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Spatio-temporal variation of windbreak and sand fixation functions based on

vegetation coverage in Baijitan National Nature Reserve, Ningxia
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Abstract: On the basis of moderate-resolution imaging spectroradiometer-normalized difference vegetation Index ( MODIS-
NDVI) time-series data, the maximum annual vegetation coverage from 2000 to 2019 was estimated using the pixel binary
model. The temporal and spatial variation characteristics of the fractional vegetation cover ( FVC) of Baijitan National
Nature Reserve in Ningxia ( hereafter the Nature Reserve) and different management stations were analyzed. Combined with
meteorological data, the windbreak and sand fixation functions of the Nature Reserve ecosystem from 2000 to 2019 were
calculated, and the temporal and spatial patterns and the changes of the functions were analyzed. Results showed that (1)

the FVC exhibited an increasing trend on the seasonal and annual scales, and the annual growth reached 0.013. The
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vegetation type characteristics of different stages were obvious, i.e. from the first stage mainly with low cover, which
accounted for 75.22% of the total area of the Nature Reserve, to the fifth stage mainly with medium cover, which accounted
for 66.13% of the total area of the Nature Reserve. (2) The FVC change trends of different management stations were
different, i.e. the FVC in the west of Tianshuihe, Daquan, Yangchangwan and Changliushui management stations grew fast
and was well distributed. (3) The potential and actual wind erosion amounts of the Nature Reserve gradually increased in
the first stage and significantly increased in the third, fourth and fifth stages. (4) The windbreak and sand fixation functions
in different management stations continuously increased, and the increase rate in Daquan management station was the
largest, from 53.39% in the first stage to 74.44% in the fifth stage, with an increase of 21.05%. In general, the FVC of the
Nature Reserve increased significantly from 2000 to 2019, and the spatial variation of vegetation was significant. The
windbreak and sand fixation functions were gradually enhanced, which indicated that the ecological protection construction

of the Nature Reserve was remarkable.

Key Words: desert; Nature Reserve; vegetation; windbreak and sand fixation; ecological service
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Fig.2 Sand source range of Baijitan Nature Reserve
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Table 1 The regional divisions of Baijitan Nature Reserve management station
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Fig.4 The seasonal variation trend of FVC in Baijitan Nature Reserve
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3.2.2  UN[RHE X B KUE D T AR AR ke #

AR XA [] 1l DX A 7 R VD D B 2 BRI LT JLAMRRE (£ 5)

(1) TE R R F AR DR A X A0 30, - i L A6 ol |11 T P A M AR K A Ll ¢y By DXL 1 0 3893 331 Sy
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7 BREEAGRIE FVC ERTUR(RZPMAIR)

Fig.7 The rate of interannual change of FVC in Baijitan Nature Reserve ( R and slope)
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Fig.8 The interannual variation law and the days of the wind over sand—driving wind speed

61.95% .61.68% .59.94% , 3] 5 F PRI X BE AR K 5 LA 45 76 55 3 AR 55 3 ol = SR ol 7 15 28 AU Y R SR A B
il RIS B | 2R T A B 6 B XU V0 B 7 AR X A 55, b5 XU T R4 5 A 53.39% .55.11% .56.78% ,
R TR X AR K
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£3 BEMRPEEHRZUERSS

Table 3 The trend classification in Baijitan National Nature Reserve

B A .
G RIEHH Y4 ST g S B AR I WG
Management Extremely Obvious Slow S:ﬁj:i Slow Obvious Extremely
stations obvious development development able ype reversal reversal obvious
development reversal

HOKE AR 0 0 0 0.99% 3.58% 67.97% 27.46%
A AP X TR 0 0 0 0.21% 0.76% 14.48% 5.85%

KR E TR 0 0 0 0.05% 7.85% 38.97% 53.14%

i B X R 0 0 0 0.01% 1.39% 6.89% 9.40%

Fo REHETR 0 0 0 3.70% 0.58% 38.79% 56.92%
i AR X A 0 0 0 0.16% 0.03% 1.68% 2.47%

Kk EH R 0 0 0.18% 16.04% 6.91% 50.25% 26.62%
g X A .04% .18% .63% .83% 27%

i A X T 0 0 0.04% 3.78% 1.63% 11.83% 6.27%

gl HE R 0 0 0 14.20% 9.35% 63.11% 13.34%
AR IX TR 0 0 0 4.36% 2.87% 19.38% 4.10%

T (M) EJ ; /rE'u jl—l N . 0 . 0 . 0 . (
AT R o T AR 0 0 0 19.15% 3.55% 72.70% 4.61%
AR X TR 0 0 0 0.46% 0.08% 1.74% 0.11%

