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ABSTRACT 

 

Recent research has established wind turbine wakes have an impact on local meteorology; 

however, the impacts on dew duration and atmospheric surface-layer stability have not been 

quantified in these studies using field observations.  As air passes through the turning blades of 

wind turbines, turbulent wakes are generated.  These wakes enhance the vertical mixing in the 

atmosphere, and are hypothesized to decrease surface-layer stability.  Given that the presence of 

dew is impacted by near-surface stability, it is hypothesized that the duration of dew decreases 

downwind of turbines.  In this study, the gradient Richardson number, Obukhov stability 

parameter, and dew duration are calculated and compared upwind as well as in the wake region 

downwind of a line of turbines.  Results from the stability study indicate there is a significant 

decrease in both the gradient Richardson number and Obukhov stability parameter in the wake of 

wind turbines, especially when the ambient atmosphere is stable; and the dew duration study 

points towards a possible decrease in dew duration in the wake of wind turbines.  With the 

stability study providing promising results, there is a good basis to continue exploring changes in 

dew duration using alternative methods and in different situations. 
 

 
 
1. Introduction 

 

Multiple recent studies have concluded that 

wakes produced by wind turbines have an 

impact on local meteorology. In this study, data 

from a central Iowa wind farm are used to 

determine the influence of wind turbine wakes 

on surface-layer stability and dew duration.  

Wakes are generated downwind of turbines as 

wind causes air parcels to pass through the 

turning turbine blades, producing turbulence.  

These turbulent wakes increase the magnitude of 

vertical mixing in the atmosphere, often cooling 

the surface during the day and warming the 

surface at night.  This temperature change and 

increased turbulence is suggested to decrease the 

stability of the atmospheric surface-layer, and 

that stability change will be examined in terms 

of the gradient Richardson number and the 

Obukhov stability parameter.  Additionally, this 

possible stability decrease is suggested to 

shorten the duration of dew downwind of wind 

turbines, as dew is impacted by near-surface 

atmospheric stability.  This possible decrease in 

dew duration will be a second focus of this 

research.  With turbine-enhanced vertical mixing 

seen to regularly produce a stronger effect at 

night--due to the atmospheric boundary layer 

(ABL) being more stable and thinner--than 

during the day, a greater impact on surface-layer 

stability and dew duration is expected during the 

night.   

 

Using this information, two proposed 

hypotheses are: 1) the turbine-enhanced vertical 

mixing will lead to a decrease in surface-layer 

stability, with a greater decrease at night, and 2) 

if (1) is correct, then dew duration will be 

decreased.  The motivation for this study is that 

crop vulnerability to waterborne diseases is 

enhanced by the presence of dew, so an impact 

of turbines on dew duration could indirectly 

impact nearby crops.  An impact on crops may 

well have wide-reaching effects, as wind 
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turbines are largely found among crops and the 

economies of areas with large numbers of 

turbines are dependent on agriculture.  As a 

note, this study is an expansion of a previous 

study conducted by Lauridsen et al. (2012). 

 

2. Background literature review 

 

a. Overview 

 

Several recent studies have concluded that 

turbine wake-enhanced vertical mixing has an 

impact on local meteorology.  Such effects 

include a near-surface air temperature increase 

at night and early in the morning and a decrease 

of temperature during the day (Baidya Roy et al. 

2010).  Other changes include adjustments in 

humidity and heat flux (Baidya Roy 2011).  

Effects on the local weather are also stronger at 

night when the ABL is thinner and more stable 

as opposed to during the day when the ABL is 

much more deep and usually unstable (Zhou et 

al. 2012).  Baidya Roy et al. (2010) observed 

downwind surface temperatures are increased 

during the night and decreased during the day, 

using the RAMS regional climate model to 

simulate effects of a wind farm, as well as 

observations taken at the San Gorgonio wind 

farm in California during the summer of 1989.  

