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Abstract. Soil erosion by wind is a persistent problem in central Wisconsin. The extent and
effectiveness of windbreaks in erosion-prone areas are unknown. We investigated the potential
effectiveness of windbreaks established for soil erosion control in Portage County, Wisconsin.
Our objectives included quantification of their extent and condition, development of a routine
method for field assessment, and compilation of a reference database of windbreak informa-
tion. We used aerial photographs to identify the windbreak population, and a two-stage,
stratified random sampling technique to obtain samples for field evaluation. Variables and
attributes examined included species, number of gaps, height, width, porosity, spacing, live
crown ratio, crown condition, and a condition rating. Methods included simple photo-interpre-
tation techniques, field measurements, optical scanning techniques, and data manipulation in
geographic information systems. We identified over 2600 windbreaks comprising a total extent
of 834 km; only a small proportion of this may offer effective protection at critical periods.
Collectively, field windbreaks protect a very small proportion only of the county’s agricultural
land area from wind erosion. These results imply a need for increased planting rates, explicit
maintenance or renovation of existing barriers, and windbreak designs that are both sustainable
and compatible with current agricultural production efforts.

I ntroduction

Soil erosion is a critical natural resource sustainability issue in every region
of the United States. In the Midwest, the principal environmental problem is
loss of soil from agricultural operations (Merwin, 1997). Counties in the
Central Sands area of Wisconsin (afive-county area of central Wisconsin char-
acterized by sandy-textured soils; it includes Adams, Juneau, Portage,
Waushara, and Wood counties) exemplify these problems. Each county loses
1.2 to 1.8 million tonnes annually to soil erosion by wind (Central Sands Wind
Erosion Control Project, 1991).

Goc (1990) described the historical factors that have contributed to wind
erosion problems in central Wisconsin. At the time of European settlement,
the Central Sands area contained highly erodible soils that demonstrated their
susceptibility to wind erosion during the Wisconsin dust storm events of 1934.
These events prompted programs of shelterbelt and field windbreak plant-
ings on a large scale. However, center-pivot irrigation systems were intro-
duced to the areain the late 1950's; windbreaks and shelterbelts were removed
to accommodate them. Over time, the emphasis in agricultural production
shifted from livestock and grain production to intensive vegetable farming.



314

The situation relative to windbreaks and soil erosion control in central
Wisconsin can be summarized as follows:

(i) There are extensive areas of soils that are susceptible to wind erosion;

(i) Many of the windbreaks planted earlier have either deteriorated or been
deliberately removed,;

(iii) When this study was initiated, little was known concerning the extent
and effectiveness of existing field windbreaks; and

(iv) When this study was initiated, there was no standard routine method in
use for assessing windbreak effectiveness.

We developed the study reported here as an initial investigation in one
county of the ‘Central Sands area of Wisconsin. We chose Portage County
because it has one of the highest estimated annual rates of soil erosion by
wind (approximately 1.27 million tonnes per year) in that area. The land area
of the county is approximately 2096 km?, 53% of this is under agricultural
production (Central Sands Wind Erosion Control Project, 1991). Our objec-
tives were:

(i) To quantify the extent and condition of windbreaks with potential for soil
erosion control in Portage County, Wisconsin;

(ii) To develop a routine method for assessing field windbreaks in central
Wisconsin; and

(iii) To develop a reference database of information on field windbreaks in
Portage County, Wisconsin.

In this paper, we focus principally on objectives (i) and (iii) above.

Materials and methods
The study area

The climate of Portage county (latitude 44°30" N, longitude 89°30" W) is
classified as Dfb in K&ppen's system; that is, humid continental with cool
summers and no dry season (Otter and Fiala, 1978; Kimmins 1997). The
average length of the growing season is 142 days, and the mean monthly
temperature during this period is approximately 17 °C. Mean annual precip-
itation is approximately 80 cm, with 60% of this occurring during the growing
season. Prevailing winds are from the west and northwest in winter and from
a southerly direction in the summer. The mean windspeed is above 6 m s™
about 25% of the year; windspeeds are generally less than 1.8 m s™ for 77%
of the year. Early spring and late fall are the windiest periods of the year,
and the highest windspeeds are usually from a westerly direction (Otter and
Fiala, 1978). However, erosive winds can occur from different directions
throughout the year (Behm, 1986).
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Glaciation was an important geological influence in the shaping of the land-
forms and soils of Portage County. Terminal and other moraines, pitted
outwash plains, and drumlins from the Wisconsin glacial period cover the
eastern half of the county. The associated landscape is one of rolling hills
punctuated by lakes. In this paper, we refer to this eastern portion as the
‘moraine area’. The remainder of the county is relatively flat. It consists of
an outwash plain and the lake bed of former Glacial Lake Wisconsin in the
south and southwest portion, outwash plains in the central section, and a
driftless areain the northwest. The county has an average elevation of 331 m
above sea level. The Wisconsin River is its chief hydrologic feature (Otter
and Fiala, 1978).

