
The revised policy that was recommended and adopted 
goes some way in the direction of the trunk roads policy 
and will enable some economies to be made in rural 
areas. 

The present policy of close cutting is to be continued 
on all county roads in urban areas. 

On main roads in rural areas the revised policy is a 
one-swath width adjacent to the carriageway on both sides 
of the road cut regularly, and the full width of the road
side verge cut regularly at the inside of bends together 
with splays at junctions and entrances. 

Full width cutting will be carried out at the end of 
every third growing season to prevent the establishment 
of scrub and to deter other nuisances. 

On minor roads in rural areas the assistance of the 
adjoi ning landowner should be enlisted, and if necessary 
severe obstructions should be modified to encourage ad
joining landowners to cut the grass. Where the adjoining 
landowner declines to cut the grass, then those verges 
will be cut overall every third year to prevent the es
tablishment of scrub. 

The future expenditure on roadside maintenance will 
be carefully monitored to confirm the significance of any 
savings in real terms in order that the policy may be re
considered and amended as necessary. 

REVISED POLICIES OF ROADSIDE 
MAINTENANCE 
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The summer of 1976 was the driest ever recorded 
throughout England, and consequently grass growth was 
at an all-time minimum. 

It would therefore be inappropriate to draw any com
parisons between the roadside maintenance costs of 1976 
and other years. However, the long-standing dry grass 
on trunk road verges presented a considerable fire risk. 
There were many instances of roadside fires, some of 
which spread to adjoining property. All presented a 
traffic hazard by reducing visibility. 
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Economic Analysis of the 
Environmental Impact of Highway 
Deicing Salts 
Donald M. Murray, Abt Associates Inc., Cambridge, Massachusetts 

This paper reports on an analysis of the cost of damages that result from 
sodium chloride used to melt snow and ice on highways. An extensive 
literature search and several surveys were made to determine the types 
and extent of damages that have occurred. The major cost sectors exam
ined were water supplies and health, vegetation, highway structures, ve
hicles, and utilities. A conservative cost estimate was developed for each 
sector. The total annual national cost of salt-related damage approaches 
$3 billion, about 15 times the annual national cost of the salt and its ap
plication. The highest direct costs result from damage to vehicles, but 
the most serious damage appears to be the pollution of water supplies 
and the attendant degradation of health. It is difficult to assign costs to 
this, and therefore the estimate may substantially understate actual indi
rect costs to society. These findings indicate that some areas should, on 
the basis of local conditions, reduce the amount of salt used. 

Extensive use of the salts sodium chloride {NaCl) and 
calcium chloride (CaCh) for removing snow began during 
the early 1960s. Before that time, highway maintenance 
departments depended primarily on abrasives, such as 
sand and cinders, combined with plowing, to clear snow 
and ice from highways; salt was generally added to the 
abrasives to prevent freezing . However, maintenance 
departments gradually began to appreciate salt's accel
erated melting effect. 

Through experimentation, maintenance engineers 
learned that direct application of salt before, during, and 
after a snowstorm greatly facilitated their snow removal 
operations, in terms of both time and money. Since that 
discovery, the use of salt for snow and ice removal has 

grown rapidly, in some cases by as much as 900 perc ent 
in the pa s t 15 years (1) . This extensive use of salt, how
eve1·, has 1tow been associated with a significant amount 
of damage . 

There is no question that salt is an excellent tool for 
removing snow. There also is no question that, in terms 
of time and budget constraints for snow removal opera
tions alone, salt used in large quantities with plowing is 
essential. 

Highway departments trying to create the safest driv
ing conditions believe that providing most bare pavement 
in lea st time is best achieved by extensive use of salt
given budget constraints. However, some highway de
partments, in their eagerness to perform well and meet 
these goals, have inadvertently used salt inefficiently. 
The education and under standing fos tered by the Sa lt 
Institute, the Envfronmental Protection Agency (EPA) 
(2, 3), the Massachusetts Special Commission on Salt 
Contamination (4), and many others have corrected some 
of this misuse. -The result has been a more effective 
use of salt with no essential reduction in level of usage. 

Total salt use for snow and ice removal in this coun
try now stands at approximately 9 million Mg (10 million 
tons) each year . Many highway departments apply as 
much as 37 Mg/la11e •km (25 tons/ lane•mile) in one sea
son. On a four-lane highway, this amounts to 56 kg of 
salt in the runoff for ever y meter of the highway (38 lb / 
ft). As we build more highways, we can expect salt use 
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to increase, if we continue with our present policy (and 
if no alternative method for snow and ice removal is 
found). 

The concept of June travel in January, better known 
as the "bare pavement policy," has led highway depart
ments and the public to the situation in which we cur
rently find ourse!ves . And over the past 10 years, and 
especially the past 4 to 6 year s, the number of r eports 
of damage to water supplies , vegetation, and the ve ry 
vehicles and highways that 01iginally served as the only 
focus of a ttention has grown. 

The reports of salt-related damage are extensive and 
well documented. There have been several excellent 
wor ks summarizing these r eports (,; ~ !, E_, .§.) and many 
excellent in-depth stttdies on certain areas of damage. 
On careful examination of all these studies and the other 
literature, one can only conclude that this very serious 
problem requires careful assessment as do the current 
guidelines for snow-removal procedures. 

It is in thi s context that the idea for the EPA s tudy was 
formulated. P revious studies, a s thorough as they were, 
did not asses s the entire problem of damage in term s 
that included economic analysis. Logically, except in 
extreme cases, no amount of damage claims without the 
necessary economics could allow a rational salting policy 
to be formulated. Without such an economic analysis, 
no alternative to salt, whether it be more snow left on 
the highways or a more expensive replacement for salt, 
could ever be economically justified. 

Consequently, although this analysis of damage from 
road salt was undertaken with a view to quantifying the 
problem, the lack o( cost data in some instances pro
hibited it. 

I was impressed not only with the extensive damage 
reports and the costs of that damage but with the exten
sive amount of damage in one sector. Rusted vehicles 
and bridges , although costly, can be replaced. Damaged 
vegetation can be ignored by those who do not incur the 
costs. But pollution of our water supplies is a serious 
matter. This is not to say that all road salting leads to 
water pollution, but it has in many instances. 

The medical implications of salt in drinking water 
must not be taken lightly. Because of many unknowns, 
the economic analysis of the damage to water does not 
demonstrate how potentially serious the problem may 
be. Each of us must become aware of the facts on road 
salt damage in our environment. It is to be hoped that 
in this way a rational solution will be found and serioufl 
damage to our environment be prevented. 

The fact that salt damage has reached this magnitude 
should come as no surprise to anyone who understands 
the way our current policy evolved. Highway mainte
nance departments' primary goal is to provide maximum 
highway safety and convenience. Although current prac -
tices may be near the optimum in terms of department 
goals (and highway budget constraints ), in many locations 
these practices are far from the optimum in terms of 
the whole environment, man-made and natural. This 
has occurred primarily because those who determine 
present maintenance policies are largely 1,1naffected by 
the adverse environmental conditions. Legal liability 
in some instances may have forced highway departments 
to attend only to accident prevention, and there have 
been no outside forces to regulate a department's activ
ities. 

Determining the precise levels or combinations of 
winter maintenance policies that maximize social well
being within certain constraints is the crux of the prob
lem. Theoretically, at least, this should be accom -
plished by assigning prices to the various social and 
environmental values and then choosing those that maxi
mize total net value. However, it is not possible to as-

sign exact costs to all items, because their values are 
often subjective. This is especially difficult in cases 
where irreversible, permanent damage to health and 
vegetation occurs. 