Temperatures often increase in turbine wakes 

during the night as the enhanced vertical mixing 

brings down warmer air aloft, thus warming the 

surface.  However during the day, the air aloft is 

cooler, so enhanced vertical mixing will cool air 

at the surface.  Recently, Baidya Roy (2011) 

again used the RAMS regional climate model 

and in this case initialized the model using 

radiosonde measurements from various locations 

in the western United States.  Baidya Roy (2011) 

determined that the downwind enhanced vertical 

mixing carries down air that may have a 

different mixing ratio.  As a result, downwind 

near-surface humidity will increase if the 

ambient mixing ratio lapse rate is positive, and 

decrease when the ambient mixing ratio lapse 

rate is negative. 

 

b. Stability study 

 

While studies based on models have 

suggested wind farms may change the stability 

of the atmospheric boundary layer (Zhou et al. 

2012), there is a lack of published articles that 

quantify this change in stability using field 

observations.  Likewise, articles that mention a 

change in stability do not discuss to what extent 

the stability is altered.  However, previous 

research by Baidya Roy et al. (2010) gives a 

promising suggestion that stability is altered in 

wind turbine wakes.  This is because the surface 

temperature is reported to change due to 

enhanced vertical mixing, and stability is 

determined by the vertical temperature profile.  

In this study, the gradient Richardson number 

and Obukhov stability parameter are calculated 

and compared both upwind and downwind of a 

line of turbines in a utility-scale wind farm.  The 

equations for these stability parameters were 

largely taken from those provided by Businger et 

al. (1971) and Lee (1997) with some minor 

alterations, and are found in the data and 

methodology section.  These two studies found 

links between the gradient Richardson number 

and Obukhov stability parameter, and 

additionally provided equations where one 

stability parameter is used to calculate the other.  

However, this study will calculate the gradient 

Richardson number and Obukhov stability 

parameter separate from each other so they can 

be compared to determine a possible change in 

stability. 

 

c. Dew duration study 

 

Though some published articles examine 

computer model outputs of stability changes in 

the wake of a wind turbine, there is an absence 

of studies that discuss any change in dew 

duration in the wake region downwind of a wind 

turbine.  Baidya Roy (2011) stated that humidity 

is changed in the wake if air with a differing 

ambient mixing ratio is carried down near the 

surface.  Given that the presence of dew is 

impacted by near-surface humidity, which is 

altered by a change in stability, the duration of 

dew is likely changed downwind of wind farms.  

High humidity and stable conditions are known 

to facilitate the development of dew at the 

surface; whereas low humidity and unstable 

conditions are unfavorable for dew formation.  

In this study, dew duration is quantified and 

compared at locations upwind and downwind of 



3 

 

a line of turbines.  This duration of dew will be 

quantified using leaf wetness sensors, which 

consist of plates over which a current passes.  

The current on the leaf wetness sensor plates 

will increase when liquid water is present, as 

water is a better conductor of electricity than air.  

Therefore, the leaf wetness sensor current will 

be altered in the presence of dew, and will give a 

good quantification of dew duration. 

 

d. Conclusion of literature review 

 

Few studies have been published that 

examine the influence of wind turbine wakes on 

atmospheric stability, and these studies all use 

computer models to theorize how stability may 

be changed.  Also, there is an absence of 

published articles that discuss a change of dew 

duration in wind turbine wakes.  Therefore, this 

research is quite unique in that surface 

observations will be used to quantify a change in 

both stability and dew duration in the wake of a 

wind turbine.  Articles published by Baidya Roy 

(2011), Baidya Roy et al. (2010), and Zhou et al. 

(2012) all point to promising results for these 

research studies, as their conclusions suggest 

wind turbines most likely alter the surface layer 

stability and dew duration. 

