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1. INTRODUCTION 

1.1 Document scope 

This document applies to the custom-made Triaxial Doppler SODAR system and the WindRanger 
200 Doppler LIDAR, both located at the Atmospheric Physics Laboratory (APL), Sapienza - 
University of Rome, part of the BAQUNIN project. 

1.2 Document objective 

The purpose of this technical note is to describe the intercomparison campaign between the 
BAQUNIN triaxial Doppler SODAR and the WindRanger 200 Doppler LIDAR, carried out to evaluate 
the feasibility of using this LIDAR system as a replacement for the SODAR in long-term urban wind 
monitoring. The study aims to ensure continuity of the six-year dataset of wind speed and direction 
by assessing the consistency, reliability, and operational compatibility of the two instruments 
under real-world conditions. 

1.3 Applicable documents 

The following is a list of documents with a direct bearing on the content of this report.  Where 
referenced in the text, these are identified as RD.n, where 'n' is the number in the list 
below: 

[RD.1] SODAR system and analysis chain description BAQ-MGT-TEM-SER-009 

[RD.2] WindRanger 100/200 Operation Manual VS. 07 20241127, Metek GmbH 

 

1.4 Acronyms 
 

Acronym Definition 

APL Atmospheric Physics Laboratory (at Sapienza) 

BAQUNIN Boundary-layer Air Quality-analysis Using Network of Instruments 

SODAR SOund Detection And Ranging 

LIDAR Light Detection and Ranging 

WL Wind LIDAR 
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2. INSTRUMENTATION AND METHODS 

The APL Doppler SODAR is a custom-made triaxial acoustic profiler in monostatic configuration, 
designed to retrieve three-dimensional wind profiles in the lower atmosphere Figure 1. It operates 
by emitting acoustic pulses and analysing the Doppler shift of backscattered signals reflected by 
small-scale atmospheric temperature inhomogeneities. The system provides wind speed and 
direction at multiple heights, with a vertical resolution of approximately 18 m and a typical range 
up to 435 m, depending on atmospheric conditions. Further details on system configuration, 
acquisition parameters, and uncertainty estimation are available in [RD.1]. 

The WindRanger 200 (WL) is a compact, eye-safe Doppler LIDAR operating at a wavelength of 1454 
nm (Figure 2). It retrieves wind profiles by scanning a laser beam around the zenith at a fixed 
elevation angle and analysing the Doppler shift of backscattered light from aerosols. The 
instrument can measure up to 20 configurable heights within a range of 7–200 m, with high 
accuracy.  

Unlike SODAR, the LIDAR is unaffected by acoustic noise – which is a critical advantage in urban 
environments – and provides stable performance under varying atmospheric conditions. Detailed 
specifications and operational principles are provided in [RD.2] and reported in Table 1. 

 

Table 1 Doppler LIDAR Wind Profiler main specifications 

Doppler LIDAR Wind Profiler main specifications 

Laser wavelength  1454 nm (1M, eye safe) 

First range gate 7 m 

Measuring heights 20 adjustable heights up to 200m 

Height resolution 0.08 m at 10 m, 8 m at 100 m 

Accuracy of wind speed 0.2 m/s or 2 % at wind speeds > 10 m/s 

Accuracy of wind direction 3 ° at wind speeds > 5 m/s  

Figure 1 Triaxial Doppler SODAR in monostatic configuration installed at 
APL Sapienza 
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Figure 2 Doppler LIDAR Wind Profiler installed at APL Sapienza 

 

3. INTERCOMPARISON CAMPAIGN 

The intercomparison campaign took place at the APL site from April 1 to May 13, with intermittent 
breaks, resulting in 14 effective days of data. Both instruments operated under real operational 
conditions, without instrument-specific tuning aimed at maximising the agreement between the 
two profilers. SODAR parameters were maintained as in routine monitoring operations, while WL 
parameters were configured to both optimise the performance of the instrument in urban 
environment and facilitate the extension of the SODAR wind speed and direction series.  

The WL was installed approximately 10 m from the SODAR to ensure comparable atmospheric 
conditions, and data were averaged over a 10-minute interval, consistent with the routine SODAR 
configuration.  

 

Figure 3 APL Sodar (left) and WL (right). The red arrow indicates the approximate distance between the 
two instruments.  
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Six measurement heights were selected for comparison: 36.2 m, 54.7 m, 73.2 m, 110.2 m, 147.2 
m, and 184.2 m, corresponding to central range gates of the SODAR. Figure 4 shows a comparison 
of the wind speeds measured by the two instruments for one of the campaign days and for each 
range gate. Wind direction was not analysed because directional accuracy from the triaxial SODAR 
depends on the precise orientation of three antennas, making it more prone to alignment errors 
than the compact WL, which is inherently less affected by orientation issues due to its single, 
zenith‑centred rotating beam. 

 

Figure 4 Starting from the top‑left and moving right and downward, the panels show APL SODAR 
(blue points) and WL (yellow points) wind‑speed retrievals at height levels 36.2 m, 54.7 m, 73.2 
m, 110.2 m, 147.2 m, and 184.2 m, respectively.   
 

4. RESULTS 

The comparison between SODAR and WL wind speed measurements was evaluated using the 
following standard statistical indicators, computed at six heights (36.2, 54.7, 73.2, 110.2, 147.2, 
and 184.2 m).  