The concept of "public pressure for bare pavement" 
may actually have evolved simply because the public was 
unaware of environmental damage and thought that more 
bare pavement resulted only in a small increase in the 
maintena nce budget. This altitude seems to be rapidly 
changing as the public becomes more aware of the need 
for a sound environment, and citizens of many cities and 
towns are working with state and local departments of 
public works to develop reduced salting and better water. 
The public information programs that have increased 
public awareness seem to have paved the way for policy 
changes to be favorably received. There is every rea
son to believe that a rational salting policy would be 
welcomed by every community. 

METHOD 

During the course of the EPA study, a complete review 
of the literature on snow and ice removal, salt use, and 
salt damage was made, and the most relevant docu
ments-over 450 in number-were obtained. Each one 
of these documents was carefully screened for validity 
and relevance; over 300 were retained in a bibliography 
at the end of the EPA repo1·t. 

The second portion of the research involved mailing 
several hundred questionnaires and letters to universi
ties, public works departments, public health depart
ments, and water suppliers. There were over 100 re
spondents who indicated that they had incurred damage 
or knew of damage in their areas or who provided us 
with documents or contacts pertaining to salt-related 
damage . Follow-up was done in many cases to clarify 
responses or obtain further information. 

Nearly 200 personal contacts from the literature and 
surveys were made by either letter or phone. Almost 
all of these people provided information on salt-related 
damage. But, as in the case of the literature and the 
surveys, "hard" data on damage costs were few. 

The study was essentially restricted to readily avail
able data, either as publications or as accessible rec
ords. Unfortunately, most of the research on the po
tential damages of deicing salts has been in the nature 
of case studies. This orientation has led to interesting 
but often irrelevant findings useless for decision making 
at Lhe lucal ur state leveL 

Deicing salts are foreign substances that change char
acteristics of natural or man-made resources directly 
or indirectly in a way that reduces usefulness. These 
reductions can be related, at least at a conceptual level, 
to dollar costs that describe the damages in terms of a 
common denominator. These costs (estimated or im
puted) are an expression of the value of the "lost use
fulness" of the respective resource, or the cost of re
storing that resource to its full usefulness. 

The main problem of applying this framework to ac
tually estimating costs is the nature of the relations be
tween damages and salt application. These damages in 
the environment result from complex processes. 

Generally, numerous factors other than salt must be 
taken into consideration in analyzing salt use and any 
suspected damages from it, but present knowledge of 
the interaction among factors is limited. In addition, 
the processes also depend on such phenomena as precip
itation patterns and on the amount of salt applied. All 
of this produces considerable uncertainty in the known 
relations between damages and salt use, which impedes 
the development of a microanalytical model that trans
lates relations into functional and quantifiable expres
sions. 



Consequently, the EPA cost analysis was base.ct on a 
general model exp1·essing the expected (or average) an
nual cost in a particular damage category as the product 
of the expected magnitude of total damages (which in turn 
is the product of the probability of occurrence times the 
damage per occurrence) and the cost per unit of damage. 

This general cost model provided the basis for ex
amining the literature and other materials accumulated 
during the study. Considerable effort was given to 
adapting the available information to fill the data needs. 
However, in most cases, because the estimation pro
cedures used to quantify parameters of the cost function 
were too broad, costs were estimated on an ad hoc basis, 
for example by a weighted extrapolation of detailed cost 
data for a particular state or region. 

The analysis works best with damages to automobiles. 
Multivariate analysis is used to determine the incidence 
of salt- related damage; motor vehicle registrations pro
vide reliable data on the total population at risk; and 
automobile prices can be used to determine the unit cost 
of salt-related damage. It is interesting that this method 
yielded the highest cost estimate of all categories ex
amined. 

RESULTS 

Damage to natural components of the environment from 
road salt has been mentioned frequently in the literature. 
There is an abundance of information on how damage oc
curs and numerous reports of specific damage cases 
and, in some instances, what the cost incurred was. 
Nevertheless, the proponents of salt use have continually 
denied the significance of such findings, dismissing them 
with such comments as "the value of a tree does not 
compare to the value of human life." Damage to vegeta
tion, although extensive and costly, is not the major 
component of damage; contamination of water supplies and 
and the impact on human life are. 

In general, salt damage to natural resources is usu
ally irreversible, too costly or difficult to reverse, or 
remedied only by the passage of time. Irreversibility 
means a significant risk, because the true meaning of 
the damage may only emerge in the future, when it is 
too late. 

Assessing damage to natural resources from road 
salt has always been difficult. Not all the processes by 
which damage occurs are known, nor is the exact rela
tion between salt use and damage. The effects of salt 
in nature are also often cumulative and therefore require 
lengthy studies for complete understanding. Finally, be
cause il·reversibility is so poorly understood, frequent 
disagreement over the extent of damage makes it diffi
cult to assign costs. 

Our cost analysis of damage to natural resources was 
conservative. The figures developed provide a lower 
bound, but actual costs may far exceed these numbers. 

Man-made goods are also substantially damaged by 
road salt. Vehicles passing over the salt solution on the 
highway are spi-ayed with a highly concentrated solu
tion, and salt deposits on metal surfaces accelerate 
conosion. Salt splash from vehicles and dfrect runoff 
can coat highway structures and those nearby and make 
them more vulnerable to corrosion. Salt seepagethrough 
pavement will eventually damage the roadway. Runoff 
and percolation will also allow the salt solution to even
tually attack underground wires and pipes. 

Damage to Drinking Water Supplies 
and Health 

The contamination of water supplies is possibly the most 
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serious damage that results from the use of road salt. 
Salt percolating down through the soil can enter ground
water supplies. It can also enter surface supplies as 
direct runoff from highways. Processing water to re
move salt is an extremely expensive and complicated 
task rarely done. Although not always possible, the 
safest means of preventing the salt from reaching water 
supplies is to catch the highway runoff and direct it to a 
high-flow stream or river that eventually reaches the 
ocean without entering another water supply. Although 
new highways may provide for runoff, the cost must be 
considered. This has not been incorporated into most 
existing roadways, and to do so now would be either very 
costly or impossible. 

The details of salt contamination in various parts of 
the country have been extensively recorded. Some of the 
first cases of serious salt infiltration were caused by 
improper storage facilities, but most salt pollution is 
now caused by runoff from streets and highways . The 
following examples should help to illustrate the extent of 
the problem. 

Before 1940, all Massachusetts data. indicated chloride 
content of public water supplies was less than 10 mg/L 
(implying a sodium content less than 3 to 6 mg/L). Re
cent data (1976) indicate that at least 117 communities 
(over 260 suppliers) have one or more of their public 
wate1· supplies containing sodium above 20 mg/L . Two 
towns experienced such severe contamination of public 
wells that new wells had to be dug at a cost of approxi
mately $150 000 for each town. 

These data do not include private water supplies, for 
which few data exist. After several residents detected 
bad tasting, corrosive water, the town of Goshen, Mas
sachusetts, discovered that many private wells were 
above 250 mg/L sodium and the school well was 390 
mg/L. Residents and the school were forced to purchase 
bottled water . 

Water supplies in Connecticut have been showing simi
lar salt intrusion. Recently a few supplies appear to have 
leveled off, possibly in response to the one-third cut in 
the state's use of salt, a measure initiated because of 
salt infiltration. 

Since 1964 the state of New Hampshire's budget has 
included funds for replacing wells contaminated by salt. 
Originally set at $100 000 a year, the budget was in
creased to $200 000 in 1974, when 50 wells were re
placed. 

These damage figures and the replacement costs for 
New Hampshire-along with the salting intensities of all 
the snowbelt states and the relative importance of well 
supplies in other states as compa1·ed to New Hampshire
imply that the direct costs of replacement alone for the 
nation are close to $ 50 million annually. These costs 
cove1· the replacement only of seriously polluted wells, 
those with ove1· 250 mg/L chloride (162 mg/L sodium), 
a guideline set by the Public Health Se1·vice i..11 1962. 