 

3. Data and methodology 

 

Data used were collected by two flux 

stations provided by Iowa State University 

during the Crop/Wind-energy EXperiment 2011 

(CWEX11).  The flux stations, referred to as 

“ISU1” and “ISU2”, were located in the 

southwestern-most region of a central Iowa wind 

farm.  The wind farm consisted of two hundred 

1.5 MW GE turbines with a hub height of 80-m 

positioned in a NW-SE orientation.  ISU1 was 

located 160 m south of a line of turbines, and 

ISU2 was located 260 m north of the same line 

of turbines, as seen in Fig. 1.  This line of 

turbines is referred to as the “B-line”.  ISU1 and 

ISU2 recorded data in 10-min averages from 1 

July 2011 – 16 August 2011, and both flux 

stations were located in corn fields operated by 

the same farmer.  The variables measured at 

ISU1 and ISU2 can be found in Table 1.  Hub 

data from the B-line turbines including yaw 

angle and a turbine status of on/off were also 

supplied for the period at 10-min intervals. 

 

From these data, the gradient Richardson 

number (Ri) and Obukhov stability parameter 

(z/L) were calculated at ISU1 and ISU2 when 

ISU2 was in the wake of turbines B1, B2, B3, or 

B4 of the B-line, as well as when neither flux 

station was in the wake of a turbine.  Ri and z/L 

are both dimensionless parameters that quantify 

stability of the atmosphere.  Ri is defined as the 

ratio of the buoyant production or consumption 

of turbulence to the shear production of 

turbulence, and z/L is the ratio of a given altitude 

to the Obukhov length, which gives a relation 

between  variables  that   characterize   dynamic, 

 
TABLE 1. Variables recorded at both ISU1 and ISU2 

categorized by altitude of instrument. 

8-m Temperature, relative humidity, wind speed 

5-m Net radiation, pressure, heat flux, wind speed 

3-m Temperature, relative humidity, wind speed, 

precipitation 

1-m Temperature, relative humidity 

FIG. 1. Satellite image of the B-line turbines with CWEX11 instrument locations overlaid. 

 



4 

 

thermal, and buoyant processes in the 

atmosphere.  For both parameters, negative 

values correspond to an unstable atmosphere, 

and positive values correspond to a stable 

atmosphere.  The sign of the gradient 

Richardson number is dependent on the vertical 

profile of the mean virtual potential temperature, 

while the sign of the Obukhov stability 

parameter depends on the mean vertical 

temperature flux.  The equations used to 

calculate Ri and z/L are shown in Eqns. 1 and 2, 

respectively, where   is gravity,   is potential 

temperature,       is the mean virtual potential 

temperature,   is height,    is wind speed at 8-

m,    is wind speed at 3-m,   is a von Karman 

constant,            is the mean vertical temperature 

flux,   is temperature, and    is friction 

velocity. 

 

                      

 
  

      

  

 
     

        
                       

 

                      
 

 
  

              

   
 

                            

 

Additionally, three leaf wetness sensors 

were placed at ISU1 and ISU2 2-m above the 

surface, and recorded data from 15 July 2011 – 

16 August 2011.  These sensors consist of plates 

over which a current passes, and that current is 

altered in the presence of dew.  The sensors 

report values in mV that can then be interpreted 

to determine dew duration and intensity.  Dew 

duration at ISU1 and ISU2 were then compared 

for nights when the turbines were operating. 

 

To ensure quality of results, guidelines were 

set in place when selecting data for the stability 

study.  Data were only used when a turbine 

reported a yaw angle corresponding with a wake 

over ISU2 for a minimum of 10-min.  This 

translates to a minimum of two consecutive 

reports of a wake over ISU2, as data was 

collected at 10-min intervals.  For the control 

group, a no-wake case where neither ISU1 nor 

ISU2 were in the wake of a turbine was also 

examined.  The yaw angles for the wake and no-

wake cases are found in Table 2. 

TABLE 2. Azimuth yaw angles corresponding to a 

wake over ISU2. 

 Yaw Angle 

B1 wake 226-246 degrees 

B2 wake 192-216 degrees 

B3 wake 136-160 degrees 

B4 wake 118-128 degrees 

No-wake 260-280 degrees 

 
Directional wind shear is often found 

between the surface and turbine hub height.  To 

compensate for this wind shear, data within ±3 

degrees of the four wakes was added to the 

dataset.  After categorizing the data into the one 

no-wake and four turbine wake cases, Ri and z/L 

were calculated, as well as the ISU2-ISU1 

difference for these two stability parameters.  