F4 BEBREARPEEHHRKEDEES

Tabel 4 Annual average conserving ability of windbreak and sand fixation in Baijitan Nature Reserve

H—Br B 5B =B B ERLE IR
First stage Second stage Third stage Fourth stage Fifth stage
B A T/ (1) . . . . s
Windbreak and sand fixation 5.51x10 4.05x10 1.35x10 1.02x10 9.21x10
WEERME/ (v
EE LR (V) 9.44x10° 6.77x10° 2.05%10° 1.43x10° 1.22x10°
Potential wind erosion
bRl (1
KPR/ (Va) 2.46x10° 1.70x10° 4.35%10* 2.62x10° 1.87x10°
Actual wind erosion
i IR E VDR 9
B I 04 % 58.37 59.76 65.98 70.82 75.43

Windbreak and sand fixation rate

(2) AN 7] 3t XA 75 AT 0 S BERIF S48 DR, A DR A Bty (4 977 XL I 0 R 3 i i K 38 21.05% , B KU 7>
FIREN T 74.44% ACATIAS B AR DX AR BE AR 1 TRT A e AR 5 3 1L A Rl 7 DU 0 R B R A/ 0 3l
15.81% 15.50% , {EAT3 i TR 37 DX AR K P b HABAS B (4 By XU YD G BB AE 16.19—16.96% 2 [1]

R5 BEEBARPERIREDEMNZZLME

Table 5 Temporal and spatial variation of windbreak and sand fixation rate in Baijitan Nature Reserve

25 3 517 RV V0 232/ 9% H—HrE BB HERB EHI 2 IR E

Windbreak and sand fixation rate First stage Second stage Third stage Fourth stage Fifth stage
gl 55.11% 56.35% 60.86% 66.57% 72.07%
IR 53.39% 55.09% 62.05% 67.25% 74.44%
T 56.78% 59.35% 65.80% 71.56% 72.97%
Kk 59.94% 61.25% 68.51% 72.96% 76.60%
¥z 61.95% 63.13% 69.20% 73.59% 77.45%
e ] 1 61.68% 63.52% 70.34% 73.33% 77.49%

323 BEiXUE VS IIRERY AR
SRS B AR X B AU VD T RE AR A B i A 3 DX B XL V0 BE O 5 HAl T 52 24 1 5 s DX AR AR 1) 5 LE
(266) % Fb L X AU J5 BB R i AR S TR IX O AR bt KUV UR DX T A AR B XUV U 3
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TAREX L Hod 2R X AR /)N, AR 4 B KU E VD RE e, ik F) T 966.58 t km ', HUEHERUPUR X

B RS Ay S IR B TR XA TR AR, ELAE B AU Vb e i T 100 ¢, (ELAE XA B XU VD BE AR 85 |, 43

S 68.24 t km™ a™' [ 74.78 t km™* a”", AT BESE F X B X A A KA SUH T B XUE VD D REAY - A 2
*6 AXRBERRPEBREDEE AT

Table 6 Comparison of windbreak and sand fixation capacity

AEGIXEVE/ (Va)  AERIREDRES/ (tkm™2 a™)

WFFEHBIX. i/ km? T Iy
UED B km Y Annual windbreak Ability of annual windbreak
Study area Area Year - - -
and sand fixation and sand fixation

=53 HEE/S X
H%(XEH““WFE 7.38x10? 2019 7.14x10° 966.58
Baijitan Nature Reserve
L] i A S ) fig X 1O
Key eco-function zone in the lower reaches 1.11x10* 2006 6.30x107 525.672
of Heihe River

114 [11]
L 1.44x10* 2014 7.20x10° 499.83
Yinchuan basin
j?“ £ X :,]\:A % [37]
AHA IR 4.58x10° 2000—2015 1.88x10'° 68.24

Beijing-Tianjin sand source district

AR B XD T I B TR X 1

Wind and sand source control project area 2.03x10° 2000—2015 1.46x10'° 74.78
in Xilingol League

AT HT MODIS—NDVI HHiz 53471 T 2000—2019 4 14 7% ¥t A SR AR XA B 7 55 A AR 00, I DAt Sy 3
REAGE TR X B RUE D D RE . BB T .

