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EAFRSRET TR ZEEHR

R0, LR, R, Y K

L PR AR B R Mol 5 B LR G, KD 410004,
2. MR K Mol BB 5 A G A S, KT 410004;
3. PR R R RO AR IR A S M E MOl 5 R SRR E, KT 410004;
4. hEBOE BRI B PO BTSN, b 100091

B OE. B AT EE RS g4 7 S NPP (Net Primary Production) 4% B A 9% AH X 78 55 DL AT W38 200
1S 20 NPP Al SRS B R G S5 [m) 8, RT3 35 T MODIS 32 BE 7™ 5 (MOD13Q1 FMIMCD12Q1), I ¥4 RBF
(Radial Basis Function) 414 IH— L9840 (ENDVI) 5 CASA (Carnegie—Ames—Stanford approach) #i7I4%
BT AT 20 4 E VR FER L NPP, IFE BT IR T 2001 4E—2020 4F P [ VE B i A i A K HORS L . BF
FEEEREW . T ANDVIHERAAR NP (BACTT) SiERA RN (R=0.854) FIEAKMIE )T
MiR2% (14.46 g/m’*-month) , 5 NPP  AH T EL9H ;. AH L T NDVISFE G HE 40, ENDVIZEf# T w4
BOA B, R L T AR S 7 ) NPP PAS EORE FE 3 20 4F b [ VB R NPP AR B (E AR 1k
MR 162.73—189.34 ¢/(m’-a), RSN LIS, HH R 1.215 o/(m*+a) (R°=0.82). A, FEZSE L, HEVEE
Tl NPP B AE A 1 X 38k G 143 510 72.969% F126.27%, EEHEPFEARILIR . 3514 2676 g 5 LA &
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JNALHEE . AL T AZEE S, A8 Ak 2 5 i i ] T 3 1 b P 23 3 38 1 RS0S4
66.23% F133.76% . ZA~WF5E ] Sy v [ TE R0 Hh NPP Ak 340 K ik 23 v A8 i o e fll e A 5508 04
KEEWR . R, SR, mhasEAE, ARIGsh, SRAefk

FESES: P2

SR IR, SRR, FINE, X, KRE 2025 REBFIE S VI RE A= HETHR . GBREFR,29(1) : 167-180
Zhang M, Zhong A H,Qi S Y, Liu Y and Zhang H Q. 2025. Spatiotemporal evolution of net primary productivity of
swampy wetlands in China. National Remote Sensing Bulletin, 29(1) : 167-180[ DOI: 10.11834/jrs.20243384 ]

1 5 7

R R BT PR ORI, Hoh iR R (BRAR
TP WENRPERIRIASRPE) 5 10 M S AR b
W42 3T 40% , XF AEFF IR W) 2R RS R GE
fe V-l B E A L (9RSE 5%, 2017; Zhang
45 20215 Yang %%, 2022). FHELEHHIHAEFEH
NPP (Net Primary Productivity) Fa LR O W) AE B
R[5 0857 25 ] 3l 6 A /R T 2R A LA
Bir, SV PR [ v ) i R AR —
e S WS e AT S N AR AR A A T T HAT
TAER (B ¥ 4, 2020; Brown fll Collins, 2023;
KA G, 2023) 0 T RREERY AR AR

is B HA: 2023-09-05; FRENZR: 2024-05-28

g, AR ENAEE O RGBT e, R
G TR OCOR I ELSR , TH R AT T I ™
WPk R . UL, SERT . v M A R R Y PR T M
NPP, F3 A7 FLis 25 AR B I o S R B 9K B AL ]
X AaE ST E R A BRI T RE T B B
HORNT S SR EAT A R