Measuring the cost of health degradation from elevated 
sodium levels in drinking water is virtually impossible. 
For years now medical research has established that 
intake of sodium chloride is a critical factor in many 
conditions such as hypertension, cardiovascular dis
eases, renal and liver diseases, and metabolic dis
orders ('!). Intake of salt also endanger.s many pregnant 
women. 

Recent research has further strengthened the link be
tween salt and hypertens ion and between salt and the 
other diseases and p1•oblems mentioned above (8, 9, 10, 
!!,.!.; 13). Freis cites "epidemiological studies in un
acculturated peoples showing that the prevalence of hy
pertension is inversely correlated with the degree of 
salt intake ... " (13) and concludes that 
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On the basis of present knowledge, it would seem wise for individuals 
with a family history of essential hypertension to accustom themselves 
to a truly salt-free diet (less than 1 gm of salt or 15 mEq of sodium per 
day) and to prevent their children from acquiring the habit of eating 
salted foods. 

The American Heart Association, backed by many 
leading medical researchers and physicians, has recom
mended a limit of 20 mg/L sodium in drinking water for 
patients whose diets are restricted to less than 1 g of 
sodium per day (7). 

According to recent estimates, approximately 23 mil
lion Americans are suffering from hypertension and 
should restrict their sodium intake (14). This group, 
together with others who should restrict their sodium in
take to 20 mg/L, represent 20 to 25 percent of the popu
lation; some researchers claim the percentage is as high 
as 40 percent Q!). Unfortunately, many of those who 
should restrict their salt intake are not aware that their 
lives are at risk. For one person, wate1· containing more 
than 20 mg/L sodium may not be a signilicant danger, 
while such water is potentially very harmful to people 
who are or should be on low sodium diets (approximately 
4 to 5 percent). 

In addition, education of the public will undoubtedly 
result in greater awareness of hypertension, and more 
people will restrict their salt intake. Complete rever
sal of the trends that increase sodium presence might 
take years once action is taken, and endanger many more 
people than just those currently on salt-restricted diets. 

Seve1·al years ago, the state of Connecticut adopted a 
20 mg/L standard, and Massachusetts is now in the pro
cess of doing so. A Massachusetts advisory committee 
of 16 medical authorities has overwhelmingly-one dis
sented because he felt the evidence inadequate-recom
mended this standard (15). 

An indication of the cost of salt-contaminated drinking 
water in terms of effects can be obtained by estimating 
the expenditures required to remove the hazard. Total 
costs can be roughly obtained by assuming that all hyper
tensive people would purchase bottled drinking water 
once their water supplies exceeded a 20 mg/L sodium 
concentration. For the normal adult, an average daily 
drinking water consumption of 2.2 L has been estimated, 
and 3 .8 L (1 gallon) of bottled water sells for about 50 ¢, 
so the average person would spend approximately $106 
(2.2/3.8 x 365 d x 50 ;1) a year. 

The number of people on low sodium diets exposed to 
drinking water above 20 mg/L sodium attributable to 
road salt is extremely difficult to estimate. Massachu
setts' experience indicates that approximately 27 per
cent of the water supplies (not necessarily the popula
tion) are affected by high sodium concentrations from 
road salting. As a broad estimate, roughly 25 percent 
of the population under conditions similar to those in 
Massachusetts are affected, and 4 percent have been 
estimated to be on low sodium diets. 

By using salting intensity as a weight to make other 
states in the snowbelt comparable to Massachusetts, we 
estimate a total cost for the nation of $105 million. 
Massachusetts relies more heavily on groundwater than 
the nation as a whole (23 percent versus 21 percent), so 
the estimate should be somewhat lower, $96 million for 
bottled water to people on low sodium diets. 

In summary, the annual direct and indirect costs of 
water supply contamination may add up to almost $150 
million nationwide. This figure is meant to convey an 
impression of the magnitude of the damage, not to de
scribe actual costs. Note that we have not included any 
costs to industry of special processed water require
ments. 

Damage to Vegetation 

Experiments and empirical studies have clearly demon
strated that many trees used for roadside planting in the 
snowbelt are sensitive to increased sodium concentra
tions in the soil and that there is a direct link between 
the deterioration or death of roadside vegetation and salt 
application. 

Salt directly interferes with the chemical processes 
by which plants absorb nutrition and affects the osmotic 
balance, thus inhibiting the water intake of plants. It 
may replace vital nutrients. 

In addition to these direct effects, sodium in the soil 
may also result in a rapid deterioration of the soil itself. 
Westing (16) has said that "when sodium comes to occupy 
more than about 15 percent of the total cation exchange 
capacity of the soil, soil structure begins to deterio-
rate ... permeability and water-holding capacity decrease 
markedly." The soil becomes low in nutrients, and 
little, if any, vegetation can grow in it. In some cases 
this in turn has led to severe erosion and the eventual 
clogging of drain sewers. Continued application of road 
salt has been shown to have a cumulative effect on the 
soil. 

Although drainage conditions are important in deter
mining how far from the edge of the highway vegetation 
is affected, most damage occurs within 9 to 12 m (30 to 
50 ft). Other factors such as drought, low soil fertility, 
low soil permeability, pollution from vehicle exhaust, 
and mechanical injury to roots also contribute to the 
damage. 

However, comprehensive studies have shown that salt 
is ofter\ the prime facto1· leading to death of vegetation 
~ !§_, 19). These studies were based on soil samples 
and analyses of sodium and chloride contents in leaf and 
twig samples. One study clearly demonstrated the ef
fect of salt by comparing tree damage on salted and un
salted roads in the same towns (20). 

The usual sequence of events in salt damage in plants 
is increasing sodium and chloride concentration in plant 
tissue, reduced growth, falling leaves, dropping twigs, 
dying limbs, and death. Clinton E. Carlson found in con
trolled experiments that "once foliar symptoms of salt 
were noticed, it was not possible to prevent further dam
age-the trees always died even though they were taken 
off the salt solution and given only pure water." 

Heavy salt use and the resulting damage to vegetation 
ca_n lef!d not 0nly to pers0?1..al property damage ~nd pos 
sibly crop damage but also to the creation of unsightly 
highways, 1·educed property values, and failed highway 
beautification programs. The1·e are also real costs in
volved in terms of increased highway maintenance for 
removal and replanting. 

Although the botanical and chemical evidence is suf
ficient to document widespread deterioration of roadside 
vegetation in areas characterized by the heavy use of 
deicing salts, the empirical suppo1·t is somewhat meager. 
Apart from studies of specific stretches of highway and 
vegetation, the data base relating to deicing salts and 
vegetation damage on a macroscale is limited to reports 
of specific instances. 

Rich (20) reports that in 1957 the New Hampshire 
Highway Department removed 13 997 dead trees along 
6000 km (3700 miles) of highway. The estimated cost 
of removal was $1 million, or more than $ 70 per tree. 
According to other reports, Winchester, Massachusetts, 
which has applied as much as 31 Mg/km (55 tons/mile), 
has lost an average of 56 trees a year since 1963 (6). 
Similarly, Newton, Massachusetts, which also applied 
amounts of salt far above the average for towns and cities 
in the state, is reported to have lost about 500 trees a 
year between 1965 and 1970. 



The problem with evaluating these reports is that 
they tend to ascribe all tree deaths to salt application. 
Because there are no national statistics on the number of 
trees dying each year, it is impossible statistically to 
establish the net effects of deicing salts in terms of dam
ages to roadside trees. Similarly, data on the risk
roadside trees possibly exposed to deicing salt runoff
that would be useful in applying microanalytical findings 
to a macrolevel framework are unavailable. As a result, 
accurate national damage estimates simply cannot be 
generated. 

