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Abstract: The Net Primary Productivity ( NPP) is an important indicator quantifying ecosystem status, process and
undying mechanisms due to global climate change and human activities. The potential NPP ( NPP_ ) and actual NPP
(NPP,,) were estimated through GLOPEM-CEVSA model driven by the only interpolated climate data, and both climate
and remote sensing data, respectively, for the near 40 years from 1981 to 2018. The human activities dominated NPP
(NPP,,,) was defined as the difference between NPP . and NPP . The method was applied in the Sanjiangyuan National
Park, one of the first national parks in China, to explore the impacts of human activity under global climate change. The
results showed that: (1) the average NPP . was 309.70 ¢ C m™ a™', accounting for 61.65% of the NPP, for the whole
region. For the three sub-parks, the NPP  were 249.88 ¢ C m™~ a™', 140.18 ¢ C m™ a”' and 330.55 ¢ C m™ a™' in the
Yellow River headwater, Yangize River headwater and Lancang River headwater, respectively. (2) The NPP., was
increasing significantly by a speed of 2.00 g C m™a™", which was faster than the NPP, (1.74 g C m > a™"). The speed ratio
of NPP, to NPP, were 89.13%, 90.23% and 77.43% for the three sub-parks by the above oder, respectively, which
meant the Lancang Park was most impacted by human activities. (3) In the terms of climate impact, temperature had a
stronger impact on the trend of NPP. Specifically, annual total precipitation, average annual maximum temperature and
minimum temperature explained 51% and 73% of the interannual variation of NPP and NPP . in the whole region, which
can explain 48% and 58% , 52% and 69% , 42% and 50% of the interannual variability in the NPP timeseries in the
Yellow River, Yangtze River and Lancang River sub-park, respectively. (4) Human activities had a negative influence over
the most areas and became stronger to the southeast from the northwest. And the area showing a negative influence from
human activities on the productivity changes decreased from 79.12% before 2000 to 56.34% after 2000. The total NPP over
the whore negative area decreased from —71.41 Tg C to —38.72 Tg C, and the human activity as the dominant factor
increased from 18.73% to 38.76% for the same two periods. It illustrated that the ecological protection and restoration of the
Three-River Headwaters Region have contributed to an increasing vegetation productivity, but the protection and restoration

measures should be further implemented.

Key Words; Sanjiangyuan National Park; Net Primary Production; climate change; human activities; GLOPEM-CEVSA
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Fig.1 The geographical location of the Three-River Headwaters Region and its main land covers
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Fig.2 The net primary productivity estimations were evaluated with the forage yield, that is, above-ground biomass data at the ecological
meteorological stations of Haibei and Qumalai, yet the gross primary productivity evaluated through the observations on the flux tower at
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Fig.3 Spatial distribution pattern of multi-year average NPP.; and NPPyg in the Three-River Headwaters Region during 1981—2018 and
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Fig.4 Regional multi-year averages of net primary productivity for the whole Three-River Headwaters Region and different national parks

and regional multi-year averages of net primary productivity for different grassland types
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Table 1 The statistic of interannual trends in the whole period and the two period around 2000 for the net primary productivity of the whole

region and each park in Three-River Headwaters Region in1981—2018
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Area Net primary productivity  Slope R? Slope R? Slope R?
=TIR X NPP, 1.74 0.45*" 2.62 0.31" 1.05 0.07
Three-River Headwaters Region NPP g 2.00 0.68 ** 1.55 0.37** 2.32 0.34**
T el X NPP, 2.67 0.42" 2.67 0.14 2.78 0.19
Yellow River Headwater Park NPP g 2.38 0.44 " 0.61 0.02 3.54 0.25"
T X NPP;, 1.33 0.40** 1.46 0.17 1.15 0.11
Yangtze River Headwater Park NPP g 1.20 0.52** 0.52 0.07 1.21 0.17
TR e X NPP; 2.88 0.32%* 3.92 0.19 1.87 0.04
Lancang River Headwater Park NPP g 2.23 0.35"" 0.93 0.04 1.04 0.02

wx P < 0.01; % :P < 0.05;NPPe s SBEMEN T HMHEBRIG T NPP g S AN I U3 GBS b 7= )
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Fig.6 Interannual variations of the regional mean net primary productivity for the whole Region and the each national park in Three-River

