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Dynamic Variations of Landscape Pattern and the Landscape

Ecological Functions in the Source Area of the Yellow River
WANG Gen-Xu,GUO Xiao-Yin, CHENG GUO*DOl’lg (Cold and Arid Regions Environmental and

Engineering Research Institute, State Key Laboratory of Frozen Soil Engineering . Chinese Academy of Sciences, Lanzhou
730000,China). Acta Ecologica Sinica,2002,22(10):1587~1598.

Abstract: The study of landscape heterogeneity is an important means to researching regional ecological
processes. According to remote sensing data of 1970s, 1980s and 1990s. some representative quantitative
indices of the landscape spatial structure and landscape heterogeneity were selected to study the changes in
landscape ecological structure and landscape pattern in the source area of the Yellow River using
FRAGSTATS calculation method. In recent 30 years the landscape spatial pattern in the area tended to
become fragmentized and diversified, main internal cause for this lies in the rapid development of such
landscape types as the alpine cold sparse grassland, black soil-weed grassland and desertified grassland,
their areas increased by 384. 16% 66. 63% and 421. 09% respectively. Both the landscape diversity and
spatial heterogeneity in the area increased and the change in the landscape pattern was most intense in the
10 years from 1980~1990, such a change reflects the continuous deterioration of eco-environment in the
area.

The relationship and feedback between landscape pattern, function and process serve to describe the
behavior of a regional landscape. Based on landscape function characteristics such as biological
productivity, soil nutrient content, vegetative cover. etc. a quantitative method and digital model for
analyzing evolving landscape functionality in the headwaters area of the Yellow River in the People’s

Republic of China were devised. Through the analysis of three-phase remote sensing data from 1975, 1985
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and 1995 and based upon the well-defined characteristics of this region’s evolving landscape over the past
30 years, the attendant ecology of the different functional landscape ecotypes was investigated. Between
1975 and 1995 the area of AC&S meadow (alpine cold meadow and steppified meadow) in the source area
of the Yellow River has decreased by 27. 25% ., ACSW meadow C(alpine cold swamp meadow ) has
decreased by 27.04% , ALP steppe (alpine steppe) by 38.18% and lakes by 9. 78%. The grass biomass
production decreased by 752. 37 Gg, of which ACR.S meadows accounted for 83. 8% of these losses. The
overall stock capacity of the headwaters area of the Yellow River decreased by 518. 36 thousand sheep
units. Soil nutrients showed a similar pattern, soil nutrient loss was greater from 1985~1995 than from
1975 ~1985. Changes in the overall ecological functionality of the area were not simply a result of a
summation of the changes associated with individual evolving landscapes, but rather an integration of
positive and negative influences. Landscape evolution occurs in two main directions: degradation and
strengthening. An understanding of the direction, force and integration of parameters influencing
landscape evolution as it impacts the attending ecosystems can allow one to foresee how the landscape of
the Yellow River source area will evolve in the coming years.

Key words :landscape evolution; landscape pattern; transfer matrix; source area of the Yellow River
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Table 1 Landscape types and ecological features in the source area of the Yellow River
Ecological features AC&S ACSW ALP ALPCS BS&W  SAND
meadow meadow steppe steppe meadow lands Lakes
Area(hm?) 1185864.0 59664.0 317952 671048.0 109728.0 81440.0 119868
% LLAND 46.59 2.07 12. 49 26. 36 4. 31 3.47 4.71
Path number 10 5 6 40 10 9 6
Vegetation cover (%) 40~90 80~90 40~80 <30 <40 <20 —
Grass biomass (kg/hm?) 2765. 4 3362. 1 1322.25 1316.8 1458. 75 925.5 —

% ACR.S meadow: alpine cold meadow and steppified meadow, ACS meadow : alpine cold swamp meadow, ALP steppe:

alpine steppe, ALPCS steppe: alpine cold sparse steppe, BS&W meadow: “Black-soil” meadow and weed meadow
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Table 2 Calculated results of landscape ecological spatial structural indices in the source area of the Yellow River

