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LR NPP B = 1& H & H X S (& [F F 24 5 A [z
_—]c_ﬁk% 1,2,3, 5‘(]]1,2,3*

I HESL SRR X A SEOH ISR E, BT MR 150030; 2. BRITA LR LT/, BT IM/RE 1500305
3. IR ITAERGRAVIRIT, BIETL MKEE 150030

TE: MPSRIZE = J) (NPP ) 2 FAF Rl A 25 R GoRT e AR A By 1) S SR bR, LRI Hb R 4 Bk A8 L URR X I
ERRGRIAC R, FETIE ORISR, (58 GIS, RS BIARFMMFPFRIE )51, MHE T 2000—2017 453 Jpinde
B NPP 28 S AR, HR3R T A NPP 25 [8] 5 Tt B A B 0 L sh AR, I oE S A8 A7 5 R IR BRAG R 11)
mi Nt RS IR EHHL RIS . 250D, 2000—2017 4, FLIEIRHIHI B NPP AFF34(E 0 478.30 gm>a ' (LA C i, FF)),
Hr K sy 483.33 gm >a !, JOKEA) R 485.99 gm Ha !, RAIEY) K 448.70 gm at, A7 /K ELARIRAEY 1) NPP 4571
{35 BE IS, FL IR O X NPP AR B, 9 513.75 gm Za'; ik X NPP FHI(EHRAK, y 422.80 gm >a™',
KA FRHE B NPP B A R FIREE T, XK AR R h KRB MNHEFARYCH TOKER) . AAEY . AKEEA],

X T RE AR B2 Pl KB/ NHEP AR R Tk ) . A K Be) . RIS R PSS LA P E SR NPP sl 82 1k
SMASEI KT ARAEY, ot 4—10 A ELAMEFESR P REIVE X TEK B NPP sS4 fhi STk 3Rk 37.85%, 4—10
H H 5 22 FAES-35 R 0 U R F XA /K 5] NPP 2828 (b A TTkRIA 31.14%, AE-F-H IR AC R B U R FE R XA Ve

NPP hZ&Z BTk 355 29.00%,

KR : NPP; S, HOIRZRMIES; FLeiwih
DOI: 10.16258/j.cnki.1674-5906.2019.04.013
FESES: Q948; X171.1 XEAPRARED: A

XEHS: 1674-5906 (2019) 04-0741-11

SIRME: THUE, XIFE, 2019, FLJeRRHs NPP 254 Jay SO U IR T2 (LRI (D], A2 FREE 4, 28(4): 741-751.
YU Chenglong, LIU Dan, 2019. Spatio-temporal evolution and climate effect of NPP in Zhalong Wetland [J]. Ecology and

Environmental Sciences, 28(4): 741-751.

T b 2 ity b A 25 2R GEBAIG 1 Y 2 G
WX AR BRI AES RS, DA
% . B A S AR5 o A b i A 4 R A A
A4, IEFEXT IR 1A (1 1 SRR 7= A= 52 Duffy,
2006; dMESE, 2016 ). FHELFRIH A ) ( Net
Primary Productivity, NPP ) JEAH#E ARG HY)
Jo B RE F A G 1 (Y SR, B S A YRR T
HARIMR SR T AT 6T, i AR AT
Rl oA 28 R G g i ) FE B bR (Tto, 20115 407,
2013 ), KRabForR, SRR AHERE NPP (15
M AT by sk RNAE B R BN [R] T 25 5, AU g ]
DM AR, BRSSO )
HFRIEN, i Ko AR At e AR A
WP A 7= A= 3 [RI 80 ( Padfield et al., 2017;
Michaletz, 2018 ; Kurse et al., 2018; Li et al., 2018 )
FIHN, AL NPP X iR AR K AR oo B B

HERRGEIEIFAEIX, AdedbaRrb s 26 B
R L IX, AEY A K 35 A2 TR AR Y BRI
(Luo etal., 2004; Forzierietal., 2014 ), MfFT5
FRE TR, FK B A S R G I 24
A2 (Pengetal., 2008; Murray-Tortarolo et al.,
2016 ). ik, Ak NPP A4 FRAR L AR DR Bl%L
IR A By T 2L S i b i 2 g 2 R0 % S A S A 1Y
WTERL

FLOE A T R TR VLA VY AR S48 K TAT T 3
X, JEYNEE— . S5 DU R b R T A R
25 ( Phragmites communis ) {23, WEAETEERA
AR AU X B P AR S R A AR R (5T
IE4F, 2008 ), T FEXTFLIENE AR # A= 9)  J
HIR SO IF st s, MEN e (2014) KT
CASA ( Carnegie-Ames- Stanford Approach ) fili A5
AU o ST FL R b 8 A A [ e R - SR it A7 AN (EL