1 G0 1 NPP Al 50 3 B2 b i s, F) %
FE RN 45 S B AT 58, SR i AR B 0 2
[i) S5 5 A4 R AR S ) R, Bk SRR
FEBE NPP 32 3] T AR BRI (= 30F 45, 2014;
Sun 4§, 2022). #EBEER T HIK .
JUAERE A, AR R R I 9K B A A A A AR
B AN ERIEINPP 2 5k 22— R4S [l 4
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PR 8 BGEAR W T B Iy il sk DA SRR
B FE SR S5 (NOAA/AVHRR ., SPOT vegetation
MODIS VL } Landsat %), 28 & H T KRR EA
B R G0 NPP Ak 35 K i 23 A8 Ak fa B o8 (5K g Al
B KAE, 2018; B3 4%, 2021; X RUFIE ACAF,
2021). ARG, SGREFIH A (LUE) N
J& NPP Al 550 S5 )2 A 2 — | i RA A 1),
JGHE R R S F a8 A 8O 2 X K FH
R 5 1 SE R A 2R AT 55 NPP (Potter 55, 1993,
1998; Bao ¥, 2019). Hij, EWN¥HELE MK
Iy PR AR LUE A B 21 e T — 26 v [ 98 7%
WM A 25 R G NPPAG B 5 40 B 9 AH G5, an sl
AR (2008) F:F MODI17A3NPP f= i, X =71
S J5UVA R b NPP 25 8] A8 £k RRAE B H 5% g PR R
AT T 8. BAEAE (2014) FFH CASA £ A1 F1
MODIS 5t Ha A5 3 7 Z b 3t X 78 10 3 NPP, I %8
HPEM T A AR AR 2T Bh 6 TR R H NPP i
AR o Zhang 55 (2022) fiifk T CASA £
R IF S BT IR BE A BRI b R I A o B OR
(30 m) NPPAHER . TR TS (2023) @it A
Yrix 5 IR R NPP Z [ C R 2, 39 1 8
VAR L NPP ) 5 A3 A% Ja F1 s (8] 43 S RRAE
JUE N, AT A VA b NPP ) A S
SRS AL T S A2 . (1) HEria
R Y NPP A 5Y 32 22 4 v Xl R B8R 3R R
B, R A VA PRI NPP AL B 5 A 2 AR
FEAXFEE A (2) 1 VA PRI b NPP Ak 8 il
T B AE R IR, R A T 5% 300 T o
X — [, A LUE 5278 4% 5 R 9 NPP i 22 %
H— AL B 48 B ND VIR AL 5 NPP, R4 NDVI 5
BREAE S 1 S R g A ARRAE I REA R PTG A
Wt R AR, SR NDVIA S AEE S 4 ,
5 FENPP AL BAE R AR (Wu, 2014; Joiner %,
2018; Hph 4%, 2023). FRA-FST I XA DS 4L
PEAT A B Bl 222 5 b i B4 5 36 BOK i e NPP A
BAPAEAE AR AN RS, A NDVE, 213000 —fh s ok
Fel . BESRAEPIR R (EVI) %5, SRifx kit
A AR AR I fift e 2 8 ) f50 K% o A e) B (Wang 45
2017; Camps—Valls%, 2021; Chen%%, 2021),
LA A R FH T 2 3 SRR B 4 A, e A e e
500 R A ) DOk H R NPP RS Ak RS
JE H AT AR T U R R L T, ARFRET
MODIS & &K 38 7= 5 (MOD13Q1 #1 MCD12Q1) ,

F) H ¥ R 40 RBF  (Radial Basis Function) #4 # A9
BH— A g d6 %50 (ENDVI) 5 CASA (Carnegie—
Ames—Stanford approach) %1 fl 53T 20 4F o [E VH
FENEHL NPP, I8 5 20 M R 2001 4£—2020 4F
T[] VA R T b P s e AR R LIRS HLE, DA R
FE S HETHR R BRI T RE SR AR AR
2 Bk A BT
2.1 EREE

A ST FH 04 228 B R 0 2 78 AR RIS ] 1 L
F 1, Hr, BIEAS Landsat TM (30 m) #2845
%, MODI13Q1 (250 m) LK MCD12Q1 (500 m)
it BE . Landsat TM 2048 322 T DH0E IR
Ay (2001 4F—20204F) o [ VA R b (4 30 B
Fl, T )5 0B R IR T 25 i A e S . AR
WFZE LB T 2000 4F = 78 55 <20% 1Y Landsat TM 5214
2045, [RIRHATHLE T 19994F . 2001 4EH12002 4F
i B Landsat TM 5218 (391 5t) FT#b5E 2000
AEFR o ML DX T o RSB R R25 . MOD13Q1
5 MCD12Q1 7= i B 3 ZEHR AL b [FVH 308 Hb NPP
i S0 BT L A R B (RNDVID) A H A
/3%, ARBUESY M 2001 4E—20204F , Zext ik
B, MODI3Q1 5 MCD12Q1 7= & B ¥ i ¥ 52
UTM 5 (WGS84), 23 [H] 5335 4 500 m.