The soils in the moraine area are primarily sandy or loamy in texture. In
the central and southwestern portions, the main types are sandy soils formed
from the outwash material and in the basin of Glacial Lake Wisconsin. Loams
and silts from in situ weathering of igneous rocks comprise the principal soils
of the northwestern section. Organic soils are found in low-lying areas
throughout the county (Otter and Fiala, 1978).

Study approach

We conceived two phases of the investigation. In the first phase, we used the
most recent available aerial photography and simple photointerpretation
techniques to make a 100% inventory of the population of identifiable field
windbreaks in the county. The second phase consisted of a field assessment
of a stratified random sample of that population to determine the condition
and potential effectiveness of the windbreaks. The study was initiated in 1993,
and the methods employed are summarized below. Rhyner (1994) provided a
more detailed description of the investigation.

Inventory phase

Windbreaks were identified using aerial photos taken in the spring of 1990.
The photos were in conventional color, ‘leaf-off’, and at a nominal scale of
1:20,000. The criteria for windbreak selection were as follows:

(i) Association with agricultural land (i.e. windbreaks had to have potential
for control of soil erosion associated with agricultural production);

(i) A minimum length of 180 m per windbreak;

(iii) A maximum width of 18 m per windbreak; and

(iv) Within a given windbreak, a maximum length of 18 m for any gaps
present.

We established the limitsin (ii), (iii), and (iv) above after consultation with
local practitioners and researchers; they are somewhat arbitrary. The minimum
length criterion emerged from the idea that at least half of the length of a
16-hafield (the smallest size of field commonly used in agricultural produc-
tion in the county) needed to be protected for a windbreak to be considered
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at all functional. The maximum width criterion was intended to separate field
windbreaks from shelterbelts.

We used simple photointerpretation and digitizing techniques to determine
the attributes and structural features of the windbreaks in the identifiable
population. Verification of the interpretations and measurements were done
on a small sample of each of the three types, and again through the samples
used in the field evaluation phase. The potential effectiveness of any wind-
break for soil erosion control depends on several factors, such as height,
length, porosity, width, orientation, and the presence and number of gaps.
For soil erosion control, length, height and porosity are the most important
structural characteristics of a windbreak (Finch, 1988; Heisler and DeWalle,
1988; Tibke, 1988; USDA Soil Conservation Service, 1991; Loeffler et al.,
1992).

In the inventory phase, the following attributes and structural features were
recorded for each windbreak:

(i) Landform on which it occurred (moraine, other);
(ii) Vegetative type (conifer, hardwood, or mixed);
(iii) Orientation (north-south, east-west, or other);
(iv) Height; and

(v) Length.

It was desirable to separate the moraine landform from others because of its
limiting effect on the sizes of center-pivot irrigation systems that can be
installed, and also on the sizes of contiguous open fields placed under culti-
vation. In addition, land use differences between the areas can affect the
characteristics of the associated windbreaks. Considering windbreak types,
conifer windbreaks were those that had conifers comprising more than 70%
of their dominant and codominant tree species. A parallel rating was used to
classify hardwood windbreaks. We assigned windbreaks that did not conform
to either of the latter two types to the ‘mixed’ category.

Orientation, height, and length were viewed as structural features of each
windbreak. The height of each break was determined by parallax measure-
ments on the aerial photos (Avery and Berlin, 1992). We determined a mean
height for each windbreak from measurements cal culated at two positions; the
windbreak was divided in half, and measurements made at the mid-point of
each half. The parallax method lacked precision where heights of less than
six meters were involved. Therefore, we placed each windbreak in one of four
mean height categories as follows: (i) 0-6 m; (ii) > 612 m; (iii) > 12-18 m;
and (iv) > 18 m.

