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Abstract; Based on Landsat TM/ETM image data and some other survey materials, this paper analyzed the land use change
in the upper and middle reaches of Heihe river basin during 2000—2010. Subsequently, two prominent functions of
ecosystem service: water conservation and soil retention were evaluated, from upstream, midstream, as well as the whole
region. The findings of this study are summarized as following: (1) The main types of land use is unused land accounting
for more than 60% of the total area. In recent ten years, cultivated land, forest land and unused land increased
dramatically. By contrast, grassland, water area and snow cover land decreased. (2) The increase of cultivated land was
chiefly derived from the conversion of desert and grassland. Desertification on forest land, afforestation on desert and

grassland happened at the same time. The total area of forest land showed an ascending trend. The loss of grassland was
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attributed to the afforestation and desertification, whereas the increment of grassland was ascribed to the conversion from
snow cover land and desert. The increase of unused land mainly came from the degradation on grassland. (3) On the whole,
the degree of land use was relatively low and displayed a descending trend from the southeast to the northwest. In recent 10
years, the degree of land use dropped in upstream area and ascends in most of the middle reaches of Heihe basin. (4)
Owing to the increase of forest land of the upper reaches, water conservation for soil improved significantly. Water storage in
soil increased by 0.746x10° t. (5) The total amount of soil retention raised from 1.860x10° t to 1.899x0° t as grassland
conversion to forest. Under the background of climate change, some measures should be implemented in order to maintain
the stability of the mountain-oasis-desert system and the sustainable of the ecosystem services like soil retention. Firstly, the
area of artificial forest should be controlled in the upper reaches which can reduce transpiration and increase the amount of

water available. Secondly, in the middle reaches, cultivated land area should be under control to ensure the ecological water

consumption, such as grassland and wetlands.

Key Words:; the Heihe river basin; land use change; water conservation; soil retention
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Table 1 Area of land use and dynamic change in the upper and middle reaches of Heihe river basin during 2000—2010

VKN R HH
S Bt/ km? M/ km? 2 2 J;g N 2 - 2 A 2
+ b I S . Hi b/ km JK 38/ km T/ km? JEEFHL km FHi/km
Cultivated Forest X
Land use type Grassland Waters Snow cover Build-up Unused
land land
land land land
i 2000 15.5 1529.1 22581.9 98.0 1388.7 7.9 1205.5
Upper 2010 47.4 3367.0 20420.3 145.1 255.8 8.5 2582.6
reaches AR A 31.9 1837.9 -2161.6 47.1 -1132.9 0.6 1377.1
o+ R B % 20.58 12.02 -0.96 4.81 -8.16 0.76 11.42
ri 2000 3734.2 969.0 8098.5 552.5 54.0 388.6 58270.9
Middle 2010 6145.0 1816.9 5462.7 127.3 7.6 460.0 58048.2
reaches AR A 2410.8 847.9 -2635.8 -425.2 -46.4 71.4 -222.7
A A % 6.46 8.75 -3.25 -7.70 -8.59 1.84 -0.04
5L IX 2000 3749.7 2498.1 30680.5 650.5 1442.6 396.5 59476.4
Study 2010 6192.4 5183.9 25883.0 272.4 263.4 468.5 60630.8
area AR A 2442.7 2685.8 -4797.5 -378.1 -1179.2 72 1154.4
F— A A % 6.51 10.75 -1.56 -5.81 -8.17 1.82 0.19
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Table 2 Transferring matrix of land use type in the upper and middle reaches of Heihe river basin during 2000—2010

2010
2000 Bt ot Fm o KT mZ T KRS
Cultivated Forest Grass Wi t/ Snow cover JE B b Unused Reduced
land land land aters land Build-up land land area
#H Cultivated land/km? — 271.8 24.6 6.2 136.3 95.3 534.1
HHE Forest land/km? 420.8 — 850.0 9.1 0.5 24.0 271.3 1575.7
Hl Grassland/km? 797.9 3443.6 — 102.7 51.1 21.8 4152.4 8569.5
7K} Waters/km? 63.4 60.3 57.1 — 0.0 6.3 350.0 537.2
7KE Snow cover land/km? 0.1 4.5 1065.4 0.1 — 0.0 162.3 1232.4
L& TR R
jﬁa_ ERA N 175.0 25.6 8.5 0.8 — 638.2 278.2
Build-up land/km
A FH s Unused land/km? 1519.5 455.6 1766.3 40.2 1.5 161.8 — 3945.0
 AHt New area/km” 2976.8 4261.5 3772.0 159.1 53.2 350.2 5099.4 16672.1
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Fig.3 The spatial distribution of the main land use conversion from 2010 to 2010
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Fig.4 The spatial distribution of land use degree in 2000 and 2010
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Table 3 Soil physical characteristics parameters of the upper reaches of Heihe river basin

Mk 24K T
Litter water retention/
(x10% t/km?)