F1EBEIERER R KA

Table 1 Remote sensing data types and acquisition time

B 2 RG] 23 [ 53 HE R /m
Landsat TM 1999 4F- 2000 4F-,2001 4F- ,2002 4 30
MOD13Q1 2001 4E—20204F 250
MCD12Q1 2001 4E—20204F 500

22 HERBRFEMSHRENETE

H T MCD12Q1 7 iy i b 2 780 Ay i A 0 1 R
- HE BURE B3R T BOK A BIIR K A 55 B DX
X5 TR B DO B R . R, S E B
LR 4y 2000 45 [E TE PR M VS R, A BRSO R T
Landsat TM 5214, >k HTAN M XS4 5 45 243 207 1k
fro EE R DT R 81 (Zhang 5§, 2023),
LRGSR AR L 0 PR B AR LA S
HE e (AN W, IREER 1 10 07 40 iR A
= https ://www.osgeo.cn/[2023—09—05] ) XFAHTSE
S v [ o) NS BEHEAT TR IE, S5 ARV
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2000 4 H [ SRS ERE FE R 85.67% , IR M
32 UER 2T 80% ., 2000 4F r [ 7B IR M 3 By
eI (BRIRVL, &Mk, LT ARNEE N ATRIX)
APGIE X (A . PO A IR X DL SOR a4 5 /R
HIGDX, PUJIAEHS) , VAR LS AR 2 184,
144 km®, o P [ R AT AR Y 38.66%, T ILIET 1,

s 2
L REESiTA N N
I R T VS R
HES: GSHt (2024) 0994 Gt HdR RO S, W, GHIX
Bl 1 200047 b VR B o A
Fig. 1  Distribution of swampy wetlands in China, 2000

[ RGNES

2.3 SRHE

SREBARAIE . Bk KBASREST L KK
KA. Ho, SR Bk ZEECR BRI T
K EK R G B85 o0 (http://www. geodata. cn
[2023-09-05]), =z [A153HF% K 1 km, X LR
T ok s ) A RO D vk AR A, I M ST A5 Y A
B AT HAIE . A 4 S B R R T A ek | 85
(https://developers. google. com/[ 2023-09-05] )
ECMWF_ERAS5_LAND_MONTHLY 7 &, %4 23 [f]
SRR 0.1° (Qi%E, 2023a), ERAS X 4Bk M
55 TR ECMWE KA 0T, P53 A A5 5 A5 40
5ok [t 45 1 i LR 4 R4 A L — A Bk oE A
H—8m8dinde . 20 885 et o F R A 4 T AL
L, OMEARAR . R . R BHAR BT RO F R
SRR PSS N UTM (WGS84) , 25 [i] 43 $E % Ny
500 m.

2.4 NPPIGIEHHE

NPP 56 31E B85 % FH o [ ol b 2F 25 3R 496 30 5 00
MBFFEM LS (ChinaFLUX) 2 A9 JE T 10 A 56 4%
AR B LI I s b a5 o LR
GG E B R G AC i 5 NEE (Net Ecosystem

Exchange) . ARG Re (Ecosystem Respiration)
4, RS SRS 2005 4E—2010 4F G 1 b3 11
WL B i #5554 NPP (GPP=Re-NEE, NPP, =
axGPP) (LhPEih 45, 2008; 75 ki 45, 2022),
Hrh o fRFENPP (5 GPPILLHR, 2% M4 (2012)
RIS (E «=0.604. LUl R bl pEHCS ik
Hei 1 AMEOCAHPE B R ZE vh X (500 mx500 m) , it
TG P XN NPP I (BT A Sl , ek
FHERAEA AT (LA TR E R R AN 7 AR 1 22
RSME) ZEATAMTTE NPPBLLGGAIE o
2.5 HitHBERE