(1)2000—2019 4F  iZ A4 X #2735 R FAE U LAY FVC KR AS) T B, P E 2 FVve A
2016 4E LISk EI#EIE T 0.90, 4 FVC M 0.15 38K 3 0.30 2247 5 AR 7 IX (A 78 o6 2R Ml & 4 T B K%
A R R R A B v R R A R SR A ER A — B AR XN R 21.12% ,75.22%
3.39% .0.27% %475 Jy 5 Y BE Y 0.02% .20.19% 66.13% 13.66% , 4578 5 51878 25 5 25 34 i /b | =
HE TR AGE 561.79 km® , o5 (3 X BV AR AY 76.13% , o 78 55 5 v 7 o P 20 %) T AL A S 08 o, HEsE i i
T AR5 50 R 463.13 km® 98.81 km?* , 43l o (4P X ST FR A 62.75% \13.39% .,

(2) RIFIHLIX FVC AL RUAAT AN GRS R SR A Bl | S 17 V4 B oty R A YAt 7Kk A8 Bl v 0 1Y)
FVC FE 5 LA B I T0T (A2 e B /K A 3 R A% FVC 3SR, ELABLG G 5 DR DX s s DX B 7K T
PERVE KORAT HG RIS BN AR E 2 U AR A , A B 3 R | LR X e v S i X R
Ih g LA R G TRT 2% W RS e 2SR 8 B DA ) A5 e, B B 0t A 2 AR |8 B DU AR XA

(3) P47 DX B A& VD D B AR b 2 W 3 i, A 25 S B AUt i ph AR 9 DX TSR B R G SRR X0 3 (58
— B 19 2.46x10° t 18 /0 2 (5B LY B ) 19 1.87x 10% t; Bl KU Vb R B T, I 10 58.37% F+ &
75.43% , LRAPIX PN 6 A B (4 B KU V> S8 3 AE 2 b o, G RS A L 1 B XU VD SR S K bR,
21.05% , SR I MCUR R KRl 38 K P /K A B 2 7 V5 B N VAT 1 R R g 1 A B A K T
16.96% .16.66% ,16.19% ,15.81% 15.50% , AH LA R E LA R RE X & T2 T R HIX i A X
RN (ARS8 B AU VD RE 385 8, T3k 966.58 tkm ™ a™'

AWFFERE R T TS A IR PP XA B S AR MR P PR R SRR R 7 275 X 58 B i B2 H AR R IX AR
BN A SR RMENLT A BRI X,

BETIN FVC SRl b A il Uk 4 T SRR, ARERR A SRR FVC X R A XU 7 00 445 R 3 W e e 7
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FEANRT LA s - i KU 0T B R HE T R 5 T b AR I B X A B X & B A B XA IR I R ELAR
TR /DY R S T IR VD X AT 2 B TR B it T L S AR v U 2 XU ARk R
F1IX FVC BE I REAE — 8 B B A SRR AIR T KU, (o A5 380 A v DU 149 R 200320 T e A1, XU 0 o3 3% 3

A M FE I AT 35 4K, AR A8 TRRAT 3 T 6 2 2 R b IX A AR BIOIR L ) T 1R i SR IX
H ST A — H BN T S E ) — @R b AT RLE S A 47 DX A S 5 A D DR 2 S At 4
HB AR, T BT B R VL 2000—2012 AF (5T 20 NDVI 23 [H] 245 4k 1% A B @ B AE 00 T2 14
P NDVI %5 () 28 A A B I v b DX 4 e s AR 00 B S A6 1 At b DX T i Fl A () A8 Bl ) A 2R
P AN

AR X S B N AR AT R X A T R T R X A B AUE VD AR e — 2 22 R, s R H e
TS 1l XA bR FH BN TA] ) LR an R )1 bR 17 Vb e RE IR ARG M BEAMHD 55 22 B 4 i A S A 1
TR, 34 1l X35 FH 49 97 DR 0> 1 SR TR AN (), 00 e XL 058 DX R A P 0 )y 0 XL b D 3 B8 TR IR FH 1 975 XL
VD 1 TR R 48 T KU 5 R (RWEQ) |, BT RASS R 5 Al X Lo XA — e 2580 s B, AT g2 i TR ARy
AT DL R B A e B 2 S A IR R s i 107 TRIE AT T 64 I XU - ) 2 A R A At X
AR—F, AT DAUCHIR S R BE A T I Mz AR 0 X 5 KU VD Dy RE AR AR , AT — & S5 i,
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