ESUH: BRIARARET EIHE (D2018006 ); 2018 4FHH ES L m ARIL X A S L ANH T LR E TR EE4TE (stqx20182d03 );
2017 4FHp EA LR AR AU IX A S S L ANH T L E TR FE4 T E (stqx20172zd01 )
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HEATPEMY, R T FL R0 M [ B B % 23 (R A
FRIE; Ehflifd (2016 ) WFST T HLJR IR HE = =5 55 4 1Y)
AR, IR HT TSR AR AR AR
ST MM ; Fengetal. (2013) #5875 0%
ARACXTFLIBIR K PR 2 s KIS (2009) 43
Br 7 2 PR L e i s Ak sz s ARA7E D5 5%
(2017 ) 4387 T A AEAS AT P =25 A AL A 52
HHRATA S NPP SRR SR ko 76 777k B R
HEEEG AR ATEk B 4T, AR Z B P
[FVRAN ) B I i 55, TRk A TR RIE T
WAL IEHIAE Y NPP AR fb iy A s R Tk 2 1
IR AIXKSIVE A, XV 1 AR 1k i S R SRk
N, SEBE TR A B O B

ARMFFEET X IR FEAATE R SCHERL 2 )i,
THEEGORAI TR BOR, 58 GIS. RS BOR A2
BMES , TR MR A S NPP 828k i B 25 57
Jo M S Z2 A TR S LA AR G LR ) B TFA
5T, DU SE S A28 A X 88 M R B 114 52 il 1of
SRS
1 HRMXEHRFE
1.1 HRRXER

FU e 2 b A7 F 7B e Y148 VO 30 S 4 ZR T T Vi b
X, HuHEEARFRN 123°47'— 124°37'E, 46°52' —
47°32'N, BARIFZ) 2250 km?, 5 A H L 1
RETRHA R, U ARG XN R A 0
[X( 739 km* ), Z& X (699 km® )FHAKE X (812 km®)
(BT AHAIREREARRP X EH)F
http://www.chinazhalong.gov.cn/ ), Z#5/KI] I AL
FAeRrFL e F AR X IR A S RS0 3 KR
(FRERAS, 2004 ). @iy 3 FZONBET+ | Hify
+. B\ELS

T H PN AR w5 B T34 h 65.15%, R AEH)
BRI 14.24% (T HUESE, 2018), HAAME
Wb RS 468 B, SRR T 67 BE, FAMY L
AR, ol 4 DA (P EILE, 2008 ): 5
HHYIX R, WHEEE (Scutellaria scordifolia ).,
db22. 147 ( Gypsophila davurica ) FIPE{AF| IV 2L
(Atriplex sibirica ) 55 ; RISLZIHIY) X RATRSE X
2, HAERIH ( Equisetum arvense ), BARKEE
( Batrachium trichophllus ). 2kEkZE ( Chenopodium
acuminatum ) %5 ; ALK RZFEF KR, WFELIE
W ( Spergularia marina ), HiAHJX ( Cynanchum
thesioides ). Mk ( Kochia scoparia ) 55 ; MY
X RARKFHED X FR , A4E KL RS ( Corispermum
maorocarpum ), W94 ( Bidens cernua ) FIFRIR
( Rumex acetosa ) 55, ARIXNTCHREA M. FLEIEHL
Ja iy Kt 2 A e, AR R IR T RS it

) 1980—2010 4F-FL I Hb 2 3124 100 km Z& i [X
WG 52 H 88 i1t A F 8RR
434 °C, ¥ A 1 A, o H &IKRERN
-23.64 C, M HE 7 A, Wi HESSIERN
28.26 ‘C; AEFHME/KE 429.00 mm; “F3 H R
741 hd",

1.2 HIESHE

1.2.1  E3A R/ EEZHKE

ASCL Landsat £ds 0 =it 47 - MR /78 5555
2%, HASR D HER T 30 mx30 m, CEARFSE X 20 M H
SRAEME . ARH . KR, SRR R M, 35
K, BEckENMEEMBBEHER T MW
( http://glovis.usgs.gov/ ), #iA5H 120, 1554 27,
HiH 2000—2011 47 FHAdE 4 Landsats/TM %
2013—2017 424 Landsat8/OLI_TIRS %#f .

EEU K HI-1A/1B L2 PR T4 T Landsat
AR H I IAENY (2012 4F ) Chttp://www.cresda.com/
nl6/index.html ), 23 [E]23FF%K 30 mx30 m,

1.22 MODI15A2H # ¥ /* &

MODI15A2H ¥ /& MODIS M-I FRFE BFHES
BRERST I L] ( Leaf Area Index and Fraction of
Photosynthetically Active Radiation ) BRFf¢) 8 K&
BB &, JRARZS [ 439858 500 m, 5 MODI15A2
AHLEL, MODI15A2H i L2G-lite M SHACE: T
MODI5A2 7= 34 MODIS XL 537 i
(MODAGAGG ), 7EIFERSIH T it fm 24+
WA TG0, FEm S B HPRME 1 km 32
=% 500 m (Myneni et al., 2015), ACHHNEE
BRRE I L] ( FPAR ) ¥4 NPP,,