Critical Ri values of ±2 and critical z/L values of 

±10 were used to eliminate a bias for outlier 

measurements, as these stability parameters 

quickly approach very large positive and 

negative values near sunrise and sunset.  

Average ISU2-ISU1 differences were calculated 

for the five Ri and five z/L cases, and a paired t-

test was used to determine statistical 

significance.  An alpha value of 0.01 was used 

when comparing the p-value for significance.  

The number of data points for each category is 

found in Table 3. 

 

A change in Ri and z/L was also analyzed 

using the ambient stability of the atmosphere as 

a threshold.  ISU1 stability datum was used to 

determine the ambient stability, and data was 

categorized as occurring during stable or 

unstable conditions.  The ambient atmosphere is 

noted to be stable when Ri>0.005 and z/L>0.05, 

and unstable when Ri<-0.005 and z/L<-0.05.  

The number of data points for each stability 

category is found in Table 4. 

 

To quantify dew duration, definitions for the 

beginning and end of dew duration were made 

using the leaf wetness graphs and data.  The 

onset of dew was indicated by the first time leaf 

wetness sensor readings increased by at least 1-

mV over a time period of 10-min, and the 

conclusion of dew duration was indicated by the 

last time leaf wetness sensor readings decreased 

by at least 1-mV over a time period of 10-min 
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and the sensor reading was at or near pre-dew 

values.  Dew duration times were calculated for 

each leaf wetness sensor, and average dew 

durations were calculated for ISU1 and ISU2, as 

well as an ISU2-ISU1 difference. 

 
TABLE 3. Number of data points used in the stability 

study for both stability parameters, and categorized 

based on wake group. 

  Number of data points 

Ri B1 wake 141 

B2 wake 435 

B3 wake 588 

B4 wake 262 

No-wake 103 

z/L B1 wake 135 

B2 wake 431 

B3 wake 570 

B4 wake 244 

No-wake 84 

 
TABLE 4. Number of data points used in the stability 

study for both stability parameters, and categorized 

based on ambient atmospheric stability. 

 Number of 

data points 

Ri Wake Stable 693 

Unstable 608 

No-wake Stable 48 

Unstable 54 

z/L Wake Stable 795 

Unstable 511 

No-wake Stable 36 

Unstable 48 

During the one month period when the leaf 

wetness sensors were in the field, only twelve 

nights had at least two leaf wetness sensors 

working properly at both ISU1 and ISU2 with 

no rainfall when the B-line turbines were 

running.  Dew duration was quantified for these 

twelve events at both ISU1 and ISU2, and the 

ISU2-ISU1 difference was compared to the 

amount of time ISU2 was in the wake of a wind 

turbine while dew was present.  A control group 

comparison was also made by comparing the 

ISU2-ISU1 difference in dew duration to the 

amount of time neither ISU1 nor ISU2 were in 

the wake of a wind turbine. 

 

4. Results 

 

a. Stability study 

 

The average Ri change (ISU2 Ri-ISU1 Ri) 

was found to be negative in the wakes of 

turbines B1, B2, B3, and B4.  Likewise, the 

average z/L change was negative in the wakes of 

B1, B2, B3, and B4.  The Ri changes while ISU2 

was in the wake of turbines B1, B2, B3, and B4 

can be found in Figs. 2, 3, 4, and 5, respectively.  

Figs. 6, 7, 8, and 9 illustrate the z/L differences 

while ISU2 was in the wake of turbines B1, B2, 

B3, and B4, respectively.  These figures show 

the stability change with respect to the time of 

observation.  Statistical analysis in the form of a 

paired t-test using an alpha value of 0.01 showed 

all results were statistically significant, with the 

exception of the z/L decrease in the wake of

 

 

 
FIG. 2. Gradient Richardson number change in the wake of turbine B1. ISU2 Ri-ISU1 Ri shown with respect to 

time of observation. 
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FIG. 3. Gradient Richardson number change in the wake of turbine B2. ISU2 Ri-ISU1 Ri shown with respect to 

time of observation. 

