u

r 
p

la
c

e
?

 

-
 Y

es 

-
 No 

(
0
.
 30) 

b. 
W

hat 
ty

p
e

s of 
p

ro
d

u
c

ts w
ere 

d
e

liv
e

re
d

?
 

[L
IS

T
 A

LL 
IN

 COLUM
N 

b 
A

N
D

 
ASK 

c 
AND 

d 
FOR 

EA
C

H
] 

c
. 

F
rom

 w
hat 

tow
n 

o
r c

ity
 w

as 
th

e
 

d
e

liv
e

ry
 m

ade? 
(ty

p
e

) 

[A
SK

 
d 

FO
R 

EA
CH

 
LO

C
A

TIO
N

] 

d
. 

D
u

rin
g

 
1

9
8

2
, 

how
 

m
any 

tim
es 

d
id

 you 
h

av
e 

d
e

liv
e

re
d

 fro
m

 
? 

(ty
p

e
) 

(c
ity

) 

[EN
TER

 NUM
BER 

AND 
CHECX 

FREQ
U

EN
CY

 IN
 COLUM

N 
d

l 



(b
) 

Ty
pe
 
of
 
de
li
ve
ry
 

- 

(c
) 

Lo
ca
ti
on
 
of
 

de
al
er
 

(d
) 

No
. 

of
 

ti
me
s 

-
-
 

-
-
 

-
-
 

-
-
 

-
-
 

-
-
 

-
-
 

-
-
 

-
-
 

Da
 

---
 

---
 W

k
 

.-
--

 

---
- Mo

 

---
..-

--a
m

---
..-

-- 

--
-..

--
-,.

--
-..

--
- 

.--
- 

Yr
 

.-
--

 



30. 
In

 th
is

 la
s

t se
c

tio
n

 w
e'd 

lik
e

 som
e 

in
fo

rm
a

tio
n

 ab
o

u
t 

p
eo

p
le w

ho 
cam

e 
o

n
to

 y
o

u
r 

p
la

c
e

 in
 1982. 

a. 
D

u
rin

g
 

1
9

8
2

, 
d

id
 you 

have 
com

e 
to

 y
o

u
r 

p
la

c
e

?
 

(v
is

ito
r) 

[IF
 Y

E
S, 

ASK 
b

, 
c 

AND 
d

l 

b. 
T

o 
w

h
ich

 
tra

c
t d

id
 th

e
se

 
u

su
a

lly
 com

e? 
(v

is
ito

rs
) 

c. 
G

e
n

e
ra

lly
, 

w
hat 

c
ity

 o
r tow

n w
ere 

th
e

se
 p

eo
p

le com
ing 

fro
m

? 

[IF
 R

ESP. 
CANNOT 

G
IV

E
 C

IT
Y

 O
R TO

W
N

, 
PRO

BE 
FOR 

D
IR

E
C

T
IO

N
] 

r
 

d. 
D

u
rin

g
 

1
9

8
2

, 
how

 
m

any 
tim

es d
id

 
com

e 
fro

m
 

to
 y

o
u

r 
p

la
c

e
?

 
(v

is
ito

r) 
(c

ity
) 

- S
a

le
sp

e
o

p
le

 

b
 

W
here 

to
 

(T
ra

c
t 

no.) 

-
-
 

-
-
 

T
ype 

o
f 

v
is

ito
r 

R
ep

airm
en

 
o

r w
orkm

en 

c 

W
here 

fro
m

? 
(c

ity
, 

tow
n) 

d
 

N
o. 

of 

a 

H
ave? 

Y
r 

Y
es 

tim
e

s 

-
-
 

-
-
 

No 

1
2

 

Wk 
D

a 
M

o 





W
e 

a
re

 in
te

re
ste

d
 in

 know
ing 

w
hat 

y
o

u
r 

p
la

n
s 

a
re

 fo
r th

e
 fu

tu
re

. 

Do 
you 

ex
p

ect 
to

 be 
farm

in
g

 h
e

re
 

in
 

? 
(tim

e
 

p
e

rio
d

) 

[IF
 N

O
. 

A
SK

 
a 

FOR 
NEXT 

TIM
E 

PE
R

IO
D

] 

Do 
you 

p
la

n
 

to
 ch

an
g

e 
th

e
 s

iz
e

 o
f 

y
o

u
r 

farm
in

g
 o

p
e

ra
tio

n
 in

 
? 

