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DEFINITION OF VELOCITY ACCURACY

• Velocity field v(x,y ,z) is random

• Definition of velocity accurac y requires
a definition of truth "v truth "

• Accurac y composed of bias and random err or e

v̂ = vtruth + e + BIAS

• Bias of estimate = < v̂ − vtruth >
< x > denotes ensemb le average of x

• Random err or 2 =< [v̂− < v̂ >]2 >

• Definition of truth depends on application

- single-shot Line-of-Sight (LOS) measurement

- multiple-shot LOS measurement

- horizontal velocity vector measurement

- measurement f or model verification



Schematic of a Space-Based Doppler Lidar 
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FIXED STARE MULTIPLE-SHOT LOS VELOCITY ERROR

• Truth is defined as the a verage of radial velocity
over the measurement plane defined b y L z and L x

vtruth =
1

LzLx

Lz

z=0
∫

Lx

x=0
∫ vr(x, z)dxdz

• LOS random err or f or measurement v̂

2
LOS =< [v̂ − vtruth ]2 >

• Performance depends on the estimator ,
the instrument, and the spatial statistics of
the velocity field o ver the measurement plane



VERIFICATION OF LOS RANDOM ERROR
BASED ONLY ON DATA

• Estimates of random err or can be pr oduced f or
each LOS multiple-shot velocity measurement
by a c onsistenc y test of the ra w data

• Many estimates fr om statisticall y s imilar
regions required f or average random err or

• Requires single-stare m ultiple-shot g eometr y

• No expensive in situ data required

• Raw data fr om eac h l idar shot is required to
produce consistenc y test
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TOTAL RANDOM OBSER VATION ERROR FOR
HORIZONTAL VECTOR MEASUREMENTS

• The total random err or f or horizontal velocity
measurement ( û, v̂) is a critical data requirement

• True velocity (u truth , vtruth ) is the average of velocity
[u(x, y , z), v(x, y, z)] over the measurement cell (grid cell)

• Vector components determined fr om pair s of forwar d
and aft fix ed stare LOS velocity estimates

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

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

- v̂for = LOS radial velocity fr om f orwar d look
- v̂aft = LOS radial velocity fr om aft look
- = zenith angle
- = azimuth angle



• Overlaid f orwar d and aft lidar trac ks defines
the center line of the measurement cell

• Total random obser vation err or consists of LOS
random estimation err or and sampling err or
due to turb ulence (representative err or)

2
u = 2

u + 2
LOS /2 cos( )2 sin( )2

2
v = 2

v + 2
LOS /2 sin( )2 sin( )2

- u = sampling err or f or along-trac k component

- v = sampling err or f or acr oss-trac k component

- LOS = LOS random estimation err or

• Sampling or representative err or depends on the lidar
trac k length L track , the dimensions L of the desired
measurement v olume , and the atmospheric v ariability



TOTAL FORECAST ERR OR FOR HORIZONTAL
VELOCITY VERIFICATION MEASUREMENTS

• Definition of random err or between
a forecast (u forecast , vforecast ) and
a verification measurement ( û, v̂)

2
fu =< (uforecast − û)2 >

2
fv =< (vforecast − v̂)2 >

< • > - ensemb le average over statisticall y
similar atmospheres

• Measurements are unbiased and uncorrelated
with the f orecast

2
fu = 2

modelu + 2
u

2
fv = 2

modelv + 2
v

2
modelu =< (uforecast − utruth )2 > = model err or in u

2
modelv =< (vforecast − vtruth )2 > = model err or in v

• The total err or is composed of the model err or ( fu , fv )
and the measurement err or ( u , v)



SAMPLING ERROR DETERMINED BY VELOCITY
FLUCTUATIONS OVER THE MEASUREMENT VOLUME

(SUB-GRID TURBULENCE)

• Sub-grid turb ulence dominated b y horizontal velocity

• Tropospheric sub-grid turb ulence is tw o-dimensional
Kolmogor ov t urb ulence defined b y the parameter

• Climatology of determined fr om air craft data

- < >= 7. 63x10−5m2/s3 = average value of

- 10 = 4. 16x10−6m2/s3 = 10 percentile of

- 50 = 2. 66x10−5m2/s3 = 50 percentile of

- 90 = 1. 71x10−4m2/s3 = 90 percentile of

• Sampling err ors for tr opospheric conditions
scale as ( L)1/3
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KEY RESULTS FOR SAMPLING ERRORS
IN THE TROPOSPHERE

• the sampling err or f or a lidar (L track = L) is more
than a factor of tw o less than f or a ra winsonde
randoml y located in the measurement cell

• the sampling err ors have large variations with
turb ulence conditions (a factor of 3.45 f or 10-90th %)

• the lo w turb ulence regions of the tr oposphere are
required f or accurate verification of obser vations
or model predictions

• impr oved estimates of sub-grid turb ulence are
essential to pr oduce optimal statistical anal ysis

• forecast verification err ors may be dominated b y
by t he sampling or representative err ors

• results depend on definition of truth


