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Spatio-temporal change in desertification of the Maqu Plateau based on RS

and GIS
HU Mengjun* , PAN Ninghui, ZUO Hailing, LI Xiangfeng

College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China

Abstract: The Maqu plateau, an important part of the Qinghai-Tibet plateau, is the main water conservation area in the
upper reaches of the Yellow River. In recent years, under the influence of natural environmental and human activities, the
ecologically sensitive Maqu plateau area has experienced environmental problems such as glacier retreat, permafrost
degradation, aeolian desertification, and grassland degradation. The Maqu plateau is one of the largest pasture lands in
Asia, with a rangeland area of 8.58x10"hm’. In the past decade, the eco-environmental problems of the Qinghai-Tibetan
plateau have received increasing attention owing to global warming and intensifying regional development. The aim of this
study was to quantify the developmental processes in these region, as well as any changes in the spatial distribution of land
desertification. We used remote sensing (RS) and geographic information system ( GIS) technologies, and applied multi-
temporal Landsat imagery to investigate the spatio-temporal development of land desertification in the Maqu Plateau during
1977—2014. The remote-sensing data used in this study include: Landsat multi-spectral scanner images from1977;
Thematic Mapper images from1989, 1995, 2006, and 2014 ; and Enhanced Thematic Mapper images from2001 and 2010.
We mainly selected images recorded between June and October, because aeolian desertified lands are more easily recognized
during this period of greater vegetation growth. Our results indicated that the area of desertified land in the Maqu plateau
had experienced five main phases; rapid development, where the area of aeolian desertified land increased at a rate of 2004.

6 hm’/a between 1977 and 1989; slow development, where it increased at a rate of 57 hm’/a between 1989 and 1995;
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rapid reverse, where it decreased at a rate of 3868 hm’/a between 1995 and 2006; slow reverse, where it decreased at a
rate of 893.4 hm’/a between 2006 and 2010; and, fast reverse, where it decreased at a rate of 2129.3 hm’/a between 2010
and 2014. The area of desertified land expanded rapidly between 1977 and 1995, with an average growth rate of 3.01% per
year. An obvious decrease in the area of desertified land was observed from 1995 to 2014, with an average reversal rate of 4.
14% per year. The areas affected by the development and reversal of aeolian desertification were mainly distributed
alongside the Yellow River, including near the Oulaxiuma and Nima villages of the northeastern region, the marshlands of
the Cairuma and Manrima villages in the southeastern region, and the riversides of tributaries to the Yellow River near the
Qihama and Awancang villages of the southwestern region. We found that the spatial distribution of aeolian desertification
changed significantly over time, with fragmentation of the desertified land increasing rapidly between 1977 and 1995.
Aeolian desertification in the Maqu Plateau has not been progressive, but instead, it has been an alternating process of
development and reversal approximately every 15 to 20 years. There was an abrupt change in the desertification level of
lands in different levels of the plateau. Overall, we found that the trend of aeolian desertification in the Maqu plateau had

been reversed and the local environment had improved since 1995.

Key Words: Maqu plateau; aeolian desertification; spatio-temporal change; transition matrix; dynamic degree
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Fig.1 The location of the studied region
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Table 1 Date used in monitoring desertification land around Maqu Plateau

A Year HAEIR Sensor type H W Acquisition time K Bt Bands
1977 MSS 1977 %7 H 14 197747 A 15 H 4(40)3(5%) 2(HK)
1989 TM4-5 1989 4F2 H 3 H (1989 41 H 25 H 5(40) . 4(5%)3(1K)
1995 TM4-5 1994 4E7 A 3 H 199546 A 11 H 4(4L) 3(%k) 2(#)
2001 ETM 2000 48 A 12 H 2001 427 A 5 H 4(41) 3(5) 2(#)
2006 TM4-5 2006 -8 H 5 H.2006 4F7 H 27 H 4(40) 3(4k) 2(#)
2010 ETM 2009 459 H 22 H 201048 A 15 H 4(40) 3(4k) 2(#)
2014 TM4-5 2014 4E 11 15 H 20144511 4 22 H 1(40) 2(%k) 3(#)
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Table 2 Interpretation keys of TM imageries( RGB=bands 4,3,2) for desertification land in Maqu Plateau
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Fig.2 Dynamic degrees of different classes of desertification land types in Maqu Plateau during 1977—2014
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Table 3 Changes of aeolian desertified land areas in Maqu Plateau in recent 40 years

W T EE VK ; ; ; s DAL 4

N - EREVE EEY K BRI WIEV ik Wb R .

