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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 vy
requires definition of truth "X i

e Accurac y composed of bias and random err ore
X = Xyuth + € + BIAS

* Bias of estimate = < X = Xyuin >
< X > denotes ensemb le average of x over
the random wind field

e Total Random Err or X? =< [X- < X >]* >

«52 = 52 4 52

0 - representative err or

o - Instrument and estimation err or



HORIZONTAL VELOCITY MEASUREMENTS FR OM
TWO FORWARD AND AFT LOS MEASUREMENTS

e truth (U yuih » Viutn ) 1S defined as the a verage of the
horizontal velocity vector (u,v) o ver the
Target Sample Volume (TSV)

e estimates ( U, v) produced fr om tw o LOS estimates
Vior and V4 assuming z ero vertical velocity

sin Paft sin OaitVior —sin Pior sin BiorV aft

U= : : : : : :

U= COS Paft sin OaitVior T COS Pror sin OrorVatt

COS dror sin Oror sin Daft sin Oatt — sin Dtor sin Otor COS Pagt sin Oait

e Representation of estimates
U=ug+e, +BIAS, , V=vg+e, +BIAS,
Ug, Vg - spatial a verage over measurement plane

ey, ey - random err ors from LOS random err ors

BIAS ,,BIAS, - Bias from LOS bias



TOTAL RANDOM ERR OR

ALONG-TRACK COMPONENT
Sé =6 +of
52 =< [Us —Uyun ]° > - sampling err or

ol =< e2 > - random err or from LOS err or

ACROSS-TRACK COMPONENT

5L =682+ 0y

82 =< [Vs = Vyun ]° > - sampling err or

oZ =< eZ > - random err or from LOS err or

e Critical tradeoff between sampling err  or and
random err or



HORIZONTAL VECTOR MEASUREMENT FROM
TWO OVERLAID FOR AND AFT TRA CKS

* U = (Vior = Van)/2 COS( ) SiN()
* V = (Vior +Vart)/2 iN(9) Sin(6)

- 6 = nadir angle
- ¢ = azimuth angle

e sampling err or

55 =< [L_J ~ Ugruth ]2 >

52 =< [V — W cotan 8/sin ¢ = Vi 1 >

u - spatial a verage of u over measurement plane
vV - spatial a verage of v over measurement plane

w - spatial a verage of w over measurement plane

e sampling err or requires scan g eometry and a
spatial description of the wind field

 troposphere has K olmogor ov s patial spectrum



RANDOM ERROR FROM LOS RANDOM ERROR

e LOS random instrument err ors are uncorrelated
and equal ( o, pg)

e along-trac k random err or component fr om o os

5. = OLos _ OLOSH
" Y2cos(g)sin(g) V2cos(s)

e across-trac k random err or component fr om oy gg

OL0oS _ OLosH
o

Y~ Y2sin(g)sin(8)  v2sin(9)

e random err or depends on azim uth angle



LOSH error magnification

Horizontal component error from LOSH error

_ across-track along-track

0 10 20 30 40 50 60 70 80

azimuth angle



LOS error magnification

Horizontal component error from LOS error 6=45"
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CRITERION FOR OPTIMAL LIDAR SCAN GEOMETRY

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

e Require equal random err or properties
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 eometry



(w>) yoeay-buojy

- 009-

- B —a e Yy

000 00SE 000 @m00SZ 0007 em®0S. 000, @@OS o 00
W | | | | | W W 0

- - (e a» :

W‘OON

B— — - - © 00p

009

9°L91- ‘9'L9L ‘v'80L ‘v'80L- ‘9'LL ‘9'LL- ‘V'8L- V8L
ZH Q1 ‘a|bue Jipeu 3a163p G Gy ‘}gI0 W Q0¥

(wy) yoea]-ssou1)




(wy) yoeu-Buojy

- 009-

® e ® e ® o — 00t~

® e ® @ ® @ " 00z-

000  00G¢€ 000¢ 0062 0002 0091 0001 009G 0
W I I I I W I I I I W I I I I W I I I I W I I I I W I I I I W I I I I W I I I I | o

® o ® o ® o 00¢

® o ® o ® @ -~ 00

- 009

6L~ ‘6vL ‘LZL ‘LZL- ‘6¥L- ‘6¥L ‘LZL ‘LTI
‘0°6G ‘0°6S- ‘0°LE- ‘0"LE ‘0°6S ‘0°6G- ‘0°LE- ‘O°LE
zH 6 ‘a|Bbue Jipeu daibap z'gy ‘Nqio wy 00F

(wy) yoeap-ssoin




Along-track Sampling Errors for step-stare length L
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Across-track Sampling Errors for step-stare length L
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Along-track Sampling Errors for step-stare length L
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Across-track Sampling Errors for step-stare length L

Sampling Errors 9, [m/s]
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Along-track Sampling Errors for step-stare length L
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Across-track Sampling Errors for step-stare length L
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SUMMARY

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

e Criterion f or selecting optimal design

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

e Large sampling err or and lar ge random
error from tw o LOS measurements
with non-or thogonal per spectives

e Define data requirements in terms of the random
error for 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