Landscape

ALP
pattern ACSW ten ALPCS SAND Lakes
ste S
index ACRS meadow meadow bp steppe BSR.W meadow lands
MPS 118586. 0 11532. 8 52992.0 16776. 2 10972. 8 9016. 67 19978.0
AW 7.02 1.58 2.4 3.18 1. 85 2.15 1.78
MPFD 1.17 1. 05 1.08 1.1 1. 06 1.07 1. 06
MPI 1024. 11 0. 69 74. 86 177.63 3.72 33.53 5. 66
MNN 2918.11 25205. 07 7353.1 3251. 95 15742. 09 18532. 59 5815. 82
3 30a
Table 3 Features of landscape pattern index change in the source area of the Yellow River in the past 30 years
NP MPS AW MPFD MNN SHDI SHEI CONTAG
20 70 1970s 69 36892. 23 5.10 1.14 11480. 8 1.12 0.58 68.77
20 80 1980s 76 33494. 26 5.47 1.14 10418. 1 1.18 0. 60 67.30
20 90 1990s 86 29599. 53 4.68 1.12 8006. 0 1.44 0.74 59. 82
1 %LAND s 30a s % LAND
15.43%, 20 70 80 2.15%. 20 80 90
13.28%; 0.78% 0.67% 80 90 ; 30a
7.72%,80 6.5% . 3 s
.’ b
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Fig.1 % LAND changes of various landscape ecotypes in the headwaters region of the Yellow River in recent 30
years



10 1593
3.3
20 70 3 s 10a 4 5 s
o 10a
b o
4 20 80~90 %)
Table 4 Transfer matrix of landscape elements between 1985 and 1995 in the headwaters area of the Yellow River
20 90 1990s
20
8o ALP
1980s ACRS ACSW R ALPCS BSR.W SAND Lakes
steppe
meadow meadow steppe meadow lands
64.5 0.3 1.5 29. 4 2.0 2.1 0.2
@ 15.5 76.1 3.2 1.1 3.7 0.4 0.0
® 13.1 1.5 56. 6 16. 2 8.5 4.0 .1
@ 33.3 0.0 6.7 53.2 3.9 2.9 0.0
© 21.8 0.7 6.7 15.9 34. 8 20. 1 .0
© 3.7 0.0 0.7 18.3 0.3 75.3 1.7
@ 4.7 0.4 0.6 6.3 0.0 0.2 87.8
(DAC &S meadow @2 ACSW meadow B ALP steppe @ ALPCS steppe GBS &W meadow G SAND lands (7)
Lakes
20 70~80 . . 87% 84%
s s N s
5 % 3 )
s 49.2%,
9’ b
° 80’\‘ 90 0 ) N
64.5%  76.1%, 56. 6%,
87.8% ,
5 20 70~80 CZP)
Table 5 Transfer matrix of landscape elements between 1975 and 1985 in the headwaters area of the Yellow River
20 80 1980s
20 70
1970s ALP
ACZS ACSW ALPCS BSR.W SAND Lakes
steppe
meadow meadow steppe meadow lands
87.9 0.3 3.8 7.0 0.7 0.0 0.3
@ 4.8 84. 3 9.3 0.0 1.6 0.0 0.0
@ 11.7 0.7 71.7 6.3 6.9 2.0 0.7
© 49.2 0.8 17.0 31.3 0.3 1.4 0.0
® 24.9 1.6 33.6 0.0 38.3 0.0 1.6
© 28.9 0.0 11.2 13.0 20. 8 26. 1 0.0
@ 6.3 0.0 0.6 0.0 0.0 0.6 92.5

(MAC &S meadow @2 ACSW meadow

Lakes
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Table 6 Grass output transfer states of various landscape types between 1985 and 1995 in the headwaters area of the

Yellow River (Gg)