The extent of windbreaks was obtained through a digitizing process, and
was linked to the development of the reference database. Each windbreak was
digitized from its aerial photo using the pcARC/INFO geographic informa
tion system (GIS) with an Altek AC-40 digitizer. (The mention of specific
products is for information purposes only, and does not imply endorsement
by the University of Wisconsin-Stevens Point.) The resulting coverages were
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edited and transformed from ‘inch space’ to State Plane Coordinate (SPC)
‘foot space’. The transformation of digitized information to the SPC system
allowed us to obtain ‘true’ earth measurements. We determined the location
of each windbreak by digitizing known locations (e.g. section corners, major
road intersections) on 1:24,000 topographic maps. We employed the
Geographic Calculator program (Cole, 1993), to convert the latitudes and lon-
gitudes of the known locations into SPC values. These values were then used
to determine SPC values for the windbreaks; the length of each windbreak
was obtained from its SPC values.

The reference database of windbreak information within the pcARC/INFO
GIS included landform, windbreak type, length, orientation, and height
category. The data were manipulated using Quattro Pro spreadsheet and
Paradox database applications programs.

Field evaluation phase

A two-stage, stratified random sampling technique (Husch et al., 1972) was
applied to the identified population of windbreaks to obtain samples for field
evaluation. Thefirst stage consisted of a 20% random sample of aerial photos;
the second was a 20% random sample of windbreaks within each type from
the sample of photos. Stratification was by landform and type. The sampling
intensity of 20% was chosen arbitrarily since no prior measure of variability
was available.

In addition to the attributes and variables used in the inventory, those of
the field assessment included species (over- and understory), origin (natural,
planted, or combination), spacing if planted, number of gaps, width, height,
porosity, as well as vigor and condition. We evaluated the variables and
attributes at two representative extremes of each windbreak; these were the
‘best’ 30-m segment and the ‘worst’ 30-m segments. Where applicable, mean
values were calculated from the measurements on these two segments. ‘ Best’
and ‘worst’ were subjective and based on visual appearance. However, we
believe that the two extremes give an idea of the range of variation within a
given windbreak. This method was employed as a compromise between
subjective selection of an average representative segment and the more time-
consuming location and measurement of three or more sample points for each
break. One two-person team collected all the field data, thereby lessening
any variability due to subjectivity.

Windbreak height was defined as the distance from the ground surface to
the height of the majority of treesin each representative segment. The heights
were measured with a clinometer. The width of a windbreak influences its
porosity; it is the third dimension through which the wind flows across the
barrier. We measured width as the distance across each segment between the
crown lines of the majority of trees. A gap was defined as a space less than
18 m across which the tree crowns were not touching. The total number of
gaps in each windbreak was recorded. Spacing between trees was measured
in planted windbreaks only.
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It is difficult to measure the actual or aerodynamic porosity of a three-
dimensional vegetative barrier; two-dimensional optical porosity is a useful
approximation of this (Kenney, 1987; Heisler and DeWalle, 1988; Loeffler et
al., 1992). We measured optical porosity using photos taken with Kodak TMax
high-contrast, black-and-white film with an exposure index of 100. First, one
photo was taken at a distance such that a 50 mm focal length setting just
included the total windbreak height. We then took photos at that same distance
using focal length settings of 35 and 50 mm. The photos were taken from
positions with the least background effects or reflection effects from foliage.
Earlier studies suggest that the variation in distances from which photos
are taken should have no appreciable effect on the comparability of porosity
estimates (Kenney, 1987).

From the photos above, the negative giving the best representation of each
segment of a given break was mounted as a slide. Slides were scanned using
a Nikon LS 3500 film scanner and the Aldus Photo Styler program (Berry et
a., 1991). While scanning, we cropped each slide image to the height of the
majority of trees so asto eliminate an artificial increase in windbreak porosity
from large gaps in the top line of the canopy. The digital files containing the
scanned images were processed using the IDRISI program (Eastman, 1992)
to determine digital reflectance values. An appropriate cutoff value between
vegetative material and pore space was determined visually. We then used this
value in a custom program developed by Dr. K. Rice of the Geography and
Geology Department, University of Wisconsin-Stevens Point, to calculate the
porosity percentage.

