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II Summary

1 Characteristics of Wind Resources in Japan

In order to obtain basic information on the characteristics of wind 

resources in Japan as a step toward developing a local wind resource 

prediction model, the relationship of wind resources to topography was 

summarized based on the available literature and data from previous 

studies, and a comparison was made between turbulent intensity in 

Japan, Europe, and the United States.

Areas with high winds include mountains, headlands, sea coasts, 

islands, and valleys. It was found that, in addition to being directly 

linked to the dynamics of the upper atmosphere, high winds in these 

areas are also caused by effects of the terrain which increase wind 
speed and by thermal factors associated with topographic effects. The 

findings suggest that the presence of such characteristics as high turbulent 

intensity and vertical shear is closely related to the form of the terrain, 

such as large surface irregularities. Also, the areas where winds are 

relatively stable year-round are thought to be the same as those with 

high winds, that is, mountains, headlands, sea coasts, islands, etc., and 
it was inferred that, on a macroscopic scale, their topography is 

characterized by a high degree of openness.

Further, turbulent intensity was found to be generally higher in 
Japan than in Europe or the United States, indicating a high level of 

turbulence which may reflect the greater complexity of the topography.

2 Overview of previous numerical models applied for wind resource 

assessment

Previous studies on optimal siting of wind power generators and 

wind resource assessment for limited area with numerical models are 

surveyed. Several types of models have been utilized for these purposes 

so far. Some of them are developed primarily for the sake of wind 

resource assessment, while others are originally developed for different 

purposes. Well known wind atlas analysis programs named WASP and 

AVENU are included in the former group. Numerical models included in 

the latter group such as mass consistent air flow model, which were 

originally developed for investigation of large-scale dispersion of air

-11-



pollutant, meso-scale meteorological models, and engineering numerical 

fluid dynamics models, come to be utilized for wind resource assessment. 

Since wind conditions at an arbitrary site are in general integrated 

results of successive deformation processes of synoptic- scale wind 

fields by surface topography of wide range of spatial scales, it appears 

to be rare that these processes can be treated adequately by a single 

model, except for the situation where meteorological or topographical 

conditions are quite simple.

Some examples of numerical studies on wind resource assessment 

will be shown in this report. Among them, some studies are performed 

by utilizing a single model, while more than two models are used in 

others. On of the major concern in the studies where more than two 

different types of models are used is associated with saving computer 

resources. In such cases, meso-scale general wind field over the region 

of interest is firstly calculated by a coarse mesh model, and then small 

scale feature of the wind field in the vicinity of wind turbine is calculated 
by a fine mesh model.

An application of the mass consistent model (NOABL, WINDS) to 
winds energy assessment for Saldinial Island, Italy, will be shown in 

section 2.2. An analysis of wind fields over Southern California hilly 

region with a meso-scale meteorological model and a mass consistent 
NOABL model is presented in section 2.3. In section 2.4, effects of 

small-scale nearby topography on the characteristics of winds which 

directly hit the wind turbines in EVIA wind park, Greece, are investigated 

by a two- dimensional k-e turbulent flow model and a meso- scale 

NOABL model which gives boundary conditions to the fine mesh k-e 

model. A comparison of prediction of wind potential by Karlsruhe 

University meso- scale meteorological model (KAMM model, Karlsruhe 

Atmospheric Mesoscal Model) and by WASP is given in section 2.5. 

Numerical studies on winds over complex terrain conducted in private 

companies in Japan are presented in section 2.6.

3 A macroscopic design of a local wind resource prediction model

A macroscopic design toward developing a new local wind resource 

prediction model is presented. The design is summarized in the figure
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in the form of block diagram. The model composed of some major 

components represented by numbered boxes in the Figure3-1. The 

main solver of the model is computational fluid dynamics model shown 

by box No.4, which is one of the most important component of the wind 

resource evaluation model. Since three-dimensional flow field over 

natural, complex terrain is solved numerically according to the governing 

equation of dynamics of the atmosphere in the CFD model, CFD model 

can be applied for analysing wind field over various types of topographical 

conditions. Since the topographical feature of Japan is generally more 

complex than that of central Europe and western coast of United States 

where a number of wind turbines are already in operation, wind 

conditions in Japan is considered to be affected by topography of the 

much wider area. To take into account the geographical situation inherent 

to Japan, a multiple nested grid system of the order of five is employed 

in order to computationally efficiently calculate the air flows over 
natural topography, whose spatial scales ranges from sub-synoptic to 

microclimatic scales. Five areas shown in the box 4 in the figure represent 

individual nested grids.
The main solver of the wind resource prediction model (CFD model) 

requires both topography data (box 1) and meteorological data (box 2) 

as input of the model. Surface elevation and surface coverage are 

included in the topography data. Geographical Information System is 

available as sources of topography data. Any other data set available in 

preparing the input data of the model is also utilized as well. Atmospheric 

Grid Point Values (GPV) distributed by Japan Meteorological Agency 

are extensively used as meteorological input data set, which is, three- 

dimensional, homogenoeous gridded atmospheric data set and are used 

as initial conditions in the operational weather prediction models. It is 

general that the grid structure of GPV is differ than that of wind 

resource prediction model, so some interpolation procedure will be 

needed by which variables defined at the grid point of GPV are transferred 

to the grid point of CFD model (box 3).

Final product of the wind resource prediction model will be given as 

a set of statistical quantities calculated from the output of the CFD 

model. Box 5 represents the statistical processor module. Boxes 6 and 7
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are related to the future extention of the function of the wind resource 

prediction model.

Verification of the performance of the model will be tested through 

comparison of simulation results with wind tunnel tests (box 9) and 

field observations (box 10).

There remains possibility that linear models such as WASP and 

AVENU are used as an option of CFD model in the wind resource 

prediction model, although topographical conditions to which these 

models can be applied successfully is highly limited. Box 8 means that 

the utilization of linear models cannot always be excluded.

4 Study of the Functions of Existing Linear Models
In developing a local wind resource prediction model, as discussed 

above, the possibility of applying solutions based on existing linear 

models(WASP, AVENU) is being considered as an option in order to 
shorten computation time in cases where the terrain is relatively flat. 

The functions of these existing linear models were therefore studied to 

determine the limits of their application.
In a previous study conducted in FY 1997, the relationship between 

topography and the accuracy of existing wind resource prediction models 

was examined. The results showed that there are limits to the adaptability 
of existing models, since they can predict wind resources on flat terrain 

with reliable accuracy, but do not provide sufficient accuracy on complex 

or steep terrain.
A study of the limits of application of existing linear models was 

therefore conducted in FY 1998, taking into account prediction error 

caused by meteorological conditions. At each of three sites (Wakkanai-shi, 

Hokkaido Prefecture; Tenei-mura, Fukushima Prefecture; Daito-cho, 

Shizuoka Prefecture), wind directions and wind speeds during the 

observation period were classified into typical patterns based on the 

relationship between surface winds (measured at a height of 20 m 

above the ground) and upper winds (GPV data: 850 hPa). The results 

demonstrated that, in almost all cases, both the direction and the speed 

of the surface winds were correlated with those of the upper winds.

Next, wind resource simulations were carried out for each of the
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classified weather patterns using existing models, and the prediction 

errors were compared and studied. The results showed that the prediction 

accuracy of existing linear models is highly dependent on the inputs of 

observed data. There was found to be a strong likelihood of decreased 

accuracy when wind resources are predicted based on upper wind data 

in situations where the upper and surface wind conditions are very 

different, as in the case of a land and sea breeze or other wind of 

thermal origin. The study also confirmed the earlier finding that 

prediction accuracy is lower on complex terrain (with large gradients 

or surface irregularities) than on simple (flat) terrain.

5 Future Tasks
As a preliminary step toward the development of a new local wind 

resource prediction model, the macro design of the model and related 

items were considered in the present study. The macro design was 

considered in terms of both principles and actual practice, drawing on 

studies of meteorological characteristics, such as the distribution of 

local winds in Japan and differences between Japan and other countries 
in the turbulent intensity within the atmospheric boundary layer, as 

well as previous examples of the use of numerical models in wind 

resource prediction and studies of the problems involved.

The resulting macro design is a set of basic guidelines for the 

development of a model able to predict local wind resources with 

sufficient accuracy under the topographic and meteorological conditions 

found in Japan. It is presented in the form of flow diagrams, and 

includes the model components, appropriate methods and principles, 

and points to be considered in development. It should be noted, however, 

that these basic guidelines for model development are presented in 

general terms; only the framework of the model has been provided, 

and almost all of the concrete specifications remain to be determined.

Thus, the next stage of development will be to decide the concrete 

specifications of the model, including the basic equations and analytic 

codes, in accordance with the macro design indicated by the present 

study.
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4 CFD MODEL
INPUT

5 Wind Resources at Arbitrary 
Locations(Output from the Wind 
Resource Prediction Model)

■Predicted values for all variables

■ Interpolation from grid point to 
arbitrary locations

■ Statistical Data Processing 
(annual mean wind speed, turbulent 
intensity, frequency of occurrence of 
these quantities in terms of wind speed 
class, etc; all of these are height 
dependent)

8 Utilization of 
WASP and AVENU

10 Validation through wind 
tunnel Tests

9 Validation through Field 
Observations

4-c. Third-Order Area 
horizontal extent: 50km 
horizontal resolution : 0.5km 
processes mainly treated 

: meso-scale meteorological phenomena

4-b. Second-Order Area 
horizontal extent: 200km 
horizontal resolution : 2.5km 
processes mainly treated 

: meso-scale meteorological phenomena

4-e. Fifth-Order Area 
horizontal extent: 1km 
horizontal resolution : l-10m 
processes mainly treated 

: turbulence in the atmospheric boundary layer

4-a. First-Order Area 
horizontal extent: 500km 
horizontal resolution : 5km 
processes mainly treated 

: meso-scale meteorological phenomena

4-d. Forth-Order Area 
horizontal extent: 10-50km 
horizontal resolution : 0.1km 
processes mainly treated 

: meso-scale meteorological phenomena, 
atmospheric boundary layer processes

■ Statistically Processed 
Data
(Classification of vertical 
distribution of 
meteorological variables )

•Time Series Input Data 
(Interpolation to CFD grid, 
Initialization)

3 Data Processing2 Meteorological 
Conditions

■GPV
(Objective analysis 
data, Predicted values)

•Other Data Source 
(Satellite images, 
Ground Observation, 
Radar-AMeDAS 
composite charts)

1 Ground Conditions 
(topography, surface coverage)

• Geographical Information System 
(elevation,land use,coast line)

■ Other Data Source 
(topography maps,satellite images, 
aerial photographs,field survey)

7 Prediction of , 
Electric Power ! 
Generation

6 Characteristics | 
of Wind Turbines j 
and generators I

Fig.3-1 Macroscopic design of a Local Wind Resource Prediction Model
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0 5 10 15 20 25 30(km)

#1.1.2-20 P,1EF*g(05ii$U6tilt(Yabuki and Suzuki, 1967)

resti4-ax.*iu <x-mt lx,
x sxmmx>m®-pa~X'ix
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V'o
-feU, C(OZ i L, %
ilco*S|553-l±±<7)^"(E*(OlSv^)U|6]^^ ^coco, i£if LT^-coT
UfSviuit^'SE5it, Z Ut1±Jl,7)s'5g< SLE(0*|;v^Ii$k ^oTv^o £*, # 
m.mm&ftrfi%bat2>iZ'Dtix±&<%&Mfiwmit>bi?i2>o £*, m*?mm<v 
SUliEJIst5 2^f^'-e£, SL«E#3§£t£o UEU-fem&lim^^K#?* 
Ztztb. SW51§<E£7eU*£0

i e 8 io
; b ) ton i i3 t 1 0

3 4 5U 60 0 1
<C ) tfm 2 : 1

' D ) ,«*1 4

#1.1.2-3® * • #HSH u (7)Eilii6H$y x°£ - >(Bouen and Lindley,1977)
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• 'mm t rnvmim ksl^) izmtz. mna i. e sa u r
#### 1 - 5 IZpji Lfz0

1.1.3 R<7)$&tvT-tC&i?tifc®<7)#E
SiltOiSS^ibliSEffiScy 7 6 Of If it, $E<7)E57)mi:5-Si"ii)<7)

-c\ -i&ic, mt

km.±co^wmigfr'£%mtt-e,ti-s-, -e<7)^m*ax.-E,kSBSS^$fbi--5

Jn-t 6 z- A caifiliit 3 o C »ilia A §m tittSBdfi <^6 SLil IcfoTSSt: 
7j|6]lc$y\ t Uci«*t£ - 6ftT</>.?,0 zco^it

[FWifFU k0flfti(Sl.l.3-l@), CAll*]-ei4itii$tcSv'i$ 

Li&$ET-If S±i:i3if ^MS7"n 7 r f ;vt)'6* § < X>, 
tF^TeIc ioTV'j,

i'i; f %)

i=> %

11 n 11 111111111 in hi n 11n111ii min ii mu mi m ii 1111n11

#1.1.3-110 1%##)# ##5% I0(^B 6,1985)

*9, v>t#eiflc|6]7)'o TOXv'/c 0 ,

^6m#m#ici6]^cTi%<#^if, iTioisM^i
&6Zat:&6o

1.1.4 $^L/c%7)4%< ^AA#BA#B
L-ciuiAf;gi'£Sjj£#x.TA&t, -teic, %^gAa%if 

tcJiUi^iiinL, m$l:^t
¥Fa1£8 IT£SL/cE^J-*;vf-£ffig&t-5/cAlcif, gf;A-j&IW* £6 

^< 5i!v>i6.6;7)m*^l:<7)WSi6jik ^-B 6 i59@pjf

A#^Ma6- • aij#Pfr&g^L, 1951 ¥ -1980^ A,1 Fa1) 4= <0Sit'd(E 

f A 2 :Maif, 1982)7)'6S$( 7 , 8 M) A B #cWglOm/sW± B #A#
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XS-ll'C-E. £bb Lfz0 Z^<7)5SSU4c?@l<7)S?#i:J: X#
tcBft*Sli$ 1 Om/sti,_hOVM)ttiSBIM5'#-v > tWBIllP4r 14> Walk SJUjOLllS
idi^^piiip'r'soB^Sx.^S, WS'eaoE-asg, ftrt • BSH| • f# • m 
ScD&g, Bfift • 48I5SS •

cr-eE0±tf^it^ifkJti4lU6> »l> ##, t), u.iS;(2)Ic,t4 Ltz
'jmmm t ^irt" -& k & o T v -E, 0 *), iti'b-'M H:*ItJ-7?n
M&HfcBk LT, mj$<7)iWv^ ZCU; -) ^i6S#ttli, ¥^*3

