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Spatial-temporal change in vegetation Net Primary Productivity and its response

to climate and human activities in Qinghai Plateau in the past 16 years
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Abstract; Based on MOD13Q1-250—m resolution- 16—day synthesis NDVI data for the Qinghai Plateau from 2000 to 2015,
by using the improved CASA model, we estimated the vegetation net primary productivity (NPP) of the Qinghai Plateau,
analyzed the characteristics and regularities of NPP spatial—temporal variation, evaluated the correlation between NPP and
meteorological factors, and explored the ecological effect of ecological protection project in different regions. The results
indicate the following: (D The average annual NPP in the Qinghai Plateau is 242.50 g C m ™ a”', which is high in the east
and south and increases from northwest to southeast. (2) During 2000—2015, the annual amount of NPP increased stably
from 53.24 to 96.56 Tg C, with an annual growth rate of 1.32 Tg C/a. 3 The warm and humid climate is the main factor
affecting the increase in vegetation NPP, and precipitation and temperature are significant factors in the inter-annual
fluctuation of NPP in the Qinghai Plateau. Additionally, in different areas, the factors controlling NPP growth differed. (4)
The implementation of different ecological protection projects has a varying influence on spatial-temporal patterns and inter-
annual trends in regional NPP. Among them, the annual increasing trend in NPP in the Sanjiangyuan region was the most

obvious, followed by the Qinghai Lake area, Eastern region, and Qaidam region.
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Fig.3 Spatial distribution of the annual average NPP, precipitation, solar radiation, and temperature in Qinghai Plateau
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Fig.4 Inter-annual variation of NPP precipitation, temperature in Qinghai Plateau from 2000—2015
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W T 3T AF SR AE X Ll X T R Y — R A A S0 5 i T AR A B A AR Sk, RIS, 4R NPP S4ERRK B 4R
PIRAS AR AR SC A M 2 B A, NPP 455 i DX, SRS R KR AR 38, A A% 1) BV A P 2o I8 R fo R
WAL ET A EOHAER  ATTA T NPP AR 2R 5B AR 0 NPP A% 25 (1) X 385 %8 2 b 43 A 1 2075 96 090 b X 1) 48 3%
LB AR 3 AR S DX A LR, LA A YR DX BT R X 8 20 0 X dak , NPP A9 AR 6 ] B -5 3k B 18 A\ 2306 3l 52 i)
A5, LA AT RS A AR T AR AL BAHXT I 5 A — 2 Mo R P04 NPP JEAER A2 (1 X I 32 224 T 4635
R ML DX H S AR A b DX A 1 L A X BRI, DA T R i SR TR 22 L RRSE L — AT B R M
) FE M | = FE LR AR X, ZF L ITIR T i BT A A S IR BE W 4, R XA A TR AR A A
NPP (AEBRASL 5 7K IR AR AL FEA ]2 | B K s (W 3 S AR B2, 8 A R g A 4 A B NPP iy 3
Jn, RS F A AR5 ARG SR B R AL (4 X NPP A R R
3.5 FHIFEER NPP 55 %N & BYHE G

HEBE NPP 5 R K B AU B R BHEAR S (A A G A 2 B S A G R 8043918 0,059 ,0.099 F10.018
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Fig.5 Temporal and spatial variation patterns of NPP, precipitation and temperature in Qinghai Plateau from 2000 to 2015

(FE6), SIS DX IR 5 5 DX T R L ] 43 31 R 26.17% ,30.45% F1 20.5% , Horpr I 35 15 AH & A X 3k
A BFSE IR AR F 43 3K 25.16% .29.77% 13.87% 5 5 AR KT AR L4351 9.49% \5.22% F1 15.17% , . % it
FHOCTEIFRCA 8.53% \4.58% il 13.87% , i W e 4 75 1 oy J5 =040 [ W YAk i Ak, 38 B /K o3 5 IR BE 45 F Iz 58
JE R IR SR | T I R, NPP B EE IR BN

