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Analysis of vegetation changes and water temperature driving factors in two

alpine grasslands on the Qinghai-Tibet Plateau

LIANG Dalin, TANG Haiping*
School of Natural Resources, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China

Abstract: Alpine meadow and alpine steppe are two important vegetation types on the Qinghai-Tibet Plateau. Studying the
correlation between vegetation change and climate change in alpine meadow and alpine steppe is helpful to provide reference
for the management of the two alpine grassland ecosystems on the Qinghai-Tibet Plateau in response to global climate
change. In this study, the alpine meadow of the Three-River Headwaters Region and the alpine steppe of Ali located in the
same latitude were taken as the research objects. Vegetation changes were characterized based on the changes of Net Primary
Productivity (NPP) of vegetation. Based on NPP data and meteorological data, the spatial and temporal variations of NPP,
precipitation and air temperature between 2000 and 2017 were analyzed. Sen+ Mann-Kendall trend test was used to study
the change trend of climate and vegetation net primary productivity in two alpine grasslands. The effects of grazing activities

on the vegetation change of alpine grassland were studied by using the yield of beef and mutton in county statistical
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yearbooks. Through Pearson correlation and partial correlation analysis, the variation trend of precipitation and air
temperature on vegetation NPP and the difference of precipitation and air temperature on NPP of two alpine grasslands were
studied respectively. The results show that; (1) from 2000 to 2017, the annual average temperature in Three-River
Headwaters Region alpine meadow and Ali alpine steppe increased at 0.085°C/a and 0.084°C/a, and the annual average
precipitation increased at 3.87 mm and 2.23 mm, respectively. The warming and wetness rate in the alpine meadow was
faster than that in the alpine steppe. (2) The NPP of the alpine meadow in the Three-River Headwaters Region and the
alpine steppe in Ali showed a decreasing spatial pattern from southeast to northwest. From 2000 to 2017, the NPP of 57.7%
of alpine meadow vegetation presented an upward trend, while that of 50.96% of alpine steppe vegetation showed an upward
trend. The NPP of alpine meadow vegetation increased more obviously than that of alpine steppe. (3) The alpine meadow in
the Three-River Headwaters Region and the alpine steppe in Ali region were less affected by grazing and more affected by
climate change. (4) The NPP growth of most alpine meadow vegetation in the Three-River Headwaters Region was
significantly positively correlated with air temperature and negatively correlated with precipitation. The NPP of alpine
meadow vegetation was mainly regulated by temperature, while the NPP of alpine steppe vegetation in the Ali region was

controlled by both precipitation and temperature.

Key Words: net primary productivity ; meteorological factors; correlation; alpine meadow; alpine steppe
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Fig.1 Sampling points, meteorological stations and elevation distribution in the study area
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Fig.2 Linear fit between NPP data and measured biomass data in the study area
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Fig.3 Annual average temperature and cumulative annual precipitation changes in the study area
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Table 1 M-K test statistics of NPP trend of two typical grassland

TR NPP Sk B A% % %

Grass type NPP change trend Number of grids

5 FE ) (S VLIRHLIX) Sen>0, 1Z1>1.65 397046 13

Alpine meadow( TRHR) Sen>0, 1Z1<1.65 1365084 44.7
Sen<0, 1Z1>1.65 198220 6.49
Sen<0, 1Z1<1.65 1093517 35.81

1o (] L X ) Sen>0, 1Z1>1.65 450892 12.62

Alpine steppe ( Ali area) Sen>0, 1Z1<1.65 1370021 38.34
Sen<0, 1Z1>1.65 356470 9.98
Sen<0, 1Z1<1.65 1396089 39.06
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WA LTS 1 FE AR NPP JF A R AR T a3 N2 B — 2 P s AR b, 38 Gtk Il I 4
AL R* A 0.0352 M5 R £0-0.187(P>0.05) , 7EFTH HBIX ,2000—2014 454 £ P 7= i S B o BT,
2014—2016 4EA4-2E R = i BT B 3 Tz X 2 FE R R A g NPP AR AL I3 A Hh 3R B i A8 A ka4 34y
AR5 (2014—2016 4F ) A fbila A5 4 2L R P= AR b A [R], — B Rk RIS LR RP M 0.0256 , FH O R %1-0.16
(P>0.05) ( 8) . MAHSE R BT AT LA HY |, JCHA0oH B Xof P o s € R R . NPP 389 58 SVERT (R i 38R
B (r<=0.2,P>0.05) , ANJE55 M 5 i i € S A 9 A8 f i 2R &R
2.5 AP FERLHL NPP S50 KA R ST

A3 S PR R ZE R NPP 5 R AR /K AR L E A7 A 56 R IR AH 56 43 B, A 2G5 A 6 3R B0 /N I et
SRR RO YE NPP SN 207 012 TR R4 R R g AE K i s mg 0 | 2000—2017 4E
Fofr i ZE R NPP X AR K Al w7 22 55 0 2 9 HLARAH DS A B8R I B 4 AR SCHE 3 (|1 9)