L TJtlJeWiiff£fWsn>; < "Tifgti4-ft -B & <7) fc SS 5 ti-5 c

1.2 m#acA E

a/»?B(:j3tt^ll45l«WSit!iitl±, Uj6, W> im, k'4D*b$t:<* 
E»«H.4HS^-f h inlc^rllilW^ftTlcfiML-Cv^ fc#x.E4t-i.o -- 
-ri45LyfE®Jt4-lR0±H\ k & L£0
1.2.1 SLil3SSi7)$#

F8L$fE3SS(It:Intensity of Turbulence)] 14 '|'%{Lkr [oj : 10'-30kf)i2)t'4
&m.M<»WMl§£<Otk tfcmz tl& tot,

a
It = --------

U

iEC(ilEEMSi$^E)CiTC88(ji.45gm'>XTAcoMSflS)"eii, H4I&S 
vxtAtoS^rSSciESL(WG7)-ca<7)SL7t3i;Jtl:Mf3*$^Eitrv^0 a 
MS'/7rAi 1 SB co £ £Xii <7)!, E L(IEC61400-1 ,Ed2) T14, $1.2.1-I0£$t:

4 <9^-aWl:l,^44T(:#f A(l„=0.i8)tB(l„=0.i6)(7) 2 9% 1:^
S1U Ixte4 4t'C'^-5(l&'B,1999)o

IEC/TC88/WG7lZ<k5!te8!II@Sk7>-;/C>il$$S

ffiEA : 4*JU-^A(ESS)
S)$15m/sT*l15=0.18 

ffiHB : £>')V-ye
Sii$15m/sT*l 15=0.16
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Wind speed [m/e)

m 1.2.1 -1H SU7)5Li$3SS fc ¥19®51(7)B@®(IEC/TC88/WG7,1998)

1.2.2

(l) ¥¥M)®l.ai5m/sii|coSLE36)t
a. Eki'H
Database on Wind Characteristics(EU-Joule Project Number JOR3-CT95-OG61) t L"C5r 

Hfl $ iiT v > .£Ji,i$tSLi!3&®B6S0tc R9 to &'SW*-B„ fSi.2.2-i0t43-n y 
y3^.g|(DT*- 5- j^A-e—tSc(0012$L7:^(7)"C*5z)?, HtSLTv^ 4

it, t 6 1:, #

15m/s#(D14 j3 43 4 -E" 5 -20%(D$g^*5o
3-D707* k o

T#1.2.2-l#l:#lf3 EiW.iSIl fcI15ji<D5Mtill* 1.2.2-20 t
#l.2.2-30i:7Ef(#giJ»d' h i: is it & SUS i: 5Lil 3iiE <9 fM# 0 I4#S 'M41 - 6 £ # 
HS)0 3-D -yyltt jjlt^Il5fSl40.08 ~0.21(¥^:0.15)i7)i6Ht:* t) , T-*>V- y ^ K 

-4 yjbSCHM b Ciltfll±/J'5vi-Iil(0.08~0.l4)i:5:orv>-Z,0 Cjxli, 911.2.2-20 
^e>&*!}§£fi& 4 -) C, Z.tib<o-E'i h cDMMrtWiEr &Z ^ 

v' 2. b 14 i>o R4412, / ivi7 , y, 7 jl — jr>ab.£> V'14'J v -7 7)—

,512 j311 -£ 1,,-fill40.2@Jt i: & o T js 0 , H - t''l±ISHtt®<DSJS^^;ltTgLjx«^ 

iSlTv-B Cl t ii^Wt $ jv6o
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m 1.2.2-1 * C A it & ®EEilltiL6SiJ5bl$Jt(l15)
# mtkrnfg.

(m) (m)

M it 15 m/s 7) B# fit #
(N) K (E)

/ ;l/ r) — Sletringen 63° 40.0' 8° 20.00' 4 45 0.18
Skipheia 63° 40.0' 8° 20.6' 15 45 0.20
Vallersund 63° 51.6' 9° 45.1' 38 30 0.21
Lyse 58° 17.3' 11° 26.0' 9 65 0.18

T > "7 - ^ Tjare 55° 24.0' 8° 35.0' 4 90 0.14

Vindeby 55° 00.3' 9° 06.0' 0 37 0.08
KX 7 Jwe 53° 37.1' 8° 03.r 1 130 0.12

Emden 53° 20.3' 7° 09.5' 0 68 0.09
Tarifa 36° 02.6' 5° 34.1' 154 40 0.15

d' ^ V 7 A.Spruzza 41° 35.8' 14° 24.0' 1,350 40 0.15
f V v-v Lavrio 37° 46.1' 24° 04.0' 122 40 0.19

Andros 37° 58.0' 24° 44.9' 325 40 0.14

Toplou 35° 13.4' 26° 14.1' 145 40 0.11

#1.2.2-
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#1.2.2-3(21 a - n v a"i- *s it 55L'$5$6(l15)
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b. 0*

7^$(i995¥S)B.Pf^i65iiTv^ ^ Kt"x hSS(®?%

iiS)j 6 io@Rwm%#;mA(T:si:m^i£ gtEfflijinrs£**)«

a Sf-? 5- $ teas <h SlESSJt OffiSlI £fFJ$ L, ¥¥M)Mi$i5m/sB#rogLBfL5S
S(I„)*EAhoTSl.2.2-40tC7F-t(figlJ4fl' b 

l±#S»fl-1 - 7 £#as)o

E !$ ill f§rtr|T( 1996.3.20-1997.3.19), #####MT(1996.11.1-1997.10.31),
#f#*BKT(1996.11.1-1997.10.31), |g#!#%%#(1996.11.2-1997.11.1),
BHI1: FI St BJ(1996.11.1-1997.10.31), HIW*$BT(1996.3.5-1997.3.4),
#^m#±aKT(1996.3.16-1997.3.15), «l^iri6#BT(1996.11.1-1997.10.31),
EIIiSBT(1997.11.1-1998.10.31), Ej,B^#4*BT(1997.11.1-1998.10.31)

s*$H<7)SLE56$(i15)i±, E^m#4-m;T<7)m#(o.i5)^p##, to.2@
Et^c-CjoO(?*l:0.21), 0*17) 1116^J6S*EBftLT7)\ 3-D y vt" (7)160(7) 
Il5-®k JtKLTRja* Zj0 ’fcti, %g(1999)l±####%Wi7)a
Si^E-E 'f Y <7)JH.E1It- ? * ^Slimjt L, S^it<7)SLE®)£(i15)^, #

t(Bin%# L^)l/T0.18)&j##LTV^6(#
1.2.2-50)o

m±, liigL-c, %#mwmgk#'<-cgLE(7)$.@LT^5

• Average
o ESE

U [m/s]

;£ 1 Bin ;£ICck5Et+MB£7*t'(Bin fS = 1 .Om/s).

;i3 Average. ESE, W I §■*<£•/&. $11$, @<DM£^fc

#1.2.2-50 it
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(2) ¥¥#J5LE5£$
a.

s 1980T 8 n »>e> 1984^9 JT*0 4^ 1 f 

flf|(2S 9 ®,?%SBiffltS 5 fl"CW6(Johnson, 1984)c 22 C TH 2. %## {r#(2# 

¥^SL?)5E5SS^Sili Lfl 1.2.2-60(22? L t„ «*?¥#JSljt3£Jt(la.Jti. 5
fiB'T<7)ji,^ffiifJilll.'S«IF^-C0.12i; * <9 , SyMlIiDodge CityC00.09, #T#I± 

Topeka COO. 1622#) o tz0

2.

Concordia

Goodland Topeka

Dodge City Wichita

*1.2.2-60 5KS * > If X'Jtl 12 *' 14 5 5 Vt95L>15$J$(la JCDiS-SEl
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b. BT

¥6£7¥® • -i - }^ Kf-x I ¥S(fl.mSS)J (OT
fr b 21 mm dMiKEijii* ic £ it £ m sis * * * k , am 5s$
(l..J^^ia^^L*(^l.2.2-7ll)o |H)IIIl7li 2fiH<7)gL$E5SEe^j|tfrv> 

z>j)\ ±lxC>$MSl±Sl]iS4 m/sn±c7)J®.*m^k LZcElSlgiJgL^^SS^SailT-* 

I), Tlx<7)^5511*1 (Oi;11li^:aici]CigLil5M<7)¥i4;ii(^T*- ? (0¥%@)T*5c 
v>i, Ml*It7)¥¥i|)gL7l®Jt(la,)^M^*^ ^ 2mm<DMMffiMM&<D 

^¥M;iio.20T%i9, am'(oo.i3, #±#uiii##^#m"(oo.4i

hiotiT, -KI: <0 * S * > TxIH<ogim^&
# j: 0 < , BTliTTM/gLiliL^SSifO.iirmio <>gUim¥#LTV'6 c 17)?|g

<6 btltZe
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S2S

2.1 liUtotc
®$£ BBS 1"£Z:»coMMIe^, *3m ?#jft ft ft 14, %ft#

< ft)#Mftft v)ft#6^ft)Bft%#ftf;E##mgftftv^3o fftl4, #1:^ *6 
Sr&o /ij6itl*l'eji.$(OES(OSi64jlS't^Ei:, fft6###6^ftft 

#LftSi.ft>E#J4-Lftftft£frd ft i: Zftjl ^ftl4@#ft*6ft£ 6ft
*6. mv^ft3##ftf;H4, 14 Ctbfrbm,U<VM%rZ%10BStLXWl%;Z 
titzi>cofrb , ^SEMftiZiftftig^SftZzftTbK fllx.14', Z#ft—#%ft$i

LZ:6ft)$ft,
v^v^ftffiHSftftJr^o iZ:, *6#A^m#ft»mai4,

^ ftft), IHAV^pgx^-^cDilS^S^LTV'-S^ f 
-7 LZ:#aftMet3Z:*, *llfcft)E11ftTZ>v£iB*-£'b'tf-ftfiJfflLftvt.ElW!l<>
#> & o

$#$#%fti4, c^(0$e!K:-o
i/'ftP$£tTot„ ftftfti4, f ft6ftovr-c##»a^£ff 7o iZ:, m%?#| 
(4^8,10&$@S:R£ L Z: SEi6®±<7)@.tozlZv(7)^SiJ-e & &-E>c -£<7)Z:», #ft 
£ ft i ft US, ft>WJ ft H ffl v > e> ftft v> £ v > M«f $J ft *> f IJ ffl nj &ft £, i, b g 
bft6&#t f;i/ftcv^ft t#gLZ:o -E-olS^ft-ovvc & ft ftft-g-b-tfftTE-to

L-c, f>v-n«?
ftZzWASP^Tfeg®avenue*^o ftftf><z>^r';u4, it^i-g^bt)?b-ecofija?s 
#Z#1Bft^v\ UM-, #MMk $ ft Z: i® fto fl^ £ $# ft L ft ft 6 ft Z: & <7) ft * 
5<7)ft\ mm ft & 6 m# ft) #i# 6 (/) ft ;m 6 ft ft v ^. cft^fttf;]/
14, i> b i> b ft T )V (7) 7x ft ^ ft ft' ft 7) 0#U°iA,)'X (reference point)!-jolt i [II ft1 $$'(,1116
fti^fih, 1^SJ$ ft£ ^ £ife,6;ft)®i$fti^S£ ftimft^vr+gM^*3 4 9 
owciSffl$ft£'-<£ & OftftSo #EEftl4,
ft#Lft tmm$ftft^3^iz%bft, -E-ft)z:»ftmaft)ifffi<7) 11$ftpiMz>«fec 
^ftirZftf'&Zp^-fft-Bo Zft6ft)*&#ft7ftl/ft)|4#ftR Lftl4, #m$#@-#ft 
If L < j$--<ftft-E>o L Zrrft'o ft, ftftftl4, ±ftWASPftAVENUJftft<7)ft r';i/£ffi 
v ^ ft v' i, ^i| ft O </' ft i\-f i, o

2.2 IftiifTll' (NOABL, WINDS)
$5Hi5rmvrft%HJ6S±ft) 3 ^7L6<)Z;®ft)ii SrttSi"-5^'/£l4Sherman(1978)ft

zr&z##ftm@ft*o, A#ft)ft@3a&m%#< tft
juiztt^x&mb zti&tmwMmni&frr.shz < -ctfto f oz:*,
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$ r»# < sms tiv #

*o E53i±T7di'Tli, 3 (tfcd#f l:5f#!l L, LT5-

z.bKtz3lt, *#mutsi:torisss&wm#iEl 
rtf <fv£T&.50 f d t #, #E#m#d(g#d^:^$###t Lr#$fi&o 

IfiElf fli^rtsrtf bfi7fa<7)$$ijtlci53-* ^r # 3 tzllKWktb X 0 tiffoii

-2> o
ESd fyM l: #ffl T ft T £ /t E^itT T*;v d loft, NOABL(Philips, I979)#fc i>0

NOABLrii, xu&ftt ix^<-?fr(DM±mwit±^coMmm.r-?
t ge6*s, tftv. ^m-#jAr±mr-<#&;u cmA±

tKf rm#mac#L < z f 6« f ft0dEd#@:5f$^,
E5Mt)lffld 3texted1 .ftftilS &l*Jj¥T#J <0 5T, LTEiSi#

j: d ftSZ LTd < o NOABLftlf, lft$K g $i d$5|6] ft 
(Coriolisti) dB#ft Z & ift dElg d ^ c -? y###igft, tdK,d$;eExti

iS^AoTdftvft f@?£d®ffi£ fc fiJ.^'ftS -ftT, &JM

ftm&ft 3 Em#^#d#E l:## » ft- i 3 Z P4M£
dEm^$tz, ft^ammairndm##, p}km.<o^m&tvm&&%i.x>&\ts<o%> 
l^-SttTdS,, teft^-f, E8Efl£#ffldv r hrwindsii, Eftitr T*ftt: 
cft0d##:^#gt3Zd tceiELZ-z^or^-Bo