• Mean bias (mb), the average signed difference between WL and SODAR wind speeds over 
matched samples; positive values indicate SODAR higher than WL. 

• Normalized mean bias (nmb), the mean bias expressed relative to the WL mean, nmb =
mb/𝑊𝐿̅̅ ̅̅̅ which provides a unitless indication of systematic offset. 

• Mean absolute error (mae), the average absolute difference between SODAR and WL 
wind speeds, which quantifies typical discrepancy without canceling under- and 
overestimations. 

• Normalized mae (nmae), the mae scaled by 𝑊𝐿̅̅̅̅̅, providing a unitless measure of typical 
discrepancy relative to the WL wind speed. 
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• Fractional bias (fb), a symmetric, normalized metric fb  =  2(SODAR̅̅ ̅̅ ̅̅ ̅̅ ̅ −WL̅̅̅̅̅)/(SODAR̅̅ ̅̅ ̅̅ ̅̅ ̅ +
WL̅̅̅̅̅), with range between -2 and +2, that measures the average difference between the 
two datasets; positive fb indicates SODAR tends to measure higher values. 

• Root mean square error (rmse), the square root of the mean squared differences, which 
penalizes larger deviations more strongly than mae. 

• Correlation coefficient (r), the Pearson correlation between the two datasets, ranging 
from –1 to +1, independent of bias. 

• Index of agreement (IoA), a normalized metric (0 to 1) that accounts for both bias and 
variance, with 1 indicating perfect agreement. 

The values computed for the six comparison heights (range gates, RG) are presented in Table 2, 
along with the number of valid measurements (#). The latter decreases significantly with height, 
particularly above 110 m, due to the reduced performance of the SODAR at higher altitudes in 
urban environments. Results at 184 m are not included, as only a few valid observations were 
available at this level, making a robust comparison unfeasible. 

Between 36.2 m and 73.2 m, mb is very small (0.015–0.19 m/s), and nmb remains below 
approximately 4%. The mae ranges from 0.79 to 0.94 m/s (nmae ≈ 18–19%), while fb is negligible. 
Association metrics indicate strong agreement, with r around 0.86–0.87 and IoA near 0.92–0.93. 
These results point to a low systematic offset, modest typical discrepancies, and good co-variability 
between the two datasets. At 110.2 m, however, mb increases to 0.58 m/s (nmb ≈ 11%), mae rises 
to 1.14 m/s (nmae ≈ 21%), fb reaches 0.10, and rmse grows to 0.087 m/s, while r and IoA decrease 
to 0.83 and 0.89, respectively. Similar trends are observed at 147.2 m, confirming that systematic 
differences become more pronounced with altitude. A representative comparison of the 
wind-speed retrievals from the two instruments for a standard day is presented in Figure 5.  

These results are further confirmed by the analysis presented in Figure 5, which include the scatter 
plot, the quantile–quantile (Q–Q) plot – it compares the distributions of two datasets by plotting 
their quantiles against each other – and the histogram of the differences between the two data 
series for both 36.2 m (panel a, blue) and 147.2 m (panel b, red). At 36.2 m the Q–Q plot is nearly 
linear and follows the diagonal (dashed line), confirming that the two datasets share similar 
distributions across the entire range. Conversely, at 147.2 m it lies almost entirely below the 
diagonal, especially at lower quantiles, indicating systematic differences that become more 
pronounced in the lower tail of the wind speed distribution. Similarly, at 36.2 m, the histogram of 
the differences is narrow and centred near zero, with the Gaussian fit (solid blue line) confirming 
minimal bias and low variability. In contrast, the corresponding histogram for 147.2 m is 
considerably wider and shifted toward positive values, reflecting larger and more frequent positive 
differences. 

Table 2. Statistical indicators computed for the six comparison heights are presented in 
Table 1. Values at 184 m are not reported because the number of valid measurements was 
too low to be statistically significant. 

RG (m) # mb nmb mae nmae fb rmse r IoA 

36.2 535 0.015 0.0035 0.79 0.19 0.0036 0.046 0.87 0.93 

54.7 506 0.10 0.021 0.86 0.18 0.022 0.051 0.87 0.93 

73.2 443 0.19 0.037 0.94 0.18 0.036 0.059 0.86 0.92 

110.2 290 0.58 0.11 1.14 0.21 0.10 0.087 0.83 0.89 

147.2 134 0.93 0.18 1.44 0.28 0.17 0.16 0.71 0.80 
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5. FINAL REMARKS 

The intercomparison campaign demonstrates that the WindRanger 200 Doppler WL provides wind 
speed measurements that are statistically equivalent to those of the triaxial Doppler SODAR up to 
approximately 100 m, supporting its use to continue the six-year wind speed dataset. 

At higher altitudes, moderate differences emerge, primarily due to the increasing divergence in 
the sampling volumes of the two instruments and the reduced reliability of SODAR measurements 
under urban conditions. These discrepancies become evident in both statistical indicators and 
graphical analyses. 

Overall, the WL offers significant operational advantages, including immunity to acoustic noise and 
stable performance in urban environments. For continuity above 100 m, metadata notes and, if 
necessary, simple bias corrections should be considered. 

Figure 5 Scatter plots, Q–Q plots, and difference histograms of WL versus SODAR wind 
measurements at 36.2 m (a) and 147.2 m (b). 
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