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Abstract. Golf courses in North America experience occasional damage from winter inju-
ries. This damage can sometimes be very severe, resulting in substantial financial im-
pacts. Winter damage to turfgrass surfaces affects golf course finances in three primary
ways: winter injury prevention costs, additional costs of inputs to recover from winter in-
juries, and revenue losses due to delayed openings. We conducted a survey of golf course
superintendents in North America to assess the economic impact of winter injuries. The
survey collected data on the causes of winter injuries, the extent of damage across the
golf course, and management practices that were employed. We found that, on average,
the cost of preventing winter injuries was between $12,000 and $17,999 annually per golf
course, and additional costs of inputs to recover from winter injury ranged from $6000
to $8999. The revenue losses due to delayed openings, ranging from $3000 to $8999 per
golf course, further emphasize the far-reaching consequences of winter injuries.

The golf industry has a significant impact
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on the economies of the United States and
Canada. According to a recent economic im-
pact study conducted by the US Golf Industry
Coalition in 2022, the direct economic impact
of the US golf course industry was about $102
billion, with the total economic impact (direct,
indirect, and induced economic impact) reach-
ing $226 billion. Approximately one million
jobs were directly tied to the US golf industry
(US Golf Industry Coalition n.d.). Similarly, in
Canada, the golf industry contributed $23 bil-
lion of national gross domestic product in 2023
(Golf Course Industry n.d.).

The economic output of golf courses in
many northern climates can be at risk due to

damage from winter-associated stresses. Win-
ter injury refers to damage caused to turfgrass
during the winter and is a major risk in much
of the northern United States, Canada, north-
ern Europe and other cold climates. The three
main sources of costs to golf courses due to
winter injuries are the prewinter costs to pre-
vent winter injuries, additional costs of inputs
to recover from winter injuries, and the loss
in revenue due to delays in opening the golf
course. Research focused on the five Nordic
countries (Denmark, Finland, Iceland, Norway,
and Sweden) estimated the cost of winter
injuries to be at least 14 million Euros (Kvalbein
et al. 2017). In years with significant winter
injuries, 88% of courses reported the cost of
repairs ranged from 3000 to 12,000 Euros.
Furthermore, the reported revenue loss was
6000 Euros or less for 50% of courses, and
between 6000 and 12,000 Euros for 25% of
the golf courses. To date, there has not been
a comprehensive study to estimate the eco-
nomic impact of winter injuries in northern
United States and Canada (hereafter collec-
tively referred to as North America). This
study aimed to fill the gap in the literature.

Winter injury is a multifaceted problem
with current and future relevance that is influ-
enced by weather change, grass physiology,
maintenance practices, topographical varia-
tions, and other environmental conditions.
There are many types of winter injuries, in-
cluding damage from crown hydration, des-
iccation, direct low temperature kill, ice
encasement, and snow mold (Beard 1964,
1969).

Crown hydration is a type of winter injury
that typically occuring in late winter after
thawing and freezing (Frank 2015). Turf-
grasses susceptible to this stress, such as an-
nual bluegrass (Poa annua L.) and perennial
ryegrass (Lolium perenne L.), become hy-
drated during warming periods as snow melts
and surface soils thaw, leading to intracellular
ice formation and subsequent cell death
upon re-exposure to freezing temperatures.
Direct low temperature kill also causes in-
tracellular ice formation and can be inde-
pendent of the crown moisture content. This
stress is observed when temperatures drop
below the plant’s maximum low temperature
limit and is influenced by factors including
the plant’s cold hardiness level, freezing rate,
and post-thawing rate.

Desiccation occurs when unprotected
turfgrass exposed to drying cold winds for
extended periods without snow cover, loses
significant moisture in leaf and crown tis-
sues (Kreuser 2019). Some preventative
measures to reduce desiccation risk include
heavy sand topdressing, protective covers
on the turf, and wind breaks to assist in
snow retention.

Ice encasement injury occurs when a thick
layer of ice covers the turfgrass, resulting in
the loss of oxygen and buildup of carbon di-
oxide and toxins. The degree of damage de-
pends on multiple factors, from the grass type
to the thickness of the ice and total duration
of ice cover. Preventive measures involve
covering with impermeable covers, adding
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insulating layers, or removing ice with dark
melting agents (Landschoot 2023).

Snow mold is another common winter
injury that happens when there are periods
of cool and wet weather or when turfgrass
is under snow cover resulting in the fungi
to infect the turfgrass. Applying preventa-
tive fungicides before snowfall is the most
effective preventive measure taken to pro-
tect against snow mold.

