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Schematic of a Space-Based Doppler Lidar 
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DEFINITION OF VELOCITY ACCURACY

• Velocity field x is random

• Definition of velocity accurac y
requires definition of truth "x truth "

• Accurac y composed of bias and random err or e

x̂ = xtruth + e + BIAS

• Bias of estimate = < x̂ − xtruth >
< x > denotes ensemb le average of x o ver
the random wind field

• Total Random Err or Σ2 =< [x̂− < x̂ >]2 >

• Σ2 = 2 + 2

- representative err or

- instrument and estimation err or



HORIZONTAL VELOCITY MEASUREMENTS FR OM
TWO FORWARD AND AFT LOS MEASUREMENTS

• truth (u truth , vtruth ) is defined as the a verage of the
horizontal velocity vector (u,v) o ver the
Targ et Sample Volume (TSV)

• estimates ( û, v̂) pr oduced fr om tw o LOS estimates
v̂for and v̂aft assuming z ero ver tical velocity

û =
sin aft sin aft v̂for − sin for sin for v̂aft

cos for sin for sin aft sin aft − sin for sin for cos aft sin aft

v̂ =
cos aft sin aft v̂for + cos for sin for v̂aft

cos for sin for sin aft sin aft − sin for sin for cos aft sin aft

• Representation of estimates

û = uS + eu + BIASu , v̂ = vS + ev + BIAS v

uS, vS - spatial a verage over measurement plane

eu , ev - random err ors f rom LOS random err ors

BIASu , BIASv - Bias fr om LOS bias



TOTAL RANDOM ERR OR

ALONG-TRACK COMPONENT

Σ2
u = 2

u + 2
u

2
u =< [uS − utruth ]2 > - sampling err or

2
u =< e2

u > - random err or fr om LOS err or

ACROSS-TRACK COMPONENT

Σ2
v = 2

v + 2
v

2
v =< [vS − vtruth ]2 > - sampling err or

2
v =< e2

v > - random err or fr om LOS err or

• Critical tradeoff between sampling err or and
random err or



HORIZONTAL VECTOR MEASUREMENT FROM
TWO OVERLAID FOR AND AFT TRA CKS

• û = (v̂for − v̂aft )/2 cos( ) sin( )

• v̂ = (v̂for + v̂aft )/2 sin( ) sin( )

- = nadir angle
- = azimuth angle

• sampling err or

2
u =< [u − utruth ]2 >

2
v =< [v − w cotan /sin − vtruth ]2 >

u - spatial a verage of u o ver measurement plane
v - spatial a verage of v o ver measurement plane
w - spatial a verage of w o ver measurement plane

• sampling err or requires scan g eometr y and a
spatial description of the wind field

• troposphere has K olmogor ov s patial spectrum



RANDOM ERROR FROM LOS RANDOM ERROR

• LOS random instrument err ors are uncorrelated
and equal ( LOS)

• along-trac k random err or component fr om LOS

u = LOS

√ 2 cos( ) sin( )
= LOSH

√ 2 cos( )

• across-trac k random err or component fr om LOS

v = LOS

√ 2 sin( ) sin( )
= LOSH

√ 2 sin( )

• random err or depends on azim uth angle
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CRITERION FOR OPTIMAL LIDAR SCAN GEOMETRY

• Overlaid f or and aft trac ks to sample
the same atmosphere

• Require equal random err or pr oper ties
for each horizontal vector pr ofile

• Mathematical solutions e xist f or
flat ear th and spherical ear th

• Trade-off between random err or
and measurement sampling g eometr y
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SUMMARY

• Critical trade-off between random err ors
and the location of the measurements

• Criterion f or selecting optimal design

• Sampling err or requires a statistical
description of the velocity field

• Large sampling err or and lar ge random
error fr om tw o LOS measurements
with non-or thogonal per spectives

• Define data requirements in terms of the random
error f or eac h horizontal component or in terms
of the random err or of the wind speed

• Select priorities f or the data requirements
to guide the engineering trade-off