[IF
 N

O
, 

G
O

 TO 
N

EX
T 

TIM
E 

PE
R

IO
D

] 
(tim

e
 

p
e

rio
d

) 

W
ould 

th
is

 ch
an

g
e be 

an
 

in
c

re
a

se
 o

r a 
d

e
c

re
a

se
?

 

T
im

e 
p

e
rio

d
 

F
arm

in
g

? 

Y
es 

C
hange 

s
iz

e
?

 

No 
Y

es 

H
ow

 
ch

an
g

e? 

No 
In

c. 
D

ec. 



T
h
i
s
 c
om
pl
et
es
 o
ur
 
in
te
rv
ie
w.
 

Is
 t
he
re
 a
ny
th
in
g 
el
se
 y
ou
 w
ou
ld
 
li
ke
 t
o 
te
ll
 u
s
 a
bo
ut
 y
ou
r 
tr
av
el
? 

Io
wa
 S
ta
te
 U
ni
ve
rs
it
y 
ap
pr
ec
ia
te
s 
yo
ur
 h
el
p 
wi
th
 
th
is
 p
ro
je
ct
. 

En
di
ng
 
ti
me
 -
-
 -
-
 

To
ta
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Department of Economics 

and 

Statistical Laboratory 

Iowa State University 

Rural Road Use Study 

Household ID: -- -L -- -- 
CO. TWP. SEC. H.H. 

January 1983 

Form I11 

NONFARM QUESTIONNAIRE 

Date -- -- 
MO. DAY 

Start time 

Name of Respondent Interviewer ID # -- 

Iowa State University appreciates your help with this study. We 
will be asking for information about all travel for the members of this 
household. Your responses will be kept confidential and will be 
released as statistical summaries only. If a question seems unclear, 
let me know and I will try to clarify it. If you feel a question is too 
personal, you have the right to refuse to answer. 

I'd like to begin with some general information about your 
household. 



1. In  1982, how many people were l iving i n  t h i s  household? Include college 
students who may be away temporarily, as well as  anyone e l se  who l i ves  
here and has no other home. 

2a. What is the f i r s t  name of each household member? 

[ASK b AND c FOR EACH HOUSEHOLD MEMBERj 

b. What was age on his lher  l a s t  birthday? 
(member) 

c. What is re la t ionship to  the head of the household? 
(member) 

3. How many of these people operated a motor vehicle? 

-- 

. 
b 

Age 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

a 

Household member 

c 

Relationship 



Now we would like some information about where household members go for various 
activities. We want the names of towns or cities, not the specific score, 
bank, etc. 

In 1982, generally where did your family go 

Activity Cityltown 

a) to do their shopping 

b) to school (preschool) or to attend school .- - 
functions 

--------------------------------------------------------------------.-------- 
c) to attend church services or activities 

d) to attend social functions, visit friends 
and relatives or go for recreation 

e )  to attend meetings 

f) to do banking or other family business 

g) to see a doctor or dentist 

h) to work 

i) to do any other activities not mentioned 
(specify what) 
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6. We a r e  i n t e r e s t e d  i n  the  types of vehic les  household members used i n  1982. 

These may be vehic les  owned by o the r s  and used by household members f o r  work 
( e t c . )  a s  we l l  a s  your own vehic les .  

a. How many automobiles d id  household members d r ive  t o  and from t h i s  p l ace  
i n  1982? 

b. How many pickup t rucks  d id  household members d r i v e  t o  and from t h i s  p lace  
i n  19821 

-- 
[HAND R THE BLUE CARD] 

c. Looking a t  t he  blue card,  would you t e l l  me, how many veh ic l e s  i i k e  these  
did household members d r ive  t o  and from t h i s  place i n  1982? 

-- [ I F  NONE, GO TO Q. 71 

d, S t i l l  looking a t  the  card,  p lease  g ive  me the  eel; numbers f o r  each veh ic l e  
driven t o  and from t h i s  place i n  1982. 

[ASK e FOR EACH VEHICLE] 

e. To what c i t i e s  and towns was t h i s  vehic le  dr iven?  

[ASK f FOR EACH TOWN] 

f .  Thinking of a l l  t he  t r i p s  household members made t o  , what percent  
(c i ty l town)  

of the  time was t h i s  vehic le  driven? 

d 

Vehicle 

-- 

-- 

-- . 

e 

Cityltown 

f 

Percent of times 



7a. [HAND R THE STUDY AREA MAP AND YELLOW MARKER] 

Would you look at this map which shows a part of your county. Here is 
where your home is located. Draw this lot on the map. 

b. How many acres is this? 

