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Different spatiotemporal variations in seasonal NDVI and their climatic driving

forces of a typical grassland on the Qinghai-Tibetan Plateau
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Abstract: Based on the third-generation normalized difference vegetation index ( NDVI3g) of GIMMS and meteorological
datasets, this study analyzed different spatiotemporal variations in NDVI and corresponding relationships to climate factors
during spring, summer, and autumn in alpine meadow and alpine steppe biomes on the Qinghai-Tibetan Plateau in 1982—

2015, combining a unary linear regression model with partial correlation analysis and a significance t-test. Results are as
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follows: (1) Generally, the NDVI of the alpine meadow biome exhibited no significant changing trends during spring,
summer, and autumn; however, the NDVI of the alpine steppe biome increased significantly during spring and summer at a
rate of 0.0002/a ( P<0.05) , while no obvious trends were observed during autumn. (2) Spatially, 31.95% of NDVI in the
alpine meadow biome exhibited significant increasing trends during spring, mainly in areas distributed throughout the Qilian
Mountains and the Three River Nature Reserve, and 32.12% during summer, mainly in areas distributed throughout the
Qilian Mountains, the Three River Nature Reserve, and the Yarlung Zangbo River as well as the basins of its two
tributaries, and 24.59% during autumn, mainly in areas distributed throughout the Qilian Mountains and the Yarlung
Zangbo River as well as the basins of its two tributaries. The alpine steppe biome exhibited significantly increasing NDVI
trends during spring (44.20% ) , summer (43.09% ), and autumn (37.99% ), mainly in areas distributed throughout the
northern Tibet Autonomous Region and southern margin of the Qaidam Basin. (3) For the alpine meadow biome, the area-
averaged NDVI exhibited a significantly positive correlation to temperature during spring and autumn, with partial
correlation coefficients of 0.41 (P<0.05) and 0.23 ( P<0.05), respectively. During summer, the NDVI of alpine meadow
areas significantly correlated to temperature, precipitation, and solar radiation, for which partial correlation coefficients
were 0.35 (P<0.01), 0.56 (P<0.01), and —0.57 (P<0.01), respectively. For the alpine steppe biome, we observed a
significantly positive correlation between NDVI and temperature and precipitation during spring, with a higher partial
correlation coefficient of 0.31 with precipitation (P<0.05). Significant correlations were also observed between the NDVI
and temperature, precipitation, and solar radiation during summer, with a higher partial correlation coefficient of 0.46 with
precipitation (P<0.01). Moreover, a significantly positive correlation between NDVI and solar radiation was observed
during autumn. (4) Spatially, proportions of positive correlations between NDVI and temperature during spring and autumn
in the alpine meadow biome were 76.50% and 67.86%, respectively, mainly distributed in areas within the Qilian
Mountains and the Three Rivers Nature Reserve. Although 58.42% of alpine meadow areas exhibited positive correlations
between NDVI and precipitation during summer, only 53.69% exhibited negative correlations between NDVI and solar
radiation during autumn, both situated within the Qilian Mountains, headwaters of the Three Rivers Nature Reserve, and
the Yarlung Zangbo River as well as the basins of its two tributaries. For the alpine steppe biome, proportions of positive
correlations between NDVI and precipitation during spring and summer were 63.02% and 67.62% , respectively, primarily
distributed within the western Tibet Autonomous Region and southern margin of the Qaidam Basin. This study provides a
scientific basis for the protection of grassland resources and the management of plant-based carbon pools in alpine

ecosystems, while also promoting a long-term increase in ecologically-based carbon sinks on the Qinghai-Tibetan Platea.

Key Words: normalized difference vegetation index ( NDVI); seasonality; alpine grassland; change trend; Qinghai-

Tibetan Plateau

TR P B SOR S 4000m DAL |2 SRRV SACHR i 1) AR 1 SR LB BRI A ] LB T 9 i IX 7K B
PR SRR E A ) R CRAP R 7 55 5 R H L AR S e BRI T L 20 42 80 ARAR LK,
TR e A S AR I, T ML R R 2 T R A Bk U ER bk 4 8l DX R v [P 2 T R 2
PR TOREE” Y  AARAR R SET TR e JAT B R T R AR AT AR AR N, AR S R G T
REd o7 TR R B A R A ) A R LA S, S T A 25 AR e S AR A A e o7 L
A AR ISR BT DR B AAR DR AL A 245 28 57 A ) T A B DX 3 285 2 S X 4 R A A ) 17 ) L
PRFRBUIE 3, Rk A8 B ol s A M B IR 2 5

