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ABSTRACT 

To estimate soil loss by wind and determine proper orientation of wind 

barriers, local soil conservationists have been relying on erosive wind 

data from Eau Claire and Madison, locations outside Portage County. 

Analysis of 18 years of wind velocity and direction data for Stevens 

Point, WI, provided more reliable and accurate assessment of erosive wind 

information for use in Portage County. 

-1 Erosive winds are those> 18 mph (8 msec ) measured at 33 feet (10 ~). 

March accounted for 15.4% of the annual erosive wind energy (EWE) for 

Portage County, 10.6% more than observed in Eau Claire, WI. April 

accounted for 18.1% of the annual EWE in Portage County, nearly the same 

as that for Eau Claire (18.4%). The average maximum erosive wind 

duration in April was 8.8 hours and the average maximum average wind 

velocity (1-hour duration) was 28.5 mph (13 msec-1). Climatic erosivity, 

C, was calculated to be only 4%, compared to the 6% value presently used. 

Soil erosion estimates calculated by the wind erosion equation with C=4 

will generally be one-third less than those calculated with C=6. 

Analysis of monthly and weekly erosive wind frequencies (March 15 through 

December 15) identified critical erosion periods and those most likely to 

result in abrasive flux damage to susceptible crops. In late May and 

June the soil surface is susceptible to erosion because vegetative cover 

is not yet fully established. This erosion can cause significant crop 

damage to susceptible crop seedlings. 
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Prevailing wind erosion direction (PWED) was either west or southwest 

throughout the year. During the erosive period (March 15 through 

December 15) in Portage County, all preponderance values were less than 

2.0, which indicates highly variable erosive wind direction. Reliance 

upon only PWED and preponderance values to orient wind barriers is 

unwarranted; other factors, such as frequency and direction data of 

erosive winds during the critical erosive period, need to be considered. 

Circular and curvilinear wind barriers are analyzed as alternatives to 

traditional linear designs. 
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INTRODUCTION 

Past Research 

The wind erosion problem of the Golden Sands Area of Wisconsin (Fig. 1) 

has received only cursory examination to date. The problem was first 

documented some 90 years ago by a University of Wisconsin soil physicist 

(King, 1894). Qualitative estimates of soil and crop damage were 

designated for areas in Portage and Waushara counties (Fig. 1) as a 

result of severe wind erosion episodes observed at that time. The 

recurrence of severe wind erosion events in 1968 again spurred University 

of Wisconsin researchers to assess the problem. Woodruff et al. (1969) 

conducted portable wind tunnel erodibility tests for several sandy and 

muck soils under a variety of soil/crop conditions. However, no detailed 

analysis of wind frequency data for the Golden Sands Area was completed. 

Justification for Present Research 

Presently, local soil conservationists must rely on erosive wind 

frequency and direction data from locations outside the Golden Sands Area 

for estimating soil loss by wind and determining proper orientation of 

wind barriers. Changery (1975) has stated that estimates of wind 

climatology data are within 25% of the actual value for flat areas at 

distances up to 30 miles (48 km) from the observation location. Eau 

Claire and Madison, Wisconsin, the two most commonly used locations in 

the Golden Sands Area are 95 and 93 miles (152 and 149 km) away 

(respectively) from Stevens Point, the site of this study (Fig. 1). 

Obviously, there is reason to suspect that wind data for these two 

locations may not be accurately portraying what is actually observed in 

Stevens Point. Because of concern over recent severe wind erosion 
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damages, a unique and timely opportunity presented itself for an analysis 

of long-term, potentially erosive wind frequencies for Stevens Point, 

Wisconsin to create a local database. This analysis is intended to serve 

as an alternative to the wind data currently being used in the Wisconsin 

Soil Conservation Service (SCS) Technical Guide for Portage County. Wind 

data for other locations in the Golden Sands Area should be analyzed and 

applied separately rather than extrapolating the results furnished herein 

to other locations. 

Significance of Wind Erosion in Portage County 

Recent National Resources Inventory (NRI) data compiled by SCS indicate 

that cropland in Major Land Resource Area (MLRA) 91 (Fig. 1) has an 

average annual soil loss of 6.6 tons per acre per year (T/A/Y) (15.2 

mt/ha/y) with erosion due to wind accounting for 70% of that total (Arts, 

et al., 1984). Portage County average annual soil loss due to wind 

erosion is 7.3 T/A/Y (16.8 mt/ha/y) (Portage County Land Conservation 

Dept., 1986). Figure 2 indicates the soil loss due to wind erosion in 

areas of Portage County targeted for erosion control measures. 

The Portage County personnel in the offices of SCS and Department of Land 

Conservation (1985) estimated countywide crop damages associated with the 

high winds observed during 1984. Based on interviews with 40 irrigation 

farmers (accounting for 44,717 acres (18100 ha) of cropland and 81% of 

all irrigated cropland), the countywide estimate was $721,891. Adams 

County (Fig. 1) personnel in the offices of SCS and Department of Land 

Conservation (1985) also estimated countywide crop damages observed 

during 1984. There, $857,371 of crop damages were reported with 91% of 
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that total occurring on irrigated cropland. Damages of a similar 

magnitude probably occurred in 1985 as well. 

Although undocumented quantitatively, there were numerous off-site 

damages occurring during these high wind periods as well. Recent 

attention has begun to focus on the potential human health impact of 

annual springtime dust storms which likely exceed ambient air quality 

particulate matter standards. 

Over 90 years of observations of wind erosion and its effects have 

finally begun to motivate local, state, and federal government agencies 

to address this problem. Additional insight and knowledge of the extent 

and costs of wind erosion in the Golden Sands Area are necessary before 

the problem can be adequately treated and its effects abated. 

Objectives 

To these ends, this thesis has the following objectives: 

(1) Summarize frequency and return periodicity of potentially 

erosive winds for Portage County, Wisconsin, according to monthly and 

critical crop-growth periods. 

(2) Determine monthly prevailing wind direction, monthly wind 

preponderance, monthly and annual erosive wind energy distributions, and 

the annual climatic erosivity factor for Portage County. 

(3) Assemble the data and results into formats useful for soil 

conservation and crop protection planning and management by Portage 

County conservationists and crop consultants. 
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(4} Analyze the erosive wind frequency data for potential 

identification of cyclic patterns over the period 1950-1961. 



WIND AS A SOIL-DISPLACING MEDIUM 

Wind erosion is the process of detachment, transportation and deposition 

of soil material by wind action. Not all winds have high velocities to 

cause soil movement. Soil grains are moved by wind when the moving 

airstreams have sufficient energy. Generally speaking, the higher the 

velocity of the wind, the higher the energy and the more erosive the 

wind. 

In this chapter, the dynamics of initiation of soil movement and the 

transport of soil by wind action are reviewed. Special emphasis is given 

to wind as a soil-displacing medium rather than soil conditions 

susceptible to wind erosion. The latter is treated in sufficient detail 

elsewhere in the literature (Chepil, 1943; 1950; 1953; 1954; 1956; and 

1958; Free, 1911; and Lyles et al., 1974). 

The latter section of this chapter relates these processes to two 

conservation planning functions, (1) soil erosion control and (2) crop 

damage abatement. 

Initiation of Soil Movement 

Few researchers have attempted to describe exactly the initial motion of 

the first particles moved by the fluid force of wind. Most agree that 

the grain motion, once initiated, is aaintained by a process called 

saltation. These researchers have been satisfied by Bagnold's (1941) 

statement: 

7 
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A critical windspeed was reached when the surface grains, 
previously at rest, began to be rolled along the surface by 
the direct pressure of the wind. A foot or so downwind of 
the point at which the rolling began, the grains could be 
seen to have gathered sufficient speed to start bouncing off 
the ground. 

Similar statements by others can be found in the literature (Chepil, 

1945a; Chepil and Woodruff, 1963; Malina, 1941). 

Bisal and Nielsen (1962), however, have challenged that description of 

movement of the first grains. Their study found that most erosive 

particles vibrated with increasing intensity as windspeed increased and 

then left the surface instantaneously (as if ejected), attributing the 

motion to "impulse forces caused by pressure fluctuations." .Lyles and 

Krauss (1971) data supported this hypothesis and also their own 

hypothesis that the particle-vibration frequency is related to the 

spectral band containing the maximum energy of turbulent motion. Figure 

3 illustrates Bernoulli's theorem that differences in velocity of fluid 

flow over the top and bottom surfaces of an object can set up pressure 

differences on these surfaces. Chepil (1945a) felt that the pressure 

fluctuations were sufficient to force the particles steeply upward into 

the air streaa. 

Lower velocity 

PIGUR& S: A aptnntnc aand cratn tn a •ovine air atrea• 1a lifted by 
Jncreaaed air preaaure below and reduced preaaure above (After 
Troeh et al., 1880). 
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There is generally much better agreement regarding the concept of 

"threshold velocity" which is the velocity of wind necessary for the 

majority of certain-sized grains to begin moving. There is a range of 

threshold velocities for any soil, depending on the previous history of 

its management. This range varies from 13 to 30 mph (6 to 13 m/sec) at a 

height of one foot (30 em) above smooth ground surfaces (Chepil, 1945b 

and Stallings, 1951). A number of terms have evolved in describing these 

various velocities. 

Bagnold (1941) used the term "initial fluid threshold" for the velocity 

of wind required to initiate the movement of the predominanting diameter 

of dune sand present. Chepil (1945b), contrastingly, termed the "minimal 

fluid threshold" as the lowest velocity required to produce a definite 

movement of the most erosive grains. He also defined a more practical 

term known as the "minimal impact threshold." This is the minimal 

velocity required to initiate soil movement by the impact force of the 

descending grains carried in saltation (a transport process described 

later), rather than by the direct pressure of the wind against the most 

erosive grains resting on the soil surface. As stated earlier, there is 

widespread agreeaent among researchers that once erosion is initiated, it 

is maintained by the impacts of particles moving in saltation. 

Therefore, measuring and estimating minimal impact thresholds for several 

soil textures of varying characteristics can provide a basis for 

application of wind erosion control practices to site-specific 

conditions. 
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Chepil (1945b) found that the ratio of fluid to impact threshold for soil 

grains 0.004 inch (0.1mm) in equivalent diameter was approximately 1:1.1, 

that for large grains of 0.08 to 0.12 inch (2 to 3mm) in diameter was 

1:1.13, and that particles smaller than 0.004 inch (0.1mm) in diameter 

the ratio was 1:1. Thus, the greatest single factor influencing the 

threshold velocity is size of soil grains. Threshold velocity is least 

fpr soil grains 0.004 to 0.006 inch (0.1mm to 0.15mm) in equivalent 

diameter. These particles only require velocities of 8 to 9 mph (3.6 to 

4 m/sec) at six inches (15 em) above the ground surface. Above this size 

range the threshold velocity increases with an increase in grain size, 

whereas below that size it also increases with a decrease in particle 

size. 

The forward velocity of a wind near the ground increases with height. 

Zero velocity is somewhere above the average roughness elements of the 

surface (Fig. 4). The taller the roughness elements of the ground, or 

the taller and less air-permeable the vegetative cover, the higher the 

level at which zero velocity is found. From this level upward, the 

velocity increases very rapidly at first, then less rapidly with 

increasing height (Fig. 5) (Chepil and Woodruff, 1963). 



Mean Ground Surface 

FIGURE 4: WIND VELOCITY NEAR A SOIL SURFACE. Zero wind velocity occurs at 
z0 . Db is the zero displacement height (After Chepil and 
Woodruff, 1963). 
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Another consideration of wind as a fluid to initiate soil movement is 

turbulence. A wind of sufficient velocity as to initiate erosion is 

characterized by eddies and irregularities of movement of extremely 

variable velocity. This movement is complex and, except for an extremely 

thin layer of air at the soil surface, there is a great deal of mixing of 

air molecules. The measured velocity of wind is the mean value of the 

forward velocity, although it is made up of momentary currents blowing in 

all directions. Because of this turbulence, the transporting power of 

wind is variable, and the threshold velocity depends on the maximum 

momentary velocities of turbulent flow rather than on the average forward 

velocity (Chepil, 1945b). Therefore, eddies are of greater importance in 

the lifting and transportation of soil materials than the average 

velocity of the wind. Even though these factors have been recognized to 

influence threshold velocities for initiating sand or soil movement, 

quantitative information remains limited (Lyles and Krauss, 1971). 

Soil Transport Processes 

The capacity of air currents for carrying soil material is dependent on 

the density, velocity, and viscosity of the air. The force of wind 

against a solid object varies directly with density and viscosity of air 

and as the square of its velocity. All other conditions remaining the 

same, the rate of soil movement varies as the cube of the drag velocity, 

Eq. [1] v* = 
v z 

5.75 log z/k 

where v is the velocity at height z, and k is a constant equal to 1/30 z 
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of the height of surface irregularity, at which height the wind velocity 

is zero. 

Eq. [2] 

where -, is the surface drag in dynes per square centimeter and p the 

density of air (Chepil, 1945b). 

Both density and viscosity of air are essentially insignificant factors 

in the detachment and transport of soil due to their relatively constant 

behavior in nature (Chepil, 1945b). Therefore, changes in the rate of 

soil •ovement must be attributed •ainly to changes in the velocity (Fig. 

6) and gustiness of the wind (Chepil, 1945c). 
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Wind erosion is characterized by three types of soil •ove•ent -- jumping 

(saltation), rolling and sliding (surface creep), and floating in the air 

(suspension). Iapacts of grains in saltation cause •ove•ents by surface 

creep and suspension (Chepil and Woodruff, 1963). 
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The mode of transport of a particle depends primarily on the magnitude of 

the vertical air motions near the surface and the mass and size of the 

particle. The general limits of particle size (after Chepil, n.d. and 

Hilst and Nickola, 1959) for each of these modes of transport are: 

Surface creep 0.03 to 0.08 inch (1.00 to 2.00mm) 

Saltation . 0.002 to 0.03 inch (0.05 to 1.00mm) 

Suspension < 0.002 inch (< 0.05mm). 

Saltation 

Chepil (1960b) defined saltation as a series of jumps "initiated when the 

forces of lift and drag of wind overco•e the force of gravity on the 

individual soil grains." He also stated that the higher the particles 

rise into the air, the more energy they derive from the wind. The angle 

of ascent generally ranges between 75° and 90° (Fig. 7). Acceleration 

and the angle of descent, generally between 6° and 12• , is brought about 

by the forces of horizontal wind velocity and gravity. Over 90% of soil 

movement by saltation occurs below the height of one foot (30 em), while 

the average vertical ascent of particles is only about 2 to 4 inches (5 

to 10 em), the equivalent of approximately 1/7 to 1/10 the length of the 

"ju•p." Also, saltating grains are ascending for only about 1/5 to 1/4 

of the total length of the "ju•p." 

Pl._ 7: Nft ._, A IALTATI. GRAI• 
(After Troeb et al., 1880) 

The impacts of saltation also cause clods and surface crust to 
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disintegrate to small fragments, which in turn are moved by the wind 

(Fig. 8). The longer erosion continues and the more the wind shifts from 

different directions, the greater is the quantity of erodible material 

formed by abrasion and the higher the rate of erosion (Chepil, n.d.). 

The proportion of soil particles moving via saltation generally varies 

between 55% and 72% of the total soil load, and the proportion (whether 

in saltation, suspension or creep) depends on the aggregate and particle 

size composition of the soil, not on the wind velocity (Chepil, 1945b). 

Wind apeedzWIND ACTIOM 

... . .. ... 
.,. ... • "'•s & .1. 

' ~2 •·'·3;'4-.d~ • • • ••••• 
FIGURE 8: MECHANICS OF SALTATING PARTICLES 

When these particles impinge upon the surface, 1) they may 
bounce back into the air stream by virtue of an elastic 
collision, 2) they may shatter as a result of collision, 
3) they may slide along the surface, 4) they may dislodge 
other particles, 5) they may be absorbed in the surface 
with no further particle movement, or 6) they may chip off 
pieces of massive surface elements and the pieces in turn 
may continue in motion (After Hilst and Nickola, 1959, pg. 74). 

On an unprotected eroding field, the rate oft erosion is zero along the 

windward edge and increases with distance toward the leeward side. If 

the field is unprotected and wide enough, soil movement becomes the 

maximum that a wind of a given velocity can sustain. The acceleration of 

soil flow with distance downwind over an unprotected field is known as 

soil avalanching (Chepil, 1960b). Maximum rate of soil movement is 

approximately the same for all soils and is about equal to that of dune 

sand. 
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The presence of coarse grains and fine dust particles in the soil hinders 

the movement in saltation. Coarse grains hinder the movement by 

sheltering the finer, more erodible grains from the wind (Fig. 9). Dust 

hinders the movement by cohering to the grains and to other dust 

particles (Chepil and Woodruff, 1963). However, dust is readily moved 

into suspension by the grains moving in saltation, once the process is 

initiated. 

Surface Creep 

Soil particles of about 0.04 to 0.08 inch (1 to 2mm) in equivalent 

diameter are too heavy to be moved by saltation, hence they are 

considered nonerosive. However, these large particles are pushed along 

the surface by the impact of saltating particles. Therefore, they do 

participate in the erosion process. This sliding or rolling action is 

called surface creep. The amount of soil moved via surface creep varies 

between 7% and 25% of the total soil load (Chepil, 1945a). 

Suspension 

Soil particles smaller than 0.004 inch (0.1mm) in equivalent diameter are 

generally considered dust and can be carried in true suspension. Dust is 

highly resistant to erosion by the direct pressure of the wind, but it 

can readily be moved by the impacts of saltating particles. Once 

detached by saltation, dust particles will ascend to heights limited 

primarily by the vertical velocities (> 3mph or 1.3 m/sec) of turbulent 

flow and can be carried hundreds or even thousands of miles from their 

origin (McLouth, 1902; Winchell and Miller, 1918; Watson, 1934; Martin, 

1936 and Martin, 1937). Chepil (1945a) found that the amount of soil in 
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suspension ranges from 3% to ~8% of the moving soil and generally less 

than 10%. 

Sorting of Soil Particles 

The wind acts as a fanning mill on the soil -- removing organic matter, 

fine silt and clay fractions, and leaving behind sand and gravel. The 

finer the eroded particles the greater is their speed, height and 

distance of travel. The finer particles have greater mobility despite 

the fact they are less erodible (Chepil and Woodruff, 1963). 

Chepil (1946) aptly demonstrated this sorting action by comparing samples 

of newly drifted soil to that from which it originated. He found that 

the proportion of fractions smaller than 0.002 inch (0.05mm) in 

equivalent diameter was higher in cultivated soils than in the drifts, 

indicating that a great proportion of those particles had been sorted out 

from the drifts and removed (via suspension) beyond the vicinity of the 

eroding field. 

The wind evidently tended to separate the soil into 
several distinct grades, as follows: (a) nonerosive 
clods and rock materials which remained in place; 
(b) coarse seaierosive grains which were moved but 
slowly with the wind and most of which remained on the 
surface of the field after the storm; (c) highly erosive 
grains forming material that was piled into dunes, 
chiefly along the border of the eroded field; (d) highly 
erosive grains bordering on dust which tended to 
separate from the dune materials and became deposited in 
uniform layers beyond the position of the dunes; and 
(e) fine dust which, once lifted off the ground, was 
carried into the atmosphere. 

Chepil (1946) also observed that the amount of grade (b) was'in direct 

proportion to the amount of soil carried in surface creep, grade (c) to 
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that carried in saltation, and grades (d) and (e) to that in suspension. 

This sorting action occurs on soils developed from glacial till, residual 

material, mountain outwash, and sandy soils of various origins. On these 

soils the winds tend to remove the silt and clay and to leave the sands 

and gravels behind. This process, when continued year after year, tends 

to make a soil coarser in texture and consequently more erodible and less 

productive than it was originally (Chepil and Woodruff, 1963). 

Wind Erosion Equation 

Woodruff and Siddoway (1965) published the wind erosion equation (WEE) to 

quantify the relationships between the amount of wind erosion and the 

various field and climatic factors that influence erosion. The equation 

was designed to serve two principle purposes: (1) as a tool to estimate 

potential wind erosion on any field under local climatic conditions, and 

(2) as a guide for determining the protection offered by varying soil 

management alternatives (Troeh et al., 1980). The WEE is expressed as: 

Eq. [3] E = f(I,C,K,L,V) 

where E = potential average annual soil loss 

f a function of 

I = soil erodibility 

c = local climatic factor 

K soil surface roughness 

L = equivalent length of field (maximum unsheltered distance 

across field along prevailing wind erosion direction) 

v = equivalent vegetative cover. 
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Soil erodibility (I) is the potential annual soil loss (T/A/Y) from a 

wide, unsheltered field with a bare, smooth, non-crusted surface. Soil­

erodibility values are based on wind-tunnel relative erodibilities 

(Chepil, 1960a) and on measured soil losses in the field in the vicinity 

of Garden City, Kansas, during 1954 to 1956. These values are modified 

for knolly terrain because wind is more erosive along the tops of knolls 

(Troeh et al., 1980). 

Soil surface roughness (K) results from three distinct characteristics: 

(1) cloddiness of the surface soil (considered in I), (2) vegetative 

residues (considered in V), and (3) ridges on the soil surface resulting 

primarily from tillage operations. K is expressed in terms of height of 

standard ridges composed of nonerodible gravel 0.08 to 0.25 inch (2 to 

6.4 .. ) in diameter. K values indicate whether a soil surface, all else 

being equal, will resist wind as auch as the standard ridges (Troeh et 

al., 1980). 

