Supplement

1. Piecewise fitting of perpendicular scenarios

The fitting horizontal components have been mentioned in the essay. Here, the endpoints and expressions of vertical component

w is shown from Table S1 to Table S3. Figure S1 shows the vertical profile of w components from IWSUS.

Table S1 The fitting functions of the segmentation points for the wind components w in the perpendicular scenarios

Positions Segmentation Points Fitting Functions
H h= {—5.284 exp (-6.065AR)+0.9939,AR>0.5
leeward at ! ’ h,(AR=0.5),AR<0.5
entrance/exit H2 h, = 0.3585 exp( — 1.898AR) + 1.057
Hs h, = 1.475exp( — 3.011AR) + 1.318
. -3.712 -5.28AR)+0.9836,AR>0.5
windward at Hi h,:{ exl;l ((AR:0 5))AR<0 5 T
entrance/exit Ha h, = 8.236 exp( — 5.263AR) + 1.857
Hi h. =09
leeward at
_ Ha h, = 0.5214 exp( — 1.5AR) + 1.055
middle
Hs h, = 1.534 exp( — 2.733AR) + 1.337
H h = {—0.4067AR + 0.7757,AR>0.5
1 =
windward at "~ 10.0219 exp( — 1.688AR) + 0.5214,AR<0.5
middle H> h, = 4.424exp( — 4.943AR) + 1.005
Hs h, = 2.654exp( — 2.872AR) + 1.73

Table S2 The fitting functions of the wind components w at the segmentation points (H;) in the perpendicular scenarios

Positions Segmentation Points Fitting Functions
H _ {0.04559 exp(2.746AR) + 0.002081,AR<0.5
leeward at ! " = 1~0.3718 exp(-5.31AR) + 0.1556,AR=0.5
Hs w, = —0.426 exp( — 3.011AR) + 1.318
H _ {Wr(AR=O.5),AR<0.5
! Wr = 1-3.712 exp(-5.28AR) + 0.9836,AR>0.5




windward at

H 3 {Wr(AR=0.5),AR<O.5
entrance/exit 2 Wr = 1-0.7792 exp(-2.273AR) + 0.2835,AR>0.5
H B {0.5417AR +0.0377,AR<0.5
! Wr =19.341 exp(-8.185AR) + 0.1524,AR>0.5
leeward at
_ H 3 {0.225AR+0.05438,AR <05
middle 2 " =10.904 exp( — 5.519AR) + 0.1201,AR > 0.5
Hs w, = —0.4408 exp( — 2.875AR) + 0.5083
H B {0.2472AR + 2.858,AR<0.5
windward at ! "~ (4.77 exp(-5.175AR) + 0.05055,AR>0.5
middle H> w, = 0.4383 exp( —4.059AR) — 0.1127
Hs w, = —1.275exp( — 0.6783AR) + 0.9835

10 Table S3 Expressions of w component vertical profile for perpendicular scenarios, where the functional relations between wr and hr
and determine functions of coefficients in these expressions are listed. The Hi and wr(Hi) represents the relative height and relative
wind components speed at the endpoints determined by Table S1 and Table S2 respectively.

Positions Wind profile Functions Formula for Coefficients in Wind profile Functions
11
w, (hy) a1 = E'bm = —h,(Hy),¢1,1 = wr(Hy)
Hy) —w,(H,)
ay(hy +byy)? + 13,0 < by < Hy a :Wr( 2 Y b =w.(H,) —a, h(H
leeward at @yohy + by o) Hy < he < H, 12 = ) — e (Hy) 012 »(Hy) — Az 2hy (Hy)
; _ w,.(H3) — w,.(H.
entrance/exit =< ay 3k, + bys, Hy < hy < Hs as = hr( 3) - - (Hy) bys = wy(Hy) — a3 3hy (Hy)
a1 4_eXp(b1 4h7-) T'(H3) T(HZ)
—— 2 H; w,-(H3)
uo a14=—7‘ 3 ,b14=—0.1
' exp(bysh,.(Hs))
wy(h;) €21
T az1 = —75 b1 = —hy(Hy), 21 = wr(Hy)

windward at

entrance/exit

az1(hy +by1)? +€31,0 < by < Hy
=1az2(h + bz,z)2 + ¢y, H < h £ H,
Wr(HZ); hr 2 H2

b3,
@ = wy(Hy) — ¢3
227 (hy(Hy) + byp)?’