M e JEURE L 7090 1) DX ST S M, v ) R e R SRR P A ) A LR ) AR R R Y,
T, R P 8T % 0 A e e b A 2 R AU IR B 2 A — R S R S FRAT TR AR X sl
BRGM N EBERABE 1T HAE SR, BUAT R 22 M I P e AR 32 2R ROIR B, X AR AR PR AL

http ; //www.ecologica.cn



354 JAE = 43 %

21y 22 TR TR D W B e e = — B0 BN, Duan 251 UE B 57 28 50 ) 75 2 )9 — fh s B 46 4%
(NDVI) &34, Z 2Rk ZE NDVI AL A | = 95 5 2 NDVI AL AN 5 17 B 2 F Bk 2 NDVI & 2%
B ; Zheng 261 Ay i FE W) R A A S A 7 F0 (NPP) 8 & 340 1 B2 2 Fifk 2 NPP Gl R A5 1k, 5
FER G H B NPP 4 TCW B AE Ik ; Pang 451 & Bl JE R ) 45 2 R 22 NDVI B AN & | 1fii Bk 2% NDVI
W) 5 25 1A, e FE R R A 2 NDVIAREAN A 5, 5 2Rk 2 NDVI &8 i, ml D, v 9% i) 0 o 9 0 R
LRI ZEY 22 AT AR ANTEAE | SO AR T 75 7 B A B A A A BRI 457 O I AR ORI 4 BRI AT
BRI 58 (GIMMS) 55 = AR — A A8 £ (NDVI3g) 188%™ 5 A 80l , W L6 238 T 1982—2015 4F
TG e e FE ) R e JE U L BK R NDVT AR | B K 0 A B S8 110 B 23 A8 1 2 SRR AIE BB T 7
Pl 2 B ZE NDVI 5 TFRIER R T PIR G NDVI 23 18 A0 25 0] 22 53 50 SR sh AL, LA
Ay DR 7 v D R O v FE AR S R G VA L B ) 7 R e SRR A A TR R 2 AR A

1 MREXBRERRFE

1.1 BRI AN

1o ) T oy S e SR P < e SR b A R R L R R FE ) A T R R AR
7R, TR 6.08x 10 km? , Tl g S F J5 (AL T 75 78 e S PG AL TR , ALY 5.86x10%km*! ™ i JE B ) Jg iy €
PRI T R AR AR P ARORMR T 0°C ARk B P X7 450mm 2247, & JE R JEURTE 98 (T 5 2 XUGR
BN PR S S 2RI B, AR 3SR 0—4.4°C AR5 R /K it 100—300mm "™ 5 € i fa) 1) - HE 2 70 Sy i85
) - (FEHE 1) BEARRIEJE R Z AR L 8—10em MY SEAR NG AL % AL A 25T AU B B2 2 (Ac J2) , T
JEFBZ(AL) B R AT AU, C 232 Ha 5 WK 5 5 FE T 1Y 3 AU g vy 1 B Jit 4, e b B B A AR
Yy NFY BRI AR AR e FE A LLYR FORL R RO AR G 11 B ( Kobresia pygmaea)
JEH BB (Kobresia humilis) | fEAEF A 25FHATE 2 R (Saussurea) ZLFFZEE ( Polygonum) %5 . 1 FERL R AL 4
TR AR 5 8 (Stipa) M5 F R E & (Carex) 55, FEEF A 5 BLE B (Artemisia ) | 5B )&
( Oxytropis) %

40°N
|
40°N

30°
30°

[ — HaR VR ~ : S
— ik :
I
N seris
FTERLR 0 400 km
® HLw R

80° 90° 100° E

1 BHEESREANEEERETES R
Fig.1 Spatial distribution of alpine meadow and alpine steppe in the Qinghai-Tibetan Plateau
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Fig.2 Interannual variations of NDVI in spring, summer, and autumn for alpine grasslands in the Qinghai-Tibetan Plateau during

1982—2015
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Fig.3 Spatial patterns of significantly change on NDVI in spring, summer, and autumn for alpine grasslands in the Qinghai-Tibetan