EAR Extremely . . - AR %
Severe Moderate Slight Potential Tatol area of
Year severe . . D . o Change rate
. desertification desertification desertification desertification desertification
desertification

1977 767.7 2301 2902.9 6864.3 32255.1 45091 —
1989 1283.2 3536 5293.8 10220.3 48809.4 69145.6 —
1995 1221.9 3464.4 5269.6 14549.2 44982.3 69487.4 —
2001 1499.1 4903.5 4937.1 7136.5 23119.4 41595.6 —
2006 1357.1 5644.4 5230.5 5361.1 9347.1 26940.2 —
2010 764.6 4425.9 2683 5300.8 10300.4 23366.7 —
2014 598.8 4159.1 1544.3 2545.6 6001.6 14849.4 —
1977—1989 +515.5 +1235 +2390.9 +3356 +16554.3 +24054.6 +4.45
1989—1995 -61.3 =-71.6 -24.2 +4328.9 -3827.1 +341.8 +0.08
1995—2001 +277.2 +1439 -332.5 -3083.8 -7412.5 -27891.8 -6.69
2001—2006 -142 +740.9 +293.4 -1775.4 -13772.3 -14655.4 -7.05
2006—2010 -592.5 -1219 -2547.5 -60.3 +953.3 -3573.5 -3.32
2010—2014 -165.8 -266.8 -1138.7 -2755.2 -4298.8 -8517.3 -9.11
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Fig.3 Spatial-temporal change maps of desertification land in Maqu Plateau during 1977—2014
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2001—2006 4F | {1 AL VbR A £ U AR SR Vv Al - ) T AR 1834.9 hm® (5 ARV IR AL + M AL AY 0.2%
AL+ A 40.44% 550 AR D EAL 1, B RS TR 16822.7 hm® , FEZ B B, AR SRV EAL bz
] R e RS R I N « v BE AR BE VD BEAL - M #% LU B 43 ) R 3.37% 1 8.85% , HL 3% 7% LU 81 i K1) - M 2 7 3 5
Xof 7 Ay E R R VDAY, s FLA VDAL - AR R AR RS AR AL IR B EIE T VDAL R R A 1E A R A
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2006—2010 4F-, AR VDAL 4= AL AR Vb Ak + oA AU 2146.0 hm? |, (5 AR VDAL + b AR 0.23%
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Table 4 Transfer matrix among different desertification land class and non desertification land of Maqu Plateau during 1977—2014

* g i X *
ARGy Classiif{izion of E)ﬁfm%fly X M:Seite %E {g‘ﬁ }uj\%:fﬁ
Year desertification severe Severe. desertification Slight Potential desertification
land desertification desertification desertification desertification Jand
1977—1989 &N 97.93 0 0 0.55 0 1.52
CIV; 3 2.26 60.98 10.11 3.79 8.89 13.98
g 2.08 28.92 46.84 6.37 3.21 12.59
B 0.91 4.79 16.72 35.45 1.6 40.53
BTE 0 0.19 0.63 2.03 21.55 75.6
HoAb b2k 0.04 0.1 0.26 0.73 4.55 94.32
1989—1995 & 82.64 1.68 0.9 5.45 3.94 5.4
GiV; 2 0.38 87.15 0.89 1.07 0.77 9.74
g 0.07 1.26 69.08 3.88 1.39 24.33
B 0 0.25 1.83 51.71 11 35.21
WAE 0.01 0.02 0.25 4.35 50.39 44.99
oAb Hb 2 0.02 0.03 0.13 0.75 2.16 96.91
1995—2001 T 74.38 9.72 3.73 0.27 5.25 6.65
GiV; 4.26 85.38 2.68 0.48 1.85 5.36
R 1.09 7.74 64.14 2.68 2.68 21.66
L) 3 0.65 0.8 2.62 41.12 6.68 48.14
TEAE 0.12 0.21 0.22 0.87 47.91 50.67
HoAtb it 3 0.03 0.19 0.09 0.05 0.13 99.52
2001—2006 T 81.45 0.39 0 0 0 18.16
NS 0.18 96.1 0 0.84 0 2.87
T 0.36 2.5 92.86 0 0.51 3.78
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; » - ;
ARy Classiif}ifion of E%ffm%ly B Mj;(ile %TE ig& E{E:}fgé
Year desertification severe Severe desertification Slight Potential desertification
Jand desertification desertification desertification desertification Jand
R 0.13 0.9 4.1 74.69 3.72 16.46
TR 0.09 0.07 0.04 0 34.71 65.09
oAb Hb 2 0.01 0.06 0.03 0.02 0.08 99.81
2006—2010 W TR 56.34 29.04 2.92 0 0 11.7
V)3 0 67.74 0 0.16 0 32.1
g 0 0 51.93 0 0 48.07
B 0 0.23 0 32.17 62.17 4.89
TR 0 0 0 5.83 0 94.17
HoAth b2k 0 0 0.01 0.06 0.16 99.77
2010—2014 &N 78.21 21.79 0 0 0 0
Gl 0 69.95 10.82 6.01 1.15 12.06
g 0 26.72 31.69 13.99 0.54 27.06
BE 0 0.66 3.70 27.42 15.14 53.09
BTE 0 0 0 0.78 37.69 61.53
HoAtb it s 0 0.01 0.01 0.04 0.13 99.81