[HAND R THE RED PENCIL] 

c. With this red pencil, place a line on the map to represent each access 
point you have to your place. 

8a. In 1982, when household members traveled to the places we have just taIkt.6 
about, did they usually take the shortest route? 

- Yes (Q. 9 )  

No -> Why not? - 

[HAND R TIE BLUE MARKER] 

b. We would like to know exactly which routes were taken when people were 
not taking the shortest route. Using this marker, please draw each 
route on the map. 

[IF NO TRUCKS IN Q. 6c, GO TO Q. 91 

C .  With what vehicle was this route taken? 



9. In this final section we would like you to think about the traffic 
which came onto your place. We'll first talk about deliveries made to you.-.. 

a. In 1982. did you have any delivered? 
(product) 

[IF YES, ASK b AND cj 

b. From what town or city were deliveries made? 

[ASK c FOR EACH LOCATION] 

c. During 1982, how many times did you have delivered from ? 
(product) (city) 

[ENTER NUMBER AND CHECK FREQUENCY IN COLUMN c] 

Product 

Diesel fuel 
or gasoline 

LP gas (propane) 
or fuel oil 

a 

Delivgred? 

b 

Location of 
dealer Yes 

1 

1 

I 

No 

2 

2 

-- 

c 

No. of 
times 

-- 
-- 
-- ------------ 

I 
i ---- 



[HAND R THE ORANGE CARD] 

10a, Would you look a t  the  orange card which lists products which may have been 

de l ivered  t o  you. Thinking of any products l i k e  these ,  would you t e l l  me, 

i n  1982 d id  you have any of these  kinds of d e l i v e r i e s  made t o  your place? 

- Yes 

- No (4. 11) 

b. What types of products were de l ivered?  

[LIST ALL I N  COLUMN b AND ASK c  AND d  FOR EACH] 

c. From what town o r  c i t y  was the  de l ivery  made? 
( type)  

[ASK d FOR EACH LOCATION] 

d. During 1982, how manytimes did you have de l ive red  from 1 
( type)  ( c i t y )  

[ENTER NUMBER AND CHECK FREQUENCY I N  COLUMN dl  

( c )  

Location of 
dea ler  

t 
(d)  (b)  

Type of de l ive ry  

I 

Mo Y r  I 
I I 

I I 
---I 

No.of 
times 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- 

Da 

------------ 

-- 

-----------r--- 1 
I i j  

I -------- 

---+ 
1 

i ----F--- I 

----------- 

r--------------- 



l l a .  During 1982, d id  you have come t o  your place? 
( v i s i t o r )  

[ I F  YES, ASK b AND c ]  

b. Genera l ly ,  what c i t y  o r  town were these  people coming from? 

c. During 1982, how many times d id  come t o  your p lace  from ? 
( v i s i t o r )  ( c i t y )  

[ENTER NUMBER AND CHECK FREQ'JENCI I N  COLUMN c ]  

. 
Type of v i s i t o r  

Repairmen o r  workmen 

Salespeople 

a 

Have? 

-- 

-- 
Guests o r  r e l a t i v e s  -- 
o r  neighbors 1 2 

-- 

Hired he lp  such a s  a 
c leaning  l ady ,  baby- 1 2  -- 
s i t t e r s  or  yardmen 

b 

Where from? 
( c i t y ,  town) Yes 

1 

1 

Any o the r s?  [Speci fy  who1 

No 

2 

2 

c I 
1 

No. of , I 

tiules ' fia i Wk i Mo 1 Ir ! 

- -- 7 

1 

-- 

-- 

, I 
-2 

--- ---4-__-,__-_ 
I 1 i 

2 

-- I I I 
I / 

-- 
-- 

-- 
--,----,---I---- 

[ I  
I 
I ---------------- 

---- - ---L --- - -- - 



This completes our interview. Is there anything else you would like to tell 
us about your travel? 

Iowa State University appreciates your help with this project. 

Ending time : 

Total minutes of interview 

[INTERVIEWER COMPLETE THIS PORTION AFTER LEAVING RESPONDENT'S I i G M i ]  

In general, how would you rate the reliability of the information given? 

1 = very reliable 

2 = generally reliable 

3 = not very Why? 

4 = poor 

Was there anything about the respondent or interview setting which you feel affected 
the quality of the interview? 

- NO 
- Yes -> Explain 
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