leeward at
middle

wr-(hy)
(az1(hy +b31)* 4+ 37,0 < h, <H;
azzhy + b3y Hy < h, < H,
={0as3h, + b33, H < h, < Hs
az 4exp(bs4h,) + 0.1u,
Uo

yhy = Hs

a3 = —ZTZ”l,bg,l = —hp(Hy), C31 = wy(Hy)
o elHa) = ()
2= Ty (Hy) — iy (Hy)
P Wr(H3) - WT(HZ)
33 = Ty (Hy) — he(Hy)
a34 — Wr(H3) )
4= exp(bahy (Hy))

b3,2 = w,(H;) — a3,2hr(H2)

b3'4_ = _0.1

by, = —h.(Hy), C22 = wy(H3)

by 3 = wy.(Hy) — az3h.(Hy)



windward at
middle

wy(hy)
Agq(hy + by1)* + 41,0 < h, < H,
Aghy + by Hy < h, < H,
ay3(hy + by3)® + Ca3, Hy < hy < Hg
Wr(H3)' hr 2 H3

Ca1
biy’
a — Wr(HZ) - Wr(Hl)
“2 7 he(Hy) — hy(Hy)
vr(H3) — €43
=——"—"—= b,; = —h,.(H,), = H
a4,3 (hr(H_g) + b4‘3)2 4,3 T( 2) C4,3 WT( 2)

44 = Wr(Hs3)

As1 = — b4,1 = —h,(Hy), C41 = w,(Hy)

ybay = wyp(Hy) — agph(H)
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15 Figure S1 Wind profile of w component obtained from IWSUS for perpendicular scenarios at different positions with AR=0.25, 1



2. Piecewise fitting of parallel scenarios

The endpoints and expressions of component u vertical profile in parallel scenarios are shown from Table S4 to Table S6.
20 Figure S2 shows the vertical profile of w components from IWSUS. For v component, the results are shown from Table S7 to

Table S9 and Figure S3. For w components, the results are shown from Table S10 to Table S12 and Figure S4.

Table S4 The fitting functions of the segmentation points for the wind components u in the parallel scenarios

Positions Segmentation Points Fitting Functions
Leeward/windward Hi h, = 0.7662 exp( — 3.718AR) + 0.0975
at entrance H, h.-=1
Leeward/windward
) Hi h.=1
at middle
Leeward/windward
H: h,=1

at exit

25 Table S5 The fitting functions of the wind components u at the segmentation points (H;) in the parallel scenarios

Positions Segmentation Points Fitting Functions
. 0.7662 — 3.718AR) + 0.0975,AR < 1
windward at Hi U, = {u (AR Exf)(AR S 1 )
T - »
entrance Ho u, = 0.02603 exp( — 3.252AR) + 0.009276
windward at
_ Ha u, = —0.04175 exp( — 9.374AR) + 0.02567
middle
windward at
. H1 u, = —0.04175 exp( — 9.374AR) + 0.02567
exi
—0.7662 exp( — 3.718AR) — 0.0975,AR < 1
leeward at Hi Ur =1, (AR = 1)AR > 1
T - >
entrance Ho u, = —0.02603 exp( — 3.252AR) — 0.009276
leeward at
_ Hi u, = 0.04175exp( — 9.374AR) — 0.02567
middle
leeward at exit H: u, = 0.04175exp(—9.374AR) — 0.02567




Table S6 Expressions of u component vertical profile for parallel scenarios, where the functional relations between ur and hr and
30 determine functions of coefficients in these expressions are listed. The Hi and ur(Hi) represents the relative height and relative wind
components speed at the endpoints determined by Table S4 and Table S5 respectively.

