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Canonical correlation factors causing the formation of accumulated sand-belts

along the oasis fringe in Hexi corridor

CHANG Zhaofeng"*, ZHANG Jianhui'**, WANG Qiangqiang">, ZHU Shujuan'’, ZHANG Dabiao'*, FAN
Baoli'*, TANG Jinnian'?, LIU Shizeng'*, ZHANG Guozhong'**, LI Aide"’

1 Mingin National Station for Desert Steppe Ecosystem Studies, Mingin, Gansu 733300, China

2 Gansu Desert Control Research Institute, Lanzhou, Gansu 730070, China

Abstract: Accumulated sand-belts refer to those formed along the oasis fringe, especially at the upwind location, due to the
accumulation of sand blocked by farmland windbreak. In the 60 years since the foundation of new China, a lot of trees have
been planted for desertification combating in northwest and north China, thus, accumulated sand-belts were formed at the
upwind location. The formation and the ecological effects of the accumulated sand-belts along the oasis fringe is a new
scientific concern. To study the formation causes of these belts in Hexi corridor, 21 samples were selected, and the height/
width of the belts, as well as the vegetation, soil, soil moisture and climatic factors were investigated. This paper analyzed
the correlation between the height/width of the belts and the vegetation, soil, soil moisture and climatic factors using the
methods of variance analysis, correlation analysis and canonical correlation analysis. The results indicate that: the
accumulated sand-belts take a trend of being high and wide in the east whereas low and narrow in the west, and most of the
parts tend to be stable; the species on the belts are dominated by Tamarix austromongolica, the vegetation cover and the
pure vegetation cover of different dominant species on the leeward slope of the accumulated sand-belts vary significantly. The

canonical correlation analysis shows that: the height and width of accumulated sand-belt is the interaction of precipitation,
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distance to the sand source, leeward vegetation cover and annual average wind speed. Moreover, the height of accumulated
sand-belts are negatively correlated to the soil moisture at the depth of 30—50cm, air humidity and leeward vegetation
cover, and the width of the belts is also negatively correlated with the distance to the sand source. The ecological effects of
the accumulated sand-belts are both positive ( stopping sands from moving into farmland, protective role as an obstacle) and
negative (when the belts decay and activate one day, they will become the new sand sources). At present, there are no
signs showing the negative effects of the belts. The ecological effects of the accumulated sand-belts are; firstly the protective
role as an obstacle, and secondly to intercept and reduce the sands moving into farmlands. Whether by use single correlation
analysis method or by use canonical correlation analysis method, the results show that the accumulated sand-belt height and
width are closely related with annual precipitation, by use principal factor analysis method, the results also show that the
contribution of annual precipitation in climatic and environmental factors in the maximum rate. In Hexi oasis edge,
accumulated sand-belt distribution trends roughly east accumulated sand-belt higher and wider than west accumulated sand-
belt, accumulated sand-belts discontinuous distribution with oasis distribution, most of the area is currently in a stable

stage, if as long as no damage, then after 70—80 years that accumulated sand-belt is still not activated to cause harm.

Key Words: height of accumulated sand-belt; width of accumulated sand-belt; climatic and environmental factors;

canonical correlation factors; ecological effects; Hexi of Gansu
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Table 1 Height and width of accumulated sand-belt

pams  pwwaE swie OOV s pwmas powwe VPR
Sample No. Height /m Width /m and height Sample No. Height /m Width /m and height

1 (HIR) 37.90 1210.85 31.9 12 (FmE1 10.37 174.7 16.85

2 (& 1) 5.52 320.11 58 13 (1 2) 10.25 158.9 15.50

3 (#Ek 2) 3.94 169.7 43.1 14 (FE3) 4.96 90.8 18.30
4 (RE1) 17.09 208.68 12.2 15 (15 4) 6.13 107.2 17.49

5 (R#2) 15.22 232.15 15.3 16 (&3 1) 10.18 145.9 14.33

6 (R#3) 18.62 288.5 15.5 17 (4% 2) 5.12 133.4 26.06

7 (R#4) 5.57 245.89 44.1 18 (444 3) 7.10 133.3 18.77

8 (&E 1) 9.70 160.15 16.5 19 (4% 4) 6.52 99.5 15.25

9 (&£52) 9.70 165.75 17.1 20 (JIH) 4.00 101.8 25.44
10 (I3 1) 8.53 212.93 25 21 () 6.64 39.5 5.95
11 (I3 2) 8.72 178.62 20.5 44 Average 10.08 218.0 22.53
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Table 2 Height of the sand-accumulation belts and the vegetation cover ( classified according to the dominant species)