Direct costs are maintenance and removal in the case 
of death; indirect costs involve losses to individual prop
erty owners resulting from the death (or detel'ioration) 
of a fully grown shade tree that may or may not be re
placed by a small young tree. Evaluating indirect costs 
is of course the most difficult task. Fortunately, a num
ber of studies have been made of the monetary value of 
shade trees. 

The International Shade Tree Conference (21) base 
the monetary value of a shade or ornamental tree on 
three basic factors, the size, kind, and condition of the 
tree, and in August 1973 they adopted $1.55/cm2 ($10.00/ 
in2

) of trunk cross section as the value of a perfect 
shade tree specimen. This figure would add $10 mil
mion in indirect costs to direct costs [using a fairly 
conservative average of 25.4-cm (10-in) diameter for 
the 13 997 trees removed J. 

The measures established by the International Shade 
Tree Conference may be somewhat arbitrary and, more 
importantly, may apply primarily to urban trees, but 
they provide an indication of the potential magnitude of 
the problem. If only 6 percent of all tree deaths in the 
New Hampshire example were attributed to deicing salts, 
the total annual direct and indirect costs would be 
$ 660 000, an amount comparable to the cost computed 
for the water contamination damages. Extrapolating 
from this figure to a national level by using salting in
tensity by state produces a total annual figure of about 
$45 million. This is a representative cost figure. If 
dollar amounts could be determined for damage to pri
vately owned vegetation and roadside vegetation other 
than trees, the total damage costs would be far higher. 

Damage to Highways and Highway 
Structures 

A thorough search of the literature and a survey of all 
snowbelt state highway departments and approximately 
100 large city highway departments have disclosed that 
there has been extensive salt-related damage to bridge 
decks. By far the most devastating damage is the gen
eral deterioration of the West Side Highway in New York 
City. 

On December 15, 1973, the northbound roadway be
tween Little West 12th Street and Gansevoort Street col
lapsed. The city transportation administration con
tracted consulting engineers to conduct a complete ex
amination (22). The analysis, conducted from July 9 to 
November 14, 1974, comprised four substantive vol
umes, the last dated May 30, 1975. The following is 
taken from the most recent report (22, p. 21). 

The deterioration of the West Side Highway has been a continuous prob
lem. As early as the mid-fifties, public officials had anticipated its early 
demise. The use of salt to remove ice, combined with heavy traffic, has 
caused disintegration of large sections of the roadway. 

"The deterioration, 11 they continue, "is a direct result 
of water and waterborne salt leaking through the expan
sion joints and the concrete deck." They conclude, not 
surprisingly, that in part the 11U se of salt for deicing 
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should be minimized. Other methods and materials for 
maintaining traffic during ice and snow conditions should 
be considered. 11 The report also concludes that, although 
restoration of the highway is feasible, the cost of the 
work, estimated at $ 58 to $88 million, is almost prohib
itive. 

Although the cost of the repairs to the West Side High
way may not be representative of typical bridge damage, 
there are other examples of costly salt-induced deterio
ration. It was recently reported that four Washington, 
D.C., bridges had become dangerous to traffic because 
salt had caused extensive corrosion of the reinforcing 
steel. The cost of the repairs is $11. 7 million (23). 

The actual cost outlay by state highway departments 
for the repair of bridge decks was estimated to be $40 
million in 1971; total outlays, including repairs that 
would halt the deterioration in quality, were estimated 
between $80 and $120 million. 

Evidence from individual states, particularly West 
Virginia, provides a check on these figures. The cost 
of maintaining West Virginia's 6000 bridges in good con
dition was recently said to be approximately $12 mil
lion, or about $2000 per bridge. Assuming that bridges 
are distributed throughout the state in the same prop or -
tion as the population, that 100 percent of the bridges 
located in severe deterioration regions require periodic 
maintenance and repair of salt-induced damages, and 
that only 20 percent of the bridges in moderate regions 
require such maintenance, we conclude that nearly 
100 000 bridges are adversely affected. 

If the West Vil·ginia estimates are representative of 
other severe deterioration regions, a yearly cost of $ 200 
million for the nation's bridges is estimated. Similar 
procedures estimate the cost of special construction 
techniques to prevent rapid deterioration of new bridges 
at about $10 million annually. Direct costs of salt dam -
age to bridge decks will be in tl1e ra.nge of $ 200 to $ 250 
million arumally. In addition, the relevant direct costs 
should also include necessary repairs of structural dam
ages. Although these damages are insufficiently docu
mented for the nation as a whole, specific instances such 
as the West Side Highway can be cited to indicate the po
tential magnitude of the problem. 

The direct cost estimates include only (a) expenditures 
by highway ai:tencies £01· special design featu1·es on new 
bridges and (b) repair of existing structures to counter 
the adverse effects of 1·oad salting. Full social costs 
would include delays to motorists during repair, repair 
costs for damages to ball joints and front end alignment 
from travel on uneven bridge surfaces, and the cost of 
accidents caused by rough bridge deck surfaces. Some 
of these, although potentially important, would be ex
ceedingly difficult to measure accurately. 

On the basis of a recent discussion of vehicle behavior 
at sites of traffic obstructions (24), the cost of lost com
muter time during bridge repairhas been estimated. 
The conservative figure comes close to $250 million an
nually. In summary, the total annual costs of bridge 
deck damages related to salt use can be said to exceed 
$ 500 million. 

Corrosion of Motor Vehicles 

It is likely that people have directly observed vehicle 
corrosion more than any other form of salt-related dam
age. The link 'between the application of salt on highways 
and the corrosion of automobiles is well documented. 
Previous studies have concluded that road salting 
causes a doubling of the normal corrosion rate (25). 
Although it accepted these figures, the Environmental 
Protection Agency report has distinguished four major 
cost categories: 
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1. Costs of protective measures both by manufac
turers and by owners, 

2. Costs of repairs required to maintain the ability 
of the automobile to function at the same level as with
out salt-induced corrosion, 

3. Losses in economic value of the automobile as a 
result of salt-induced corrosion, and 

4. Costs of accidents attributable to automobile mal
functioning associated with salt-induced corrosion. 

The third category is the most amenable to analysis, 
because we can attribute depreciation rates to the in
fluence of salt. A regression model for depreciation 
rates was built on an economic model of used automo
bile prices and data on used automobile prices (30 on the 
average) for three makes of automobile in each of 44 
metropolitan regions. The interim models included 
temperature, humidity and rainfall, proximity to ocean, 
sanding intensity, air pollution (SOa levels), income per 
capita, and vehicles per capita, all of which were found 
to be unimportant and were therefore removed from the 
analysis. The final model predicted depreciation rates 
on the basis of state salt use, city salt use, snowfall, 
and kilometers driven. 

The cost of incremental depreciation from salt was 
estimated by evaluating the stqcks of automobiles in var
ious environments and multiplying by the incremental 
depreciation attributable to salt use. On this basis, the 
total annual national cost of automobile depreciation 
caused by road salt was $1.4 billion. Extrapolating from 
the above model and from known estimates of costs of 
damage and maintenance for trucks and buses, an addi
tional cost of $690 million was estimated. Thus, the 
total annual cost to owners of motor vehicles is in ex
cess of $ 2 billion. 

Other Damages 

Damages attributed to the use of deicing salts have been 
noted in areas other than those discussed in the preceding 
sections, but available evidence, of course, is limited 
to a few reports. A brief review of this evidence sug
gests, for example, that on a national scale the potential 
effects of deicing salts on underground cables and elec
tric utility lines may be substantial. 