WINDS (Wind field Interpolation by Non Divergent Schemes, Ratto#( 1990)) T' If, /v5l 

##@^#ift@ tXt V >11 ft5flt, 6Tft^A#* 3-3ft:9~lt 

r^0®orv>-5o L/jsft, #M^#d#lf, ftdn,TSd$;eEft§£|6]ftt:f: 
3 jx ? y ft/: t, d ft & o Td-E, 0 f OZdStiftiK^T

If, MEltf ift'Eig^-#T&3 £{BcftftTd3o $/:, #^-@di#$ tiUcftd
J; oT^-ftT-S Z 0 IC^-oO'So #ift@dEAff$lf, Monin-ObukovOtl

WgiRSfflLTMEHJ1:£ -3ifSnx.tzfrmMitiiLTv^0 x)-7>l
[*JdJI,iS5HlJif, Zilinkevich(1989)ft6£d#-I|ft;T$$ftTd.60 iftJiEdaitildift

@rE^6d-fftdAElf, SrxE£#®Lfzift WES/lIO^3ft-A3ft3td^a
t'tV'40 SikJ§<DM'0 ®dTtfMonin-Obukov:K£ £fHffift3'j£ig5i>5'f5 3/){, ffiE 
i&Liu^(1979)C)SS;it^fflV>TV'-E>„

windsi:i5 ft^iftEiidZSKl Z fKiJi® t £ Y\M L ft i> d £ #2.2-10 ft#ft.
TdZ@j^Jif, i&ftSdftNi/ft-TSiftodTtfbftft t)dT, A&125X65X 

5, teftlgPmifxftln]ft2.6km, yft|6]ft2.3kmT£>30 Aftd%$.^#Z LTIf, 

iftEadEltftftfl v> T <fc 3 0 ItfSt, SiSdiWviUj^iftitdE?1.6;^E^SISi: 
dod-cit, E##d###^Z < ftiy -idast LT, winds ft I f Ift §|5i|;WMi 

m@^AcTv^wdr\ ###%*#&- t oift#±dmft/,\ ±.m
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mtTitiitxim^izimm-urnztix 11 n t &z. t c <t &a
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Experimental data (m/s)

***** Island 
AAAAA Mountain

B2.2-1H wiNDs 4 a if Tiammofmij# a mmMm t oiw

2.3 * ^x-iFNOABL6LTk'-Stf'J
JUSIT'PJ 12 7 y X *r ~ P%%.Xt' Pi fflk'TT •!> & <7) i> i *9 & k10 Frank

and Landberg {1997) (7 4 h F T "J O'yf] — P7, JF — xT41"X-f-X 7 77 7" — Pyx^X X 
1F(KAMM Karlsruhe Atmospheric Mesoscale Model, %#%KAMMf T IF (Adrian and 

Fielder, 1991)) k WASPk £# ffl LX & <7), Traci #(1977)12 4 4 7° ’) 5 X7 7*XS

tLF k tjF(noabl) k £#ffi LX i><o% k"&'£>Z>0 7yx^-;vtf

tv 14, as, (XT, ±|B(7)^-ei4, 4 0#*5X##(4WASP
XNOABL&k"(XTT*;P£l§k>T:iT oTV>*0 Frank and Landberg<X0f%14, 

IESSt:7FLT*^Ci-e, XXTT4,

Traci# 14, XU n X y -If P 7 100km Ulifi-f 4 * V 7 *;F-T)'H<7)

Tehachapi#a(7)lll^#^(7)^:@77km, l#4b59km <X#% Of c
Tk^o $2.3-1014, ####*#« m#(XAR0, i5 4(FFE0T3b-E>o iffi« 

fliWti, 600- 1600mXh Z> „ MU%X**6#LXX 6g@l4, •iditkiteX-ftBS'-JX 
®mm%x>%s.$mx$>z0 mmitxitun i
)tBLTd|,0 Xdit!ii£cX;|l:B(2(4, fUrSXTOOOmXffiX & '> x? 9 lilMdM

ffid^XlLX'oTk'-BX', LT$mLTk^B4 t) <XSl;X'> x 7 111
E*iffil^.#S"C'channelEk X *K IBitlltiXXtB 4 t)(X®k LTilALT < 6.
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TehachapiJ522li #2.3-101:4)6 4 ■? 1C, •blWBI-Ttsfr& £> "^StS-K^-ElsEl:
ioTV'4©t\ jF@fUcjttLTitft*|6jUK < , £Ei:4 6I!,<DiijIi:i4@L7t

Traci# 14, 11 j| <7 2 0«ftSlWlll±S£it-^V'T X 7 X 7-t7W: 

iof> IStS^r'(^(OjH,iS55'^;C0tolB§4’HfW L, -?‘<7$a#::£:Tehachapii5;'f?l<7$ 6l:i# 
ffl^Ei%53-*<7)lfffit:fflV'TV^0 #*B^#${0#f@l4, Tehachapi&^ElOkmES^ 

tiS<7)filt$-^Sk LT, t77VNOABL& ^^(7 *±##|
CWLTlforv^o x yx-y-;v^Ef';V(7)SI|li, noabl^brn£ 

Ex6"t5<7)tCfflVilbiL"CV>-E>^\ -E-iLii21?!l L*ltS$tLrv^VM7)-C\ NOABL<7)
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Terrain Contour* tor Tehachapl Mountain Region. (j)
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b. Wind Speed (a/sec)

Hear Surface Velocity Vector and Wind Speed Contours 
(—42 ■ to 63 m AGL) Tehachapl Flow Field Computation (1230 <arr, 11/15/74).

Mean Square Turbulent Velocity Fluctuation (a'/eec*)
at -37 a to 130 a AGL

Rear Surface Mean Square Turbulent Velocity Fluctua 
tlon Contours Tehachapl Flow Field Computation 
(1230 GMT. 11/15/74).
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<a) Mean Wind Speed <V>, (m/sec)Wind Speed Perspective Plot

. <(V-V)*>*. (m/sec).
(a) Wind Speed Standard Deviation (a) Wind Energy Content <V*>, (m'/sec')
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■ Observed Wind

Wind Speed, V (m/eec)

Observed Wind

Wind Speed, T (m/sec)
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Wind speed contours(m/s) through

the WG2.
Wind speed contours (m/s) throvTgh

the WG3.
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• S$E#Stg^M£ Lv'
•tf-yyv "j Kxy-;v
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2^ 7K¥^i6] tK¥^[6] %E*y ^ 3V m BtKE RANS f TJl *¥:H^ES *%stf, %fAa
$li5l ~ 200km ~ 2.5km A IESMcE Mm, k-£I^ •ttW mm : mBizftvfc A,

• Coriolis * ^ (UU6E, SITE, j3 6LK, Mte*) ± -114^3 (z- <r ,or z* h"
&m*|6] V^fjEo amm, ti LE) % Coriolis ^3 WVjV2.5E®Wn-» ES)

~ 10km 10—500m • #7Em\mmt u> * (channel y^) a®•

• m<o§m # m @ (i Monin- 
Obukov 9

•fry O’V y Rxy-;v
• Wifc

z 6, m, mmjft, #m#m

3 '<K tK ¥Jjrp] tK¥*|6] %T^y-;i/ #*E RANS • mm&Mic *¥:mama *m#t±, %f Aa
%m. ~~ 50km ~~ 0.5km %mm0 6 ##AE friUtdf, k-eS^ • fficlht mm : AkSufBo*- A, #E-%a^^

• i:#¥ • mm#m k • am# m$Kma (z- <? ,or z* if
&m*ft $&m*m • M'MB. % Coriolis ^3 1/a*^2.5 @®<7)^n-/f ma)
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lit* # & 6 o
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• ms, TPmm, ^T¥MJ5tLZ:E.3b
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n6W4

4^ *¥*[6] %T*y jk -k ^tKE RANS •Tt'31/ • mmmmuc tke : mama *i&Mt±, %f Aa
~ 10 - 40km ~~ O.lkm t:^L, i> *3 - ¥Et:i6l#m, #jm, « % ##7KE mix.if, k-£i^ • teli mm: i®ci&o/:
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5t^KltSflitl*lSi:^-4E-B J: d7k¥ff|6]Kli200kmES<7)E5^\ 4 A, #&B 
A|6]El±ifiiuH^:f$4-^Ei0kmJ4±(7)^ 5 A-£-$4#k L E-B„ tE#f mKI4, 
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f#T'IS;iZiitlv>t'ib?.9o $Z:, Cd LZ:fcti5bt4, 5-^^W*t?(4 
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18[6]5r(t1"3 Z^ &d#-a U, IStoMS^If 6ScttMiz;5HSL"t&/-?? - 
@F< A*ffl(0S.*T*-1 £Ett@i@-t3S|S5>'C%3o 2<o
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T';i/ & t d ft:, *7°y a >co 1 oi LT#®i:Aii-B nf
i 7Fl tzi, (0 X'&Zo

3.2 ±^EE$ x MC H1" 3 &rt
CFDf f";FdAA#f$t L Td_hSJHdES:^tCGPV (Grid Point Values(%f A 

#)) 4-±lcftffl1_'6o C CTliGPVT- ^dREtGPV^CFD-ef';!/l:&*AK 

4f:»dtelii@I) ikibtzo 
3.2.1 GPVt- ?

GPV-r-^li, 3 '-k
xS^-AMST-k-ri'hho t&^A.fcli, mmrf$ k.Td& t 

T-yTM-^TW, B*1^t ;v& A)dtt3|:/8fH-Adc i:-e, 

AXCZ yT#fA.d*?, —fij k LT,

Xt X l±GSM(Global Spectral Model) t LTGSM#±, GSM 11 SB j3 J: A'GSMKS 

A, it, H^iS^A^HiRSMfRegional Spectral Model) k LTRSMAJf, RSMife 

±j3Z 7fRSM*:@BdGPVf- k^Tc^^fiXH 0 , flglj ®7r 4 )Vt~ 9 t±flj 

mdZ 9 Czk? - #gA0d#fA##^3#, iaStES, 
AGti6(I¥#BliffS'Sfl-3-i ^#HS)o

IFJrEAmffllfti:, T";Fd*T &RSM±@ t
RSMifcAd&^E■r'lUii-£-E k #1G tv, ^tfB^FaliSliifeOkmi:iotV'J, § 

GU, GPVt:lig###T'- ^ k##?$KtTXd?##d 2 %M
HS5iS-t:> ^-^Ga-ffifSeSSiirv^dli, Sll^trA'-^d^re^^o g 

Sitf-^tli, i6±-ei± 1 BfFaW, ±S-ei±l2B#FBW(iSL, E(6] • Miili 6 
B#FBW)dE$iJS*$U 1 BK2@d##^ifv\ S-Axdf&f Af-f t LAt
©fill o

GPVr?EfWi/f T — y f±, ± t L T ISEiliStsynoptic scale, y V ff -f y ^ X k — 
)k)0StltiSilfV'So ##%### l±, aSdAM0i:*>7)'ivrv>4fl 

EdSvSSS* 5 L, —Elf, 7W X A - IP l± 1,000km A,±T' & & „

Sit- 3- li, maA- f tMJSM,
7Kf%?-|W!l##20km)d?##$-%%#'!:t3mai4#&l:Z oT^jSSilTV' 

4©f, f&T-su 120km f'^ii § nw & eg <o mm <0 §m i> eb* $ n tz 1*1 m t a o
fTV1^) o

3.2.1 ASildlSSAli
4 =--> t V if- y 3 >(initialization:%Mib)I: IW A 3 t 

tilt, GPVz)^GAl Gfi3M#^#^CFDtT';kd%f 1:#J i) gT6±f#
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B^M &FD1Eli±SSlOGPvSEfSfrr- 91 te±M,comi)\zmbhm^^9— 
;l/<7)fflSt:%-E)o GPV(SE^#fi)li, 9 C 1 B 2 @(00:00z, 12:OOz)T”
*t). i^r«g-e730T'-y i:& siuas

#L lti#J®.®S!& fc"<0f§ji(7) J: ^ tc, B#Falx t-E^BtmiJSo > y x t-;v 
mol?#*emicsit6„ rwtiTj', #<i±

Hx i>-o0 %<ntzih. Etci BaB^GPvSEfRWf1’-
cis16BtraK^-tti2Ber=i)<7)®<7)^ftslrv^

$-e<Z)Eiv^56^:lC7E'S'St LTSAEro-eiE f (7)|gt:#E^ 
fbt&^ £Zy SEE

-So tzx
• W¥Ei£t2ftS8iLSo

CCTIi, (7)B$R^##(7)|6]±^^AT, E^JHOlKe^vilCo
V'Tftlt^rfToZio

(1) f%%Mr-9lz£&Xtl
mm#-r£6act

Pal OES®t* - ? £itMiJtoKEx.-so Ttoj; ^ L,
t*tfibiL-£0 iJ3> 4.1.2i;-C(±GPV(850hPa)<Z) 3 BffalSWEIRfi^-g’tZfBt^

$i}r- f' 4-fflv'T±S®.<7)E]i$fSt2S-D*v^T/^ - yfi-EcfSaue • i§J®Bt)*tto 
Zzo

t) salt y f %CPV#E(*Ea##20km)<7)f - ZCiJ Bera1S-E<7)|6]E

• GPV(WE6H7rt'- 9 : 12B$E#)Kfmt, Z <9 #l@#j^{7)^v^GPV(3B$;8@ 
wEfgfg,
0)o

• mmmvfr-9 tEfgfi^fflv^r, n#imeti^i*i#&f79(#3.2.1-20)0

□ ) EE1iitco^fyJV(4>-SvMiSi^fIlt--&r;vf>|BlBfi:)coftMFli3(f5ij^tfic#53') 

EtS
• GPV(gE##@) tGPV(E##)^)g=# (:E- f Rfb^trE, PtflJtEtvv 

(*-svM±2^iitf)[H]B#t;)^^7Eii-wi2ftJ«rBic7)ft»*ffv\ iisciBiraW, 
3B^lajS\ 6Bf(fafSfA)\ t 0 iWj-tO:nEf^^)ni"S|B](f ufl£"f*-So

(2) -&^i£
(l)tR#E*6#\ EEt)f, L <

7 o
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OOUTC

GPV

*<—V-V'J if—V3> V-V'J *tf—V3>
V-V'J if—Vi>

7v7%?# (48h) (24h)

06UTC

v-V'J if—va>

12UTC

GPV

i'—v-V'Jir—va> -f—v-vVif—va>
v-v'J if—va>

(48h)

18UTC

-i—v-V'J if—va>

OOUTC

B3.2.1-1H aeraS®(7)iSV'GPVF-»CD^J$^;i
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jLPre</ M
#“w" 2^,

H ) m

steP2 aaBFfi^fc'Jt-6. saoo>iiaEtrtft-eat»tLfc^«ttto^fi

d<Pstn(n) = <Ps7(n) ~ <P£\n)

steps
t(0£&mi'Tl£]E?Z)o

#3.2.1-2m
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0) uso- < - >■t; t -a s-ii

>53-S^?ilcii, GPV<7)#$coHEBtcjb-lt6®|6] • SUiSUPg 
GPV«^-feE*icov^r, S#LT-X(SU6ti Jlti$, SB. 