Grass species used on the golf course can
have a role to play in the extent of damage
caused to golf courses due to winter injuries.
Grass species differ in their tolerance to envi-
ronmental conditions, dormancy behaviors,
and physiological traits. Cool season grass
species like annual bluegrass (Poa annua) are
commonly used on golf courses but are known
to be highly susceptible to winter injuries like
ice encasement, desiccation, and crown hydra-
tion (Beard 1964; Valverde 2007). Poa an-
nua’s low tolerance to winter injury is often
associated with its shallow root system and
sensitivity to lower oxygen conditions under
ice cover for prolonged periods of time
(Beard 1972). On the other hand, creeping
bentgrass (Agrostis stolonifera) is known to
be more winter hardy with the ability to sus-
tain harsher and colder temperatures.

Changing weather patterns are another re-
cent, but important phenomenon that has in-
creased the challenge of winter injuries for
not only turfgrass managers but also home-
owners with lawns. According to Rantanen
et al. (2022), the Arctic has been warming
nearly four times faster than the global av-
erage since 1970s, a phenomenon known as
Arctic amplification. Furthermore, research by
Karl et al. (2009) showed that even regions
like the northern Great Plains and Upper
Midwest have started to experience warmer
and wetter winters, which may call for dif-
ferent turfgrass management strategies. These
changes can result in winters with inconsistent
snowfall, which may lead to more frequent
free—thaw cycles, exposing the turfgrass to
more significant winter injuries. Recent data
from the US Environmental Protection Agency
(2025) on the changes in the freeze-thaw con-
ditions showed that there have been 17 more
unfrozen days in 2023 compared to the long-
term average (1979-2023) within the 48 con-
tiguous states of the United States.

By collecting primary data from golf
course superintendents in North America
through an online survey (Wells et al. 2014),
this study seeks to provide important insights
on the impacts of winter injury relevant to the
turfgrass and golf industry.

Methodology

Our data were collected using a survey in-
strument that was distributed via Qualtrics, an
online survey platform widely used in acade-
mia. A comprehensive survey was designed
and distributed to golf course superintendents
located in North America where winter injury
of cool season turfgrasses can occur. The sur-
vey targeted golf courses through social
media, email lists, and through communication
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at various professional conferences attended
by golf course superintendents during the data
collection period. The survey was comprehen-
sive and had detailed questions designed to
collect information about the causes and fre-
quency of winter injuries, the extent of dam-
age across various parts of the golf course, the
types of grass utilized and the diverse manage-
ment practices employed to maintain the golf
course’s condition during the winter. Ques-
tions regarding the frequency and intensity of
winter injuries spanned over the past 23 years
(2000-22), wherein participants were asked
to think about their experience with managing
winter injuries for the last 23 years. Partici-
pants were informed that the responses to
the survey were anonymous, ensuring their
confidentiality, and promoting a more open
and honest sharing of information from
participants.

Data. We received a total of 96 responses
from golf course superintendents. About 60%
of the data collected from the United States
was from golf courses in Connecticut, lowa,
Massachusetts, Michigan, and Minnesota. In
Canada, 80% of the data were from golf
courses located in Ontario and Alberta.

Table 1 shows summary statistics for sur-
vey participants as well as information about
the golf courses. Similar to research by Wang
et al. (2023), we found that the average age
of golf course superintendents in the sample
was between 46 and 55 years old. All partici-
pants in the sample had at least a high school
diploma or equivalent degree. The majority
of participating golf course superintendents
had a bachelor’s degree. Specifically, 10.7%
had completed a short course or certificate
program, about 6% had completed some
college, 20.2% had an associate’s degree,
59.5% had a bachelor’s degree, and the re-
maining 3.6% had a graduate degree. The
average level of experience as a golf course
superintendent was between 16 and 20
years, and approximately 20% of the sam-
ple had been in the role for more than 30
years. On average, participants had been
working on their current golf course (the
golf course they were working at during the
time of answering the survey) for about 12
years. Most participants (84.4%) were
members of a local or national golf course
superintendent association.

Some of the relevant golf course charac-
teristics were that approximately 45.3% of
the courses were publicly owned, 43.2%
were private, and the rest were owned by the
local government (municipal). The general
distinction between public and private golf
courses is that the public golf courses are
open to all golfers without the requirement of
a membership while private courses are re-
stricted to their members and the members’
guests; municipal courses are a subset of pub-
licly owned courses operated by local govern-
ments. On average, golf courses in our sample
each had 7.7 permanent and 12.5 seasonal em-
ployees for turfgrass maintenance. Golf course
annual operation budget and yearly gross in-
come were, on average, between $400,000 and
$424,999 and between $750,000 and $799,999,

respectively. Additionally, we found that the
average operational budget for public golf
courses was between $325,000 and $349,999
and for private golf courses it was between
$550,000 and $599,999.