Cliaate directly affects wind erosion through wind velocity and 

indirectly affects it through its influence on plant growth and surface 

soil moisture. The rate of soil movement by wind varies directly as the 

cube of wind velocity and inversely as approximately the square of 

average soil surface moisture, called effective moisture. Effective 

moisture varies directly with the aaount of precipitation and inversely 

as the square of teaperature (Chepil et al., 1962). These two factors 

are considered together as C, the local climatic factor in the WEE. C 

values influence a significant proportion of total estimated soil losses 

using the WEE. This significant influence is also largely unaanipulative 
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since little can be done to alter average monthly or annual wind 

velocity, precipitation or temperature patterns over extensive areas. 

For this reason, C is also the weakest factor in the equation and the one 

requiring significant research to address its inconsistencies. Several 

authors (Gillette, 1986; Woodruff, 1975; Skidmore, 1974: and Woodruff and 

Siddoway, 1965) have indicated some of these research needs regarding the 

c factor. 

Equivalent length of field (L) is the unsheltered distance across or 

along a field parallel with the prevailing wind erosion direction, less 

the sheltered distance (that provided by lOx the height of a wind 

barrier) (Troeh et al., 1980). Calculation of the effect of Lon soil 

loss is complex because it depends on the amount of soil being carried in 

the wind. On an unprotected, eroding field the rate of erosion increases 

with distance to the leeward until, if the field is wide enough, the flow 

reaches a maximum that a wind of a particular velocity can sustain. 

Vegetative cover (V) effectiveness standards are for flattened wheat 

straw. Crop residues other than wheat straw must be converted to 

equivalent quantities of flattened wheat straw. The aaount of erosion 

control provided by vegetative cover depends on (1) the aaount of dry 

matter, (2) its texture, (3) whether it is living or dead, (4) whether it 

is standing or flattened, (5) its height if standing, and (6) how the 

cover is oriented to prevailing erosive winds (Troeh et al., 1980). 



Relevance to Conservation Planning 

Wind erosion is usually considered a major problem in dryland regions, 

but reports over the years show that sandy soils even in humid areas 

suffer severely from wind erosion (King, 1894; Drullinger and Schmidt, 

1968). It is also serious on muck soils in humid areas. Wind erosion 

can also be a serious problem on irrigated land (Mech and Woodruff, 

1967). All of these characteristics can be found in the Golden Sands 

Area (Fig. 1) of Wisconsin. Since the 1950s, the rapid conversion of 

pasture, scrub oak and jack pine woodlots and pine plantations to 

intensively-cropped, irrigated agriculture has resulted in more total 

soil exposure in this region which has heightened the opportunity for 

increasing occurences of wind erosion. The effects of wind erosion will 

probably become more pronounced and cause damage to more extensive areas 

in the years ahead unless proper and adequate measures are adopted by 

landowners to reduce or abate soil erosion due to wind. 

The intent of this thesis is to provide wind climatology data to local 

soil conservationists and crop consultants so that they may share this 

in-formation with area growers to reduce damages to soil and crops due to 

wind erosion. To do so, conservationists and crop consultants must first 

understand the aechanics of wind erosion (discussed earlier in this 

chapter), and then use local wind climatology data to "prescribe" the 

necessary level of soil/crop protection for an individual grower. For 

simplicity, these two conservation planning functions are discussed 

separately, yet the reader is expected to know the obvious 

interrelationships and similarities each shares with the other. 
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Soil Erosion Control 

Wind erosion can cause a great deal of damage to a soil. This damage 

takes a variety of forms including loss of soil, textural changes, and 

nutrient and productivity losses. Chepil (1949) reported that a Canadian 

loamy sand under virgin conditions lost all its silt and clay in less 

than 60 years. He also noted that sandy loams, which had gained about 15 

percent sand in the top four inches (10 em) during the same time, would 

become sand dunes within 150 years of cultivation (assuming no changes in 

cultural practices). Lyles (1975) proposed a procedure for estimating 

the effects of wind erosion soil loss on crop yields. He utilized 

research data from several Great Plains states on several soil types and 

for three crops (corn, wheat and grain sorghum). Despite the years of 

research directed toward wind erosion and its control, no widely accepted 

procedure exists to measure or otherwise quantify the effects of damage 

to the soil resource as a result of wind erosion. 

Soil conservationists continue to rely upon soil loss estimates 

calculated by the wind erosion equation (WEE) (Woodruff and Siddoway, 

1965) and their relationship to soil loss tolerance (T) values as their 

"yardstick" by which to evaluate soil productivity losses from soils 

susceptible to wind erosion. Therefore, local wind climatology data for 

Portage County, Wisconsin, were analyzed and presented herein as tabular 

and graphical aids to assist conservationists in WEE calculations. 

Table 1 lists the types of wind climatology information presented herein 

and how each can be applied to erosion control planning purposes. 
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TABLE 1: WIND CLIMATOLOGY DATA FOR EROSION CONTROL PLANNING 

DATA TYPE REFERENCE 
PAGES 

Erosive Wind Frequency 
Monthly summaries 37-48 
Weekly summaries 49-70 

(March 15 to August 15) 

Erosive Wind Energy 72,73 
Monthly summaries. 
Cumulative annual summary 

Prevailing Wind Erosion 
Direction and Preponderance 

Monthly summaries 

Extreme Wind Event Analysis 
Monthly summary (April) 
Weekly su•maries 

(March 29 through May 2) 

Climatic Erosivity 

77 

105-107 
107-124 

81 
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EROSION CONTROL PLANNING FUNCTION 

Identification of timeframe when 
erosive winds occur 

Quantitative evaluation of when 
erosive winds occur 

Assist computation of annual soil 
loss with WEE using crop stage 
periods 

Proper orientation of field 
cultivation practices and wind 
barriers 

Identification of recurrence of 
extre•e velocity and duration 
of wind events 

Selection of erosion control 
•easures necessary to prevent 
excessive soil loss 

Assist computation of annual soil 
loss with WEE 



Crop Damage Abatement 

Abrasion by impacts of particles transported along the surface by wind is 

an important phase of the wind erosion process on all soils (Chepil, 

1945d). Abrasion caused by wind-blown soil grains is also extremely 

injurious to plants. Skidmore (1966) reported only slight damage to 

green bean seedlings at wind speeds up to 40 mph (18m/sec); however, 

introduction of even small quantities of sand into the wind greatly 

increased plant damage. Bubenzer and Weis (1974) observed snap bean and 

pea yield reductions of 8 to 14% and 16%, respectively, for plants 

subjected to an abrasive flux in winds of 35 mph (15m/sec). 

Sandblast injury to vegetable crops is a serious problem in many areas 

where large acreages of vegetables are grown on sandy soils. For 

example, an estimated total of $1.6 million of crop damage was sustained 

in just two counties of the Golden Sands Area of Wisconsin in 1984 alone 

(Adams County SCS and LCD, 1985; Portage County SCS and LCD, 1985). 

Vegetable crops are most susceptible to sandblast damage in the seedling 

growth stage. This is also the time when much of the soil surface is 

unprotected and exposed to the sun's radiation. The soil surface dries 

quickly and becomes more susceptible to blowing. Even a small amount of 

erosion can make establishment difficult, damage early growth, and 

seriously reduce the marketability of certain crops. Table 2 lists the 

various factors which govern the extent of injury to a particular crop. 
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TABLE 2: FACTORS AFFECTING EXTENT OF SANDBLAST INJURY TO CROPS 
(After Skidmore, 1966) 

Wind velocity 
Gustiness of wind 
Abrasive flux (amount of airborne or saltating soil grains) 
Duration of exposure to airborne flux 
Size, shape and density of abrasive 
Growth stage and vitality of plant 
Temperature and humidity of plant root and aerial environment 

(susceptibility to dessication) 

Fryrear and Downes (1975) developed an expression to estimate crop 

survival or production when wind velocity, sand flux rate, plant age and 

exposure time are measured simultaneously. This relationship will pe 

discussed in more detail in Chapter 4. 

Wind and abrasive action of sand particles also provide opportunity for 

plant contamination by pathogens and nematodes. Thaung and Walker (1957) 

reported an epidemic of bacterial blight of lima beans shortly after and 

directly along the path of a severe cyclonic storm. The disease was most 

pronounced in crops growing on light sandy soils. They suggested that 

wind borne infested soil particles were the major means of spread of the 

bacterial blight. Claflin et al. (1973) concluded that wind-blown soil 

was important in the epidemiology of common blight of bean and that the 

wind disseminated the pathogens as well as serving as its inoculating 

agent. Carroll and Viglierchio (1981), Krnjaic and Krnjaic (1972-73), 

and Orr and Newton (1971) all observed distribution of plant parasitic 

nematodes by wind and wind erosion. All studies were conducted on light 

sandy soils known to undergo frequent wind erosion episodes. 
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Table 3 lists the types of wind climatology information presented herein 

and how each can be applied to crop damage abatement planning purposes. 

TABLE 3: WIND CLIMATOLOGY DATA FOR CROP DAMAGE ABATEMENT PLANNING 

DATA TYPE 

Erosive Wind Frequency 
Monthly summaries 
Weekly summaries 

(March 15 to August 15) 

REFERENCE 
PAGES 

37-48 
49-70 

Erosive Wind Energy 72,73 
Monthly summaries 
Cumulative annual summary 

Prevailing Wind Erosion 
Direction and Preponderance 
Monthly summaries 77 

Extreme Wind Event Analysis 
Monthly summaries 
Weekly su .. aries 

105-107 
107-124 

CROP DAMAGE ABATEMENT FUNCTION 

Identification of timeframe when 
various crop growth stages 
might be susceptible to sand­
blast effect or likelihood of 
pathogen/nematode distribution 

Assist computation of annual soil 
loss with WEE using crop stage 
periods; relate soil loss 'to 
susceptibility of crop to 
sustain sandblast damage 

Proper orientation of crop rows 
and wind barriers 

Identification of recurrence of 
extreme velocity and duration 
of wind events and relationship 
to probable recurrence of sand­
blast damage or the 
epidemiology of plant pathogens 
and nematodes 

Selection of appropriate erosion/ 
wind control measures to 
prevent excessive soil movement 
and/or wind velocities 



RESEARCH METHODS 

Source of Wind Data 

The National Oceanic and Atmospheric Administration National Climatic 

Data Center (NOAA-NCDC) maintains files of Weather Bureau-Army-Navy 

(WBAN) surface weather records for all such observation locations in the 

United States. WBAN Forms lOA and 1030A were assembled for Stevens 

Point, Wisconsin for the period of January 1, 1950 through December 31, 

1967. The entire record averaged 17 to 18 observations per day, usually 

between the hours of 05:50 and 22:50. Other years of record were also 

available, but were not used here because of lack of sufficient 

observations, ranging from eight per day to a low of only five per month. 

The location of the observation site for the period of record was 

approximately two miles (3.2 km) northeast of Stevens Point at the 

present day site of the Municipal Airport. Wind recording equipment were 

located south of a hangar building. The instruments had good exposure 

and were mounted 35 feet (10.6 m) above the ground surface. 

Data Processing 

Quality of the WBAN forms, especially for the early years of the period 

of record, were poor enough to warrant restraint in use of all data 

recorded. For example, the original sheets were often very yellow and 

brittle because of age which made the reading of the numbers difficult at 

times. Also, wind direction was expressed graphically by an arrow (e.g., 

, = a wind blowing from the southwest) rather than an azimuth reading. 

Due to poorly drawn arrows, assignment of wind direction was, at times, a 

subjective decision by the author. For this reason, and for simplicity 
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in data entry, wind direction was expressed in only eight principal 

directions (45-degree segments), rather than the typical 16 directions. 

Data were entered into a CANOE file for analysis utilizing the Burroughs 

B6700 digital computer of the University of Wisconsin-Stevens Point 

Academic Computing Services. Wind data were entered by date (year, month 

and day) as a function of repeating direction-velocity values. For 

example, wind direction was a single digit (e.g., 1 through 8 indicating 

the eight principal compass points and "0" designating "calm") code value 

followed by a two-digit velocity value; these three values were repeated 

corresponding to the number of observations made for each date in the 

file. 

Erosive Wind Frequency 

Although no "universal" threshold velocity exists for the initiation of 

wind erosion, due to site specific conditions and variability (i.e., soil 

texture and moisture, vegetative cover and/or residue, gustiness and 

vorticity parameters of wind, etc.), a velocity of 12 mph (5.3 m/s) at 

approximately one foot (30 em) above the soil surface is used herein as 

the minimal erosive velocity (Chepil, 1945b and Stallings, 1951). This 

velocity roughly corresponds to 18 mph (8 m/s) at a height of 20 to 26 

feet (6 to 8 a) (Bondy, Lyles and Hayes, 1980). All wind velocities 

observed in the data which were ~ 18 mph (8 m/sec) were assumed to be 

potentially erosive winds. 

For a selected tiae interval (i.e., weekly critical crop-growth periods, 

monthly, annual, etc.), the number of hourly observations of wind 
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velocities ~ 18 mph (8 m/sec) were divided by the total number of hourly 

observations to derive a frequency of occurrence of "erosive winds." 

Erosive Wind Energy 

Erosion rates are commonly related to the cube of windspeed, u3 or (u -
z z 

3 -ut) , where uz is mean windspeed at height z above some reference plane 

and ut is the threshold windspeed, the minimum needed to initiate erosion 

(Chepil and Woodruff, 1963). The cube of windspeed characterizes its 

energy and represents a logical choice for determining distribution~ of 

wind energy over time. 

Monthly windspeed distributions were described by the two-parameter, 

Weibull distribution function [Eq. 4] using windspeed frequency summaries 

according to Bondy et al. (1980}. 

Eq. [4] f(V) = (K/C) (V/C)k-1exp[-(V/C)k] 

Windspeed is indicated by V and c and k are the scale and shape 

parameters, respectively (Justus and Mikhail, 1976; Justus et al., 1978). 

C is expressed in units of velocity while k is dimensionless. Average 

monthly wind energy was determined for an interval of 18 to 45 mph (8 to 

20 m/s) at increments of 2 mph (1 a/sec) using the Weibull parameters. 

Prevailing Wind Erosion Direction and Preponderance 

Determination of monthly prevailing wind direction and preponderance 

values followed the procedures provided in Skidmore (1965). The 

magnitude of a wind erosion force vector, rj, is obtained by summing, for 

all speed groups with windspeeds greater than 18 mph (8 m/sec), the 
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product of mean windspeed cubed and a duration factor for a specified 

direction as expressed by Eq. (5]. 

Eq. (5] 

-3 
where~ is the •ean windspeed within the ith speed group. fi is a 

duration factor which is expressed as the decimal percentage of the total 

observations that occur in the ith direction within the ith speed group. 

The sub j's indicate direction and take on values from 0 through 7, 

inclusive, representing the eight principal compass directions. They are 

numbered counterclockwise, starting with east, which is arbitrarily taken 

as the initial side of the coordinate system. Therefore, rj = 0 and rj = 

1 are wind erosion force vectors pointing east and northeast, 

respectively. 

The magnitude of erosion forces parallel to a particular direction can be 

obtained from the wind erosion force vectors. If p is an imaginary 

straight line intersecting at the origin of a polar coordinate system and 

Bj is the angle between rj and the i•aginary line p (Fig. 10) the amount 

of erosion forces caused by rj that occur parallel top is rj cos Jrj 

(Skid•ore, 1965). A useful parameter is the ratio of the wind erosion 

forces parallel to line p to those perpendicular to line p. The ratio is 

co•puted by: 

Bq. [6] 

7 

j~O rj I cos (jx45- 8) 1 
R = -----------------------

j~O rJ I cos (Jx45- 8) I 



FIGURE 10: 
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Obtaining an orientation of line p so that this ratio is maximum, tends 

to maximize wind erosion forces parallel to p and also minimize wind 

forces perpendicular to p. The greatest value for R, symbolized R , is 
m 

found in the same manner as is direction of maximum wind erosion forces. 

The orientation of p when R is maximum is called direction of parallel-

maximum perpendicular-minimum and is symbolized 9R. 9R may also be 

considered as being the prevailing wind erosion direction. R indicates m 

the preponderance of wind erosion forces in the prevailing wind erosion 

direction (Skidmore, 1965). 

Extreme Wind Event Analysis 

Estimates of the recurrence of given climatological phenomenon have been 

made by various methods. The recurrence of erosive winds may not be 

unlike varying return periods of rain events. Therefore, Zingg (1950) 

adopted a simplified Gumbel (1941) method described by Powell (1943) to 

assess the recurrence of specified levels or durations of winds observed 

in Kansas. A similar method is used here utilizing the MINITAB 

statistical package on a Burroughs 86700 digital computer. 

Initially, the data were screened to identify "extreme events" or maximum 

velocities observed for a specified time interval set over the entire 

period of record. For example, the maximum average 1-, 3-, 6-, 9- and 

12-hour wind velocities for the month of April of each year (1950 through 

1967) were identified. These velocities were then assigned a ranking (m) 

from highest to lowest values. Probability of exceedance was calculated 

by Eq. [7]. 



Eq. (7] p m 
N+1 
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where P is probability, m is rank order, and N is total number of 

observations (N=18 years of data). Recurrence interval (TR) or return 

period was then calculated by Eq. [8]: 

Eq. [8] 1 
p 

Return periods of the maximum average velocity for each time interval (1-

or 3-hour durations, etc.) were then plotted on Gumbel probability paper 

for a straight-line curve. Since this method is graphical in nature, no 

mathematical equation expressing the "line of best fit" is provided. 

Climatic Erosivity 

The rate of soil movement varies directly as the cube of wind velocity 

(Chepil, 1945c) and inversely as approxi•ately the square of effective 

moisture, i.e., moisture held by the soil particles against a given 

tension exerted by forces of evaporation acting on the soil particles 

(Chepil, 1956). The effective moisture varies directly with the amount 

of precipitation and inversely as the square of te•perature. 

Chepil et al. (1962) assumed that the effective moisture of surface soil 

particles varied as the Thornthwaite (1948) precipitation effectiveness 

(P-E) index. P-E Index is calculated by Eq. (9]: 

J: -·P-B J:ndex 

Eq. [9] 12 [ p ]10/8 
J: - I: 118 X T-10j n 

n-1 
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where Pis precipitation in inches (~ 0.5 inch or 13 mm), Tis 

temperature in degrees Farenheit (~ 28.4°F.) and n is the number of the 

month of year. Once the P-E Index is calculated, the annual climatic 

erosivity factor, C, is calculated by Eq. [10]: 

Eq. (10] C - 100 [( P::) a/•· a] 
where V is mean annual windspeed (mph) for a standard height of 30 feet 

(9 m), 2.9 is a constant for the approxiaate average value for Garden 

City, Kansas (the location to which all reference locations are 

standardized), and 100 is a factor to express C in per cent (Chepil et 

al., 1962). 



RESULTS AND DISCUSSION 

Erosive Wind Assessment 

On an average annual basis, neither the frequency (5%) nor the duration 

(2 hours) of winds ~ 18 mph (8 m/sec) observed in Portage County are 

cause for great concern regarding wind erosion. However, average annual 

values describing wind erosiveness are not very accurate or revealing 

regarding the potential frequencies and durations of erosive winds during 

critical time intervals associated with short-term periods when soils and 

crops may be highly susceptible to damage. Therefore, analysis of wind 

data for Portage County focussed primarily on monthly and weekly time 

intervals. Weekly time intervals can be associated with soil conditions 

and crop growth stages to determine their susceptibility to wind erosion 

damage. 

Erosive Wind Frequency 

Tables 4 through 37 express percent frequency of erosive winds in a 

manner to facilitate their understanding by their users. Values listed 

in the tables represent the frequency of a given wind of known velocity 

and direction expressed as a percent of only the erosive winds observed 

for the given time interval (monthly or weekly). 

Tables 4 through 15 summarize each monthly frequency of total erosive 

winds, by direction. The observed extreme wind velocity and its 

direction are also noted as are monthly prevailing wind erosion direction 

(PWED) and preponderance values. 

36 
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TABLE 4: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JANUARy2 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18- 26 27 - 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6) [16-19.6] [20-23.6] [>23.6) 

N 9.7 1.1 0 0 0 

NE 5.1 0.9 0 0 0 

E 16.1 2.3 0 0 0 

SE 3.5 0.2 0 0 0 

s 9.2 0.5 0 0 0 

sw 4.4 0.2 0.2 0 0 

w 31.6 5.8 1.6 2.5 0 

NW 5.1 0 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 3.1 

Extreae Wind Velocity = 50 mph (22.2 m/sec) Direction = W 

1observations of windspeeds > 18 mph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected tiae interval (aonthly). 

2N = 9786 hourly observations (1950 - 1967) including 2933 
observations of cala periods ("zero velocity") and 484 erosive wind 
observations. 
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TABLE 5: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

FEBRUARY2 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18- 26 27- 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 5.8 1.5 0 0 0 

NE 8.3 2.5 0.2 0 0 

E 27.3 1.5 0 0 0 

SE 2.3 0 0 0 0 

s 8.5 0 0 0 0 

sw 4.5 0 0 0 0 

w 26.1 4.3 0 0 0 

NW 6.8 0.4 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 2.3 

Extreae Wind Velocity= 40 mph (17.8 a/sec) Direction= NE 

1observations of windspeeds ~ 18 mph (8 m/sec), measured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected time interval (monthly). 

2N = 8897 hourly observations (1950 - 1967) including 2491 
observations of cal• periods ("zero velocity") and 483 erosive wind 
observations. 
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TABLE 6: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MARCH2 

Direction 
Windspeed Group in Miles per Hour (m/sec] 

18- 26 27- 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 18.7 2.1 0 0.2 0.1 

NE 8.6 0.8 0.4 0 0 

E 20.6 1.8 0.2 0 0 

SE 1.6 0 0 0 0 

s 6.4 0.4 0.1 0 0 

sw 5.2 1.0 0 0 0 

w 21.4 2.8 0 0 0 

NW 7.2 0.4 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 1.4 

Bxtreae Wind Velocity = 65 aph (28.9 a/sec) Direction = N 

1observations of windspeeds ~ 18 aph (8 m/sec), aeasured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (aonthly). 

