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Abstract: Haloxylon ammodendron is a critical species for the establishment of protection forests in the arid regions of
China. To explore the optimal density and configuration of Haloxylon ammodendron forests that would enhance their wind
protection effectiveness, wind tunnel simulations were conducted under controlled conditions. The study examined the wind
velocity and flow characteristics across three different stand densities and four distinct configurations, resulting in a total of
12 different forest models. The experiments were carried out under a wind speed of 10 m/s, with the goal of providing a
solid scientific basis for the optimal design and arrangement of protection forests in arid zones. The findings of the study can
be summarized as follows: (1) When stand density was held constant, the area of wind speed deceleration zones was largest

in uniformly distributed stands, and the degree of wind deceleration was more pronounced in these areas. Additionally,
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when the configurations were kept the same, increasing stand density did not result in a strictly proportional change in the
size of the wind speed deceleration zones. Although there were variations in the densities that were most suitable for different
configurations, these differences were not statistically significant. Furthermore, increasing stand density resulted in a larger
range of wind speed deceleration zones. (2) Under conditions of low to medium tree density, configurations involving one
row and one band, or two rows and one band, provided better wind protection. In high-density conditions, configurations of
two rows and one band, or a uniform distribution of trees, significantly improved the wind protection effectiveness. The
variations in wind speed within the forest belts were most noticeable at the canopy level. Beneath the canopy, it was found
that higher stand densities led to a lower average wind speed. Specifically, the forest belt with a configuration of two rows
and one band at high density exhibited the lowest mean wind speed, recorded at 2.30 m/s. (3) At heights of 30 ¢cm, 15
c¢m, and 3 c¢m above the ground, the overall wind protection efficacy of the forest belts was shown to increase with increasing
stand density. Among all the configurations tested, the forest belt with high density, consisting of two rows and one band,
provided the most effective wind protection. In conclusion, this study successfully identified the optimal stand density and
configuration for planting Haloxylon ammodendron forests. These results not only contribute to the scientific understanding of
wind protection mechanisms but also provide a valuable foundation for the development of windbreaks and sand-fixing forests
in arid regions. Furthermore, the findings support the formulation of strategies aimed at optimizing the structure and

arrangement of protection forests, offering practical guidelines for the sustainable management of arid zone ecosystems.

Key Words: stand density; configuration; Haloxylon ammodendron forests; windbreak effect; wind tunnel simulation test
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Fig.1 Wild Haloxylon ammodendron and Haloxylon ammodendron model
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Table 1 Characteristic parameters of forest belt models with different density configurations
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Fig.2 Schematic diagram of four different configuration patterns for different densities of Haloxylon ammodendron
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Fig.3 Schematic diagram of measuring range and measuring points in forest belt wind speed

H AR 8K 55 = 20 om s S /R ML T A B9 A2 8 AR AR B Bl 0—100 em; 55 ARFRARAF Y L XUIn] 5 TE- SRR YT XUIe]

DX TR R R K o PRI, e T XoR [] s 288 e XUk ol DX T AR O VAT R I % B 52 L A 2% Ak, A ) T i =
TEHABE AL LS BESARE, mE 4 F 2 AT IFE 53 B A0 A0 1) C bR s e FF e
S B AR IR A 5385 XU X AR il X ) T AR o B (66.59% 1 38.05% ) B fe . iR 8 BEML /M AR - A bRAHE
TE AR XA 555 JRUIX R I XA T AR HE (50.159% F11 7.01% ) /), B X G i B e AN B ik (36 2)

R2 WHEEMRIE(U/U,) WERAE
Table 2 Area proportion of relative wind speed (U/U,) in forest belt

w, Wii(}i[i‘ea A, A, Ay Ay B, B, — B, B, C, C, Cs Cy

[0.7,1) IR 3 X 94.88 90.46  98.10 93.29 9228 90.49 9557 9443 87.88 93.03 95.13 93.98
[0.4,0.7) 55 AUX 63.67 62.15 6576 50.15 6459 6335 6577 66.10 61.52 65.12  66.59 65.76
(0,0.4) R U 3 X 3246  33.85  33.41 7.01 36.91 36.20 3596  37.77  35.15 37.21 38.05 37.53