Results

Most prevalent winter injuries. We asked
superintendents to report the most prevalent
winter injuries affecting their golf course.
While some injuries, such as snow mold, are
relatively easy to confirm, the cause reported
by the superintendent might not be definitive.
For instance, it may be particularly difficult
to distinguish between damage caused by
ice encasement or crown hydration, espe-
cially when the damage incurred is under
ice. In cases like these, the reported causes
reflect the superintendents’ best judgment
based on their field experiences. The predom-
inant cause of winter injury was reported as
ice encasement by 70% of participants (Fig. 1).
For about 60% of the participants, crown hy-
dration was a significant contributor to winter
injuries on their courses, followed by snow
mold at 54%, and desiccation at 46%.

Coverage percentage of grass types on
golf courses. Different grass species have dif-
ferent tolerance levels to winter injuries. To
get a better understanding of how different
grass species respond to different types of
winter injuries, we identified which grass spe-
cies are most prevalent in different areas of
golf courses (Fig. 2). The grass types that
were reported to be most used on the greens of
the golf course were creeping bentgrass (4gro-
stis stolonifera) and annual bluegrass, which
accounted for 65% and 33% of the greens, re-
spectively. Creeping bentgrass was the most
used grass type on the fairways (39%), fol-
lowed by Kentucky bluegrass (Poa pratensis)
(23%) and annual bluegrass (22%). Likewise,
creeping bentgrass, Kentucky bluegrass, and
annual bluegrass were the most reported grass
types for tees while roughs were mainly Ken-
tucky bluegrass and fine fescues. These spe-
cies distributions align with estimates by
Gelernter et al. (2017).

Impact of winter injuries to grass types.
To understand the impact of various winter
injuries on the grass types used, we asked
golf course superintendents to report how
susceptible they perceived the different grass
types were to various winter injuries. Figure 3
shows the impact of different winter injuries
on various grass types.

Consistent with some previous research,
superintendents reported that annual blue-
grass was the grass species that was most
prone to all types of winter injuries, followed
by creeping bentgrass and then perennial rye-
grass. Tall fescue (Schedonorus arundina-
ceus) and fine fescues (Festuca spp.) were
identified as the least affected grass types, and
were also in the least common species present
on golf courses (Fig. 2). Annual bluegrass was
shown as single most sensitive species to most
of the listed injuries, such as dehardening
(71%), crown hydration (56%), low temper-
ature (48%), and ice encasement (46%). In
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Table 1. Summary statistics of participating superintendents and golf courses based on survey data from golf course superintendents in the United States

and Canada (N = 96).

North America (N = 96)

Variable Variable description Variable coding % Mean SD
Participant characteristics
Age Age of the golf course 1 =18-25 2.38 3.77 1.12
superintendent (years) 2 =26-35 10.71
3 = 3645 25.00
4 = 46-55 35.71
5 = 5665 21.43
6 = older than 65 4.76
Education Highest level of education of 1 = High school diploma or 0 4.39 1.04
the golf course equivalent
superintendent 2 = Short course or 10.71
certificate program
3 = Some college 5.95
4 = Associate’s degree 20.24
5 = Bachelor’s degree 59.52
6 = Graduate degree 3.57
Experience Number of years the 1 = =5 years 10.71 4.19 2.04
participant has been 2 =6-10 17.86
involved in the golf course 3 =11-15 8.33
as a superintendent 4 = 16-20 19.05
5 =21-25 13.10
6 = 26-30 10.71
7 = >30 years 20.24
Member Is the participant a member of Yes 84.38 — —
a local or national golf
course superintendents’
association
Certified Is the participant a certified Yes 22.62 — —
superintendent
Golf course characteristics
Ownership Gold course ownership type 1 = Public 45.26 1.66 0.68
2 = Private 43.16
3 = Municipal 11.53
4 = Associated clubs 0
Permanent employees Total number of turfgrass — — 7.65 24.46
maintenance-
related permanent
employees
Seasonal employees Total number of turfgrass — — 12.51 12.95

maintenance-

related seasonal employees

Operational budget
the golf course
Gross income
golf course

Annual operational budget of —

Yearly gross income of the —

— $400,000-$424,999 —

— $750,000-$799,999 —

SD = standard deviation.

contrast, the primary weakness for creeping
bentgrass were identified as desiccation (27%).
Perennial ryegrass was thought to be signifi-
cantly affected by low temperature, snow
mold, and desiccation. Tall fescue and fine
fescues were considered resistant to dehar-
dening and were primarily affected by snow
mold.

Percentage of grass lost due to winter in-
Jjury. To better understand the impact of winter
injury on different parts of the golf course, we
asked golf course superintendents to indicate
the percentage of grass lost at various loca-
tions on average and in years with consider-
able winter injuries.

To calculate the weighted average acreage
percentage of grass damaged on different
parts of the golf course due to winter injuries,
we used data from two questions in the sur-
vey: one on the percentage of grass lost in
different parts of the golf course due to winter
injuries and the other on the area (in acres) of
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different golf areas (greens, tees, fairways
and roughs). We then weighted the percent-
age of grass lost on different areas by the ac-
tual acreage to get the weighted average
percentages (Fig. 4). Greens and fairways,
averaging 4 acres and 30 acres, respec-
tively, were the most affected by winter
injuries.