 

 

 

 
FIG. 4. Gradient Richardson number change in the wake of turbine B3. ISU2 Ri-ISU1 Ri shown with respect to 

time of observation. 

 

 

 

 
FIG. 5. Gradient Richardson number change in the wake of turbine B4. ISU2 Ri-ISU1 Ri shown with respect to 

time of observation. 
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FIG. 6. Obukhov stability parameter change in the wake of turbine B1. ISU2 z/L-ISU1 z/L shown with respect to 

time of observation. 

 

 

 

 
FIG. 7. Obukhov stability parameter change in the wake of turbine B2. ISU2 z/L-ISU1 z/L shown with respect to 

time of observation. 

 

 

 

 
FIG. 8. Obukhov stability parameter change in the wake of turbine B3. ISU2 z/L-ISU1 z/L shown with respect to 

time of observation. 
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FIG. 9. Obukhov stability parameter change in the wake of turbine B4. ISU2 z/L-ISU1 z/L shown with respect to 

time of observation. 

 

turbine B4.  For the non-wake case when winds 

were coming from the west, ISU2 reported a 

decreased Ri and increased z/L when compared 

to ISU1.  The ISU2-ISU1 Ri and z/L differences 

for the no-wake case are found in Figs. 10 and 

11, respectively.  The decrease in Ri was found 

to be statistically significant; however, the 

increase in z/L was not statistically significant.  

This difference in significance will be discussed 

later.  Data points for all wake cases were also 

compiled, and a total average was computed for 

the Ri and z/L change.  Both of these averages 

showed significant decreases in stability in the 

turbine wake.  The average ISU2-ISU1 

differences for each case are found in Table 5. 

 

When quantifying the stability change using 

ambient atmospheric stability as a condition, the 

average  ISU2-ISU1 Ri difference was  found  to 

TABLE 5. Average change in gradient Richardson 

number and Obukhov stability parameter in the wake 

and no-wake cases. 

  Average difference 

(ISU2-ISU1) 

Ri B1 wake -0.1031 

B2 wake -0.1157 

B3 wake -0.1164 

B4 wake -0.0702 

Total wake cases -0.1064 

No-wake -0.2185 

z/L B1 wake -0.3336 

B2 wake -0.8371 

B3 wake -0.1852 

B4 wake -0.0606* 

Total wake cases -0.3813 

No-wake +0.1187* 

  *not significant 

 
 

 

 
FIG. 10. Gradient Richardson number change in the no-wake case. ISU2 Ri-ISU1 Ri shown with respect to time 

of observation. 

-9 

-6 

-3 

0 

3 

6 

9 

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00 

z/
L

 d
if

fe
re

n
ce

 

Time (LST) 

-1.5 

-1 

-0.5 

0 

0.5 

1 

1.5 

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00 

R
i 

d
if

fe
re

n
ce

 

Time (LST) 



9 

 

 
FIG. 11. Obukhov stability parameter change in the no-wake case. ISU2 z/L-ISU1 z/L shown with respect to 

time of observation. 

 

be negative in the wake of a turbine under both 

stable and unstable ambient atmospheres.  

