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Introduction

Due to increasing marketing and production risks in
specialty crop production, a shift toward more protected
culture systems such as a high tunnel production system,
could keep specialty crop farms profitable and sustainable
in the United States. High tunnel production systems
provide low-cost alternatives to greenhouses, allowing pro-
ducers to grow crops in a partially controlled and shielded
environment. Therefore, high tunnels can prevent crops
from potentially damaging extreme weather conditions
(Carey et al. 2009). They also enable producers to extend
their production season beyond what is normally possible
in open-field production systems (Carey et al. 2009; Miles
et al. 2012), often commanding higher prices for products
available at early or later points in the season and allowing
producers to capture new and expanded markets. In addi-
tion, the physical protection provided by high tunnels can
help producers to improve crop quality and yield through
improved climate, water, disease, and nutrient management
(O’Connell et al. 2012).

Despite the benefits of using tunnels for specialty crop pro-
duction and the availability of financial assistance programs
such as the USDA-NRCS Environmental Quality Incentives

Program (EQIP) to aid new tunnel producers, the high
tunnel production systems have not been widely adopted by
specialty crop producers in Florida. Previous research has
shown that the profitability of technological innovations is
the primary factor that determines agricultural producers’
willingness to adopt them (e.g., Pannel et al. 2006; Rogers
2010). To better promote the high tunnel production
systems among specialty crop producers, it is important to
understand the cost of constructing high tunnels for crop
production and how it is affected by various factors. In this
paper, we analyzed the cost of constructing high tunnels
and caterpillar tunnels in Florida based on the on-station
high tunnel research work and examined the major con-
tributors to their establishment costs. The findings of this
paper are intended to assist farmers in deciding whether or
not to add high tunnel or caterpillar tunnel systems to their
farming operations.

Overview of High Tunnels and
Caterpillar Tunnels

High tunnels, also referred to as hoop houses, are plastic-
covered, passive solar-heated structures used to modify the
growing environment (Carey et al. 2009). The structure of
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high tunnels is similar to a greenhouse but less expensive to
build and operate. Consequently, high tunnels also provide
less control of the microclimate. While greenhouses can be
covered with glass, polycarbonate panels, or plastic films,
high tunnels are usually covered with one or two layers of
greenhouse-grade plastic. Also, in contrast to greenhouses
that often rely on heaters, fans, and cooling pads to control
the temperature inside of the structure, high tunnels are
usually passively heated and ventilated through simple
adjustments of the plastic sidewalls (Grubinger 2015).

High tunnels usually include three structural elements: (1)
the main structure, including steel hoops to be covered by
plastic, (2) a passive ventilation system through a roll-up
side curtain, and (3) a site where producers can build a high
tunnel. Figure 1 shows an example of the main structure of
a high tunnel.

Figure 1. An example of a high tunnel structure. A. Rib, hoop, arch,
bow; B. Ridgepole or purlin; C. End wall; D. Hip board; E. Side wall; F.
Baseboard.

Credits: UF/IFAS

There is no standard size for high tunnels. According to
Butler and Bauer (2013), high tunnels usually range from
14 to 28 feet wide, 7 to 12 feet tall at the center, and 48 to
96 feet long, but it is also common to see 30-foot-wide
high tunnels. There are three major styles of high tunnels
accommodating different crops and environmental condi-
tions (Figure 2).

1. Quonset style: Typically used for small high tunnels. It
has a rounded steel archand may not bear heavy snow
loads.

2. Gothic style: Typically used for large high tunnels. It
has a peaked roof that helps shed snow and tends to be
taller than the Quonset-style high tunnel to maintain a
more stable temperature during warmer months. It also
requires additional bracing (purlins) to withstand winds.