^)Oiat j5'3i? {•/'7XJ'— 53"-^ <t> <£ 9 -& 9 — v 53*® L, -?■
n'P'iu07X3'->(0aj$I«$5-*AT5MSt-E.*?i*i#x.^n^o ££, 53-llli
tifiti 2-o(7)^--$(7)vi-f>L75\ i> L < li'Bfffl'C'tf •) ^ t -50 V'fix®

S&CL6. ^-y^-ygij CJwpJtMEill^r*^ £ffl i>t -> 5 ^ 1/ - -> a > 4-fi 

v\ tti$l$il$-eSA#itLT^T';Pcitti^ k-t-Bo

$-(DGPV#EA#,
6#^, ^ijx.!i'#±co/h5KMMvm.mffiffiox
tl& o

3.3 3 'JzK&fe.ykWtl^?W

ci-cii, mA.i-mznv^ML&r>x\ 3 

fat)^xt-'ju (cFDff;p) coSiticovir 5 bi-s.fatfifttiktim^tzffi^t 

JE^&o 7^Z! U tiiUtilti&ttftti^fjwov^nff-f y <o tiki & Z {,<DX 
Iifc < . SFmB^Sil^T'xPS-SSt-^±T(7)-®to&&;6S£;£14iM®-Cj$ 

^tztcox&i o

3.3.1 SSSfliUF.cOiljR
^wafiiwxse^i^ii, ssMfSit. bmosl tit?/

tkSiSfS^tr&'Bo 4/i, SS^I:I±SES. ##. ®l£& k-'toTK^l^-a-S fa
z<ox\ xtubJkfi-icoim
S; -B 0 Ltz’bcox-iji,*\

ftco^icit&£fe*+* £4-mit$-tt\ '?tiimtuDi±
itm<vik& ■ mwfmimmvizthjtximzitiimt it 

5-tbtiho *Sx<oZIico£gtofSS<ot$S£'E (?*%#:) It.
(u : SB. v: tiii/w : §&jE) h. Ptti^m (P : S$. T :B®. p :

!£t>) Xh&o 3 '^‘Dptt^s.X)! ti. $6i& fe(7)l± 2 ofii D . ?$ I) <01 -o li

£<li:7K53m^<0ifM (*

SS. Sf±. INI'. 7kBBB& fc'CDii^t) Ti^SS'lik LTAtjto-B„ 
CFD-t-r'lV-eii. aScoESyK^d^tttilt Z><Dt |s]Sit. ^T<7)t£g$8fcti 

iEStoti&Exy-ivtoSMlitk f&Ex tr-MllT (+h7'X*V y Fxti-,>v) <o

so-



MWittlzftifXM'oWi''', fa1?-**-
Lf;i!ot, If ^rTf&EX -y — .W-'CD^ptijHl*-s>vi"t!Ei$$ii3 3 i:

i:*30 %Ex B$immt:l:##»Ex3 #-§-!: (f, f
<7>i§g££-c#EE% 5 a3 i o %rnt fin: & 3^‘ 7 x - x iti

%mi%x - xtcoii, jiiTwaaui

33##*##, %Wm%A#m?*3o 3iL3<7)E OiSWfifet:: 4*, is f<7 

5-*#j#f##-|:S^l:^3o xy-;t/<o#T\ Mx>^^t:j=v^T#St"3

**?S3.1.2-lS<y® 6?iJt;^LT*3o ^iubC-Dl'T, flJ#Ml:&"<3.

1) i@#6
*«6'Cff'tfc£J i&3<7)lt, att*f5*6»SEEB#il:®<9 3 k-e*30 iiPif 

S,?%:nBJJ^T,;v-eti-teto^SSS«i-tii-^5rE•)$ -5 <7)T\ 'B146lf£TX>.* 

&<nMi&x&-f%»6&£-%&& 3 „

2) ifeS<7) g$5l: f 3SE|6]6(Coriolis6)

j:3E7)4j(o*, $5i6j6 (codons*) if, mmtix4>k 
"C#St"3 i: f ,§,;bii3o c (06T 1 2*#l#Tlf, 66*

S,6<7)6f:tc j3v>TSco6<o*§ $ t$ tSt3/2*i> 

T% t), J*, 4*$M#Tlf, >#^(0##(0fy5@^*3

tzsbXh30 3*flitl±6i: LT g6*S:6(7)Snxi6"C & SF=9x4r-g 

V'IM^S$163^(7)-e* i), |ffjfI<y$lSS-iRi9@:dEa<7)0f%-ei±tz;|6)6lj:L 

If Llf##$ E3o Li't, i)Rii#E*# Ec * i) , * 3 V'-lf B#1^X 4r —;l/<0*§ 

SlgSmf, tcf5V^T$5|6]6lfSP*c9*3#S:*1-3o -E-XiZcA,
3 i; J= v' r & Se [S] 6 If -a-ft 3 i v' T* * 3 7 0

3) E6 (#*E*f:y*#2KE)
E6l2-ov^rif*<7)f i ic#x. 3E30 E6lt, B*Efc#B*Ei:fl-lft# 

*3AI:*if3#*Elf, fx<Af *) t±*l:*3*#:(0# 

E@l:C0A-e?*i3E6'e#)3„ 3EI:#L, k%(OMWl k") I:

$gBE3E6i&E&'##*Etv^o ±%<D'MSik^^.<DXX-)i7-f-') ->xi;
f Elf (Haltiner and Williams, 1980), iifjlOEEX >r - ^EjSitX *-IKC# L T 

#M#l:*#vE#^-|:if, Jlfilflii: Et'EE®6<7>2 to <bj|& Lti

v^cofc^f), E6lflilfll*E-eS®-e§3o M%E. ■&%.!£ % £X>iz%^<D 
ISESflilSUf, *¥ * |n] IC l ,000km * - X' - <7) Sfl -e #) 3 Cl tc fj- L, i&E*|6] 
Ulf,W^*4EB(7)lSl$Xii0km'e% I), *E*rn)«X')--;i/|cJlf Li&jS^lBloMfl
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12ioo5j-<7) lti.Tt%B0 Z<r)tzi6. E*I2^#(;2
BEi;*4U flSLSWEti, ^EW^|6]k 6 I2®fl$c7)i0km*-X'-<7)X

¥-)i-Hoti/'J, , #&it®*|6]<7)

tl:lkm~2,3km@%-e*6o $/X LT$&S*|6]<0#SI1

^5 Lm&gi#e-tz 9 *Ex5r-)F6#g

xE-)F^|g]@K(:^Bo B2uB,

tik^TmiKt:*£v>IgSi-ei2, EA#l2#*Et##7kE<7)®^&#A»l2 
2U2'£B£v>0 —UStoSSUi, Zli<o*¥x5r-;v 1:54-"t-B$66x5"-;Hiio53- 
Olglt^, BiU2£--f Lt>/h$v> 6i2v>;i5:v>0 BESEtt ffit5li*5?x 

tr — )V lz24"t" B SSiiiEX E ~- )K7).tfcl2 $ 6 12^ § ( & B 0 MS iz 2 -B E23*l9 ^tW-tK 
E-eam-fB £ iH2IE15t-eii&v>^ * § &f£^l2-g-i &v>2 9 &$M"e&B 6 

V1 x. B (Cotton and Anthes, 1989)o RESIST'if 13; TlV 'C1R 0 $5 ') 75S.9iS.li95

3.1.2-1^<7)$ 5 ?iJi:#^ltgiJtC7S$ tirv^BAE -eftBOli k/vif!2, StoC>SS 

K^lBlcoxE-iv^E^Icq^-E-ii-tc^ LT'£--f +5H:E$ < I2&v>0 #(:

4 5 'Xffit&t'M 0 ® 9 ^ xE 53>®l54iitt<7) 1%liljj,

m#i:2B#mm, mm 12, E®^®?t##*Em53-^E%t ^B. itas,
65 <7) 55S.Ifi.SiX) %#3: f lk -C'-s',"ffl ellj S/KEfi'lti, 12 , Adrian and Fiedler (1991) 

iz 2 2U2\ *E*|6lto^EFa4H£ i5km@S Ciori +55-12^1115 § B4SSK*
^#$C24L-co*#aT&B t v>9fHiS^'&Bo ®12, 

®B#(C Yamada (1985) 1:2 B9F%T\ #zkEa#<7)3g#2r@^l:#^ <

*¥4§ER9H £0.5 kingsic i-eE 5 < t B;fal2'&B&v>$j|giEjSffl Ltv>j; 
6<7)S§tt£S$miLTv>B0 B9 LZ-zStS^B, f^T*^ E
lijt LTE*I2, E*E<k#iH*Ek<0®^"*^i)48BB„

4) S$ • SSj&I

1pJt®,?%E®J^t*ivi2, X yxE-MrFcojaSIl

c-e*Bo b0^^11^1:12, JUTr& <7)2
9 £rtS*®ST Sttz®-e*BBE®^ e- 1- 76 5 x Ktiit, *tm?S-g-J8l*|c7) 

-0---7;i/*i:% SMEfe E SfxSJ £i><7) 1?% < -a"$ 2i B o ? BIT 
Sxti<7)2 -) t:###<7)±^(7)@|gi&@(:2 -oTKT#g#(:23V^T 6# < #23t, 
S*4m<7)2 9 & o Tv>B 6 <7) 6<7)®4r^*Bo X vx
6 - )V HSl * B v > 12 #H ^rfl<7)?± WSth&oTVB 1 >k~~ 4 ^:$M#TI2,
SS • WSfiKfll<7)^®I2'E'S"7)"& B 6 x. B iiB 0 5-kiltie""?? 12, 5§iS L

V' t.f,6>EB0
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5)XX-;i/ti.T<7)
»x"X'V "j 3.3.4XMtiZo

3.3.2
CDFtT';vx12, ilSi^flS* h-mw#*£Bfif 4^#6^ 

©*-?£-c«tfejtL-cftawit#;<Dmmzm < **«
KatfbXJ^&lCIl, t :9"ttTX^< X b tVS k S55"/i k ^?<b> -B (Haltiner and 

Williams, 1989)o

(i) x^xx b;vj£

x^xx b-Nili, ##### ^ $ ft 6 (ESS® (tio

-t, 1*^0
t, ztiz%z0 x^xx b;v?i

1:li»BlifnM$b55\ itz, H^-C*3#et:l2x- w
K#(9^Birm,%?#jtf;i/(7)WASPfAVENUXNi,

fyyy -') j- ^7-t ;Fjg IS $ fix xxx b ;iz ic g|S 5tv&*ESM»si6
#T*6#^-(:I2, «S!j3 2

wmi>MxmexmM-f&^ lkx-ox. <nirr-s-fc#
zktfXZ&o Lri'U li, #8Ioi

BiL3®7)^$tL4Zc», ^<7)5<7)ItSli^ < liX^X Hvg IS L /,: <> X) &-B.S-S- 

ifcLxsm^m^MLxfrbftfoit&o ^otztb. b;v
:{f. li^llllX 'X X b JV‘/£ It & lbbl2jL-£> o

X^xx b ;v?£l2, i1\ fiJ.S
-t xhz>0 Sfliicoirg-, #

<9#l$vtts<7)Stett^fSi:53*5-S53-^E ^ *} £■It* £ < i&Mt
£#\ X-xX b^SCli^OJ: 9 fc I2£<&v>0 $#g!2#ISf-6itxM%X)

%.$L 'iwmmv&t.zl^x&i&o itz, 9KESt-6tz
bims^&TE.i±#>&f)mmiztx@®-e#3. $btc, sis<nmem%t%
tit, XzL X71/A- v ZL (7)|g#iwmem^3C tir, bissi: 2

6±# Z 9 LfcfiJL, %M.<D
9-Sf-eii, X-xx h^ii^
#-ffl?iLrv^0 %$.lr(0^#?#tfXl/ (GMS: Global Spectral Model) 

t t IV (Japan Spectral Model) IXXX b X fi; X' ffl V ‘ T V •■ X Q

L^L, X'XX bA-?£ltt2v< 'DfrfnmKifiibho it\ fztiJfticommMk
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iis ft 5 /c», -et c & mm % i^owm*
ttz, mtmt(omw^t\

■ei±, Gibbsom&tf&Z Z>tztbZ<nttft-?<Dffig.im^2>o SHt^SESEci
14K±, I. J; i m®ItS±ffiSca:^4-

£'Wtt£ o itz, l:i±x x^x h ;v-j£UJ: 6
^it/ri>s»Tl$$8i:& t), x^x h;vri<7)fij,dr^ 

mmu^mxruxn. i>x^ b 5Xixmfnma.co±^ ^
*t li4-f^nri^ c b 14%b frx&ho 4 /2,

S & if tEK MSd-£>Et)5'*5c -f
{gxrbi/£H§§t£±-eii, 1 5^fl«4 T-*iiLZ-:S^?£4-fflV'

