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In this study, we examined the sensitivity of simulated wind speed and local friction velocity PBL schemes The momentum (Vu? + v2) and the local friction velocity u, = (u'w’ +v'w’ )¥/* profiles simulated by TKE-ACM2 and Boulac are shown below. u, is

profiles to the a) planetary boundary layer (PBL) schemes in WRE, and b) the multilayer normalized by the maximum value, u!l® of which height is deemed as the top of the RSL (z,) and the bottom of the Inertial Sublayer, or the Constant Flux

urban canopy models (UCMs). The validation is done by utilizing the high-resolution LiIDAR The two PB.L. scheme§ are briefly described below. The key difference between TKE-ACM2 and Boulac 1s that TKE_ACMZ Layer (CFL). For validation purposes, the curve fitted by Rotach (2001) shown in Eqn.2 for u, within the RSL are drawn with the black solid line.
measurements and the empirical equation proposed by Rotach (2001). uses a transilient matrix (Mu) approach to determine the non-local momentum flux, heat flux and TKE flux under convective

conditions while Boulac adopts a counter-gradient term () for the heat flux only. T 7 — d 128
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1. PBL schemes coupled with UCMs can reproduce the inflection point at the canopy height U, = w,”[sin ( 2y — d) ] .2
. : . e Turbulence closure Momentum flux Heat flux Zx
in the wind speed profile as opposed to the bulk parameterization of surface momentum odel where d is the zero-displacement height.
flux. The UCMSs result 1n an increasing trend of the local friction velocity (u,) below the
. . TKE-ACM2 S— ou S— 26
roughness sublayer (RSL or z,) height followed by descending whereas the bulk method WWisajy = Ko AMuBLH =z, )0u —w) | OWiep =—Kug 4 Muth =z, 1)(0 — 6) TKE-ACM?2 PBL scheme results
suggests the momentum flux is monotonically decreasing from the ground level. lS-oieer L0 sed 1 — S ,, . .
. turbulence closure Q2 LT —— »ev Py~ 00 P 2 I Figure 4: Wind speed and Reynolds stress profiles averaged
2. The TKE-ACM2 PBL scheme featuring a non-local momentum transfer can generate Boulac model — 3 du —— 3 a0 (a) (b) — st ol fux || {(€) [= BEP(Carmy = 0.0 ol x| | {(d)— BEP(C,.., —new) ot ax] | {(e) [— Butkiowl fw] & Z P Y . p .g :
height from 1.4-1.8 times the average building height (H) under the unstable atmospheric e = g FWitae = Sy o) - ety || e O R ' at 02 (plght) and 14.(d.ay) 10931 e (L.T)' The y-axis is
| Stable Stabl normalized by the building height which is homogeneously

conditions. In contrast, under stable conditions the RSL approaches z, = H. The former
coincides with Oikawa and Meng (1995).
3. TKE-ACM2 produces a monotonically decreasing yet of small gradient u, above the RSL Multi-layer urban canopy models

60 m. The dashed lines represent the local fluxes (—K % :

