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Characteristics of wind turbulence over a deciduous broadleaved forest on complex terrain
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Abstract : To investigate the characteristics of turbulence components over a deciduous broadleaved forest, turbulence was
measured continuously from a tower located on the summit of Mt. Takahira in Nihon University Forest, in Minakami-machi,
Tone-gun, Gunma, Japan. We calculated fluctuating components of the three-dimensional wind velocity using the eddy covariance
instrument. Moreover, we determined two turbulence characteristics: the ratio of the friction velocity (u+) to the longitudinal wind
velocity (u); the ratio of the standard deviation of vertical wind velocity (o,,) to the standard deviation of the longitudinal wind
velocity (o,). In near natural conditions, u+/z and c,/c, tended to increase during foliated periods and to decrease during leafless
periods. In addition, u+/u was greater for southwest winds than north winds, while ¢,/c, was lower for southwest winds than north
winds. The relationship between u+/u and c,/c, was dependent on wind direction, and u+/u was positively correlated with ¢,/c, of
southwest winds but negatively correlated with c,/c, of north winds.
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Fig.1 a) Topographical map showing the location of the
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summit site on Mt. Takahira. Numbers represent
elevation (m) and purple lines indicate elevation
changes of 50m. (b) Cross-sectional diagram
along the A-B line representing changes in
elevation as a function of distance from the
summit site.
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Fig.2 Frequency distributions of wind direction data

measured in degrees from north. Spring
measurements were taken from March through
May; summer measurements were taken from
June through August; autumn measurements were
taken from September through November; and
winter measurements were taken from December
through February. Daytime was defined by short
wave radiation > 0 W m, while nighttime was
defined by short wave radiation = 0 W m™. White
bars represent all data, and black bars represent

near neutral conditions (|(z—d)/ L|< 0.05).
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Fig.3 Seasonal changes in 2-month moving average of
a) u+/u and b) o,/c, from July 2012 to August
2014. White circles represent wind direction data
from 180° —240° from north, and black circles
represent wind direction data from 330° —30°from
north.
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Fig4 Relationships between c,/c, and u+/u during foliated periods measured every 30 min for a) wind directions from
210°-240° from north and b) wind directions from 330°-30° from north.

JEUTED 180° - 240° TIEEMEMEITIT < 72 v, JAA 330° - 30°C
FEEED 12 fFRERE 2ol

3. wdu t o,Jo, DEfR AENOfETTIE, EMIZL
D TR A RIL D ZE B e & 3 A HEIEIC R E T B
ZHET 572, FEHO B FROT—F DL BT
WD, 72k, REBHICIT DBIER T L ISIERRAAREIC
BdomeE (4) kv, ZBEWHI6ANS8AD3NA
& UTe, B—4a, 4b 12, BTG 518 %797 EHE (180°-240°)
BROEEHMERTJRM (330°-30°) D wilu & o,/c, D
RERT,

K— 4128\ T, BEOEIFTTEHEAST L, FENS
BEDIEZ+F, B, KE, BE TR, EMm 180° -
240°ZRE L7= [ —4a 12BN T, udu DEANIEEN 6,/0,
BRESRDEEBRTEND, wdu & o,/0,1%, TIEE
TREL, BERT/HNEL REERMEZRLE, AR
330° - 30°IZFRE L= —4b TiL, I b0 X TRk E A3,
usu O o, /0, IZED T HBERBRTENS,
wu ITFHRFF TR E <, WA TNE2Y, K—4a D
JELF] 180° - 240°D % @ & [R] U % 7R L7123, o,/0, 1355
FRFC/NEL, AR TRELRY, MEFEOLD L
Bip oz, THRpHRE LD o,/c, DEHE[EZ 0.5 B &
RET % &, B 180° - 240°12331F 5 o,/0, 1A 330° -
300D b DIZHAFEEMITENZ ERRTEND, Park

and Park (8) 1%, HMEHITY BTN CRERIIECO udu

DITFFIL 0.15~025 12725 Z L Z2HELTWD, &
FRERHLTIE, JER 180° - 24001238V THREWETD udu O
SIAAHIPHIE, Park and Park (&) DfER LA a—E L7,
—77, A 330° - 30°IZBVTHERRD 6,/0, 385 T uu
WZDWTIE, S iR B CoRYER (0.5 3L 000.13)
POTBET M AR Lz, Zhud, JE 3300 - 30°0
WEEETIL, —BATF— L ORERFREREZHELT S
EFOFBIT LY, WRBOREMESH LY, B
BRI D IR E OHME O BENR KB ST,

ow/ou BEP usu 1T/ NS FpoT=FREME L B 5 L& 2 T
b\éo

5 FACER

(1) FOKEN, T. (2008) Micrometeorology. Springer,
Berlin : 307 pp

(2) FOKEN, T. and WICHURA, B. (1996) Tools for quality
assessment of surface—based flux measurements. Agric For
Meteorol 78 : 83-105

(3) FEF@E=E] (1997) B - ERRZEODOREHERE
. OHE, HR : 62-69

(4) EREMIE (1994) KIREEDE S —HIRE DKL
% - BUNE—. WIAENE, HOU:350pp

(5) MCMILLEN, R. T. (1988) An eddy correlation technique
with extended applicability to non-simple terrain.
Boundary—Layer Meteorol 43 : 231-245

(6) BFHhASE - /NSR - )1 DS - HEEBISE - FTERFn
F(2015) MR EIE LRI T B LAIDZEEZ
fb.  BEEARHRATSE66 : 107-110

(7) PANOFSKY, H. A. and DUTTON, J. A. (1984) Atmos-
pheric Turbulence: Models and Methods for Engineering
Applications. Wiley-Interscience, New York : 397pp

(8) PARK, M. S. and PARK, S. U. (2006) Effects of
topographical slope angle and atmospheric stratification on
surface-layer turbulence. Boundary-Layer Meteorol 118 :
613-633

(9) SAIGUSA, N., YAMAMOTO, S., HIRATA, R., OHTANI,
Y., IDE, R., ASANUMA, J., GAMO, M., HIRANO, T.,
KONDO, H., KOSUGL, Y., LL S. G., NAKAL Y., TAKAGI,
K., TANI, M. and WANG, H. (2008) Temporal and spatial
variations in the seasonal patterns of CO, flux in boreal,
temperate, and tropical forests in East Asia. Agric For
Meteorol 148 : 700-713

— 296 —