123 A 585

RSB RETRIpITA 2001 —2017 4EH)S
MR 11 MR A% HER, (s H -1
AR, HEFEKE . HIEEE. 10m HPEHRGE, H
SEERXHREE . H P RAEFEASGZER, R
ESUNprgsop R A (TS

SAFAR T FE T3 ST A ] S 1 R A |-
TS B Rk 52 BT A5 R R I, KH
TEAEP AN — P, SRR 35 LS S sk
(TR, 1998 ), ik, 7EdH TR MAR b Hr2
T, SeX ORI 72— PAS o Fn o B s i) ( BRI
1999 ), TR Newton 32 XS B EA T4
1.2.4 @it sAE G

b TATRE A 9] A 200 X = I 4 25 45
HINPP fl L5 R IEATRAE, F 2017 45 8 HAH 9
A%t @785 (1 mx2 m) 7S5 A
R, 3% 55 SRR (P8I IXECH 30 mx30
m), ZHCRAE SRR X I B e 2 T,
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48° N
A P
47°N (/ﬂv#f Suihua
ﬁﬁé\‘“\#—\;\ 60 km
# Daqing # 0 Theeed

123°E 124°E 125°E 126° E

| HuIfi A %5 Ground survey point
# S ZMIMGE Meteorological station
—— SR Wuyuer river
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127°E

ZZ I [X. Buffer zone

SZEG X Test zone

1 HREUERMEAESSHE
Fig. 1 Location map of the study area and sampled sites

NI B AR RS . M BRI R BRI
JERNER SR MR . MR T, IR
EVRE TR Ay, BT R T E T
THESPYE, FESZS A 1, REFEFERE 2
R PIEEFIZER ( Leymus chinensis ), A 21 MRS
SKARERE, 34 AR R A
1.3 HARFE
1.3.1  dhmAt oy $EAE 5

BETIRTE (2006 ) XFARICIEH 25 E )
WFFERISE S, B9 A OB ERIE . (RYH
TERr S B R e A L) A
1.487 , B AR ZE X SR A kL 7 o 25 00 A=)
o, PR B v e R Y e E S NPP 1 R
B(0.45) (TS, 1996), fHEAEARETT by
21 NPP, JiEJ 223.82—637.92 gm >a ' (LI C
i, FRED, FEMEN 42315 gm>a !, frfEE R
87.74 g~m72~a710
132 AZIEMER KL

Woodward ( 1987 ) $5 i1, 52 MaAE A= 4 Fi kb3
ST BN A 3 2K YRR 22 R TR
SERLA I S TR AR K B K B A RN 5 TR
Wk 2T R AERF 7K A0 o PRIAS SCH 5 K 3130
BRGA = RS, B DL R BEEUS PRZESE H FAE
JAEHE NPP AR{LIR SR (ST . % EE] 4—10
AU ie i A K g, R B SR
>10 CHRUR . 5B H F-3 SR A TR 3 7] s At
Pt TR BEHCERE KR . 4—10 A oK E .
4—10 H a5 (B, BIERE S R EE
FEPIXF KA BT R, BT NAERE K S AR e 28 e

MEAE, AR TR HCR R Holdridge 75t
BO(HBEESE, 2017); BEEL 4—10 AR H K%
SR AR

LI FEFREE A Bl ARCGIS 102 EE5—KIZ
HR Gi—HAR RGN WGS-1984-UTM ), 31 FH IDW
IT AR N 500 m 23 [B14: HE A iAs B
133 XA R/ BEH5HE

R/ 5550 A R i A . NPP AL
FEREECHE , BRI A R FH AR 4 A K
f) . JoOKEA] L AH L KR BRI
6 FPSHY, TESrHT P B (5 B I B AIE 1 32
il -, % Chavez et al. (1982) #&H By EFS%L
F1 ( Optimum Index Factor, OIF ), FIWi&fE
BH4E, Hob Landsat B0E A B4 SN Green
B B: . NIR JBAT SIR B, HI-1A/B ) CCD #f
WU A B R BE4H & Green B2, Red BN
NIR B,

PRI G BER K AR B R, 2T o M B
2T A0 B i 0 b FRR M 4 R AR, ARSI A
NDISI ( Normalized Difference Impervious Surface
Index ) 3R AR B H b AR HLAE 2, NDWI
( Normalized Difference Water Index ) ¥4k
FIf5 8, FFEX IR S AT ), WLI( Water Land
Index, 23} WLI=NDISIYP™), M ikE— 251
K. AR 225 . NDISI 1 NDWI {15
kS IR (2011) FYEAS (2016) SCRK.
R % ) B WLI A1 NDVI &1, 454 CART
TSRS R 1) X G2 Ak A T2, R15 13
/8 w55 B P
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7

