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Abstract; Quantifying the effects of hydrothermal fluctuation and land cover changes on vegetation net primary productivity
(NPP) is of great significance for the terrestrial carbon cycle and its driving mechanisms. Based on time-series NPP and
land cover data derived from the Moderate Resolution Imaging Spectroradiometer ( MODIS), as well as ground-based
meteorological data including monthly mean air temperature and precipitation, this study quantified the spatial and temporal
changes of vegetation NPP from 2000 to 2015 in Northeast China using the methods of correlation, regression, and spatial

analysis. Meanwhile, the relative effects of hydrothermal fluctuation and land cover changes on vegetation NPP were
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examined. The results showed that the annual NPP increased with fluctuations, from 369.24 ¢ C m™> a™" in 2000 to 453.84 ¢
C m™>a'in 2015, averaging 412.10 ¢ C m™” a™' over the past 16 years in Northeast China. Overall, vegetation NPP

> a”' during the study period. Spatially, vegetation NPP values were relatively

increased at the annual rate of 4.54 ¢ C m”
higher in the east and south areas of Northeast China than those in the west and north areas, respectively. In the whole study
region, a slight increase in NPP dominated the NPP expansion trend, accounting for 45.9% of the total study area. There
were evident discrepancies in the values of average annual NPP among various land cover types from 2000 to 2015 in
Northeast China, with the highest NPP of 400.34 ¢ C m™> a™' for shrubland and the lowest NPP of 300.49 ¢ C m™ a”'for
grassland. The annual NPP was distinctively correlated with two hydrothermal fluctuation factors during the study period.
The correlation between NPP and temperature was not significant, whereas NPP was positively correlated with precipitation.
Hydrothermal fluctuation factors made a larger contribution to the total NPP changes of different land cover types than did

the change in land cover from 2000 to 2015 in Northeast China, with respective contribution rates of over 70% for both

forest and cropland.

Key Words: net primary productivity; MODIS; hydrothermal fluctuation; land cover change; Northeast China
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Table 1 Statistical information on data reliability of MOD17A3 NPP during the period from 2000 to 2015 in Northeast China
NPP $odla Bt et v {5 BE ST o DXl 1 AR £

ARy Area proportions of NPP data reliability among four different levels/%
Year 5 H {[iS SR
High Medium Low Inversion failed

2000 47.1 50.2 1.1 1.6
2001 39.9 57.6 0.9 1.5
2002 40.0 57.4 1.0 1.6
2003 46.8 50.9 0.7 1.5
2004 40.3 56.9 1.2 1.6
2005 45.6 51.7 1.0 1.7
2006 54.7 42.9 0.7 1.5
2007 58.2 39.3 0.8 1.6
2008 45.3 52.2 1.0 1.5
2009 55.3 42.5 0.6 1.6
2010 44.6 52.8 1.1 1.6
2011 58.7 39.2 0.6 1.6
2012 55.7 42.1 0.6 1.5
2013 41.7 56.1 0.6 1.6
2014 56.5 41.3 0.5 1.5
2015 44.3 53.3 0.8 1.5
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Fig.1 Comparison of MOD17A3 NPP with field observation in
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Cm™?a'(P<0.01), ZRICHEXAIHE NPP AEBRAE (L] LISM A =SB B :2000—2005 4EAE B NPP L850 8 F T
R NN 66.04 ¢ C m™? a™' ;2005—2010 4EAE B NPP i B8 2 4R 248 1 F ik 3h, 28 Ak 7 Bl 7 356.25—
435.28 ¢ C m™ a™' ,IF7E 2007 AR B/ ME, 8 356.25 ¢ C m™ a™', kb 16 4FF-3% NPP {IX 14% ;2010—2015 4
fE B NPP 2 b b i KA BAE 2014 45,2 463.83 ¢ C m™ a™', Lk 16 4FF-3 NPP & 13%,,

