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Wind velocity field and windbreak effects in two types of low density and

belt-scheme sand-break forests
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Abstract; For comparing wind velocity field and windbreak effects between the one-line-one-belt (OLOB) and two-lines-
one-belt (TLOB) schemes of sand-break forests, we studied horizontal and vertical profiles of wind velocity field of the two
schemes at 20% and 25% cover under simulated wind speeds of 10 and 15 m/s. It was found that in both schemes there
was a complex horizontal flow field comprising wind shadows and acceleration areas. The two schemes showed similar effects
on the vertical profile of wind speed. We divided the vertical space into three layers according to the different effects on
vertical wind speeds: the layer with slight change (20 to 35 cm above the ground) , the layer with significant change (6 to
12 cm above the ground) , and the layer with steady change (0.4 to 3cm above the ground). For each of the layers, the
two schemes displayed the same pattern of variation. The TLOB was less effective in reducing horizontal wind speed than the
OLOB before the first belt, but the former was more effective after the first belt. The observed patterns of reduced vertical
wind speed were such that wind speed was reduced at 0.4 to 50cm above the ground, with the reduction being more

apparent at 0.4 to 12cm, and that the TLOB was more effective in reducing wind speed near ground surface (0.4cm) than

the OLOB.
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Fig.1 Horizontal wind velocity field in two schemes of windbreak forests at 20% cover
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Fig.2 Vertical wind velocity profile in two schemes of windbreak forests at 20% cover
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Table 1 Horizontal wind speed of two schemes of windbreak forests compared with control site at 20% cover
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Wind speed Scheme Project Before first belt Between the Behind two belts
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10m/s W17 —HF TLOB  FHXHE AS/ (m/s) 5.98+1.1 4.98 £1.32 3.73£1.4
ﬁi&iii.ﬁitf:ﬁpeed reduction over control 9.4 24.6 43.5
IR MS/ (m/'s) 9.18 7.57 6.21
/NG 1S/ (n/'s) 2.47 0.07 0.14
Hf7—iF OLOB  FHXE AS/ (m/s) 6+1.3 5.61+1.29 4.57 +1.33
FRAR AT IR LR/ % 9.1 15 30.8
IR MS/ (m/'s) 8.76 9 7.18
/NG 1S/ (n/'s) 3.3 1.72 1.08
15m/s W17 —ar TLOB XX AS/ (m/s) 9.56 +1.68 7.57 +1.89 5.68 +1.78
ﬁi&iii.ﬁitf:ﬁpeed reduction over control 3.0 2.2 42.4
KR MS/ (m/s) 13.99 11.43 9.18
H/MNXGE 1S/ (m/s) 3.76 3.13 1.56
HFT—i OLOB  FHIX#E AS/ (n/s) 9.3+2.52 8.52 +1.31 7.29 +1.84
ﬁi&iii.ﬁitf:ﬁpeed reduction over control 5.6 135 26.0
KR MS/ (m/s) 13.1 13.53 10.96
H/MNXGE 1S/ (m/s) 3.71 1.87 1.3
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Table 2 The ratio of wind speed reduction in vertical space in two schemes of windbreak forests at 20% cover
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(10m/s) The ratio of wind  Control wind speed /(m/s) 995 9.9 9.3 o 8.6 7.9 735 6.96 6 6

speed reduction Wif5F—4 TLOB 4.8 6.1 16.1 58.9 67.8 40.5 35.8 36.8 23.2  47.8
over control ¥fF—# OLOB 7.7 12.8 20.5 59.4 64.3 39.1 36.7 31.3 23.5 37.6
FAR A R XU HE %/ % Fof R R

(15m/s) The ratio of Control wind speed /(m/s) 14.86 14.72 13.83 13.78 13.06 12.02 11.09 10.52 9.76  9.66
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Fig.3 Horizontal wind velocity field in three schemes of windbreak forests at 25% cover
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Fig.4 Vertical wind velocity field in three schemes of windbreak forests at 25% cover

TR KGE S 7. 24m/s, D = 5H, L =8em KFIFT — AR AP XER 7. 2m/s,

XTI AE 10m/s A1 15m/'s B SEH KUGH T 57K -2 18] XU -5 06 RE RGE #1474 35 21 i 3% 3. dlad
Xt 4 HEARHTAT LA 78 10m/s SRR T, D =4H, L =4em KIBIFT—H RN U RRAREE MR N Y
TRz ] PR BRI BSCR 18 T 5 AP REE SK, FE A R PR I JE FEAR K 1 2 ) JXU T B 2808l [RL R o T 3 R PTRAR
Ko FHPIRETE AR MR A K P25 8] X R AR R, (B D = 5H, L =8cem KIBIFT— iR BRES
— AT FEAR K T 25 18] KU R RSCR AR T AT — RSO, — i [E) R SR A7 I I RRAR K 1 23 (8] XU B RCR 31
T TN 78 15Sm/s FSCIR R T, 3 A s eI AR X P9 ARk P 2 18] XU B 28GR AR ], (B
P PIAT — i X BR 7 i R AR K 1 23 18] XU 8RR T BAT — AP AR SRS , — Al () R EE i JE Rk P =2
] R O BOR R = T BT — R, B D =4H, L =4em WFFT—H R BEARK P2 B SR & T D =
5H, L =8cm MBIFT— N, #E—2B Tl UE H , SBOX — IR KR E g PiAT — e — i [a] Fi SR
T R AR R R R B RE T R T BT — AR

