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Abstract: The vegetation of the desert steppe plays an important role in preventing desertification, maintaining ecosystem
stability, and constructing “Ecological Barrier” in Northwest China. However, most desert steppe ecosystems are very
fragile and constantly face the risk of degradation. Yanchi County, located in eastern Ningxia province, is a typical desert
steppe, and its vegetation dynamics in the past 13 years have been affected by both climate change and human activities. In
order to explore the process and driving factors based on the Normalized Difference Vegetation Index (NDVI) derived from
the Moderate-resolution Imaging Spectroradiometer ( MODIS) , we studied the vegetation dynamics in Yanchi County from
2000 to 2012. We used 296 scenes of MODIS NDVI data, all of these were converted to an Albers conical projection system
and GeoTIF format by using the MODIS Reprojection Tool, and smoothed using the Savitzky-Golay filter to reconstruct a
high-quality NDVI time-series data set. Annual and quarterly NDVI were synthesized using the Maximum Value Composite
(MVC) method. In addition to MODIS NDVI data, the land use data of Yanchi in 2000 and 2011, meteorological data,
and social statistical data were also used in this study. Multiple methods were used to analyze the vegetation dynamics in
Yanchi County. A linear regression with an F test was used to analyze the trend of NDVI and its significance. The non-
parametric Mann-Kendall test was used to detect the abrupt change in the long-term NDVI from 2000 to 2012. A non-linear

and non-stationary signal analysis method, Empirical Mode Decomposition ( EMD ), was used to isolate the amplitude-
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frequency determining the temporally varying trend of NDVI, and spatial overlay analysis was used to analyze the influence
of land use and land cover change on vegetation dynamics. The results showed: (1) the average NDVI values of all pixels in
Yanchi County, which were composited annually by the MVC method, ranged from 0.2 to 0.4 in the period 2000—2012.
The vegetation index in this area was very low because there is a typical desert steppe, but significantly (p < 0.05)
increased by 0.078 per 10 a, which was faster than that in the Three-North Shelter Forest Program region. Overall, the
vegetation in Yanchi County lacks stability and has frequent, large-amplitude inter-annual fluctuations. (2) The Empirical
Mode Decomposition found that the NDVI time-series data included two Intrinsic Mode Function (IMF) components with 4
and 9 year quasi-periodic fluctuations. The variance contribution of the first IMF component was about 50% , almost the
same as that of the NDVI residue component, which increased significantly over the 13 years. However, the intensity of
NDVI fluctuation decreased because the fluctuation in precipitation, one of its main driving factors, declined. (3)
Improvements in land use and land cover change were the main drivers for NDVI increase. The former made a larger
contribution than the latter. Therefore, protection is the first option for improving the ecological environment, and proper
reconstruction can be used as a supplement in desert steppe. A proper strategy for vegetation restoration and maintenance

should be adopted, and overall protection can be implemented through scientific and harmonized development.
Key Words: vegetation dynamics; driving factors; MODIS NDVI; climate; land-use; Yanchi County

Fre VB 5 DX B A A A M AR DX, SO TR L PG b A 25 5 W 4 e 20 R, o )8 T A 3R A A Jey
SZARLEE T R A AR RS A S B 0 0 b DX el T IR XA A K A PR R B A A 0 B A A
B A AR, W BE R, K8 I A TR B i AN B, R XA R SR S B AF e OR T Ak, TR
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Table 1 Variability and significance level of NDVI in Yanchi County from 2000 to 2012

AR AR BE 7 2% T AR LB/ % AT Y T AR LB/ %
Classification of variability amplitude Area ratio Significance level Area ratio

SN J—
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I e
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Fig. 2 Spatial distribution of NDVI in Yanchi County from 2000 to 2012
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LR A4 4E NDVI I AHC REGE L 0.05 /K1 S35 MR 56, AN A7 AE AL AEZERE K 5 NDVI 1 R 25 3 f 41
ARG RS B . X 51 B 1981—2004 4F- RIS 28 LAY R KD IX 20T B 15 AN ], A g i T2
U S5 R A A i AT PO R SRR A e, S AR VB = B InGE2F NDVI 3mpLEEAR TR (£ 3) .

o BAURS NDVI KZ A HAHC (R 3) ., HABRRRR 543 NDVI, Z SR 58 NDVI 17
KR 0.05 K1 BEERE, BEIH TR X AR TR RS E AR, X B EIIE T MoK X NDVI 5
W H ST 2 AR K FIRY AR R K 6 NDVI 2 G T E | [k X NDVI (495200 it 48 Je i
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Table 2 Variance contribution rate of IMF of NDVI’ s influence factors