We used three components to express the vigor and condition of the wind-
breaks: live crown ratio (LCR), crown condition (CC), and condition ratings
from Read (1958). The LCR is an expression of tree vigor; in this study, we
placed each representative windbreak into one of three classes: (i) LCR >
50%; (ii) LCR = 33-50%; and (iii) LCR < 33%. Crown condition indicated
the quality of the tree crowns in each windbreak segment as ‘good’, ‘fair’, or
‘poor’. Crowns in ‘good’ condition were normal in color and growth, had
relatively little or no dead wood within the living portion, showed little
evidence of the effects of damaging agents, and little or no evidence of sup-
pression or stagnation. The ‘fair’ rating was applied to crowns that showed
minor yellowing or chlorosis, subnormal growth, dead wood comprising 25
to 50% of the woody portion, moderate evidence of the effects of damaging
agents, and definite evidence of suppression or stagnation. ‘Poor’ crowns
had abnormal color and growth, more than 50% of the woody portion in dead
wood, extensive evidence of the effects of damaging agents, and severe effects
of suppression or stagnation (e.g. dead trees). We used Read’s (1958) condi-
tion rating system to indicate the vertical structure of the windbreak segments.
The rating classes were ‘excellent’, ‘good’, ‘fair’, ‘poor’, or ‘no barrier’.
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Data analysis and synthesis

For a given windbreak, the overall value or rating assigned to each was a mean
or combination of those assigned the segments. We interpreted a general wind-
break condition from the group rating of the three qualitative attributes (live
crown ratio, crown condition, and condition rating). Potential windbreak effec-
tiveness for the population of Portage County was inferred from the statistical
analysis of the structural characteristics and the general windbreak condi-
tion.

Descriptive statistics were employed to summarize the inventory data. The
field evaluation data were analyzed as a Model | nested ANOVA with
landform and vegetative type within landform as the factors (Sokal and Rohlf,
1981). For simple random sampling, the sample size needed to estimate the
mean of a population with 95% confidence is (Husch et al., 1972):

n = (1) (CV)Y(AE)?

where n = sample size needed;
t Student’s t-value at the 0.05 level;
CV = coefficient of variation; and
AE = the allowable error.

This formula is not directly applicable to our two-stage stratified random
sample; however, we could not find an appropriate equivalent. Therefore, we
used this formula with an allowable error of 10% as an approximate indica-
tion of whether the sample sizes of the individual stratification cells were
adequate.

Homogeneity of variances was examined by means of Bartlett's and
Levene's tests (Sokal and Rohlf, 1981; Milliken and Johnson, 1992). The
ANOVA was performed using the SAS software system (SAS Institute, 1990).
We employed Fisher’s Least Significant Difference (LSD) and Bonferroni’'s
test for unplanned comparisons among means (Milliken and Johnson, 1992).
Means and 95% confidence intervals (Sokal and Rohlf, 1981) were determined
for height, width, porosity, gaps, and spacing. The large differences in the
lengths of windbreaks hindered comparisons of actual gap counts among wind-
breaks. We therefore derived an index (termed the gap index) as a common
reference for comparison of gap frequencies. For each windbreak, the gap
index was calculated by dividing the number of gaps by the length of the
break; it therefore expresses the number of gaps per unit length of wind-
break.
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Results
Windbreak inventory

Extent and distribution

We identified 2632 windbreaks in the county, stretching over atotal of approx-
imately 834 km. The eastern portion of the county showed the greatest density,
with the moraine area containing 53% of the population. Hardwood wind-
breaks comprised 69% of the population, while the conifer and mixed types
made up 22 and 9%, respectively. We observed a similar pattern of hardwood
dominance for the distribution of types by landform. Hardwood barriers
comprised 76% of those on the moraine area, and 61% elsewhere (Figure 1).

Orientation and height
Only 45% of the windbreak population was oriented in a north-south direc-
tion; 34 percent had an east-west orientation. The remainder ran in other
directions.

Eighty-one percent of the windbreak population had mean heights of 12 m
or less (Figure 2). The weighted mean height of the population was 9.1 m.
While the parallax method of height measurement can yield inaccurate esti-
mates, we believe that any such errors would only cause minor changes to
the placement of windbreaks within the height categories.

Reference database

The reference database of windbreak information that we developed from
this study is compatible for use with pcARC/INFO and dBase Il or higher.
For each identifiable windbreak, it includes a numeric identification code

% of Windbreaks IIZ] Conifer N Hardwood Mixed]

80
60 -
40
20 -
0
Moraine Other
n=1385 n=1287

Figure 1. Distribution of the identifiable windbreak population by type within the landforms
in Portage County, Wisconsin, USA.
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Figure 2. Distribution of the identifiable windbreak population in Portage County, Wisconsin,
USA by height classes (N = 2632).

that is linked to the relevant aerial photo, the landform on which it occurs,
its type, length, orientation, and height category.

Field assessment

In the two-stage, stratified random sampling scheme, each sample windbreak
fell into one of six unique categories defined by the two strata. Table 1 indi-
cates the numbers of windbreaks in each category.