2N = 9822 hourly observations (1950 - 1967) including 2420 
observations of cala periods ("zero velocity") and 830 erosive wind 
observations. 
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TABLE 7: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

APRIL2 

Direction 
Windspeed Group in Miles per Hour [•/sec] 

18 - 26 27 - 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 12.4 0.4 0 0 0 

NE 7.8 1.1 0.1 0 0 

E 21.6 0.9 0 0 0 

SE 4.6 0 0 0 0 

s 7.3 0 0 0 0 

sw 4.9 0 0 0 0 

w 28.3 2.2 0 0 0 

NW 8.4 0 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 1.9 

Extreme Wind Velocity= 40 mph (17.8 a/sec) Direction= NE 

1 
Observations of windspeeds ~ 18 aph (8 m/sec), measured at a 

reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected tiae interval (•onthly). 

2N = 9470 hourly observations (1950 - 1967) including 1687 
observations of cala periods ("zero velocity") and 1117 erosive wind 
observations. 
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TABLE 8: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18- 26 27- 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 7.4 0.1 0 0 0 

NE 6.7 0.3 0 0 0 

E 21.9 0.1 0 0 0 

SE 5.6 0.1 0 0 0 

s 13.6 0.5 0.4 0.8 0 

sw 7.9 0.5 0 0 0 

w 25.3 1.3 0.8 0.3 0 

NW 6.3 0 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 1.5 

Extreae Wind Velocity = 50 aph (22.2 a/sec) Direction = S 

1 
Observations of windspeeds ~ 18 aph (8 a/sec), measured at a 

reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected tiae interval (aonthly). 

2N = 9745 hourly observations (1950 - 1967) including 1697 
observations of cal• periods ("zero velocity") and 748 erosive wind 
observations. 
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TABLE 9: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JUNE2 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 12.0 0 0 0 0 

NE 2.8 0 0 0 0 

E 7.6 0 0 0 0 

SE 1.9 0 0 0 0 

s 25.9 0.9 0 0 0 

sw 10.6 0.2 0.5 0 0 

w 30.8 1.9 0 0 0 

NW 4.9 0 0 0 0 

Prevailing Wind Erosion Direction = SW Preponderance = 1.2 

Extreae Wind Velocity= 40 mph (17.8 a/sec) Direction= SW 

1observations of windspeeds ~ 18 aph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (monthly). 

2N = 9513 hourly observations (1950 - 1967) including 2355 
observations of cala periods ("zero velocity") and 432 erosive wind 
observations. 
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TABLE 10: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JULy2 

Direction 
Windspeed Group in Miles per Hour [a/sec] 

18- 26 27 - 35 36 - 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 5.4 0.5 0 0 0 

NE 5.4 0 0 0 0 

E 11.3 0.5 0 0 0 

SE 5.9 0 0 0 0 

s 24.2 0 0 0 0 

sw 11.8 0.5 0 0 0 

w 23.6 1.0 0 0 0 

NW 9.9 0 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 1.2 

Extreme Wind Velocity = 35 aph (15.6 a/sec) Direction = W 

1observations of windspeeds > 18 aph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected tiae interval (aonthly). 

2N = 9797 hourly observations (1950 - 1967) including 3175 
observations of cala periods ("zero velocity") and 203 erosive wind 
observations. 
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TABLE 11: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

AUGUST2 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18- 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 1~.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 6.4 0.8 0 0 0 

NE 14.4 0 0 0 0 

E 7.2 0 0 0 0 

SE 4.8 0 0 0 0 

s 22.4 0.8 0 0 0 

sw 18.4 0 0 0 0 

w 11.2 0.8 0 0 0 

NW 12.8 0 0 0 0 

Prevailing Wind Erosion Direction = SW Preponderance = 1.3 

Extreae Wind Velocity = 30 aph (13.3 a/sec) Direction = s and W 
1 . 
Observations of windspeeds ~ 18 aph (8 a/sec), measured at a 

reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (aonthly). 

2N = 9774 hourly observations (1950 - 1967) including 3375 
observations of cala periods ("zero velocity") and 125 erosive wind 
observations. 
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TABLE 12: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

SEPTEMBER2 

Windspeed Group in Miles per Hour [m/sec] 
Direction 18 - 26 27 - 35 36 - 44 45 - 53 54+ 

[8- 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 5.8 0 0 0 0 

NE 2.0 0 0 0 0 

E 10.5 0 0 0 0 

SE 6.1 0.7 0 0 0 

s 32.2 1.0 0 0 0 

sw 8.8 0.7 0 0 0 

w 23.7 3.1 0 0 0 

NW 5.4 0 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 1.0 

Extreme Wind Velocity = 35 mph (15.6 a/sec) Direction • Wand SW 
1 
Observations of windspeeds ~ 18 mph (8 m/sec), measured at a 

reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected time interval (monthly). 

2N = 9466 hourly observations (1950 - 1967) including 3017 
observations of calm periods ("zero velocity") and 295 erosive wind 
observations. 
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TABLE 13: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

OCTOBER2 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18- 26 27 - 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6) [>23.6] 

N 8.7 0 0 0 0 

NE 6.4 0 0 0 0 

E 10.4 0 0 0 0 

SE 7.8 0 0 0 0 

s 24.3 0 0 0 0 

sw 10.3 0 0.6 0 0 

w 22.3 0 0.3 0 0 

NW 8.9 0 0 0 0 

Prevailing Wind Erosion Direction = SW Preponderance = 1.1 

Extre•e Wind Velocity= 40 •Ph (17.8 •!sec) Direction= SW and W 

1observations of windspeeds > 18 •ph (8 •!sec), •easured at a 
reference height of 35 feet (10.6 •). expressed as a percent of total 
erosive winds during selected ti•e interval (•onthly). 

2N = 9807 hourly observations (1950 - 1967) including 2996 
observations of cal• periods ("zero velocity") and 358 erosive wind 
observations. 
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TABLE 14: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

NOVEMBER2 

Direction 
Windspeed Group in Miles per Hour [•/sec] 

18- 26 27 - 35 36 - 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 11.3 1.5 0 0 0 

NE 3.6 0 0 0 0 

E 10.1 0 0 0 0 

SE 7.4 0 0 0 0 

s 13.9 0.4 0 0 0 

sw 6.5 1.4 0 0 0 

w 32.3 3.4 0 0 0 

NW 7.8 0.4 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 1.4 

Extre•e Wind Velocity • 35 •Ph (15.6 •!sec) Direction = W, SW and N 
1 
Observations of windspeeds ~ 18 mph (8 •!sec), •easured at a 

reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected ti•e interval (•onthly). 

2N = 9477 hourly observations (1950 - 1967) including 2509 
observations of cal• periods ("zero velocity") and 524 erosive wind 
observations. 



48 

TABLE 15: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

DECEMBER2 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18- 26 27 - 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 10.8 0.3 0 0 0 

NE 5.2 0.3 0 0 0 

E 19.0 1.2 0 0 0 

SE 4.2 0.3 0 0 0 

s 10.8 0.9 0 0 0 

sw 14.2 0 0 0 0 

w 26.5 0.3 0 0 0 

NW 6.0 0 0 0 0 

Prevailing Wind Erosion Direction = W Preponderance = 1.5 

Extreae Wind Velocity = 30 aph (13.3 a/sec) Direction = E and S 
1 
Observations of windspeeds ~ 18 mph (8 a/sec), measured at a 

reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (aonthly). 

2N = 9806 hourly observations (1950 - 1967) including 2908 
observations of cala periods ("zero velocity") and 332 erosive wind 
observations. 
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TABLE 16: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MARCH 15 - 212 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 20.8 0.9 0 0 0.4. 

NE 4.0 0 0 0 0 

E 20.4 0.9 0 0 0 

SE 0 0 0 0 0 

s 7.4 0.4 0.4 0 0 

sw 6.4 0.9 0 0 0 

w 28.7 2.5 0 0 0 

NW 5.9 0 0 0 0 

Extreme Wind Velocity = 65 aph (28.9 a/sec) Direction = N 

1observations of windspeeds ~ 18 aph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2194 hourly observations (1950 - 1967) including 440 
observations of cala periods ("zero velocity") and 202 erosive wind 
observations. 
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TABLE 17: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MARCH 22 - 282 

Direction 
Windspeed Group in Miles per Hour £•/sec] 

18 - 26 27 - 35 36 - 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 8.8 1.5 0 0 0 

NE 9.8 3.6 2.0 0 0 

E 22.7 6.2 1.0 0 0 

SE 2.6 0 ' 0 0 0 

s 10.3 0.5 0 0 0 

sw 5.7 2.0 0 0 0 

w 9.3 5.2 0 0 0 

NW 8.8 0 0 0 0 

Extreae Wind Velocity= 40 aph (17.8 •!sec) Direction= NE and E 

1observations of windspeeds ~ 18 aph (8 a/sec), measured at a 
reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected ti•e interval (weekly). 

2N = 2240 hourly observations (1950 - 1967) including 625 
observations of cal• periods ("zero velocity") and 194 erosive wind 
observations. 
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TABLE 18: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MARCH 29 - APRIL 42 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 7.2 0.6 0 0 0 

NE 1.2 0 0 0 0 

E 26.9 0 0 0 0 

SE 7.2 0 0 0 0 

s 15.6 0 0 0 0 

sw 2.4 0 0 0 0 

w 30.5 2.4 0 0 0 

NW 6.0 0 0 0 0 

Extreme Wind Velocity = 30 aph (13.3 a/sec) Direction = N and W 

1observations of windspeeds > 18 aph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2231 hourly observations (1950 - 1967) including 459 
observations of cala periods ("zero velocity") and 167 erosive wind 
observations. 



52 

TABLE 19: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

APRIL 5 - 112 

Direction 
Windspeed Group in Miles per Hour [a/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6) [20-23.6] [>23.6] 

N 19.6 0 0 0 0 

NE 8.9 0 0 0 0 

E 20.5 2.7 0 0 0 

SE 8.5 0 0 0 0 

s 5.4 0 0 0 0 

sw 0.9 0 0 0 0 

w 21.4 0.9 0 0 0 

NW 11.2 0 0 0 0 

Extreae Wind Velocity = 30 mph (13.3 a/sec) Direction = W and E 

1observations of windspeeds > 18 aph (8 a/sec), measured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2218 hourly observations (1950 - 1967) including 449 
observations of calm periods ("zero velocity") and 224 erosive wind 
observations. 
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TABLE 20: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

APRIL 12 - 182 

Winds peed Group in Miles per Hour [ra/sec] 
Direction 18 - 26 27 - 35 36 - 44 45 - 53 54+ 

[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 16.1 1.4 0 0 0 

NE 9.3 3.9 0.4 0 0 

E 8.5 0 0 0 0 

SE 2.9 0 0 0 0 

s 5.7 0 0 0 0 

sw 6.1 0 0 0 0 

w 31.4 2.9 0 0 0 

NW 11.4 0 0 0 0 

Extreae Wind Velocity= 40 aph (17.8 a/sec) Direction= NE 

1observations of windspeeds > 18 aph (8 m/sec), measured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2186 hourly observations (1950 - 1967) including 399 
observations of cala periods ("zero velocity") and 280 erosive wind 
observations. 
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TABLE 21: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

APRIL 19 - 252 

Direction 
Windspeed Group in Miles per Hour [a/sec] 

18- 26 27 - 35 36 - 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 9.2 0 0 0 0 

NE 11.6 0.4 0 0 0 

E 29.2 0.7 0 0 0 

SE 1.8 0 0 0 0 

s 7.7 0 0 0 0 

sw 4.2 0 0 0 0 

w 25.3 3.2 0 0 0 

NW 6.7 0 0 0 0 

Extreme Wind Velocity = 30 aph (13.3 m/sec) Direction = W 

1observations of windspeeds > 18 aph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2200 hourly observations (1950 - 1967) including 334 
observations of cala periods ("zero velocity") and 284 erosive wind 
observations. 
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TABLE 22: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

APRIL 26 - MAY 22 

Direction 
Windspeed Group in Miles per Hour [a/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 7.4 0 0 0 0 

NE 10.7 0 0 0 0 

E 30.3 0.8 0 0 0 

SE 3.7 0 0 0 0 

s 7.8 0 0 0 0 

sw 8.6 0 0 0 0 

w 25.4 0.8 0 0 0 

NW 4.5 0 0 0 0 

Extreae Wind Velocity = 30 aph (13.3 a/sec) Direction = W and E 

1observations of windspeeds > 18 aph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2213 hourly observations (1950 - 1967) including 377 
observations of cala periods ("zero velocity") and 244 erosive wind 
observations. 
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TABLE 23: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MAY 3 - 92 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18- 26 27 - 35 36- 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 9.6 0 0 0 0 

NE 4.8 0 0 0 0 

E 9.6 0 0 0 0 

SE 9.0 0 0 0 0 

s 7.8 1.2 1.8 3.6 0 

sw 5.4 0 0 0 0 

w 29.2 6.0 3.6 1.2 0 

NW 7.2 0 0 0 0 

Extreme Wind Velocity = 50 aph (22.2 a/sec) Direction = N 
1 
Observations of windspeeds ~ 18 aph (8 a/sec), aeasured at a 

reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2 
N = 2223 hourly observations (1950 - 1967) including 384 

observations of cala periods ("zero velocity") and 167 erosive wind 
observations. 
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TABLE 24: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MAY 10 - 162 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 5.0 0.5 0 0 0 

NE 4.5 1.0 0 0 0 

E 14.5 0 0 0 0 

SE 3.5 0.5 0 0 0 

s 18.0 0.5 0 0 0 

sw 10.5 1.5 0 0 0 

w 26.5 0 0 0 0 

NW 13.5 0 0 0 0 

Extreae Wind Velocity = 32 mph (14.2 a/sec) Direction = S 

1observations of windspeeds ~ 18 aph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2 
N = 2194 hourly observations (1950 - 1967) including 409 

observations of cala periods ("zero velocity") and 200 erosive wind 
observations. 
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TABLE 25: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MAY 17 - 232 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6) [>23.6] 

N 3.2 0 0 0 0 

NE 7.6 0 0 0 0 

E 38.2 0.7 0 0 0 

SE 8.9 0 0 0 0 

s 10.8 0.7 0 0 0 

sw 10.2 0 0 0 0 

w 17.2 0 0 0 0 

NW 2.5 0 0 0 0 

Extreme Wind Velocity = 30 mph (13.3 a/sec) Direction = S 
1 
Observations of windspeeds ~ 18 aph (8 a/sec), measured at a 

reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2198 hourly observations (1950 - 1967) including 354 
observations of cala periods ("zero velocity") and 157 erosive wind 
observations. 
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TABLE 26: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MAY 24 - 302 

Direction 
Windspeed Group in Miles pe~ Hou~ [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 13.4 0 0 0 0 

NE 0.8 0 0 0 0 

E 22.8 0 0 0 0 

SE 3.9 0 0 0 0 

s 18.9 0 0 0 0 

sw 8.7 0 0 0 0 

w 29.9 0 0 0 0 

NW 1.6 0 0 0 0 

Direction = NW Extreme Wind Velocity = 25 mph (11.1 a/sec) 

1 
Observations of windspeeds ~ 18 aph (8 a/sec), measured at a 

reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected time inte~val (weekly). 

2N = 2192 hourly observations (1950 - 1967) including 393 
obse~vations of cala pe~iods ("ze~o velocity") and 127 erosive wind 
observations. 
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TABLE 27: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

MAY 31 - JUNE 62 

Winds peed Group in Miles per Hour [m/sec] 
Direction 18 - 26. 27 - 35 36 - 44 45 - 53 54+ 

[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6) 

N 17.4 0 0 0 0 

NE 1.7 0 0 0 0 

E 5.2 0 0 0 0 

SE 0.9 0 0 0 0 

s 25.3 0 0 0 0 

sw 9.6 1.7 0 0 0 

w 33.9 0 0 0 0 

NW 4.3 0 0 0 0 

Extreme Wind Velocity = 35 mph (15.6 m/sec) Direction = SW 
1 
Observations of windspeeds ~ 18 aph (8 a/sec), measured at a 

reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2210 hourly observations (1950 - 1967) including 528 
observations of cala periods ("zero velocity") and 115 erosive wind 
observations. 
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TABLE 28: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JUNE 7 - 132 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45- 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 5.4 0 0 0 0 

NE 6.3 0 0 0 0 

E 10.8 0 0 0 0 

SE 2.7 0 0 0 0 

s 26.1 1.8 0 0 0 

sw 11.8 0 0 0 0 

w 30.6 0 0 0 0 

NW 4.5 0 0 0 0 

Extreme Wind Velocity = 30 aph (13.3 a/sec) Direction = s 
1 
Observations of windspeeds ~ 18 mph (8 a/sec), measured at a 

reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2240 hourly observations (1950 - 1967) including 566 
observations of cala periods ("zero velocity") and 111 erosive wind 
observations. 



62 

TABLE 29: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JUNE 14 - 202 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6) 

N 14.9 0 0 0 0 

NE 0 0 0 0 0 

E 5.0 0 0 0 0 

SE 2.0 0 0 0 0 

s 18.8 1.0 0 0 0 

sw 8.9 0 0 0 0 

w 36.6 5.9 0 0 0 

NW 6.9 0 0 0 0 

Direction = S and W Extreae Wind Velocity = 30 aph (13.3 m/sec) 

1 
Observations of windspeeds ~ 18 mph (8 a/sec), aeasured at a 

reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected time interval (weekly). 

- 2N = 2213 hourly observations (1950 - 1967) including 531 
observations of cala periods ("zero velocity") and 101-..erosive wind 
observations. 
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TABLE 30: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JUNE 21 - 272 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36- 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6) 

N 14.5 0 0 0 0 

NE 2.7 0 0 0 0 

E 5.4 0 0 0 0 

SE 1.8 0 0 0 0 

s 28.8 0.9 0 0 0 

sw 7.2 0 1.8 0 0 

w 30.6 1.8 0 0 0 

NW 4.5 0 0 0 0 

Extreme Wind Velocity = 40 mph (17.8 m/sec) Direction = SW 
1 
Observations of windspeeds ~ 18 mph (8 a/sec), measured at a 

reference height of 35 feet (10.6 m), expressed as a percent of total 
erosive winds during selected time interval (weekly). 

2N = 2222 hourly observations (1950 - 1967) including 576 
observations of cala periods ("zero velocity") and 111 erosive wind 
observations. 
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TABLE 31: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JUNE 28 - JULY 42 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 1.3 0 0 0 0 

NE 1.3 0 0 0 0 

E 20.5 0 0 0 0 

SE 5.1 0 0 0 0 

s 7.6 0 0 0 0 

sw 14.1 0 0 0 0 

w 44.9 2.6 0 0 0 

NW 2.6 0 0 0 0 

Extreme Wind Velocity = 35 aph (15.6 a/sec) Direction = W 
1 
Observations of windspeeds ~ 18 aph (8 m/sec), measured at a 

reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected time interval (weekly). 

2N = 2202 hourly observations (1950 - 1967) including 551 
observations of cal• periods ("zero velocity") and 78 erosive wind 
observations. 
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TABLE 32: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JULY 5 - 112 

Direction 
Windspeed Group in Miles per Hour [a/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 10.3 0 0 0 0 

NE 0 0 0 0 0 

E 10.7 0 0 0 0 

SE 7.2 0 0 0 0 

s 28.5 0 0 0 0 

sw 7.2 0 0 0 0 

w 25.0 0 0 0 0 

NW 10.7 0 0 0 0 

Direction = SW Extreme Wind Velocity= 25 aph (11.1 a/sec) 

1 
Observations of windspeeds ~ 18 aph (8 a/sec), aeasured at a 

reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2197 hourly observations (1950 - 1967) including 669 
observations of cala periods ("zero velocity") and 28 erosive wind 
observations. 
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TABLE 33: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JULY 12 - 182 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18- 26 27 - 35 36- 44 45- 53 54+ 
[8 -~11.6] [12-15.6] [16-19.6) [20-23.6) [>23.6) 

N 0 0 0 0 0 

NE '2.6 0 0 0 0 

E 2.6 2.6 0 0 0 

SE 5.3 0 0 0 0 

s 65.8 0 0 0 0 

sw 7.9 0 0 0 0 

w 5.3 0 0 0 0 

NW 7.9 0 0 0 0 

Extreme Wind Velocity = 30 mph (13.3 m/sec) Direction = E 

1observations of windspeeds ~ 18 mph (8 a/sec), measured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected time interval (weekly). 

2 
N = 2221 hourly observations (1950 - 1967) including 745 

observations of calm periods ("zero velocity") and 38 erosive wind 
observations. 
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TABLE 34: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JULY 19 - 252 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
(8 - 11.6] (12-15.6] (16-19.6) (20-23.6) (>23.6] 

N 8.2 0 0 0 0 

NE 14.8 0 0 0 0 

E 8.2 0 0 0 0 

SE 6.6 0 0 0 0 

s 16.4 0 0 0 0 

sw 19.7 1.6 0 0 0 

w 19.7 0 0 0 0 

NW 4.8 0 0 0 0 

Extreae Wind Velocity = 30 aph (13.3 a/sec} Direction = SW 

1observations of windspeeds ~ 18 mph (8 m/sec), measured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

- 2N = 2221 hourly observations (1950 - 1967) including 726 
observations of cala periods ("zero velocity") and 61 erosive wind 
observations. 
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TABLE 35: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

JULY 26 - AUGUST 12 

Direction 
Windspeed Group in Miles per Hour [a/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6) [20-23.6] [>23.6] 

N 8.3 4.2 0 0 0 

NE 8.3 0 0 0 0 

E 8.3 0 0 0 0 

SE 4.2 0 0 0 0 

s 16.7 0 0 0 0 

sw 8.3 0 0 0 0 

w 4.2 .o 0 0 0 

NW 37.5 0 0 0 0 

Extre•e Wind Velocity = 30 •Ph (13.3 •!sec) Direction = N 

1observations of windspeeds ~ 18 •ph (8 •!sec), •easured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected ti•e interval (weekly). 