R R 7 J5 2 511k % variance contribution rate e FE 2
Influence factors IMF1 IMF2 R4 Residue Effect
B AR Natural factors AER% /K Annual precipitation 79.01 4.62 16.37 FRET
AEF-FSE Annual mean temperature 34.6 40.18 25.22 FHERETF
AEZE & Annual evaporation 43.46 56.53 R 8y
TCFEFREL Frost free period 82.8 8.9 8.3 R 1)
B WK & Volume of irrigation water 3.94 96.06 S 1) PR
#4HZ Social factors H BT AN Effective irrigation area 7.25 92.75 0.00 S JE T
JAEFTEAN Total crop sown area 70.73 17.31 11.96 S JE
fEH) 7= 42 Total crop yield 11.71 5.85 82.44 FHRHET
F HAAFE Number of sheep 6.94 9.88 83.25 F 1]
B A2EL Number of slaughtered sheep 3.31 96.69 J 1]
BRI T F1 Execution of grazing policy 10.11 29.46 60.43 EXAUSER
IMF ( Intrinsic Mode Function) 725 R%K
F3 HBBEBRKEMKESEE NDVI HX REIER
Table 3 Correlation coefficient between NDVI and precipitation, temperature in Yanchi County
ST NDVI
Climate factors %7 Spring  HZ Summer  FkZFE Autumn &7 Winter  44FE Annual
F#K Precipitation % Spring 0.6631 ** 0.7295 ** 0.6102* 0.5267 0.7653 ™
K2 Summer 0.3352 0.2905 -0.1758 0.3018
BZE Autumn 0.3661 0.1714 0.302
22 Winter -0.3788 -0.4495
424F Annual cumulative 0.1895 0.4985 0.5178 0.0987 0.5438*
AFEBKZE Last autumn 0.6945 ** 0.6425 ** 0.5978 0.4512 0.5690 *
. JE Temperature #7Z Spring -0.4484 -0.3087 -0.3445 -0.5554* -0.4055
K2 Summer -0.4614 -0.5794* -0.4007 -0.4587
#*Z Autumn -0.2012 -0.1083 -0.0964
&2 Winter -0.2437 0.2376
4EF-H Annual average -0.4446 -0.1758 -0.32 -0.4968 -0.1575

*FRR MK 0.01 K8, T FoR MKV 0.05 K

2.2.3 TR LS NDVI Y23 (8] & 25t

NS B 114 5 e 2 2 5 ot - bR FH A AR AR R, — 2 b ) 28 700 A A 5 e A SIS A A T AR
TR R 7 AR A S R A T B L 2000 AR 2011 AE I - MR IR S B IR 3R AR
PR S PRl LR B 548 NDVI BS54 284550 13 4F NDVI it ondr, 453 EH . ER
AR 2R NDVI 035 1 B R R B0 /NI R R /K Dt PRl 5 v b RS2 b iy 19 288 b 1) 5 3 R R 1 B IR i
B 5 4% #1125 NDVI A i KRB IMEAR OO /K Be st Mt St s fnyb i, i 22 8, B FARRMER
G ICEH 2 K, W AR NDVI Bk i K & o, Hep KOy Fsth Vst K Ge AR (£ 4) |
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F4 HitE 2000 £Z 2011 £ R TR EI NDVI BI#0E
Table 4 Impacts of different land—use types’ on NDVI in Yanchi county

RN B

bk 2 — .
LA NDVIA s EREIE IR e IR

- Coefficient of Pixel Total

Land use types Fitting formula of NDVI . Influence o
determination number . contribution

degree index

RS No change types  7KBEH Trrigated land y = 0.0156x + 0.3974  0.7704 ™~ 582 99.87 1.10%

24 Dry land y = 0.0068x + 0.2758 0.2561 16127 1206.30 13.2%

HH Grassland y = 0.0076x + 0.2282 0.4024 " 36655 3064.36 33.66%

MiHE Forest y = 0.0100x + 0.3016  0.7469 *** 106 11.66 0. 13%

VP HL Sandy land y = 0.0075x + 0.1917  0.6533 *** 1868 154.11 1.69%

Al 2E Change types B FE AL Grassland to forest y = 0.0100x + 0.2405 0.6033 ** 789 86.79 0. 95%

EHE B Dry land to grassland y = 0.0074x + 0.2510 0.3262 " 8412 684.74 7.52%

EHh FE M HL Grassland to forest y = 0.0096x + 0.2280 0.6550 3581 378.15 4.15%

VP HBAE B Sandy land to grassland y = 0.0087x + 0.2087  (.7258 *** 5196 497.26 5.46%

FiA 14 IC24F 4% Annual trend of all pixel y = 0.0078x + 0.2415  0.4292* 106110 9104.24 100%

Fifa 140K % Spring trend of all pixel y = 0.0046x + 0.1119 0.4691 106110
A B0 % Summer trend of all pixel y = 0.0071x + 0.2170 0.3876 106110
B 14008k 4% Autumn trend of all pixel y = 0.0073x + 0.1911 0.5608 106110
JT A 15 64 ZE#4 % Winter trend of all pixel y = 0.0026x + 0.1036 0.4451 106110

R WP 0.001 K8, 1 SRR PR 0.01 K, T FoR B PEK T 0.05 Kk

FEREAG 2 T | R A S M PR R B /M R Ol T b A b, | R b AR VD G B b | R M R NDVI
AR R R B IMIRAR U Ry S B b G ARl | B S b 7 s w8 25 RS R B i i 25 19 NDVI
AR AL 0.05 7K L2 o X EVA NDVI BT R A/ IMER I 52 b B 70 b ity | R b e R i, 572
MM (K 3) .