20 90 1990s
20 80
1980s ALP
ACZS ACSW ALPCS BSRW SAND Total
steppe
meadow meadow steppe meadow lands
0.0 — 07. S5. 5320.
ACRS meadow 28507.9 344739 7625167 416175.9 615320. 1 8972894
5008. 0.0 52 . S5l. 5 . 04.
ACSW meadow 75008. 17 52938.19 19851.9 57113. 82 7904. 33 212816
ALP steppe —914107 — 147946 0.0 145263. 4 —56100. 4 76734. 62 — 896156
— 0.0 —23713. 0.0 —23963. . —95¢
ALPCS steppe 917166 C 23713.4 C 23963. 2 11694. 72 953148
— 5 —10284. 4 059. 4 9 . 0.0 2734.75 —100
BS&W meadow 219875 10284. 4 7059. 41 39513. 6 82734.75 100852
SAND lands —12233.3 0.0 —499. 07 —6948. 62 —287.47 0.0 —19968.5
6 s s
s, 20 80~90 s 2128.2X10'kg ¢ 2.128
X 10') 89728. 94 X 10'kg,
18.31%.,
, 6604. 7 X 10'kg 10. 693 X 108kg,
210.8% 19.16%, . . .
( ) b .,
( 7). s 7 20 70~80 80~90
s o 20 70
,80~90 70~80 2~3.5
s s 80~90 2.0 s N
s 70~80 ; s N
s 7 s 4 s 70~80 , 80~

90 s 80~90
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Table 7 Changes in landscape functional indices at different periods in recent 30 years
1 1/Landsca ALP
Time nterval/Landscape ACRS — ACSW ALPCS BSR.W SAND
functional indices steppe
meadow meadow steppe meadow lands
20 70 Grass utput _
—27552. 46 —2017.78 8361. 4 14450. 55 2392.78 1284. 05
~80 10'kg
Stock capacity
1970s~1980s (10* ) —25.17 —4.09 9.43 13.94 3.10 0.53
—2494. 2 —112. 00. 1682. 9 34. 64 168. 51
Organic Matter 10'kg 6 6007 682.98 6 68.5
Total N(10*kg) —103. 21 —6. 64 13. 96 77.78 4. 66 7.14
20
— . — . .5 531. ¢ 008. 5 .
30~90 Grass utput (10'kg) 89728. 94 2128.16 8961. 56 9531. 48 1008. 52 199. 68
Stock i
1980s~1990s | S“’C) A 59,98 —8.92 4.10 5.07 2.29 0.16
Organic
—8633. 31 —99.01 454. 45 1129.52 —199. 34 24.79
Matter10'kg
Total N(10'kg) —376. 28 —7.799 0.99 51.19 —7.276 0. 961
,  30a 852.21X10'kg, 344.51 X
10'kg. 20 70~80 80~90 s ,
70~80 80~90 ,80 7.216 X 10°kg,
7216X10'kg . 70~80 23.4  C 8); 70~
80 53.6 70~80 24.5 10 o
, 80~90 10 s
C 8,
8
Table 8 Ecological functional changes caused by landscapevariations in different periods
Grass
i biomass Organic Total Stock ACSW
Time . . Landscape .
Int | production matter N (10'kg) capacity %) ACRS meadow meadow
nterva cover
(10%kg) (10'kg) (o’ ) ! (hm?) (hm?)
70~80 3081. 46 119.92 31 —2.258 —0.91 — 30304 —3152
1970s~1980s : > : : o 7
80~90 72155. 86 732.29 338.2 —49.578 —8.94 — 386678 — 19642
1980s~1990s ’ ’ ’ ’ ’ ’
b .’ 2 3
., 20 80~90 s ,70~80 s
b b b o
b 9,
N o 20 70 s
b 80 9’
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b, 30a . (20m) (
0.2~0.3C), 40m . ) )
5
(1> 30a , .
, 20 70 , 27.
25% 27.04%, 38.18%, 9.78%; .
384.16% , 66. 63% ,
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(2 s
. 30a  10a
20 70~ 80 . .
49.2%, ; )
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( N N ( N
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B ° 308 0
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