2N = 2215 hourly observations (1950 - 1967) including 821 
observations of cal• periods ("zero velocity") and 24 erosive wind 
observations. 



69 

TABLE 36: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

AUGUST 2 - 82 

Direction 
Windspeed Group in Miles per Hour [m/sec] 

18 - 26 27 - 35 36 - 44 45 - 53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 17.6 0 0 0 0 

NE 23.5 0 0 0 0 

E 17.6 0 0 0 0 

SE 0 0 0 0 0 

s 5.9 0 0 0 0 

sw 23.5 0 0 0 0 

w 0 0 0 0 0 

NW 11.9 0 0 0 0 

Extreae Wind Velocity = 24 aph (10.7 a/sec) Direction = SW 

1observations of windspeeds >- 18 aph (8 a/sec), aeasured at a 
reference height of 35.feet (10.6 m), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2N = 2190 hourly observations (1950 - 1967) including 778 
observations of cala periods ("zero velocity") ~nd 17 erosive wind 
observations. 
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TABLE 37: 

PERCENT FREQUENCY OF TOTAL EROSIVE WINDS1 : 

AUGUST 9 - 152 

Direction 
Windspeed Group in Miles per Hour [a/sec] 

18 - 26 27 - 35 36- 44 45 -53 54+ 
[8 - 11.6] [12-15.6] [16-19.6] [20-23.6] [>23.6] 

N 4.2 0 0 0 0 

NE 12.5 0 0 0 0 

E 12.5 0 0 0 0 

SE 4.2 0 0 0 0 

s 12.5 0 0 0 0 

sw 20.9 0 0 0 0 

w 4.2 4.2 0 0 0 

NW 25.0 0 0 0 0 

Extreae Wind Velocity = 30 aph (13.3 a/sec) Direction = W 

1observations of windspeeds ~ 18 aph (8 a/sec), aeasured at a 
reference height of 35 feet (10.6 a), expressed as a percent of total 
erosive winds during selected tiae interval (weekly). 

2 
N = 2203 hourly observations (1950 - 1967) including 801 

observations of cal• periods ("zero velocity") and 24 erosive wind 
observations. 
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Tables 16 through 37 summarize each weekly frequency of total erosive 

winds, by direction, for the 22-week period (March 15 through August 15) 

of critical soil-crop conditions most susceptible to damage. The 

observed extreme wind velocity and its direction are also noted. 

Monthly erosive wind frequencies show how the prevailing direction 

changes throughout the year, yet it also suggests a westerly component 

during the critical months of March through June and October through 

November. This latter fact has been assumed to be true by soil 

conservationists and farmers alike, as evidenced by the orientation of 

windbreaks and crop rows generally perpendicular to west on most local 

farms having wind erosion control practices. However, as suggested by 

the relatively low monthly preponderance values, the constancy of the 

prevailing wind erosion direction may not be great enough to justify 

over-reliance on PWED values in prescribing permanent erosion control 

practices such as tree windbreaks. Results in tables 4 through 37 

suggest a substantially variable nature of the directional component of a 

given "prevailing" erosive wind observed in Portage County. Therefore, 

reliance upon only monthly PWED in dictating orientation of erosion 

control practices is unwarranted and undesirable. Further discussion and 

classification of this point will be treated in a latter section of this 

chapter. 

Erosive Wind Energy 

Table 38 lists the erosive wind energy [(m/sec)3] and associated monthly 

and cumulative annual percent values. Figure 11 illustrates the 
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TABLE 38: EROSIVE WIND ENERGY, STEVENS POINT 

MONTH WIND ENERgY PERCENT OF ANNUAL CUMULATIVE PERCENT (m/sec) 

January 67 8.5 8.5 

February 74 9.3 17.8 

March 122 15.4 33.2 

April 144 18.1 51.3 

May 87 11.0 62.3 

June 54 6.8 69.1 

July 17 2.1 71.2 

August 16 2.0 73.2 

September 39 4.9 78.1 

October 47 5.9 84.0 

November 84 10.6 94.6 

Dece11ber 43 5.4 100.0 

ANNUAL TOTAL "" 100.0 
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graphical representation of erosive wind energy distribution. Figure 12 

illustrates the erosive wind energy distributions for Madison and Eau 

Claire. 

The erosive wind energy (EWE) distribution for Eau Claire (Fig. 12) has 

traditionally been extrapolated for use in Portage County in estimating 

average annual soil losses due to wind via calculation with the wind 

erosion equation (WEE). Figure 13 illustrates the significant 

differences between the distribution of erosive wind energy for Stevens 

Point and Eau Claire, especially during the month of March. The 

cumulative percent of annual erosive wind energy at Stevens Point is 

10.6% greater than that at Eau Claire. March is a critical period for 

erosion in Portage County since 15.4% of the total annual erosive wind 

energy occurs during this month and cropping practices expose the soil to 

wind erosion at this same time. April is also a critical month for 

erosion in Portage County, accounting for 18.1% of the annual EWE. 

It should be noted that prevailing wind erosion direction and 

preponderance data are not available for Eau Claire, therefore data for 

Madison are extrapolated to Stevens Point. However, the erosive wind 

energy distribution for Madison is very similar to that of Stevens Point. 

Despite knowledge of these differences now, Madison EWE distribution 

should have been used in the past anytime its PWED and preponderance 

values were used (and vice versa) to ensure consistency in use of this 

wind data. This is true due to the fact that all three types of data 

(EWE, PWED, and preponderance) share the same physical data collection 

characteristics and other inherent interrelationships (e.g., temporal, 
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geographic, etc.). In addition to the more logical representation of 

Stevens Point for Portage County than either Madison or Eau Claire, 

Figure 11 and Table 38 are suggested as alternatives to similar data 

presently used by local conservationists from the SCS Technical Guide for 

the reasons just described. 

Prevailing Wind Erosion Direction and Preponderance 

Table 39 summarizes monthly prevailing wind erosion direction and 

preponderance values for both Stevens Point and Madison. The critical 

months of March through June and October through November show little 

significant difference in preponderance, except perhaps for the month of 

April. 

TABLE 39: 
PREVAILING WIND EROSION DIRECTION AND PREPONDERANCE. 

STEVENS POINT AND MADISON 

MONTH 
LOCATION-DATA JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Madison PWED 315 270 250 270 248 247 248 225 247 247 270 248 

Preponderance 1.2 1.3 1.4 1.5 1.3 1.3 1.3 1.3 1.3 1.1 1.4 1.2 

Stevens PWED 270 270 270 270 270 225 270 225 270 225 270 270 
Point 

Preponderance 3.1 2.3 1.4 1.9 1.5 1.2 1.2 1.3 1.0 1.1 1.4 1.5 

April preponderance in Stevens Point is 1.9 compared to 1.5 for Madison. 

A preponderance value of 2.0 would indicate a prevailing wind erosion 

direction with wind erosion forces twice as great parallel as 
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perpendicular to the prevailing wind erosion direction. Since all values 

are less than 2 for these months in both locations, reliance upon these 

values (in conjunction with PWED) to dictate the orientation of permanent 

wind erosion control practices may be unwarranted. Stated another way, 

fully one-third of the erosive winds observed could conceivably blow from 

a direction perpendicular to the identified PWED in which case such 

practices would be ineffective to reduce soil loss or to reduce crop 

damage due to abrasive flux. In fact, if such winds occurred, the 

existing practices would actually serve to increase the soil erosion rate 

through funneling of the wind between wind strips or adjacent to 

perimeter windbreaks, leading to enhanced soil avalanching. This would 

increase the probability of incurring substantially greater crop damage 

if the crops were present and in a stage of growth susceptible to 

abrasive flux damage. 

Tables 6 through 9, 13 and 14 illustrate the percent frequency erosive 

winds blow from varying directions at different magnitudes for these 

critical months. During March (Table 6), for example, the PWED is west, 

accounting for 24% of all erosive winds. Preponderance is 1.4. The 

significance of this relatively low number and the implications for 

orienting practices perpendicular to west can be appreciated when noting 

that 21% of all erosive winds (including an extreme wind event of 65 mph 

(28.9 m/sec)) blew from the north, which is perpendicular to the PWED. 

It is also important to note that nearly 78% of all erosive winds ~ 36 

mph (16 m/sec) blew from a direction nearly perpendicular to the PWED. 

These velocities are considerably greater than any of those of winds from 

the PWED. In other words, when an erosive wind perpendicular to the PWED 
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is observed, it may be a very severe wind event which could result in 

substantial soil loss if sufficient vegetation (cover crop), surface 

residues (from conservation tillage), or wind barriers (wind strips and 

perimeter windbreaks) are not in place to reduce or abate soil movement. 

Winds near Madison and Stevens Point both exhibit a westerly direction. 

Variations of 20-22° between locations during some of the critical months 

is significant for proper orientation of any wind barrier to control 

potential soil loss and crop damage resulting from "average erosive wind 

events" on a specific field. Actual determination of significant 

difference in PWED would depend on the orientation of a specific field 

and suggested practice in question, the type and spacing of wind barriers 

and the month(s) for which greatest protection is desired. 

Extreme Wind Event Analysis 

Figures 19.1 through 24.5 (Appendix A) illustrate the recurrence 

intervals of maximum average erosive wind velocities of 1-, 3-, 6-, 9-

and 12-hour durations for the month of April and individual weeks of 

April. April is the critical period of erosive winds and therefore is of 

greatest concern to soil conservation planning efforts. The average 

-1 maximum average wind velocity (1-hour duration) was 28.5 mph (13 msec ). 

Figures 25 through 34 illustrate the recurrence intervals of extreme wind 

durations for selected months. The average maximum erosive wind duration 

during April was 8.8 hours. Use of these figures for soil conservation 

planning is discussed in a latter section of this chapter. 
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Figures 19.1 through 34 will, for the first time, categorize certain 

magnitudes of wind events to given recurrence intervals or return 

periods, similar to those of rain events. The intent of such 

categorization is to allow for the eventual "design standard" of wind 

erosion control practices once additional research, if completed, can 

"rate" the effectiveness of various practices to varying magnitudes of 

e,rosive winds. In other words, by furnishing this data, it is hoped that 

a given wind erosion control practice can be designed so as to provide 

the desired level of protection to soils and crops from the damaging 

effects of a "design" or pre-selected extreme duration or velocity of 

erosive wind event. This is presently done in a similar fashion when 

designing a flood control structure, for example, for a rain event of a 

given return period (ie., 5-, 25- or 100-year rainfall event). 

Climatic Erosivity 

Annual climatic erosivity factor, C, is a significant and unmanipulative 

factor in the overall calculation of soil loss due to wind in the wind 

erosion equation. Therefore, having a C factor value pertinent to the 

area under investigation is essential for more reliable estimates of wind 

erosion soil loss. 

Table 40 shows the calculation of C for Portage County. It is important 

to note the significant difference between the calculated value of 4% and 

the present extrapolated value of 6% in the SCS Technical Guide. This 

difference is significant since use of the lower C factor may reduce 

average annual soil loss estimates by one-third from those calculated 

with the present C value, all other factors being equal. Lower average 
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TABLE 40: CLIMATIC EROSIVITY, PORTAGE COUNTY, WISCONSIN 1 

·c - 100 [ vs /a.el 
(P-B)a/ • J 

where V is the corrected •ean annual wind velocity (aph)a for a standard 
height of 30 feet (9.1 a), P-E is the Thornthwaite (1948) precipitation­
effectiveness index, and 2.9 is the approxiaate average value of 

~/ (P-E)2 for Garden City, Kansas (Chepil et al., 1962). 

a For Stevens Point, WI, corrected aean annual wind velocity was 8.2 mph 
for the period 1950-1967. 

MONTH 

January 
February 
March 
April 
May 
June 
July 
August 
Septeaber 
October 
Noveaber 
December 

AVERAGE 
PRECIPITATior 

(inches) 

0.81 
1.08 
1.93 
2.86 
3.30 
3.68 
3.57 
3.91 
3.52 
2.31 
1.82 
1.14 

AVERAGE 
TEMPERATURE 2 

( F) 

< 28.4 
< 28.4 
< 28.4 

44 
56 
66 
70 
68 
59 
49 
34 

< 28.4 

c = 100 (8.2) 3/ (70.67) 2 - •• 

2.9 

P-E RATI03 

3.58 
4.93 
9.39 
7.35 
6.16 
5.58 
5.00 
5.75 
6.17 
4.98 
6.55 
5.23 

= 70.67 

1 Based on teaperature, precipitation, and wind velocity data collected 

2 

at Stevens Point, Wisconsin during the period 1950-1967. 

Sources: U.S. Dept. of Coa•erce, Weather Bureau. 1965. qecennial 
census of United States Cliaate, Cliaatic Suaaary of the United 
States: Suppleaent for 1951 through 1960--Wisconsin. Cliaatography 
of the United States No. 86-41. 

u.s. Dept. of co .. erce, Weather Bureau. 1962-1966. 
Cli•atological Data--Wisconsin, Annual Su•aary 1961-1967. Vols. 66-
72, No. 13. 

3 P-E = 116 (P/T-10) 1019 where P is average aonthly precipitation (>0.5 
inch) and T is average aonthly teaperature (~28.4 F) (Thornthwaite, 
1948). 
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annual soil loss estimates for this county as a result of merely changing 

a single factor in the WEE could pose significant problems to local soil 

conservationists in that local landowners may lose confidence in their 

credibility as professionals and that county, state and federal soil 

conservation programs may have greater burden of proof of defining 

quantitatively the scope and extent of alleged soil erosion problems. 

While it is recommended that the lower-valued C factor be adopted by SCS 

and used locally, its use and effects on local average annual soil loss 

estimates must be given adequate justification and explanation to 

potential users and any landowners affected by significant changes in 

calculated soil loss estimates (ie., those presently eligible for local, 

state and/or federal cost-share or other assistance programs may lose 

their eligibility as a result of soil loss estimates dropping below soil 

loss "tolerance" values). 

Cyclic Recurrence of Severe Erosion Potential 

The identification of a possible cyclic recurrence of severe wind erosion 

'potential was atteapted on the 18-year database. All erosive winds (~ 18 

mph or 8 m/sec) were tabulated on a yearly basis as well as a notation of 

each erosive wind event's duration (hours). Multiplication of velocity 

(mph) times duration (hours) yielded a product of total erosive wind 

movement (miles). 

The yearly sums for all 18 years of record were then plotted so as to 

compare total erosive wind movement in hopes of identifying certain 

"peak" years in the data. Unfortunately, the early 1950s were extremely 

windy and resulted in a very skewed bar graph (Fig. 14). Average total 
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erosive wind movement was indicated so as to aid in identification of a 

cyclic pattern, but again only the 1950s were significantly greater than 

that average value. As a result, no apparent recurrence cycle of extreme 

erosion potential can be determined from the 18-year database. 

It is interesting to note, however, a few extreme values indicated in 

Figure 14. Years 1950 and 1951 had many extreme wind velocities and 

durations as well as significantly greater frequencies of erosive winds 

than all other years. Contrastingly, 1960 was unusually calm as there 

were five consecutive months (May through September) in which there were 

no erosive winds observed. Obviously, then, years 1950 through 1951 and 

1960 represented extreme cases during the period of record but this does 

not necessarily suggest a potential 20-year cycle. Additional wind data 

collection and analysis is necessary to assist in identification of a 

cycle. 

Conservation Planning Applications 

Soil Erosion Control 

Table 1 suggests several applications of wind climatology data for 

erosion control planning purposes. Assessment of erosive wind frequency, 

duration and prevailing direction can indicate what practices are needed, 

the proper orientation and placement of those practices and what level of 

management and maintenance are required to reduce or prevent wind erosion 

soil losses. This information can assist both the farmer and the soil 

conservationist in selecting the desired level of soil protection. 
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Monthly erosive wind frequencies are greatest during March through May 

and again in November. Both of these periods could be considered 

critical soil erosion intervals since unprotected and smooth soil 

surfaces may exist on area farms (Fig. 15). Therefore, concern over loss 

of soil productivity should focus on these critical periods. Harvest 

after October 1 may limit successful establishment of a cover crop due to 

l,imited heat units available for growth. If an adequate cover crop is 

not established, other methods of erosion control must be used. If an 

adequate cover crop is successfully established, it protects the soil 

from erosive winds during late autumn until seedbed preparation in late 

April or early May. At that time, the soil is laid bare, smooth and 

susceptible to the erosive action of winds which can result in 

significant erosion until a 50% crop canopy cover is established (usually 

no earlier than mid-June for snap beans). Therefore, it should be 

realized that several complementary wind erosion control practices may be 

necessary in order to curb soil loss on a given field. Surface 

vegetative residue management is an alternative to employing numerous 

practices for a given field. Depending on soil conditions and the 

desired crops, nearly any type of conservation tillage practice can 

accomplish this. If sufficient residues are maintained throughout these 

critical soil erosion periods, then a continuous and adequate level of 

protection is provided. 

Wind erosion soil loss is presently estimated using the Wind Erosion 

Equation (WEE) and the "Wind Erosion by Crop Stage" worksheet in the 

Wisconsin SCS Technical G.uide. Erosive wind energy (EWE) distribution 

aids soil conservationists in estimating potential annual soil loss per 



11 

11 

10 

' • .. .. 
AI • l: 
§ 7 

~ • i 
; 

II 
t 

I 4 

a 
Ill 

a 

0 

11GB DOSIOII I PO'lDTIAL 
I 
I 
I 
I c:aop . I DAIWJI 

PO'lDTIAL 

I 
I IROSIOII 

POTIIJITJAL 
.... COVIll 

.Ju Peb 

FIGURE 15: EROSION AND CROP DAMAGE POTENTIAL 
OP EROSIVE WINDS 

NEAR STEVENS POINT 

00 

"' 
I 
I 



87 

crop stage period. Calculation of soil loss per crop stage allows for 

better illustration of when most of the total annual soil erosion occurs. 

Figure 11 and Table 38 could assist in calculating wind erosion losses 

per crop stage period since it is more representative of Portage County 

than the previously used EWE curve (Fig. 12) for Eau Claire. Figure 11 

and Table 38 clearly indicate that the greatest erosive wind energy 

exists during the months of March through May and November. 

As discussed earlier, information in addition to prevailing wind erosion 

direction (PWED) and preponderance should be considered when designing 

windbreaks. Frequency of erosive winds from all directions for selected 

or desired time intervals (monthly or weekly) should be an equally 

important criteria for orienting such practices. Tables 4 through 37 

summarize these data for Portage County. Variability in the direction of 

erosive winds for Portage County suggests that the orientation of wind 

barriers, especially wind strips, should be re-evaluated. Consideration 

should perhaps focus on the design of strips in configurations other than 

straight rows perpendicular to the PWED. Specifically, Figure 16 

illustrates two design configurations based on the concept of total soil 

protection from all erosive winds regardless of direction. Wind strip 

barriers, comprised of perennial grasses, are maintained as either (a) 

sinuously-curving, rather than straight, rows oriented generally 

perpendicular to the PWED, or (b) circular bands parallel with crop rows. 

A critical difference between these designs and straight-row wind strips 

is that the fetch of exposed soil between crop rows acted upon by erosive 

winds perpendicular to the PWED does not equal the entire field length. 

Because the fetch of exposed soil is substantially reduced, soil loss 
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rates could also be significantly reduced under virtually all erosive 

wind conditions. 

Figures 19.1 through 34 (Appendix A) graphically categorize various 

magnitudes of wind events to given return periods. Return periodicity of 

selected wind events could be used as a guide or "design criteria" for 

selected wind erosion control practices. For example, if wind strips are 

used to protect soil from wind erosion, then the design specifications of 

those strips can be dictated by the desired level of protection. In 

other words, if the soil is to be protected from a wind event having a 

recurrence interval of 12.7 years for the month of April, the wind strips 

should be designed so as to significantly reduce or abate the soil loss 

otherwise resulting from a 6-hour duration, 33 mph (13 m/sec) wind (Fig. 

19.3, App. A). Similarly, a wind strip providing the same level of 

protection (12.7 year recurrence for the month of April) from a given 

erosive wind would have to be designed so as to significantly reduce or 

abate the soil loss otherwise resulting from an 18-hour duration erosive 

wind (Fig. 26, App. A). However, additional research to evaluate all 

types and orientations of wind erosion control practices is necessary 

before these data can be used as design criteria. 

Crop Damage Abatement 

Table 3 suggests several applications of wind climatology data for crop 

damage abatement planning purposes. Assessment of erosive wind 

frequency, duration and prevailing direction can indicate what practices 

are needed, the proper orientation and placement of those practices and 

what level of crop management and practice maintenance are required to 
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reduce or prevent wind erosion crop damage. This information can assist 

both the farmer or crop consultant and the soil conservationist in 

selecting the desired level of crop protection. 