Headwaters Region in the period from 1981 to 2018
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Fig.7 Comparison of interannual trends in net primary productivity for different grassland cover types

3.4 AEAEfEEmm

P 1981—2018 A4 BRI FREK A48 H e SR ANE 3 H SRR A28 &, DA™ T h IR i £
TR T AR, T3l i Rg — VLI IX. NPP ., Fll NPP  AEBRAELIY 519% F1 73% , v] 53 Sl fff R v T K YA
VR VLIREE X NPP , (Y 48% 52% F1 42% ,NPP ) 58% .69% il 50% , W% 2 Fi/K

T 40 AF = VLI IX NPP o 22 SR A FE A, R AR Ak 1815 2R 28, 5 SR (0.47 ) PR AR (0.41)
B TR 2 R 7K (0.01) SRR Y 65.6 £i5 1 57.6 5 NPP, B Z & i SR (0.75) , S AR IR W /)
(-0.03) , —FH W TTlk 7 B2 FF K BTHK (-0.04) 19 18.4 5 H1 0.7 %, =AW X1 5, NPP o 75 B 0] 5 el X 15z
o R AR AR Y DT R B /K SR 1.8 A5 RN 2.3 %, 28 W A2 S5 IR ACTRLSE i 85 A 5+ VLR el DXO% 7 3 ik L 4 S
1Af | 2B A2 S5 v A e AR AT G (] R ) 5 30 Y VD el DX I Bk LR 15.6 50 1.4 4%, 2 e SRAE 3R
NPP ., £ =Pl IX 352 e e RS2 A K, 5 K I BTk e 43 0o 11.6 A% CECITIR) (2.7 A5 (VLR #1 9.5 %
CBVRTLIR) | I BAR R 5 Bk A Bk LRI 530 h 5.9 4% .0.6 £5F1 0.7 %,

SULIRIX NPP (JRETENT 40 A 1 18] 55 = AR L = SRR (B AE 2000 4R T 5 9 5 S SR 3
ANl 2000 4T Hi e i A AR AR 53 ) S5 oK I STk LR 66.5 A5 0.3 4%, e s A2 32 5 R i 2000
I DRk LAY B 15.8 £5 0 52.3 % Bl ATR SR T R AR T, FEAS R = X A AH E , 2000 4§ A

http ; //www.ecologica.cn



5568 A E =

i

TS R B TR LM BT 2.3 4%, K VLU 0.9 5 R MR YEUR 3.4 F5, T 2000 443 BIFFAKE 0.3 £5.0.9 f5 1
3.2 4% s M ARSI A STk EL , BTN 0.8 AR E] 1 1.4 F% KV M 0.5 FH38mE] 7 1.5 5, Wilf e
VRIX AR Al A A ), A A ik B N AT A 7 AR PR AR A R TE S0, {HLZE 2000 4F Ji5 H e SR T i, 5 1%
IR TTER L, M 2000 4ERITAY 3.4 f545 4 T 2000 4F J5 A9 —3.2 4% 5 SR 1 $5e o A 0 266 X 5 A5 SR e o [l IXC
NPP ., 52 H o I A9 2 B 52 R, 2000 4F LUS NPP 32 R AS LS AN i 25

*2 SIREXERARAERRELNENEEFNESERFESTELERRSHT

Table 2 Linear regression analysis of the standardized net primary productivity with climate factors in the whole region and different national

parks of Three-River Headwaters Region

X35 I 18] NPP, NPP ¢

Area Period A A, A, R? A A, Ay R?