HC Al B B0 L 45 AT BOA VR L AT
Kol . I BCE A A . b AT
IXiZ'J?{&TEEE IEI %%Efﬂﬂﬁfi{%ﬁ\qj‘[} (http:// WWW.
ngee.cn/[ 2023-09-051) . GDP 4l . A 18 diE ok
H PR E R 583 T 0 (hitps ://www.resde.cn/
[2023-09-05]), ZE M7 BN 1 km. DEM %idfi ok
TR PR [R5 =~ (hitp://www.gscloud.cen/[ 2023 -
09-051), A5 E 430 30 mo MBI T it Hodis
CLCD (https://Zenodo.org/[2023—09—05] ), =5 [a) 4y
BN 30 m, B T B 46 E F ] T 1
FIRTEE

3 WSRO
3.1 EEEFIAZER CASA B K B F B NPPHE

AWFFERIHAR SRS (2005) Btk CASA 5
RIS B v [ VR B NPP, NPP(x, 1) MR G«
e AWM ERRET T, ¢/(m* month) (LA C
1) FIH CASA BIRITHE NPP AT

NPP(x,t) = APAR(x,1) X &(x,1) (1)

CASA £ AU v 0z W 56 & A 20 5 P APAR
(Absorbed Photosynthetic Active Radiation) 1] L1 F
FRAE Y PR TR G A AR ST, APAR(x, )
RIMEITC x 7E ¢ WS &A%k, ¢/(m®month) .
HHEAXT

APAR (x,1) = SOL(x,¢) X FPAR (x,1) X 0.5 (2)
A, SOL(x, 1) o JIAEARTT « A 18 K P G R 5
H#, MJ/(m*-month); FPAR(x, 1) NAHBZXF A
A A BRI )5 H$R0.5 F R M i g
A K BHA ok i (KR 0.38—0.71 wm) i
K BRUEFR S A Ho A1)
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CASA BLRI & SEBRCREFI IR, elx, 1)
Bota e AR SEPOLRERH R, oM. e(x, 1) 1T
ER/N W1

e(w,t) =T, (x,0) X Ty(x,t) x W(x,1) x &,,.(3)
Krp, To(x, o) T, (e, 1) 430 s AR A i Ui
XPCREM AR MHaEH], e, e AR S0 T

E(x,1)=

(P(x,t) X R, (x,1) X ((P(x,t))2 + (R”(x,t))z + P(x,1) % R,,(x,t)))

FOCRERIA, By oMY W, (x, 1) Ko

HEZW AL, THREAXIT

0.5 X E(x,t)
Ep(x,t)

A, E(x, 1) NXKEEERRZEEGE, mm; E(x, 1) N

X IRV AEZE R, mmo HEARWT

W.(x,t)=0.5+ (4)

(5)

K, Plx, 1) AEITAE T K, mm; R (x, 1)
JHEITCxAE L R FHVRE S B MJ/(m® month)

E(x, E ,(x,
((”2'(‘” (6)

BTG RE R 2R CASA 143570 4 10 s NPP 77
FEMRAIENGE , AT DA RS E0 T4 TR 1L LA
KB AZN , RH AND VIR B Eok il s
FEA A B ST AW EL B FPAR FDGA A w50 St
APAR, IZFBEUE TAZ R B, ] N FA
S AR P ENDVIEEOT LT A Sh g oC
FAaE R, SRR A DGR R, BRI
XPHRLRIZLN . 52 2=t R A= s 4k, Jfhg
AR PRI A AR T ) R, 3 IR AR 6 A Y i IX
(Camps-Valls %, 2021). HAjC A &5 RH
ENDVIHEEE R BRI A GPP AR 3 T4 10—
AHERAE R (NDVD) BL (Wang55, 2022, 2023)
LA, TLLEAG S ENDVIFEBUE Ul

1 -Fk(n,r n-r\’
kNDVI=1+Ajnﬂ;==wnh« oy )) (7)
K, n Fr BRI LLANI LG B, W Rk
A X 2 A6 I BEZ R A R, 0=0.5(n+r)
s Tl 3L 2T AR 2T S B 2 e A

FEF ENDVIHE R FPAR HA A RXUNT
SR - SR,
SR,.. - SR,,,

1 + ENDVI(x,t
zl—kNDVIEx,t; (9)
K, SR HUE M 1.08, SR HUH K /N 54wk
RIA G, BUETERITE4.14—6.17,

3.2 HEEFEMATETRERINVE ST

E, (x,1) =

FPAR(%t)=1nm( ,095) (8)