F2 FiXER NPP HESUMEHREREX L

Table 2 Comparison of mean NPP values with previous studies in Northeast China

BiE ik

Data/Method MOD17A3 CASA CASA CASA BEPS GLOPEM-CEVSA
it [f] Period 2000—2015 2000—2013 1983—2012 2001—2010 2003—2012 2000—2008
JLFE Area At X ARt HEIX At IX RIL=4 At X ZAb X
NPP ¥J{H Mean NPP/

Do 412.10 489.68 100.00—700.00 306.64 550.00 445.00
(gCm™a)
SCHk References AT F NS EARS P I i [40) B g2 TR [ e L41)

CASA . 5 IX A 8% 15 A2 7= J1 B Carnegie-Ames-Stanford Approach ; BEPS: It 5 4= #5 4 #2 4% %Y Boreal Ecosystem Productivity Simulator;
GLOPEM-CEVSA ; A= P 83 38 1 [ A Al
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Fig.2 Interannual variations of vegetation NPP from 2000 to 2015 in Northeast China
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Fig.3 Spatial distribution and temporal trends of the average annual vegetation NPP from 2000 to 2015 in Northeast of China
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[ 41.6% , B4R H e R /INL 22 DI R AR P L X450 X 2 X IR e 680 g ZRbK , TP AR It s X bk Al K =
B PRI R IR A3 T DLAE K AR AR A AR K T R O AR R RCR U A 7 B AR
U, AR XA BE NPP 5540 S22 07 RH DG 1) X AR 5 2 TE A G A DX S A R AR R A C M 1B 3

2000—2015 4F-ZR b 1 X 248 FCHR 73 Hb IX (1 4735 NPP 547 8K f2 2 (8] 2 1EAH OGS &R, IEAH 56 R B K (E N
0.95(l 5) . 4F34) NPP SAERE/K it 52 E 800 1) AR ik 81.3% , F B MAE NS TR IX SRR, £2

http ; //www.ecologica.cn



&
H

7740 H Eire 40 4

500
450
400
350
300 —m
—A— A
250 | —@— il

—o— K&H

200 I I I I I I I I I I I I I I I I
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

4y Year

R R A= J) NPP
Net primary productivity/(g C m2a™")

4 2000—2015 EHRIX AE LB R L BEW NPP £ FREW
Fig.4 Interannual variation of vegetation NPP among different land cover types from 2000 to 2015 in Northeast China
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¥ NPP 5 AR Rl 5 SRR G A DX I rP T 2R S LB AR i T T Xl = AR I TR D bR, i T M IX A I
T, WK 22 S B K AR R JCHE BEA T A VP I, B WA 37 73 MUK 73 A WSO DT AR ) 2 1R
HAZAMH] . FPAFEL NPP 5 K i A IEAHSCHB XA = T NPP 57l 9 SO SC M IX T AR, e IR b il XA
B NPP 5K B A A S B3
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Fig.5 Interannual correlations between vegetation NPP and temperature and precipitation from 2000 to 2015 in Northeast China