FE B NPP SRR & SR AR DCHE (i — PR R W (18 6) , iR SR AN B L T, B /K & 5 NPP
L0 UM X3 BT 6.519% , 52 8 3% TE AR G0 DX 38K R B30T 7% , 8 I — i 305 5 VI PRl P, R /K R A 388 2 T g
S PEE MK AZ IR, R TSR B RS T AR Z 0 H BRI, AR RO AL B
5 T B NPP (BB AR R K AR T S NPP (W AH SRR AE — 2 R 3l R4S A S 3 1 A
KR A B B K 2 B, /N BBl 43 B T e R S v A 4 S NPP R B4 B AR

AN R IR S A AT 25 SR R W (3R 1), 7 SR A M X 3R 75 0 08l [X % = V0 M X, 3 B J2: X 3, NPP
BN R | MR T M X /K 52 NPP FUR A R &
3.6 TR NPP 43 (R AR (05 A 28 T AR AU

PR T 1 o DA% X S S R 5 F R TR SR ) AR 225 BT Bt Be R e o A B BN BE (R
2) , DA HT 45 XSS ] B BE AR BEAT NPP AE Ak B AR 25 TRERIUN
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Fig.6 Correlation and partial correlation between vegetation NPP and climate factors

F1 NPPESEEZRHEXMEERES L
Table 1 Correlation percentage of NPP and climatic factors
X 35k (BT RKRME FoME FHE
Different areas Correlation Max Min Average value
T i Qinghai Plateau [k B 0.933 -0.904 0.059
iR 0.960 -0.881 0.099
K BRI S 0.941 -0.948 0.018
Wk e 0.907 -0.947 0.008
A i 0.946 -0.873 0.096
I XSGR AR X Rk ik 0.912 -0.904 0.012
District I Qaidam region iR 0.934 -0.797 0.035
IR B % S o 0.883 -0.877 0.02
R ok 4t 0.890 -0.900 0.009
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a3k

X 35k HXRLR IR KAH /M FHE

Different areas Correlation Max Min Average value
A 0.932 -0.850 0.037

I1 X R W] b X oK & 0.902 -0.902 0.053

District 11 Qinghai Lake area iR 0.919 -0.833 0.052
K BH 8 S 1 0.923 -0.840 0.032
Wk e 0.906 -0.937 0.013
SIRE 0.912 -0.843 0.043

T X =T X KK i 0.933 -0.879 0.056

District III Sanjiangyuan region Sk 0.960 -0.862 0.112
PNIELET R 0.941 -0.948 0.011
ek e 0.901 -0.947 -0.003
A 0.946 -0.860 0.109

IV X 7R IX Rk & 0.917 -0.806 0.141

District IV Eastern region iR 0.853 -0.881 0.036
N 0.903 -0.800 0.054
Wk e 0.907 -0.855 0.073
A 0.835 -0.873 0.035

WK R AR P90 NPP 5 R AR 66 &

*2 BESEREERREESIESEMNRS

Table 2 Division of ecological engineering implementation stage of different regions in Qinghai Plateau

_ A RSB a
AR X 45 Ecological engineering implementation phase
Different regions
A BB Stage A /a B BBt Stage B /a
SEIRARHIX (T X
Kl_jﬂtl:( l:) . 2000—2008 2009—2015
Qaidam region( District I)
PRI X (11 1X)
2000—2007 2008—2015
Qinghai Lake area( District II)
SR (T X
! ._J’E" HhIX ( Ky 2000—2004 2005—2015
San jiang yuan region( District I1I)
ARARHBIX (TV X
ARHRIBE (TV 1) 2000—2004 2005—2015

Eastern region ( District IV')