J»#IiLV'„ ix X^X

(2)
^EiMs^(ommtx\ i> •) i -?<DixmM%x-mm»mx&60

—te8til2fflv> btihX&X$>h0 £ft"i£xIt,
misizmtizmfrmzjrifg. cogfrvm § mx h <dx\ m®-x>mn $• seat sou

Ifm/>5't;ipgK-MCbti, £fr#>xmbtifzfgmX'&M£&M:tZZtlz%
ho ZLO^ffittX^X Y H'&i.WltX&ho

xhUftxmxvM&xit' 6m^cog# # i u -c, o

—It Inconsistency), ii)#^(accuracy), iii)t"/£ltt(stability) 5r##t h ZL tffjzP.IX 
£>h o

mrB1*5vM4£®o£!j*litl$i)& <t$ < ItztZ tzMfrfr'Wfriziim-fh 4

"9 12^55" t^Sl'fet ■£ ^ Xt) h o
H *) X&h0 —

i:*ft£M»lix>Sti:, &iL^$kx>mx>T'f y-mWlx^Zixho £ftfeiz£h
a»60$$l<7)||)tl4, -r4 x-SFsWta^iptt-et^St^t-ezftiSo ^

$b»?6W$lf, LtL, IWc,

|Q]*'&v4j:l#SStiaH:#'< ?£h<DX\ $ 
r=iJS5H:i5v>rii8tS<OJl^lzj3it-E,S5>$tciIt^\ 4/2, B#r=gfafl-t:i5v^ 

rtiltS^e- K^fifcgwElilfc ifTmSk &-E.0 

iii)<7)SSt4l4, —telfiEB$Sf±£$t0 BtjSJji 4
lf£ffl(omXX>Ufi-£1^4j(DX\ BfrB!3ch$rBl^iWtl2ov>TS5'?i<7)EA'g-t-ti'

S®t£$t4t3l StS^to SBB$)et±(4, 

@Li:#t3B$/E#-e*3 (0t\ $^14191 # $gc t114, ftfr®
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tmmmxtmmm i x n^0
i)~iii)t±, H5H£ SrfflV^^iiF-Q-tZftiSlifiiS^C LTV1 tditlli ts. b tt

I'MtiJo ZtiibcD0kftrofStrfMlJC^IE
t)sc£>-Bo '(S'ff-Mt LTi&Km\ ?.7F f \ F*Jp|$i

, fijlrJ- 7. “) zi^cb 5 o Iili> ~7 y v i'
-f-BC fctcj: oTgliMlciljESns,

©fS-fF^isciSrl-)|jj/iL£-tFB (Cli, o Arakawa (1972)

j^.tf'jl/^r — &-B <£ 9 X £■ -A£ i*E L "C v* .£> 0 L/6^—■£■
(Cfev^-C, C 9

fc LT®< co-e, t: $^3 C ^#

#>»)#£„ Jr<7)fz>6, >
X$-±6C

3.3.3 7Eitmm ■
CFD^er'^T-ii, LTMS/rOGPvSEflStifT'-^^

GPv?#m^^^#@Kn:amt3zt l*u

<7)B#rBm)tl±, SEfPtrfr'-^o^-eiinfleFSijlt- It*-#', 

t 3neimi3& C 1 T-^TafeSo - 9 Ltzm^fmx^lbixintnz^LX, 
CFDtt';v-eESLrv^#^gr(7)iSJt(7)41 "Cli, Eftt^le'fityyitOSLTv 

t)t&v>k,ibtLi,0

##ij\ ^tntztb. cfd^t-*;h±,
T#%iK%M,(7)#(r#t#f" 7£> .1 i: ic & B> #x. ibitS 0 #7E#KH:EfL#&# <

^tl±, $%##-?<0

F&6A6. !MIlW£jSy£t±£Tfl££^\
^teST^E& te#F9E & ® SM t: l± ti i: A,v> „ ^gtr-IEtli, iiS®

33.2xm^-tzx -)

rjititLSSF-iE-eii, wjMM^yyf&L-c,
E1) is LltStoK®*9i:4-x. <B fitzmm.^-%i®-*?m\\t>tc,£ 9 

S^t:SELT^<o fLt. ris1# t, ft £ i TSIE^E 0 il S ft -B „ C
<nh%. ^oBeFBmgcoES§l±Fj3Ei: 5 ti?\ #*&% * l:R'L^%

it ‘o ft'B o

EftWiSiMflitli, !t|F«5IU-Di>r 1 pgco, zg^Cov^Tli 1 Hfci: 7/2
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65 UIJ il f5S"C ^> -S o

dXi/dt = f(Xl,X2, • • • ,Xm) (3.3.1)

V'f, ner=tol6]<7)fS:53-*Bir=g^JAliI r n l •'fcffiEtoBBfafl-eSt hx *OJ:

-) ic^-So

|Xi(n+l)-Xi(n))/r=f(Xl(n),X2(n), • • • ,Xm(n)) (3.3.2)

5t(3.3.2)l±, <7)1:,

41ieSJnlCj3lt5Eg$$5ctOAtfflV^rfioTV>50 BtSSWftm'M<o

|Xi(n+l)-Xi(n))/r =f(Xl(n+l),X2(n+l), • • • ,Xm(n+l)) (3.3.3)

^S;xi<Z)^-fl:*(yetSl2jsv^r,
o BSv£-eii.

n&tztb. xi(n+i)t$A3^»6(:U. ^'fk^fco41tsB#$iJl/^:;Vn+iy6?M-9-t'-E>5 

$MiStS±WSI & £ 7)S'£-E -e hh-hK mM&KEbtiz l 5

^ii$-e# < (7)W^12 J; oT#S^tirv^0 

Stt, * < i T%£ fitRM 12$$jlt%i><Dtj:<DX\ WMSOBS
^ t/2, s

film mmm, 5T#

s*t') k, b#®^53— ^rm»n®.&£ioitj}Ki.-?x±£ <m%Zo
Lt i>mb%^0 m^-urnazma-mx-m

im^mM.m<D^m^.xit, gttMt-t* ■?ximx>imm&htm.ibbn 
ztmtfift&mmtiZo sfSM^tmii, aa%m&c#u-c#f

<ai*„ ±£,
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ajEK#E@ftB, Z? Lftt),
ift, BfF=9fl5ftOP:§ift, B#rB1*|6]i:S1^57-4-k D, SHgtJfa 

\~±m.mft* t t, f(om*ftft-ttm#Kssi^mm$3t
SfflH!titiUi% Kftli, iotifel,#,
m$-tt#im#4t^^mK^ft$-it6ftAKI±##ft*& t(0(0, it^it-S^ft' 
W t e, tiSM ft tott K ±* ft L r ^ <oft ffl ?m < ft *, @#K£ft##^4-ftft 
L$ Oo ft<Oft*, }$SL£-@6KiJts$ftSvZ d &^3-L£(oaAftftftftili.£ 
K i«L0t*5„

05F=gftfl-ft£vT, PSSfiiiiltrilcoj; ^ ft

fttf, ll?fSi£6#K, SSL^im E, Z6^ ilt KE, # # 3 ft 6 ft * 6.
Mi if, tm 1: b# ii &• iiffl l * e> @6n± (o ne® to *-efi »-t e, <b, m

l±£ftft±t£tfc&ifcft/J'S <&oft£? *ffiE>f|<o£1-B>0 Zft,
SffltE, L:, fefflji6ft/J'$ <&B>0 K 0 LftBSt£<ottRli, MiMf&ft'ft 
fijffl5ftftv>£0 ftiimKKi=v>ftl±, ^#(06ft&3EKf E, <01±

E<OJ: d &SSLft%E>ft, Kftib<OlitgZ6tiftV'ftV15:i0m/sft&Bo K ft Kit 

L, EfitKffi V'6^'t5Sl^;Kli300m/sll6<of5tSiS6"Cf5fll"t‘ ft IlSJilliSrtiBSft 

LtttiUo LftL, EfRKfcoftlift^ LftflliJSIitJ^ti 
$ftft##ft*D, JE$|KMMtE>£-$7)%v>0 ft<oftA, ZStotS^ftiEft® 

£§§E$ft£6*gf±<0*£$£■iSL£ftft53-L, #<0#&l##i£ft##, 

It#* <0 Bift Ht £ E£ft £ ft ft V > ft 0 K(OZ 1 K, P##i£lfm$ftgim^Eft 
E>iS5 5-6ft$-ti"TL$ d <Oft\ BtFBMfttftFpISiKli—IS:K|n]ft&^0 &ftft 
ft##i£ft6, ftmMfi-coM&liaZ+fi-'hZ < iEC fcKioft,

SiLt/J'J <#S £E E i Aft* IE#\ ftcDtiEftiftt'j Aipg^ES < 
tit tm a 1 ft ft &£#^-ft#
V'o K ft Kit L, S'af=t@Kftv>ftii, IggLftBfFBWftt ft jiftlf bft-f, ft 
Eto^TEH^mcoA^m^T'^E-o ^cotzib, s-sr#tE(oitSKitLTi±, m 
»&<vW8VMm± < F»1@^S < ft fc ft>ft§ E>6fgt±^V'o

3.3.4 SLil^TOvcoiHS

3§f;ffl(0fl.¥l±ft& DftMcoi (Oftfboft t>, f<0^ftlf±%##@(0TI#@; 

5tKltg1-£„ 1*1 S<0 il ft l±, v ft it> ft SL il5iSi ftlf ® ft 11 ib ft ft,,

ft (OSLil#lt, ±Ktt^fflcotBft^|f t JILiKOtgSftfflft-iffi?
ft, E^ilK Z cftilgftftm$mg#AKilAf ft. gPirSliiiEilil^TbVKft 
ItE-CFD^eftbKO 5-£, &ft WZ4ik##ftlZft9 Lft%#@l4(OSLil#(0gW 
ftSS^iitaft*E,„ #K5ikfIit"Cli, # i) 3A-o ft#(0@3(0ilftft, SB
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&tv K-5-1&§M& if5-St$® 0 Eto & 14ii li'& e> & v>0 -E-iDfcA, 4

IMIS#: A^tcj= It4SLiSSa»#F#?r/£tcli, *§ < 5Mtr 3 ooMi!fe t)
(Murakami, 1998), -^COjE "C^)50

(1) DNS (Direct Numerical Simulation)

(2) LES (Large Eddy Simulation)

(3) RANS (Reynolds Averaged Navier-Stokes equation)^ 7*IV

ZKb<D<PX\ (l)CDDNSIi, Navier-Stokes4jili£<Dl:g='> 5 3- V-v a >tBf 
li'tl3#&7, Navier-Stokes*@^CM(D^ t HUE f l:S#to l:#Mt L 
"f" •B'Z&cOT:'£>•$><, (2)<DLESti, Large Eddy Simulation it f(j; e it, Navier-Stokes 5)

$<D$HSto&74 ;vx -£;1L, -E-tLm±o*|; 5<D*oSLE
#6*3o (3)(DRANS t TIV|i, 7 7-7 7 7" IV (V- d- / IV

5 itfd JiyTINavier-Stokcsif 4?.at ffl t- > 3 Silriiii'vZ) 3 0

(1) DNS
DNSli, t V y 7 IV0Navier-Stokes^@^:^g#toi:^#itf 307', KSto 

l:l±# W'l&'C&'&o L;7L, $J7li'^57/£t:Z oTBfEitoEiS&y 5 ^ L--> 3 

9 l:li, 3ti/f 3"D7iD*$@&(0%E-;gPR&i 6&tt;h-li'&ib&vv0 
ig^jn?awE?iij-eii, 1/7/ ;i/ xm^ioE+o6* 3 v^z f z ^

5©t*, 3^Eto A1:(i 10E+131 (0#f i: & 6 c %,

# A L /< IV 71 at## ^ fB V ^ T%f A gr^,ri0E+7^ 6 10E+8@%7) 7 UV->3'/
l d- y iv xSresoooiijre* -s0 -e-lt, ##(D#mii, it 

y tvX%d)/J\gv^M#|*|i7)mfL, -7-v > 7;v»L #^toSLiiR#^ if<D#

DNSli, $ll$5.5 Tii Sffl to & il it <0 8^/r i: v > 4 
Z i) li, tr L5gL^-tftv<7)%&^i:l:i3vr-c, KM t&Tf&bmMX b ■y iv- 

x fc L T ffl v it £ 7 i t)?# v #SS$1 i?, 1995)0
DNSli, LT6, 9lfflto&|i!]@i:-LX>ijj££-

MfBt&X)tt#1glzmWEX&Z,0 -E-itl:#L, LESli, gLi)R(Ox-$tvf-x^y 

i;v(:E6iL6#m&%m LT, hb*. h SiJL±<DgLit®^iI®ft# U fit i 
I) V^g,(D#^:lit Ttvit L 7^ i) #9 1995)0 fit
i:Zot, DNS-eii%|#tol:EnT#l:i&v^i9 w y ivXSccoEftcotlii)
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ffl< SI
#HS&9& 4) ^ totBEfFffl i: i oT, ±# ^x^--;v<7)igi^ib/h5^ x^-;V(Ozgi 

x. 4 44-^M@ LT^#, ##*l:lt#4l:t ottmS fU>0
Ktv>% Slittlwllk^v^ii, —1i§:t:^rtij14£ 

i>'DW-i^bth^l'oXi/fbfiil(D-t:\ ±& (x4;i/4-1£7fiEi) t: ItKBtlS I: 
±t c T, t

t)iiLr^ < o tr LT, zi@(7)X^-;i/^/J\$ < ^tut»6lt&', /J'X4-;v<D?® 

<OS8tto14Sl±^to^<) <7)Ui5< * t), 7CQ±# ^zigi<D##M&U>k#t:M# 
Fi{^ot{5„ itUt, 3)i/^3’n ^pjf

9. $e>ic^wxx-^xj^ <

Lr< -So % 14# A It, Zigi^)±& $#3;i/t3"nx(0#g@gt:& 

6 t#,#l:± # < ^60 5FWvIjS"Cti> SilSlI&lfcll^cD^txi'tr- tofSIS^li# 
Lv><h#x. btiX^&o t n;v^6 3"n 7SJ t <7)J±lt,

VY/;vX'8i'(7)45i‘0 3*KMgLT*§ < &,£„ l/;i>XT, 1/ X X
+^l:±#v^, ¥#m<7)$S:i$ffl^)A< & D, T@r#m(om-e tmmmmiT
ii$$5cr=g<ox: t a

(2) LES

LEStt, 'Ett/hfiitJ:1> 1> * BSi® £ IH-xX-)V(GS)OSh LTitlgftJf: U 
#fxx-;^MT (ttx’"x*'j 7 Kxx-;V(SGS)) it, Wxy-zwtS^tto 

T^er';l/ft$^4o Navier-Stokes^tlsU:, 1ft4/MiiifSK<79xX-;kC0$H5 v X

)VX-£SLTf§TxX-tit-f splits-t^')7 Kx 

t--;i/«afii(OSt)*:^\ ftstWCt&T-x l--ji-(DiM,titM(D%mStti: i -SId# t 
LTiBtiSo feW, B.frtotctt^xx-^ci^SilSxiMmKttfUt-BB-e 
4x.t>tiSo L/i^ot, LESI:t3tt3##M#»/<xX -f ItCco^mco*?