We also asked superintendents about the
level of winter injuries when averaged over
their tenure at their current course. Participants
reported that, on average, 10.4% of greens and
11.1% of fairways were damaged due to winter
injuries during the entire period, and these
numbers increased to 19.0% and 15.1%, re-
spectively, when only considering years with
considerable winter injuries. Winter injury
was reported to affect, on average, about
6.5% to 7.2% of tee and rough areas, and the
damage can go up to 8.8% and 8.2%, respec-
tively, during years when considerable win-
ter injuries occurred.

Extent of winter injuries and delays to golf

course openings. The survey gathered com-
prehensive data regarding the severity and
economic implications of winter injuries
from golf course superintendents for the
time they have been employed at their current
golf course. Over a 12-year period, which is
the average tenure of a superintendent on
the current course, a typical golf course expe-
rienced winter-related injuries in four of those
years. In years marked by winter injuries, golf
courses, on average, encountered opening de-
lays of up to 2.3 weeks in opening, which in-
creased to 3 weeks in years with considerable
winter injuries. In years with normal winter inju-
ries, 20.4% reported delays of less than 1 week,
26.5% reported delays of about 2 weeks,
16.33% reported delays of 4 to 5 weeks, and
only 2% reported delays of 8 weeks. No one re-
ported delays of more than 8 weeks. In years
with considerable winter injuries, 22.5% re-
ported delays of less than 1 week, 14.3%

1391

/0’ /ou-Aq/sesuaol|/610 suowwodaAeald//:sdny (/0" 7/ouU-Aq/sasuadl|/Bi0 SUOWWOIBAIIBBIO//:SA)Y) 9SUadl|
JN-AZ DD 9y} Japun pajnguisip ajoie ssadoe uado ue s siy] '$se00y uadQ BIA L 0-60-GZ0Z 18 /w09 Alojoejqnd poid-awnid-ylewsayem-jpd-awiid//:sdpy wol papeojumoq



lce encasement

Crown hydraion

Desiccation (winter drought)

Low temperaure

Dehardening

Other

o _

Fig. 1. Perceived causes of winter injury in North America based on survey data from US and Canada golf course superintendents (N = 96).

reported delays of 3 weeks, 22.45% reported
delays of 4 to 5 weeks and 4% reported de-
lays of 6 to 7 weeks.

Use of temporary greens and duration of
ice cover. The use of temporary greens is a
common practice to prevent winter injury
from affecting the opening date of a golf
course. Notably, 31% of golf course superin-
tendents in the sample reported the use of
temporary greens. Figure 5 depicts the distri-
bution of the duration for which temporary
greens were utilized. Blue bars represent fre-
quencies for years with winter injuries, while
orange bars indicate frequencies for years
with considerable winter injuries. During the
years in which temporary greens were used,
they were used for an average duration of 3
to 4 weeks, varying depending on the extent
of winter injuries. Though temporary greens
can allow golf courses to open earlier than
otherwise possible, the use of temporary
greens often provides substandard quality
and, in most cases, will result in reduced rev-
enue as golfers choose to play elsewhere.

To assess the correlation between turf-
grass damage and ice cover, superintendents
were asked to indicate whether they observed
such a relation and the duration for which the
most severely affected areas were covered in
ice. In the sample, 67% of superintendents
noted that the areas with the most severe
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injury had been those covered with ice for an
extended period of 3 months.

Figure 6 shows the distribution of time of
ice coverage. About 6.2% of the golf courses
reported that their turfgrass with the most se-
vere injury was covered by ice for less than
1 month, 29.2% reported ice coverage for
2 months, and 35.4% reported ice coverage
for 3 months. Additionally, 16.9% reported
4 months of coverage and 7.7% observed
5 months of coverage. None of them reported
that grass most severely affected to be cov-
ered by ice for 6 months or more.

Financial cost of winter injury. Financial
costs of winter injury originate from three
primary sources: expenses related to prevent-
ing winter injuries; additional costs of inputs
to recover from winter injuries; and revenue
losses due to delays in opening golf courses.
To estimate these costs, we asked the golf
course superintendents to report the average
costs and revenue losses from winter injuries
for the years when injuries have occurred dur-
ing their time on the current golf course. On
average, the costs of preventing winter injuries
amounted to $12,000 to $17,999 per year per
golf course, while additional costs of inputs to
recover from winter injury reached between
$6000 and $8999 per year per golf course.
Costs of inputs included labor, equipment, fer-
tilizers, seeds, and weed control.