AL M5 R | B FEFLfm) NPP 5500 &2 B3 1M O XA R 7 = VLR b IX PG A% IR AR T 2 2 B,
BRRIEACIX 5 L 48.14% , Mi7E AR FFP IR B 208 BATH R B W 2 I A ARG, SZERE NPP 5 R 2
ik 25 TR G DX AR 7 BT L DX AR B el 0 B AEEE (E 9) o AR PR B NPP A 52 M A7 E 25 1] 22 577, 7
1o FE LA X AR ARAIC I S NPP IEAH I RECHR A, T 78 2 2E 00 J5 X AR X 4 = b X 5 NPPIE AH G R U
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Fig.8 Changes of beef and mutton yield and vegetation NPP in two alpine grasslands

Ko NPP SFEACH B3R, B ZER X NPP 5 B K 5 1E AR O T AR L 49.01% , 1 5y FE i fa] [X. NPP
EjREK S IE AR SCHT AR 5 L 20.37% .,

TRAR A A M 4 S I  FE P thl A K AN AR | i JE ) NPP 5/0IR AL 3 IE ARG, 1 A HEak 64.9% , LA
KAEITHT 48.14%FE 151 16.76% (& 3 FIFE 2) M AHICAE 7341 % 44 il B 7K BIF 9 T 88 X 25 € B 1l NPP (1452 1) 5
R, U AR =T IR L X AR i B R A H B AR B L E B AR S = FE A NPP 2 B R E, M
FEZ T e FEL DX O U] B AR ALk B 3 L v R 0 b X IR 5 B NPP 52 I 35 TR ARG, ik 49.91%
(F2), [FFE, BT AIRAAEXT K S S A e NPP JEAT O AH DG 43 M7, 45 5 26 B AE — VU5 R 43 X, R
K S FERARAEGE NPP A2 10 35 IE AR OC , AH SR R 30 S rhif G o L35 2 B ORH OG1, f Lhak 77.92% (3R 3) 5
76 VG R TR AR AR T B 2= 22 B DU GBI AR Yo A /0 1 X T AR G, B S TR AR DG P 1 AR b 22.89% (3£ 3)
By Lt IX R 7K 5 B AR B NPP i AH DG 3 B 2R ITAL IS B sy B rb S it fl 2 TR A DG, e 0] L g b e /K 5 2
i NPP B IEAHSENE SRR IEA SR AL Yt 47.76% (£ 3)

*2 WHEEEM NPP 5ESRMEX ST
Table 2 Correlation statistics between net primary productivity ( NPP) and temperature of two typical grasslands

(IS

RIS LEPSEN o R 53 L/ % _ . B 53 L/ %
. - Partial correlation
Grass type Correlation coefficient Area percentage .. Area percentage
coefficient

T FER ) (=TT HHBIX) 0<r<0.3 33.51 0<r<0.3 42.23

Alpine meadow ( TRHR) 0.3<r<1 14.63 0.3<r<1 22.67
-0.3<r<0 40.18 -0.3<r<0 28.15
-1<r<-0.3 11.68 -1<r<-0.3 6.95

1R FE TR (BT FL X)) 0<r<0.3 34.32 0<r<0.3 35.68

Alpine steppe (Ali area) 0.3<r<1 13.86 0.3<r<1 14.23
-0.3<r<0 37.56 -0.3<r<0 36.28
-1<r<-0.3 14.26 -1<r<-0.3 13.81

TRHR; the Three-River Headwaters Region
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Fig.9 Correlation analysis of NPP, temperature and precipitation of two typical grasslands in the study area from 2000 to 2017
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(5% TF A L 2 A S A e . 1980—2010 AF S X454 | TF 0.06°C 6 125 5 T 4F S 45 K B 43 3]
PSR4 434F 3.87 mm A1 2.23 mm 3RIG AT A Lok 0 25 0 T 5 A T 8 S 1982—2013 AT 2y ARAR [ K 34
J10.96 mm 5, iX F2 B 2000—2017 45 Fa] HL 5 = 7T Y5 Ml X192 Y58 Ak 0 26 8 1 77 9 s S 247K F T b -l o
A2 H = VTR /55 FE ) X4 VP o B I o L R el DX e, 1T B R 2 2000—2017 4F = VT3 1=y € B fa) IX.
[Fi) Fisf 52 v 4 85 G XL R i T 2 X ) S i 38858, S 3k AR e A 2 4

®3 WHEEEM NPP 5RKEXEST

Table 3 Statistics of the correlation between NPP and precipitation in two typical grasslands

(ELIEEN

B A A AR A E 53 e/ % . . [ AVER gE )
. - Partial correlation
Grass type Correlation coefficient Area percentage .. Area percentage
coefficient

T FE R AR ( = YTIRMLIX) 0<r<0.3 17.22 0<r<0.3 17.76

Alpine meadow ( TRHR) 0.3<r<]1 3.15 0.3<r<1 5.13
-0.3<r<0 30.14 -0.3<r<0 26.02
-1<r<-0.3 49.49 -1<r<-0.3 51.09