K B IIE 5 2 D 0.020 9 1 B ) FRAE 5% IX.
PRI SZ AR HR I 662 MRGBERHIE S, Seil it H L7
PR DT 2R B 5 Y - R P w2, e
Iy REE R IATHE BEIOAIE . 459 R B 20 B 7E
90%—92%z[f], Kappa ZETE 0.89—0.91 Zf],
1.3.4 NPP#H

AR S BE MU A A 7 AR 3 SRR R L
TR ARSI A 77 1 (NPP ), Hodh S gk = ks
RIEEE . SR AR ()8 ESE, 1995 ). Miami £
(Leith et al., 1975). Thornthwaite Memorial #5571
(Leith et al., 1972) FIJLRER (REM 1993 );
B BAE AL HR CASA #5%! ( Potter et al., 1993) Al
TEC #! ( Yan et al., 2015 ), ¢ [R—H#& T 1) NPP
A8 R 5 Wl T SR A 1% e AT, e BURGE A
FL 1 NPP (19387

ArHTEE 2 TGN, SEN NPP AOSEIIE R 423.15
g~m_2~a_l, 52w E CASA FERI {3
(42368 gm >a '), HkEIL R (461.47
gm >a'), TEC R E 45 R T 520 NPP
(326.56 gm >a '), LEAHEAL (194.82 gm >a™") Fil
Thornthwaite Memorial #5% ( 181.49 g:m >a ') 1
2 A e AR SC A ; NPP O SEN(E N 85.47
gm >a, WETAMERMGELER (5.06—64.24

700 -
600 % T

e 500

ﬁ'é —_— /

= 400 [

U e

2

& 300

2 |
200 -#: L
100 1 1 1 1 1 1 1
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Model

2 AETEREE NPP XS HE
Fig.2 Box chart of NPP by different methods
PAatrh 1—7 ARG EHEAE . JLaB A | Thorthwaite
Memorial 57! | Miami #5% | CASA %! | TEC BIRIFN BRI, n=55
1-Synthetic model, 2-Beijing model, 3-Thornthwaite Memorial
model, 4-Miami model, 5-CASA model, 6-TEC model, 7-measured value

gm a'),

ST 1 AT, 5 S A oG R U R R
CASA BiRIfERZER (R=0.234 ), Flid T EEE N
95%M B E RIS (sig=0.049 ), HAAAIFEIELS 5
SSIMEIIAAEAE ARG SO, TRSTAEAS ¢ K
SRR, AN CASA FRAVEEZE R 5 S {ETC i %
Z5, BRI CASA FBAEG B FL BRI NPP,
1.3.5 HEIEMNEREL 5 R

HERERI A8 2l s g B bR R R
fiE, R BsHERI0 PR - B LA EAR FH %) 53 Wi S BB i .
PR 79 [R5 ELAE R A IR B38BT g A%
SRR W R X B AR 723 (853 5 0 f R AR,
g R, BfRFRERXChH (Wangetal.,, 2010):

L
Z Nho-i
— 1— h=1

1 1 No*

R, r=1,2, ... L LA F)E;
Ny RN S 51R)2 b MAX I8 o, 1 o” 4051
JEE h MEX BRER T2, g MEECAT0, 1], ¢
{EBAZAT 1, FoREm T 1) F S IR Rk
Bl g oL g R ISR TE ¢

S NPP AV M R F7E 25 18] _EARXS N, AR SC
Bl ARCGIS 10.2 ~F£5 (e ) o5 T 5 AR b S5 8] BE
(0.02°) HORAEM 192 4, FIFHRAR S HEHL 2000—
2017 SEWF5E X NPP MR FHUE, B4 E
FEHL 9273 A5 CORFIAED TR FHZE R AT fE 2
AR A K A HE R 4 7714, Jo/K By 2 827
A, RVEYIR 1639 4> ) VRGN ER 12114
P o MBEEPEI 8 A0 g AR EOR R R, TR
X VS RIS T A T R AL AR SORR PG A5 A A
TSR A B 5 10 M55 (£ 2),
1.3.6 Holdridge # /& & F

365

PER =58.93% > 1,/P (2)

i=1

(1)

A, PER WIBTEZEHR; P AFROKE, &
JHFEERHE (0 C<4<30 C, i WH, i=1,2, ...,
365), HVHSIR & F 0 CHF, iHE0 C, &F
30 ‘CiHE30 C.