One of the best-documented instances of salt-related 
damage to underground power transmission lines is the 
case of Consolidated Edison's (ConEd's) facilities in 
New York City. This company maintains the largest 
system of underground electric facilities in the world. 
The winters of 1972 to 1973 and 1973 to 1974 contrasted 
strikingly in terms of salt applications and resulting 
damages to this underground cable system. After ex
tensive analysis of the damage, ConEd, in an in-house 
memo in 1974, stated that "Altogether, it is safe to 
estimate that the salt spread on the streets of New York 
City resulted in additional expenditures by ConEd in ex
cess of $ 5 million during the winter of 1973 to 1974." 

No estimate of the cost to consumers as a result of 
power outages has been made, but data suggest that sev
eral hundred power outages during the severe winter 
months can be attributed to salt use. The costs of such 
extensive power losses are very significant in terms of 
inconvenience, lost production time, and lost personal 
time. 

It is likely that the costs incurred by ConEd are far 
higher than those incurred by any other municipal elec
tric company. Many other instances of such damage that 
have not been so well documented and analyzed will prob
ably be found to be salt related. The analysis will ideally 
pave the way for other large utility suppliers (and users) 

to thoroughly document and investigate their own reports 
of salt-related damage. 

BENEFITS OF ROAD SALTING 

Salt is beneficial insofar as it increases safety and saves 
time. The relations between salt use and these two fac
tors are complex, especially with regard to safety. How
ever, it is appropriate to report briefly on the work that 
has been done in these areas. 

How much alternative winter maintenance policies 
affect highway safety cannot be established by directly 
comparing accident rates and maintenance policies-un
less driver behavior is included. Although one would 
expect considerable research to have been directed to
ward understanding situations that involve the risk of 
injury and death, surprisingly little is actually known. 
Human behavior under conditions of financial uncertainty 
has a rich theoretical and applied literature, but such 
models are largely inappropriate for the analysis of ac -
cident risk, and attempts to model human behavior in 
situations involving the risk of life or limb have not 
been very successful. The existing evidence for a con
nection between safety and alternative winter mainte
nance policies is both meager and inconsistent. Deicing 
salts are often assumed to improve driving condi-
tions. There is no question that salt can increase fric -
tion between the tire and road. Courts, in assigning 
liability for single-vehicle winter accidents have on oc
casion found highway department officials negligent for 
not applying enough salt to provide an acceptable level 
of safety to motorists. Also, the assumed causal rela
tions between deicing salts and highway safety are a 
major rationale offered by highway department officials 
for the twenty-fold increase in the annual use of deicing 
salts since 1950. 

Three studies that contain information supporting the 
contention that deicing salts reduce highway accident 
rates are all flawed by serious design and analytic er
rors and omissions that make the results meaningless. 

The key issue is really driver behavior. Some re
searchers have reported that salting may create a false 
sense of security in many drivers (26). This statement 
remains unproved, but other researchers have noted 
that improvements in safety can bring increases in 
speed that cancel out the impact of the improvements on 
accident rates (27, 28). 

Under hazardouswintP.r conditions, drivP.rs do slow 
down, but probably only enough to make their perceived 
risk of injury the same as under normal conditions. 
Whether perceived risk is the same as actual risk is 
unknown, although an Ottawa consulting firm found that 
accidents on icy roads generally involve property dam
age, while accidents on bare (dry or wet) pavement in 
winter are more likely to involve personal injury (29). 

Substantial research into the relations between salt 
and safety is a necessity. Salt used properly does in
crease friction, but this is not the only factor that deter
mines accident rates. Continuity of conditions along a 
roadway, speed, and, above all, driver behavior must be 
considered. Such research will be extremely difficult, 
because determining what constitutes taking a risk 
under varying driving conditions is a difficult (if not im
possible) task. Until such research is performed, we 
cannot assume that salt and safety are synonymous. 

In fact, it is quite possible that the level of salt is 
not a fixed factor in determining safety. If the amount 
of salt were reduced and alternative measures were not 
taken to retain the same level of bare pavement, then 
presumably the public could be forewarned satisfactorily 
so that greater care and fewer trips could be taken during 



snowstorms. If highway speed were reduced, then the 
level of safety would remain the same. The only advan
tage of heavy salt use then would be time savings. This 
is certainly a very important factor; time savings must 
be maximized whenever possible. 

Anyone who has driven under snow and ice conditions 
knows that progress is slowed, especially during rush 
hour. There have been scattered estimates of the cost 
of lost time but no major effort to assess the true value 
of lost time. The costs may be high, but a certain 
amount of care must be taken in developing the figures. 

For example, it is false to suggest that a 1-h delay 
for all people in a city will result in a loss of one-eighth 
of the economic activity for that day. There may be 
losses to workers paid on an hourly basis, to industries 
that must shut down from staff shortages, and in rare 
instances to food stores because of spoilage. However, 
delay has little effect on the income or productivity (in 
the long run) of salaried workers, and there is probably 
little if any loss in terms of shopping expenditures, be
cause shoppers will simply defer their errands to a later 
time. 

Better planning for the possibility of hazardous snow
storms would probably help reduce business losses. 
Nevertheless, the question of actual costs of lost time 
from snowstorms is still a problem open to resea.rch. 

A recent study sponsored by the Salt Institute (30) at
tempted to establish the economic benefits lost if salt 
were eliminated. (No one, including the EPA, has sug
gested that salt be eliminated, just that it be reduced in 
environmentally sensitive areas.) Unfortunately the esti
mates, based on the assumption that 10 percent of the 
workers would be absent and all the rest would be 2 h 
late throughout all the snowbelt states for 20 days appear 
inflated. In addition, the researchers double-counted 
benefits by including both loss in wages and loss in value 
of goods produced. 

A major point is that we should certainly expect the 
benefits to be substantially greater than the costs. Units 
have not been assigned to the axes in Figure 1 because 
little is known about the exact relation between level of 
salt use and actual costs and benefits. Nevertheless, 
it can be shown that the gross benefits and cost of dam -
age curves are of the shape shown in this figure. The 
exact shape for a region or locality varies according to 
local conditions. 

Net benefits are maximized at a level of salt use for 
which the gross benefits and cost of damage curves have 
identical slopes. Explained in another way, salt use is 
optimized at a level for which the marginal benefits 
equal the marginal costs. The gross benefits could be 
many times the costs at this point, and if the benefits 
were not significantly greater than the costs, one might 
suspect that salt is overused. There is no simple way 
to determine the best level of salt use, and the only way 

Figure 1. Costs, gross benefits, and net benefits of salt as a 
function of salt use level . 

$ COST OF DAMAGE 

0 SALT USE-. 
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an agency could begin to do so would be to experiment 
with level and frequency of application. This is exactly 
what many agencies have done and are currently doing. 

CONCLUSIONS 

The costs of actual salt damage to water supplies and 
health, vegetation, vehicles, bridges, and utilities are 
immense. Annual damage costs, at a very lower bound, 
approach $ 3 billion. This hidden cost is almost 15 times 
the annual national budget for the purchase and applica
tion of road salt and about 6 times the entire annual na
tional budget for snow and ice removal. 

Furthermore, heavy salt use in many instances up
sets the natural ecological balance and results in dam
ages that cannot be assigned a dollar value. This is one 
of the many reasons why the above amounts must be con
sidered as lower bounds. The potentially most serious 
of all these damages are the irreversible ones, such as 
the risk of increased hypertension that results from the 
heightened levels of sodium in water supplies. As much 
as 5 percent of the population drinking water contami
nated by road salt may be adversely affected. 

The implications are clear. The costs of damage to 
bridge decks and vehicles are high but reversible; the 
damage to health may not be reversible. We can no 
longer afford to ignore the fact that we are depositing 
large quantities of salt into the water on which we are 
dependent every moment of our lives. 