We asked golf course superintendents to
report two types of revenue loss due to de-
layed openings: the average annual revenue
loss due to delays in golf course openings
caused by winter injuries and the revenue
loss due to delayed openings in years with
considerable winter injuries. The average
annual revenue loss in normal years ranged
from $3000 to $5999, while in only those
years with considerable winter injuries the
loss ranged from $6000 to $8999. About
50% of the courses reported no revenue
loss due to delayed openings from winter
injuries and 26% of the courses reported
revenue losses of less than $5999, and only
3% of the golf courses reported revenue
losses exceeding $75,000.

To standardize the costs across golf courses
of various sizes, we also report the costs of
winter injury per acre (see Fig. 7); this was
calculated using the self-reported acreage data
from the survey. On average, the cost of pre-
venting winter injuries was approximately
$200 per acre, with a median of $121 per
acre, although some golf courses spent over
$3000 per acre. The additional cost to recover
from winter injuries in years with normal
winter injuries was about $89 per acre on av-
erage. The costs went up to $147 per acre on
average in years with considerable winter
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Fig. 2. Reported coverage percentage of grass types on surveyed golf courses in North America based on survey data from golf course superintendents in the

United States and Canada (N = 96).

injuries. Finally, the revenue losses averaged
about $115 per acre in years with normal
winter injuries and $159 per acre in years
with considerable winter injuries. However,
there were a lot of variations in the revenue
losses reported as many courses did not re-
port any revenue losses but some courses
reported a loss as high as $3055 per acre.

Indirect effects of winter injury. The loss
in revenue due to winter injuries can also
have an indirect effect on employees and
their salaries. About 92.6% of participants
said the effects of turfgrass winter injury did
not lead to reductions in the number of em-
ployees on their course for the growing sea-
son following the damage. However, for the
7.4% who indicated reductions found that, on
average, about 3 staff positions were elimi-
nated during years with normal winter inju-
ries and 4 staff positions were eliminated
during the years with considerable winter in-
juries. Regarding salary reductions, 9.5% of
superintendents reported that the effects of
winter injury on the golf course’s budget
have led to reductions in employee salaries.
On average, these reductions ranged from 6%
to 10% in years with normal winter injuries
and went up to 11% to 15% in years with
considerable winter injuries.

We also asked superintendents to describe
the measures taken to adjust for decrease in

HortScIENCE VoL. 60(8) Aucust 2025

profits due to winter injuries. Most golf
courses decreased their expenditure in other
areas of the course budget (69.4%). Other
adjustment methods included decreasing
planned investments (28.2%), decreasing
the budget reserve (15.3%), or opting for
‘other’ solutions (15.3%), which may in-
volve borrowing money or the golf course
owner covering the costs.

Management practices. We found that both
public and private golf courses implemented
measures to safeguard against winter injuries.
The three most prevalent management practi-
ces across public golf courses included ap-
plying preventative snow mold fungicides,
aerifying late fall, and applying plant protec-
tants (Fig. 8). Private golf courses imple-
mented these as well but also prioritized
heavy fall topdressing as a management practice
(Fig. 9). Almost all participants, irrespective of
ownership type, indicated the application
of snow mold fungicides. Private courses ex-
hibited a greater inclination toward practices
that were thought to build carbohydrate re-
serves and reduce irrigation in the fall. Pri-
vate courses demonstrated higher adoption
of protective measures such as the use of
covers for greens (46%) and directing the
flow of water with sandbags (10%); these
practices were all less prevalent on public
courses. This could be for a couple of possible
reasons such as cost and labor considerations,

or due to some public courses remaining open
later in the year or even intermittently through-
out the winter, which precludes the covering
greens. Research by Valverde (2007) also
found that using covers was a great source of
insulation and helped turf survival and early
spring quality of the turfgrass.

The management practices used on the
golf course are related to how much winter
injuries might impact the golf course. Thus,
we compared the direct and indirect eco-
nomic costs incurred to public and private
golf courses. Overall, the total financial costs
of winter injuries were between $27,000 and
$35,997 for a public course compared to be-
tween $21,000 and $32,997 for a private
course per year. First, public courses on aver-
age spent less on preventing winter injuries
($9,000-$11,999 per year) compared to private
golf courses ($12,000-$17,999 per year). Con-
sequently, the additional costs to recover from
winter injuries in years when averaging the
normal and considerable winter injuries were
higher for public courses (between $9000 and
$11,999 per year) compared to private courses
(between $6000 and $8999 per year). Finally,
the revenue losses for public and private
golf courses were between $9000 and 11,999
and between $3000 and $5999, respectively.