U/ Uy + ARG

2.2 KAk

UM I U SR X A AR 8 A PRS2 LT 1) 2 I e ety T 17 7 —
GYMIE 5 HEAMCHE PSR HE ACMRHT A A S0 S PT Al A Ry T A i ), — e 30 el MR e 2 [ 1) 2 B A2 B 284 7, —
SR MR J7 B R T T8 B ok B 958 a1 AR A I e b (50,30 em) , AR (15,107 em) , PA KR TR
(5.2.4.1.3.1.9.0.8 cm) I XGERE, S0 e b eEH0 5 T 3 A ) w2 0 KGR B AR >, i sl
AR, -3H B - TH I Moy 2656 L el AeE T i WG AR A A — 3, ARHE I, £ PR 1) el XU
AR AL, N TH TF A2 s/, D8t B A 2 AR B, 3] 10H KU AR E 7 8—9 mv/s 245, FETEHT,
EF AT BIIA TH LRI | B AR i XU AR H R wiy g U S/, 5 FAAR A G, A AR TE 1TH 4k
A X B R (7.38 m/s) , B, AR 78 TH AR B XU R /N (0.87 m/s) , A iy Y KU 2R A+ 088 e |, 4EF1E 6—Tm/
s 7EA47 A, CMRHFTE SH AR XU K (5.45 .4.01 m/s) A, B, . C, WA 1E 7TH Kb X33 i K (6.62.4.80 .3.54 m/
s), A, B ARHFTE TH Ab XU K (5.54 .5.32 m/s) , B, \B, .C, .G, K 7E 10H 40 XU A K (3.34 3.18.2.65 .2.92
m/s) o PR, AT RRREEMCH I e R AR Ak 43S AR 4 i o0 O S bRy f JRGE /I g 2 el / N I — B DR A5 AH
XFEREH(A,) o @XGRIMI IE 2URI/NE B AR (1H) SR 5 3 8 3] — > XU e i 24 (SH L TH) # R
G TR FFRRE B E (A, LA, B, .C,.C,) . BNRGMA J5 fi G B KA (1TH) FF iR /N B 5515 (41H) 2R )5
B NS —A e 2 (SH TH) FEREARE SREFRRE 5 (A, (B,) o @G M 5 2Um30/ 85I (H)
IRIG — BRI 2N B (10H) B (B, B, .C,.Cy) o FHAATEBLT , i % BEARAT 19 KU i AR B2/ T
WAV AR . e T Y XER MO IS B MRy i XGRS fE R AR L, #8285 B SR 5 O
R a3 (R Ao Jo XU B TG A A 7 A AN (], 0 BAE SH—8H X NV Bl 2 P, JF 0] LB 2
1o B e T U /N T IR B TR, ARt e XU AR 2 S S R IR SRS, L v 2 B A ) XU
Ref s S A B A Pl 2R3 R T MR 1 9RE T S B R 25 S R B AE8—9m/ s A AT L FE TR, 2 % B AH

http ; //www.ecologica.cn



114 FWE A AR AR AR RO B AR A 5419

U Nt

=60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

i 8 Height/cm
3

-60 -40 -20 0 20 40 60 80

-60 -40 20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
fLE Location

B4 MEHEREU/U,) HEEEE
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Table 3 Average wind speed at different heights in forest belts

prem SEFIRGHE Average wind speed/ (m/s) o SEHIRGH Average wind speed/ (m/s)
Forest belt s s T Forest belt EAS sk A
Above crown Crown part Under crown Above crown Crown part Under crown
A, 9.65 5.49 4.58 Bs 9.53 5.65 4.35
A, 9.79 5.18 5.11 B, 9.62 4.61 3.65
Ay 9.67 6.36 5.28 (OH 9.45 4.57 3.55
Ay 9.67 7.56 6.01 G, 9.16 3.68 2.30
B, 9.44 4.10 3.07 Cs 8.86 3.61 2.91
B, 9.52 3.88 3.08 Cy 9.53 4.29 3.05
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Fig.6 Variation characteristics of wind protection effectiveness of forest belts at three heights
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Table 4 Average wind protection effectiveness of the near-ground layer (below 15 cm) around the forest belt

s 515 KA HE Average wind efficiency/ % prem B ARG Average wind efficiency/ %
Forest bt A e Foree el e W
Front of the forest belt  Back of the forest belt Front of the forest belt Back of the forest belt

A 8.25 58.69 A 6.30 48.38

B, 10.10 78.82 B, 8.04 60.18

C, 10.52 72.15 Cs 7.76 83.21
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10.46 88.17 Cy 6.00 79.54
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