ILSETEAHRIX . 2000—2015 4F | 1% X 4E NPP 7E 4.91—8.79 TeC Z 0] (& 7) , o5 7 i 5 5 BB 10 7.72%—
10.56% , J& T 16 25 7 A NPP B fIC I X 380, WFSEIT B, 4F NPP R334 AR BRI K 2 0.09 TeC/a, BAETS
IR TR, AT RS A BB (2000—2008 4F) & = b pk T8 " K ILE R B bR T/ 0 SE it
)4 NPP & B EHIIN AR PR K A5 0.22 TgCra, R T8RS B AR 28 TR S0 B B B (2009—2015
AR N PSR B BINRIA: 2550 H SE B B, AT A BB, A NPP S s B AR FR AR LR -0.11
TegCra,

ILFRF5 VAR ) b [X ; 2000—2015 4F | iZ X 4F NPP 7E 9.45—16.89 TgC [0], £ 5 75 1 i JR A H 15.09%—20.
98%., 16 4E[],4F NPP S hmash AEBREINA 0.13 TeC/a, B AEDS RG AP —EBEWE S0k, £8
AR A Fr B (2000—2007 4F ) S22 X E 59 F SR PR Xy 5 900, LR = b drpk” |« RIRMRBE IR
PRy TRESCHE Y B, KRR A A A e i e A (A 1 AE 8 R FEWEAE NPP 2 0 K AR AR fb R
ik 0.31 TgC/a, fm T 16 A H3ER A s AR TR S B BB (2008—2015 4F ) & 5 MRl i il A AR PR AR 4
HEAEIRH A B Lt AEPRIS R Y 0.12 TgC/ a,

L =TI IX G2 XA R 75 96 i JR A A5 R 4 TR S0 5 A 18 1) 7 0 X85, 2000—2015 48, 4% NPP 7% 37.
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ooz T ——e—— 2000—2008
or B:y=-0.1126x +234.46 A' ;ggg:ggig
Ary=02227x - 439.1 R2=0.1735
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4r F e #:(2009—2015)
-------- 2 E(2000—2015)
2 1 1 1 1 1 1 1 )
1999 2001 2003 2005 2007 2009 2011 2013 2015
18 ¢
y=0.134x - 2544
16 b rR=on8 ST AA X
14 b - S RSy - SR - ——— 2000—2007
"""""" —=— 2008—2015
12 A 2000—2015
B:y=01193x-22493 . , _
9 10} J Ay=0308c- 603.01 R — 00341 Af(2000—2007)
iy RP=01284 T e %4:(2008—2015)
& 8F e % HE(2000—2015)
Z 6 L L 1 1 1 1 1 J
g 1999 2001 2003 2005 2007 2009 2011 2013 2015
S}
= Tr $=0.873x - 1697
7 X
Z 60 SRR S et iy X
“ =N Ty S —— 2000—2004
o b ATApE AT —&— 20052015
B:y=0.1369x - 216.83 A 200072015
y=0u. X — e ) _
40 Ary=2.7314x - 5419.1 R = 0.0081 Zeftk(2000—2004)
R2=04707 s %1:(2005—2015)
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12 r
3=0.103x - 199.1
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T Ary=0.8299x - 1653.5 A 20002015
6 R2=0.5244 B:y=0.0012x+65147 ------- %1:(2000—2004)
R=6X10°  eeeees 4 HE(2005—2015)
e 2 1E(2000—2015)

2 1 1 1 1 1 1
1999 2001 2003 2005 2007 2009 2011 2013 2015
My Year

7 ARRKEE NPP BB
Fig.7 Changes of annual NPP in different regions

97—66.88 ToC Z A1 3, o5 75 1 i A B9 67.27%—T79.16% , 275 13 5 JFLAF NPP fRe i b B AT, 16 4F
1], 4F NPP 15 0.87 TeC/a, Ji 5 16 = JFL G 1 58 f i 1) DXk, 1 B ZE 28 TR e U — 8 I sk, IX 3B 2
PR EE T AR KR A B ok 3, RS TRESEHE A B BE(2000—2004 4F) 2 25 TR AT, X — i 1) 4F
NPP P K A AEPRIG K R 2.73 TeC/a, B 3E = TR B B A8 TR ST B B Bt (2005—2015
AP SEHE T VLIRS R TR —, 4 NPP 390, AR PR KK 0.14 TgC/a, HiHr,2005—2012 4F, 4 NPP i
F T 2000—2004 4F  JF7E 2010—2012 4R BEIAEI 1 3 5 TAEAEKF-, 16 4FH], =VLIRHLIXAE NPP 19281k 5
— RGO R B St DA S AT O B T AR St SBARAUN B VAR O A BB R R EA F AV
VAR AR S DX AR AR A S B — s R R4 ] R A RS DK RS R G ) R T R
S la] e, S r BB A AR A IR, R, 75 AR 5 A M A RIR R W20 T 9 NPP 15 34 2R
K254,