LES It, It X-? 3'V X X 4 - 4 t*4 -e $> o fcTtN

LES^#2r»atL|:gm L5IEt<7)ttixzil?^ 5tL/2#S$, 1:0

i:& t), (7)1481: t o TSb6)i:?*i 6X'Xf < 7 XX-xn"v >
X 4 - ^E t $ iL/:(Gelmano et al„ 1991)c ft f < 7 XXvrf'J >7,4-

4- fXHi, # < (7)#%#l: t o T#4

LES It, £lz,f (7) 3. t- 4 4 - A x 4 - Kdt48* x $ < t t:to T,
i#LX X 7i/X#(7)##t)%SL;1,E#^DNSt 0 ItXzX:*#; w&f ^ t
5- dTI^u L/2o L^L, f ti?tf;t/D # x 9^±(7)X4-;i/

-89-



3'kjt?$mX»r*§ < i£, LES-eii, LX
atZtiiv, ;U XOtpOiMtlOXi U

T # S, 4: 9 &FJMW4 LT^iSfflStVtl; /to Murakami 

(1998)t±, 4: 9 7 A-X#:%IE4U:MLT(4, jg

I4ti 4: A, ma-e*5 c: 4: mm L Tv^ 0 LESI4, f 0f

f;v<9t4®±, fflk^fL-5> fc-r^>fc 5-^fIiS(cWLT-C*-5.t#x.ibti4^\ ^ 
E<7)W$l»t61<Oife®tcj3V^TE'Siii"-BgLESS-^%^4j: LX^-l&L 4:14® 

»T® Lvv
(3) RANSf 7s)V

RANSf yMH4, ±IB(1)~(3)(04,T\ 310# .Sf'ii V-i 7 ;VX'iSc<7);k; §&3ljJJ± 

(7)P=!iSlc)tLTft<>#"#&f TOve^-S kv^x-Bo -<9#%ttS^^-fbL&v^-c
i$> -5 9 o RANSf yfl/fHtiE — LT14, k- £ -6 T X it X)X(Launder and Spalding,

1974)0 k* j; ?/ e t±, x A-f- a x vf^^Mxh & „ k- e f r;v
14, SStofSiUcj=i>-mg^gr6' L # 7 ;vx>M)S ti/-:*:k-E-iL*e,(7)rtL<7)

-ffiOE^H 4: LrSLil^f ;vf'-ktttiSspe to 2

-3<9|I3I^SE£*», ¥M)»(7)$6j$^liiS:k k<> t:#S< i>oxh&a k-eff' 
ivt4, LEStit-^-s 4: -6B#
14, ®i£lfc®Sk LTSUfu-i-f ;vf'-4 (7M^*4i
-So k-E f-f*;H4, m4k<9#f%^--'i/(9?K;#^±/:6#$f#&a U f KM 
T<9x-y-;w9S^4s'iW)6Kf 7,;v'fb5iiTv>-E>(7)-e, #9-|gpme±# < c 

ttfx$z,t -e-<7)Zc6, mi#<9nm^t\ m ;xxmo±

<0^41(0 4: 9 (c?Fi$.giJ ^$i6v>S^<9[il t) <9E4i*S < k-
E f fA- -m D!l x.i4'-#i$C44 LT#4>$est5 4: 9 tcjs^tiZ-: 2 -%7cA%&# 
tg-SEncdoi'T, ±m#j(9A#&-e##4:Jt^tSlit^4;vf-5 
ft-B 4: v 9 o /-: ($3.3.4-1 0) 0 Z4U4, A@<9 A(7)&#TI4,

<9 55 14 Ip-fif tc * § v > t, <7) co Sliii -M' ;v f'- <7) £ E W-e- ft 1 $ <b"* £ < &v>
tv^9miH%#t:M64i6MiRl^9 i <S$iLrv^vVz»-e*o/j0 

C4U:# L, Kato and Launder, 1993)14, jcXOk- c tf* (#$k- e f f IV) 

Mwc, ;vf-k<9AE#^?%m<955Bf^B<^*?%#g4iTv^ c

t hv^9##t:#S LT, Sli/fx:4ivf -SDi^IE<9(feES£55
4: @ls^® 4: oWjo%j]%:£&&fi-E. 4; 9 U5m L (LKff'iv) , mo% 

S<9*§ 5 U4t LTSLil^f Adf’-<7)£E£:}WIJ1--B 4 9 ftSEit#- L4’0 C 9 

LAz%&K4: of, A%EI 0 <9am^$ ivfgd/:. ifc,
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)U¥-(Ofrft ($3.3.4-10) ($3.3.4-20) \Z-O^X%WihtYM.Ltza
^<T)LK^r'iwi;it^TX t)iWv>S$it4S-f#rv^0

RANSt flz @T & 6 E^r'iH:? n - v>-

tf;k(Stull. 1989; Yamada, 1983)^*-E>0 il;M§£iS)£1- 6t&S^S5:£ 7 >4j- > 7"

t:-DV>TW^@5S (#m^@^) 4*<2t#"t*^0 ¥MlS<7)issues:K 
|j\ -fiuyi$43-<7)2)k(7)e:(0ffiM5"a-trS*?$gtL2,o TEcdi&^cd 2

o 3C(OZ 9 1:. *-5(kSttoSS^igiU:ti-£--f-E- 

4U: ») ,W(k(7)ffiMS7)tEtLr^S^s'lfl C&vv #B
"f" 6 $6S^Sc(0'^$6x & 6 V r t) -$-il J; t) {)6^©1 IsrfflV' T tflkft L
(^°7 7 - 7 ftL) , i§<7)£ E t: SI t: $ * 61$9@ £ 7 n - -y> - co

rast V>©o k- e X nisi) 7 D-yt-tf)|/«0'toT*iE„

kb e<7EtbOKkkl (E-a-iESI) k *fflWc6S;-(mTbtL-B„
k-etfiiilslii:, kbl^6#W4##^#&##%&E6 c b^-p&6o S.

S(S=$?<7)ftfc f) 1:

431)6 *S.c96Lil<7)^Sli*IF^f6])tLr$&e^i6]i:#NSt2*
§<MLU LtL-^oT. 2$6C6
coafio l Oi:iotv>4o k-i43if*;H>k-e 43T;!/-(>, ^%W#^#Eim;mi±S

v4:#ao 0 , Slffl8tJl2li0S<7)^rlit4^*6o

Murakamiet al. (1998) li, 5 b ULK^Er ;V75{^T LtV>f;V' < @ji

0. 14-

0.06 0. 08 __

(a) wind tunnel experiment
/ x^^T^zzr0 -|o-
0. I8y^^?0- 16~^oT|4 "0- 12-

/ /[(((
0. 08 #30^
0^06=^ 

-0. 04 —
0. 02 0. 04^ °- 06-

(b) standard k-c model

_ .------ -0. 08

0. 02 0. 04—0. 04
(c) LK. model

—0. 08=:o. ii -o. 10-

^ o. 06.

(d) MMK "model

Comparison of turbulent energy k for revised k-e models (around 2D square rib).

*3.3.4-10 tliftteJiE'&.&Mk-e
(2 -Aytmiwi u
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e experiment
-----MMK model
-----LK model
.......standard k-e model

1.5 1.0 0.5 0.0 0.0-0.5-1.0-1.5

• experiment
-----MMK model
.......standard k-e model

1.0 0.5 0.0 0.0 -0.5

(1) for 2D square rib (2) for cube

Comparison of mean pressure coefficient for revised k-e models

53.3.4- mmts <£ k — e "E 9MZ £ Z 2 U 0

3.3.5 $(l) *x."fdefault i:

3.3.4018^V'TRANS^ef'^
titbit^^"t'V^RANS^-r'tvii,

3.3.6 *Xt4

K £ tt & ^ to * X t 4 XX*1±,
l*lg|S<7)^g|5t:. ^3.3.6-l0i:#'Xf-4

0-m. 22#-r*6. #-xf 4 

-atz&m’i'cnmits
t), ®-m2$.mt&<7>ni~$>tzho wi^iwh-* i2

{twfotuznLt>m%mwit>z$ki%-f%0 hui± 1
t)5\ HB-i-tottSUi 2 ^lj$t*jg|ScoE(7)* TfeO r

^/2tb 5fi^@.7)?S<Eii/2Ui6<7)S?S^5S<5:ltrv^ J: a Ui£
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**T't x XU—El:
Z7 Itzmil-ttLX'fTfrti&o $3C, * x A1- x iiA 2

Ati^fSktS.:1 1>*30

$xAx x A Al:$ C3 A'&U, #•< <7)S:'ISil#*^<7)M#t:i5V'rl, 

bti&o $C^ItwKUt^’fR'Cli> t§-^-®pg7)s'20()kmfSJ8!<7)ii?l$itS( A AikA AH, 

fix A-ivoSEffiESrltS l, -AiiSrAA^ftf: L T f&E US II£tJ20kmco BA#

A A"Z&H6A^ %#% 1:#f# AE#3rfr c "C o iA, Anthes (1972) I ±, #&

^1&%E(7)m#A AZ-em##$fEA#@R»&^mA 3#BAf&E k, **i&& 
fruxi>6ffmmzmmt3sw§ztm^x^z,a t-
F 74 7 X 5 jj. X — v a X^ffrAx #TfT# &### Af&E A#v\ -E"<7)

S12 AJa#?) i&BArfcl^A * k"<7)i># * -gitTfMT At 3 » i SfMt 3

Tztbwm^J-Z ESt 3 3 o

S3.3.6-1II *XA< > Af#f(7)19l

feS-AAcfSA (2'kW&) ±A>$'E1iii> 14111 <0 
flvESA (1-AfllS) 7)^ilSKr*lS$1ir5l^i)t5ti30 fLT, $B#%El*l 

SHcDfl A'ISA 1i30 FllpK<7)»SE^sS^A/2|pSI±- li D A k liRAf UEi-JfSfFfi 
k"i: J; o TW! A>f§Z .5t:#J») ST 3it, AAiifSIflAS-A'V'TS. 6 l:14#lA)f&E 
<7)v,fE1l^'1B^1i3 z k^'*3o 3(7)Z 11:, ##A 3^##o#f 
#*Ag#$E3 J: 4 AAXAX XX"& 2A|S]AXAX XAkvf) 0 3iU:*tU 

ftvZSAt;tiit3^(7)BeF=mSottSZ(ii3$4-1:§E75>3(7)1f$i7)SS*Stt-fl 
*#Af&E(0AA@.v4&EA3-A%(:(7)#$R&'gij-3#'&^ Dj|S|izf-f > 
/tV'%
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t-Xt^xx'^TdL§, Emf< -o 6 o #3.3.6-10(0^1:^ 

bit. 2^HiS-eii l^Siit(7)21gco*¥53-Sl^jtorv^(Ot:\ $$|=m 
%&&<Dm±m.mii>kffl&<D2fex-&2,0 -ngi:i±, u%^#j(o

#f(ommm^(o^!m»m#&#-t3z h^#L< -e-(oa»x 2Ai6jax 
f~-i xx-cj^r, mm& E ^ 6 m%E N## &- f 3 ^ i:. ME-rtWji

1-11/f 'J XX'-tS&ALTIB* LT&d' 
fv>efi*i3ti^';Ty^yx7-i?^e:iTLtT0 LEtix 

fts:«#^ft(01jxt9^(:^ MiLtV'J, #m%CrnW^
■BdEMEr li^Kr # & W$SLd?EE <E6t4 0 EfOAa6, tE6(0*&d\ 

E#^f t:m##E(0#gg^x A - XI: K-Clfij-6 i 9 6 ESt-B »

mtfhbo £We:Bt, #mWl:U#^L^v4if(0%.^;i/f-m@@#f 
fiSi:SoTLJi. m#<0£ 9 E d LdrM&dES-B LEim
%%.$.;kf-&#d%& A *. ^

;xx V xx*ri^LTfe, $j|dJ!£&S5Lt:itLT&-e(0^*IVdf-
t:|]SS£:£LTLido Ldrd^'-oT, ^W-t:j3v>rgSL(0ESi4-8*ffSxB i 
d ttf±tyX&Z,o #^l:t v^rE#»# $ %.& CUx
me#E(0#t#:#m(0^#ll:#%ELI£*Zl:#M*^%#<o^v^@im^EE. 
e:tiBS&EASd'btax^tzmmmmKxy>xEd l 
Zc8tS±(7)gi^liElt-ft:, iSS & A?£-e®SL<of2:fg5SJ$i:fH® 
Lr, Scm#^#<7)jgffl&L'Wx.IBtL^,0 ,r:r
(0I8I&IE *¥^|6)/f lt"e^ < $&edJt6]<O^X-r -f X 'fizll LX i> £>X It i £0 