Vegetable crops are typically most susceptible to damage by abrasive flux 

during April 22 through August 15 (depending on the crop), corresponding 

tp the early growth stages of these crops (Fig. 17). Monthly erosive 

wind frequencies indicate that May and June are the most critical months 

(Tables 8 and 9, respectively). Weekly erosive wind frequencies indicate 

that the weeks of May 17 through 23 and June 21 through 27 are usually 

the most severe (Tables 25 and 30, respectively). Severe erosive winds 

were observed in Portage County during the week of June 21 through 27 in 

both 1984 and 1985 as well. Such variation in the timing of severe 

erosive winds in association with crop growth stages susceptible to 

damage by abrasive flux suggests that temporal or other time-specific 

efforts to prevent crop damage may not be effective. 

All crops have varying resistance to qamage by abrasive flux. Figure 18 

illustrates the relationship of crop tolerances to soil loss rates. The 

annual soil loss rates listed are significantly less than soil loss "T" 

values related to soil productivity. Therefore, implementation of wind 

erosion control practices on sandy soils may reduce soil losses to 

"tolerable levels" yet provide little if any substantial protection to 

individual vegetable crops, especially snap beans, peas and cucumbers. 

Local vegetable growers must understand the consequences of this so as to 

prevent the expectation that implementation of soil erosion control 

practices that protect soil productivity (<T) will necessarily result in 
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crop damage abatement. Only those wind erosion control practices which 

reduce significant soil losses occurring during critical crop growth 

stages (i.e., most susceptible to abrasive flux damage) will be 

beneficial in reducing abrasive flux crop damages. Use of Figure 11 or 

Table 38 will assist in computing more reliable estimates of soil loss 

per crop growth stage periods which, in turn, should better aid planners 

to prescribe the types of practices necessary to reduce soil losses in 

order to reduce crop damage. 

In designing wind barriers and other wind erosion control practices to 

abate crop damage, it is imperative to focus on the period of time during 

which the crop is most susceptible to abrasive flux damage. Figures 17 

and 18 can help to assess the level of protection necessary to prevent 

such damage by determining the susceptibility of the crop. Generally 

speaking, providing adequate soil erosion control to maintain soil losses 

< 0.5 T/A during the months of May and June should substantially reduce 

the probability of sustaining significant damage to any vegetable crop. 

Wind barriers should be oriented perpendicular to the southwest, the 

PWED, but should also provide protection from erosive winds perpendicular 

to the PWED. Tables 28 through 30 indicate that erosive winds nearly 

perpendicular (e.g., those blowing from N, NW or SE) to the PWED for June 

may account for 13 to 24% of all erosive winds observed during the weeks 

of June 7 through 27. Any erosive wind during this period could cause 

abrasive flux damage to vegetable crops. Therefore, more emphasis is 

needed on total protection to crops via total protection of the soil from 

wind erosion. 
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Figures 19.1 through 34 (Appendix A) graphically categorize various 

magnitudes of wind events to given return periods. Knowledge of the 

recurrence intervals of such events can be used by crop consultants to 

assess the probability of extensive crop damage and/or substantial pest 

distribution versus the inherent costs of providing the necessary level 

of crop protection. In short, return periodicity data can be used to 

assess the likelihood of sustaining significant crop damage, prescribing 

the desired or necessary level of protection to avert such damage, or 

determine the design specifications of selected wind erosion control 

practices. For example, 35 mph (14 m/sec) winds can cause significant 

damage to peas and snap beans (Bubenzer and Weis, 1974). Table 9 

indicates that only 0.5% of all erosive winds during June exceed this 

velocity. In addition, the recurrence intervals of a 1-hour maximum 

average wind event exceeding 35 mph during the weeks of May 31 through 

June 6 and June 21 through 27 are 19 and 10 years, respectively, and 

that, on the average, once each 16.5 years a 3-hour duration wind will 

exceed 35 mph during the week of June 21 through 27. These data and 

Table 9 suggest a low probability of observing such severe wind events; 

however, these data are based on probabilities and actual observations 

may even occur more frequently for any number of consecutive years. 

Figure 14 graphically illustrates this possibility of observing severe 

erosive winds for a period of five consecutive years (1950 through 1954) 

in Stevens Point. 

Perhaps practices which can control soil erosion during all periods would 

benefit crop damage abatement efforts as well since there are other means 

of crop damage (e.g., diseases, nematodes, etc.) which are not 
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necessarily associated only with wind erosion events occurring at crop 

growth stages most susceptible to abrasive flux damage. For example, the 

movement of wind-borne soil particles during spring (March 15 to early 

May) may contribute to the distribution of cysts of several genera of 

nematodes which may in turn parasitize snap beans, peas or potatoes 

(Table 41). The utilization of soil erosion control practices to reduce 

s~il movement could help reduce the widespread distribution of such pests 

which could aid efforts of pest management to deal with more isolated 

cases when and where they might occur. For these reasons, practices to 

integrate both soil erosion control and crop damage/pest distribution 

erosion control measures based only on probabilities is likely to result 

in as much damage to one's crop as an individual's possibility of 

incurring significant debt by neglecting common sense while engaging in 

any form of gambling! 

TABLE 41: REJIATODES PARASITIC ON CENTRAL SARDS AREA VEGETABLE CROPS 

Nematode Species 

Meloidogyne hapla (12) 

Pratylenchus penetrans 
P. scribneri 
P. crenatus 

Ditylenchus destructor 

Pratylenchoides sp. 

Langidonus breviannulatus 

Crops Affected 

Bean, pea, potato, 
carrot, celery, mint, 
onion 

Bean, pea, potato carrot, 
mint, onion, corn 

Potato 

Mint 

Corn 



RESEARCH NEEDS 

Several authors have previously identified research needs to improve our 

understanding of wind erosion mechanics, to adapt practical applications 

of the wind erosion equation for conservation planning purposes, and to 

determine interrelationships of soils, vegetation and climate in the wind 

erosion process (Woodruff and Siddoway, 1965; Skidmore, 1974; Woodruff, 

1975; and Fryrear and Lyles, 1977). Due to the functional nature of the 

wind erosion equation (WEE) and especially to the interrelationships of 

climatic variables to the other factors of WEE, it is imperative that 

additional research focus on better definition and quantitative 

description of these interrelationships. Therefore, the following topics 

are suggested for future research regarding the influence of climate in 

the overall processes and effects of wind erosion. 

Prediction of Erosive Winds 

Additional efforts to determine probability functions of various wind 

events should also attempt to relate general weather observations (e.g., 

barometric pressure, cyclonic and frontal weather pattern tracking, etc.) 

to various magnitudes of winds observed. By doing so, regression 

equations could be developed so as to provide a regional predictive tool 

for forecasting erosive wind potential. This information may also be 

useful to establish the necessary climatic variables for development of a 

stochastic wind erosion model, or soil-flux equation, to better estimate 

soil loss due to wind for a selected time interval (e.g., annual, 

monthly, weekly, individual event). 
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Assessment of Cycle of Wind Erosion Occurrence 

The 18-year database used in this research was not sufficient to attempt 

identification of a cyclic pattern for years of severe wind erosion. 

Therefore, additional wind climatology data must be collected and 

analyzed at locations where wind erosion is significant. Several 

methodologies for comparing years should then be utilized so as to 

identify one "standard" methodology which could be employed anywhere 

without geographic limitations. Due to the research capabilities and 

location of the University of Wisconsin-Extension Research Station at 

Hancock (Waushara County), a wind climatology and natural erosion data 

collection facility should be established there permanently to gather 

baseline data for use in appropriate analyses. 

In-field Measurement of Erosion Rates 

The UW-Extension Research Station at Hancock would provide a logical and 

central location for a natural wind erosion data collection facility. 

Information is needed to quantify the types and proportions of soil 

particles moved in each of the three transport mechanisms (creep, 

saltation, and suspension) and how each of these mechanisms is initiated 

and affected by wind velocity and direction. Further chemical and other 

analysis of this material can then be used to relate to productivity 

changes over time and to be used to compute soil loss and its 

relationship to soil loss tolerance (T) value.s. Instantaneous wind data 

collection along with sampling equipment to measure soil flux' in surface 

creep, saltation and suspension for varying soil-crop conditions would be 

necessary in order to analyze probability functions of soil loss 

occurring with a wind event of a given magnitude and direction. 
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Instantaneous velocity and directional components of gustiness and 

vertical movement of winds are also essential in order to better 

understand the threshold velocities necessary under changing unstabilized 

and stabilized soil surface conditions. 

In-field Measurement of Crop Damage and Pest Distribution 

Numerous wind tunnel studies have focused on wind velocities necessary to 

cause sandblast damage to certain crops. Limited research has likewise 

centered on distribution of soil-borne pests and diseases. Part of the 

previously described wind climatology and erosion data collection 

facility should also incorporate sampling devices to collect wind-blown, 

soil-borne pests and diseases. In addition, in-field research plots 

should assess the actual damage to vegetable crops associated with 

various wind events for known soil conditions and crop growth stages. 

Then, predictive regression equations could be developed and used by 

growers to assess their susceptability to sustain serious crop damage by 

sandblast effect. 

Local offices of SCS and county land conservation departments should 

continue recent efforts of documenting crop damages due to wind erosion 

on an annual basis. By doing so, actual costs can be attributed to known 

losses which should help to sustain on-going soil conservation programs 

and justify additional needed research. 
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·--~~ .... ~--~ :-~--------S-E A-R-c ~---T-11-E- · i~-D-E x-A-R RAY fiifip E c~ Ao! FoR-a P_!t_R_r ""I A ,-t -M-e ~ T -H ·-aN o 
2!£1 C DAY 

- _____ _n_fl_L _________ -· -- ·--- - ·-· -·- ·- ··-- ------· . - ·-- -----··· 
!OEI 00 65 M•l•fiREC 
31EI If (INOXC~o1J.~Q.N".ANO.lNOXCN•2t.EO.NOl Gt T~ 40 
!2tl &o ro 65 
33t I 
.!4£ I 
!5Et 

---- - ·-36[-, c 
40 REA0(7=I~OXCMo3),~0tCNC~OECil•NOIR<IJoi=1•22JoNBL~ 

_ ~~ __ . FO~~H_Ux!.. 2.2<.I.l• !?hJ7~U.!.Al•2_!!1L _________ ... _. 

37E I C 
---·-·---· J..J.E Lc .... 

BEt 
40£:1 
lt!E I ·---- ·-- ;;z·ta·· 
43[1 

. ~·-~I 
~t5EI 

lo6E I 
4if:l 
fl:!tl 
.. ;£ t 
50~1 

UPDATE STORAGE MATRIX 

00 60 l•lo22 
IF' CN!Illf(LJ.EQ.• 1 J f.O TO 65 
hCfoOECLJ•NCOOE<~J+1 

--f,.-·cf4-C0o£C:L·I-~i.T.91--Gc, rc 6o ------ ·-- --
J•O 
Ir CNDIR<LJ.EO.OJJ=1 

. --- Ii" .. C t.fli Jt(-L ).Gt:. t. ANO. tfDI RC L )~Li .. ~f7-,J-=z --
zr (N~IRCLJ.~~.18.A~O.~OIRCLJolE.26JJ•! 
Ir CN~IR<LJ.GE.~I.AND.~~IR<L).L£,35JJ•to 
Ir ChDIR<~J.GE.!&.A~O.~~IRC~J.LEo44t J•5 
Ir C~~IRCLJoGr.~S.ANCoN~I~(L)oL!.,!t J•6 
IF' <~~IRflJ.r.£.54) J•7 

126 



'H~I 
1.?£1 
o;~~l 

5"E I 
'55£1 c 
.5&E. • _c -­
'51£1 ( 
S~EI 

127 

I r C J. t. 0.0 f Gt' rt~ t. 3 
oC'lUC IH (10HLJo JI=MOAYOIC ('I)((L JoJt +1 

&0 '(INfi~UE 
!".5 C!lNTlHUE 

SU ILO 4 _ PRINTI NC._ .L.DC.P ... ~ • ~~R~ LfC R .. I NO.I Y I DUAL_ DAY~ 

.5HL. ________ JtiUTLC &,8Q_Jf'tltdi!L_. _ _____ _ ----··------------- _______ _ 
&OEI 80 fCRMATC•t••I///'0'•'M0NTH •••••!3/t '•'OAY •••••'•I~J 
&lEI ~RIT£f~•85J 

--A2Ei . --- _85 _ _ ...£.0RIU U./JJ!Jl.!,...!JllU.tt.l.DN 1./.1 -.!..a.Lh..!.C.Q IJE..! ... T1.5, .•_Q_•,. TZQ • . 1 1.~11 '·" T2.6 ,._ 
6:!£1 • '18•Z6 1 oT31u '27•!S•.Tio1o 1 36•44' .Tio'I.•45·53••T!:I6o''54+'•T63o 
64£1 • 'TOUL'IJ 

......6.5LL'- ----
66£ I C 
67£ I C 

fi Nil ROll TO TAL S ----------- --------------··--

__uE_._, _____ o_fLl.Oo. ...l.!.ld__ ___ --------------------------
69£1 00 9~ J=2·6 
70 E I H 0 A Y C t • 8 J =foil) H t t,. 8 )+ MD A Y ( I • J l 

_LlEJ 90 C.ti.!Ul.tiUE_ --------------------- ___ ..... -------·-- -··-----72£ I 100 CONTINUE 
73EI C 

-----· - ·- ····-· --
14£ I---7C __ 
1'5£ I C 
76£1 00 120 J=1·8 
71 E I 00 110 ~1.::.•~9 __ _ 
78[1 MOAYCtQ,.J)•MOAYClOoJ)+MOAYCioJl 
79EI 110 CONTINUE 

-----------·· ·- ·----- --- ---- - ---· 

..JQ.E.._.1...__~1....,2.0.. __ ... C.PNU.NUL _____ ---··--------------· ---· 
'HE I C 
!!2EI ( ZERO CIJT PERCENT IUTIIIX 

_!1,1£.Lt._ _______ - -- . 

84!:1 oc 140 1=1·10 
85Et DO 130 J•l•8 

_.8..6£...1 ___ -- ··--·- .. _.JtLJlU ... J t~O .•. Q.. _________ -·--·--·----------··---- ___ . 
117£1 130 CC~TINUE 
~8EI 140 CONTINUE 

-8.9! .. 1.~----- ·- ... - .... . 
90£1 C CALCULATE PERCE-.ur:e: NHRI X 
91E I C 

.9.2£..1 ______ .. DC .. ..16.Q __ l'!'lo!D __ 
93EI 00 1'50 J•1o8 

94£1 If C~I)~YC10o~J.~t.OJPERCI•JJ=fL0ATC~O~YCloJJJ/ 
.!.5J:.L _______ ! __________ -~~H-C.\0•.81•100_. _______ _ 
96EI 150 CO~TINU£ 
97£1 160 C.CNTINUE 
98[1 00 uo 1•1•9 

-9S£i__________ --~Rirtc&-.-i7oTc Ffi~(~oiYc ~~--:;r;J= [;";i); c~»E•u r .J-;-.-:...i;-&,;----------
tootl • PERCio!J 
101£1 170 fCRI44T('O•o!Xoi1•'5XoH71• '•SXo'%'•10Xo'5f7.2•olCof7.2J lOZEt ___ l80 ___ CDNTft.ut- --··-- - ·------·----··· . 
103£1 wRIT£C6•190JCMOAfC10oJt•J•l•8JoC~ERCI•JJ•J=2•6J,.PERfl•8) 
lJ..U! _____ 1_90_ _ F:.O.~!!A T_( 1 _0 !.t .llCL.!. fQ T~ L~' • 21(-'-~.Hl.' __ ' ~5lC •_•_;!_, l OlC ._5 f 1_. 2• P X •fF. 2 J _ 
105£1 195 CONTI~UE 
106£1 200 CONTINUE 
107£ I STOP 
iOaE i- E~D 
FILE CO~T~INS lft8 RECORD$ 
q:!IO.S P~OCESS£0 



Wl: NDANAL/.MONTH 

FILE ATTRIBUTES FORI FIN TITLE•<t0•94lNINOANAL/HONTH QN ACAD KlNO=PAC~ INTMOOE• 
____ JUX.Ii.Et..S 1ZE..tl4 ____ _BLOU SU£=...U1L_f.BA.I!' E.S.l.ZE.. =.lt. L.1l.LE.U SE.!LCL_IlUU.ElU! 2..___1 R A liSJ.Al:: "'F'U LL 1 

A fi£1 LE ~ET'4=t5tZO FL ElCI 8L E L A!TRECOR 0= 107 FILEI' INO=FCRTPANSYMI'ICL ROw~ I~USE•t l 
US T AC u:ss OAT E=t2119/lt5( 853531 CYCLC:=l VERSt ON=O SAVE FACT oq=30 HrUfl ITHY~~'E •Cl 

tEl SRESET fREE 
-.-ll.Li.l.L.E....-'1 kINO a P Bl.NI.£..R.l__ ____ ------- ------------···----- --- ----. 

3EI FILE 
4EI 

------"!E..! 
6[1 
7EI C 
au c 
9[ I C 

7<1CINO=DISfi•FILETYPE=7•TITLE='SPT/'tilNO'l . 
DIMENSION MOAYC10o8)olNOlCC6600•3l•NCGOEC22lo~OlRfZ2loNBL~CZ2)• 

• ~~' ERHO • U_tll.!Hl!UJ .. Z.L ------------------------------­
DATA lDMON/ll•29•ll•lO•ll•lO•ll•ll•l0•l1•50•31/ 

LOAD THE tHOU< ARRAY 

tOEI 00 tO 1=1•6600 
11£ I READ( z,. 5,_£.A..Il..:.l!i.lU.N.D.JtU-LJ.JJ..J..:.U...Z..__ ___ _ 
tZEI 5 FORMAT(2J2) 
l!EI lNOlC<I•ll=I ____ ___~_u...._c _ _.t ... o ta..Kll!JJL. _ _:_ ___________ _ 
15E I 15 NREC=I•t 
16EI C 

____ ..~..z.t...Lt. ___ _..SE...I_U.P _ __l_NP..UL•OUTLiJ.LULOP __ I'.£Y.EO_TO __ Tli.£ . .Jtllli.TJLA1UL.DAY .. HU,.J4BS:.R 
UEI C 
19E I 

------~z~otJ ____________ ~------
21£1 
2ZE1 

Ot! 25 I=l•lll 
00 20 J=1·8 

23£1 MOU«<oJhO 
24Et 20 ' CONTINUE 
25EI 25 CONTINUE 

27[ I C 
28E I C 

c 

SEARCH THE INDEX ARRAY rOR RECOROS FCR APPRrPRIATl MONTH lNO 
OAY 

DO 65 o-ft•l•fiREC 
'" ~ IF.((tQX(M,.t t.£Q.NMt CO TO 40 ·: a·ro 65 

•o REAO< 7•UDXC H• 3) • '30 JC NCO DEC U •NO IRCI )• I:l• 22 l •NBLI• 
'30 FORI4AT<&X· 22CI .. l!.IZ)!_T1 .. 22.!.!~·2lCU ---------------

C UPDATE STORACE MATRIX 
c 

128 
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39(1 DO 60 L•1~2Z 
40£1 IF' C~BL~C~J.£0.• 'J GO TO 6S 

--~~!____ NCGDECLJ=NCOO~CLJ+l 
42£1 --- ----~r-<HcoocK•-:-sr:9-,--e;r rr- 6o ____ ---------------- ---
43£• J•O 

___ _tiE_!____ _I.f __ (!IO_I~Cj,l._EQ_~O_li::_1 __ -------------:::----· ______ _ 
45£1 IF' CNDIRCl.J.GC:.t.~NO.NDIRCU.LE.17JJ=2 
46£1 IF' CNOIRCLI.GE.t5.AND.~OIRCLJ.LE.Z6JJ=3 
to7 E I IF' C N 0 I RHJ. GE • Z7 • A '40. ~0 I R C U .LE. 3 51 J= 4 
4!;£1 IF' C~OIRCLJ.GE.!&.A~O.~lOIPCU.L~.441 J=5 
ldt:l IF' CNOIRCLJ.GE .t.S.I,NO.~OIR<LJ.LE. 531 J=6 
SOEI IF' CNOIR<LI.GF.'.c;lt) J=7 
51£1 If CJ.EO.O) ~~ ,~-60 
52£1 MOAYCNCOOE<L)•JJ=I1f)U(NruOECLJ,JJ+l 

__ 5~3Q __ -~O __ q'J~TlNIJ(_~---- _ -------- ____ -·----------------
54£1 65 CONTINUE 
SSE I C 

__ __5_6Ll__t__ _____ B.U .tLIL,_tllN U N.G_ .L.IlOf' ___ ~-~-_r_IRS.L F:OJL lJIDl\'ll_UH_D.UJi _____ _ 
'51£ I C 
58£1 

__ .5..9LL_ ______ _kBlt£..(_&,_.60J1J!L. __________________ . ___ ··-----· -----··-· 
60£1 !0 f0RMAT('1'•1///'0'•~~0NTH ••••,I3l 
61EI WRITEC6~85l 

--fi.2£...L __ as_ _ __£Q..81l.J.ULLL!.O • , __ IJUR £.CI.l.ON _, /..! __ !J.J 3•..! CD D.E.!..Jl5,..!.Cl' _._y 2Clcl ~.! _,_ TZf._,__ 
63£1 * '18•26'•134• '27•.!';' oTio 1• '36•44' .T48o'45•S3••T~6•'54•'•T63·~ 
61tEI • •TOTAL•/) 

____b.~S~E~I_kC __________ __ 
66Et C 
67EI c 
68£1 
llliEI 
70£1 

__ ,!_71£1 
72E I 
73EI c 

fiNO RD~ TOTALS 

o ... o""._.t,..o ... o ... · .... x..,..,.t...,,.z.,--"---------------
oo 90 J=2 o6 
MOAYCio~J=HOAYCt.8J+HOAYCioJ) 

?~.li:O---=-t.!ilf.JllUO«J(._ _ 
100 CONTINUE 

__ ..!.7.!!.4s;,.E,~.I _ _~CL._ _ __fll.Q_COLUMIII Tjl.J~--------.;;_-_.;__.-.-...._.;_._~___........._;;..._ ___ ~ 
75E I C 
76£1 oo 120 J=t~8 
77£1 _Qg_L~~L·~------------.~-------------------------------78[1 M04Y(1toJ)=MOAYCIO•Jl+HOAYCI•J) 
79£1 110 CONTINUE 

___ 8_0£j _ _l2_Cl_ _ _tQ.NllJIJJf.__, ___ _ 

81E I C 
82£ I C 
83EI .C __ _ 
84EI 
85£1 

_ __Ma[J. 