In terms of the indirect costs of winter in-
juries, about 11.6% and 17.1% of the public
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Fig. 3. Winter injury reported by grass type in North America based on survey data from golf course superintendents in the United States and Canada (N = 96).

and private golf courses reported reductions
in employees when winter injuries occurred,
respectively. On average, one staff position
was reduced on public courses and six to
seven staff positions were eliminated due to
winter injuries each year on private courses
when winter injuries occurred. In years with
normal winter injuries, public golf courses

20.0%

19.0%

18.0%
16.0%
14.0%

12.0%
10.4%

Greens

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

reported a 6% to 10% reduction in employee
salaries on average while private courses re-
ported a 16% to 20% reduction.

Discussion and Conclusions

Turfgrass winter injury poses a significant
economic threat to the golf course industry in

15.1%
11.1%
8.8%
7.2% I
Tees Fairways
EWI ® CWI

North America. We found that ice encasement
was the most prominent winter injury reported;
other common injuries included crown hydra-
tion, desiccation, snow mold, and low tempera-
tures. We found that annual bluegrass was
considered by superintendents to be the most
susceptible grass type to all winter injuries.
This aligns with the findings by Beard (1964)

8.2%

Roughs

6.5%

Fig. 4. Weighted average percentage of area (in acres) affected by winter injuries in North America based on survey data from golf course superintendents in
the United States and Canada (N = 96). Winter injuries comprise years with normal winter injuries and considerable winter injuries when there were
more than normal winter injuries to the golf course. CWI = considerable winter injuries; WI = winter injuries.
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Fig. 5. Distribution of the time duration of the use of temporary greens to prevent delayed openings in North America during years in which winter injury
occurred based on survey data from golf course superintendents in the United States and Canada (N = 29). Winter injuries comprise years with normal
winter injuries and considerable winter injuries comprise years when there were more than normal winter injuries to the golf course. CWI = considerable

winter injuries; WI = winter injuries.

who showed that annual bluegrass was very
susceptible to injury from ice encasement,
while creeping bentgrass was more tolerant.
Recent work in Minnesota showed that annual
bluegrass died under ice encasement durations
more than 90 d, while creeping bentgrass was
not affected at 90 d and was only partially
damaged after 120 d of ice encasement
(Watkins et al. 2025). Similarly, Valverde
(2007) evaluated how creeping bentgrass and
annual bluegrass survived under 10 possible
winter scenarios in a controlled experiment
and found that creeping bentgrass was not
killed under any treatment, while annual
bluegrass incurred injury during the first 15
d after ice encasement. Our survey results
support previous findings and suggest that
turfgrass management experts should de-
velop strategies for either promoting annual
bluegrass health to minimize the risk of
winter injury, or management practices that
reduce or eliminate annual bluegrass on golf

6 months or more 0.0%

smonths | N 7.7%

course greens and fairways. We found that
winter injury can impact greens and fair-
ways up to 19% and 15%, respectively, de-
pending on the severity of winter stresses.

A typical golf season in North America
(excluding southern states that play year-
round) spans approximately 7 months, from
April to late October. Every day a golf course
stays closed due to winter injuries can mean
losing up to $7900 in revenue. Furthermore,
courses also face recurring expenses—both
to prevent winter injury and to recover from
the damage caused by winter injuries. Our
findings estimate the economic cost of win-
ter injury to golf courses in North America.
For the golf courses in our sample, the aver-
age cost to prevent winter injuries was be-
tween $12,000 and $17,999. The average cost
to recover from winter injury when winter in-
jury occurred was between $6000 and $8999.
In addition, averaged across all years when
there were delays in golf course opening due

4months | (.o

3months |,  35.4%

2months N o 2%

1 month

. o

less than 1 month

I 2%

0.0% 5.0% 10.0%

15.0%

20.0% 25.0% 30.0% 35.0% 40.0%

W North America

Fig. 6. Time duration of ice cover in severely affected areas in North America based on survey data
from golf course superintendents in the United States and Canada (N = 96).
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to winter injury, additional revenue loss per
course was $3000-$8999 per year. To put this
into perspective, the average economic impact
of winter injuries is between $404 and $506
per acre for a golf course in North America.
For instance, an 18-hole golf course with about
75 acres of maintained turfgrass this would be
approximately $30,300 to $37,950 annually.
The mean operational budget of the sample
was between $400,000 and $424,999, the total
cost of winter injury accounted for roughly
7.5% to 9% of the total operating budget.

We also found differences in the eco-
nomic impact of winter injuries between pub-
lic and private courses. On average, public
golf courses spent less to prevent winter inju-
ries, between $9000 and $11,999 compared
to private courses that spent between $12,000
and $17,999 per year. However, public courses
incurred higher costs and revenue losses from
damage due to winter injury compared to pri-
vate courses. The total annual cost to a public
course ranged from $27,000 to $35,997, and
the annual cost to a private course ranged from
$21,000 and $32,997.