(2) PR E RGE R

[RIREFE AT B T BN 25 %0 B BAAT — 7 R PIAT — 45 A X e A0 e s ) USSR BN, O T 3B SR by 3R &
s I, R 84T — A AR R K5 1) | 0—80cem i3l A I HSCHE , SR Ja X PR SU7E 10m/s 1 15m/s )
S X T B2 (AR R SAS B FaEAT 75 22004

X PRI TE 10m/s BSEH KGR T 0. 4—50cm i BE 13 B 25 6] XU (R B /T, 24 F =3.45 if B2k
F250.03,D =4H, L =4em HPIFT— AR AR R B 2 8] XU B 8CR & T 3847 — X5 D =5H, L =8cm
HPIFT — AR, JE PR E R 2 B 2 8] O B RCR MRl D =4H, L =4em FBI1T—4 2R B 25 3] K
B EIE N 4. 93m/s, BAT — iAo 2l 2 [A] K- 21 5. 33m/s, D =5H, L =8em KHIFT — i XEE
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23 8] KRGS E Ry 5. 81m/s . X BIFREENTE 15m/s BSEEE K T 0. 4—50cm 5 B 1) 3 B 25 (8] XU (E 46 56 7T
L, F =1.83 B BEKFR 0. 16, 47—t X SRR B AT — 9 A S PR 2R B s 1) XU R H R, D =
4H, L =4cm HPIAT — 5203 B 2 (8] MUEOF B 7. 89m/s, BiAT — iy i =3 B 25 B U P 4B R 8. 15
m/s,D =5H, L =8cm WFIIT— BT H 25 (B KE O HE R 8. 75m/s

R3 BEEH25%H 3 KT 28 8] RUE 5 33 BR XU bL 8%
Table 3 Horizontal wind speed of three schemes of windbreak forests compared with the control site at 25% cover

ke S PP — ] i
Wind speed LA Pattem Project Before first belt Between Behind
two belts two belts
10m/s Wif7—i TLOB X AS/ (m/s) 5.71+1.17 3.89 £1.46 3.42 +1.41
S 2K/ %
D=4H,L =4cm ﬁi&m-{io of vjfnd ?peed reduction over control 13.5 411 48.2
KR MS/ (m/s) 7.41 6.6 5.49
/NG 1S/ (n/'s) 1.28 1.08 0.26
WifF—4 TLOB SEHRGE AS/ (m/s) 6.34 +1.37 4.77 +1.56 3.53+1.2
D=3 Ml =fem 'ﬁiﬁrii?? fnﬂg:ﬁ::; reduction over control 3.9 2.7 46.5
IR MS/ (m/'s) 9.3 9.07 6.41
/NG 1S/ (n/'s) 4.06 1.76 1.6
HifF—iH7 OLOB S RE AS/ (m/s) 5.87 +1.29 5.39+1.74 4.93£1.15
Xof BRXEE LR/ %
ﬁi&m-{io of vjfnd ?peed reduction over control 1.1 18.3 2.3
IR MS/ (m/'s) 7.68 8.66 7.79
/NG 1S/ (n/'s) 2.61 2.21 1.67
15m/s Wif7—i TLOB X AS/ (m/s) 9.05+1.62 6.38 +2.15 5.02+2.24
S 2K/ %
D=4H,L =4cm ﬁi&m-{io of vjfnd ?peed reduction over control 8.1 35.2 49.0
KR MS/ (m/s) 12.18 9.93 8.34
/NG 1S/ (n/'s) 3.71 1.75 0.16
WifF—4 TLOB SEHRGE AS/ (m/s) 9.59 +2.35 7.12+2.22 5.39£1.59
D =5H,L=8em 'ﬁiﬁrii?? vxlfntlgS f;::/; reduction over control 2.6 2.7 45.3
IR MS/ (m/'s) 13.94 12.97 9.33
/NG 1S/ (n/'s) 0.17 0.21 1.58
HifF—iH7 OLOB S RE AS/ (m/s) 9.02 £1.68 7.89 £2.94 5.02+2.24
it X bR/ %
ﬁi&m-{io of vjfnd ?peed reduction over control 8.4 20.0 49.04
IR MS/ (m/'s) 11.8 12.96 10.41
/NG 1S/ (n/'s) 5.28 1.08 1.22