ETES
Land type

TR fLBE

. TR
Non-capillary

Soil thickness/
porosity of soil/ % on Hiekness/m

Mt Forest land 1.022
FEAR M A Shrub land 0.944
ML Grassland —
KA FHH Unused land _

14.93 0.6
13.84 0.6
7.32 0.6
6.75 0.6
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Table 4 Estimates of soil water storage in the upper reaches of Heihe river basin
TR Tt 7 I K A TRk
TR Area/km? Quantity of litter water-holding /(x10°® t) ~ Quantity of soil water-holding /( x10% t)
Land type 2000 2010 2000 2010 2000 2010
Mcith Forest land 834.1 1686.1 0.085 0.172 0.410 0.828
HEAR MM Shrub land 695 1680.9 0.066 0.159 0.296 0.715
W Grassland 22581.9 20420.3 — — 0.768 0.694
A1t Total 24111 23787.3 0.151 0.331 1.474 2.237

ARBRHE ) T AR K W 38 i >k 1, 3 i 35 A0 T 0.505 %
10%t F10.512x 10%, 11 F 4 AT ARl /> 5 250 S /K o
W T 0.074x10%
322 B FFIEE

(1) SBT3 X 1 S

AR A SCAE O AR % 1L AR BEW R AR P

vl LR B R ST A5 R TS B L Ui X TR
ARPR I AR | e R )P 2 4R PR AR
AR 6, GBI M RBI Y i, b 18
TEAZ I RE ) e BRI A (R I BE 1 (90141 km ™ a™') 3R
(L

x5 BULEtXARLMABTBERFSHELER

Table 5 Estimation results of soil conservation of different land use type in the upper reaches of Heihe river basin

+ A At HEARM I Bt Fh it
Land type Forest land Shrub land Cultivated land Grassland Total
342 AL Soil erosion modulus/(t km™2 a™") 302 402 2448 2556

2000 4E + {45 Quantity of soil conservation of 2000/ ( X10*t) 726.7 598.5 10.2 14583.4 1.592
2010 4F L 3E {4548 Quantity of soil conservation of 2010/ ( x10*t) 1468.9 1447.6 31.1 13187.4 1.614

M5 BTLLE H,2000—2010 4F | B0 i X
B SR R R RN T 216.2x10%t, T IR R A
P, v pR bR b RN R b TR G B o, AR B
i) - SR A A 2 B Ik A 43 i B i 1591.3
10*t F120.9x 10*t, [F] A 50 M e Ak 5 30+ S AR F 5
/0 1396x10*, RAHIES T L ek X+ 35t 1
B4,

(2) BT i X A S A

JRAT e b DX ) 38 A ok 2 AR A B R XU, AR
A A5 o BT v iR 1L TR X B b R
Tio AR O R AT 45 B H IR S 6, X R
b XAk b |t FURK M A AR R AT T AN B
o W A A AR h R T b Y 4= Dl R
(5341.6 t km™ a™" ) Al 530, Bi7 b it T E AC A 1 A2 1okt
R ) At e T T M AR o R (1 15,7 9% A
LRI 6,

F6 Bt XARLMABTBERFSHELER

Table 6 Estimation results of soil conservation of different land use type in the middle reaches of Heihe river basin

+ 4 A Bt Hiifh b S &t
Land type Cultivated land Grassland Forest land Total
TR % Soil erosion rate/(t km™ a™!) 3905 3231.3 838.6

2000 4E + {455 Quantity of soil conservation of 2000/ ( X 10%*t) 536.4 1709 436.3 2681.8
2010 4F -5 Quantity of soil conservation of 2010/ ( X 10*t) 882.8 1152.8 818.1 2853.7

A AT L, 2000—2010 4F | B yn] v i b X ) £
HEAR Bl 2681.8x 10%t H43] 2853.7x10%t, #4
T 171.9x10%t, Horp AR FUBE Y 1 8 O 45 =
SIBAINT 381.8x10*t Fl 346.3x 10* ¢, 1M i b 1 X (1%

WD T B AR B KD,
10*t,

(3) FIAT L Y b X A IR A S

ST i DX R RE T AR AR AL A A B

/D iR 556.2 %
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