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A quantitative analysis on fixing extent of aeolian sand-dunes
HAN Guang] , ZHANG Gui—Fang2 (1. College of Land Science, Hu'nan Normal University, Changsha,
410081 .,China;2. College of Civil Engineering, Hu'nan University, Changsha 410082 ,China)
Abstract: The study area is located in the central part of Naiman Banner,Korqgin Sandy Land, a stretch of
dunefield where there is a very favorable temperate climate, with the mean annual precipitation of 362. 3
mm ., for fixing aeolian sand-dunes. Nevertheless, the fixing extent greatly varies with different sites due
to wide and intensive human activities (i.e. overgrazing, irrational cultivation, cutting woods for fuel,
fencing dunes, afforestation, etc. ). Therefore, this is an optimal area for studying quantitatively the fix-
ing extent of dunes.

After deeply analyzing and comparing . vegetation and soil are determined as principal indicators which
themselves are intuitive and the most important components of landscape in a certain area. Considering the
seasonal variation of landscape and the vulnerability of dune ecosystem . the status of local vegetation on
dunes in spring must be taken into account. Subsequently, based on these considerations, 14 parameters
are cautiously chosen as variables in original data matrix, which are thought to be those which strongly af-
fect the fixing extent of dunes and which can be measured in the field or analyzed in the laboratory, rather
conveniently and rapidly, with the conventional methods and techniques. Of these, 6 edaphic variables are
fine sand content, silt and clay content, bulk density, moisture content. organic matter content, pH. and
8 relative to vegetation include coverage, height of dominant layer, species saturation (total sum of seed
plants) . number of perennial seed plants, biomass measured in the warm seasons, and coverage, height of
dominant layer and biomass in the cold seasons. all being measured in quadrats of one square meter with 9
repeats.

In order to make sure which variables virtually exert very important roles in influencing the fixing ex-
tent of dunes and how important, R-type factor analysis (FA) is used to determine the key variables and
their weights. The criterion of covariance contribution percentage is 84 % for selecting principal factors and
3 are acquired after computation. What is more, since load values represent the correlation between princi-
pal factors and variables, 0. 8 is given to select key variables in the load matrix resulted from orthogonal
varimax rotation. As a result, 10 key variables are determined., i.e. bulk density, organic matter content,
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pH. number of perennial plants, and, coverage, height of dominant layer and biomass in growing and non-
growing seasons, respectively. Their weights can be obtained using the proportion of communality to total
variance for each key variable. After calculation, it can be seen that the weights of 10 key variables have
almost the same values, being 0. 1, suggesting that the 10 are actually of the same importance in indicating
the fixing extent of dunes. Meanwhile, it must be aware of the fact that loads are with positive or negative
signal, thus, signals (a+ or a-) must be attached to relative weights.

The law of additivity can be applied to calculate the integrated index a of fixing extent of dunes in that
the fixing extent of dunes in a certain area has statistically a normal or quasi-normal distribution. As such.
a values of a given aeolian dune can be figured out by weighted average after transferring 10 variables se-
lected into non-dimensional quantities, by using some characteristic dimensions. The a ranges between 0
and 1. In fact, it could not completely attained 1 because of the extensive normal soil erosion by wind in
this area.

Finally, it can be drawn following conclusions: (1) « values for movable and poorly-vegetated sand
dunes, which are so-called shifting dunes, are generally lower than 0. 6, whereas for well-vegetated sand
dunes (fixed dunes) ,having the occurrence of remarkably pedogenetic process . mostly larger than 0. 7,and
0. 6~0. 7 for the rest, which implies that this series of dunes is gradually transitional in nature and that it
is very difficult to estimate their fixing extent precisely by man’s eyes. In addition, « is incapable of indi-
cating the trends of succession of a certain dune ecosystem. (2) Generally, pedological properties, espe-
cially the level of soil development, play very important roles as well during the fixing process of sand-
dunes and later seccession of ecosystems. Moreover. the genesis and the development of soil, significantly
lag behind the vegetation, and unreasonable human activities could further aggravate and complicate the
lag. As a result, there are so complicated relationships between vegetation and soils that dunes with the
same vegetation coverage or plant species could have different « values, and that, inversely, the same «
values could occur to those dunes which are occupy by different vegetation or plants. Therefore, it is cer-
tainly unilateral to take the vegetation coverage or certain plant species as unique indicator of the fixing ex-
tent of dunes. (3) Various bushes and soils on dunes could, to a very great extent, retard the deteriora-
tion of dune ecosystems induced by climate change towards aridity and irrational human activities, thanks
to their higher tolerance to bad and unfavorable environmental conditions. On the other hand, they can in
turn promote the succession of dune ecosystems towards the climax by accommodating suitable colonizing
and growing conditions for plants or other plants, together with their excellent qualities in prevention of
wind and fixation of blown-sands. Thus, it is necessary to protect diverse bushes and poorly-developed
soils on dunes, and to stimulate their developments through artificial upbringing measures (i.e. fencing,
afforestation, etc. ) so as to combat serious land desertification and rehabilitate desertified sandy lands ef-
fectually.