IV. 7R3 IX . 2000—2015 4F  4F NPP 7£ 5.02—9.64 TgC 2 [0], b7 75 i &5 B E 9.42%—12.63%, 16 4F
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6], 4F NPP 4EPRIESIA K, BRI IS S AEFRIE KR 0.10 TeC/a, 2 I A A TRE DL K UK A 214G
e A AT HERE NPP B9 R, AR TS A BB (2000—2004 4F ) Sy K AASEIR B I AR TR S it 174 0 psf
B4 NPP AEFRHG K %35 0.83 TeC/a, A A4 TR0 A e 2 5 2B 8 TR S B By B (2005—2015 4F) | 4F
NPP JEAfE SR @ A S KRN 0.001 TeC/a, W22, ZICBFP AR TR « KARMGE TR TR L EHR
BEAMBR LI TR F il =TLIE AR XA S R A 15 55— RO AR SR TR S, A s
THEIGE RS HZ R LW RN, 4E NPP AR shi K, H 32 B S0 TR St it BUAR 55 7 B 1Y)
SN AN [F] X BRAE NPP 404 S AR PRAS A #a 3 2s S W 3, — VLR XCAR NPP L H G 385 o B Bk, B 75 16 08 1
X ZRFARHBIX IR 2, SR AR Hb X 2 75 1 5 JAT: NPP 3 518 1) X s,

4 it

(1)2000—2015 4F | 7515 &5 J5AH DL NPP 2453418 242.50 ¢C m™ a™', S R = PO, 1 s LA, i P b )
PNEpC St prih s (i) SE N

(2)2000—2015 4F | i 5 5L AF NPP 20 A 78 53.24—96.56 TgC, 4F NPP HSFFahn  AEFriE K 5 1.32
TeC/a, PR FFE 2 2

(3)2000—2015 4, ¥ 1 = JFA 4% NPP 4EPRIG K 0.70 oC m™ a™' WA S RBE B A5 | JRrils X 384T
A TRARARAS . 4F NPP R AR 22 RiE 2 BEARRRE R W Ar e T o i 7 I e I B b b T R
He 354 :0.38% 1.11% .57.28% 9.18% .6.96% ,

(4) AR AR BRAL A R FARD AR S NPP 380, KoK OB FE A 1E 2 7518 & IR AE 9% NPP 4R
PRy s 2N 1, RGN R XA R XA NPP S fE e — 2 25 57, IR B SRS M 48 ik Kb X 3R 75 i 18
i DX e =TI XA B, NPP Y OGS 22, TR 7K &5 i AR b DX A 6 NPP (9 CHE R R

(5) A= AR TAREAY St , X AN [F] X 38 NPP 2 [ 4% 5y AR [FIRR L 520, BF9TI0II] =TT
JEHLIXAE NPP AR FR b3 W AT I X AR IX R 2, 5858 A Ml DX 2 75 165 157 JRLAF NPP 3K B
P 1) X3

ABGASHEHE NPP XA R R AL Az SO TRE S R0 8 T 20, 1l NPP AL & B4R 5 A
FHRBLREVEMEE R & — A E A2 ra W AR S #E R 7R S SR o vh B i — 20 3 20 40 B A
NPP 555 AN RFRRZEBFCE R, DEEMAETRELTT NPP 125 2840 1% sl AL ]
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