3.3.7 GPVC####:##^ f1";V^x(0aAiX*?i(7)p$
GPvLS®tot:T-Xco^i) $.0 Hid (Oli, )#iiirRi%E#jr fit/ri£ i; L A 

E^r(o#Ei o Gpvii, wto®wEi±laner=g^<7),
tmmtjn&x£>s \*m&x>mt Lxmmzn&o gpvi±, ehse® 
PmiiCFDf f;x(0 l^##(0#Eimi#i »i W3d4:#H ttz, $&s:m”t:i± 
feSinEWtoy E Ex X -> 7 A-^JtdAflV' btlXl'Zo

-Ai:i3v>r, CFD^T*;HiSiBJf:6t)^iS)$t:i$BL/:SS5'fflvi-cv^0 f 
(Dtzub. GPVd^6#LE61##liigS^l4#i£l: £ y rcFDE EEio#EAl:# 
tetoKWJd STiBEHtiUjf&G&V'o %E A l:#d^#J 0 S r G E 6 L, B*E 
¥SdM55E £ ET4 EfgrEE(: £f13 <0 fc IH*(E IMiff5EoAa6(0® 
#kf$# (i — ->7 V -tf--> a x) HTd'J£5d?&£0 GPVd'G#l€i:i*Hf t: i o 
TEELiiAiftE Mm(0 1£ E & k'(0 jKS--Et:UiSr- LT v^ v>0 E(0 
d:*E :E6d#E$EE £ dm^#EXd9-#E#EE6(0r*6o Ilf
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'f’-v + 'Jft-v fti:|fg±<7)$iSi: &£l*lS£ft

f;H±, l*#l@ ft i& £ 3® ft £ £ ft# I: Ii & o T v > ,E> ft; i;ft
iRi# zskmgg i: t ^ wr\ mg;£ft

— ftl:£v>ft, GPV"eSScTtb^£ftEl±®S6<)t:iilOOkmti.±(7)t- 

f-ft)#g^ftftft 6(0ft*3o ftftiftsft GPVft6##gftft ft - ^ l:lf, % 

* i: t/SM icSft o ft £ £ft ?& £ l£$ft £ ft f •) Lft
ft'o T, CFDftftftHCftltft f — v-v y -tf-ft a > t ##ft #ft ft;F (:$% L ft 
ftftftfift <ft;ftili $ft, KfltrSrft C-ftx. G;h.ftGPV<7)ft-

ft &, 4^7GT"-y |B|it:(OZ -) l:#KI:ft-ftftftftf Lft

^ftftftft'J: v^ftlcov'ft li, ft?lffigoJ:v>ft£i$ffiftft ft t i:^5!;fi 6 

ft6o ft4U±, 4 ? |wHbft£"-f L 6ftiJfflj$ci|6]±t: ft

v^v^#^ftftftftftftftft(i#B, 1981)0

3.3.8 2:*, B^IWW^MSiicolBS

1 4 *¥ftfaft>#ftFa^llftlOOm~Ekmi:ft:§ V'Cir,
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[Winter Semiannual] [TENEI]
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Direction of the Surface Wind
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(7) (850hPaMDataA^) (8) (20mE^DataA^)

(10) E^? — > (20m®,?%DataA^J)(9) (SSOhPaJMDataA*)

6.5_ 0
O 6.5Q 5)0

(12) ¥'*$ — > (20mM,?%DataA^)(11) F(850hPaS,^EDataA^J)

4000 00 m*t*rs

5)6.5

B4.2.2-3E1 #mm±^20mm%?mue^(m/s)
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(13) G> (850hPaMDataAA) (14) G^9-> (20mMDataAA)

(16) — (20mMly%DataAA)(15) (850hPaHr£DataA*)

n___c\

4.2.2-3H1 #P*]j*A#i20m@l)%?#ll'9-?)i(m/s)
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(3) f

7) Zj#¥<yi§'£-
*{$%^ ^ A1:, a?KE?ltt,6lcfcv>T, ¥F=1 *-t¥, Zt

#(7)m±^20rn(7)?-#j^$ia^6'E-(7)Sgi%l?##&#%*%cT, -e<7)g:lil&20m 

« SSM k JtE L t-» #S$ £ $4.2.2-18 U t o

54.2.2-13i * w s askf-jam 120m SiiinOT j±js ! m/s
¥F5 %##

850hPa-r-* l:#-d < 20m (/)?## 5.1 6.2 4.1
10m-T- 9 US*d < 20mcWIlJfg 6.6 7.6 5.7

%±^20m60##j# 7.0 8.0 6.0
850hPaT-* CSd' < ^?fl!HiS t HillJjfiOH -1.9 27.1% -1.8 22.5% -1.9 31.7%,

10mT- ? CS-d < -0.4 5.7% -0.4 5.0% -0.3 5.0%
ft: x 100%

850hPaT'- ? IZXot'TtiM L/zS^tiitLkiSlOmOT*- 9 d3£oW*

trims kit^-c, ktum±.mom<DB.Mfrti
^t#jt6 k # , lOmCOHiftf-'- X li850hPa(7)m,%T'- ^ Z «9 8l$<7)t rMiWSOJ®. 

a^SKSittL'CVS k k ;$'£>, •>iil'->3 ><0^3X7- -7 t(P.4-32)<7)##% 

iS^ t) Ife^MiSizfl IEt iSPIT**- $ a* ^> <o k #i t) hi „

4) m%/<X->8iJ<7)#^

xsijotait k $4.2.2-2812*

to

$4.2.2-28
A B C D E F G H

850hPaf- ^ US-d < 20m<7)?## 7.2 4.8 6.6 4.4 3.5 6.2 4.1 3.2
m±A20rn(7)##|# 8.8 7.4 6.4 5.4 6.7 8.0 4.8 3.5

-1.6 -2.6 0.2 -1.0 -3.2 -1.8 -0.7 -0.3
18.2% 35.1% 3.1% 18.5% 47,%# 22.5% 14.6% 8.6%

8t6, /<X->BkE(7)#^li, 850hPat- X lz$<5V/.ztrimSIit § 

St^fc-Bk k:h-(iW*?->t-±Skifct<7mr%/iW£t2%& »)($

4.2.2-18 k $4.2.2-20), X. '0 < * i k k Z<r>
wMt^nhi0 ttzs ±mtitLtwt*

<7)Sytl±tS (lioti'S; k*i-:9"o720
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b.

(i)

S4.i.2ln<7)B4.1.2-2$ 1:tSL/2, ft£'■??->(A~E)6$CSVtfdrtt*.

Lt0

(2) '/ji|riPJl

$*If tilts*±a20m1850hPa@5J$<7>$|HI. > S4-t-nlffl'tt&#
4.2.2-4gllC7S1"0

20m V |!ll ------------20m f til
gpv *i;- Ill] N ...............r.i'x 'f i

20m V. r-!|. 
GPV '4 T- 4-

#4.2.2-40 ^*(Cjb-lt5HS50 (#W. $¥#)

ei*J(7)Jg$<k|siSt2, m hiW 10m 120m WHi!t - t, 850hPaGPVf-'-t £ A t) 
T-9 t It, $ £ Pil Lti„

V'tzSIST' SJtM) * %4.2.2-5gi(4)~(6), 850hPaGPVr - 9 $14}
*i; £|nj(7)~(9), 1: •‘•lOm'iify >*• • y }$14}$&-|"l(iO)~(i2)l:/j<

Ltzc

&*M>*9-> (IN. 1.2-5 111 #E) IftitiT, &L&20rn<7)mmr-9 t 

850hPaGPVT - 9 £ At) T~ 9 ilt, r tltiftitll bi$20mKiMliM4}$ t f/jllj [_ /;,, 

> A$1*5$ & 8$4.2.2-6ll( 1 )(2), '<9~> B<7):T'$IJ*5-$ £ |b](3)(4), 

>C<7)'T'$J)*a$* |s](5)(6), /N’*'->DWt'$1*.55*^|bJ(7)(8), '*9- > EOT'SHSS: 

Sr|Hj(9)(lO)(:/jfi"o

-139



(7) (850hPa)MDataXX)

(8) (SSOhPaJMDataX*)

(9) (850hPaJMDataXX)

(10) (10mJj£U%DataX;b)

(11) (lOmMDataXXO

(12) (lOmmDataXX)

4000 00 meters

B4.2.2-5IH @lj-9'#'(m/s)
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(1) (850hPaJMDataA;b) (2) — > (20mJMDataA£j)

w>

JE
^fe€*3

(3) (850hPaJMDataA;fr) (4) Bv^-> (20mMDataA^))
^Ac/O/^SAVr \

A .0##^
aS)v?.'FIa

wr

Z/AA%< r °A
> j \ O. AA ZVrn z—A— 
AA1 4/ A \rA 1 Q/A l°

(5) CA?-> (850hPaJStf£DataA£) (6) (20mJMDataA;b)
/ (

((p&LrtT

=s)v^&^j /viiij J^MT

1PWVmM&X

&W<AlwX-J

\^rp/I^WT\ J Y\#fl/ \ /-A__
4000 CIO »eler5^

E4.2.2-6IE
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GO

(8
) 

(q
:y

B
iB

aO
TB

dq
os

8)



(3)

^w, *-%¥. m$
¥(0*_hiW20m<0^iia-WBI^6 ^CiitiLSCi^ ilS £EA$lor, -E-tOMirZOm 

cD$ii'Hij:ti:RL/-:o IS^5rS4.2.2-3$tc^1"o

#4 2.2-3* te » 5 JR)K^aiHl fc 20m*flHl<PJ*tt #@ : m/s
¥W 5^¥

850hPaT-? C&cf < 20m(Df ## 5.6 6.8 4.4
lOmr- ? C#cf < 20m(7)?#j# 5.3 6.3 4.4

rn±g20m(7)^mij# 5.4 6.4 4.2
ssohPaT-'- ? t:S^ < ?#J# h HPJffioM 0.2 3.7% 0.4 6.2% 0.2 4.8%

iom-r- ^ us-d < t nmw.(o£ -0.1 1.9% -0.1 1.6% 0.2 4.8%

ilfi’?, 1 Om60%)%-r — X (±850hPa^)lSlMx"— ^ 1 l) 33-EXi f'iiliWiS <7)/$VSdti~'fri 

CffiV'^ tfrb, y 5 iU - v 3 2»f3Xf 7 T'Otg^SliS^

t & EI^-e-E-tv^Eto 5tL/c#5^i:#x.6tvi,„

-f) ma^x-xgij©^

■fo

#4 2.2-4* * It 2 S'S/V $ - >%IJ(0?#jim t20mHilMlroi:t«(

A B C D E
850hPax - ? < 20m(7)?## 7.3 4.9 5.3 3.7 3.8

m±i$20rn(0^#j# 7.1 3.0 5.6 3.5 2.8
0.2 1.9 -0.3 0.2 1.0

2.8% 6&3&................... 5.4% 5.7% 3&7*

f #1# 2: 6. ->BkE<7)±§-S-l2x 850hPar*-X t:$-5'
V'*■^iJIS* i: ^iilfiofe^i±^* t) ± £ v^ t *0 ; tM'r -x 1&W

58^/^-xt:)3-SLt:< < . ±$ki6±"eiU6] •

t^6(#4.1.2-2*h $4.1.2-60). i: ift± t i> JUlfiJ •

±$ki&±<x>MC>®tm*§

fZo
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C. KM<0Wi&
(1) —

®4.i.2lfi<yS4.i.2-33lt;7SLZ-:1

L/4„

(2) /if- ygiJOlUKi^ilcoSS:

7) #Ff5, #¥¥,
(; do tt 5 i6± Si20m t850hPaiW8:7> #0, ###, K-f-^9) Mi’Afi'Jfi 9 SI

4.2.2-7012 TP#,,

S4.2.2-7E] **IC43I4 5JIIEI21 (¥M, #¥¥. X¥¥)

iHil I'.ifli 10m fc20m7> jfJi!Kr — 7 , 850hPaGPVx — 7 i AJj 7 — 7 t It, itllM 
20mC0a?)i5>4'|7¥:f'iffl L/;„ 20m#aif - 9 CjEoV fcltfET'ffilbHlJ S' 114.2.2-80

(4)~(6). SSOhPaGPVr- 9 (; g£cs¥#diVfti?’iJ'/}'ii] Sr |nj(7)~(9), i3 <£ c/lOm#?! 
t- 9 i; S-oWj JSV/)i7'#J &• |h]( 10) - (12) t; tp L /; o

7)
#m.i%/if-> (#4.1.2-80#.%) l;j3V>t\ Jft±.,fii20m<7|@iJ7— 7 t850hPa 

GPVr'— 9 9 A ))t -- 9 b It. 7 it 7 ji ifcl l".iSi20mTr) 5U)i A A 7 r -III] L A, /if — 

> AT) f IJS-li £ ®4.2.2-90(1 )(2), /if- >B«T'iJln IP# |s](3)(4), /if->CCO
f #j$gm&0(5)(6), /if - (#A, SJ8U(l!IBi(9l»~

20#)A> TillJg-JF: (i 0(7)3 k (8)a, HOT 0(21# - 8#) (0#)!®* (± 0(7)b k (8)b(: 

Tp $ fl T l ■> A) , ^9 — >ECO:1r 'IJJIotI 9 0(9)(1O), /if —A FCOT’)IJ#pS:Sr0(l 1) 
(12), /if - >GW^®Jgf:*0(13)(14)l;Tpto
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(7) (850hPaE^DataAtl) (10) (1 OmSl^DataA jj)

(11) 4^#-# (1 OmMl^DataA^J)(8) (850hPaTODataA*)

(12) $¥¥ (lOmTODataAA)(9) (850hPaJMDataA£l)

#4.2.2-8121 ±Mt6±g,20mMi%^#lJ-9'^(m/s)
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(1) (850hPaJMDataA£l) (2) A— (20mj$l?%DataX^)

(3) (850hPam%DataXt!) (4) — > (20m®,K%DataX^3)

(6) — > (20mSlSDataAX)(5) (850hPaTODataAX)

4000 00 meters

$4.2.2-9111 *$16±®20m®>5E^SlJ^S(m/s)

-148-



(7) D(SSOhPaJMDataXX) (8) D— (20mJ$V?.%DataXX)

