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Abstract. Maximum cross-correlation techniques have been used with satellite data to 
estimate winds and sea surface velocities for several years. Los Alamos National Labo- 
ratory (LANL) is currently using a variation of the basic maximum cross-correlation 
technique, coupled with a deterministic application of a vector median filter, to measure 
transverse winds as a function of range and altitude from incoherent elastic backscatter 
lidar data taken throughout large volumes within the atmospheric boundary layer. 
Hourly representations of three-dimensional wind fields, derived from elastic lidar data 
taken during an air-quality study performed in a region of complex terrain near Sunland 
Park, New Mexico, are presented and compared with results from an Environmental Pro- 
tection Agency (EPA) approved laser doppler velocimeter. The wind fields showed per- 
sistent large scale eddies as well as general terrain following winds in the Rio Grande 
valley. 

1 Introduction 

The Border Area Air-Quality Study took place during September 1994, and was imple- 
mented to determine wind patterns in Sunland Park, New Mexico, preceding Sunland 
Park's peak ozone (03) levels. The state of New Mexico believes the majority of O3 
measured in Sunland Park is produced in El Paso, Texas, and Juarez, Mexico, and car- 
ried with the wind into Sunland Park from those regions. Further, the state of New 
Mexico may be able to continue economic development in Sunland Park if they can 
show that winds are from El Paso, Texas, and Juarez, Mexico, prior to peak O3 levels 
in the Sunland Park, New Mexico, area. 

2 Method 

Wind Fields are reduced from data acquired with the Los Alamos National Laboratory 
(LANL) mobile lidar system [l]. The system is a monostatic elastic backscatter lidar 
which emits light of 1.064 micron wavelength. The laser was pulsed at 50 Hz and 150 
mJ per pulse. The backscattered signal was digitized at a rate of 20 mega-samples per 
second, and the signal was measured with an infrared enhanced avalanche photo diode 
with a 3 MHz bandwidth. The lidar system used a 12-bit digitizer. 
Lidar wind data files were acquired by rastering the lidar system through three differ- 
ent sets of observation angles for a time period of about 63 s per file [l], [2]. The eleva- 
tion angle for each file's three observation angles was fixed and a small angle separated 
the azimuthal angles; observation angles one and two (and two and three) were sepa- 
rated by 0.45', and observation angles one and three were separated by 0.9'. This lidar 
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scanning pattern (referred to at LANL as a correlation scan) produces an image con- 
taining aerosol backscatter information as a function of time and range from the lidar 
along each observation angle. 
Wind information are reduced from each correlation scan with a maximum cross-cor- 
relation technique [l], [3]. In this application, maximum cross-correlation works as a 
pattern recognition scheme. Aerosol patterns imaged by the lidar along one observa- 
tion angle are cross-correlated with aerosol patterns imaged at the other observation 
angles to create a wind data base for each correlation scan (data file). Cross-Correla- 
tion is accomplished by selecting subimages (or tiles) from one of the observation 
angle images and slipping the tile through the images at the nearby observation angles. 
Cross-correlations below 75% are rejected and the resulting wind data base is postpro- 
cessed with a deterministic application of a vector median filter to determine trends in 
the aerosol transport [l], [4]. In the deterministic application, the vector median filter 
is applied to unit-vectors, or the direction vectors from the wind data base. This appli- 
cation gives the median direction the aerosols are travelling. 
Forty files per hour were acquired during time periods preceding peak 0 3  levels in 
Sunland Park on the 8,9, 10, and 11 of September 1994. These files covered 110" in 
the azimuthal dimension and were acquired between 2" and 22" in the elevation 
dimension. This permitted the measurement of three-dimensional winds (horizontal 
winds as a function of range and altitude) throughout a large volume of the boundary 
layer each hour. 
Data for comparison with a laser doppler velocimeter (LDV) were acquired twice each 
day. The LDV was provided by the Physical Science Laboratory (PSL) of New Mexico 
State University at Las Cruces, New Mexico, for experimental integrity. 