Positions Wind profile Functions Formula for Coefficients in Wind profile Functions
] uT (hr) alll = ZTEII-_Illg
windwar 1,0 < z < H, r 1H)—
d at 2 a =Mb = —h,.(H,),c1, = u,(Hy)
_ allz(hr Z)bl';)) + C1,2’ Hl S hr S Hz 1,2 (hr(Hl) + b1’2)2 » V1,2 r 2)1t1,2 r 2
entrance a1,3€Xp(by,
e 2 Hy U )
0 = exp(byzhy(Hy)) ™
. c
windwar az1(hy + by1)* + 21,0 < h. <H; az1 = _bZTJ' byy = —hy(Hy), €21 = ur(Hy)
2,1
dat h,) =1 a,,exp(byh '
. ur(hy) 2,2 I;( 2,2 T):hr > H, o= u, (Hy) b = 0,05
middle 0 22 exp( by hy (Hy))' 22
u,(h,) C3,
ind e asq = —le’b3,1 = —hy(Hy), c31 = ur(Hy)
windwar 0.66(az1(hy + b3 1)? +¢51),0 < h, < H, ) 31
datexit  ={0.66as,exp(bs,h,) w0
7 = Hh 992 = exp(baahy (H)' 22 = 0
uT(hT) a4_'1 = ngzli
leeward —a41hy, 0 < 2 < H, T }-I B
t 2 g, =D T2 e )
a _ _a4'2(hr + b4'2) —_ C4'2, Hl S hT S Hz 4,2 (hr(Hl) + b4‘2)2 y 4.2 T 2)r %42 T 2
entrance B a4,3exp(b4,3hr)' ho> H, W () b = 0,05
tho “3 7 exp(byzhe(H) .
u,(h c
| d r(hr) as1 = _%,bm = —h,(Hy),c51 = ur-(Hy)
eewar —as,;(hy + bs1)* — 51,0 < h. < H; 51 Hy)
at middle =< aszexp(bszhy) P Ur Uty b = —0.05
o et = expCboah ()
uy (hy) Cs,
| d T Ae1 = _bﬁTl’beJ = —hy(Hy), c6q = ur(Hy)
eewar —0.66(ag1(hy + be1)? + ¢61),0 < h, < H; ) 61 i,
at eXlt = 0.66a6‘ZeXp(b6,2hr) a — ur 1 b — _O 05
h Vo hy 2 Hy %2 " exp(behy(Hy))' *?
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Figure S2 Wind profile of u component obtained from IWSUS at different positions for parallel scenarios with AR=0.25, 1 and
35 15

Table S7 The fitting functions of the segmentation points for the wind components v in the parallel scenarios

Positions Segmentation Points Fitting Functions
Leeward/windward Hi h, = 0.5948 exp( — 1.288AR) + 0.1745

at entrance H> h.=1
Leeward/windward Hi h, = 0.5948 exp( — 1.288AR) + 0.1745

at middle Ha h, = 2.206 exp( — 3.593AR) + 1.173




Leeward/windward Hi h, = 0.5948exp( — 1.288AR) + 0.1745
at exit H. h, = 2.206exp( — 3.593AR) + 1.173

Table S8 The fitting functions of the wind components v at the segmentation points (H;) in the parallel scenarios

Positions Segmentation Points Fitting Functions
Leeward/windward H; v, = 1.05
at entrance H, v, = —0.0534 exp( — 3.028AR) + 1.102
Leeward/windward Hi v =09
at middle Ha v, = 2.206 exp( — 3.593AR) + 1.173
Leeward/windward Hi v =09
at exit Ha v, = 2.206 exp( — 3.593AR) + 1.173

40

Table S9 Expressions of v component vertical profile for parallel scenarios, where the functional relations between v, and hr and
determine functions of coefficients in these expressions are listed. The Hi and vi(Hi) represents the relative height and relative .wind
components speed at the endpoints determined by Table S7 and Table S8 respectively.