Likewise, the average ISU2-ISU1 z/L difference 

was found to be negative in the wake of a 

turbine under a stable atmosphere; but on the 

other hand positive under an unstable 

atmosphere.  Statistical analysis in the form of a 

paired t-test using an alpha value of 0.01 showed 

these results to be statistically significant, with 

the exception of the z/L increase under the 

unstable atmosphere.  For the west wind no-

wake case, ISU2-ISU1 differences for both Ri 

and z/L were negative with stable ambient 

atmospheres.  The ISU2-ISU1 difference was 

negative for Ri and positive for z/L for an 

unstable ambient atmosphere for the no-wake 

case.  Figs. 12 and 13 represent the ISU2-ISU1 

Ri difference for stable and unstable ambient 

atmospheres, respectively, in the wake of a 

turbine.  Figs. 14 and 15 represent the ISU2-

ISU1 z/L difference in the wake of a turbine for 

stable and unstable ambient atmospheres, 

respectively.  The Ri difference for stable and 

unstable ambient atmospheres under the no-

wake case can be found in Figs. 16 and 17, 

respectively; and the z/L difference for stable 

and unstable ambient atmospheres under the no-

wake case can be found in Figs. 18 and 19, 

respectively.  The average ISU2-ISU1 

differences for Ri and z/L using ambient 

atmospheric stability categories are found in 

Table 6. 
 

 

 
FIG. 12. Gradient Richardson number change in the wake of a turbine with a stable ambient atmosphere. ISU2 

Ri-ISU1 Ri shown with respect to time of observation. 

 

-9 

-6 

-3 

0 

3 

6 

9 

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00 

z/
L

 d
if

fe
re

n
ce

 

Time (LST) 

-2 

-1.5 

-1 

-0.5 

0 

0.5 

1 

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00 

R
i 

d
if

fe
re

n
ce

 

Time (LST) 



10 

 

 
FIG. 13. Gradient Richardson number change in the wake of a turbine with an unstable ambient atmosphere. 

ISU2 Ri-ISU1 Ri shown with respect to time of observation. 

 

 

 

 
FIG. 14. Obukhov stability parameter change in the wake of a turbine with a stable ambient atmosphere. ISU2 

z/L-ISU1 z/L shown with respect to time of observation. 

 

 

 

 
FIG. 15. Obukhov stability parameter change in the wake of a turbine with an unstable ambient atmosphere. 

ISU2 z/L-ISU1 z/L shown with respect to time of observation. 
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FIG. 16. Gradient Richardson number change in the no-wake case with a stable ambient atmosphere. ISU2 Ri-

ISU1 Ri shown with respect to time of observation. 

 

 

 

 
FIG. 17. Gradient Richardson number change in the no-wake case with an unstable ambient atmosphere. ISU2 

Ri-ISU1 Ri shown with respect to time of observation. 

 

 

 

 
FIG. 18. Obukhov stability parameter change in the no-wake case with a stable ambient atmosphere. ISU2 z/L-

ISU1 z/L shown with respect to time of observation. 
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TABLE 6. Average change in gradient Richardson 

number and Obukhov stability parameter for wake 

and no-wake cases categorized according to ambient 

atmospheric stability. 

 Average difference    

(ISU2-ISU1) 

Stable Unstable 

Ri 
Wake -0.1585 -0.0609 

No-wake -0.2610 -0.1833 

z/L 
Wake -0.7245 +0.0902* 

No-wake -0.0958* +0.2796* 

*not significant 

 
b. Dew duration study 

 

Quantification of duration with the leaf 

wetness sensors pointed to a decrease in dew 

duration in the wake of a wind turbine.  Figs. 20, 

21, and 22 display different leaf wetness reports 

that represent the dataset as a whole.  Fig. 20 

shows good dew readings, with the exception of 

one ISU1 sensor that malfunctioned (flat line) 

the entire night.  Fig. 21 represents a report from 

the sensors during a period with precipitation.  

The two spikes in the graph occur concurrently 

with two periods of rain from 02:10–02:30 LST 

and 05:30–05:40 LST.  Fig. 22 shows a reading 

when the wetness sensors malfunctioned and 

didn’t report dew. 

 

When comparing the ISU2-ISU1 difference 

in dew duration to the amount of time ISU2 was 

in the wake of a turbine, a trend can be found.  

The magnitude that dew duration is shortened 

correlates to the amount of time ISU2 spent in 

the wake of a turbine while dew was present.  

For the no-wake case, the duration of dew is 

relatively unchanged when neither ISU1 nor 

ISU2 are in the wake of a turbine while dew is 

present.  A chart comparing dew duration 

change to a wake over ISU2 can be found in Fig. 