Principal species

Red pine (Pinus resinosa), white pine (P. strobus), and jack pine (P. banksiana)
were the most common species forming the upper stratum of conifer wind-
breaks in our samples. Northern pin oak (Quercus ellipsoidalis), bur oak (Q.
macrocarpa), and boxelder (Acer negundo) were their counterparts in the
hardwood barriers. In both types, the most common species occurring in the
lower stratum were cherries (Prunus spp.), hazelnut (Corylus spp.), raspberry

Table 1. Number of windbreaks in each type-within-landform category comprising the two-
stage, stratified random samples used during the field assessment phase in Portage County,
Wisconsin, USA.

Windbreak type Moraine Other
Conifer 17 13
Hardwood 41 32
Mixed 8 10

Total 66 55
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(Rubus spp.), and boxelder. The species listed above also formed the principal
species in the mixed windbreaks.

Origin

Figure 3 illustrates the distribution by origin and landform of the windbreak
samples. In both the moraine and other landform categories, more than 60%
of the sample windbreaks were of natural origin. Planted windbreaks com-
prised 29% on the moraine area, and 33% elsewhere. A small proportion of
windbreaks in both areas contained both natural and planted trees. The
magjority of the planted breaks were conifer windbreaks. In the moraine area,
the conifer type comprised 89% of those planted; combinations formed the
remainder, with no planted hardwood breaks. However, on the other land-
forms, the proportion of conifer windbreaks in the sample dropped to 67%;
hardwoods formed the remainder.

Height

There was no significant difference between the mean windbreak heights of
the landforms (P > 0.05, degrees of freedom (df) = 115). However, we
observed significant differences among types within non-moraine landforms
(P < 0.05, df = 115). The mean height of windbreaks in both the moraine and
other areas was 10.5 m. In the moraine area, the mean heights of the types
were 9.0 m for conifer, 10.8 m for hardwood, and 12.3 m for mixed types.
The mean heights of windbreaks on the other landforms were 12 m for conifer,
10.8 m for hardwood, and 7.8 m for mixed types. For this latter group, the
mean height of the mixed type was significantly different from those of the
conifer and hardwood types. The mean heights of the conifer and hardwood

%ofn |1 Natural § Planted B Combination |

Moraine Other

n=66 n=55

Figure 3. Distribution of the windbreak samples by origin within the landforms of Portage
County, Wisconsin, USA.
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types were not significantly different from each other (Figure 4). The sample
sizes were sufficient for the variation encountered.

Porosity

Figure 5 indicates the mean porosities of the windbreaks by type within the
landform areas. There was no significant difference between the mean wind-
break porosities across the landforms; moraine windbreaks had a mean of

Height (m) |2 Conifer S Hardwood 8 Mixed|

15

Moraine Other
n=66 n=55
Figure 4. Mean heights and the associated 95% confidence intervals for the windbreak types

within each landform in Portage County, Wisconsin, USA. Numbers above the bars indicate
the full width of the 95% confidence interval.

Porosity % IEI Conifer S Hardwood M Mixedl
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Moraine Other
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Figure 5. Mean porosities and the associated 95% confidence intervals for the windbreak types
within each landform in Portage County, Wisconsin, USA. Numbers above the bars indicate
the full width of the 95% confidence interval.
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41%, while that of barriers on the other area was 42%. We observed signifi-
cant differences among the mean porosity values for windbreak types within
the non-moraine landforms (P < 0.05; df = 115); the values were 34% for
conifer, 45% for hardwood, and 46% for mixed types. The mean porosity of
the conifer type was significantly less than those of the other two types; the
means of the hardwood and mixed types were not significantly different
from each other. We did not observe significant differences among the mean
porosities of the windbreak types in the moraine area. Mean values were 38%
for conifer, 43% for hardwood, and 39% for mixed breaks. The sample sizes
were sufficient for the variation encountered.

Width, gaps, and spacing

We did not observe significant differences of any kind among the mean widths
of windbreaks or windbreak types (P > 0.05; df = 115). The mean width of
moraine windbreak sample was 9.6 m; that of the sample from the other area
was 9.0 m. The sample sizes were sufficient for the within-landform varia-
tion. By contrast, larger sample sizes would be needed for reliable statements
concerning mean widths of windbreak types within the landforms. The mean
widths of the samples from the types ranged from 9.3 m to 10.8 m in the
moraine area, and from 8.7 m to 9.3 m in the other area.