The most advanced medical research indicates that 
water with more than 20 mg/L of sodium is unhealthy 
and detrimental to a substantial portion of the population. 
The American Heart Association supports this fact. 
Disregard for the quality of drinking water in this and 
any instance is extreme negligence, and we must face 
the issue squarely. Road salt may be only one of the 
many serious pollutants in our environment, but that is 
no excuse to allow the present situation to continue. In 
order to avoid further damage and high costs, salt use 
for winter maintenance must be reduced. 

It is public information programs that have given 
carefully designed reduced salting policies public ac
ceptance. The most notable case is the state of Con
necticut, where state salt use was reduced by 33 per
cent because of rising sodium content in water supplies. 
This reduction was apparently made with little change in 
level of service or accidents and with a resulting cost 
savings. Also, a 50 percent reduction in salt use was 
made in one area of Madison, Wisconsin, during the 
winter of 1974 to 1975. 

A public opinion survey (with an 84 percent response 
rate) was used to determine the public's reaction to the 
cutback (31). 

Survey. results indicate that Madison residents strongly support the lim· 
ited salt program. More than 90 percent of the respondents believed 
that the program is a worthwhile experiment and should be continued, 
while 85 percent supported a reduced sa lt program on a city wide basis. 

There is every reason to believe that the residents 
of individual cities and towns or other states would ac -
cept reduced salting if salt-related damages were made 
known to them. 

RECOMMENDATIONS 

In order to maintain the public's right to clean water, 
the level of salting in many areas should be reduced ac
cording to local conditions such as the effect of salt
laden runoff on water supplies, the level of public de
mand for bare pavement, and the size of the winter 
maintenance budget. Greater emphasis should be placed 
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on nonchemical methods of snow and ice control (such 
as increased plowing and sanding). 

Setting the level of bare pavement is a burden that 
need not be the sole responsibility of highway mainte
nance departments, who should seek advice from all in
terested groups and the public at large. Through public 
affairs programs, the public should be made aware of 
the trade-offs and alternatives. A city or town may want 
to form a special committee or hold a voter referendum 
to ensure the best solution. Changes in winter road pol
icies should have public support and should be publicly 
announced before they are effected. 

There should be a greater emphasis on training driv
ers in the skills of snow and ice driving and less empha
sis on the concept of guaranteed June travel in January. 
Moreover, an operating policy to encourage motorists 
to stay off the roads during and immediately after storms 
would facilitate snow and ice removal. 

Snowbelt states should test public and private water 
supplies and provide funds for replacing wells (as has 
been done in New Hampshire). State legislation should 
be passed allowing individuals to sue for damages when 
water supplies show an abnormal or hazardous increase 
in sodium content and placing the burden of proof on the 
highway departments that the cause was not road salt. 
If road salt is found to be the source of contamination, 
then corrective action, such as the installation of drain
age systems or a reduction in salt use, must be taken to 
restore the damaged water supplies. Until an acceptable 
sodium level is reached, it would appear proper for the 
local governing body or the highway maintenance depart
ment responsible for the damage to provide bottled water 
to those using the contaminated supply. 

Reasonable levels should be established on the basis 
of the sodium standard in the Safe Drinking Water Act 
and on the basis of natural background levels of sodium 
in the water supplies. Finally, the states should con
sider instituting a requirement that all salt users file 
an environmental assessment. 

Although these measures may seem burdensome, they 
are necessary in order to ensure that we maintain our 
high quality of water and that large costs are not in
curred as a result of winter highway policies. 
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Discussion 

M. C. Belangie and C. C. Sy, Utah Department of Trans
portation, Salt Lake City 

This discussion is concerned only with the adequacy of 
the assumptions and the technical discrepancies in the 
vehicle corrosion portion of the original EPA document 
(32) from which Murray's paper was derived. 
-Murray assigns two-thirds of the $ 3 billion in annual 

damage, reported due to deicing chlorides, to vehicle 
corrosion damage. He represents this annual damage 
cost as the "very lower bound" of the total costs attrib
utable to deicing chlorides, but it is important to rec
ognize that his approach overstates the vehicle corro
sion costs attributable to deicing salts. 

The Ackerman approach (32, pp. 75-76) appears to 
be a reasonable method for determining differences in 
the depreciation rate. Whether the Anderson-Murray 
approach and the resulting regression equation are a 
valid distributor of the additional depreciation, devel
oped as Ackerman does, is the principal point in ques
tion. 

Before writing this discussion, a copy of the original 
data (33) from which the regression equation was devel
oped was obtained. These data did not include mean 
January temperatures but otherwise corresponded with 
those described in the reports (32). Mean January tem
peratures were obtained (34, 35r,-and the data were then 
subjected to regression analysis by using BMD-02R pro
gram-stepwise regression-Rev 6/11/74. (This analysis 
was written in U.S. customary units.) The results of 
that regression analysis are as follows: depreciation 
rate equals 15.9418 plus O .0469 state salt plus O .0258 
snow plus 0.1531 miles plus 0.0204 city salt. The mul
tiple R for this equation is R = 0 .9033, and the coefficient 
of determination is O .816. Estimated standard error for 
state salt is O .0156, for snow is O .0068, for miles is 
0.153, and for city salt is 0.0059. Other results follow. 

Snow Versus Collinearity 
Correlation 

State salt 
City salt 

R = 0.64 
R = 0.59 

Depreciation Rate Versus 
Individual Correlation 

Snow 
State salt 
City salt 

R = 0.81 
R = 0.75 
R = 0.75 
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Importance of four independent variables in contributing 
to the multiple R of R = 0.9033 follows (1 mile= 1.6 km) . 

Variable R R2 Increase in R2 

Snow 0.812 0.659 0.659 
City salt 0.877 0.770 0.110 
State salt 0.898 0.807 0.037 
iJliles 0.903 0.816 0.009 

The most obvious comment about these results is that 
if the assumptions on which the equation is based are 
valid, the authors had somewhat better data than they 
portrayed. According to these results state salt costs 
are i ncreased by $16 7 million and city salt costs by $ 36 
million. 

The multiple R (0.79) is probably in error. In any 
case a multiple correlation coefficient of O. 79 does not 
imply that 79 percent of the variation in the dependent 
variable has been explained by the four independent vari
ables used in their equation. It explains 62 percent, or 
0. 792

• Note that in our cross check of the Murray
Anderson (regression analysis) data, a multiple correla
tion coefficient R = 0.90 was obtained. 

In the regression analysis "the unit of observation is 
the city" (32, p. 77). Application of city regression 
estimatorsldepreciation r ates versus city salt) to the 
state as a whole may be untenable, and the authors' jus
tification for it is not obvious. 

Regardless, the amounts used (32, Table 8, pp. 85-
86) may well overstate the damages. For instance, in 
California, over 90 percent of the population is concen
trated where deicing salts are not used. The 0. 567 Mg/ 
lane •km (1 ton/lane •mile) annual state salt and city salt 
figures seem a bit excessive. 

The EPA document discusses 44 cities, 41 of which 
were incorporated in the regression analyses. According 
to the original paper, which was retained essentially in
tact in the EPA report, the 2 cities "Houston and New 
Orleans were deleted because of high rates of decay at
tributable to humidity and proximity to the ocean." 
Rainfall was substituted for humidity "because humidity 
rates proved difficult to obtain" (32, p. 81). 

Which humidity data did the authors use to justify the 
deletion of these two cities? High depreciation rates in 
the absence of deicing salts are not a valid basis for 
their deletion. And if humidity is the basis for deletion, 
on which criteria were Tampa, Florida, and Charleston, 
South Carolina, retained? Both are in close proximity 
to the ocean and have high humidity rates, Tampa some
what higher than either Houston or New Orleans, 
Charleston somewhat lower (35). 