87EI 
"6EI .. ,. 
tiEl C 

130 
140 

ZERO OUT PERCENT MATRIX 

00 140 -l·t~to 
oa 1-;30 ·~t.a 
· PUU•Jh 

CONTINUE 
CONTUUE 

__ U£.L __ OD 110 hhJO _______ ------------------~- -·--
9!£1 oo tso J•t.s 
91t(l I~ CMOAYC10•8).N[.0)P£R(I•J):~lOATCHOAY(loJ))/ 
95£ I * HOA'UJJ)d)_!..101l.. -------- _________ _ 
96£ I 150 CONTINUE 
t7EI 160 CONTINUE 
'"' 00 uo 1•1 19 
99£1 ~RIT£(6ol70JC!•lJo(MO~YfloJ)oJ=1•8)o(P[RCI•J)~J=2•6l~ 

lOOEI • PERCI•el 
lOlEI 170 ~ORMAT( 1 0!o31!.!..U•5X•8I71'_ 1 o5X.•t•.t01Co5f7.ZoiX~F7.2l 
102£1 180 C~NTINUE 
103£1 WRITEC6•1901CMOArC10~J)~J•1•81~CPEACioJ)•J=2o6)~PERCI~St 
IOU I 190 _ f'(I~MATC 1 0 1 ~ . .H!..!J!)TAL~-' ~~-1!~_8Jll!.._! ~sx ~· %' .~_5_f1-L2~-~ x~FT .L2_1_ __ 1 
105£ I 19-5 CONTINUE I 

106£ I zoo coNTINUE I 

1l'7E I STOP ... --------·------- I 
108£1-- END 
FILE CQNT4INS 108 RECORDS 
~_OA~S _PRtiCEUED _______ _ 



WINDANAL 

1£ f lltUET F'Rt£ 
_ 2Et riLE 6UUD.!.lllfJlll.L__·_. __ --------------------

3£1 FILE 7C~INO=OIS~rFILETYPE=7•TITLE=•SPT/NIN0 1 l 
4£1 OIHE~SION HOAYC10r8r366JrMM0NC10r8r1ZlrNCOOEC2Zl.~OIRC22l•NRLKC22l 

5Ef • •PERC1~0~·~8~J~------------------------
6Et 00 30 I•1•10 ---------------
7Et 00 20 J•1-8 

__1£1_ 00 10 !•1e366 
SEt HOAYCirJrtJ=O 

lOEI IF Ct.GT.12J GC TO 10 
....!.!.£__1 _______ M 14_0 NCI • J • t !=.0 ______ _ ----------- ---· -

12£1 10 CONTINUE 
13Et 20 CONTINUE 

·14£ I 3.Lt_O_.N1UU.E_ ____ . _________ . _______________________ . _____ -
15£ I C 
16Ef C B£GINNING OF 4CCUM~lATION LCOP 

_lLE_I __ c- -- . -- --· -· ---- -------------·-------- ------· - --·---
18£1 40 R£AOC7•50eEN0=70 Jl10~b IDAY• IYR•(NCQOECI J.NOIRCI J. 1•1.22 >•N8LK 
19£1 50 FORMATC3I2•22Cit .. tZJ•T7.22CAl•2XJJ __ afE...t_t_ __________________ _ 

---------··-···-------------
21£1 C OTERHINE DAY 11ATRI~ NUHBEP 
22£ I C 

__ z..._!.E_..I _______ ,C!.LLD.Al..S.WJLtiiL.ULll..Ru:r'""J"'D'"">'--------------------------------
24£1 IF' CJO.lT.t.OR.JO.&T.366J GO TO 40 
25£1 c 

. 26£1 
27£ I 
28£1 
29£1 
30£1 
!lEI 
32£1 

C ______ U!.DA.ILUORACE MAJJUX._. _______ ~---------------------

!3£1 
HE I 
35£1 
36[ I 
31£1 
!II[ I 
39£1 
.. OE I 
41£1 

c 

42£1 __ _ 
'43£1 
44£1 c 

00 60 L=l•22 
IF CN8l~CLJ.EQ.• 'J G~O~T~C~4~0~--~--------------­
NC00£(l)•NCOOECLJ+l 
IF' CNCDOEU.n&T.I) 60 ·TO 60 + 
J•O 
IF CNOIRCLJ.EQ.OJJ•l 
IF' C NO I RCL J .&E .1. AND. NOI RCl J.LE .17 )J =2 
IF' <NO UCLJ e6E .t8.A NO • NOI RU. J.L[. 261 J=3 
IF' (NOIRCL J.6E.27eANO.NO IRCLJ.LE.l5) J•4 
tr CNDIR,Lt.a£ .36.ANO.NOIRCL l.LE. 44, J•5 • 
IF' CNO IRCUeGE • ~5.UO •-"~JHRCL J .~o._~ .!!J-=•~6 _____ ,;__ _______ 1 
IF' CNOIRCl J.GE .'5,) J•7 I 
IF' CJ.EQ.OJ 60 TO 60 
HOAYCNCOOECLJrJ•lOAYJ•I10AYCNC00£(li•J•IOAYJ+l 
MMONUCOOE(L ;. J• MDtO•M14C N( NCOOE(l ,,.J.MON)+ t 

60 CONTINUE 

t ----------- .. ,_ ___ _ 
I 
I 

-;;s-t-.-c- -··- · ·auTco·T-"P"RiirflfG- Lc-o"P· ;-;--r"I-RTr ro'ti"Norvtouil--o.-v~·- ·· 
46£ I C 
47£ f 
4i£'1 
~-~£I 

":.1~ I 
'HE I 
"i2EI 

70 00 200 fr:l·l 
lo!UHC ;,.,Ill)'" 

'i 3 E:_l_ 
'iltEI C 
'5';( I C 
S.6E f C 
"ilE I 
56E I 
5.9£ I 

10 

t,Q[ I 90 
61£1 100 

• 
• 

f'' ~" 4 T C • 1' •1111' l • • 1 f, 'Y --- 1 • I 1t \ 
.,o:~zr~c.;.~5J 

rnP~ATCII1')'•'1I~ErrrrM•I• •.r!.•cror•.rts.·~·.rzt.•t-t7'•T2f• 
t 1 i • 2 6 t, T 3 4, t 2 7 • 3 'i' • Tl, l• ' 3 6 • 4 4 t • T 4 'I• '4 5• 53 t • T !i 6 • '54+' • T f. 3 • 
'TOTU'!.J ___ - ---

F'Ir.tl ~OW TCTAU 
-

01:' 100 I=l•~ 
DO 90 J=2•& 
.. '!DAY<l•5•" J:IIOAYC I•fl.rfl' )+MOAY< l•J,tr l 
CONTINUE 

CONTINUE 
.62.£ L _c ___ . 
63E I C 
UE I C 
6.5( I 
66[1 

FI~O COLU~h rrT4LS 
- .. 1 

I 
I 

Oil lZO J•l• ~ 
00 110 1•1·9 

130 
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61£1 
___ U£..1 uo 

69( I 120 
70£ I C 

___ .:..7~1E......_I_,C,.__ ___ ~Z...,E....,R..,.O.......,_O..._U.._T-'P'-"E RCE NT IU TR IX 
7ZEI C 
73£1 00 140. l•lelO 

___ 7:;;:.;4~£!-'1:------'--·..,.0""-:0 J.!O J• hll 
75EI PERCJ,J):O.G 
76[1 130 CONTINUE 
77EI 140 CONTINUE. ------ -- -------·----
7!E I C 
79[ I C 

----~.G_Ej__t__ 
C~.LCUUTE PERCENUCE M .. TRIX 

---
ll1E I 00 160 I=t olO 
82£1 DO 150 J•1o8 
83E I IE U!Jl~l.CU.a_,.U.NE.a.D.lP..£JtUJtJ l.:.UllAlL"UlAU LJoi'J J/ __ __ 
84[ I * MOAYCl 0• 8 •fl J•lOO • 
85E I lSG CONTI NU£ · 

------~E~I-~t6~0L-~C~DuNuT~I~Nwii~E------- ------------------------· ----
87EI 00 1!0 1=1•9 
8 8£ I wR I IE C 6e170 l C I •1 l o( 140 A YC I • J oil ) • J =1 oil , • C PERC I • .1 l • J= 2 o6l • 

___ ,._89.£ . ._1 --:-:~•--:--C:::e~E'":'R':'-C~I~r._.B~I._ 
90£1 170 rGrtM4TC•O••!X•I1•5X•U71• '•5X••z••IOIC•5f7.2•8X•f"7·2J 
91E I 180 CONTllfU~ . . .... ··· 
92E I Ult(Ur190 UMO.U.UOeJrJ! >.t . .Mt.U• CPERt le J)eJ=2r..6.!Lft.B.f1_,_8J:-:---
93EI 190 FORMATC 10'o1X.•TOTAL~'•2Xo8I71' 1 e5Xo•Z•otOto5F7.Zo8KoF7.2l 
hE I 200 CONTINUE 

----~9~5~~+~- -~s~r~o~P __________ _ 
96(1 c 
97£1 C SUIL~PRlNT LOtiP fOR MCNTHS 

-----------------

--~~9~8~E~I-~~-~~~~~~~------------
99Et DO 320 K=1o12 

100£1 ~RlTEC6e21GIK 
-..,.-~101[ I ZlO fORMAT( '1' o/111'1»'• 'MONTH 

10-2£ I WRITU6•85J 
-·- •• 14) 

103[ I C <.· ·. q. . . • ,, 

__ _,1~0~4~E.;.f -"C~---...!.r~t~U~r..·-..~·1t!:o'O~tf~JOILliw:4!!1L~S-------------------------
105E I C 
106£1 00 230 1•1•8 
107£1 00 220 J•2e6 
~~0~8~Eri~--------~~M~MO~N~(~J~.~8;-~,~ •• ~M~M~ON(l•l•'j•MMO"(I•J•Kl 
109E t 220 COfiiiiNUE 
ll0£t ZSO CGNIIMUI 
111£1 c 
112£1 C fiNO COLUM. TrTALS 
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113£ I c 
114£ I 00 250 Ja1•8 I 

115£ I 00 240 I•1•9 
ll6E I MMONC I • s.tc J=HMO N(l.ll •II HHHOtf( I •J •If) 
ll7E I 240 CONTINUE 
ll8E I 250 CONTINUE 

l35E I CONTINUE 
l36EI 00 !10 1=1•9 
137Et WRIT£(6.170l<I•tJ.(HMON(I•J•~l•J=l•8l•(P£RCI.JJ.J=2•6J• 

• :,; lU E 1 C <~~2~"~'th>;;;\': , .·· ' . . .· .. · 

~14S£t c-·--~~~--·--··-----···--·-----------· .. ---··---------·-·-···----··· -~: i•nf c ¥. • ~.?;..-~:·-;:' · · · -- · ·· 
147[1 SUBROUTINE OAYSCMON•IDAY.IYR•JOJ 
148£1 DIMENSION IOI!ON< 12J 

. U!J£ I DA U IOMON/31..!.~~·31•3..0.~11.• 30 •31 •3.1.• 30•31•30• :!1/ 
· 150£1 JO•O -.. , .. ·~.· 
~1'51£1· ,.·u;;;uo".eJfE.ll 6C TO 10 
:.·.J52Et JI)IJloay -•: ;-. 

153E I R£ TURN 
1511[1 c 
155£ t c CHEC' fOR fEBRUARY . -

~- .• 

.,. 10 lt.~-<IIOtt:~:Gr.zr 60 TO 20 •.•• ,_,._l' .• : c 
.-._.l .. l'.wt'----.-llt.JOIL111::."3o~.f.o.;tlt.IM...,Dull....._"..;.·._: -·-·---------------------------

159E I RETURN 
160£ I C 

112£ I END 
• fiLE COtfTAINS 172 RECORDS 
R[C~ROS PROCESStO 

0 

--------------------- -- --.......,.,....,.....----·------·''..:'.'.· 
~.,....,..,.. ............ ~, ... 

... ~ ... - ............ ~ ·-·- ....... ~. ···-... -



WEI BULL/DISTRIBUTION 

fiLE ATTHldUTES fCR& FIN TITLE•Ct0~94l~EIBULLI015TRIBUTI~~ ON ACAO ~~~O•PAC~ 
... -- .11lloiR£C.UZE-a0 .. HA.U!C.S.l2£dc. &LOCJISU£,.420 fRAHESilt•IL! . .flU:.USl•l4. 8Uff£ttS•Z 

ARU!i=l AliEALENGTH=15120 fLEXIttLC: LA":TR£fCR0=12& fiUtriNOaFOI<Tb1NSYMBf•L RO" 
(filATICNOAT£•12/19/!5C85353l LASTArCE~~OATf=12119!8SCA53~~l fY(l£=1 VERSION•O 

__ f>.AC.I'.NA &=.AtAD 

L_ ___ _ 

lEI IRE!..£.T . .£Ji£.E_ _________ ---- . ---· --·-· 
2Et fiLE 5C~lNO=OIS••FILETY~E=7.TITL£='~EI8ULLI~PT') 
3£1 fiLE 6CKINO=PRINTERJ 
-~--·--· ----·-------- ---· ---. ·-- -- ----·-·-·-- ·----·--------- ... 

5£ I C PROGRAM TO CALCUt.T £ HI BULL PARAMETERS ANO 10 011ER 
6£1 c 
7E I PI MEfwS I 0 LA<ll.LU r I.U.! d . .h.Xt.z_,.zz.lLt UJ.~lll.1D.d.C.U3) LB ~ Uu _ 
8£1 • PC13l•OMOC14l 
9£1 10 fORMAT C22A!J 

_______ __JJl£L ___ u_.r.o.R'f!L u .1.0 .ux_,_af&. z 1 
11£1 12 fORMAT (9f6.2l 
12£ I N=t 

--------·~.!£_(_ 15 READ...L.S..al.O ... £Jl0=8.0H (X(l,JL..J..o:l,2ZJ,_l.e.L.2.J. __ --- ----- __ _ 
14£1 REAOC5.t21CCCIJ•I=l•9) 
15£1 l=CC9J 

---- ----.1.6.t..L·-------lJLL.- -- -- --. 
17£1 20 REA0<5•11lOMOCil•CACI•Jl•J•1•Ll 

~ 18tt If COMOCil.EG.O •• OR.OMOCU.EQ.99. l GO TO 21 
~------.U£J__---b:-l.U---·- .. ·--- ----- --·------·-------··--------· - -···. --

20£ I GO TO 20 
21£ I 21 11=1•1 
22Et '--------------
23£1 c DATA fO~ XI 
24Et C 
25£1 ---IlL!------ ·-------- -·. --· -- - ------·-
26£1 DO 18 J=1•8 
27[1 If CCCJ).[Q.Q.) GO TO 18 

_________ 2.8.£L ____ C( I hAL. OG .(( C.J U. __ 
29£1 1•1+1 
30£1 18 CONTINUE 
31Et c 
32E I C 
33£1 c 

DATA FOR YiA_R_l ____ __ 

----·----Hll ______ QJL~.Z_l~J 1!11. __ _ 
35[1 . 8<1•9)•0· 
36£1 DC 22 J•l•L 
31Et ZZ-.BUd.J~..J.(.ld.HAU,JJ. ___________ ---·····----· --· -- -·- -
!IJE I C 
!9£ I C SUM Of fREQUENCIES 

..---------- 40£1 c ______ ··-···-----·· _ 
41[1 
42£1 c 

----. ___ UE I C 
44£ I C 
4SE I C 
46£ I C 
47(1 
loUt 
49£ I 
50£ I C 

.. If. CC(JOt.E..Q~O.QJ __ GO_JO. 25 __ _ 
SUM=O. 
SUM•A<I•ll+A(J-2)+ACI•3)+ACI•4)+A(I•5l+ACI-~l+AC1,7l+A(I•~) 
IE CSUM.£Q.1G0.00) Gr TC 25 
S•lOO.•BCl•9) 
ac I• 9l•8< I•' hS 
AC I•U•UI•l l+S 
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51( I C 
... ,_Jl£_1 r::. -

53£1 25 00 30 J•l•L 
54(1 BC I•J):,U I•J)/CBCI• 9H.03t) 

-- ... .5.1£.1 ............ Ul.•U=.BCI.tJ 
56[1 IF' CJ.GT.UACI•J)=iiCI•Jhl(I,J•U 
57[1 30 CONTINUE 

_____ 5.d(j_ ____ .. BC 1, U=AC I •L) 
59Et 00 31 J=l•i.. 
60£ I lF' CAU• J).EG .o. 0) ACI,J)•.001 

--...;._~li~J£~1 _ --...3L..Al.L.J.l.:Al..O GU .. BU.A.LQ.&ll.!"....lLV..J.U.l..L.._ 
6ZEt PTOT=O. 
63£ I C 

-~.a6 ... ,~r.Le-'c..._ ___ u..&R£S.s.lD..N. ________ ----·--·-
. :. ~"':'· 65£t c --· ----- ---------------- -- - -

<•.M'. • 66£1 00 40 1=1·11 
--··...;;· . ......_..a6~o~.Z.c.f.._l ___ _.!;uM~.o~!C"'"'2~=!110La._ -------------------------------

61[ I SNX=O. 
69[1 SNY=O. 

--,...-~Z""Q"!E~I _____ $..1J.I.Z=Q_. ___ ----------- _____ .. ·---- .. --- ·- ---------
71£1 SNXY•O. 

~- .... ~- .·72£1 00 .39J•1•L 
_·• ..... - ..._·""-~l..,.l,..E.._t ____ ,SuN.LJJL:a._.S~aNu.Y_y:tU.L.J.)~Jl.tL .JJ---------------- ___ ·------

74£1 SNY2=SHY2tACl•J)•ACl•J)•BCI,J) 
75[1 SNX=SNX+CCJ)•8CI•J) 

----£7_..6""E..._t ___ _,s.._,N._.X,._,2....:==--S<.a.N lC ~ .. l.U~C .. ( JJ ~&..UL.JJ ·-·------------·-- __ --· _ 
11£ I 39 SNXY=SitXY+ACI•JI•BCI .. JJ•CC J) 
71£l SNXY•SNXY•SHX•S"Y/8(1•91 

....... _.__.Ll ... t ... E..._I~-__ __,S,..N...,X:u2..:•::.>~SwN""X"'""2•.SJt!!'.SfU.lB.C .... I..., • ._.9._.)..__ __ _ 
IOEI SNY2=S~YZ•SNY•SNY/BCI•9) 
~lEI C~ClJ•SNXY/S~XZ 
82£ I AA.;:_<.sN.Y.-CJU U•SN.Xl/BU •. 9). 
13£1 CCCII=EXPC•AA/CMCI)) 
-~EI R2CIJ•SNXY•SKXY/CSNY2 •SNX2) 

85£1 c ------.. ---- ---------- ........ -- ------·---------- ----------
~6£1 c CALCULATE POIIER 
17[ I t 

--- ..5.4£.1.. ____ JleL..._ .. __ _ 
19U PP•O• 
90£1 00 50 M•l•lZ 
91£1 ----OIJt.e.L!!.l.VLCC.Ul~••taUH.•EXP.L~ .. U.b.l...lLCC.LU htCf UH._ 
9ZEI PP•PP+OT•C¥•.5)••3 
93£1 50 V•V+l. 

_____ j_!f.L_. -· . .llll•P!!... .. _ 
95£ I 1F CI.£Q.t3) liO TC ~0 
96Et PTOT•PfOf•P(J) 
9lEt 40 COJlW.u..L. _________________ _ 
91£1 c 
99£1 c OUTPUT 
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10;)~ c 
l'llE 61 F'CR14AH3ltof"!.O.~f1().2.tF"1Z.O•Zf1Z.l J 
Hl2 E 6 2 F' 0 R 114 A H 1 t. •• "c N 1'" •• ! l(. I .. £ ! P. UL L p AA A ME TE R ~ I • 1X • I c (. E F f I c IE N fl • 1 I( • 
l!)!E: • 1 1olNO E~EkCY•.~x.•:oE~C£'11' 1 o5Xo 1 CUMUI.ATivE 1 l 
1 ~llo £ & 3 F' fJ •HU H 1 Z lC • • C C 14 I :i l' • lo I( • ' ~ ' • <; X • ' IJ E T C: R 1'4 I ·j 4 f! 0 'I C I"/ ~ J • • 3 • • Z ~ • ' 0 'r A 1\o 'f 
105C: •UAL 1 o5X.•P~RCE~T 1 1) 
lOa£ o4 FOR14ATC1(ol2A3J 
1:)7~ &5 FCR114AH1ti1.Z2.3l 
101£ GO TC <&7.&'!o£dJ.~ 
109t 67 PRINT &5oCXCloJloJ=1·2~J 
110£ GO TC o9 
111~ 66 PRINT t"J4oCl((loJioJ=1o22l 
112£ &9 PRINT &4o(lCC2•Jl,J=3oZZI 
113~1 N=~+l 
lh£1 IF CN.GT. !J N=1 
115(1 PRINT o2 
lte::t Pi<Ir.JT .,~ 
llltl p;>l=;J. 
111tl DC 70 l=lor 
ll9EI P"=11JIJ.•PCll/PHT 
lZuEt PPl=PPl+PP 
121Ef IF Cl.£0.131 P~=1~J. 
122(1 70 PRINT &loOMC'CihCCC DoC I'(! JofiZC IloP(lJ ,;o.>,p.>l 
12!£1 P~INT &4 

lZ~EI IF Cu1'4C(II+lJ.E11.0.J H TC 15 
125£1 PRINT &c; 
126£1 50 STCP 
127 E t EMO 
fJLr. rO~TAINS 127 RECOriOS 

ECC~ns P~CCESSEO 



WEIBULL/SPT 
--· -- ----------- ----

fiLE ATTRIBUTES fCRI fiN TifLE=(10~9~)MEIBULL/SPT ON ACAO ~INO•PA'~ INTM3DE• 
HAXRU Sllfal4 ...JlLOtUl.Z£..:.U.O .. __f_IL\HEUZ£.iu. __ Q.LEUSE:aiO BllffERSaZ IRANll~ 
A REALE ~Grlf =15120 flEXIBLE LASTREC(lllD= 1& F ILEI'UO=O UA ROIIIS INUSE=1 USERINf( 
LAST 4CCESSOATE=1Z/19/85C85353) CYCLt:=1 Y~RSICtPO SAVEFACT0~=30 ~ECURITYrYPE 

. --------~----- ---- -- --- .. --
····---- --------------- . 