3. Multi-bay style: Typically built side by side to cover
more acreage with less exposed surface area. Connecting

different spans of arches requires gutters at the roof
beams. Because of the large coverage size, it can accom-
modate tractors and other larger equipment inside the
high tunnel

*

Figure 2. Various styles of high tunnels. Clockwise from the top left:
Quonset style, Gothic style, and multi-bay high tunnels.
Credits: Xin Zhao, UF/IFAS

Caterpillar tunnels, so named for their resemblance to
caterpillars, are inexpensive alternatives to typical high
tunnels. Like high tunnels, caterpillar tunnels are structures
covered by plastic to create a protected environment for
crop production. Unlike high tunnels, caterpillar tunnels
do not have built-in end walls and sidewalls. They have
cone-shaped ends with extended plastic films that hug

the ground at either end with a rope. Figure 3 shows an
example of a caterpillar tunnel structure.

Figure 3. An example of a caterpillar tunnel structure. A. Rib, hoop,
arch, bow; B. Purlin, ridgepole; C. Cross bracing (optional); D. Wind
bracing; E. Rope; F. Ground anchor.

Credits: UF/IFAS

Since the structure of caterpillar tunnels is usually less
stable than that of high tunnels, caterpillar tunnels typically
are smaller and are considered temporary/moveable.
Producers need to manually control the temperature and
ventilation by removing or rolling up the plastic covers
(Grubinger 2015). There are two common styles of caterpil-
lar tunnels (Figure 4).
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Figure 4. Various styles of caterpillar tunnels. Left, Quonset style
caterpillar tunnel, and right, Gothic style caterpillar tunnel.
Credits: Left image, Xin Zhao, and right image, Farmers Friend (https://
www.farmersfriend.com/caterpillar-tunnel), used with permission

1. Quonset style: It has a rounded steel arch.

2.Gothic style: It has a peaked roof and requires additional
bracing (purlins) to withstand winds.

Methods

We estimated the high tunnel establishment cost based on
the high tunnels installed at the UF/IFAS Plant Science
Research and Education Unit in Citra, Florida and the
caterpillar tunnel establishment cost based on the data
collected from a caterpillar tunnel supplier. A 3-bay

high tunnel was installed at the UF/IFAS Plant Science
Research and Education Center in Citra, Florida. The high
tunnel size is 30 feet x 84 feet for each bay. We analyzed
the establishment cost of high tunnels using the invoice

we received to build our high tunnels in 2017 from Atlas
Greenhouse, a Georgia-based company that supplies high
tunnels to Florida. We examined the caterpillar tunnel
construction cost using caterpillar tunnel prices collected
in 2021 from Farmers Friend, a national caterpillar tunnel
supplier that can sell and ship caterpillar tunnel structures
to Florida (https://www.farmersfriend.com/caterpillar-
tunnel). In addition, an analysis is conducted to investigate
how different factors might affect construction costs and to
explore potential ways to reduce costs.

Cost Estimates for Constructing
High Tunnels and Caterpillar

Tunnels
The Estimated Cost of High Tunnels

The estimated total cost of establishing one tunnel (one

bay) with the size of 2,520 square feet (30 feet x 84 feet) is
$16,929, or $6.72 per square foot if all components of the
high tunnel are included. The total cost drops to $15,866/
tunnel, or $6.30/square foot, if optional components are

removed. Table 1 shows a detailed comparison of the cost
to establish a high tunnel using two different options, and
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Figure 5 breaks down the total establishment cost into the

cost of various components of high tunnels.
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Figure 5. A decomposition of high tunnel construction cost.

Credits: UF/IFAS

The main structure, including rib, hoop, and arch, is the
most expensive part of a high tunnel to build. It costs
nearly $6,620/tunnel and accounts for 39.10% of the total
construction cost. The second most expensive part is the
installation. It accounts for 33.48% of the total construction
cost. The third most expensive part is the ventilation system
(15.33% of the total construction cost, which is $2,595/
tunnel). It involves the installation of an automatic roll-up
curtain system (including electric hookups) in high tunnels
for ventilation and passive temperature regulation. The
control system, which includes wind and rain alarms at
each curtain of the high tunnel and the automatic controls
to roll up side curtains, is the fourth most expensive part
of constructing the high tunnel. It contributes to approxi-
mately 5% of the total construction cost ($845/tunnel).