Positions Wind profile Functions Formula for Coefficients in Wind profile Functions
v (hy) h = (H,)
asy Y7 n(h,(H) + 1)
Leeward/windward In(h +1)'0 <h-<H v-(Hy) — v-(Hy)
T Q12 =~ v b1z = v (Hy) — ay 20 (Hy)
at entrance =<{ayzh + by, Hy < h. < H, hy(Hz) — hy-(Hy)
a, 3exp(byzhy) + vy v-(H3) — vy
) ) =, b = —005
7 hr 2 Hy 43 = oxp(bshy ()M
Ur (hr) a — Ur(Hl)
s 2 " In(h,.(H,) + 1)
Leeward/windward In(h _,_1)'0 <h-<H v-(H,) — v.(Hy)
. T Q22 = o~ b2 = v (Hy) — azh-(Hy)
at middle ={ A0y + byyHy < h. < H, hy(Hz) — hy(Hy)
az3exp(b,shy) + vg v-(H3) — vy
) ) =, b = _005
o ez He 929 oxp oy (Ha)) 2
Ur(hr) a _ vr(Hl)
0.9a;, 17 In(h.(Hy) + 1)
Leeward/windward I +1)’ 0<h <H v (Hy) — vr-(Hy)
. r 2 =775~ 7 o~ P32 = vr(Hz2) — azzh(Hy)
at exit =109(aszh, + b3,),Hy < h, < H, h.(Hy) — h.(Hy)
a3,3eXp(b3‘3hr) + UO — vT(H3) - 170 b — _O 05
09 v )z He 855 = iy P = O
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Figure S3 Wind profile of v component obtained from IWSUS at different positions for parallel scenarios with AR=0.25, 1 and 1.5.

Table S10 The fitting functions of the segmentation points for the wind components w in the parallel scenarios

Positions Endpoints fitting function
Leeward/windward
H]_ hT‘ = 1
at entrance
Leeward/windward Hi h, = 1.222exp(— 3.644AR) + 0.02068
at middle H> h,=1
H: h, = 1.222 exp(— 3.644AR) + 0.02068



Leeward/windward

H>

at exit

h=1

50 Table S11 The fitting functions of the wind components w at the H; positions in the parallel scenarios

Positions Endpoints

fitting function

Leeward/windward

H, w, = —0.1621 exp( — 1.648AR) + 0.156
at entrance
H _ {—0.05433AR + 0.003,AR<0.5
Leeward/windward ! Wr = 1-0.0484 exp(-0.8592AR) + 0.00731,AR>0.5
at middle H W = {Wr(AR = 0.5),AR<0.5
2 "~ ~1.034 exp(-0.0328AR) + 1.025,AR>0.5
H B {—0.05433AR + 0.003,AR<0.5
Leeward/windward ! ™ = 1—0.0484 exp(-0.8592AR) + 0.00731,AR=>0.5
at exit H, w, = {Wr(AR = 0.5),AR<0.5

—1.034 exp(-0.0328AR) + 1.025,AR>0.5

Table S12 Expressions of wcomponent vertical profile for perpendicular scenarios, where the functional relations between wr and hr
55 and determine functions of coefficients in these expressions are listed. The Hi and w(H;i) represents the relative height and relative
wind components speed at the endpoints determined by Table S10 and Table S11 respectively.

Positions Wind profile Functions Formula for Coefficients in Wind profile Functions
wr-(hy)
ay1(hy +by1)? + 11,0 < h. < H -l — w(H
Leeward/windward (aiz hrr+ bl,z.lHl < h:s 1, r= “1= Tp2 oo r(H1), €10 = wr(Hy)
at entrance ={ay3h + b3, Hy <h. < Hj AL, = wr(Hy) b,, = —0.05
a1,4eXp(b1,4hr) ' exp( bl,zhr (H))
- hT 2 H3
Up
wy(hy) €21
; a1 = =75, by1 = —h(Hy), 31 = wp(Hy)
Leeward/windward 51 (hy + by1)? + 51,0 < by < H, bz'lH
at mlddle az'z(hr + b2’2)2 + C2,2,H1 S hr S Hz a2,2 = M,blz = _hT(HZ)'CZ,Z — WT(HZ)
WT(HZ)IhT > H2 (hT(Hl) + bZ,Z)
wy.(hy) C31
; aszy = —-5,bs1 = —h.(Hy),c3, = wy-(Hy)
Leeward/windward 0.7a51(hy + b31)? + €51,0 < Iy < Hy b3‘1H
at exit =40.7a3,(hy + b33)* + 35, H; < h, < H, _ W)~ sz by, = —hy(Hy), ¢35 = wy(Hy)

0.7w, (Hy), h, > H,

a - ’
327 (he(Hy) + b3 2)?
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Figure S4 Wind profile of w component obtained from IWSUS at different positions for parallel scenarios with AR=0.25, 1 and
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