2.1 LidarLDV Wind Comparisons and Wind Fields 
The PSL LDV measures wind profiles by positioning the laser at a 45" elevation angle 
and rotating the system through 360"; doppler data as a function of altitude are 
acquired as the system rotates. The doppler data are fit to a sine function and the abso- 
lute maximum and minimum wind speeds are averaged and divided by the cosine of 
45" to determine the wind speed with height. The wind direction is determined as the 
direction of maximum doppler shift. The LDV cycled through 360" every -5 s and 
measurements at 500 m altitude represent wind averages over horizontal distances of 
1,OOO m. Each lidar wind measurement represents time averages of lo's of s and dis- 
tance averages of a few m to loo's of m. The LDV and lidar represent two different 
remote measurement systems and it is not expected that they will agree at all times. 
However, good agreement between the systems is expected in steady wind conditions. 
A sample of the LDV data can be seen in Fig. 1. 
Fig. 2 shows a comparison between two LDV vertical profiles and two lidar vertical 
profiles for 11 September 1994. The lidar data are plotted with error bars [l]. The 
errors are estimated from the uncertainties in time and position of the lag images with 
respect to the principal tiles. Uncertainties in the lidar's ability to accurately return to 
the azimuthal angles are also included. All of the uncertainties are based on the physi- 
cal limitations of the lidar system. 
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Fig. 1: Laser Doppler Velocimeter Doppler Shift Plot 

The wind speed (VEL) in the upper right comer is the absolute average of the minimum and 
maximum wind speeds divided by cos(45'); i.e., ws = (5.5 + 4.0)xv%2 d s  = 6.7 ds. The wind 
direction (WDIR) of 132" in the upper right comer is measured from true north and corresponds 
to the maximum doppler wind. 
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Fig. 2: LidarLDV Wind Comparisons for September 11,1994 (Calibration Runs) 

Both these lidar and LDV data were unit-vector median filtered. All data within 35" of the 
median direction were vector averaged and plotted. Dashed lines marked by an '0' correspond to 
LDV data. Solid lines, with error bars and marked by an 'x', correspond to lidar data. LDV wind 
speed uncertainties are estimated to be about iXI.25 d s .  
(A) The left plots are the 0800 to 0900 hours calibration run and show strongly correlated 
results. The large uncertainties in the wind speeds are related to the high wind speeds (very fast 
transport times). (B) The right plots are the 1500 to 1600 hours calibration run and show good 
agreement in wind speed and direction. Of interest is the wind shear seen by both the LDV and 
lidar system. The LDV data at 300 and 400 m show wind directions from the lidar's blind spot. 
This blind spot is a physical limitation of the algorithm, and results when images between the 
slightly separated azimuthal angles are cross-correlated. This could be one reason Eloranta 
departed from the three-angle scanning pattern for volume scans [5]. 
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Fig. 3 shows an elastic lidar wind field for one hour on 10 September 1994. These 
trends were typical and support the conclusion that winds flowed from El Paso, Texas, 
and Juarez, Mexico, in the hours preceding peak 0, levels in the Sunland Park area. 
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(A) v = (4.2 f 1.6) mls (B) v = (3.5 k 1.3) mls (C) v = (4.3 f 1.7) mls 
(1.7$vI10.9)ds (0.7 I v C 8.4) mls (1.8IvI9.9)mls 
0 = 148.0” f 22.0” 8 = 167.0” f 25.0” 8= 191.5”f31.0° 

Fig. 3: Lidar Winds From 1200 to 1300 Hours (10 September 1994)t 

(A) Lower level winds show low to moderate magnitude with moderate variabilities (the moder- 
ate variabilities indicate that thermal turbulence has begun). These winds seem to curl toward the 
Franklins as the winds travel up the Rio Grande Valley. Near the pass, and south of S i e g  de 
Cristo Rey, the winds continue to be from the SE. (B) Middle level winds are similar to the pre- 
vious hour’s data in magnitude, direction, variabilities, and continue to exhibit terrain induced 
effects. (C) Upper level winds show a interesting eddy just west of Sierra de Cnsto Rey that is 
likely a short time scale structure. Similar eddies appear in this region at other times, however, 
suggesting eddies in this area may be common. The rest of the upper level winds show low to 
moderate winds with moderate variabilities in direction and low variabilities in magnitude. The 
upper level winds mainly travel from the south and curl toward the Franklins. 
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