ARG P SL U KU T, B 5 B 25% B BRAT—H RIBAT — AR5 X KU LR R AB R 40 SR 4
HAT AT FEPT R R AR F T 3 B a0 BE 9 U 39 — 5 O REARR, X 0. 4—12em 755 B XU FA PR
R E, HEiaR (0. 4em) BRNEMBORERZE . #—PWEATLIE L, D =4H, L =4cm BERXKHERE
R R 8RR R T 73 SN APARS SX AT MR TR P39 8 B H OB iR o MM T ARAE 40 LAT R H
R R LR M B A S AR AR
3 H#REIE
3.1 MFEREN 20% ) BAT—H FIBFT—H L, 78 10m/s 1 15m/s (S50 XU T #RIB B T KU X A XL
R AR B K KGR T2 . ZEPIPSCIR KGR T, BT — e — i B T P A B R
WA X, ZEPIFT— AR A BOA BI04, ELNEE (A B SR WA T — A X KU 28 (B
B TR BEAEAE) B/ X BB T PIAT— R AT 5 KPR R BE R, X B I B A A o B T BE A 25% ) B
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F7— MPIAT— R 18 10m/s 1 15m/s SEI6 XUGE T [RIAE T B T KGR DX (BRI XU Fy JXUE St 3 [ IR X )
IR i 2 DX AH B 5 ST A , WA T — PR g RS 2 AR A BT %, T B AT — A AR X 1 XL 2 28
R o X ULIAPIAT— AR B IR K P 0 XU 2 i B E P 08 T B AT — i A

x4 BEEH25%H) 3 RN EE = E R RIELL X
Table 4 The ratio of wind speed reduction in vertical space in two schemes of windbreak forests at 25% cover

K . T H 23 [A] Vertical space/cm
. i H Project
Wind speed 50 35 20 12 6 3 1.6 1.2 0.8 0.4
10m/s %o BEX# Controlwind speed 9.95 9.92 9.3 9.21 861 7.92 7.35 6.96 6.42 6.41
TLOB D =4H, L =4cm 8.87 13.76 21.84 74.29 67.46 56.75 43.91 46.62 37.11  51.65
TLOB D =5H, L =8cm 6.95 2.5 15.54 58.86 55.98 32.53 33.48 35.06 19.83  29.88
OLOB 7.42  17.77 17.54 57.52 64.1  41.16 28.24 26.13 29.9 28.72
15m/s Xif B4R Controlwind speed 14.86 14.72 13.83 13.78 13.06 12.02 11.09 10.52  9.76 9.66
TLOB D =4H, L =4cm 6.66 12.15 18.16 65.85 65.67 54.06 42.58 43.14 32.73  45.24
TLOB D =5H, L =8cm 5.08 6.39 13.4 5522 59.05 33.81 31.64 32.78 20.98  29.8
OLOB 7.69 17.43 17.26 52.82 60.78 39.78 27.37 26.23 27.13  28.4

3.2 BT 20% K BAT i AT — AR ST B s (8] U AR A0 « X 20em DA b 15 B XU R i 1K 5 6cm
i 12em B RGRERERECR , BEAT — A i TR XGE S W R I B T PR A ™ , 7E 55— 7 A3 A iy
PR, WA T — AR 7R K EE A RTRE B T 22 AR AR 5 3—0. dom o BE I XU T 1) JRU32E [R] R FEATG , Xof
JRGER PR R IR BE /N T 6cm Fll 12em , FLER—AFFISE A Ab 34 th BUUE(E . B2 B2 25% Y BAAT — A AP AT — 7
Ao e s () X A L L 5 B SR B O 20% BOBESKAR AT . TR I 3 T 2 1) XU 4 o B A 4B )= (20—
35cm) \BEARMIZ (6em) FIFEEZAL/Z (0. 4—3em) R K.

3.3 TEMRNGET (10m/s) B2 BE R 20% K 84T — i 5 PIAT — A AR IR 1 23 (8] U2 28R AR 7] 5 KUGsE T
50 2l KU (15m//'s ), BiAT — AR X R AR K 1 2 1) XU B 38CR B0 T 34T — A e ZEfIRKGE T (10m/s) ,
BIE N 25% 1) D =4H, L =4cm BiFT—HF ARSI OK 123 18] XUZ RS8R & T R B 2 B2 R A9 8047 — A i
D =5H, L=8cm Fif7 — i 5 3X, T )5 PI P s R AR 7K - 23 1] XU B 8500 TE 2 3 22 57t 5 U T s 3 7o KU
(15m/s) J& ,3 AL K P25 8] XU R BCR A R o

3.4 1E10m/s fl 15m/s SCHR KGE T , B 35 B 0 20% FYBIAT— i 5 AT — i R0t il &g B2 i KU 39 — %
IREARAE T , BR 0. 4om i BE R 2 RIS R KU B L3RR T )5 3 2 5, &1 e BE X R B R BSCR AR R o X1t
BT RTE M DR NN E R TEE . BE N 25% i, D =4H, L =4cm KT R E
B ARG OR T RAT— RS D =5H, L =8cm MPI1T—ar 3K, J5 Pl o e 10 2 2 1) XU 9
RORAER], FF ELATE R I X0 4t 2 R B AR A o8 T PR AR
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