The ranks of other parts of the high tunnel in decreasing
order of cost are the poly covering system (3.85% of the
total construction cost), the drawings for structural design
(1.97% of the total construction cost), doors (0.78% of the
total construction cost), and the locking system (0.51% of
the total construction cost). Building a high tunnel that
only includes the minimal necessary components (i.e., the
main structure, the poly covering system, and the ventila-
tion system) costs $9,866/tunnel for materials and $6,000/
tunnel for installation and drawing for structural design
($5,667/tunnel for installation + $333/tunnel for drawing
structural design, Table 1).

Because high tunnels can be used for multiple years of
crop production, we estimate the annual depreciation cost
of high tunnels in Table 2, which could help producers to
calculate the costs and benefits of using high tunnels for
their specialty crop production on a year-to-year basis.
Column 1 shows the purchase cost of each part of the high
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tunnel, while column 2 presents the salvage value of each
part of the high tunnel. We assume the salvage value of each
part of a high tunnel is 10% of its purchase value, following
Biship et al. (2010), who estimated high tunnel vegetable
production cost in Nevada, and Galinato et al. (2012),

who estimated tomato production cost in high tunnels in
Washington. To calculate the annual depreciation cost of
each component of high tunnels, we use the straight-line
annual depreciation method and assume the lifespan of
high tunnels for most parts except the poly covering system
is 20 years, following the IRS guidelines (IRS 2012). We
assume the lifespan of the poly covering system is 4 years,
so the maintenance cost of the plastic cover will recur every
4 years for its replacement. At the top section of the table,
we calculate the annual depreciation cost of the high tunnel
if only the minimal necessary components are included.

At the bottom section of the table, we show the annual
depreciation cost of high tunnels if building the exact same
high tunnel at the UF/IFAS Plant Science Research and
Education Center in Citra, Florida.

Table 1.The cost of a high tunnel (30 feet x 84 feet).

Items Estimated cost
Minimum Maximum
Material cost
Main structure $6,620.00 $6,620.00
Poly covering system $651.00 $651.00
Ventilation system $2,595.00 $2,595.00
Control system—Optional $845.00
Locking system—Optional $86.00
Doors—Optional $132.00
Construction cost'
Drawings for structural design $333.00 $333.00
Installation $5,667.00 $5,667.00
Total cost $15,866.00 $16,929.00

"There may be a cost for shipping. We did not include shipping
cost in this table because the company that we used to build high
tunnels provided free shipping.

Overall, the estimated annual depreciation cost of high
tunnels lies in the range of $861/tunnel to $933/tunnel, or
between approximately $0.34/square foot and $0.37/square
foot per year. The largest portion of the annual depreciation
cost comes from the main structure, nearly $298/tunnel
per year; followed by the installation (approximately $283/
tunnel per year), the poly covering system (approximately
$146/tunnel per year), the ventilation system (approximate-
ly $117/tunnel per year), the control system (approximately
$38/tunnel per year), the doors (approximately $30/tunnel
per year), the structural design (approximately $17/tunnel),
and the locking system (approximately $4/tunnel per year).

The estimated cost of caterpillar tunnels

Table 3 shows the estimated establishment cost for caterpil-
lar tunnels. Gothic-style caterpillar tunnels tend to be
cheaper than Quonset-style caterpillar tunnels. Establishing
a Gothic-style caterpillar tunnel is estimated to cost $2,234/
tunnel (1,600 square feet or 16 feet x 100 feet) or $1.39/
square foot. When including all possible upgraded options,
the estimated cost of establishing a Gothic-style caterpil-
lar tunnel is $4,923/tunnel (or $3.07/square foot). The
estimated cost for Quonset-style caterpillar tunnels is in the
range of $2,967/tunnel (or $1.85/square foot) and $5,656/
tunnel ($3.54/square foot).

