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1 Motivation 4 Quantifying Temperature & Moisture Structures 5 Tower and Radiometer Comparison

Temperature, moisture, and wind profiles are used to quantify Radiometer .

atmospheric stability. Stability is important to quantify near wind farms as M5 Tower Correlation

stability and turbulence affect wind energy production (Friedrich et al. Potential Temperature Potential Temperature

2012; Vanderwende and Lundquist 2012). In situ measurements, such as 294 T — The potential temperature () for the tower is derived
. : 10 Tower/Radiometer -7

meteorological towers (bottom) are generally used to obtain these 80 L 3 70 m, r=097 S from temperature at a specific level and the pressure at

profiles. In situ instruments can be calibrated within a wind tunnel to 1T A L. | 0 (K) (K) 292 38 m/ 50 m, r=091 - that level, whereas the O for the radiometer is

reduce the uncertainty of the measurements and towers have established g —{ T Ty e 1 T T - 87 m/100 m, r=0.64 7 - measured directly over a 50m deep volume.
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international standards . However, towers are expensive, fixed, and

N
(o]
o

cannot collect data above the tower. On the other hand, remote sensing i | | F! (| } 60 ® i The radiometer and tower are well-correlated at the
instruments, such as microwave radiometers (right) and LIDARs, are "_g 6 - E ¢ 288 - lowest and middle heights and moderately correlated
portable and can make measurements well above typical tower heights = = 2 i at the highest height.
(60m-135m). In our analysis, we compare temperature, moisture, and ﬁ: _ -% 40 S 286 - .
oge . . . @ ‘
stability profiles observed from the tower and radiometer in order to T 4- = i The range of O values derived from the tower are
explore the use of remotely sensed profiles in the boundary layer. 284 - : smaller than that observed from the radiometer at the
282: ] same level. The difference may be because the
2 20 P B [ B . . . .
82 84 -85 -85 290 92 . radiometer take-s vertical averages opposed to discrete
Radiometer O (K) measurements like the tower.
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enter . O10 courtesy or tvan Kalina.
Specific Humidity Specific Humidity
Why IS stab|||ty important? """" 450 T | The specific humidity (q) for the tower was derived by
- L eres . . F -~ 4 | converting dew point temperature to relative humidity,
* Stability causes variability in the profiles of mean . . . . . . . .
] . . . I | relative humidity to mixing ratio, and then mixing ratio
wind speed, wind direction, and turbulence 40 - ce ..
. . . ., . ~ & to specific humidity.
intensity across a wind turbine’s rotor disk o .
. 3 I
(Wharton and Lundquist 2012a). G w= (M../M, )*(RH/100)* (esat(T)/(p-U*esat(T)))* 1000
€ € 0 35~ — =w/(1+w
. Research has shown that generated power < = o - 119 /l )
ope . = L O -
depends on stability, although the S|g|? of powe.r S % : M. : mass of moist air T air temperature
change depends on whether or not wind veer is T T = i : :
i .. 3.0 - — M,: mass of dry air esat: saturation vapor pressure
present during stable conditions (Wharton and L ! . . .. :
] I - RH: relative humidity W: mixing ratio
Above: 135-m M5 meteorological tower (left of photo) which measures the inflow into the Lundquist 2012b). [ . , . -
) ) . e g: specific humidity
DOE/ GE 1.5 MW turbine (right of the photo) located at The National Renewable Energy e
Laboratory’s NWTC. Photo courtesy of Department of Energy and the National Renewable . ili i S | | |
Ener Lal\o/orator y P &Y Accurate stability forecasts can h.elp wind farms 2.5 3.0 3.5 4.0 4.5 | The specific humidity profiles are moderately correlated
gy Y- assess how much power output will be generated Radiometer q (g/kgq) . .
. at all heights, but they are not in good agreement; the
(Wharton and Lundquist 2012b). — - e ] )
14/18 14/21 15/00 15/03 15/06 tower consistently measures higher values than the
| 14/18 14/21 15/00 15/03 radiometer. This difference may be a result of the tower
G I f h P . M h d I October 2012 UTC Time (day/hour) October 2012 UTC Time (day/hour) humidity profile being a derived quantity and the
oals of the Project ethodolo . . radiometer humidity profile being a measured quantity.
] gy Virtual Potential Temperature Virtual Potential Temperature
Explore the pros and cons of taking in situ vs. Choose a case study with the following 10 294 T T T T T ————— xa Virtual potential temperature is used in buoyancy
remote sensing measurements at wind sites conditions: westerly winds, relatively moist 80 i gofner// Roo‘jri]omertz%'fw -~~~ | measurements as a surrogate to density. Buoyancy also
boundary layer, strong vertical shear, and | M 0, (K) 0, (K) 2921~ 38 m/ 50 m, r=0.92 - || indicates stability i
! ’ WORRT YN W , j : . . ) p y in the atmosphere.
Compare the temperature and moisture conditionally unstable atmosphere g —{ 10 T =y mr','u"!""l,,"" || .,!""'!l l!!."!"""""!llll 7--'5'” fi . I 87 m/100 m, r=061 o -
profiles from the M5 tower data to those | i!’ ' 1” i Ll f '.,“ '|...,| "!.l' .”l", i o X 290" 0, =0(1+(0.61*w/1000))
mea.sured fron.n. the .MP-3000A radiometer and P!ot and com.pare potential temperatu.rt.e, _ i | | i 60 . o} I ©: potential temperature w: mixing ratio
vertically-profiling wind LIDAR data virtual potential temperature, and specific E 6 = 296 § 288 .
humidity for both the tower and radiometer - ] = 294 o I b 3 . :
” - 4 turbul e g o+ t N y e e , 9 £ i £ oo ; I " +#§i.?; 2 i Th.e radlo!neter |s. well correlatefi at the lowest .and
>¢ Wihd and turbuience profies irom the © show that Ihe radiometer provides D | @ 40 - = 2861 R S | middle height and in agreement with the values derived
LIDAR to determine the R|charfison nu.mber and additional details about the structure of the r 4 - T i "o A : from the tower. Like the potential temperature, the
compare to the tower-derived Richardson atmosphere i 284 ¢ 7 ' 1 | range of virtual potential temperature values for the
number | H -7 1 | tower is smaller than that of the radiometer.
Determine if the radiometer and tower 2 H ‘ ;M) 20 28207 .. . e ]
. . . o { e 4 4 . . . .
Determine if a radiometer and LIDAR measurements are well correlated and if , 282 28 2820diom§?§ o (Kz)go 292 294 | As with the potential temperature, the virtual potential
combination is a viable option for determining they have good agreement. 0 | I " temperature plots show a distinct shift from an
stability at wind farms AR I B
14/18 14/21 15/00 15/03 15/06 14/18 14/21 15/00 15/03 15/06 unstable atmospherehto a stable atmosphere as the sun
Note: Not all goals have been completed for this project yet. Refer to ‘future sets (~ 24z on the 15! ) .
work’ to see the next steps for the project. October 2012 UTC Time (day/hour) October 2012 UTC Time (day/hour)