Considering the frequency of gaps per windbreak, there were more gaps
in the hardwood and mixed types than in the conifer. Conifer windbreaks in
the moraine area had a mean of one gap per windbreak compared to three
gaps per windbreak in the hardwood and mixed barriers. Similarly, conifer
windbreaks of the other area showed a mean of two gaps per windbreak, while
the hardwood and mixed types had means of three and four, respectively. In
contrast, the means and 95% confidence intervals of the gap index data
indicated that there were no significant differences of any kind among the
mean gap indexes. However, larger sample sizes would be needed for reliable
statements concerning gap defects.

No significant differences of any kind were noted in the spacings between
trees in planted windbreaks. The sample mean spacing values were 2.7 m for
moraine windbreaks and 2.4 m for the other area.

Vigor/condition

Table 2 shows the ratings of the three components of vigor and condition
and the general condition rating of the windbreaks by type within the land-
forms. The general condition rating is derived from the ratings of the three
components. Vigor as indicated by the live crown ratio percentages was good
over all types and both landform areas. Also, conifer windbreaks were rated
as good from all aspects. Hardwood types of the moraine area exhibited
somewhat better crown condition classifications than their counterparts on the
other area; the reverse occurred for the mixed types. Considering general
condition, all of the types were in fair condition or better.
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Table 2. Ratings of the individua vigor/condition components and the general condition of
windbreaks by type within the landform areas in Portage County, Wisconsin, USA (see text for
details).

Attribute Moraine Other

Conifer Hardwood Mixed Conifer Hardwood  Mixed
Live crown ratio  Good Good Good Good Good Good
Crown condition  Good Good Fair Good Fair Fair to good
Condition rating ~ Good Fair Fair to good Good Fair to poor Fair
General condition Good Good Fair Good Fair Fair to good

Discussion and conclusions
Windbreak inventory

Extent and distribution

There were inherent limitations in the methodology we used to determine the
extent of windbreaks in Portage County. First, there were errors in the length
estimates; these were related to the scale of the aerial photos and subjectivity
of different operators in the digitizing process. At the 1:20,000 scale, a 0.5-
mm difference in where the end of a windbreak was placed would translate
into a 10 m difference in the estimate of length. However, such errors should
be randomly distributed with over- and underestimates that balance out.
Therefore, the digitized estimate of overall windbreak extent should still be
a valid one. Perhaps a more serious limitation arises from the scale and age
of the available aerial photos. The inventory only included windbreaks that
existed in 1990 and that were identifiable on the photos; it excluded very
young windbreaks or those less than about three meters in height. Never-
theless, we believe that the population identified constitutes an important
initial core of information where none existed previously.

Agricultural practices in the moraine area differ from those of the other
areas, in large part because of differences in soils and topography. These dif-
ferences might explain the dissimilar density of windbreaks in the two
landform areas. For example, crop production in the sandy outwash areas
generally requires irrigation, and many windbreaks were removed to accom-
modate center-pivot systems. On the moraine area, the high proportion of
hardwood windbreaks and the tree species they contain strongly reflect a
natural origin. Many of these windbreaks were formed in fencerows after
tractor-clearing of fields, or were remnants of formerly forested areas. The
restrictions on the use of center-pivot irrigation rigs in the moraine area would
have contributed to the continued presence rather than the removal of such
windbreaks.
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The contribution of the length characteristic of a given windbreak to pro-
tection against soil erosion should be considered in association with the area
of the specific field involved. We discuss this later in this paper when con-
sidering height effects. The sufficiency of the overall extent of windbreaks
to soil erosion protection in Portage County appears in doubt. In 1990, more
than 834 km of windbreaks existed. Even three years ago, county officials
estimated that at least an additional 1280 km would be necessary to achieve
their desired level of protection (T. Victor, pers. comm., 1994).

Orientation and height

Less than half of the windbreak population was oriented in the desirable north-
south direction. Since the prevailing winds at the most critical times of the
year are generally from westerly directions, the actual protection against soil
erosion afforded by the population as a whole is even less than its limited
extent might suggest.