.. lEI STEVENS POINT,. WI 
lEI MONT H___J(fjf ____ c.L_ ___ ~U _____ J..l•3~•Zs;;.J4L....I2-..5;z.;•:::.;lu1~32"..:•:.~4lll6 ______ ..._ ___ _ 
3£1 1.56 5.59 10.95 14.0~ 20.79 
4EI 1 6.7 &6.1 21.3 1.3 0.6 
5EI Z__________ l._E_ 6~-L4 .. __ _?__5._~- ·-----~ O,Z 
6£1 3 5.2 61.1 30.7 2.8 0.2 
7EI - 4 4.0 55.5 !7.8 2.5 o.z 

-----""'BE,....-...._1 _...,.5'----··------ _lt. •. i __ .U.j __ ...l~ L __ CJ...L __ O.a.L 
9[1 b 6./j 66.9 23.7 0.9 0.1 

5.00 t.oo 

-----·-· -·-- -

10E I 7 d.O 75.~ 16.0 o.z 0.0 
11E I _L _ ________ )I_,Q .U.:J 15 .• 0 ___ Q.LZ_.Jld_ ______________ _ 
1ZEI 9 8oi! 69.1t 21.7 o.. 0.1 
13EI 10 bol 67.3 26o1 Oo5 OoO 

----~hlllE"-IL--.ll.... _________ --·--·-·· 5 .. L.1tlt al .. U.a.l. ___ .1J __ Q.J_ ______________ ··--
15£1 12 7.E 70.1 21.5 0.8 0.0 
16[1 13 6.1 6&.7 25.3 1.2 0.1 

.. ----- _____ ll.fJ._ ··----- .. - .. -- ···--
EOF • FILE CONTAINS 17 RECORDS 
17 RECCROS ~ROCESSED 



WIND EROSION FORCES 
1 

•.JOB , P-200, TIME• Cl, 20) /' ,IA<#t' ·, ;,itlt_ "'·: t /I 4.-... ~ 
00001000 I J' I . J (! , .~' r • • -"" C PROGRAM FOR ASSESSING WIND EROSION FORCES 
00002000 

C DEFINITION1 
00003000 

C (1) U(J) IS THE MEAN WINDSPEED WITHIN THE ITH SOUP 
00004000 

C <2) F<I, .J) IS A DURATION FACTOR WHICH IS EXPRESSED AS THE PERCENTAGE 
00005000 

c 
N 00006000 

c 
00007000 

OF THE TOTAL OBSERVATIONS THAT OCCUR IN THE .JTH DIRECTION WITHI 

THE ITH SPEED GROUP 

00008000 
C (3) TOTAL IS THE TOTAL NUMBER OF OBSERVATIONS 

C (4) A1 <I,.J> IS THE NUMBER OF OBSERVATIONS IN THE .J TH DIRECTIOIII WITH IN00009000 
c 

00010000 
THE ITH SPEED GROUP 

C (5) R<.J> THE MAGNITUDE OF A WIND EROSION FORCE IN THE .JTH DIRECTION 
00011000 

C (6) SUM IS THE SUM OF MAGNITUDE OF WIND EROSION FORCES 
00012000 

C (7) DELTR1 IS THE ANGLE OF ORIENTATION FOR OBTAINING THE MAXIMUM 
00013000 

c 
00014000 

PREPONDERNCE-PREVAILING WIND EROSION DIRECTION 

C (8) CMAX IS THE MAXIMUM PREPONDERANCE 
00015000 

C (9) FPP IS THE POSITIVE PARALELL FORCE 
00016000 

C <10) FPN IS THE NEGATIVE PARALELL FORCE 
00017000 

C < 11) M IS THE NUMBER OF DATA GROUPS 
00018000 

C < 12) N IS THE NUMBER OF WIND SPEED GROUPS 
00019000 

C <13) CARD< U GIVES ADDRESS DATA AND LOCATION OF DATA SOURCE 
00020000 

C < 14) .J.J INDICATES DATA TYPE <SEE CARD SETUP> 
00021000 

C US> TOTAL IS THE TOTAL NUMBER OF OBSERVATIONS <SEE CARD SETUP) 
00022000 

c 
00023000 

C• u u UTHE VALUE OF N SHOULD BE SUBSTITUTED FOR THE NUMBER OF 
00024000 

C INTEGER CONSTANTS TO BE TRANSMITTED IN FORMAT STATEMENT 
0002SOOO 

00026000 C NUMBERS 301 AND 200. •-•*-****-*-*****-************-** 

c 
00027000 

c--****-IF DATA IS LISTED AS • 0 THEN ENTER • OS *--***-********** 
~8000 

c 
00029000 

cx:ccca:cccccccccca:cccccccccx:cccCCCccccccccccccca:cccccccccccccccccx:c -----· -----··---- ' ··--- .... 
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c DATA CARDS ARRANGEMENT 
c 00031000 

c 
00032000 

C <1) THE FIRST CARD1 ONE INTEGER M INDICATES THE NUMBER OF DATA 
00033000 

C GROUPS WHICH WE USE. <FORMAT I3) E.G. SALINA JAN, FEB, & MAR-
00034000 

C 3 DATA GROUPS. 1 M CARD PER RUN. 
00035000 

c 
00036000 

C <2) THE FIRST CARD OF EACH DATA GROUP1 ONE INTEGER N INDICATES THE 
00037000 

C NUMBER OF WIND SPEED GROUPS IN THIS DATA GROUP. <FORMAT I2). 
00038000 

c 
00039000 

C (3) THE 2ND CARD OF EACH DATA GROUP: IS THE ADDRESS CARD - LOCATION 
00040000 

C DATE AND RECORD. 
00041000 

c 
00042000 

C (4) THE 3RD CARD READ .J.J, TOTAL IS TYPE OF DATA <FORMA"J: 13, F6. 1) 

00043000 
C HOW DATA APPEARS WHEN: 

00044000 
C .J.J • 10 DATA IN DECIMAL FORM. EXAMPLE TAMPA FL 42-51 

00045000 
C TOTAL • 0 PUNCHED IN CARDS WITHOUT DECIMAL. 

00046000 
C .J.J • 20 TOTAL • NE. 0 DODGE DITY DATA IS EXAMPLE. 

00047000 
C DATA APPEARS AS NUMBER OF OBSERVATIONS. 

00048000 
C .J.J • 30 DATA IN PERCENT WITH DECIMAL FORMAT. 

00049000 
C TAMPA FL 42-72 AND SALINA KS. NO TOTAL ENTRY 

00050000 
c 

00051000 
C (5) THE 4TH CARD IS FIRST DATA CARD1 TOTAL OF 16 DATA CARDS. ONE 

00052000 
C FOR EACH CARDINAL DIRECTION. <FORMAT NF5.2). 

00053000 
c 

00054000 
C (6) AFTER THE 16 DATA CARDS HAVE A CARD THAT HAS THE MEAN WINDSPEED 

OOOS5000 
C IN MPH FOR EACH OF THE WINDSPEED GROUPS <FORMAT NF6. 3). 

00056000 
c 

00057000 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

CC00058000 

1 

C DECLARARION1 
00059000 

1 REAL FC14,16>,U<14) 9 UF(360) 9 0FC360) 9 R<16) 9 

00060000 
1DRC360),AT,ACO,ASI,SUM,CR<360>,DELTR1, 

00061000 

3DDR,CAT,ACAT,SAT,ASAT,TOTAL 
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00063000 
2 INTEGER F1C1S,16),A1C1~,16),CARDC15) 

00064000 
C I /0 FORMAT SEQUENCE 

00065000 
3 30 FORMAT< I3> 

00066000 
~ 10 FORMATC15A4) 

00067000 
5 20 FORMATC1X,15A4///) 

00068000 
6 ~ FORMATCI3,F6.1) 

00069000 
7 50 FORMATC315) 

00070000 
8 100 FORMATCI2> 

00071000 
9 111 FORMAT UHU 

00072000 

10 112 FORMAT<' ','DF<',I3,') IS LESS THAN OF EQUAL TO 0.0 .•) 
00073000 

11 200 FORMATC5F5.2) 
0007~ 

12 300 FORMATC~I5) 
00075000 

13 301 FORMAT<SF5.2> 
00076000 

1~ ~ FORMATC1X,'J•1aN J=2:NE Jm3aE J•~:SE J-5:S'/1X, 
00077000 

00078000 

1S 500 FORMATUX, 'MAGNITUDE OF WIND EROSION FORCES' /IX, 
00079000 

00080000 
16 600 FORMATC1X,'RC',I2,')• ',F10.3) 

00081000 

17 700 FORMATC1X,'SUM OF MAGNITUDE OF ALL WIND EROSION FORCEB-',F11.3// 
/)00082000 

18 800 FORMATC1X,'AN6L.E OF ORIENTATION • ',F5.1/1X, 
00083000 

0008~ 
1' THE PREPONDERANCE R• ' , FS. 2/1 X, 

00085000 
2' POSITIVE PARALELL FORCE• ', F6. 3/1X, 

00086000 
3' NEGATIVE PARALELL FORCE• ', F6. 3/////) 

19 900 FORMATC1X, 1 0BTAINING THE MAXIMUM PREPONDERANCE'> 
00087000 

C READ IN THE DATA AND DO SO£ PROPER TRANSFORMATION• 
00088000 

20 READCS, 30) M 
00089000 

21 DO 10000 I<I<K•1, M 
00090000 

22 READCS, 100) N 
00091000 

23 102 READCS1 10) CCARDCI),I•1,15) 
00092000 

2~ READCS, ~) JJ, TOTAL 
00093000 

2S IF<TOTAL.EQ.O.O) GO TO 101 
0009~000 

26 READ<5,50) <<A1<I,J),I•1,N),.J•1,8) 
0009SOOO 

7.7 OZ> 1'fSD !.=1)/J 
•t>t>fi,Dt>D 
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28 DO 1980 J•1,8 
00097000 

29 1980 FCI,J)-A1CI,J>•100.0/TOTAL 
00098000 

30 101 IFCJJ.E0.30) GO TO 70 
000990()() 

31 IFCJJ.E0.20J GO TO 60 
00100000 

32 READ<5,300><<F1CI,J>,I•1,N>,J•1,8) 00101000 
33 DO 1977 1•1,N 

00102000 
34 DO 1977 J•1,8 

00103000 
35 1977 F<I,JJ-F1<1,J)/100.0 

00104000 
36 GO TO 60 

00105000 

37 70 READ <5, 301> < <F <I, J), 1•1, NJ, J•1, 8) 00106()()() 

38 60 READ<5,200J <U<I>,I•1,NJ 
00107000 

C CALCULATE THE WIND EROSION FOECES AND THEIR SUM 00108000 
39 SUM-O.o 

00109000 
40 DO 1 J•1,8 

00110000 
41 RCJ)•O.O 

00111000 
42 DO 2 I•I,N 

00112000 

43 2 R(J)•RCJ)+CCUCI)/10.0)**3)*FCI,J) 00113000 
44 Sl.IM-SUM+R CJ) 

00114000 
45 1 CONTINUE 

00115000 
C CALCULATE THE PREPONDERANCE 1 

00116000 
46 DDR-ARSIN<I.0)/90.0 

00117000 
47 DO 3 K•l, 360 

00118000 
48 UF<K>-o. 

00119000 
49 DF<K>-o. 

00120000 
1 50 DR<KJ•DDR*CK-1) 

00121000 
51 DO 4 J•1 9 8 

00122000 
52 JI•J-1 

00123000 
53 AT•CJ1*45.•DDRJ-DRCK) 

00124000 
54 CAT-co&CAn 

00125000 
55 ACAT-ABSCCAn 

00126000 
56 SAT•SIN <An 

00127000 
57 ASAT-ABS <SAn 

00128000 
58 ACO-AcAT•R<J> 

001290()() 
59 ABI-ASAT•R<J) 

00130000 
60 UFCK>-uF<K>+ACO 
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00131000 
61 DFCK>•DFCK)+ASI 

00132000 
62 4 CONTINUE 

00133000 
63 IF CDFCK).EQ. 0.0) 

00134000 
1WRITEC6,112> K 

00135000 
64 IF CDF CK>. EQ. 0.0) 

00136000 
160 TO 3 

00137000 
65 CR<K>•UFCK>IDF<K> 

00138000 
66 3 CONTINLE 

00139000 

C FIND THE ANGLE OF ORIENTATION, POSITIVE PARALELL FORCE AND NEGATIVE 
00140000 

C PARALELL FORCE FOR OBTAINING THE MAXIMUM PREPONDERANCE: 
00141000 

67 CMAX-cRU> 
00142000 

68 DELTR1•DRC1> 
0011t3000 

69 DO 6 K•1,360 
001ltlt000 

70 IFCCRCK>.LT.CMAX> GO TO 6 
0011t5000 

71 CMAX-cRCK> 
0011t6000 

72 DELTR1•DRCK> 
0011t7000 

73 6 CONTINUE 
0011t8000 

71t U1•0. 
00149000 

7S ua-o. 
00150000 

76 D1•0. 
001:51000 

77 DO 7 .1•1,8 
001:52000 

78 .11•.1-1 
001:53000 

79 AT1•.11*"tS.•DDR-DELTR1 
001Sit000 

80 C01•R (.J) *COS CAT1> 
001SSOOO 

81 AC01-ABS CC01 > 
001S6000 

82 D1•D1+AC01 
001:57000 

83 IF CC01. GE. 0. > GO TO 11 
001S8000 

M U2•U2+C01 
001:59000 

SS GO TO 7 
00160000 

86 11 U1•U1+C01 
00161000 

t7 7 Cl1#JTrfN.e 
DfJJ(r,2.tJDO 
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88 FPP•Ul/Dl 
00163000 

89 FPN•U2/Dl 
00164000 

90 FPNA•ABSCFPN> 
00165000 

91 FPPA•FPP 
00166000 

92 DELTR1•DELTR1/DDR 
00167000 

93 IFCFPNA.LE.FPPA) GO TO 1978 
00168000 

94 FPP•FPNA 
00169000 

95 FPN--FPPA 
00170000 

96 DELTR1•DELTR1-180.0 
00171000 

97 IF<DELTR1.GE.O.) GO TO 1978 
00172000 

98 DELTR1 • DELTR1 + 360 
00173000 

C PRINT OUT THE RESULTS: 
00174000 

99 1978 WRITE<6,111) 
00175000 

100 WRITE<6,20) <CARD<Il, I•1,15) 
00176000 

101 WRITEC6,400) 
00177000 

102 WRITE<6,500) 
00178000 

103 WRITE<6,600) <J,R(J),J•1,8) 
00179000 

104 WRITE <6, 700) SUM 
00180000 

1 105 WRITE <6, 900) 
00181000 

106 WRITE<6,800) DELTR1,CMAX,FPP,FPN 
00182000 

107 10000 CONTINUE 
00183000 

108 WRITE<6,111) 
00184000 

109 STOP 
00185000 

110 END 
00186000 

0 SENTRY 
00187000 

1 
STEVENs POINT, WI JAN 

J•1aN J-2:NE J•3aE J•4aSE JaSaS 
J-&aSW J•7•W J-&aNol 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•1 TO J-a 
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R< u­
R< 2)• 
R< 3)• 
R< 4)• 
R< 5)• 
R< 6)• 
R< 7)• 
R< 8)• 
SUM OF 

1.36.056 
81. 117 

239.952 
43.226 

112.857 
65.609 

905.786 
54.305 

MAGNITUDE OF ALL WIND EROSION FORCES• 

1 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 270.0 
THE PREPONDERANCE R- 3. 13 
POSITIVE PARALELL FORCE• 0.751 
NEGATIVE PARALELL FORCE• -0.249 

STEVENS POINT,WI FEB 

~-1•N ~-2•NE ~-3•E ~-4:SE ~-5•S 
~-61SW ~-7•W ~-a:NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM ~-1 TO ~-a 

RC 1)• 106.445 
RC 2)• 175.656 
RC 3)a 335.376 
R< 4)• 24.490 
R< 5)• 90.508 
R< 6)• 47.916 
R< 7)• 406.014 
R< 8)• 84.323 
SUM OF MAGNITUDE OF ALL WIND EROSION FORCES• 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 270.0 
THE PREPONDERANCE R• 2. 26 
POSITIVE PARALELL FORCE• 0. 512 
NEGATIVE PARALELL FORCE• -o. lt88 

STEVENS POINT,WI MAR 

~-1aN ~-2•NE ~-3•E ~-4•SE ~-5•S 
~-61SW ~-7•W ~-B1NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM ~-1 TO ~-a 

R< u­
R< 2)• 
R< 3)• 
1\<. ~)·= 

294.566 
141.006 
285.772 
11.on 

1638.907 

1270.727 



1 

1 

144 

'R( S)-.: 
R< 6)• 85.161 
R< 7>• 311.282 
R( 8)• 88.582 
SUM OF MAGNITUDE OF ALL WIND EROSION FORCES• 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 270.0 
THE PREPONDERANCE R• 1.35 
POSITIVE PARALELL FORCE• 0.522 
NEGATIVE PARALELL FORCE• -Q.478 

STEVENS POINT,WI APR 

J•1:N J-2:NE J•3:E J•4tSE J•5tS 
J-6tSW J•7tW J-8:NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•1 TO J-8 

R< 1>• 
R< 2>• 
R< 3)c: 

143.952 
122.224 
256.809 

R< 4)• 
R< S>• 
R< 6)• 
R< 7>• 
R< 8>• 
SUM OF 

48.981 
77.730 
52.175 

366.878 
89.443 

MAGNITUDE OF ALL WIND EROSION FORCES• 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 270.0 
TI-E PREPONDERANCE R• 1. 91 
POSITIVE PARAL.ELL FORCE• 0. 553 
NEGATIVE PARALELL FORCE• -o. 447 

STEVENS POINT • WI MAY 

J•1tN J-2aNE J•3tE J-4tSE .J-5aS 
J-6aSW .J•7aW .J-8aNW 

MABNJTUDE OF WIND EROSION FORCES 
FROM .J•1 TO .J-8 

1309.867 

1158. 192 
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H< U= 
R< 2>• 
RC 3>• 
RC 4>• 
RC 5)• 
RC 6>• 
RC 7>• 
RC 8>• 
SUM OF 

tU. II .. 
80.279 

236.170 
62.608 

279.427 
99.015 

394.617 
67.082 

MAGNITUDE OF ALL WIND EROSION FORCES• 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 270.0 
THE PREPONDERANCE R• 1. 4 7 
POSITIVE PARALELL FORCE• 0.603 
NEGATIVE PARALELL FORCE• -0.397 

1 
STEVENS POINT,WI JUN 

J•1:N J-2:NE J•3aE J-4:SE J•5:S 
J-6aSW J•7:W J-81NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•1 TO J-a 

R( 1>• 127.776 
R( 2)• 29.814 
R( 3) .. 80.925 
RC 4)• 20.231 
R( 5)• 302.595 
RC 6)• 150.827 
R< 7)• 384.561 
R< 8)• 52.175 
SUM OF MAGNITUDE OF ALL WIND EROSION FORCEs-

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 225. 0 
THE PREPONDERANCE R- 1. 15 
POSITIVE PARALELL FORCE• 0. 782 
NEGATIVE PARALELL FORCE• -o. 218 

STEVENS POINT, WI JlL 

J•1aN J•2aNE J•3aE J•4aSE J•5aS 
J•6aSW J•7aW J•8aNW 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•1 TO J•8 

RC 1>• 
R( 2>• 
RC 3)• 
Rt ~n·; 

72.395 
57.499 

135.218 
,2..{2.3 

1300.972 

1148.904 
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~( '5):; 1~.r;,s, 
R<. 6)• 1~0.5~2 
RC 7)• 281.08~ 
R< 8>• 105.415 
SUM OF MAGNITUDE OF ALL WINO EROSION FORCES• 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 270.0 
THE PREPONDERANCE R• 1. 15 
POSITIVE PARALELL FORCE• 0.674 
NEGATIVE PARALELL FORCE• -o. 326 

1 
STEVENS POINT,WI AUG 

J•1:N J•2:NE J•3:E J•4:SE J-5:S 
J-6:SW J•7:W J-8:NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•1 TO J-a 