Key words :acolian sand-dune;fixing extent of dunes;factor analysis (FA) ;integrated index (a) ; vegetation
succession
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Table 1

1

Basic characteristics of sampling sites

Quadrat No. Prevailing plants

. Intensity of human
Position of dune A
activities

Features of shifting-
sand movement

No. 01
No plants
No. 02 X
Agriophyllum squarrosum
No. 03 .
Inula salsoloides
No. 04 -
Artemisia halodendron
No. 05 .
Hedysarum fruticosum
No. 06 . .
Phragmitas communis
s
No. 07 Periploca sepium ,
Artemisia scoparia
s
No. 08 Erodium stephanianum ,
Pennisetum flaccidum
s
No. 09 Leymus secalinus ,
Pennisetum flaccidum
No. 10 Melibbitus ruthenicus,

Cleistogenes squarosa

Top Relatively strong Strong
Top Relatively strong Strong
s
Relatively strong, .
Top y g Relatively strong

trampling

’

. Relatively strong,
Windward slope v y. &
grazing

Top Very weak Very weak

Leeward slope Very weak Very weak

Windward slope Very strong Very weak

s

A% k.
Gentle slope of dune ey v?rea
fencing

’ ’

Strong ,overgrazin
Saddle of dunes g & & Very strong

trampling

Gentle slope ofdune Very weak Very weak

Relatively weak
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Table 2 Original data collected

Variable  No. 01 No. 02 No. 03 No. 04 No. 05 No. 06 No. 07 No. 08 No. 09 No. 10
x 87.0 87.0 83.3 83.1 76.0 76.1 71.5 68.5 61.9 70.1
X9 2.4 2.4 2.9 3.1 3.2 3.2 4.9 6.3 7.0 4.3
X3 1.5 1.5 1.52 1.57 1.51 1.5 1.67 1.47 1.68 1. 58
x4 4.99 5.0 5.93 3. 16 2.07 2. 57 6.51 7.05 11.98 8.51
xs 0.03 0.03 0.13 0.3 0.3 0. 29 0. 34 0.59 0.28 0.32
X6 7.82 7.82 7.8 7.95 7.69 7.83 8.4 8. 64 .1 23
x7 0 3.33 16. 05 19.11 36.67 3. 67 69. 44 97.11 29. 44 35.56
x8 0 23.33 22. 67 23.56 61.73 25.11 41.11 25.67 3.08 16.11
Z9 0 1 3 8 7 6 13 9 8 9
x10 0 0 1 3 3 2 5 5 3 5
11 0 46. 29 198. 85 277. 14 601. 08 473. 39 295.73 233.33 60. 39 83.29
X2 0 1.59 7.44 22.22 29.63 20.0 18.11 91.11 1.78 13.67
x13 0 4. 39 22.33 10. 67 33.22 17.56 6.78 12. 67 1.56 7.78
a1 0 14. 71 72.67 178. 64 407.02 190. 16 143. 68 104. 86 9.01 23.34

3 2.2
Table 3 Factor load values s

Variable Fy F, F; h? B

x 0.5289 -0.0371 0.3173 0. 3817 3 .
s -0. 6027 -0.1932 -0.2134 0. 4460
5 -0.0314  -0.1731  -0.9214  0.8798 ( )
x -0.1675 -0. 6289 -0. 2768 0.5001 R 3
&5 -0.9115 0.2736 -0. 0155 0.9058
x5 -0.9172  -0.3338  -0.1620  0.9789 3 ’ 10
27 -0.9600  0.1905  -0.0227  0.9583 80. 76 %, ,
xs -0. 2406 0.9361 -0. 1340 0.9521
o -0.7155  0.2629  -0.6142  0.9582 10X10 ’
210 -0.8540  0.1775  -0.4266  0.9427 ( Y .10
xn -0. 1607 0.9862 0.0023 0.9983
X2 -0. 8632 0.2198 0. 4509 0.9967 p
Z13 0.0339 0.9515 0.2930 0.9923 P ] 3 s
x4 -0.1035 0.9900 -0. 0247 0.9913
52 5.3476 4.5700 1.9658 11.8834 ’ ’
4
Table 4 weights of the variants sellected
Ti X3 X5 Xg X7 xg X10 Fall X2 X113 X4
w; 0.0917 0.0944 0.1020 0.0998 0.0992 0. 0982 0.1040 0.1038 0.1034 0.1033
2.3
b 9 b
9 ’
10
a= | Ew .z
i=1
a » W, 7 v ) Y3 4
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Table 5 Integrated index of fixing extent of sand-dune for sample sites
No. No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10

a value 0.5318  0.5947 0.6785 0.7270  0.9373  0.7781 0.8323 0.9058  0.6105 0. 6607

a 0.7, 4~8 , o
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