Plateau during 1982—2015

R1 19822015 FERSRSEEME B UE NDVIMSERFREZUERSE(P<0.05)
Table 1 Frequency of significant change of NDVI and climatic factors in spring, summer, and autumn for alpine grasslands in the Qinghai-

Tibetan Plateau during 1982—2015 ( P<0.05)

b A _ NDVI _ /iiﬁ Temperaturi Iﬁzji% Precipitatii)f j(fikljﬁ 5 Solar radjition
Vegetation type Seasonal ‘E% BE ‘i% BE ‘E% 0¥ ‘E% BE
aspect /% TH/% s/ % TH/% B/ % T/ % /% TR/ %
R A % 31.95 7.12 79.76 0.71 41.45 1.64 3.98 42.81
Alpine meadow 0% 32.12 11.60 86.03 1.25 62.00 0.17 0.50 55.74
&= 24.59 16.26 92.53 0.77 19.76 5.97 16.12 13.36
(SRS #%5 44.20 7.78 41.05 16.30 89.92 0.02 38.84 15.91
Alpine steppe JEES 43.09 7.67 52.89 21.10 90.17 0.44 1.72 48.43
k% 37.99 8.91 56.68 14.61 63.15 1.27 1.45 17.62

NDVI H— L6 4L Normalized difference vegetation index

R2 19822015 FERSRSEENE B USSEEFERTUER
Table 2 Interannual change rate of climatic factors in spring, summer, and autumn for alpine grasslands in the Qinghai-Tibetan Plateau

during 1982—2015

A ] SR Temperature [k Precipitation KIHEE ST Solar radiation
Vegetation type Seasonal aspect AL/ (C/a) AL HF/ (mm/a) AFALH R/ (10°W m2 a™!)
e R ) BE 0.06*** 0.79*** -0.04""
Alpine meadow " 0.05*** 1.53** -0.08**
*ZE 0.07 *** 0.88* -0.01
e FE R HE 0.01 0.39*** 0.03
Alpine steppe S 0.01 2.82%" -0.09**
&S 0.01 1.46*" -0.02
w7 wow TR w ok s T AR RIERIR 0.05,0.01 1 0.001 K A4 S 2

Z3 (8] I 1982—2015 4FF ik i JR i JE B JE R B ARSI B 35 38 n 0 X3 3= Ay T oe s R (IR 5 R
1), 4350 o s JE 2 i S AR Y 41.05% .52.89% Fl 56.68% , T & H Rk 2 o JE 2 J5 A0 0 8 R IR0 I A 5 Lt
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Fig.4 Spatial distribution of significant change on climatic factors in spring, summer, and autumn for alpine meadow in the Qinghai-

Tibetan Plateau during 1982—2015

2.3 R[EZET NDVI 55 HE T X &

1982—2015 4F o FERL ) Fl 2y FE R )5 L Bk =R 1% NDVI (52 3025 5 .tk 3 W, i
FERA T 5, A2 AAKZE NDVI ¥ 5000 0 2 E A5G, i AH 56 R AR 0.41(P<0.05) 1 0.23(P<0.05) ; B %
NDVI 5508 | R K 2 A BE 5 S 47 52 35 AH DG | 5 R /K R o 26 558 A 4 G 2R B e I B /=7, 43 3100 0.56
(P<0.01) F1-0.57(P<0.01) , st FE 5w, B2 NDVI 55 RMFEK B 5 52 EAE, 5 K2 WA
KRBOE R, M 0.31(P<0.05) ; 2 NDVI 55 | P K i R0 A BH 5 59 15 52 0 38 A DG, S5 R /K 2 A O R 2K
i, 4 0.46(P<0.01) , Bk NDVI 5 K BHAR 5 b 3 IE ARG AHC R ECH 0.11(P<0.05)

£3 19822015 FEREESEEME B . ZE NDVI MSEEFREX
Table 3 The partial correlation coefficient between NDVI and climatic factors in spring, summer, and autumn for alpine grasslands in the