The study also examined the indirect ef-
fects of winter injuries on golf course in
terms of staff reductions and salary reduc-
tions as a result of revenue losses due to win-
ter injuries. While most courses did not lay
off employees, about 7% reported eliminating
three to four positions each year due to bud-
get constraints. Salary reductions were also
reported by nearly 10% of superintendents,
with reductions ranging from 6% to 15%, de-
pending on the severity of the injury. Many
courses responded to the financial pressure
by restricting budgets and scaling back on
new investments.

There is a lack of information regarding
the economic impact of winter injuries in
North America and the differences and effec-
tiveness of various turfgrass management
practices. This research is a step forward in
trying to fill this gap in the literature by un-
derstanding the economic impact and man-
agement practices associated with turfgrass

1395

10" y7/ou-Ag/sesuaal|/B1o suowwodaAleald//:sdny (/0 7/ou-Aq/sasuadl|/B10 SUOWWOIDAIIBIO//:SA)Y) 9SUal|
IN-ALG DD 9y} Jepun pajngLisip ajoie ssadoe uado ue S| siy] 'ssed0y uadQ eIA L0-60-GZ0Z 1e /wooAlojoeiqnd pold-swid-yiewlaiem-jpd-awiid//:sdiy wouy papeojumoq



Revenue loss

Additional costs to recover from winter injuries

Prevention costs

S0 $50 $100 $150

Wi mCwi

$200 $250

Fig. 7. Distribution of the costs and revenue losses attributable to winter injuries in years with normal winter injuries (WI) and years with considerable (more

than normal) winter injuries (CWI) (N = 96).

winter injuries in golf courses across North
America.

These results have important policy and
managerial implications. The estimated eco-
nomic cost of $404 to $506 per acre can help
golf course superintendents account for pos-
sible risks of winter injuries on their annual
budgets. The differences between public and
private courses in terms of winter injury’s
impacts suggest that management strategies
should be tailored to each type of golf

Apply snow mold fungicide
Aerify late fall

Apply plant protectants
Stop PGRsin September
Build carbohydrate reserves
Topdress heavy

Reduce fall irrigation

Apply wetting agents

Add winter drains

Cover greens

Overseeding

Install snow fences

Apply anti-desiccants

Place sandbags to direct flow

Do nothing

course. Given the direct and indirect im-
pacts of winter injury like revenue losses,
additional costs of inputs to recover from
winter injury, and employment reductions,
there is a need for more industry-led grant
programs to research winter injury preven-
tion. As various climate models suggest
changes in weather patterns in the coming
years, funding for infrastructural investment
(e.g., drainage systems and protective covers)
will become even more important to maintain

Common Management Practices - Public

84%

53%

the economic and operational viability of golf
courses in North America.

Our findings suggest that the industry can
proactively adopt grass species that are more
tolerant of winter injuries. For example,
creeping bentgrass can be adopted to reduce
the injury from ice encasement. Strategic
planning is needed and should focus on pre-
ventive measures such as drainage systems,
protective turfgrass covers, and appropriate
fertilization regimens.

49%
A%
42%
7%
6%
it
79

16%
1

Fig. 8. Management practices by public golf course superintendents in North America based on survey data from golf course superintendents in the United

States and Canada (N = 43).
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Fig. 9. Management practices by private golf course superintendents in North America based on survey data from golf course superintendents in the United

States and Canada (N = 41).

While this research provides an overview
of the extent and impact of winter injuries, fu-
ture research can use sophisticated economet-
ric models to examine the exact relationship
among the various factors of winter injuries
and the extent of damage observed to better in-
form industry stakeholders. For future surveys,
data representativeness can be improved by in-
creasing the sample size and including a more
geographically diverse sample and additional
turfgrass management practices.

References Cited

Beard JB. 1969. Winter injury of turfgrasses,
P 226-246. In Proceedings of the First International
Turfgrass Research Conference, Sports Turf Re-
search Institute, Bingley Yorkshire.

Beard JB. 1964. Effects of ice, snow and water cov-
ers on Kentucky bluegrass, annual bluegrass and
creeping bentgrass. Crop Sci. 4(6):638-640.
cropscil964. https://doi.org/10.2135/cropscil 964.
0011183X000400060026x.

Beard JB. 1972. Turfgrass: Science and culture.
Prentice-Hall, Englewood Cliffs, NJ, USA.

Frank KW. 2015. Winterkill of turfgrass. Michi-
gan State University Extension, East Lansing,
M1, USA. https://www.canr.msu.edu/resources/
winterkill-of-turfgrass.

HortScIENCE VoL. 60(8) Aucust 2025

Gelernter WD, Stowell LJ, Johnson ME, Brown
CD. 2017. Documenting trends in land-use
characteristics and environmental stewardship
programs on US golf courses. Crop Forage &
Turfgrass Mgmt. 3(1):1-12. https://doi.org/
10.2134/cftm2016.10.0066.

