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Background: the logarithmic law

The logarithmic wind profile

A Thewind velocityu with heightin purely mechanicaturbulence
canbe derivedfrom the logarithmiclaw.
A Two major aerodynamicparameters,the roughnesslength z,

and displacementeightd, canbe derivedfrom the logarithmic
law.

u = theobservedneanwind velocity,
u. = thefriction velocity,

z = theobservatiorheight,

Z, = theaerodynamiecoughnessength,
d = thedisplacemenheight,

9 = thevon Karmanconstant



Background: estimating Zz,and d

Methods to estimatez, andd (Liu et al., 2009)

Mviorphological(or geometric)methods
(usingparametersrelated to surfacemorphology)

A\nemometricmethods
(usingfield observationf wind andturbulence)

Theurer(1993)
A z, is mainly related to the ratio of the frontal area of the

obstaclego the lot areaof the obstacles
A d is mainly a function of the ratio of the plan area of the

obstaclego the lot area

Raupach (1994), Bottema (1995), Macdonald et al. (19¢
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Background: estimating Zz,and d

Methods to estimatez, andd (Liu et al., 2009)
AVlorphological(or geometric)methods
(usingparametersrelated to surfacemorphology)

A\nemometricmethods
(usingfield observationf wind andturbulence)

However,
A Most are basedon empiricalrelationsderivedfrom wind tunnel
experiments (idealizedflows over simplifiedarrays)
A Inrealcities,
- the wind directionis everchanging
- the streetpatternisirregular
- the sizeand shapeof roughnesslementsis variable



Study objective

Our question
Mifferenceof z, andd with wind directions
Relationdetweenestimatedz, andd andsurfacemorphology

Method

AObservatiorof wind velocityprofile usingDopplerLIDARsystem
AJrbanmorphologicabnalysisusingGlSdata

An Tokyo,Japan(denselydevelopedurbanarea)

DLS installed in I.1.S



Presentation outline

. Theoutline of observationusingDopplerLIDARsystem
. Dataprocessingor estimatingz, andd
. Estimatingresultfor z,andd

. Issueghat remainto be explores



Observation detalls

Study site: Meguréu, Tokyo, Japan
Arhecentralpart of Tokyo
AopplerLIDARsystem(DLSPn a buildingrooftop

- latitude: 35°40'N

- longitude 139*41'E

- altitude: 40m

- heightfrom groundlevel 27.5m
Arhesurroundingsare mainlyresidentialareas

- somelargegreeneryareas

- commercialreasin afew kilometersaway

Observation period: 7 months
Sept Decin 2013andApr. b Junin 2014

hodASNIIFUAZ2Y KSAIKIAY cT1dp

A every20m (total 24 levels) .
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Atmospheric stability

Panofsky and Dutton (1984)
Arhe logarithmic wind profile is often called the neutral wind
profile.

Filtering the data for neutral atmospheric condition
AJse atmospheric stability statistics which were obtained from
eddycovariancanethod (ECMY)

AECMdata were collectedfrom the ultrasonicanemometerat the
52 m level of the broadcasttower, which is located about 600 m
eastnortheastdirectionof DLS

AJse the value of 1/L as a parameter which represents
atmosphericstability,whereL isthea 2 Y A Y b h g K 2 @

*We acknowledgeProf Hirofumi Sugawaraof National DefenseAcademyof Japan for making
the observationdataavailable 9



Determining the atmospheric neutrality

Data processing

Mata for wind velocity < 5 m/s are not used becausesignificant
fluctuationfor wind direction.

Arhewind directionswere divided into 16 sectorswith an interval
of 22.5°, whicharenumberedl (N),2 (NNE),.., and 16 (NNW)

A/ Lwasdividedwith anincrementof 0.00125

Aull datawere classifiednto correspondinglatabins

/Estimatez, and d from the mean wind velocity profiles within
eachdatabin.

Arheconventionatwo-parameterfitting of z, andd usingthe least
sguaregnethodwith the von Karmanconstantof 0.4.

Aall fitting were performedfor the levelbetween67.5 m and 147.5
m

10



Determining the atmospheric neutrality

Definition of a normalized errdg, of the logarithmic law
A< > Ensembleaverage Temporalaverage
AObservedprofiles were fitted to the logarithmic law using the leastsquare

method
ARootmeansquareerrors between observed data and the logarithmic law

function are calculatedto evaluatethe approximateerrorsof the logarithmiclaw.

1 Xa u, ézk-d6(32 c - RMSE
RMSE \/Nz 2‘1 (%U(Zk» p In% . 5_38 T
N, = thenumberof measuremernteightsusedin curvefittng (=5)

Z, = ameasuremertteight,

u. = thefriction velocity,

Z, = theaerodynamiecoughnes$ength,

d = thedisplacemenheight,

9 = thevon Karmanconstant,

Us7 s = thereferencewind velocity at 67.5 m.

11



Determining the atmospheric neutrality

Fitting accuracy of the logarithmic wind profile
Acittingaccuracyincreasewhen 1/Lis nearlyzera
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Determining the atmospheric neutrality

Neutral atmospheric condition in this study,
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Determining the atmospheric neutrality

Neutral atmospheric condition in this study,
MAvean buildingheightwithin the field of 1 km radiusfF 7 m

AEmpiricallyz, £ 0.7 m
AGoodagreementwith the resultby Golder(1972)
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1/L as a function of Pasquill class arg(from Fig. 4 in Golder (1972))
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Estimating z, and d

30-min ensemble averaged wind profiles

AL Syenerateobservationdatafor every7 sec

ANe randomselected257 data for eachwind direction and then
averagedhat data.

800 of ensembleaveragedwind profiles were generatedfor each

wind direction.

The number of data
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Estimating z, and d

The values varies with the wind direction.
A z,F 0.4 m for sectors8b11, <0.03m for sectors3b7.
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Morphological characteristics

7

Sector 1
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