In citing others (36, 37, 38 )and referencing Chance 
(39, 40) in the original study, the authors developed a 
skeletal technical perspective against which the validity 
of the regression equation assumptions could be eval
uated. The technical data indicate that deicing salt and 
air pollution contribute about equally to corrosion dam -
age and that a humid, air-polluted environment can 
produce four times the corrosion damage sustained in a 
dry, non-air-polluted environment. Note that even in 
a dry, non-air-polluted environment with no deicing 
salts the1·e is still corrosion damage (36) . The proxy 
variables, mean ambient January temperature, rainfall, 
and average annual sulfur dioxide concentration selected 
to represent the natural environment and air pollution 
did not contribute to the equation, but the technical data 
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indicate that they should have. The variables selected, 
then, are probably inadequate. 

Until this discrepancy is reconciled, the credibility 
of the regression equation and the costs derived from it 
are at best questionable. A more detailed study is re
quired before costs can be ascertained by this approach. 

The amount of corrosion sustained by a vehicle is not 
only a function of the corrosiveness of the environment 
in which the vehicle is operated, but also the amount of 
corrosion resistance built into the vehicle. 

What the EPA report does not take into account is 
that, if in the process of being modified a product be
comes less able to withstand the environment, is it valid 
to charge the losses resulting from this change to the 
environment and more specifically to one particular as
pect of the environment? Furthermore, nowhere in the 
study do the authors deal with the long-term effects of 
the reduction in sheet steel thickness that accompanied 
the adoption of unibody construction by the American 
automobile industry. This construction was adopted on 
a wide scale in 1955. At that time the automotive in
dustry's anticorrosion capability was low, and its 
relatively high anticorrosion capability achieved only 
recently. Whether the premature corrosion perforation 
of 1955 through early 1970 models is due largely to re
duced metal thickness combined with inadequate anti
corrosion technology is arguable (41). 

No substantial basis for the $690 million in annual 
truck damage was developed. The arbitrary assignment 
of $30/truck based on the opinions of truck fleet man
agers is at best qualitative. 

In summary, the approach the authors used has a 
great deal of potential. The correlations between salt 
and depreciation cannot be lightly dismissed. But the 
technical work cited indicates that correlations between 
air pollution and corrosion in the same range are also 
to be expected. Furthermore, no study to date has ade
quately dealt with the amount of corrosiveness attribu
table to the unpolluted base environment. The four to 
one corrosion ratio between a dry, non-air-polluted 
environment and a humid, air-polluted one indicates that 
the base environment does have a significant effect. The 
adoption of unibody construction has, to our knowledge, 
only recently been considered in this frame of reference 
and then only as a logical argument that does not assign 
costs. In our opinion, the costs developed in this section 
are excessive. 

A_lthrn1e;h we havP hPPn Pxtremely critic::i_l of rhe re
gression equation and the dollar costs developed there
from, this was more in response to the unqualified use 
of the $ 2 billion figure in the conclusions than the method 
of approach. It is our belief that those responsible for 
the allocation of research efforts and funding, as well 
as others, rarely have the time or the desire to read 
qualifications buried in the text. As a result, unquali
fied, unchallenged conclusions, such as those appearing 
in the EPA-sponsored report, result in a distortion of 
effort. If, in fact, the EPA or some other group desires 
to determine and allocate the costs of vehicle corrosion, 
we would strongly recommend that consideration be 
given to the method developed by the authors, providing 
that the points stated in the discussion are adequately 
dealt with. 
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Robert Brenner, Institute for Safety 
Analysis 

My colleague Jack Moshman and I recently published a 
paper on the benefits and costs in the use of salt to de
ice highways. In it, we examined the principal findings 
of the work by Murray in the original EPA study. We 
then developed our own model of the problem. 

Murray deals only with the costs of the adverse ef
fects of salt; he does not seek to estimate the economic 
value of the benefits associated with rapid deicing of 
highways. Clearly, the costs of adverse effects should 
be compared with the economic benefits, and community 
decision making on road salting should relate to the net 
difference. 

I question the $2.91 billion estimate as the annual 
economic cost to snowbelt states resulting from the use 
of road salt. By changing some of the underlying as
sumptions and using different constants, we come up 
"vvith :;crnethirrg ~rcurrd ~ third cf this cstirn~tc. But cvcrr 
if the higher figure is used, the benefits still far exceed 
the costs by a factor of six. In short, regardless of 
which assumptions are taken in numerical exercises 
such as Murray's or ours, the benefits of rapidly de
icing roads are far greater than the costs. The complete 
c·omparative picture is unmistakable. 

The fact that Murray assigns dollar values only to 
the adverse effects of road salting and a zero dollar 
value to the benefits is a transparent weakness. More 
disturbing than this, however, is the unclear safety 
logic, as expressed in this statement on safety that ap
peared in the presentation draft. "The use of salt for 
winter maintenance generally results in better traction 
on the highways, but because of a number of confounding 
factors, especially driver behavior, the link between 
salt and safety has not been proved." Improved trac -
tion, whether produced by better quality tires or by re
grooving the pavement or by resurfacing sections with 
low coefficients of friction, means safer travel. Im
proved traction produced by salt means safer travel. 
Thus, the statement that salt improves traction but its 
link with safety is unproved is obviously self
contradictory. 

He continues, saying that "While several studies have 



reported that salt reduces accidents the methods of data 
collection and analysis have been found to be mathemati
cally unsound. 

During the 30 years I have been associated with high
way safety, the field has been crippled by statements to 
the effect that some obviously important safety (accident
preventing or injury- reducing) measure has not been 
proved to the satisfaction of some statistical purist. 
One can readily substitute "good brakes" or "properly 
trained drivers" for "salt": "While several studies have 
reported that good brakes reduce accidents, the methods 
of data collection and analysis have been found to be 
mathematically unsound." The absence of statistical 
proof of the link between good brakes and safety would 
hardly convince any rational person to venture onto a 
high-speed freeway in a vehicle whose brakes do not 
work. 

Safety is the absence of hazards; hazard is the absence 
of safety. The hazard of iced-over highways is a fact, 
but, if statistical proof is required, it is a simple enough 
matter to examine hospital emergency room records or 
vital statistics records to determine what goes on when 
highways are iced over. 

If salt is the fastest and cheapest way known today to 
reduce the duration of time over which highways are 
iced, then it also must be the fastest and cheapest way 
to reduce the hazard. There simply cannot fail to be a 
link between salt and safety, if in fact salt is the best 
way known today to accelerate deicing. Statements 
about the absence of statistical proof linking salt and 
safety are, along with similar statements on brakes and 
safety, empty. 

Along with the statistical argument, Murray invokes 
the equally time-worn argument of driver behavior. For 
ages this has been dragged into accident analyses, even 
when the direct cause was some glaring engineering de
ficiency in the highway or the vehicle. But let us as
sume that driver inadequacy or error is a significant 
factor. We nevertheless must recognize that, in the 
highway field, we design to be forgiving of driver error. 
We do not pass off hazardous conditions by saying the 
driver should learn how to cope with them. We do not 
design roads with poor sight distance and leave it to the 
driver to adjust to the danger. We place guardrails in 
front of abutments or other exposed rigid objects to 
protect occupants in out-of-control vehicles, regardless 
of which factors might precipitate the loss of control
driver error, inadequacies of the vehicle's brakes or 
suspension, or inadequate skid resistance of the pave
ment. 

Safety is apparently not Murray's primary concern 
in his classical statistical and driver error arguments, 
which have historically been used to attack some initia
tives to reduce the highway death and injury tolls. An
other illustration of his perspective may be seen in the 
$ 50 million estimate of annual salt-caused damage to 
roadside trees, which, in my view of safety, do not be
long on road shoulders in the first place. Basic policy 
of the U.S. Department of Transportation and Federal 
Highway Administration calls for installation of yielding 
or breakaway sign supports precisely to eliminate the 
type of hazard the tree on the shoulder presents to oc
cupants of the out-of-control vehicle. We design the 
highway environment to be forgiving of driver error, not 
punishing. 