Karl TR, Melillo JT, Peterson TC. 2009. Global
climate change impacts in the United States.
Cambridge University Press, Cambridge, UK.

Kreuser B. 2019. Prevent winter desiccation on
creeping bentgrass. Golfdom. https:/www.
golfdom.com/prevent-winter-desiccation-on-
creeping-bentgrass/. [accessed 26 Jun 2025].

Kvalbein A, Waalen WM, Bjernstad L, Aamlid
TS, Espevig T. 2017. Winter injuries on golf
greens in the Nordic countries: Survey of
causes and economic consequences. Intl Turf-
grass Soc Res J. 13(1):604-609. https://doi.org/
10.2134/itsrj2016.09.0826.

Landschoot P. 2023. Winterkill of turfgrasses.
Penn State Extension, University Park. https://
extension.psu.edu/winterkill-of-turfgrasses.

Rantanen M, Karpechko AY, Lipponen A,
Nordling K, Hyvarinen O, Ruosteenoja K,
Vihma T, Laaksonen A. 2022. The Arctic
has warmed nearly four times faster than the
globe since 1979. Commun Earth Environ.
3(1):1-10. https://doi.org/10.1038/s43247-
022-00498-3.

US Environmental Protection Agency. 2025. Tech-
nical documentation: Freeze-thaw conditions.
https://www.epa.gov/system/files/documents/
2025-01/freeze-thaw-conditions_td.pdf. [accessed
26 Jun 2025].

Valverde FJ. 2007. Field evaluation of winterkill
in annual bluegrass (Poa annua L.) and creep-
ing bentgrass (Agrostis stolonifera L.) (PhD
Diss). Iowa State University, Digital Reposi-
tory, Ames, IA, USA. https://doi.org/10.31274/
rtd-180813-17110.

Wang Y, Yue C, Watkins E, Straw C. 2023. How
do risk preferences affect golf course superin-
tendents’ adoption of precision irrigation tech-
nologies? Implications from prospect theory. J
Agric Appl Econ. 55(3):516-535. https://doi.
org/10.1017/aae.2023.28.

Watkins E, Petrella Dp, Aamlid T, Christensen
DC, Dalmannsdottir S, Hollman AP, Deters
G. 2025. Recovery of five cool-season turf-
grasses following long-term ice encasement.
Crop Sci. 65:¢70053. https://doi.org/10.1002/
¢sc2.70053.

Wells S, Martinson KL, Undersander D, Sheaffer
C. 2014. A survey investigating alfalfa win-
ter injury in Minnesota and Wisconsin from
the winter of 2012-2013. Forage grazinglands.
12(1):1-7. https://doi.org/10.2134/FG-2013-
0051-RS.

1397

10" y7/ou-Ag/sesuaal|/B1o suowwodaAleald//:sdny (/0 7/ou-Aq/sasuadl|/B10 SUOWWOIDAIIBIO//:SA)Y) 9SUal|
JN-Ag DD @Y1 Jepun paingusip ajoile sseooe uado ue si siy] "ss800y uadQ BIA L 0-60-GZ0Z 18 /w09 Alojoejgnd-poid-swid- ylewlsyem-jpd-swiid//:sdpy woly pepeojumoq


https://doi.org/10.2135/cropsci1964.0011183X000400060026x
https://doi.org/10.2135/cropsci1964.0011183X000400060026x
https://www.canr.msu.edu/resources/winterkill-of-turfgrass
https://www.canr.msu.edu/resources/winterkill-of-turfgrass
https://doi.org/10.2134/cftm2016.10.0066
https://doi.org/10.2134/cftm2016.10.0066
https://www.golfdom.com/prevent-winter-desiccation-on-creeping-bentgrass/
https://www.golfdom.com/prevent-winter-desiccation-on-creeping-bentgrass/
https://www.golfdom.com/prevent-winter-desiccation-on-creeping-bentgrass/
https://doi.org/10.2134/itsrj2016.09.0826
https://doi.org/10.2134/itsrj2016.09.0826
https://extension.psu.edu/winterkill-of-turfgrasses
https://extension.psu.edu/winterkill-of-turfgrasses
https://doi.org/10.1038/s43247-022-00498-3
https://doi.org/10.1038/s43247-022-00498-3
https://www.epa.gov/system/files/documents/2025-01/freeze-thaw-conditions_td.pdf
https://www.epa.gov/system/files/documents/2025-01/freeze-thaw-conditions_td.pdf
https://doi.org/10.31274/rtd-180813-17110
https://doi.org/10.31274/rtd-180813-17110
https://doi.org/10.1017/aae.2023.28
https://doi.org/10.1017/aae.2023.28
https://doi.org/10.1002/csc2.70053
https://doi.org/10.1002/csc2.70053
https://doi.org/10.2134/FG-2013-0051-RS
https://doi.org/10.2134/FG-2013-0051-RS