The black markers represent the LiDAR observations for

under unstable conditions, which 1s deemed as the constant flux layer (CFL). The average oy Y g : : T ' d Ii '
yer ( ) S The Building Effects Parameterization (BEP) and Building Energy Model (BEM) are used with abovementioned two PBL wind speeds, and the black solid lines depict the u,
depth of CFL ranges from 3H to 4H. . a : A AAE e R —  calculated from Eqgn. 2
: schemes. Cases adopting the bulk parameterization of surface layer fluxes using the revised MM35 scheme are also shown as the 10.0.0.0 0.5 L0 0.0 0.5 1.0
4. The Boulac PBL scheme which uses the same 1.5-order turbulence closure model as R - Result Con. Tn WREvA 3. the d fFiciont (C . BEM i - od 10 be a functi Fbuild; | T+ Tl T+ T S )1/ 13
TKE-ACM2 produces z, = H regardless of atmospheric stabilities. Closer inspections relerence m es.u S. SEeLon. Wi U G BRI o (Carag) n 15 TEVISEE 10 DY @ TUHEHON 1 DUIAINE plan atea o 0D S el S ‘ _ . .
show u, peaks at z, = H which corresponds to the maximum wind speed gradient. fréctmn (A,) which 1s dlffereflt t(? the constant value in BEP (Cgy-qg = 0.4). Therefore, we performed additional BEP simulations (o) I 1:;:;;::; b _(,h} — P, =0 ~<,1J T e e o || AU 1= Bl il s D]S cussions
5. Inter-scheme differences are found in UCMs when coupled with the TKE-ACM2 scheme: using the new Cgrqg (Ap) which 1s modelled as: e — U — " \yumsanel ¢ BEP using two different Cgrqy shows consistent
BEM that considers the thermal exchange between the buildings and atmosphere results in Carag = 3.32A3*",for A, <029 or Carag = 1.85,for 4, > 0.29 reductions of wind speeds compared to the bulk method
a consistently unstable regime throughout the day; different parameterizations of Cgpqqy 1n and agrees better with LiDAR measurements. BEM
calculating the aerodynamic drag have profound influences in the simulated wind speeds. where the building plan area fraction A, is calculated using the building width (BW') and the street width (SW): shows slower wind speeds below z = 2H and generates
1 BW o { 8% accelerated wind speeds above.
. . . . . P SW + BW qn.- 00 25 50 75 1 10 All multi-layer UCMs can reproduce the increasing
Simulation domain and LiDAR observation trend of u, below z, as well as the descending trend
Figure 2: Fetch of King’s Park L1IDAR observation site at the highly urbanized area in Hong Kong beyond z,. The bulk method shows a monotonic
B adC kg roun d a) North-east view b) South-west view decrease of u,.
e et Pl (W2, ) Lo . . * BEM results 1n a consistently unstable conditions over
v" The height of the maximum u, serves as a surrogate for the top of RSL (z,). o — i tatneanstt ;| FigureS: Dlumal profiles for the urban area l?y 90ns1der1ng the energy .exchange
v" The profile of local friction velocity (u,) representing the drag effects of buildings below = T — - a) the r§s1dual heat flux between the buildings an;l atmosphere (Figure Sa).
z, 1s fitted by Rotach (2001) using a variety of wind tunnel results and field measurements off = s 3 b; II\{/[SO[r,Imf_lo'blllllt(hCEV leilgth (L) foed byt * The max local flux (—K a_lz]) always occurs at% =1,
o o} ...l c el Z, ) normalize e , o ,
(shown n Figure 1). - . . . ol T P A L LT T buildin }%ei ht (60 m). The bulk ni,etho d regardless of the atmospheric stabilities. This leads to
v Hong Kong and nearby mega-cities in the Pearl River Delta region are characterized by a [ Cent | teremenerett s NS ' 7. = H under stable conditions which are tvpicall
. . . . . o 1 a T e T e " for surface layer fluxes produces greatest * ypicaily
high urban fraction with densely built medium- to high-rise buildings. | ocal T ocal T during the nighttime
eqe . . . . (c 2./ H, unstable conditions (d) CFLdepth/H, unstable conditions 2 .
v We utilized different PBL models coupled with different UCMs to examine whether the = — IReymels slirsss G e i yer e Under unstable conditions. the total flux eenerated b
0 : “ d) the constant flux layer (CFL) depth ‘ g M
effects of buildings are adequately reflected through the wind speed and u, profiles. “ | T TKE-ACM?2 peaks at around z = 1.5H, which is
, ‘ A s - N\ _ calculated above the RSL. The CFL depth Databl ot th loeal T a b
1 Figure 1: Local friction velocity =% A N = e i P\ WA T ey, AR N\ 9SS of 1s the height at which wu, first decreases to att uta. & o Ut Wi [en- oca. momentgm UX Tedaches
09 U as a function of non. Ihe four-nestdomain is domain 4 1s shown in Figure 3b. The roughness = /3 <l> ‘ T ? 90% of uls the maximum at an elevatefi height. In t}ns case, the
08 1 - - length for case using bulk method of surface momentum fluxes is shown in Figure 3c. Figure 3d depicts the location of the | | | | p = | = protile of u, agrees well with the trend in the curve fitted
dimensional height. Reproduced : . : , : , , : BENBEPCa, =00 BEROL, S BENTBEP(Co, =00 BEROa, S bv Rotach (2001) within the RSL. The heioht of RSL
o7l from Rotach (2001) following L1DAR unit located in center Kowloon, Hong Kong. The Doppler LiIDAR provides three-dimensional wind speeds measurements y Rotach ( ) Wlt. In the . theheig to .
ol Ean 2 from 50 m above ground with 25-m vertical resolution and averages for 1 hour. z. ~ 1.5H shows satisfactory alignment with Oikawa
| .- d Meng (1995) but it deviates from oth h
(@) (b) e Bulk thod si lati - lculated an eng( ) ut 1t deviates 1rom otner researc
(05 " R b7 D] 202N [ . buik method sinulations. Uw-o - calcuiated g ooya . PBL, scheme results where z, is found greater than 2H.
2l U’ u, at the top of RSL 1on JERES : ' AN using MOST where z, horizontal contour is
osl d: zero-displacement height e 42 shown i Figure 3c. There, z; 1s derived from
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oo ) are summarized as follows: v ~ |\ e | | normalized by the building height which 1s homogeneously
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