In terms of different components’ contribution to the

total establishment cost of the caterpillar tunnel, the main
structure is the most expensive part, contributing nearly
50% and 43% of the total establishment cost for Gothic-
style caterpillar tunnels and Quonset-style, respectively. The
second most expensive component is wind bracing, costing
$804. Adding cross bracing in the tunnel costs an additional
$585. Increasing bow density costs $296. The labor costs

of establishment are small, accounting for less than 2% of
the total cost. To estimate the labor cost, we assumed that
establishing a caterpillar tunnel (16 feet x 100 feet) usually
takes about 10 hours (Shaw 2011; Fraser, 2014). We also
calculated the average labor price in Florida as $12.5/hour,
based on the labor price for agricultural equipment opera-
tors in 2019 and 2020 from the USDA Price Paid Survey
(USDA NASS 2022).

Table 4 presents the estimated annual depreciation cost of
the caterpillar tunnel. To calculate the annual depreciation
cost, we use the straight-line depreciation method and
assume the lifespan of caterpillar tunnels is 10 years and
their salvage value at the end of 10 years is 10% of their
purchase price. The annual depreciation cost of Quonset-
style caterpillar tunnels with the size of 1,600 square feet is
between $268/tunnel and $420/tunnel per year, while the
annual depreciation cost of Gothic-style caterpillar tunnels
with the size of 1,600 square feet is between $202/tunnel
and $343/tunnel per year.

Conclusions

High tunnels and caterpillar tunnels could increase the
sustainability and profitability of specialty crop production.
However, constructing a high tunnel requires a significant
initial capital investment. The estimated cost of a high
tunnel with a size of 2,520 square feet is $16,929 per tunnel
($6.72 per square foot) if building all parts of the tunnel,
while it is $15,866 per tunnel ($6.30 per square foot) if
only building minimal necessary parts. In contrast, the
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caterpillar tunnels’ initial establishment cost is much lower,
ranging from $2,234/tunnel ($1.39/square foot) to $5,656/
tunnel ($3.53/square foot) for a tunnel with a size of 1,600
square feet. Hence, caterpillar tunnels are good alternatives
to consider for producers who would like to enjoy the
benefit of a protected production system but do not want to
commit a large investment. In addition, caterpillar tunnels
are easy to construct because they require little site prepara-
tion and can be constructed almost anywhere on the farm.

Furthermore, the estimated annual depreciation cost of
high tunnels ranges from $0.35/square foot to $0.38/square
foot. In comparison, the estimated annual depreciation cost
of caterpillar tunnels lies in a range between $0.13/square
foot and $0.27/square foot. Therefore, caterpillar tunnel
systems could be cheaper than high tunnel production
systems. However, caterpillar tunnel production systems
have limitations too. They have less heavy-duty structures.
Therefore, they can be less secure in extreme weather
conditions. Moreover, because of their small size, caterpillar
tunnels may limit producers’ ability to use large machinery
in crop production.

It is also worth noting that our estimated cost for high
tunnels tends to be high, potentially representing a
somewhat high cost of establishing high tunnels. For
instance, we use an automatic roll-up curtain system with a
sensor-based control panel, which is more expensive than a
manual roll-up curtain system. In addition, we conducted
a survey in 2021 that included 39 Florida producers who
used high tunnels. They reported the average cost of their
high tunnels is $5.20 per square foot, which is lower than
the cost ($6.72 per square foot) of our 3-bay high tunnel

at the Plant Science Research and Education Unit in Citra,
Florida. However, agricultural producers may face a differ-
ent cost when building high tunnel structures in their fields.
High tunnel costs can vary by type, size, manufacture, and
installation date. For example, high tunnel establishment
cost significantly increased in the last two years due to

high material costs and supply chain issues caused by the
COVID-19 pandemic.

Compared to open field production, both high tunnels and
caterpillar tunnels require a substantial initial investment to
enjoy the potential benefit of a protected production system
with a longevity of 10 to 20 years. Many growers may not
have the financial ability to afford the cost of establishing
these tunnels, despite their willingness to adopt them.
Policymakers may develop low-interest or no-interest loan
programs and subsidy programs to reduce the financial
burden of new high-tunnel adopters. At present, the pri-
mary program that provides financial assistance to growers
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installing high tunnels is the USDA-NRCS EQIP program
(USDA NRCS 2022). In addition, using high tunnels in
crop production can result in other economic implications
for producers, such as property tax (real estate or tangible
personal property), the maintenance cost of plastic covers,
and electricity cost if electricity is required for any of the
automatic controls. Producers need to consider these
factors when deciding whether to use protected production
systems in their crop production.
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Table 2. The annual depreciation cost of a high tunnel with a 20-year lifespan in Florida (30 feet x 84 feet).