Over 80% of the windbreak population was 12 m or less in height. The
observed values constitute a further constraint to the overall protection
afforded by the field windbreak population. We used simple assumptions to
speculate on the theoretical maximum protection afforded by windbreaks of
‘average’ height. The weighted mean height of the windbreak population was
9.1 m. We assumed that for a given windbreak the maximum effective leeward
distance within which measurable windspeed reductions might occur is
between ten times and thirty times the height of the barrier (Finch, 1988;
Tibke, 1988; USDA Soil Conservation Service, 1991). Table 3 shows the
theoretical maximum protection afforded by afield windbreak 9.1 m high and
running the compl ete length of the windward side of afield. Two of the most
commonly encountered field sizes — 16.2 and 64.8 ha — were used in this
illustration; the 64.8-hafield is widely associated with the larger center-pivot
irrigation systems employed in agricultural production on the flatter landforms
of Portage County. Ignoring structural characteristics other than height and
length, the majority of windbreaks in Portage County could at best provide
an effective leeward protection zone equivalent to between 23 and 68% of a
16.2-hafield, and between 11 and 34% of a 64.8-hafield. Of course, the extent
of the protection zones would increase as the windbreaks grow taller. However,
many of the windbreaks do not stretch the entire length of their related field.

Table 3. Theoretical maximum protection zones from afield windbreak 9.1 m in height running
the complete length of the windward side of 16.2-ha and 64.8-ha fields in Portage County,
Wisconsin, USA (see text for details).

Protection distance 16.2-ha field 64.8-ha field
% of field protected ——————

10 x height 23 11
30 x height 68 30
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Also, in Portage County field windbreaks tend to exhibit serious condition
problems and deterioration by the time they are 15 to 18 m tall.

The speculation above does not consider additional effects that might derive
from the other structural characteristics of the windbreak population. It
indicates that the orientation, height, and length characteristics by themselves
should limit the population’s potential for protection against soil erosion at
critical times of the year.

Field assessment

Principal species and origin

Red, jack and white pines are native to the Lakes States region, where they
are among the most important commercial timber species. In particular, red
pine has been commonly planted in windbreaks in Portage County and else-
where. The frequency of the oaks as principal species is most likely related
to the high proportion of naturally developed windbreaks; also, to the oaks
ability to grow reasonably well on a wide range of soil and moisture condi-
tions — particularly the drier upland and sandy plains. Essentially, the same
would be true for boxelder (Burns and Honkala, 1990).

The type, species composition, and apparent maintenance or management
of a given windbreak was linked to its origin. For example, the majority of
the planted windbreaks were of the conifer type. Conifer windbreaks are more
desirable because they provide a constant level of protection throughout the
year. Also, conifer windbreaks usually remain effective for at least 40 to 50
years; hardwood types tend to decline after 30 to 40 years (New Mexico
Forestry Division, 1996). There is also the potential for sale of cut trees for
commercial use. The bulk of the planted hardwood windbreaks in the non-
moraine area was concentrated essentially on one large ownership in the
southern portion of the county. The principal tree species in these windbreaks
was a hybrid willow (Salix alba x S. fragilis). We saw very little evidence of
maintenance or management of the natural windbreaks in the county. This
implies that what soil erosion protection they afford comes more by default
than by design.

Height and porosity

The windbreak height data from the inventory phase was discussed in detail
earlier. The mean heights from the landform samples (10.5 m) compare well
to and corroborate the weighted mean height calculated for the entire wind-
break population (9.1 m). The lesser height of the mixed types on the non-
moraine landforms suggests that where such windbreaks occur the potential
protection offered would be correspondingly lower. This result may be
reflecting alack of windbreak management, rather than indicating that mixed-
species windbreaks are not as effective as their single-species counterparts.
Practitioners currently believe that properly maintained multi-species barriers
are superior to those with single species. Multi-species windbreaks can be
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sustained in effective form for longer periods than the single-species barriers.
Loss of continuity is a major disadvantage of single-species breaks (Finch,
1988; New Mexico Forestry Division, 1996; E. Hurley, pers. comm., 1994).
Multi-species windbreaks — planted or otherwise — also contribute many other
benefits, not the least of which is increased diversity of habitats and travel
corridors for wildlife (Bryson, 1993; New Mexico Forestry Division, 1996;
Merwin, 1997).

The range of mean porosity values in both landform locations was within
those recommended in the literature or observed in other surveys (Finch, 1988;
Heisler and DeWalle, 1988; USDA Soil Conservation Service, 1991).
Considering porosity only, our results suggest that conifer windbreaks on the
moraine area are potentially more effective in reducing wind speeds than either
their hardwood or mixed counterparts. However, the porosity values of the
other landforms did not indicate a similar result. In part, this supports the view
that the crown architecture and foliage retention of conifers may constitute
an advantage over hardwoods.