SR(x,1)

3.2.1 Theil-Sen median 5 Mann-Kendall #& % &
Wik
% FH Theil-Sen median 3% 7 [E {8 13 15 Hb

((I)(x,t) + R, (x,1)) % ((1)(a;t))2 + (Ien(x,t))z))

20 4F A B NPP A8 fL #a 3 4F &5, I F Mann—Kendall
EEBRTEE AT AR B (Qi%F, 2023b),
Theil-Sen median #F 3 #rJ&— M fafd ) JE S 8%
TR R Mk, v LA s A A RS
Theil-Sen Median # #3155 n (n=1)/2 1Bl 415 1)
RERM AL (B) . BT 3RiA NPP ALk
# BARTHR AT
NPP, -NPP

J 1

ﬁ:mmm( )Jmlg<pamo(w)

A, median R A ECpR L, NPP. NPP,J3 il
a5k AR (AR NPP; 48>0, Fe/8 NPP 23 T}
e Hp<ont, EMTFEBEH
Mann—Kendall 45 56 75 J& — B S 50K 56 7 1%
BITEAN T LR RN —E 50, R/ DHR
WAHM T, fs il fid, #2001 42—2020 41
T 8% NPP 45 5B G e 1 o — LB | P 51, H)
Wil 25 . Geit s S A it i) e 81 o 1
Poo XF—AIBENL . 2l 7 B oA 0 B AR AR
(NPP,, NPP,, ---, NPP), & (H,) M
ANAEFE e kB () B TE LTk
T RERS . B EXE—X AR NPPHINPP, o
j>i, TFA2E5 NPP NPP,. i)t Xt 225, fii
FF5 R (sgn) 1T
1,NPP, - NPP, > 0
sgn(NPP, - NPP,) = {0,NPP, - NPP, = 0 (11)
-1,NPP, - NPP, < 0
Gt s g S A TR A5 R EUE 1Y SR
S:Ejisymwg—NHw (12)

j=li=j+

i Evar(S) HHEAXUT .

n(n-1)(2n+5)
13 (13)

> 100, FRAEHEASG AL b 238 i R
HE

var(S) =
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S

Z=1 0 ,$=0 (14)
S+1
Jvar(S)
X, NPPAINPP A NPP i ] 5 50 B3R, n Rit
B FF KB . HI1Z1=1.28, 1.64, 2320, FIRil
W TIEER90% ., 95%. 99% B EMRK:, 70N
AN EA . WE AR AR
322 REX EHEXURMYFE
AR 58 ) it A O 22 B8ORS A DGR R R PR
T Hi NPP XA i 107, IR B0 T 1 ok e o
AW AEAR A 5 2T B % Hp ] T PR T A s AR
BBy oiHk (Zhang %5, 2022) . Bl AH &0 B )7
EAT DR 4 rh, R 2 AR T, 4
Pl 2 R ARG R, HHRARXT
Fared = Tobo ~ Totolbie (15)
JU =, )=,
Krf, r, N e, dAERENT, Lha,
b Z B0 BRI R, 1y T Tou SRR
Tha50, a5d. b5 dZE— R R
=R S T S T A S B O R S I 4 <h
o, sy Mz AR, NFEARE, WEflZ
] P 2R REO TR R

o= J1-(1-n)1-r) (16)
K, RIFEIFE S NPP, oy Fl 2 43 91 36 7 Tl B A
RiK
FI I R AR . B A BF A S X A
B NPP AL DTk, X T — 1 pRELy = f (%), 25, -+
x;), PRy AR T LISROR N

dy=zgdxi=zﬁ'dxi (17)

Aob, R AER, £ = offox. BLAN, HITy
BER ] Ak, TR A S A

dy g df dv _opdy
dt _zaxi dt _zf" de (18)

KI5, LG E]
dNPP _ ONPP dtem = ONPP dpre = oNPP dradi
dt dtem dr dpre di dradi  di