F1 ZNESARERGELERIIL

Table 1 Comparison between measured values and calculation results by using different models

Item Comprehensive model  Beijing model Thornthwaite Memorial model Miami model CASAmodel  TEC model
R —0.174 —-0.176 0.052 0.146 0.234 —0.119
Sig. 0.195 0.189 0.701 0.279 0.049 0.377
t-test Independent-samples 7 test Sig.<0.001 Sig.<0.001 Sig.<0.001 Sig.<0.001 Sig.=0.969 Sig.=0.002

n=55
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Table 2 Space between meteorological factor range and grade division

Mean Annual . Warmest L Diurnal
Annual >10 C Precipitation EI form
temperature  extreme . average  Frost-free  Annual . . Snow temperature range
Ttem . average  Cumulative ... fromApril April to .
of the coldest minimum monthly season precipitation depth from April to
temperature temperature to October ~ October
month temperature temperature October
Minimum
—23.81 -37.20 3.06 2996.73 22.01 152.91 264.79 246.64 0.47 0.02 9.50
value
Maximum
-12.86 —2291 6.05 3403.47 25.51 184.63 761.47 740.24 2.21 20.46 12.32
value
Space 1.10 1.50 0.30 40.70 0.37 3.20 49.70 49.40 0.18 2.10 0.30

2 #HERESWH
2.1 &R NPP BB 8 2514 454

FIF ENVI 5.2 iU e [ SR bl A 1
Iy NPP ([ 3), Zebrnln, FLeiibea K kif
NPP ZAEV-IME N 483.33 gm >a ', ZAEfLiGHEI7E
154.23—712.59 g'm >a ' ZJd], %54 Mann-Kendall
KBS ¢ K, 154 NPP X {H 2 B b i
# (sig=0.020), F-IIRENEE C 4.53 gm 2a
Je/K R f) NPP Z4FF-34{H K 485.99 gm *a ™', 251k
TN 227.16—710.99 gm >a ', FX{EHG N
A sig.=0.090 ); RAEY) Z4FEF-34 NPP Jy 448.70
gm 2a ', ZKIE K 255.54—590.03 gm >a ',
PIE R BB (sig=0.016 ), ~F-I434h0HE
J 427 gm >al,
2.2 L &iEHh NPP =518 T {41

PA 20 gm a ' KK NPP RIS 2GR,
A& XA IREIX GEit 2000—2017 AFARIThn%L

53 (& 4 FiE S). WEXFERE, NPP A~ F
340.27—553.47 gm >a ' ZIA], GITiMEUR K
f DX ] S [460, 480] grm a5 #%.0> X NPP - H4{1 %
FoN 513,75 gm !, AGOCAM AR R Y X [A] S
[510, 540] gm *a 5 ZZofX i, NPP - {EHAME
JEAMA R R A IX ) 23 Bl 45211 gm >a Al

7

[ 52381 Test zone
[] 22X Buffer zone
[ #%:[X Core zone

NPP(by C)/(gm2a!)
- 703

I 350
0

B4 iEiEBEEFE NPP 27HE
Fig. 4 Spatial distribution of annual mean NPP in Zhalong Wetland
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Fig. 3

Interannual change of NPP in Zhalong wetland

a: A/KHfI Watery meadow; b: Ji/KHifi] Waterless meadow; c: fAEH Corp; n=18
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Fig. 5 Zonal statistics of NPP of different functional zones in Zhalong Wetland

a

AP All vegetation
c——2Z& WX Vegetation in buffer zone
n=9273

[460, 480] g'm >a '; IR K ERAK, P MAEILTE
Rl 23510 422.80 g'm *-a' F[420, 470] gm >a ',
2000—2017 4F NPP A fLta#ani®l 6 i, $L
T MM CHR A X I NPP S8 hniadte, (5w
MR 86.76% , HAPSEHEAFELL 4.5—6.0
gm >a I RIS T G AR (3L
TBHL BRI 6.37%—6.45% ), A 6.15%M1%0C
WEZ, XEGITEHUEKIE, JA 7.09%% 70
) NPP RS TRk, £ B 7EFL RN e
(I DX AR S X P, T LI S5 AR A ka4 e

fir %
Tendency/(gm a”")
28
-10
=5

0

5

10

18

E] SEHG X Test zone

I:l ZZ X Buffer zone

b—H#O XA B Vegetation in core zone
d——RIR X Vegetation in test zone

EREZLT 040, TIRBHRARE, 0K NPP

B GTT AR, HIZTRE X T ALY

93.30%.

2.3 iRt NPP XS 1% E F 2L B9 0m Kz

231 #5MERF A NPP 31 A TALGg FTTak &
IR B T 45 R R, BRASUREAL,

HAAS R X (CEREA KA JoK A Al

AAEY INPP BhSARb A i PERZm ( sig.<0.001 )

(B 7)o 7KATIFXF 3 FPAE#E NPP B9 S A ) ) K

TR T, XK AR R fh K2/ NP AR IR

I REL

Coefficient of determination

I:l #[X Core zone

B 6 FLAERHM NPP TUBEHELHE
Fig. 6 Spatial change trend of NPP in Zhalong Wetland
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020 OFAKEA Watery meadow
O Jo/K B fa] Waterless meadowf]
2015 L8 RAEY) Crop
w
=8 L
§3 0.10
S8
. Hﬂ [’h %
0.00
1 2 3 4 5 6 7 8