2.5 KNG SR 4 b 5 AR AT A B NPP AR XS BTk

A [] i 381 7K A 2 R - 8 s 7 A X6 2R b b XA [RIAR 4 2 A8 NPP S 1Y) 5 1) 2t I DT R R & R
A4,2000—2005 4, 2005—2010 4EF 2010—2015 4F 7RI IX K B B0 A [F] + 78 55 255 NPP S & 48 4k
B DT kG v T - 7 55 AR A BTk, X BRI AR H () BTk R A48 B 70% LA 1 (6 3) . 2000—2005 4 F
2010—2015 477K P 2 %5 AN [7] - b A 55 24 R 14 52 i 15 349 Ay TE (B, BV =T 0 38 7 o 18 45 S ) A e S A0 1)
NPP B30, 17 4 7 25 AR R AR 2, 2000—2005 4+ 3th 7 55 A8 b X BR ZR AR 2 A0 ) - 3th 78 55 278 11 52 ) ot
B tiqa, MK % 3 BT S 300 AR AU HLIX. NPP S i A3 B S80I 1 - b 55 48 A ity R il i /D i 3 fifioR
7] -+ b7 55 A NPP S i i, b oK B X A H BT RS B Kol 87.3% , ik H AE 3 — B B 8 1
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34.4 Tg C, 2005—2010 445+ Hb 78 3525 AU NPP B AR A A R R B s /D , o bk i /D B e 22, by 29.63
Tg C, AT 5 A2 X 2% T MR IS 1Y NPP 8 Ak 0 STEREE b — WM 44 e b e R 9 BTk 3 ey
27.1%3E %) 64.1% , (i HEARAEX — B[ BENIE A T 9.93 Tg C, e g it [7] i K $Gpk sh AR NPP i 78
B ok, BRAEEASN,2010—2015 4FAN[E] +- Hb B 36 25 UG NPP S i 40 Frdi i, 5 Hofth £ b 75 35 28 RUAS[H]
B2, T b7 55 AR AL XHEE R NPP Y STk i Tk 3Rtk sh i sk

F3 THBETUMKRIE IR 2000—2015 FRIMXAE LB ZLE NPP REH K MEMTH R LR

Table 3 Comparisons of impact and contribution of land cover change and hydrothermal fluctuation on the total NPP for different land cover

types from 2000 to 2015 in Northeast China

AEAY Year
F— 2 . :000—2005 . :005—2010 — 2010—2015
Land cove type Factor I}z:[j‘i ﬁﬁj}(?’{ Iﬁ; ::LJ [ig/ ﬁﬁj{%‘ f; :)Ij i ﬁ@k%‘
(T C) Contribution/ % (T C) Contribution/ % (T C) Contribution/ %
FRMK Forest + b 5 AR L 7.70 21.6 8.57 17.5 4.96 10.9
TR BN 26.10 73.1 -38.20 77.9 38.80 85.1
# A Shrubland + b 5 AR L -0.47 27.1 -9.93 64.1 -2.38 50.7
IR F 1.25 71.9 -3.75 24.2 1.83 36.9
HiH Grassland Rabiikich e -2.62 17.7 -3.18 25.2 -10.40 39.4
K BN 12.70 80.8 -9.07 71.9 14.10 53.4
4 Cropland + M7 35 -3.96 10.1 6.03 14.1 9.13 22.3
TR Bl 34.40 87.3 -35.90 83.8 30.50 74.6
3 itig

MOD17A3 NPP 7= A A 2 i BIOME-BGC 457 15 5'6 fil 1) FH 2R A5 U ASE 401 7 45 45 (4 I iy Asf [ 125
K AEBA SR FTE RS Al B4 S o () A BRB HA Bg w d 7 17 i, R AR X Sk NPP 5 R 2R
Wl R 2 BRI 2 — 17 i o] LU af b Al 1T Bk AR 25 R 40 NPP R 25 284k, R 7 R IRl ka4 A Kotk
BUPEAR AR i B PRI W, B PR 4 BR AR Ak A AF 5T rp AR B 98 R 0 AR A i
2000—2015 4FEARILH XA BE NPP B i rh | & S R 2 A T3] {5 Bk B 97.6% , B AR i 5 4g . K
P BN 4 3 B 2 AR A R AR K A AR (AR I X A B NPP XK $Ak 3 A0 - 3 7 55 A Ak i
o7 B 22 AR AR B /0 . Hicke 450 Se40) 18 FH 53 RS 7 ik A 84 F NPP A8 AR (G BRI 12 vk FH T a2 1 4
BRI ZEIE S sk ) Ao e FH DTk R 0 2k X A 7K A 3h A 4 M B 5 A A 2R AL B IX A B NPP Y
AAXFREMA 5 AR ST AR B AR ST FE B0 AN ik - A 5 BOR E