TSR Ho A b S5 ARG NDVI B BTRRAE AR B AR R K 52 38R B A i AR V0 NDVI 1)
BN WS AR | DU AS 78 1 28 RN A% e 12 NDVT 38 Ji{E & NDVI B8 (e A9 67.92% , iR HFiE Ak & 12.
62% , B E MY 46.04% . BT SEHLIE MY, 425 H NDVI #1520 i e i R 5 T4 2 F144E NDVI
FIphE 250 3) , VA A S R AY NDVI SR L e B AR5 A NDVI (U3 b B %, 55
AR L, Vb R AR AR A 2 BB B A R K D A AR AR A O 3 S A TR 1 2

FH AT D, | A b A O ek X NDVI Y DRz 1 T - oA FH 2R AU AE fe X NDVI Y 5Tk

3 iTtig

(1) BRBEEE NS I GIMMS BRI Eht 2 1981—2004 4EAHBFEEL, & BT SAER K T H 5 R 3L
4 0.620,7F 0.01 /K- W EAOC, ABFFRAEE R RN, #hith H 2000—2012 4F NDVI X AERE K AR SR U (1
SRR RECH 0.544, HTE 0.05 KF B & A, R NDVI B AN FT A il 2h S 22 5 (A 4F
G B AN [) T B e IR oG R B0 2E B K EZ R R, BB/ AR5 HE N 52l 2000—2010 44 7 75 1
B & B0 T RIAE TS, 2680 NDVI () 28R 8l g thad 22 VAR BRI HE LG sh o £, 28
X —ZEIE IR A BT X AL X 1987—2000 4F 4l 4% 78 9 28 b (I 52 45 3, 228 B 4520 X 1981—2003
AR IR T R AR FTAS B 25 L, PMGERNS 2527 Xeh 3 T0T i 35 1982—2005 4R FRFFFT 45 L, LA Je TR 2"
XS FIR X 1983—2009 AFAEB AR I R, ABEoE X B R R 3, B 9K B3R RS Xt
NDVI A 520 KARAE Y

PNGES ST (AT SE 2R W NDVT S 288 i DX AR b R 6 | 5 28 /I DX DB i oA 3 R £ B0 T AR e Y
P R NDVI 80, X428 £ S IR AR S AR 8] T2 UM TIESE0 3P 52 ot BRAE X A il o A
e F B G RAEY A 5 AP AS S 5 IR X NDVI Y 38 00 05 X T B At ph i A%
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22 1 RIHF 45 2 B 2000—2012 4FAR A8 b K HLBR B 9

BHEETIR ST A 2, B IREED R, AR AR 7 2K T4 v R R A R A SIS B R P b b X
MW NDVI 38 finA g5y, SCR 2P X 2N 1999—2010 4739 e At 9l 7 55 19 it 25 AR Ak b 47 T 0F 98 3%
B A T FARIRN R A R R AR RSB (R P, X Se e Ab AR fh ke 1) 1 T B R G A, BV IR VD AR S TR A AR
EHERFEAEN, XSS D) NDVI 3 LI 2R T RAEY S i 5 | B i AR i 45
W—E, 2 HARE I SRS AR B T & Ol A BERE MO NDVI A RURA/EH

4 Z5ig

(1)3x 13 b B NDVI 7 0.2—0.4 Z [ 23 g F I, EFEE R 0.078/10 a, EIb#a W,
NDVI (I ] R AR 23 () B B . 3T 80%4% 7T 1Y NDVI 7E 0.2—0.3 F1 0.3—0.4 254435 BBl Y, W< A28 Ak 78
AEBR I 2 MR sh sl e 3 T 5EAE 0y NDVI K I AR FE AR, TR K 8 248 40y R TR L T, V8 3B 1 i sl

(2)NDVI i sh7r = 5 E T4 5 50% , H NDVI §93% 8052 B s s s, {24 NDVI 3% 3 59 345
FIRARRK & AR A —EER W2 Ui, AR RS NDVL 5, FE7KXF NDVI B2 00 b <
2, ARRK R K R S AR AR 2R K NDVI 28 SCE 28, [ K6 NDVI (52 0 beid 522 Je B {H X NDVI 95
M FE el 55

(3) #E5) NDVI Fadit: A+ 2R R 2 R F 7 sCR 28 B0 AR Ak DABRLITE - Hi i 2R R 136, 7K Bt |
MRHIL R NDVT 36K Fa 345k 8 35 5 I A P S Aok U, 52 b 5 b b | 0 b 26 AL ) NDVT 386 T 4 b B 35
A MR 5 s X ND VI BTk I8 K T 4= b A1 FHZE RS {E X NDVI A 5Tk

25 B TR BARSAES ISR NDVI % 8 7E b w5 NDVI t 4 54 50% i 20 & (H B E 28 HE O & A
v A 4 R AR BRAREE ARG SHESN NDVI W38 0, bR J7 =Xk % NDVI /R g KT b
FIFHZSHIAR A, U BH T3 R JR DX ) A S e I, AR Ry il =2 DA B2 A A i At 0 DA J T &ty sl Ak
TRYTIIE %
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