SAEFT Climatic factors

B7 SEETF qESIT

Bl 7 g value of meteorological factors

1: JCHi Frost-free season; 2: 4E[%/KfE Annual precipitation; 3:
SRR Annual average temperature; 4: >10 ‘CAUE Cumulative
temperature; 5: fx BB H F ¥ KR
temperature; 6: 4-10 J EI EI form April to October; 7: 4-10 H F 4522
Diurnal temperature range form April to October; 8: 4-10 H /Kt

Warmest average monthly

Precipitation form April to October

RICKEA) . RAEY . AR, JREDEFLEIR
ALTEARACHBIX FR P ER 2 TR IR, Ko AT 5
AR EZRGIR R, K EEX A KRR
SEM/N, S3Ah, NOMFEHEEISS T KX RAED A K
Y5

FERBEA T, 7 AR 4—10 H HEzE
XTHE#E NPP AUSEMa R, 7 ARz XA g i AR
HERGI], WA= H B2 KA R A T s
A, E—LMral A, R AR B i K &)
INHEFARU R oK B f) . Ak EAR) . RAED, TR
AR . 9 HUE BT LA A IR T AR
AN AE PR RN 55 T A SR R X RAEYI B i A
XK, IR PR XA 7K R AR )52 ) 2N T 6 7K R ) | i
RIATRE /K I HE A RT3, SHRE AL i 22 v
ReJrdem, IR 1 IR AR A K A2
232 AAMERTREAEAN NPP 3 & LALaG 708

9 MM T2 EAEFHERIZE SRR, A 23 Xt
SRR F IR AC B AEHIG5R T XA 7K 5 f) NPP )
AR, 13 X RER , RS ER

SR FHE; JToKEMAREYIIA 26 XA
SEAERT, 10 XPTCHGsVE R, JC s Ve M A A
TG TR & B A PR F PP 28 HAE FHG Tk
i fa) NPP shZSAR L BRI (g SF3{H=0.2749 )
BK, BFEETLRIEY (¢=0.1803, P=0.009) I
JK &) (¢=0.2003, P=0.003)

2 3 iR At NPP shZS 48 (ks i K/ NHEZERT 3
NIAEHAERIE T, S50, RER T Z P
R FE A5 T %G 7K B NPP s A28k g2,
T 4—10 F B3 22 AR R A PR EVE XA 7K
] NPP B85 LB DTHRFGE 31.14%; HRBEEFIK
A3 I RI R a5 T X JEK B fe) NPP shAS AR LAY
o, H 4—10 A Bl S54RSS IRAPNEEH
XIC/K A NPP 3228 L BTk AR 37.85%; &l
RAEYIT S, TR T Z A P EE 38 T Hox
FAEY) NPP shSARAL RN , Horp 58 sl Ak 16 b fir
B A R 24K B RN A IR 0] A B IR 1 R AE
NPP shZAR L HI R R SRR IR 29%

233 NPP ZAR AR %0 H-T &R NPP £ 7%
P AT

i AR P LRI NPP 43 [8] 70 A5 5%
M)A TR] ) FH b BRI AL RURS: R IR e 15531 NPP
A A e E X CEAFAER 95% ), R
AR FXF NPP 25 [H] 43040 B2 e 7, IEHHR A
[ i R 7D B 45 2 18] NPP 22 5 ik 254k, k1
GA BEERNZHAE L S5 R 4,
AR ToKEARFAAED Y NPP S E X AR,
JEHUEXT NPP 5200 J4 K 4—10 H EI.4—10 A
H A 25 Fn e e H 3R A s E X — 3L

N, WA BEERNYZHAH ST
fE AT, ANRISAER T2 NPP A %2 55 14
BRI, JUFETE 64.44%—88.89% 2 [a], 5l
BARFMMT, TRUNZENERRK, B RE
2 SETE 3 HUAE 88.89%L |, >10°CARIR M Z ] 2%
SN, N 64.44%; SUICKEARNT T, 4—10 HH

*3 SEETFIZEEMAX NPP S0

Table 3 Impacts of the interactions of climate factors on NPP dynamics

Dominant interaction Watery meadow

Waterless meadow Corp

) ) ) Diurnal temperature range from April to
Dominant interaction 1
OctoberxAnnual average temperature

q 03114

EI from April to Octoberx Annual average temperaturex
Frost-free season

0.290 0

Annual average temperature

0.378 5

) . ) Diurnal temperature range from April to
Dominant interaction 2
OctoberxWarmest average monthly temperature

q 0.298 1

EI from April to Octoberx Annual average temperaturex(>10 C)
Frost-free season

0.369 2

Cumulative temperature

0.278 0

) . ) Warmest average monthly temperaturex
Dominant interaction 3
Frost-free season

q 0.286 3

EI from April to OctoberxWarmest

Annual average temperaturexDiurnal
average monthly temperature

0.361 1

temperature range from April to October

0.278 0

n=9 273
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*4 AEKEEFEENPP HEXERFHE