(850hPaJMDataX£) Pal (20mJ$ti%DataXX)

. 3.5

(20mMDataX^l)(850hPaJH?%DataXX)

2 O

04.2.2-9 *0t6±iS2OmJl,>5i^-zBlJ-$>S(m/s)
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(9) E*9-'s (850hPaMData)

6.5 6

(11) (850hPaTODataA^)

(13) G^9-'y (850hPa®,SEDataA*)

(10) (20mTODataA^I)

(12) FX?-> (20mJMDataA2j)

(14) G (20m#,%DataA^)

-/3 . 3 • 1
o j Gy3 ?/o)'

(oy

03 o3
O3 3 O3 3

o o

3 3
O O

• •

B4.2.2-9IH ASlti±iti20mJl,>fl:?-l!l'ft:ft(m/s)
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(3) MiJimcovr 

r) ##3-

<7)llilHt t it®c L /2 o IS* £ %4.2.2-5^ i: tf t <,

4 2.2-5# *SH)ltte^lC43lt-5JSl>Rf-)iJtti:20mllSIJ1SCDi:tR *fi : m/s
m# #

850hPaf- ? CS-cf < 20m (Of## 4.4 5.1 3.7
10mf'- ? < 20m(Of ## 4.3 4.8 3.7

%±i@S20m(O^## 4.3 4.9 3.7
850hPaf- 9 l:*cf < f ## t H##CDM 0.1 2.3% 0.2 4.1% 0.0 0.0%

lOmr-9 H&cf < f ## t ^##<0# 0.0 0.0% -0.1 2.0% 0.0 0.0%

850hPa-r'- 9 IcXoV-CXSlJ L*|g*liSfe±^10m<0-r- 9 dXoVit 

XSJ*£j£h.lt^T, Ciitilu2gn<7)^- xh|H]S^a

41) BM;*9->9}<r)m£
- xgiJcoXiHit £ B4.2.2-6SK/tk

"to

$4.2.2-6# *SHWMl2*lt5E>5lyx-j!->SiJ(D^)BHei:20mS)iiJ1i<DJte
A B C D EM E F G

850hPaf- f US-5" < 20m (Of## 6.8 3.3 3.8 2.4 2.4 2.4 6.1 4.2 2.8
%±^20m(0### 6.4 3.3 3.4 2.7 3.6 1.9 5.4 3.8 2.8
f ##^###<0# 0.4 0.0 0.4 -0.3 -1.2 0.5 0.7 0.4 0.0

6.2% 0.0% 11.8% 11.1% 333% W# 13.0% 10.5% 0.0%

#EzKv^-><7)1*1, DU##a^#aL-cv^E%/<x->T*6o 

<7)E?KI±B43!fe^f)l^< i®Efc, $r=8E*^?S^i*< HEC>2fIS(7)at25}-S 

^ti£i$m.tMIS,<D2-0CDfflrBeUzfrl<fT^ Ul^-yg>t42

fc & L/2o

±Sfcitii±c7)ai6] • EiSroWlStfSA^ii^vv #cT, iSEfcl^Jlyi^Ji 
P=8£iiLT, 850hPa T' - ? t: X O' V > £ i1 SJ Iti± |b] i: ifc{i(2.4m/s) 12 & o T V > -£, *\ 

#±T(7)^#j#li#m.z)#E704: j: ^^56v^5E(7)¥MiE$I±
3.6m/s-e*-z>755\ Eai7)¥M)Ei$l±1.9m/sh V^/h5v^S;et:^o/2„ iWWf-

Xf li850hPaf- ^ l:Xcfv^T?@ljf 6 t # < tiZ> Z ttfft-otz „
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4.2.3 @E?Fs8l8JET)W7)Fffi

a.
(i)

4.2.3-1* «rtlC43 lt5m>R/\'5 - > t
mm a |5] a a BS ism

1.8 Jtfe 1: 1.8 m i-. (II) (%)

$ A F.Mlb'iJ-tKAMl *-t n:-n KMifa-itAMi iHv !&V' 93 18.2%

T- B ti-lbMl jfc*a V-^sjsjv> 51 35.1%

$ C itiA'Ml fmiti'Ml 'Mil1 20 3.1%

D 18 18.5%

SL E inm\ faifcMl^ 'Jiiv 78 47.8 %

T- F [fr AMI it) A" Ml $v> 5ihV' 40 22.5%

<r- G it) AMI it) AMI ijijV' 27 14.6%

H 38 8.6%

$4.2.3-!^^ 6, SSOhPaf"'- ? |CSoV*»fK/\°* - >glJ<7)^i8IJft|gc73flSfil±. 

C>H>G>A>D>F>B>E- iF-yfbf &

t, r^-'sCs H, Glii^lljffjg^&l , D. Fli^ffllJSS^SS,

'5 9 - >B k Eli^ilff Jtri«iV' XIV--f 15J-tt b ixi> o

^S)f*J$;»s6v'^ -xcoltttiilB S:li> 85BTS^H9?>23.3%. ^aw^-x<D|t

Bl&li, 151 0t^W«41.«, XCOiBB Kli, 129Bt‘^®CO

35.3%Sr 6 A/2o

(2)

14.2.3-2* ##!:& tf3S>R/t$ - >SlJ<7)^S®|S)T(7)^ailfie

850hPaJIUft 850hPaC&cf < 

20m(7)?#j#
20m CO mm

iFOTfa *6#mm
A W 54.3% 6.9 8.7 -1.8 20.7%
B N 26.5% 4.8 8.8 -4.0 45,5%
C SW 44.4% 7.6 7.3 0.3 4.1%
D T'm - - - - -

E E 21.2% 4.5 7.6 -3.1 4&8%
F SW 30.9% 7.3 10.0 -2.7 27.0%
G SW 36.9% 5.0 5.8 -0.8 13.8%
H /F99 - - - - -

SH4.2.3-2E*G. 850hPaT"-X <S'-XglJ(O$@a0]?</)?#!#

gWllISli, - >D&HSrl%#. C>G>A>F>E>B tiot
V>4 o
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o)

###2:fit\
A, MMiMg.fr b ^fi(8^iS)St:'253-SJ(22.50 ), l.OOOmSgico^ y yj|:M *9, 

3,OOOmit:<7)|EBAci#^ 7 -yjL(7)g*S@ j:ft'MIlW£E*'k £o S4.2.3-1 Hli 

ifcStSfKAEA 0 * 4 y - v L tz i> (VC-fr <5 o 

%%hb t) ® $ k -e <0 S-fl^B S 5r 954.2.3-3$ t: ^1"o

$4.2.3-38 srtt; *i it 5*ma? t i<rmmm
: #m EiMfiS(m) : 160m

A B

^ y ■> --l $Effl #/ht#0i(m) am# ft^kf®i6S(m) flM'f^rSKm) $2ftl

0-1000m 140 90 50 140 20 120

N 1000-2000m 120 20 100 80 0 80 i 71.67 138.33

2000 3000m 80 0 80 0 0 0

0-1000m 140 20 120 140 20 120

NE 1000 2000m 0 0 0 0 0 0 3 40.00 153.33

2000 3000m 0 0 0 0 0 0

0-1000m 140 20 120 140 20 120

E 1000-2000m 0 0 0 0 0 0 4 40.00 153.33

2000 3000m 0 0 0 0 0 0

0-1000m 100 20 80 120 60 60

SE 1000-2000m 0 0 0 80 20 60 0 36.67 140.00

2000-3000m 0 0 0 40 20 20

0-1000m 140 100 40 180 120 60

S 10002000m 109 40 69 180 80 100 0 79.00 90.00

2000 3000m 80 20 60 205 60 145

0-1000m 180 100 80 180 100 80

SW 1000-2000m 210.8 100 110.8 160 60 100 0 111.80 96.67

2000 3000m 160 20 140 160 0 160

0-1000m 180 80 100 200 80 120

W 10002000m 180 20 160 180 20 160 0 103.33 126.67

2000 3000m 80 0 80 0 0 0

0-1000m 200 80 120 160 80 80

NW 1000-2000m 160 20 140 160 80 80 0 96.67 116.67

2000 3000m 60 0 60 100 0 100 |

*/S@$^(Coastal Area Index:CAI)(i^fS. b ft & til,•#>ij?'6^tiic"C

^ v i/
CAI=count(Hmin=0).....................................................................^C(4.2.3-l)

fefXm(Undulate Index:UI)(ift;t$&IS W(i X. if\,000m&ft)(DUMtM bMM<D
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S4.2.3-4* t: A W 3 850hPa±mtS] rmf

/<? - >
850hPaO 850hPa±JHrn] X* <D ft

(%) (INI)
iBltt

(UI) (CAI)m± 850hPa
A w 30 1% 54.3% 20.7% 126.67 103.33 0
B M 25.6% ...afea,:...... 453% \ 13833 71.67 l/

C sw 36.9% 44.4% 4.1% 96.67 111.80 0
D A'W _

B B 51.5% ■ : am 40,8% 15333 40.00 4
F SW 53.5% 30.9% 27.0% 96.67 96.67 0
G sw 41.7% 36.9% 13.8% 96.67 96.67 0
H - - - - - -

b. H%i<Dt§jit
(i)

S4.2.3-4* ^*c*»5ja«/\-5 - >
m m |n] m IS 08 HM

h@ S. h h» m h (B) f%i

$ A *-¥¥60±M-EJH 144 2.8%

B 38 63.3%

s C M ¥ ^ <7) ± Slfo]-fi ffilil Z¥¥o±Hf8]-@H 31 v» 5£v> 84 5.4%

D fSS®. $i§v §lV' 64 5.7%

E 35 35.7%

S4.2.3-4$^6, 850hPaf'— 9 HBcfw/zMURXf- XglJW^ fjffi 

A>D>C»E>B12 jfe'Xbti&o Ztib<r>/<9- >£±i ±AZ9')V-y°\c9h ix /< 
9-> A, D, >E, y tv

tj- V) o

^ilffi)$*?&v^-x w||iil$ll B8tti292B T\ ^r=1c080%**I$tDsEi>
y-X Wit B %U73 B T\ ^F=1W20%**»/-o

(2) 4>SIUS]W:f$Jfflj£

#4.2.3-5#t)^. 850hPax-* l2$-oV/.:JI,#iv'?X - > glj W J^Stin] "C W T SJ ffi
StWJIIHiii, XB^E&;$V^T, D>A>CW)I|I ti'otl'
6 o
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850hPaIU>i 850hPaUS^' < 
20m(0?#j#

20m CO

HffliHfi
mm

mmm
A w 31.9% 6.0 7.7 -1.7 22.1%
B r'B% - - - - -
C W 35.9% 5.6 6.3 -0.7 11.1%
D s 34.6% 4.7 0.9 3.8 422.2%
E - - - - -

o)

^*gr#4.2.3-6#K#f o

S4.2.3-6* Timz fcW5 tm S311 •? CDSStoltS
: 5R* liil.-SB^(m) : 940m

/ v '> j-IEH

A B
am# S^kWS(m #/J'#i$i(m) $m# mm*

N

0-1000m 1000 960 40 970 840 130

0 249.53 280.0010002000m 1007.2 520 487.2 900 520 380

2000 3000m 760 520 240 820 600 220

NE

0-1000m 920 780 140 920 760 160

0 171.67 290.001000 2000m 850 640 210 760 560 200

2000 3000m 760 560 200 720 600 120

E

0-1000m 920 800 120 920 860 60

0 150.00 233.331000-2000m 840 640 200 900 660 240

2000-3000m 760 640 120 800 640 160

SE

0-1000m 980 920 60 1020 920 100

0 160.00 106.671000 2000m 920 760 160 1140 880 260

2000-3000m 800 720 80 1100 800 300

S

0-1000m 1160 1000 160 1240 1000 240

0 254.05 -133.3310002000m 1440 1080 360 1544.3 1280 264.3

2000-3000m 1280 1000 280 1300 1080 220

sw
0-1000m 1200 980 220 1080 980 100

0 210.00 -46.671000 2000m 1400 1160 240 1140 1020 120

2000 3000m 1240 940 300 1120 840 280

w
0-1000m 1004 970 34 980 970 10

0 157.33 120.001000-2000m 1080 860 220 960 780 180

2000 3000m 1040 680 360 800 660 140

NW

0-1000m 980 960 20 980 960 20

0 96.67 83.331000 2000m 1000 820 180 980 900 80

2000 3000m 860 660 200 920 840 80
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D
NW(iSE) 21.3% 5.5 4.1 1.4 34.1%
W(Hft) 21.0% 4.5 1.2 3.3 275.0%

E NW 35.7% 6.0 5.5 0.5 9.1%
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$4.2.3-10* ** t: A w & mma? t i rnmmm#
: ±M : 5m

Jjii > y '> j-IeH

A B #^ii(TO)

EitS #/J'#i$i(m) its EitS mmt

N

0-1000m 5 5 0 5 5 0

0 2.20 -0.301000-2000m 9 5 4 9 5 4

2000 3000m 8 5 3 9 6.8 2.2

NE

0-1000m 5 5 0 5 5 0

0 11.17 -4.171000-2000m 15 10 5 17 8 9

2000-3000m 10 7 3 70 20 50

E

0-1000m 10 5 5 20 5 15

0 25.83 -4.171000-2000m 30 10 20 30 10 20

2000 3000m 90 15 75 30 10 20

SE

0-1000m 10 5 5 5 0 5

2 5.83 4.171000-2000m 15 0 15 0 0 0

2000-3000m 10 0 10 0 0 0

S

0-1000m 5 0 5 5 0 5

4 1.67 5.001000-2000m 0 0 0 0 0 0
2000 3000m 0 0 0 0 0 0

SW

0-1000m 5 0 5 5 0 5

4 1.67 5.001000-2000m 0 0 0 0 0 0
2000 3000m 0 0 0 0 0 0

W

0-1000m 6 0 6 10 5 5

1 6.00 4.171000-2000m 5 0 5 10 0 10

2000 3000m 0 0 0 10 0 10

NW

0-1000m 10 5 5 10 5 5

0 6.42 -0.831000-2000m 20 5 15 14 10 4

2000-3000m 10 5 5 5 _____ ^
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