ARl b X AR Ry 3 [ T 0 BRI A5 T, U X IS5 A A 7 1 SURR DX, X b X A 4 NP P A7 I i) P
B AT AT DX 3 A Sl %) oS A RN T EL AT T Y 2000—2015 4F ZR b ML X A NPP AR FRAR
AL SN I L, AR R IR a5 R o E R NPP R SR AR A A3 3T 16 ARk, Rt b X Al
B NPP SEHIE (412,10 g C m™ a™" ) T APBRE S 58 09 2 EAE 724 NPP {6(514.48 g Cm ™~ a™) ., At
Hu X AR A NPP 45 (8] 41 A% Je S B RE R AL AR AR 0 P A0 A R 0, IR Pl B8 A 7 R W of b IX 45 FE AT, K 32k
PR IX A [ RURE R, A NPP S (5 1 A IX ek = 24 rh e SR VT R B /N2 IS B 1K 3T
AR AT L k17 LA B PR S iy 0 A R 22 I 1 X 30 6 i [X G e e 26 780 DL ROl 32, 8 g 7 I
A B SR AR, 3 — 48 SRt e A T ZR L HBIX ) 1998 4F S Al AR ARG IR AR TR sk

UEAEA , AR X 32 7K A 3h A0 - i 7 55 78 A0 i R R AR T, NPP 43 [) S5 Jo 1 g, JAEL 9 /K A I8 s D 4 b 7
AT NPP (14 B0 Xk DX 3 9 YA B ] R e LA TR S, SRR R K B A K IR o | B K
AL XA NPP AE (LAY B M K 7 X — 25 SR G R SRR P as ™ Pl a5 15 iy 45 R —3L,
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T AR A AR JE b X AE E NPP XK RS, 13X FP 22 50T BE i T MOD17A3 NPP i {811 Biome-
BGC MR FIEEME S (i Y BEPS BORIE + ek 43 & Al 1R A0 = BOK BB i 2 EOR R, 5 & 3 9
FEAE NPP XT R 7K A0 e A7 FE VT 5 800 38 2 0 7K B 2l RN - b B 56 A8 A ZR L b XA 4 NPP g 5 5% 1) 43
BE AR, 2K B AR U A ] 4 1 7 55 28 80 NPP i A8 AL A0 BTk I 8 T - 0 7 55 AR fb i ok, X 5 % R
ATV RS AR X AR A A [ P L X BRI ST A R, 1 JRAE A Wa SR ST A R O -
AL LB NPP AR Ak %) =B8R g R PR AT A I I X 0 31 A 2 ) RRE 5 /N 5 3 T Ak o AR A B ) b v
AN A 32 NG Sk, e T L ARGS9 458 T LA AL X NPP A5 sk | ml 545
KRERMEIES %

AW FAIIRAFAE—BE AL FEXT NPP B UE A7 90 UERST | Fh TS gt A BR , (0% S8 AR bk —Fh A B S 70 | If:
LB T 26 AR /D | TG E AR X b e 28 LA R A [T s T 9 L PN B NPP RS B 5 7 LA i I 9 o
S SR SR AEBE U — 25 8 SRS B WAIE T AR, 76 0 MK A% sl 2R Jb b X AE B NPP 9 s i, 2%
TR IR A P AR A R T RO K PR S A AR R - %) NPP A K= AR, XK #sk sl i
- M7 25 AR XS AR NPP (A BTRRIEA IR b, 20 T W L R IR oy, T IR SR T v B A R
FEBE NPP [ 5Z0R R 7, S 2R AU DX ER I8 W B ARG B R 4 Bk A8 Ab (0 A 9 B bR B D 5 2

4 Zig

AAFFEHE T 2000—2015 4= MODIS MOD17A3 NPP $545 FUXT R A% 1) 7K B4 A 4 b 33 265 5008, SR FAH ¢
A3HT B SR A as (8] A MRS A 0 s, s PSR T 16 AR AU XA B NPP (1 Bif 23 A8 AR5 AF Je K $ ik 3h
1t U 55 A8 A 2R AL b X M B NPP AAH RS MR, EEEEE T .

