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Analysis on Wind Profile Characteristics in a Sublayer of

Atmospheric Boundary Layer over a Semi-Complex Terrain
- LIDAR Remote Sensing Campaign at Pohang Accelerator Laboratory

Hyun—Goo Ki m
Wind Energy Center, Korea Institute of Energy Research, Daejeon 305-343, Korea
(Manuscript received 2 May, 2011; revised 22 November, 2011; accepted 19 January, 2012)

Abstract

The mean wind speed and turbulence intensity profiles in the atmospheric boundary layer were extracted from a LIDAR
remote sensing campaign in order to apply for CFD validation. After considering the semi-steady state field data
requirements to be used for CFD validation, a neutral atmosphere campaign period, in which the main wind direction and
the power-law exponent of the wind profile were constantly maintained, was chosen. The campaign site at the Pohang
Accelerator Laboratory, surrounded by 40~50m high hills, with an apartment district spread beyond the hills, is to be
classified as a semi-complex terrain. Nevertheless, wind speed profiles measured up to 100m above the ground fitted well
into a theoretical-experimental logarithmic-law equation. The LIDAR remote-sensing data of the sub-layer of the
atmospheric boundary layer has been proven to be superior to the data obtained by conventional extrapolation of the wind

profile with 2 or 3 anemometer measurements.

Key Words : Remote sensing, LIDAR, Complex terrain, Atmospheric boundary layer, Power-law, Logarithmic-law
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Table 1. LIDAR Remote-sensing campaign details.

Measurement

Campaign Measurement period .
heights(a.g.1.)*
40~310 m
No.1 Jul. 23 ~ Aug. 9, 2009 (30 m interval)
40~550 m
No.2 Aug. 10 ~ Aug. 15,2009 (50m interval)
40~130 m

No3  Aug 17~Sep.28.2009 10 "ierval)

* Building height is not added.
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&9 AAE T Z e, vl g B ghde 25

Fig. 1. Topography map around the Pohang Accelerator Laboratory (star symbol: remote sensing campaign site).
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Fig. 4. Comparison of mean wind speed profiles in main wind directions by campaign case.

slof uje} BLETE Y 5 FhAvo] 2 Eo2 W

sfalA) Hrk. A1 ZHoA 7| WalEA
& wAske BT WHL A power law
exponent, )9 A5 EA5H= A olth
EECEISEE S RTIEEE BT
Ulz) = UR(z/zR)a (1)

Aol A ORI A R 7| &0l & Sfnlgt

Fig. 5= 37 7051 AJo] chete] 1 F27H A,
Al 1553 223 F501 5 s o]}l 9ol Hiet
W 2 2]4=0] AHSIE 1|3l I 3Zo|c) HEH AR
4] ISt R vist o] ol ot 7
ol SH710 24kl S&2ddto] ofs HXW”P
QPR 7] 91 ool ﬁ*wol A2 et
S LFERIT], 2T =45 ms o]/ﬂ—ogZZah;H

72 A 5 Gl 98] WSS A9 O
s} glo] SH7] HH ARG 045 frAIskL 9l
== gl = Qlck

12345678 9101112131415161718192021222324
Hour

—m—All dataset  --0-- 1st main wind direction ~ —a—wind speed > 5m/s

Fig. 5. Diurnal variation of power-law exponent for the
campaign #3.

7 02 32 Q] 7|3 T A 1 =5 A
Sh 5ol S m/s OO R FF
A7 DA FAlE 2R TH A7
ZZ&3lo] v EAslGh 2 8 299 08:30~18:30
194 18U 14:00~23:502] 5= Ak 7] 7bo| o, 22
H 2] 2]4= 0.4140.0732} 0.42+0.07 2, 50 m $50] ]| 4]
o] F42 5.8+0.8 m/s9} 6.6+0.9 m/s2 AHFHA
A= Ak



FEHAE t7)13AS AS SEEE SR

3.5. S4E=9 2OWA g

=37147) AARA A LG Folo] HFHow
AL, 2 =gl tizt 7] 2A0IM 2 Bt ES
D IRAE ANRES FAG S 9] B nHE A
22 223190k Fig. 6237 Al A 242 o xﬂ
FEG U FE 5 mis o) Aol chste] F4EE
2 ZZo|A TAEIT o2 AR ELH g Rlo]
2oz es et ATE ol glrk

1000

100 / i

A
g

LY

=d(m)