EIR/-S 1981—2018 -0.04 0.75 -0.03 0.51"" 0.01 0.47 0.41 0.73 "
1981—1999 0.04 0.49 0.15 0.33 0.01 0.67 -0.003 0.44"
2000—2018 -0.14 0.44 0.12 0.27 0.01 0.17 0.55 0.48*

BT PR X 1981—2018 0.04 0.47 0.24 0.48 %" 0.18 0.32 0.41 0.58 **
1981—1999 0.06 0.47 0.28 0.41" 0.19 0.45 0.16 0.32
2000—2018 0.01 0.11 0.41 0.24 0.27 0.07 0.39 0.37

FTIRe [X 1981—2018 0.20 0.54 0.11 0.52** 0.26 0.37 0.36 0.69 **
1981—1999 0.42 0.50 0.19 0.48* 0.52 0.46 0.24 0.57"*
2000—2018 0.07 0.27 0.24 0.23 0.24 0.21 0.36 0.37

TR 78 U5 bl X 1981—2018 -0.07 0.69 -0.05 0.427" -0.04 0.66 0.06 0.50 **
1981—1999 0.16 0.34 0.27 0.26 0.14 0.50 0.26 0.40"
2000—2018 -0.28 0.80 -0.29 0.40* -0.17 0.54 -0.15 0.20

A, AFE B KBRUEILRIH 22X The standardized regression coefficient for annual total precipitation; A, ; 4535 H & = S IEAR HEAL P R AL The
standardised regression coefficient for average annual maximum temperature; A5 : AR H B ISR B AE AL 181 )3 22 %% The standardised regression

coefficient for average annual minimum temperature; ** P < 0.01; * .P < 0.05
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BT ILA I NPP o 5 AMEWEAELE 7 ) NPP  Z 25 NZETE S sgma i A= 77 J1 (NPP,, ) 3l 40 4F = 7TIR
X R -196.95 g Cm™> a™ | JEARIBAEA = F1 NPP 1Y 38.9% . WK 8 Fit/s , A5 Ak £, (H.55 ]
A AAFAERE R L5, ZR AU A Vi i P 0 v 0 114 0 T DX Sy 4 DR ) 7 5 Wi 5 b 8 88 Y W05 % G b 3 ] m 7 L
JRE v b X A TE SR TF 52 e DX AR o 4 XA A TR Y 13.84%
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Fig.8 The spatial pattern of the impact of human activities on net primary productivity in the Three-River Headwaters Region

HC . NZETG SIS G A 7= T B SRR The impact of human activities on net primary productivity , that is NPP, /NPP

SITEMRAREH XS RENHZMEENZERDHH

2000 4ER 5 NPP,, 4358 -198.36 ¢ C m™> a”' M-192.04 ¢ C m™ a™", 705! i Wk AE 2 72 /1 NPP, 1) 41.1%
H136.3% , NFIG SRR T 4.8% , XFF BN K VLR AT 7 VLR = X, A 2835 3l s i 3 SRR T
5.2% .7.5%M1 2.8% , Ho | LI VLI 0 FRAG IR 3 ok
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2000 4EH 5 NPP,, AR EE 3 51 -1.07 ¢ C m™ a ' A1 1.27 ¢ C m™> a™', Bl 2000 4 )5 NPP,,, FEPr7E 1k
SR RSN, NETEBX NPP AR AW 35 04 52 W H 07 320 0 2 A8 TE Il R R VR, B3Rl 3 Sy £ ) IX el v AR
i FE A 2000 4EFTHY 79.12% , FEAKE] 2000 4EJ5 Y 56.34% . Horh 2 4 5 Y i IX, 2000 4F F 32850 A 78 = 7T
PR AR AT VLR DX AR T 750 LA B i v L el IX R J 20 K R DX 3R, 2000 A J5 32 28 43 A7 76 R VLI el X 2348
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Fig.9 Impact of human activities on the trend of net primary productivity in the Three-River Headwaters Region

Slopeyy, : N S G 9 A 7 S AR Ak a3 Bl 2 The slope of interannual trends of net primary productivity impacted by human activities
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