Comparisons of porosity values among studies can be constrained by dif-
ferences in the measurement methods used. For example, in our study, there
was subjectivity in deciding upon the amount of image cropping necessary,
as well as in determining the most appropriate cutoff reflectance value. In
addition, the background and other conditions (e.g. light intensity, sun position,
vegetation) are usually highly variable from one windbreak to another. Our
experiences with the method of porosity measurement used in this study
suggest that the resources and effort needed are excessive in relation to the
precision of the estimates obtained. Techniques involving the use of digital
cameras are emerging, but so far these do not present real solutions to the
problems mentioned. For the reasons stated, we agree with K. Ticknor’s view
(inlitt., 1993) that porosity is more appropriately dealt with in general terms.
The use of porosity classes may be more appropriate in windbreak evalua-
tion than attempts to obtain exact values.

Vigor/condition

The conifer barriers were considered in good condition from all aspects. Since
a sizeable proportion of conifer windbreaks were planted, this rating may be
areflection of the benefits of maintenance activities. For the hardwood and
mixed types, the fair rating (partial or whole) of their general condition isin
large part a consequence of one or more of moderate insect and disease
damage, effects of herbaceous competition in the lower stratum, and a lack
of vertical structure. Such features reflect a lack of maintenance and renova-
tion, and raise questions concerning the future effectiveness and stability of
the existing windbreak population.
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Potential effectiveness: synthesis and conclusions

The inventory identified some 834 km of windbreaks in the county, but this
amount may be only about 40% of that needed to achieve the county’s goals
for protection against soil erosion by wind. When orientation effects are con-
sidered, the existing potentially effective number would correspond to only
18% of the county’s needs at critical times of the year. With the sizes of
fields commonly used in agricultural production in Portage County, the height
of the ‘average’ windbreak in this small proportion would at best offer pro-
tection to only 68% or less of the field. With the larger field sizes, the
maximum protection afforded by the ‘average’ windbreak may be as little as
11% of the area.

We present a summary of the structural characteristics and general condi-
tion ratings of the windbreaks by type within the landform areas in Table 4.
The moraine and other landform areas showed no major differences in the
structural characteristics of the windbreaks they contained. The observed
structural characteristics were within the range deemed acceptable for effec-
tive barriers. On both landform areas, windbreaks were considered to be in
at least fair general condition. These findings suggest that within the limita-
tions posed by existing height, length, and orientation considerations (see
earlier discussion), the windbreaks of Portage county should form reason-
ably effective barriers.

The absence of management and maintenance activities for the bulk of the
windbreaks is a serious concern. It implies that existing soil erosion protec-
tion comes largely by default. Perhaps more alarmingly, it is unlikely that
the existing windbreaks would continue to show good structural characteris-
tics and condition without management.

Table 4. Summary of the structural characteristics and general condition of the windbreaks by
type within the landform areas in Portage County, Wisconsin, USA.

Mean variable Conifer Hardwood Mixed Composite
mean or rating

Moraine area

Height (m) 9.1 10.9 124 10.8
Porosity (%) 38 43 39 41
Width (m) 9.4 9.7 10.9 10.0
No. of gaps per 100 m 0.79 0.94 0.79 0.84
General condition Good Good Fair Good
Other area

Height (m) 12.1 10.9 7.9 10.3
Porosity (%) 34 45 46 42
Width (m) 9.1 9.4 8.8 9.1
No. of gaps per 100 m 0.61 1.22 0.89 0.91

General condition Good Fair Fair to good Fair to good
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The results of this study indicate that the existing population of windbreaks
is grossly inadequate to the task of protecting Portage County’s agricultural
lands against soil erosion by wind. While many windbreaks may be struc-
turally acceptable and in good condition, only a small proportion of them
appear to be potentially effective. Ultimately, windbreaks may be protecting
only a very small proportion of the land area under agricultural production
from erosion by wind. Without planning, maintenance, and renovation
activities, this problem is likely to become more acute with time. We there-
fore believe that emphasis should be placed on accelerated planting of addi-
tional windbreaks; north-south orientations should installed where possible.
In addition, maintenance or renovation of existing windbreaks should be a
high priority. Since center-pivot irrigation will likely remain in prominent
use in the Central Sands area, there is a need to develop windbreak designs
and layouts that are compatible with such systems and the related agricul -
tural production efforts. These designs should aim at sustainability of barriers
and continuity of effectiveness. Realistically, greater emphasis should also
be placed on the inclusion of other complementary conservation practices with
windbreaks to reduce soil erosion by wind.

The focus of this study was on assessing potential effectiveness only. Its
results need verification with actual measurements of soil erosion associated
with specific windbreaks. Such tests and verifications would contribute greatly
to improving soil erosion control methods in Portage County and the Central
Sands area of Wisconsin.
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