3 Data 6 Conclusions / Future Work

* Radiometers can be used to quantify stability well above the vertical Carry out comparisons between remote sensing
. . T S | extent of a meteorological tower. inst t d thet f ti t
Start/End HEIght Time Measured | I et | \ :r;;;;lr;\i:a:i:tri\cs e tower for an entire season to ensure
Instrument date Ra nge RESOIUﬁOn Quantities PrOS cons InStru ment Locatlon , = | J * Potential temperature and virtual pOtenﬁaI temperature from the ° Compare wind proﬁles from a verﬁca"y_proﬁling wind
/ 73 T v g o L, | : radiometer are well correlated with that of the tower at lowest and
- - o C - _ ’ el R = i P . — LIDAR to those from the tower
Finer height Limited vertical q = W/ ' b o e T SR S ¢, M SRR i middle heights and moderately correlated at the highest height.
August T T, wind speed resolution, includes extent, affected by - 5 W § 1 A 1 e Soecific humidity f e rag . . | « Calculate the shear and buoyancy terms of the gradient
_ i » Vg» ’ . ope . Selr 2 13 e : * Specific humidity from the radiometer and tower are moderately Richardson number to determine stability and
M5 Tower 2012 3m-122m 20Hz i i ; wind speed and prevallmg wind ) : ¥ ‘ correlated, but do not have good agreement perhaps due to the . . e

wind direction . . . . - (S B i 2 - correlation between the remote sensing and in situ

present direction dlrectlon, no | _ 5 R s s :1 calculations required to estimate specific humidity from dew point T T TG

humidity proﬁles - [ S f,..w '- ~ Byt ok o - : temperature measured at the tower.
I W105214,10%8 1 &) : = T W105:13!27:84
% B g ; . A o . o *Determine if the radiometer and LIDAR combination
June T RH. liquid Measure up to 10km, Does not measure / r""‘ <o S ok il se:smg mlstrum:entls 2 W'“‘: fa"';‘ls COUI‘:Ia'd n mo;e offers advantages in measuring atmospheric stability
. ~ ever Iaul ] ] . ¥ & o B\ o 3 _ h & _ accurate and complete calculations of stability and estimated power
Radiometer  2012- 0-10km Very gl includes vertical wind speed or | "EON ‘ | B over the tower
present 3minutes | water content humidity profiles direction
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