Qinghai-Tibetan Plateau during 1982—2015

ik ey ZEH NDVI-S ik NDVI-F& 7K NDVI-K BH & 5
Vegetation type Seasonal aspect NDVI-Temperature NDVI-Precipitation NDVI-Solar radiation
RIERA T 0.41* 0.24 -0.05
Alpine meadow HZ 0.35*" 0.56** -0.57**
#*ZE 0.23* 0.03 -0.06
IR B 0.18* 0.31°* 0.09
Alpine steppe " 0.27** 0.46** -0.31*
*ZE 0.07 0.09 0.11*

xR w w7 ARIERIR 0.05 F10.01 KOF Ry S

H&E 6 13 4 nf LA, 256 M B FZE NDVI 5502 FEAHCRER 0005 el 76.50% |
68.54%F11 67.86% , 246 KB /- AH & RECHE 0—0.5 Z (8], F2 Hh 40 AR T A8 Ll XA =y X, HL S 43 X Jak A2 B
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Fig.5 Spatial distribution of significant change on climatic factors in spring, summer, and autumn for alpine steppe in the Qinghai-

Tibetan Plateau during 1982—2015

B E MM I (P<0.05) , FFEH M Z NDVI 5K B2 A G HFI0 5 H R 58.42% , 5 K FHAR 5 & A ¢
fI5IC i HE 53.69% , Y948 Hr 43 A5 T34 L X | = VT35 KR — TP a0 o 1777 755 9 1 D o A0 2 308 B 2 i s X
7% NDVI W] SRR S A OG5 R PHAR S 52 IEAH DG s B2 44.61% 1 (i FE B X B0 NDVI 55 F K it 2 1 AR
5%, 5 K PH R 5 2 EA G TR & HE 61.22% , EZLAA T = TTIR X, (H4E KR/ AHSME REOR 3%

R4 19822015 FERES RS REME E . UE NDVI ISEEFREXRBERSLL
Table 4 Class frequency of partial correlation coefficient between NDVI and climatic factors in spring, summer, and autumn for alpine

grasslands in the Qinghai-Tibetan Plateau during 1982—2015

ZHH FIFEHA] Alpine meadow FIFEREJR Alpine steppe
Seasonal T AR R B % TAHOC R B %

aspect <-0.5 -0.5—0 0—0.5 >0.5 <=0.5 -0.5—0 0—0.5 >0.5
NDVI-“i #%E 0.05 23.45 70.32 6.18 0.13 40.11 58.24 1.52
NDVI-Temperature k= 112 30.35 61.62 6.92 0.60 36.33 61.06 2.01

Pk 0.41 31.73 64.63 3.23 0.49 42.12 55.49 1.90
NDVI-fK & Fo=s 0.07 36.27 61.62 2.04 0.26 36.72 61.18 1.84
NDVI-Precipitation 2% 0.17 4141 56.63 1.79 0.14 32.24 64.74 2.88

Bk 0.17 55.22 44.40 0.21 0.27 54.64 44.47 0.62
NDVI-K % 4F % 0.12 53.40 46.23 0.25 0.05 39.00 59.58 1.37
NDVI-Solar radiation "7 1.24 5245 46.12 0.19 0.96 68.30 30.64 0.10

Bk 0.09 38.69 60.68 0.54 0.03 27.34 71.86 0.77

25 [A] | 1982—2015 4 59.76% A 2 FE 5 JF X 3 2 NDVI 53R S IE ARG, E B0 76 VU 336 X b
B oA R X R SR K Z AN | A 56 R BIE - 0.5—0 2 [l 914G 5 1 40.11% , 45 b T I3 v I (&1 7 F0
F 4) ;2 NDVI 5K S IEASCRIEIC 5 L 63.02% , T840 4 75 76 8 1 1A X AL Sk R A pa 2k, B
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Fig.6 Spatial patterns of partial correlation coefficient between NDVI and climatic factors in spring, summer, and autumn for alpine
meadow in the Qinghai-Tibetan Plateau during 1982—2015
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Fig.7 Spatial patterns of partial correlation coefficient between NDVI and climatic factors in spring, summer, and autumn for alpine
steppe in the Qinghai-Tibetan Plateau during 1982—2015
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4 Zig

(1) mZER A B B NDVI SRR I ARt 3, m JE R R R Z2 I 22 NDVI 35 8 & 08 i, A8 fb i
N 0.0002/a( P<0.05) , iiFkZE NDVI ZE L34 A 5,

(2) 25 1A) b i ZE ) 2= NDVI B Z i A2 H 31.95% , S b A 7e AR L X A =R X, H 2= NDVI
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AT VEH A 6 X AL R Se ik R R 2k X, 2051 5 e 44.20% ,43.09% 1 37.99% .,
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