(1)2000—2015 4EZRJb M XA B NPP 2% 3h [ FEA I 412.10 g C m™ a™' ARG INE AN 4.
54 ¢ Cm?a', 25 L2 AR, AR S PEAR A R S, NPP S (E 23 kS i 1 AL 70.1%, AR+ b
e AR Y) NPP (EfAfE 22 5 PR f = 400.34 g Cm™ a™'

(2) 83 ZR AU Hb XA B 47 35 NPP 5443 A B 7K B AR DG 20 B 2 3, 2000—2015 4% 7R 1 b DX A 4%
NPP Z SRR M/ N, K R s HA B NPP ARfb ) FEZE R K 234 NPP S5 4R R K i 52 1E 500 (74 T AR
ik 81.3%.,

(3) BRHEASL,2000—2015 47 AR b Hi X 7K #A0% sl AR ] 4 1 7 55 26 80 NPP s i A48 A6 1 s ki i T+ b
T AR TR, e R AR AR T A TRk R A IR R 70% L b K B S %A ] - b B 55 28 R ) S e - 1
SHIEAR, 30 T OR R R 2R NPP A, - Hb7E 55 AL I
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Appendix 1 Basic information for field plots of different forest types in Northeast China used in this study
S L i1 i Rk - NPR/ i
Sites Forest type Latitude/ ( °) Longitude/ ( ®) Altitude/m N (thm™2a™!) Source
(/hm*)
1 LA 45.3 127.6 392 131.2 6.69 [34]
2 LA 45.3 127.6 307 186.3 5.71 [34]
3 LA 453 127.6 384 174.5 5.90 [34]
4 PB 453 127.6 353 197.3 8.85 [34]
5 LA 51.3 123.1 1069 293.5 9.01 [34]
6 LA 51.3 123.2 1114 143 11.72 [34]
7 LA 51.6 123.2 701 203.7 10.63 [34]
8 LA 51.8 123 792 109.7 12.32 [34]
9 LA 51.8 123 830 132.9 11.90 [34]
10 LA 51.9 123 855 154.8 11.51 [34]
11 LA 51.9 123 845 95.7 12.57 [34]
12 LA 51.9 123 886 95.7 12.57 [34]
13 LA 51.9 123 900 116.4 12.19 [34]
14 LA 51.9 123 892 119.3 12.15 [34]
15 PB 51.9 123 725 89.4 8.85 [34]
16 LA 50.9 121.3 839 185.9 10.95 [34]
17 LA 50.9 121.5 830 136.6 11.4 [34]
18 LA 50.9 121.5 830 133.4 11.89 [34]
19 PB 44.4 128.2 1524 35.1 8.85 [34]
20 PA 44.4 128.2 1428 128.9 11.28 [34]
21 PB 42.1 128.1 1985 52.6 8.85 [34]
22 PA 42.2 128.2 1114 338.8 11.28 [34]
23 PB 42.2 128.2 1054 245.3 8.85 [34]
24 LA 42.2 128.2 1125 710.1 1.51 [34]
25 LA 42.1 128.3 1440 254.8 9.71 [34]
26 LA 42.1 128.2 1436 334.2 8.28 [34]
27 PT 42.17 121.8 400 — 3.58 [35]
28 PT 40.83 119.8 500 — 3.21 [35]
29 PT 41.9 124.1 190 — 12.49 [35]
30 PT 41.9 124.1 270 — 9.99 [35]
31 PT 42 121.7 240 — 4.41 [35]
32 PT 42 121.7 200 — 4.33 [35]
33 PT 42 121.7 300 — 10.34 [35]
34 PT 42.3 119 700 — 5.6 [35]
35 PT 42.27 118.97 750 — 5.4 [35]

LA. %M Larix forest ; PB; R HEAR Populus & Betula forest; PA VK K2 Picea & Abies forest; PT YN Pinus tabulaeformis forest
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