R< U• 91.980 
R< 2)• 153.331 
R< 3)• 76.666 
R< 4) .. 51.110 
R( 5)• 262.348 
R< 6)• 195.923 
R< 7)• 143.090 
RC 8)• 136.294 
SUI'I OF MAGNITUDE OF ALL WIND EROSION FORCES• 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 225. 0 
THE PREPONDERANCE R• 1. 27 

1 

POSITIVE PARALELL FORCE• O. 639 
NEGATIVE PARALEL.L FORCE• -o.361 

STEVENS POINT,WI SEP 

J•l:N J•2:NE J•3:E J•4:SE J-s:s 
J-6aSW J•7:W J-8:NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•l TO J-8 

1112.656 

1110.742 



1 

&t.7'~ 
21.296 

111.804 
85.806 

372.656 
114.556 
344.709 
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Ht t I• 
R< 2>• 
R< 3>• 
RC 4>• 
R< 5> .. 
R< 6)• 
R< 7>• 
R< 8> .. 
SUM OF 

57.499 
MAGNITUDE OF ALL WIND EROSION FORCES= 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION = 270.0 
THE PREPONDERANCE R• 1. 03 
POSITIVE PARALELL FORCE• 0.713 
NEGATIVE PARALELL FORCE= -o. 287 

1 
STEVENS POINT,WI OCT 

J=1:N J•2:NE J=3:E J=4:SE J=5:S 
J-=6:SW J•7:W J•8:NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•1 TO JaB 

RC 1)• 92.638 
RC 2)• 68.147 
RC 3>• 110.739 
RC 4)• 83.054 
RC 5>• 258.746 
RC 6>- 148.074 
RC 7>• 256.650 
RC 8>= 94.767 
SUM OF MAGNITUDE OF ALL WIND EROSION FORCEs-

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 225. 0 
THE PREPONDERANCE R- 1. 06 
POSITIVE PARALELL FORCE• 0.707 
NEGATIVE PARALELL FORCE• -o. 293 

STEVENS POINT,WI NOV 

J•1aN J•2aNE J•3aE J•4aSE J•5aS 
J-6aSW J•7aW J-81NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•l TO J•8 

R< 1>• 
R< 2>• 
R< 3>• 
R( '(}-= 

165.009 
38.333 

107.545 
7'l.7tfs 

1170.085 

1112.816 



~( 5):: 151 .. 12'1 
110.919 
4<45.219 
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R< 6)• 
R< 7>• 
R< 8>• 
SlJIII OF 

9<4.971 
MAGNITUDE OF ALL WIND EROSION FORCES• 

1 

OBTAINING THE MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 270.0 
THE PREPONDERANCE R- 1. 41 
POSITIVE PARALELL FORCE• 0.756 
NEGATIVE PARALELL FORCE• -o. 244 

STEVENS POINT,WI DEC 

J•1:N J-2:NE J•3:E J•4:SE J-s:s 
J-61SW J•7:W J-B:NW 

MAGNITUDE OF WIND EROSION FORCES 
FROM J•1 TO J-8 

R< 1>• 123.936 
R< 2)• 64.307 
R< 3)• 238.061 
R< 4)• 53.659 
R< 5)• 141.810 
R< 6)• 151.202 
R< 7)• 291.109 
R< 8)• 63.888 
SUM OF MAGNITUDE OF ALL WIND EROSION FORCES• 

OBTAINING TI-E MAXIMUM PREPONDERANCE 
ANGLE OF ORIENTATION • 270.0 
TI-E PREPONDERANCE R• 1.53 
POSITIVE PARA' A ' FORCE• 0. 580 
NE&ATIVE PARAL.ELL FORCE• -o. 420 

1200.714 

1127.971 
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APPENDIX C: WIND MOVEMENT 

Every wind has its weather. 
-Bacon-

The wind in the west 
Suits everyone best. 

-Anonymous-

Do business with men when 
the wind is in the northwest. 

-Anonymous-

(From Koeppe and DeLong, 1958, pages 14 and 15) 

The following discussion is intended to acquaint interested readers ~ith 

basic climatological principles related to the source and movement of 

surface winds. More importantly, the latter section describes the types 

of winds associated with certain weather patterns. Conservationists and 

crop consultants should acquaint themselves with this information and 

then use this knowledge to watch for and forecast serious erosive winds 

during future critical erosion and crop-growth periods. They should then 

alert area farmers of necessary precautionary measures to reduce 

significant damage to crops and soils. 

Source of Wind 

Winds serve two basic climatic functions. By transporting heat from 

lower to higher altitudes, wind is the principal agent in maintaining the 

latitudinal heat balance of the earth. Second, winds also provide land 

masses with much of the moisture necessary for precipitation. 

The general circulation of the atmosphere is the average movement of the 

world's winds. The basic mechanism by which this operates is the 
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accumulation, transfer and dissipation of heat from the sun. Simply 

stated, wind is the movement of air; it is initially a gravitational 

response to pressure differences in the atmosphere. Pressure 

differentials arise mainly from differences in atmospheric temperature 

which directly affect the density of air masses. 

Only very slight differences in barometric pressure (or density) are 

sufficient to set the highly sensitive, fluidlike atmosphere in motion. 

Once in motion, the primary tendency of the atmosphere, in response to 

the force of gravity, is to flow down what is termed the barometric· 

gradient. Velocity of this motion depends upon the magnitude of the 

pressure differences. The more marked the pressure differential, the 

steeper the resulting pressure gradient and the faster the expected 

gradient wind speed (Fig. 35) (Rumney, 1968). A difference of only 0.15 

inch of mercury (5 millibars) in barometric pressure within a distance of 

slightly more than 17 miles (27 km) will produce a wind speed of 14.5 mph 

(6.6 m/s) and a 0.30 inch of mercury (10 millibars) difference over the 

same distance will produce a wind velocity of about 29 mph (13.2 m/s). 

Wind velocity and direction are determined by mechanical means. The 

moment-to-moment variations from which average velocity and direction are 

computed are preserved if collected by self-recording instruments. 

Examination of continuous records would reveal that winds are seldom 

really steady in either velocity or direction. Instead, they blow with a 

constantly shifting gustiness that is characteristic of nearly all 

surface winds. In addition, wind velocities also vary with height (Fig. 

36). As a result, it is important to identify the reference heights of 
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such measurements and convert them [Eq. 11] to a standard height of 33 

feet (10 m) for purposes of comparison. 

Eq. (11] u = u r a z I z ) 117 
r a 

where u is velocity at reference height (10 m) of interest, u is 
r a 

velocity at acutal height of instrument, zr is reference height (10 m) of 

interest, and z is actual height of instrument. a 

Wind velocity and direction are affected by the force of friction between 

the moving air and the earth's surface. This frictional force tends to 

slow the air's movement, a factor of importance regarding surface winds 

and the process of wind erosion (SEE Chapter 2: WIND AS A SOIL-

DISPLACING MEDIUM). Friction also produces turbulence or vertical 

motion. An air mass itself in which the wind changes with height (Fig. 

37) also has a slight amount of internal friction. 

PIGURE 37: 

ROUGH 
LARD SURPACB WATER SURPACB 

BPPBCTS OP SURPACB PBATURBS OK WIRD DIRBCTIOII 
(After Tr-rtba, 1868) 
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The frictional effects of the land-water surface upon the air flowing 

over it causes the wind to not flow parallel with the isobars of 

barometric pressure as it does aloft. Instead, winds cross them at an 

oblique angle (Fig. 37}. The greater the friction, the wider is the 

angle the wind direction varies from the isobars. Winds over irregular 

land surfaces usually form angles varying from 20° to 45° with the 

isobars (Trewartha, 1968). 

Local Climatology 

The purpose of this section is to draw attention to the variety of small­

scale climates which exist near the earth's surface in predominantly 

rural areas. These "climates" often show characteristics which are in 

sharp contrast to the broader generalizations of so-called regional 

climates mainly because of the interaction of the atmosphere with the 

underlying surface of landscape. 

The importance of surface features increases markedly as the scale of 

climatic reference is reduced and it is only at the very lowest levels of 

the atmospheric boundary layer that surface influences become strong 

enough to create various localized phenomena. Contraction of the 

horizontal as well as the vertical scale of reference may also disclose 

local modifications within the broadly uniform regional climate, which 

are obscured when a wider view is taken. 

Similarly, the time-scale of atmospheric events is significant since any 

attempt to synthesize a macroclimate usually relies on an analysis of the 

steady-state conditions achieved over a period of many years and the 
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resulting averages "smooth out" the more intermittent local contrasts 

(Smith, 1975). 

Although local climates are necessarily restricted in space and time, 

they are of great practical significance because virtually all of man's 

social and economic activities are conducted near the bottom of the 

atmospheric boundary layer. In a rural context, therefore. local 

climatic differences are of particular importance for agriculture and 

forestry. 

General categories of climatic systems are presented in Table 42. 

TABLE 42: Spatial Systems of Climate 
(After Smith, 1975) 

Approximate characteristic dimensions 

System 
Horizontal Vertical Time 

scale scale scale 

Global wind belts 1250 miles 2-6 miles 1-6 months 
(2000 km) (3-10 km) 

Regional macroclimate 310-625 miles 0.6-6 miles 1-6 months 
(500-1000 km) (1-10 km) 

0.6-6 miles 30-315 feet 1-24 hours 
(1-10 km) (10-100 m) 

Local (topo) climate 

Microclimate 315 feet 30 feet 24 hours 
(100 m) (10 m) 



Association and Prediction of Winds with Certain Weather Patterns 

The air mass concept is of major importance to modern weather analysis 

and forecasting. An air mass is a large body of air whose physical 

properties, particularly temperature and moisture distribution, are the 

same at all elevations. Weather forecasting is largely recognizing 

various air masses, determining their characteristics and predicting 

their behavior. 

Air masses can be classified geographically, according to their source 

regions, as follows: (1) arctic/antarctic (A), (2) polar (P), (3) 

tropical (T), or (4) equatorial (E). Geographic air masses are further 

divided into maritime or ocean (M) and continental or land (C). The 

relative warmth or coldness of an air mass is classified 

thermodynamically as follows: (1) warm (w), an air mass which is warmer 

than the underlying surface, or (2) cold (k), an air mass which is colder 

than the underlying surface. A continental polar cold air mass, 

therefore, would be designated "cPk" on a weather map. A typical winter 

weather sequence associated with a continental polar air mass moving over 

the Great Lakes is illustrated in Figure 38 (Raasey, 1983). 

- . 
PIGURB 38: Coatioeotal Polar Air Jlaaa llov1q OVer tbe Great t.kea. 

(Courteay Dan Raaaey, fi2! to Porecaat Weather, paee 24. 
~ 1983 by TAB Booka, Inc.: Blue R1dce Suaa1t, PA) 
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A front is a boundary separating two different air masses. A frontal 

zone is a region of transition between two different air masses. The 

primary frontal zones of the Northern Hemisphere are the arctic and polar 

frontal zones. The most important zone affecting the United States is 

the polar front. 

A cold air mass, being heavier or denser, tends to underrun a warm air 

mass. The slope of the frontal surface is usually between 1:50 (one mile 

vertical for 50 miles horizontal) for a cold front and 1:300 for a warm 

front (Fig. 39). 

The slope of a front is of considerable importance in visualizing and 

understanding weather along the front. Certain weather conditions and 

characteristics are typical of cold fronts: (1) temperature and humidity 

decrease, (2) barometric pressure increases, and (3) winds shift (usually 

from southwest to northwest in Northern Hemisphere) with the passage of a 

cold front. Warm fronts likewise have certain weather conditions and 

characteristics typically associated with them. These include (1) colder 

temperatures ahead of the front and warmer temperatures after passage of 

the front, (2) average frontal slope of 1:150 (miles), and (3) wind shift 

from southeast to southwest or west, but the shift is not as pronounced 

as with the passage of a cold front (Ramsey, 1983). 

A low pressure system is one with decreasing barometric pressure toward 

its center and windflow around the system is counterclockwise in the 

Northern Hemisphere. High pressure systems are those with increasing 

pressure toward their centers and windflow around these systems is 
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clockwise. The rate of change in barometric pressure in a direction 

perpendicular to the isobars is called the pressure gradient. The 

gradient or slope of pressure isobars is a good indicator of the strength 

and form of incoming weather. Barometric pressure that is changing can 

indicate whether the center of a pressure system is coming closer or 

moving away from your location. Barometric pressure > 30.5 inches of 

mercury (1016 millibars) and rising means a high pressure system is 

coming toward you while falling pressure indicates the system is moving 

away. Pressure < 30.5 inches of mercury (1016 millibars) and falling 

means a low pressure system is coming in and increasing pressure would 

indicate it has passed through the area (Ramsey, 1983). 

Pressure gradients play a special part in analyzing and forecasting winds 

as well (Ramsey, 1983). Average surface winds will flow across isobars 

toward lower pressure at an angle of approximately 30°. Surface winds 

flow counterclockwise around and toward the center of low pressure and 

clockwise around and away from a center of high pressure in the Northern 

Hemisphere. Table 43 summarizes some general wind-barometric pressure 

relationships associated with certain weather patterns (Ramsey, 1983; 

Laird and Laird, 1955). 

The jetstream is a concentration of relatively strong winds within a 

narrow stream in the atmosphere, usually at altitudes of 10,000 to 50,000 

feet (3 to 15 km) or more. Winds in the jetstream have a strong westerly 

that meanders around the earth. The jetstream may range from 25 to 100 

miles (40 to 160 km) in width and up to a mile or two in depth. Wind 

velocities range from 115 to 173 mph (52.3 to 78.6 m/s). The jetstream 
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TABLE 43: FORECASTING WITH WIND-BAROMETRIC PRESSURE RELATIONSHIPS 
(After: Laird and Laird, 1955 and Ramsey, 1983) 

Wind 
Direction 

SW to NW 

SW to NW 

SW to NW 

SW to NW 

S to SE 

S to SE 

SE to NE 

SE to NE 

E to NE 

E to NE 

SE to NE 

SE to NE 

S to SW 

S to E 

E to N 

Going to W 

Barometer Reading 
Reduced to Sea Level 

(Inches of mercury) 

30.10 - 30.20; steady 

30.10 - 30.20; rising 
rapidly 
30.20 and above; steady 

30.20 and above; 
falling slowly 

30.10 - 30.20; falling 
slowly 
30.10 - 30.20; falling 
rapidly 
30.10 - 30.20; falling 
slowly 
30.10 - 30.20; falling 
rapidly 

30.10 and above; 
falling slowly 

30.10 and above; 
falling rapidly 

30.00 or below; 
falling slowly 
30.00 or below; 
falling rapidly 

30.00 or below; 
rising slowly 
29.80 or below; 
falling rapidly 

29.80 or below; 
falling rapidly 

29.80 or below; 
rising rapidly 

Weather Forecast 

Fair, with slight temperature 
changes for 1 to 2 days 
Fair, followed within 2 days by 
rain 
Continued fair, with no decided 
temperature change 
Slowly rising temperature and fair 
for 2 days 

Rain within 24 hours 

Wind increasing in force, with rain 
within 12 to 24 hours 
Rain in 12 to 18 hours 

Increasing wind, and rain within 12 
hours 

In summer, with light winds, rain 
may not fall for several days. In 
winter, rain with 24 hours 
In summer, rain probable within 12 
to 24 hours. In winter, rain or 
snow, with increasing winds, often 
will set in when barometer begins 
to fall and wind sets in from NE 

Rain will continue 1 to 2 days 

Rain, with high wind, followed 
within 36 hours by clearing, and in 
winter by colder temperatures 

Clearing within a few hours, and 
fair for several days 
Severe storm imminent, followed 
within 24 hours by clearing, and in 
winter by colder temperatures 

Severe northeast gale and heavy 
precipitation; in winter, heavy 
snow followed by a cold wave 
Clearing and colder 
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is closely associated with migratory low pressure systems and polar 

fronts. Observation of the jetstream is therefore very important in 

forecasting weather relative to the development and movement of fronts 

and low pressure systems (Ramsey, 1983). 

Most weather in the United States moves from west to east due to the 

rotation of the earth. Weather systems move at average speeds of 15 mph 

(6.8 m/s) in summer to 25 mph (11.4 m/s) in winter, carried along by air 

streams called the prevailing westerlies. 

Dust Storms 

Dust storms are the result of numerous coincidental factors including 

climate, physiography, vegetation and often the human element. Wind is 

the most important contributing element. Precipitation is the second 

climatic element involved, because dust in large quantity will form only 

if the soil is sufficiently dry. However, on some of the sandy and 

droughty soils of the Central Sands Area of Wisconsin, significant dust 

storms have been observed within 12 hours of rainfall amounts up to three 

inches (7.6 em) or more. The main physiographic factor involved in the 

development of dust storms is the presence of an extensive plain, such as 

that found in the Great Plains states, and, to a lesser, more regional 

extent, the Central Sands Area of Wisconsin. 

Dust storms may occur with all wind directions, although those which are 

associated with the highest velocities are the most significant. Table 

44 summarizes some of the recorded dust storms in Portage County, 

Wisconsin. 
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TABLE 44: DUST STORMS OBSERVED IN PORTAGE COUNTY, WI (1948-1967) 

TYPE! 
AVERAGE WIND VF.LOCITY AVERAGE VISIBILITY ESTIMATED CONCE~TRATIO~ DATE DURATION (mph) ~ange) & DIRECTION (miles) (lange) OF AIRBORNE DUST (mg/m ) 

4/10/48 BD 13:25-15:35 35; sw 5.5 l?-6] 6.5 liN 15:35-16:35 35; sw 5.0 7.2 
5/5/50 liN 15:25-19:25 47 ,G65"f;o-5<i) ; s-sw 1.8 (!-3) 19.7 
5/6/50 BN 10:25-12:25 37 ,G50 e5-4oJ ; s-sw 10 3.6 
11/5/52 BD 11:25-13:25 18 ,G30 B 5-21 ; NW-w 6 

(s-~ 
6.0 BD 15:25-17:23 17,G30 5-l ; NW-W 5.5 6.5 

4/16/53 D 20:25-23:25 26,G40 ~5-2ij ; w 4.7 [3-~ 7.6 
11/3/53 BD 12:25-13:25 30,G40; NW 6 6.0 
4/17/54 BD 20:27-21:27 18; w 5 7.2 
4/18/54 D 07:25-11:25 15,G25 fio-I! ; SW-W-NW 6 6.0 
4/20/57 BD 14:25-15:25 27 ,G40 [25-22} ; sw 15 2.4 
4/30/58 BD 14:55-16:50 21,G46.(i7-2~; w 8 ~-lcil 4.5 
5/18/58 D 11:50-18:57 18,G35 Q2-2j ; W-NW 7 ~-8J 5.1 
5/19/58 D 06:50-13:55 13 ,G40 (i-2~ ; W-N-NW 6 6.0 
4/7/59 D 11:52~15:52 17 ,G35 fi4-2~ ; NW 6 6.0 BD 21:50-23:50 17,G29; NW 4 8.9 
4/29/59 D 04:50-07:50 16,G35 g2-17j ; w 4.7 ~-~ 7.6 D 13:55-14:55 25,G35 3-2~ ; NW 7 5. 1 
3/30/63 D 08:50-12:50 1 @-6]; sw 5.3 [5-~ 6.7 
4/3/63 D 11:50-13:50 29,G46; sw 5 7.2 

1 Types of duststoms: BD • blowing dust 
D • dust 
BN • blowing sand 

2 Concentration, C • 57.2/V (llaRPn and Woodruff, 1973), where C is m,/m3 and V is visibility in km. 

a C repreaenta the maxiiDUm velocity of "gustiness" reported at the tiMe of observation. 
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Idso (1976) observed the following mechanisms operating in the 

development of dust storms in China. (1) Dust was often lifted by winds 

behind a front. These storms were usually limited in size and dust was 

often confined below an altitude of 5000 feet (1.5 km). Strong winds of 

low humidity were observed blowing at the surface and at moderate heights 

above it. (2) Dust can also be lifted by the vertical motions of air 

ahead of a front, to be transported up to 1600 miles (2500 km) from the 

source. 

Based on observations near Lubbock, Texas, during 1949 and 1950, Warn 

(1952) arrived at a classification of blowing dust. Although intended to 

be applicable only to that location, Table 45 may nevertheless be 

modified for the Central Sands Area if these events will be sufficiently 

observed and documented in the future. 
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TABLE 45: CLASSIFICATION OF BLOWING DUST (After Warn, 1952) 

Intensity Usual Maximum Maximum Horizontal 
Duration Horizontal Ht. of Dust Visibility 

Winds peed (feet) (miles) 
(mph) 

Light 5-30 min. 14-24 500 8 - 15 

Effects of Dust Movement: Sporadic blows of dust and sand at or 
near ground level; occasional light 
yellowish haze of dust to 500' 

Mild 0.5-3 hr. 25-34 5000 2 - 7 

Effects of Dust Movement: Light, yellowish brown haze; fine dust 
in continuous suspension to 2000- . 
5000'; sunlight bluish gray; blowing 
dust and sand to 75' 

Moderate 1 - 6 hr. 35-44 12000 0.75-2 

Effects of Dust Movement: Dense, brownish haze; occasional dust 
cloud effect; dust in suspension to 
8000-12000'; lights and sun dimmed; 
sky obscured 

Strong 3-12 hr. 45-54 18000 0.25-0.75 

Effects of Dust Movement: Dust usually approaches as a dark, 
churning wall; sun barely visible as a 
weak blue light; ground and air travel 
impeded 

Severe 6-24 hr. 55-65 30000 0 - 0.25 

Effects of Dust Movement: May approach as a dense, dark cloud on 
frontal winds or build up gradually to 
intense dust cover; sun usually 
obscured 
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