Table 4 High and average values of NPP in different meteorological zones

NPP types
Items Watery meadow Waterless meadow Crop
a b c a b c a b c
Annual average temperature/'C 5.75-6.05 516.66  68.89% 4.85-5.15 476.41 80.00% 3.05-3.36 482.88 80.00%
>10 C Cumulative temperature/'C 3159.43-3200.10 494.81  64.44% 3159.43-3200.10 494.81 71.11% 2996.73-3037.4 482.79 71.11%
Warmest average monthly
C 24.11-24.46 516.16  84.44% 23.49-23.86 47623  73.33% 23.49-23.86  489.06 75.56%
temperature
Frost-free season /d 166-169 510.08  88.89% 166-169 467.44  68.89% 169-172 465.87 71.11%
Annual precipitation /mm 612.47-662.13  514.73  82.22%  612.47-662.13  499.78  68.89% 562.99-612.69 497.24 68.89%
Precipitation from April to
October 394.72-444.08  519.78  7556% = 592.16-641.52  474.04  64.44% 345.44-394.84  498.1 66.67%
ctober/mm
EI from April to October 1.55-1.73 531.10  84.44% 1.55-1.73 519.41 82.22% 1.55-1.73 494.1 71.11%
Diurnal temperature range from
10.35-10.63 503.06  86.67% 10.35-10.63 47481 82.22% 10.35-10.63  474.86 80.00%

April to October/'C

a: Influence factor range; b: Mean of NPP (g'm >-a '); ¢: Percentage of stratified combinations with significant differences

BWEMZRZESRA, BABEERNE S LE
82.22%LA I, 4—10 HEKERZRIZE T8N, R
64.44%; FRAANEDNNF, AP EM 4—10 HH
BWEMZMESTR, B0 80%, 4—10 HRFKE
(2RI ZE 75N, N 66.67%.

3 itig

3.1 KO EMX B RERIRIEY NPP ZhiST/L
FISRZ A Fl

AHFFE KB, KA T3 4L I A % NPP ()
SRS K TIRERN T B 4% (2018) XHL
RISt B, FLRTR A K 2B AR 2
RAEARFBRERN TR, K5 —EURIZ XA
AR EERREIR ZE o S HT TR R % S5 4L 1
RS A e, FLIE IR, T 2R A X R P A
PR, TR 1.01—1.14 28] (hER
Bt o2 IR IR LA B 0y, http:/www.resde.cn ),
XA R RN RS BE AL
™ (BEERSE, 2006 ),

VE— 2 AT 7K o S ek B A 7K R )
PAEYIR) NPP [ REMAREE , A& BTG F A XK 4 1Y)
AR KT RAE G KB, R S5 AN T8
FEREA G XTT HARRIRE, Y a8 PR, it o 2
PRy 2 N TANK, (B2 R A i+ 5
iF, AT MK EHMELRIE B ARFE R K B 7R
TG BB A SRR TR AVEYIIR A
B, Mih—EHAFETARK (KGR —FE BT
SRR RER T, AR Bk — R —
+ ). BEHEEBRABHES G, ERKREE LK
55 7 TR AEY R A, PR BK A 2
X HARAERE NPP 25 ] S5 S A s i R B K T AR A
PG, Ui H AN A BER 2 0] DU B08 88 1
BXTRAEDRI R, T A A E R S ARt

N REST o
3.2 S[EEFZEMEAXER NPP ZHAIIREN
B

L) A B AR ) A B R Y S 2 P e T
SO N ANt B—AY, i T 2 10 A 22 6]
AL EIPE T, PRt A 58 4 D7 U AR B Y

WREE R, SRS HETFHEL, PR
F IS HAE MG SR T SMEE FXF NPP ARk 13K 3
AeSy, BN 4—10 A Bl 54 FEHS R HPMNELE
XIC/K A NPP 328 fL I TTHRIA 37.85%, it
TR FH A S e PR 2 A (5l 4—10 A
El 5iEkE R 13.51%, B sTHR N
8.55% ), VLA MBERZI K i) 38 HAE X HE#% NPP
SRR M AN 2 B R T R TR O, X
5 Zhou et al. (2008 ) BOMFFRLEIE—EL,

AHIFFE A B, BV R A A e 14 P ) 3
5% 7 HXT NPP shZSA (b B RE 11, Hotse K Bk
P 37.88%, ULHHABFEZREXT NPP sh&ARfk
ARG, 40 KRR NPP BRI AT % e
SETERVER, FLIZE (2007 ) Siit268 2001 —2005
AEFLRIR AL T 2 IR HURE Y KR, AHfF 5T 3k
T MOD14A2 g8t A3, FLIRIRHRHAEHEA K
GO, T HKCR A 3 BT, BAMK A
IR S E (P &%, 2014 ), CO, RN
(XNEF, 2018 ) SFARSXTHEHE NPP ARk = A= f20]