by FEBE T Vegetation cover/%
Accumulated N 0 XU X
.\ S Total .
AR Ry sand-belt Windward slope Leeward slope
Dominant species Sample No. L . uifi 2 i . 4 26 g 4} 26 g
T T T ST S
. . . Pure ) Pure ) Pure
Height Width Coverage Coverage Coverage
coverage coverage coverage
W A. arenaria 1,8,13 19.28 509.97 20.10 5.04 18.94 4.05 21.26 6.03
¥ H. ammodendron 2,3 4.73 24491 20.96 8.63 37.42 15.70 4.49 1.56
M T. austromongolica 4,5,6 16.98 243.11 8.72 2.52 17.08 4.92 0.36 0.12
) . 7,9,11,16,17,
FEMI T. austromongolica 6.67 137.22 27.36 15.95 45.25 23.94 9.47 7.96
18,19,20,21
H i N. tangutorum 14,15 5.55 99.00 13.75 2.31 27.50 4.62 0.00 0.00
HAh Other 10,12 9.45 193.82 5.84 0.60 9.68 1.01 2.00 0.20
Jr 2RI Variance test 0.054 0.340 0.102 0.096 0.014 =  0.039 = 0.680 0.669

w # ONHE MG (P<0.01) , = N BEHIIE(P<0.05) , —FR AL
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Table 3 The correlation coefficient between the height / width of accumulated sand-belts and the climatic factors
I ES T - LY o BE - FRUDAT 5 BE
Factors Factor No. Height of accumulated Width of accumulated
sand-belt sand-belt
[# 7K & Precipitation X, 0.761** 0.925**
7% % it Evaporation X, -0.112 -0.298
AN Relative humidity X, 0.432 0.615**
SR KK Average wind speed X, 0.572** 0.495 "
KA H %L Windy days X -0.135 -0.258
Vb2 2 H %L Sandstorms days X -0.078 -0.17
i KX Gale wind direction X, 0.117 0.153
VHURIE B Distance to sand sources X 0.869 ** 0.756 **
Ky 0—30cm Xq 0.135 0.389
Soil moisture content 30—50cm Xy 0.413 0.604
A I AR B 3 B2 i Cover Xy -0.282 -0.182
Coverage on windward slope 2 55 Pure cover X, -0.305 -0.169
T I Bl 3 T i Cover X5 0.482* 0.567 "
Coverage on leeward slope 4li 55 ¥ Pure cover Xy 0.14 0.186
VPHIZE K Crust Xis 0.15 0.261
SETSE P\ Bushes X6 -0.214 -0.385
o KAV Water table X7 0.389 0.563 "
o NI EAIE (P<0.01) , + K BLEEAISE(P<0.05) , —Fm FAE
x4 SERRERFZENEXRE
Table 4 Correlation coefficient between the climatic and environmental factors
HF %5 A A F Related factors
Factor No X, X, X, X, X Xs X; Xq Xy X X X X Xis X
X, — %
X; EE * ok
X,
Xs s ok — ok ok E
X — ok * % * %
X5 — s ok — k%
Xg % % %
Xo * % % %%
Xio * % % *
X
X, [ %ok
X3
X *
Xis — % * % — %
X Y * %
X7 * % * *

w x ONHL B A (P<0.01) , *  BEFE(P<0.05) , —FR Ak
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Table 5 The main factors and their contribution rate

HF %95 S AEMEEN T Climatic and environmental factors

Factor No. X, X; X, X X, X, X5 Xg X,
TIHRFR Contribution rate 32.74 18.16 17.72 10.00 8.33 4.54 3.39 1.86 1.31
/‘i%ﬁ‘m Fﬁk$ - 32.74 50.89 68.61 78.62 86.95 91.50 94.89 96.75 98.06
Cumulative contribution rate

K4 = SAEIHE R T Climatic and environmental factors

Factor No. X X, X Xy Xy X3 X X

BTk Contribution rate 0.83 0.54 0.29 0.17 0.08 0.02 0.01 0.00
L 98.88 99.43 99.72 99.89 99.97 99.99 100.00 100

Cumulative contribution rate

4 #ig

T PGSR NI G RRUD S 19 A R B R Bk 7R v
MR AR TEVEAS , FRVD AT Bl 2 N KT 22 00 A1, K38 43 b B
H A ab TAesE o B, REERINEIR B s 27 70—
80a AN Z TG i fE % .

PG LR Y 0 % FRLVD A 1) I SR A 4 AR W e
%, AR D) BB = R B e 22 AN B
B, AF I XS A o 25 R R R Bk 4 56 T 48 25 R R
ITE

LY DA 110 v B R 5 B R R K i B VD IR A I
T IR AT 2 RIS 359 JR 45 S A B 5 TR S [
YERIRYZE SR, RO R IR 5 30—50 em HHES K
RSz SIRIE 5 KA Bl 35 B A7 16— 52 10 7k
KR DT B T B 5 U IR A R B IR A A — 2
FHKLR,

T PG SR 31 A VD 1 1 1) 2 A5 500 = EAR PR

o A B IR BT 7V AT BELA 20 3L v R A T 1 A
P BRUD AR BOR o DR, IR ) B9 A 25 RN R, AT 7
by DX AR A 2D, DR 43 i IX 11 4 W 30 25 3t ZK AL )
TCERMA, WA RK SR = K I R D
Ay HEL R T OR3P BR YD AR R P 8 S B O
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