Purchase cost'’

Main structure $6,620.00
Poly covering system $651.00
Ventilation system $2,595.00
Drawings for structural design $333.00
Installation $5,667.00

Total depreciation cost? (without optional parts)

Main structure $6,620.00
Poly covering system $651.00
Ventilation system $2,595.00
Control system $845.00
Locking system $86.00
Doors $132.00
Drawings for structural design $333.00
Installation $5,667.00

Salvage value

Minimum
$662.00
$65.10
$259.50
$0.00
$0.00

Maximum

$662.00

$65.10

$259.50

$84.50

$8.60

$13.20

$0.00

$0.00

Years of use

20

20
20
20

20

4
20
20
20

4
20
20

Total depreciation cost®

Annual depreciation cost

$297.90/year
$146.48/year
$116.78/year

$16.65/year
$283.35/year
861.15/year

$297.90/year
$146.48/year
$116.78/year
$38.03/year
$3.87/year
$29.70/year
$16.65/year
$283.35/year
$932.75/year

' There may be a cost for shipping. We could not include shipping in this table because the company that we used to build high tunnels provided free shipping.
2Top section of the table: the annual depreciation cost of high tunnels if only the minimal necessary components are included.
3 Bottom section of the table: the annual depreciation cost of high tunnels for the high tunnel at the UF/IFAS Plant Science Research and Education Center in

Citra, Florida.

Table 3.The cost of a caterpillar tunnel (16 feet x 100 feet).

Minimum

16 feet * 100 feet structure (5 feet bow spacing)
1 foot less of bow spacing—Optional
Wind bracing—Optional

Cross bracing—Optional

Labor
Shipping cost—variable'

Total cost

Quonset style

Material cost
$2,842.00

Construction cost
$125.00

$2,967.00

' The shipping cost may vary depending on caterpillar tunnel providers’ policy.

Maximum

Estimated cost

Gothic style

Minimum

$2,842.00 $2,109.00
$296.00
$804.00
$585.00

$125.00 $125.00
$1,004.00

$5,656.00 $2,234.00

The Cost of High Tunnel and Caterpillar Tunnel Establishment for Vegetable Production

Maximum

$2,109.00
$296.00
$804.00
$585.00

$120.00
$1,004.00
$4,923.00



Table 4. The annual depreciation cost of a caterpillar tunnel with 10 years lifespan in Florida (16 feet x 100 feet)

16 feet x 100 feet structure
(5 feet bow spacing)

Labor
Total depreciation cost

16 feet x 100 feet structure
(4 feet bow spacing)

Wind bracing
Cross bracing
Labor

Total depreciation cost

16 feet x 100 feet structure (5 feet
bow spacing)

Labor
Total depreciation cost

16 feet x 100 feet structure
(4 feet bow spacing)

Wind bracing

Cross bracing

Labor

Total depreciation cost

Purchase cost

Salvage value
Quonset style—Minimum
$2,842.00 $284.20

$125.00 $0.00

Quonset style—Maximum

$3,138.00 $313.80
$804.00 $80.40
$585.00 $58.50
$125.00 $0.00

Gothic style—Minimum
$2,109.00 $210.90

$125.00 $0.00

Gothic style—Maximum

$2,404.00 $240.40
$804.17 $80.42
$585.00 $58.50
$12.00 $0.00
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Years of use

10

10

10

10
10
10

10

10

10

10
10
10

Depreciation cost

$255.78

$12.50
$268.28

$282.42

$72.36
$52.65
$12.50
$419.93

$189.81

$12.50
$202.31

$216.36

$72.38
$52.65
$1.20
$342.59