AHN, AEHIE . FEAH CO, WA fg 45
Bl B ST, AR T LAFE 43R FH 2 06 | 4
IR ARG PIE LA A 7= )1 (Qin et al.,
2015 ), SR , ANHFFE & BAS[R) S A DX 164 )2 6] NPP
A EEFNA GBI T 65%, BIHBRIX
B4 R TR S0 TR 9 2 A AR /D 18 B R B A K BT T 1Y)
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AR, UL IATT I XA B A0 AR 7= T Rk 2%
DI A P, IR 45 A B R G )
P T i X NPP A A 5K T
3.3 MIRPEEHNRE

1E NPP i AR £ [, ABF5EH 2017 4
HUTET A AFAY NPP B X A [R) AR A [] s3] fg Ay
BAHMT T BT, RSB 15H CASA BRI
LS R T ST E, (HTHE 20 4F[REHLA
MwE R LA T A (FRJE, 2018), MiA
[ R D CRE R R AP AR K22 5%, PRI
CASA FERISERIT 20 4EH9 NPP &7 —E iR,
B T A 5 A 22 1 e T 381 A R 10 B ) K R A
R, RAEKAIE CASA IR Byt RM: , 7645 Y
WHgErh, BEE Mo A TR )P A A9+, vl
I IGIEZ Rl NPP HEE AR B ELRA M A A
PE, G B E A SRR A

UG A I s T B - L A |
VEFNTHL I 1 HAE . NPP ZhZ8 28k i , {H A S
IR TSN Z X NPP 3157284k A FE R 50
A Je NPP XS AgAS A i 107 4 7 25 Ko BRAR S AR AR .
T34, C4 FEYIFN C3 AHY A X o T T I SR ERUT)
FWEA %S (Wilson, 2007; Killietal., 2017 ),
{EAHRFE A X HAA TR X 43, X BSE 4 it
eI BRI [R)
4 LHig

2000—2017 4=, FLIeigHbAesi NPP 45 F-3{H
N 47830 gm *al, Hih Ak Bf l 483.33
gm >a', JoKEfH 485.99 gm Zal, KRAEMHN
448.70 gm >a ', FKEAFLAEY G NPP 4R -1
E 35 W E R kA, A /KR () NPP A2 35
R T RAEY

LB HAZ O X NPP S, b 513.75
gm >a'; R NPP AR PHEHRAR, J 422.80
gm 2a'y WASASMEE, 2000—2017 4EAHL iR
Hli 86.76% X I (1) NPP 234 fntast, Hr 93.30%M
FZo X NPP S HE i s

KA RS NPP SRS R K TR
7, XK AR B KB INHEF AR R ek
T, RAVEY . K, IR AR K
FINHEFAR U TEK R ) . KA RVED)

S TS EAE I HAR S NPP g
AR B AR RZ I KT ARVEY, o 4—10 F EI
AR R A PMRIVE R XS JCK 5 fe) NPP sh578
AL BTER R IA 37.85%, 4— 10 A H#2EHI4EF
BRI PR VE R X A /K 5f NPP B2k 51
BRAIA 31.14%, 4V SRR Jo 75 51 B W RV R X
AAEY) NPP s 5Tk 5 29.00%
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Abstract: Net Primary Productivity (NPP) is an important indicator reflecting the response of terrestrial ecosystems to climate
change. Zhalong Wetland is a typical representative of the wetland ecosystems which are sensitive to global climate change. So in
this paper, Zhalong Wetland was chosen as the research area. And the analysis of its spatio-temporal pattern of NPP and response to
the change of meteorological factors would provide references for studying the response process and driving mechanism of wetland
carbon cycle under the background of climate change. Based on remote sensing and meteorological data, and by using Geo-Detector
and platforms of GIS and RS, we estimated the spatio-temporal distribution characteristics of vegetation NPP and explored the spatial
heterogeneity and the effect of meteorological factors on its dynamic evolution from 2000 to 2017. The results showed as follows.
The annual average of vegetation NPP in Zhalong Wetland was 478.30 g'm *-a"'(by C, the same below ), which was 483.33 g'm >a "'

! in waterless meadow and 448.70 g'm >-a ' in crop. NPP of watery meadow and crop showed an

in watery meadow, 485.99 g'm >a~
increasing trend. The average value of NPP in the core area was the highest (513.75 g'm >a '), and was the lowest in the test area
(422.80 g'm >a ). The whole influence of water factors on vegetation NPP was greater than that of temperature factors. The
descending order of dependence on moisture was waterless meadow, crop and watery meadow, and that on temperature was waterless
meadow, watery meadow and crop. The interaction effect of meteorological factors on dynamic change of natural vegetation NPP
was significantly greater than that of crops. From April to October, the contribution rate of the synergistic effect of the EI and annual
mean temperature on dynamic change of NPP in waterless meadow was 37.85%, while the contribution rate of diurnal temperature
range and annual mean temperature on watery meadows was 31.14% and that of annual mean temperature and frost-free period on
crop was 29.00%.

Key words: NPP; influencing mechanism; Geo-Detector; Zhalong Wetland