T RPRIRRRIR k+1 Y, GARBRERIR k 3], A B0 k I | SR L AR N k+ 1 T § SRR vb s fh - s ) L A5

FEZI B, AN R AE AL - b 2 [R5 R 3 MRy A0 3 R VDA - b A5 8 LU B 43501k 31.96% il
62.40% , H5% 7% A9 5 1) A b 28 7Y 45 391 6k 107 S 76 88 RNV 78 V0 Ak s Hoph Vb ik - M B AR A R AR L A5 AR
b, FEUATE 12 Y B3 il 25 JE VD VA - bt e o 5 i — s 300 B 8 e

2010—2014 47, AR VDAL £ A AR Vb Al 1A TR BUN 1779.6 hm?, (IR VDAL - Hu T AL 0.19%
WAL oA 44.56% A0 ARV AL - 1, RS IR 10411.8 hm®, FEIZ I B, AR SF DAk + M 2
[E] P56 RS R W R ER | P R AR B VAL M RS L TR 30 R 21.79% (17.98% (41.25% 11 19.5% , 5%
& LU e K L MR A S E R v B | o R RIS AR VDAL W AE VD AL b A WA R AR R AR Ak, W]
UL FEI I B, 35 i e RV A ok A A e B G | A o A R VD AL - AR B T A R

4 Zr5iit

T 40 a RISl = VDAL A M A EAS TR B 0 2 B R TR ) & R A 3, RV R Bk e —27 18 & R —
S — G 0 A — P e () AR A R

1977—1995 4F- 35 i i JE Vb AL = M Ab F PG Y 5K Bz, 1977 Vb AL M LA 45091 hm?, 18 a [H] VD
AL A b T FREE N T 24396.4 hm? AR TR RN 3.01%, 1995—2014 4F  VbisAb sk s i Bi0i % . 1995
AR R PR VDAL M TR R 69487.4 hm®, 19 a [AIVP WAL 4 i 1E RS A T 54638 hm®, 4F 35 33 5 Ry 4.
14% ., W] U, ¥y i SR vb S Ak - Mt i s R e Ly ko B . RAE SR 1975—2000 4R 2 il iR R VD AL
- b R i 52000—2005 AV EALY SRR B R . AR SRR SR S IRTESE 45 AR A A i A
S O (ERTEN ¥ S (1 P vl NN PN B O TR e 210 e R0 N o P e s o= S s R = 1 ol S N
VDAL K R A AT AE 25 B 1R) RUBE I A % 2 P A0 00 3 A 0 P S R e, IRT ot SR A 7 5 i R s ) A %
i [ 77 S A FEAT R AR VB A v Ak P AR LA 1Y) E 2 5 T

o v D VD VA A b R R 35 2 DX S A A AE AR AL RIRL 75 S & FUR S & BRI R AR pE R H
ZME A S EREX PUEEFIEE S Frf bl r & £ BmsEm iR, W aRzs AR LR A WD B i & J
TG 22 % A= e N EURFXG 285 4 b X, 2 B X S VDb 1 2 Ji 5 300 2 ok N 28905 20 118) S oy e, 30ty s JA
b AL R AE SR TR ARl T, AN ZS0G 2l B 7E BB E 55 10 = JE A 8 R G PR EL AL i) =Wy, 4R
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AR FARTE 5T U A 1A 2 35 il vy S b b ALY SR R B AR, Rk HAS S B RIS Sh 2 il
A A R VDAY R AR s Fe 2z FE A AGE THaE XU 19 F AR SR T, Ly fl
0 H B A TR BRI AR B AE 0 P A9 LA 100 30 AP 7 S DL S BT B A PR 5K R ) b M v AE
A SR

3 il e e DI B i R 390 o e T A 200k 1 ek 98, TS AR 15—20 a BN ) BE A 32 H B
TEV ALK BN TR B, AN [R) S5 9 VDA - i 22 1] 4 5 R A A7 D I Y BRI X Vb 84k - A i
FRFETIE S A S5 F TR AT AR o 2 AR s AR B IR XA A 2 A A 3 3 IR — 2 1 1 9%
FAE T ARA TR AL A VAL L, P, BN KAR T i A, B 1L AR VD B4 - st iR AL

BT < S 2 P R 2 N R T 5 AR A PR A (B A T 48 5, LB 2 B JE X X AR 5 TR A 9T Pr i 42
WA AR 1977 AR BGE AR 1 i SR DA S s 0 o vt S 8 T AR E S AR AL B8 125 T 5 Bl
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