14 T (BT HL I X)) 0<r<0.3 35.98 0<r<0.3 35.83

Alpine steppe (Ali area) 0.3<r<1 13.03 0.3<r<1 11.93
-0.3<r<0 37.12 -0.3<r<0 38
-1<r<-0.3 13.87 -1<r<-0.3 14.24

3.2 PR RHACE NS S S R L

BIF5E P R FH Pl v SR8 el A 3 PR i R U D0, — 58 R B S Il 24 Ml T A sl 3 . AR5 2R 0 A
TR DO JE B HE M X 5, B = VT IR XA NS SR B 4 RO NI sy e ] L [X 5 B R
(ELTAA b o5 S e AR NPP A2 Ab T B2 SARAZ AN, OBGE S/, X5 — e FE ST A5 AL, =T
WA TR AR X 2 e = VTIR X R — R0 A A A TR o v € i fel WL 4 NPP HAT —
SESENA, F2 B e = VTR E 520 Bl XA, 2 L0 A 1T X2 DX 3l AN 2K 8l A 2 A 0 A 28 A5
HEFTRT HEAIFSE | e BRI ATt OO0 14 R 7 i 32 LN 1) o A 7 ot SR AR A A A W) | R ] = VR[]
SN Pl A S R AP XA A A T B2 AR AR, ARG SRR/ PR i T8 S AR NPP A8k 52 i
FANIIE BN, 2 AR
3.3 PR EFE R A B NPP B AL 5 AR A AR S 25 S o B

A A 555 i A 5 20 B A Al T2 8 e T e A A 2 B DR R T o K R RS ey SR e ) A
NPP A2 VE FH AN B 4 | 5 58 7 AR 6 = 3l DX 0 0 38 7 ARL O I e 4 SR 5 R SR 4 ) A 45
R 2 AR Xiong 5 AF 5T 45 B0 AR 5 0 = VLR X RS 4 NPP 360 ) SC 2 B T 45 1 AL, Bai
SR B I AR A B T = VLR S R N, AR R B ARG S P R AAE X il
DX R 5 v e F A AL NPP 5L I 38 UM OC , T R D AT ey SR i £ T 1 — i K S Bl A9 B I ik H
SRR ], DRI A B A 255 e S ol 2, e ol =l ) e T e s P o A A Y T2 Bl R TR 3R %
K 22— R b 20k i FE R AR A A R AR B P o LA B8 R A A0 X o 2 AR ) 532 i 7 T L o
B X AT A B B0 45 R M5B AN J2 8 T B SR NP P I OB PR A i 32 A0 e 7K xo e 28 B J A
B NPP 3G AR 2 (L2 IEAHSE b HE 0 499% 22 47) o — T3 T Al AE 2 Bl HEL i DX 3t B AR X B v, AN =TT
DR 13-l DXt R st Ay A A K O B PR A PR 3R 5 53— T I P 3 X [ /A AR X B =2 A A K 52 30 B AOAS JE )
30, ANRES A TS A AU B PR (e B A B AR A R DR Y DX e FE A K A DR B S N
TN TR R AR 5 7 -5 P, 7 o HEL ey 528 W e DX 200 T el i S AR A 0 7 5 DR

ARSCRIFGE T =LY o 2R ) 5 o] L v R B JEA B NPP AR Ak R R R IR Bl K7 25 57, O 75 R oo JiR A M
PG AN R e SRS S S B R, RIS A B St 7R — S8 A R LU AR /K R AR U P 3R
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R FHR 5 22 53 /N AR 7 TR P 8 2 S5 0 AL A KR WD 5 7 AT O e X e SR8 e el AL O ) 52 i) PP R EHE
SLIIORE = N A SIS SR SAE B NPP X FUBTSE , A7 A ANBE M 5 X T = T30 o] B XA [ A 2
PRAP TARESEHE XS PR i FE R ML NPP P AR 2R B Z AF 5T, 45 T R MRS N Z S RS B U2 e AR 7S

I T REIL RIS P i S R M NPP AR 52

4 #Hit

AWFGE FZEERAT

(1) =35 e SR ) - o HEL g SR8 e i DX A A T 22 382 A 3, L = V05t DX 308 5 S A o L 3l DX, (2)
S e T ) R HL g SR SRR A NPP K 5k AR R 1] PG b 326 D s TR S 5 = 5B B B X e R
NPP 34 1t 25 DXPAA7 T e A AT B A R ARG B DX I, L iy T e f A NP 3 3 B A vy 8 e JRL X A
(3) WA o ey 2 B M AL IS AU A2 OCBOR AN TR, 52 SRR AE MR . (4) ARl e S R AL B NPP S L3R
IR R 22 5 B 0, SR R AR FE B A B NPP 3 SRR IR, B K 18 22 %o = VL5 A I 30 vy 54 2 ) A
B AT —E IR 5 TR T i R AR, T A7 i G ] 2 2 v 2 e SRR A NPP B

Bigt: NPP Bk I8 T [ 5 e R Rk BE o0 (hitp - // data.tpde.ac.cn)
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