(19)
i A A AR A 55 NS B X b T R s
23 AR TTRR AR5 T R ] ik N

,$>0

,59<0

dNPP

TRy = T

= C!cm + Cprc + Cradi +te= Ccc + Cha

(20)
Arp, dNPP/de & K I R] 7 31) NPP 1) 25 6 #a 3
dNPP/dt, dtem/dt, dpre/dt, dradi/de 535137~ NPP
TELRE | A K R A 4 5 ok BsF ] ¢ f £ ] 0 e
., C,.. C, C,. C,. C Ar5FE«=IELN,
NS WL L B AR R BH 4 SR X0 78 3 0 4
NPP i 25 Ji 22 i ok, Hr A0 3l % NPP i 25
A TTER S SO BRI (C,,. €. C,,) X
NPP i} %5 848 5T R AN A i BTk (&) o

4 SR 5Hr

41 E20FEHEBFEMNPPHELERREE
BEE

I Y 3 e A S S X5 e R L
ENDVI AL B45 21 09 NPP &5 a7 500k, I S5FH
NDVI Ak 5245 2] 9 NPP &5 R aE A7 XS b, 3T AR
L 48 KA TR B T s NPP A B4 SR UL IR 2., AT L)
FH CASA £ YA U145 F1] 1) NPP 25 5 5 3 55 52 ME
BA WA (R>0.7), Hidr. FIH ENDVI
5 B Al 5415 B B NPP L JE T NDVI B 8L 4
NPP . HA E R AR ; NPP ., 5 NPPSZII{E Y
P RE (R 0854, HriiAZ (RSME) A
14.46 g/(m*-month), 5 NPP b #2230 B2
FT ENDVIHEEUE FAR B FE R NPP (2L CTT)
2 B A 5% fit NPP A 25 {38 (30—90 g/(m2~m0nth) )
FEn A T AU T8 ND VIS B 3 A

H [ TR R 3T 20 4 NPP Y8 M HE23 ] 43 A7 WL
3, i, @B Bonsit, i 204F P E R E T
NPP B AR E 9 176.38 of(m*+a) . Horpr, {HIR7E
0—150 g/(m*-a) WERICERZ, &R L 46.03%:;
HR I 150300 ¢/(m*+a) . 300—450 ¢/(m*+a) Fl
450—600 g/(m’*+a),  H4r 514 27.90% ., 23.11% Fi
2.84%, >600 g/(m’+a) i, 120.11%. T HE
TR IR Z24F NPP S X UL AR i, A& -
I AR B ) A R S S R g, X
JEZ RN R LE A VR EE SR, W yE B 2 A
AL BEIK R DL ROK PR A (B13) . R4
EHLIX (=F . TP AE XA ) TR 5
A AN 5 Y K B U il A5 % M X VR
2 HLAF B NPP 22457 A {E AR X 85 vy o H 26 3 L IXC
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AU . PECE VA DO P EE R R F 8 X (A 2P EEER S — > 8
DXz —, A T AR B AR5 D B K 52 R DX,z AR T R K i SR, MBI NPP £
T X AR IR B NPP AR (. ARIE AFI(EECE T PUROIX E .
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4
4
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gr ® ”® .o ® 0} ." o ©
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2 0r @ S 0 ~/ °
o @ e a2 S
ﬁmk Vs ﬁﬂfﬁ 7
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30 L @ ,*. P<0.001 P<0.001
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B2 BT [RIAR IR B R P4 NPP A 3 45 R 46k

Fig. 2 Validation of NPP estimates in swamp wetlands based on different vegetation indices
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Fig.3 Mean NPP and its spatial distribution in Chinese marsh wetlands over the past 20 years

2001 4:—2020 4 1 [ 8 75 10 Hb NPP {EH 0— M NPP Y{E 23 A — 3L, TP NPP &= (H 58
1530 g/(m*+a), {AERIEHL NPP AR e KA R AR K g AT TN AEER UL LB R IT AN S HR
2001 4F, 2010 4 F1 2020 4 77 [E V4 75 15 b NPP =5 [i1] DAL, R D) 3 A v 7 1 RS
S A VLR 4, TR HL NPP 23 (8] 20 A 5 Z2 4R TR R
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(a) 2001