Notwithstanding the fact that there are many species 
of tree that are not harmed by salt runoff, the decision 
seems to me to be one of killing people or trees. 

There are also highway planning flaws in Murray's 
work, illustrated by his $ 500 million estimate of the 
cost of highway bridge deck corrosion. Half of this is 
the value of the time motorists waste while bridge decks 
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are being repaired. Not included in this particular entry 
in his bookkeeping is the value of delay motorists would 
incur in safely negotiating iced-over bridges. I know of 
few budget requests-federal, state, or local-for high
way capital improvements that do not enter expected 
benefits in the budget request. 

Finally, there is the $2.91 billion as an indicator of 
the total cost of the environmental impact of highway 
deicing. Vehicle corrosion accounts for about 74 per
cent, or $ 2 billion, of this amount. I question the ac
curacy of this estimate, but let us assume it is correct. 
If we add to this the $ 500 million for bridge deck dam -
age and to the $ 200 million for the cost of salt and its 
application, we get about $ 2. 7 billion as the nonecologi
cal salt damage, leaving a remainder of $200 million as 
the cost of ecological damag·e. This puts the ecological 
damage from road salting of $2.91 billion off by a factor 
of about 14. 

Few ecologists, I suspect, would consider the auto
mobile and the highways on which they operate as es
sential to the environment. It is interesting that the 
automobile seems to have new stature in the environ
mental protection community. 

In summary, the Murray work seeks to assess the 
costs to society of road salting. I question both the ac -
curacy of the figures and the underlying assumptions of 
the model, which contains other fundamental peculiari
ties. However, whether his costs are correct or not is 
not of great consequence. What is important is that 
whatever these costs might be, they must be considered 
in relation to road salting benefits, particularly as no 
better method for controlling iced-over highways is 
known today. 

Author's Closure 

This closure was written in part by Robert Anderson, 
who was chiefly responsible for the development of the 
regression analysis. 

DISCUSSION BY BELANGIE AND SY 

Belangie and Sy have focused their three contentions 
solely on the method used to estimate vehicle corrosion 
costs. First, total vehicle corrosion costs can also be 
derived from an analysis of regional variation in used 
vehicle prices. Second, the analysis we used to deter
mine the relative contribution of the separate factors 
leading to vehicle corrosion is incomplete and as such 
may attribute excessive costs to deicing chemicals. 
Third, the 1·egression results reported in the EPA re
port may have contained an error (or errors). 

In response to the first point, we observe that the 
regional variations in used vehicle prices are at best a 
lower limit on the true losses in economic value. Many 
used vehicles driven in environments hostile to them 
(deicing salts, humidity, sunshine, salt spray nea1· 
oceans) are retired prematurely and never offered for 
resale simply because the value of the vehicle does not 
warrant it. Scrapping the vehicle is economically more 
attractive. 

When looking at used automobile prices in a region, 
one should try to incorporate the near zero value of all 
prematurely scrapped vehicles. Our approach of looking 
at advertised asking prices understates the true depre
ciation of vehicles in these hostile environments. 

We also note that most vehicles are not owned and op
erated in a single city or state for the entire life of the 
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vehicle. Rather, vehicles are exposed to many different 
environments. The location where the vehicle is offered 
for sale may or may not be the principal environment in 
which it was driven. Again, this would cause an under
statement of the true depreciation brought about by a 
hostile environment. 

The second point made by Belangie and Sy is that other 
researchers have noted definite correlations between at
mospheric pollution and corrosion and between humidity 
and corrosion. The fact that these variables were not 
significant in our regressions implies, in their view, 
that our equations are deficient-and likely to be attribut
ing excessive portions of the total corrosion to deicing 
salts. 

We agree that one would expect to find humidity and 
air pollution linked to variations in depreciation rates 
across cities. We did not measure such an effect be
cause, in our view, the relatively crude data we used 
did not adequately describe the actual humidity and air 
pollution to which the vehicle had been exposed during 
its life. Were much more careful research to be done, 
the true variations in exposure to pollution, humidity, 
and other causes of increases in depreciation rates 
should be measurable. 

In any case, the fact that air pollution and humidity 
did not appear as significant determinants of vehicle de -
preciation rates does not mean that our estimates for 
the effect of deicing salts would be overstated. Our esti
mates are overstated only if the use of deicing salts is 
positively correlated with either humidity or air pollu
tion. 

Although others may want to debate this point, we do 
not believe that the use of deicing salts is in fact posi
tively correlated on a regional basis to either humidity 
or air pollution levels. 

Therefore, we stand by our estimates as accurate al
locations of the measured depreciation rates to the sep
arate determinants of vehicle decay. 

Finally, Belangie and Sy raise some concerns about 
our numerical estimates in the regression equation. 
Their estimates are based on our data for 41 cities. The 
EPA report was based on essentially the same data, but 
for 39 cities. Data on the other 2 cities became avail
able only after the EPA report went to press. As noted 
by Belangie and Sy, the inclusion of the other 2 cities 
does increase the coefficients of the two salting vari
ables somewhat, thereby raising the total estimated cost 
r,I ,.,..,...l,,;,..1,,.. ,.r,....,.,...nll:'.'l;,...n nff,...;hHfrohl,.. f,... ,,I,..;,.; ......... ~olf~ h ... T ,..,..,..,.,....,... 
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$ 200 million to a total of $ 2 .2 billion. 
As far as errors are concerned, there was only one. 

The Multiple R (0.79) on p. 83 of the EPA report was a 
misprint and should have been 0.89, thus implying that 
79 percent, or (0 .89)2, of the variation in the dependent 
variable is explained by the four independent variables. 
(Belangie and Sy obtain R = 0.90, apparently because of 
the two additional data points.) 

We reiterate our principal finding that our estimate 
of the cost of vehicle corrosion attributable to deicing 
salts is most likely biased downward. The true cost 
probably exceeds our estimates by a significant margin. 
Because the budget for the EPA study was very limited, 
we do not feel that our data are the best obtainable. We 
would encourage others to continue this line of inquiry 
in order that the true costs of vehicle decay attributable 
to deicing salts be estimated and used as one of the key 
inputs in the formulation of government deicing policies. 

DISCUSSION BY BRENNER 

In response to the discussion by Brenner, the EPA 
study was restricted to the analysis of the costs of dam -
age to the total envirorunent, man -,,madc as \Vell as nat
ural. Assessment of benefits was not included, and 
therefore Brenner's statement that we assigned a zero 
value to the benefits is misleading. Our only role with 
regard to benefits was to review the research that had 
been done. 

I have never contended that salt has no safety benefits, 
but I strongly object to the use of erroneous statistics 
as proof that "salt and safety are synonomous." 

Brenner arrives at a significantly lower cost estimate 
principally by using other data for used automobile prices 
and no control for regional variation of factors. This 
method was discarded by most researchers years ago. 

With regard to the magnitude of the benefits relative 
to the costs, the statement that the benefits are far 
greater than the costs gives no indication that the right 
amount of salt is being used. In fact, it might be that 
far too much is used. In order to determine the best 
amount, one would need to examine the marginal effect 
of each unit of salt. 

Damage to vegetation is not restricted to trees on the 
shoulder but may extend 20 to 30 m from the edge of the 
shoulder (or much more if the runoff is directed away 
from the road). Furthermore, in urban areas, roadside 
trees that have died from excessive salt are usually re
placed. 

Publication of this paper sponsored by Committee on Winter Mainte
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