01

® Alldataset & 1st main wind direction

B wind speed > 5m/s

Fig. 6. Regression of wind speed profiles by logarithmic-

Z_:_O] _ai;d—;(]‘&loloﬂi B
THE 02 HehEw ohet 1
H & AWALE FYeA A

]—7&1

©0]o o]z=3}y Q
8= dsstaL Al

R =0.990]|t}.
chewt go]

vy Ke)
’6"—‘ﬁ:éut-

vS|

- 237157 Sholtt AARAL H S S o= 151
RS APgstoof sk, thae] R 14
A} uRE el thak A A TAIALS ol steict
(Caughey 5, 979).
0, = 1.58ux 3)
ot r0] S5 ol S0 m %60 m 0l

gx}ﬁﬂ Egﬂoh:} Zbi Fig. 7°ﬂ‘1
14:004]9] B34 A RER, B2 FEHE
7F S| SEEE S A IskaL Ak

m R

160

140 "
a
£ "
=
2
g s f
By
< 100 &
g
2
8 &
£
B g &
=
©
60 "
a /
a0
0 05 1

® Normalized wind speed, Aug. 29
© Normalized wind speed, Sep. 18

= Normailized wind speed, every 14:00
& Turbulence intensity, Aug. 29

A Turbulence intensity, Spe. 18

Fig. 7. Wind speed and turbulence intensity profiles derived
for CFD simulation.

4. 4 E
B oA 3T YA} Aol =4
AR 2 HE A ES A v EdE2e FxAasE =



152 4
2ol o), 1A A3 FHRE S48
& Bojol e} 2o ARG =S

‘1

[e]

g, A7) 2} v E ARE R
o= M RS i oA

) "53] S A
w7t arefEofof shv, Fat
S frAl == 7IRbe 7/
SO o] mhet A 1, 2
Hx|=2] A} T F5Ael
A F=2E AR E s s
ARI71ZES = Ad sk gih

) LA = 277 BAAGL =
O] 2} 40~50 m&] AFAE Hol7H opEA| 7} HA
A FEAAF Yol S5l ke AAEE=
ol&-AdH 2MAe| ulie- FashA M=
ol= AFAl=l 2Rt WAl I A=
7V8AS AT oshRE Holud ti7 178 AISe] e
o] &3 o] FolA o] 2-AUFH RIAMA S H=
A | Aoz sfjAwck

ojgfgt AbE: Bl YR H2A
AEAol FEE o H7 1 AIS ) e
Eo] uAgs] aghgdsko] 37 okoke-S oJvlshd,

LEES =
A A e A At 9= S28] |

1o
%
i
b
[
il
2

Ml @ o gy
>
30,
32
o

N
m

]

s © 09;
ofy
i)
=2
N
N
4

EREE R

e

jak)
s =
N
o &
> ol

Zustest S
2 upol] gl F3% 24 40] Hlste] LIDAR 91
AR S 1A A Al that 95E e 4
29 ZHarhe AALS SRlshlr

B AT AAAAR AU A7)
9 Bl U7 S AT RAHARAI R 4y
slon], AZThL AHelS X Uste] 41 EGFFI
oot F el S stetelol] 1ALE R ch

e

it]

23

AR, 227, 2010, 7H4FA Fghoz

2 g3 efoltho] o3t FLANHE S 0| B
= 54, grtefakolu 4s)3] =5, 30(4), 79-85.

X%
B
hu)
AN
o2
_|>i
il

AT B, 2010, 3] FHA AL HA
£ Aula B4, A XA, 6),
12-18.

AT 2, Ak, HBA, 20110, FARARHE
A= eolctol MY Artel vlmwAF - FA o
Agab Aol AR skl Al, 12),
43-50.

AAF, A3, St A QFml, 2011b, SHALF7HE-
HEFHE glolotet € Arho] HwH S - L7t
7] LA QL Sef el X183 =24,
31(2), 63-71.

g0l A 7|57, 2011, B4 oA Q] FETA]|
2|2 44] 71571, 2011d % o[ 2] R&D “gAl7]
SR 1A, 20.

Hele, A, AEF, A4, 2009, Y AMA|S o
7178450 554 7] bgAdoll dhgt A,
sl 153 %], 18(8), 857-865.

Bradley, S., 2008, Wind speed erros for LIDARs and
SODARs in Earth and
Environmental Science, I, 1-7.

Caughey, S. J., Wyngaard, J. C., Kaimal, J. C., 1979,
Turbulence in the evolving stable boundary layer,
American Meteorological Soc., 36, 1041-1052.

Kathleen, E. M., Bailey, B. H., 2004, Roughness lengths
in complex terrain derived from SODAR wind

complex terrain,

profiles, 16th Symposium on Boundary Layers and
Turbulence, Portland, USA.

Kline, J. B., 1996, Review of data reconstruction
methods, Report to NREL National Wind Technology
Center.

Leosphere, 2008, WindCube User’s Manual, LEO/
WIND/MAN/010607, 39.

Plate, E., 1982, Engineering meteorology, Elsevier Sci.
Pub. Co., 740.

Townsend, A. A. R., 1976, The structure of turbulent
shear flow, Cambridge University Press, Cambridge,
UK.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