() 20204F
() 2020
P4 2001 4F 2010 4F 12020 4 (V8 261 4 NPP 2 ) 53413
Fig. 4  Spatial distributions of NPP in marshy wetlands in China of 2001, 2010 and 2020

4.2 HEEFITMNPP R = EE S

2001 -—2020 4 [= 7 B NPP AR {HAR L
LK S, ISR FoRF, 2001 4E—2020 4E 05T
X NPPAESAEAR LR AT 162.73—189.34 ¢/(m’+a)
Z RS EF A, MR 1.215 ¢/(m’a) (R'=
0.82), HMH A 17717 g/(m’+a) . HH, 2001 4 —
20184 [H] NPPEAREL K, PEalFFfEIl B, 2018 4F—
202045 FRE#a% . AT 204 H [EVHPE NPP AR AY
B KRB BEATE 2018 41, SF-341E 2 189.34 g/(m*-a),
e/ IME HBRAE 2003 4, P I(E N 162.73 ¢/(m® a) .
DIZAEIENZ IR (177.17 g/(m*a)), HEEEE
Hi NPP/INT ZAEE R AERIE T A A0 £ 2010 4F LATT
MR T ZAE B E A0y WA TR A 72 2010 4F 2 )5

T 20 4F Hp [ VA PR R 0 NPP %5 8] AZ b Mann—
Kendall {2 K5 56 25 S I Theil-Sen median ##&
JimMann—Kendall B ZVEZE R ILE 6. IZSTH] [oRFE,
2001 4F—2020 4% [], v [E V00 NPP %% 14 2 3
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Abstract: Swampy wetlands (forest, scrub, and herbaceous swamps) are among the most important carbon reservoirs on earth and play a
pivotal role in the global carbon cycle. The proportion of marshy wetlands in China is nearly 40% of the total wetland area, which is of great
significance for maintaining regional biodiversity and ecosystem carbon balance. The Net Primary Productivity (NPP) of vegetation refers to
the amount of organic matter accumulated by green plants through photosynthesis minus the remaining part of autotrophic respiration per
unit of time and space. It is one of the most important indicators of the carbon sequestration potential of marsh wetlands, which plays a
significant role in reflecting the ecological changes of vegetation in the context of climate change.

Aiming at the relatively weak research on NPP estimation in China’s swampy wetlands and the saturation problem in the process of
NPP estimation, this study estimated the NPP of China’s swampy wetlands in the last 20 years on the basis of MODIS remote sensing data
products (MOD13Q1 and MCD12Q1) using the kernel Normalized Difference Vegetation Index (ANDVI) constructed by the radial basis
function kernel with the CASA model. Additionally, the spatiotemporal evolution of China’s swampy wetlands and its driving mechanism
from 2001 to 2020 were quantitatively analyzed and discussed.

The results of the study showed that the coefficient of determination (R”) of NPP_,,,,estimated using the ANDVI index with the
measured value of NPP was 0.854, and the root-mean-square error was 14.46 g C/m’month, which was closer to the real NPP value
compared with NPP_ ;. Compared with the saturation phenomenon of NDVI in highly vegetated areas, ANDVI mitigated the saturation
effect of the vegetation index itself, adapted to densely and sparsely vegetated areas, and improved the accuracy of the estimation of NPP of
vegetation to a certain extent. The regional pattern of multiyear NPP mean values in China’s swampy wetlands was obvious, showing a
decreasing and then increasing trend from low latitude to high latitude. This pattern was the result of a combination of factors, such as the
distribution of swampy wetlands, air temperature, precipitation, and solar radiation. The annual mean change in NPP in the study area from
2001 to 2020 ranged from 162.73 g C/m’a to 189.34 g C/m’a, indicating a fluctuating upward trend, with a growth rate of 1.215 g C/m’a (R>=
0.82) and a mean value of 177.17 g C/m”a. Between 2001 and 2020, the proportions of areas with increasing and decreasing NPP trends in
China’s swampy wetlands were 72.96% and 26.27%, respectively, and were mainly concentrated in the northeastern plains, the northeastern
and southwestern parts of Qinghai Province, and the northern part of Sichuan. Compared with human activities, climate change is the main
driving factor affecting the spatial and temporal evolution of China’s swampy wetlands, with 66.23% and 33.76% of the influence area
respectively.
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