23, and a chart comparing dew duration change 

to the no-wake case can be found in Fig. 24.  

The maximum decrease in dew duration was 

found to be 200-min, which occurred during an 

evening when ISU2 was in a turbine wake for 

83% of the time dew was present.  Also, an 

average decrease in dew duration of 120-min in 

the turbine wake was indicated. 

 

5. Analysis and conclusions 

 

a. Stability study 

 

As hypothesized, the surface-layer stability 

is decreased in the wake of a wind turbine.  

Upon further analysis, it can be seen that the 

ISU2-ISU1 stability differs most at night.  These 

more pronounced changes are supported by 

Zhou et al. (2012), who noted that effects on 

local weather are stronger at night when the 

ABL is thinner and more stable as opposed to 

during the day, when the ABL is unstable and 

much deeper.  During the day when the 

atmosphere is unstable, stability isn’t changed as 

much as the atmosphere is already well mixed.  

During the night under stable conditions, the 

turbulent turbine wakes enhance vertical mixing, 

leading to a decrease in stability.   
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FIG. 19. Obukhov stability parameter change in the no-wake case with an unstable ambient atmosphere. ISU2 

z/L-ISU1 z/L shown with respect to time of observation. 
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FIG. 20. Leaf wetness sensor readings, 25 July 2011 – 26 July 2011.  Orange: ISU1, Green: ISU2. 

 

 

 

 
FIG. 21. Leaf wetness sensor readings, 7 August 2011 – 8 August 2011.  Orange: ISU1, Green: ISU2. 

 

 

 

 
FIG. 22. Leaf wetness sensor readings, 11 August 2011 – 12 August 2011.  Orange: ISU1, Green: ISU2. 
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FIG. 23. Dew duration change in the wake of a turbine. ISU2 dew duration-ISU1 dew duration plotted with 

respect to percentage of time ISU2 in a turbine wake while dew was present.  Linear trend line for data also shown. 

 

 

 

 
FIG. 24. Dew duration change in the west no-wake case. ISU2 dew duration-ISU1 dew duration plotted with 

respect to percentage of time neither ISU1 nor ISU2 in a turbine wake while dew was present. 

 

With the decrease in stability among the 

wake groups easily explained by the turbine 

wakes, another explanation must be sought for 

the   Ri   decrease  in  the  no-wake   case.     The 

calculation of gradient Richardson number relies 

on measurements taken at two heights at both 

ISU1 and ISU2, whereas the calculation of the 

Obukhov stability parameter relies only on 

measurements taken at one height at both ISU1 

and ISU2.  With more instruments being used to 

calculate Ri than z/L, there is a higher likelihood 

that an instrument could malfunction or be 

calibrated incorrectly and therefore provide an 

incorrect reading for Ri. 

 

Overall, it appears that the Obukhov 

stability parameter differences between ISU1 

and ISU2 under stable ambient atmospheric 

conditions provide the greatest support for the 

hypothesis of a stability decrease in the wake of 

a wind turbine. 

 

b. Dew duration study 

 

Results show a possible decrease in dew 

duration of about 120-min, indicating support 

for the hypothesis that dew duration is decreased 

in the turbine wake.  However, there are some 

concerns with this study.  Precipitation as seen 

in Fig. 21, faulty sensor readings as seen in Fig. 

22, corn transpiration, and other possible factors 

greatly limited the dataset of good dew duration 

reports.  With a dataset of only twelve nights, 

there is not a high confidence that the magnitude 
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of decrease in dew duration found in this study 

is applicable in all situations. 

 

With the stability study determining stability 

is decreased in the wake of a turbine, there is 

indication that dew duration is likely altered in 

the wakes as well.  Future dew duration research 

will need to be conducted using other data 

collection methods, such as sign changes in 

moisture flux.  Different situations, such as the 

impact of an entire wind farm rather than just 

one turbine, also has the potential to provide 

additional results important to understanding 

how wind turbines impact the atmospheric 

surface layer. 
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