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Abstract; Salt marsh vegetation, mangrove, and sea grass in coastal areas are highly efficient carbon sinks; the carbon
sequestrated by these is described as coastal blue carbon and their ecosystems are described as coastal blue carbon
ecosystems. The coastline of China is long and the coastal blue carbon ecosystems are widely distributed. With rapid

development of economy and consistent increase in CO, emission, exploring the potential of coastal blue carbon has become
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an important way to increase the carbon sink and decrease the pressure of CO, emission. It is of great significance to identify
the temporal and spatial characteristics of net primary productivity (NPP) in coastal blue carbon ecosystems under various
and complex anthropogenic disturbances. The study was conducted in the Yellow River Delta, and the recent 30 years
(1987, 1995, 2005 and 2016—2017) was used as the time scale for analysis. The spatio-temporal characteristics and main
influencing factors were analyzed using data from remote sensing and field investigations. The results indicated that: The
mean value and total amount of NPP decreased first and then increased slightly during the recent 30 years, and the mean
values of NPP in the summer of 1987, 1995, 2005, and 2016 were 94.93, 63.90, 64.56, and 69.54g C m™ month™",
respectively. The mean value and total amount of NPP in the year 2016—2017 were 294.38¢ C m™> a™' and 710.05Gg C/a,
which showed distinct seasonal differences. Obvious spatial heterogeneity existed in different districts, nature reserves, and
land cover types. Comparing the different districts, Lijin County possessed larger temporal fluctuation of NPP than the other
two districts. The mean value of NPP inside natural reserves was higher than that outside the natural reserves, which was
higher in the experimental zone of the nature reserve than in the buffer and core zones. Further, the mean values of NPP
were similar in old and new estuaries in the year 2016—2017. Among the different land cover types, wetland vegetation
possessed the highest mean value and total amount of NPP, followed by farmland. The NPP values in other land cover types
were low. The results from NPP partitioning for the year 2016—2017 showed that the proportion of area with medium NPP
was the most (49.5%) , followed by low NPP (38.3%), and high NPP (12.1%). The spatio-temporal characteristics of
NPP were determined by land cover types and vegetation growth conditions. The land - sea interaction, exploitation
activities, and ecological establishment in recent years were the main influencing factors of the spatio—temporal variations in
NPP in the study area. Wetland vegetation and farmland were the main contributors of carbon sink and their mean values of
NPP increased steadily since the 1990s, and reached 570.28¢ C m ™ a™" and 335.92g C m™> a "' in the year 2016-2017. In
the 30 years, the total amount of NPP continuously decreased in wetland vegetation and increased in farmland. Wetland
vegetation is the typical carrier of coastal blue carbon. Meanwhile, farmland, which is located in coastal areas, transformed
from wetland vegetation, and possesses high ability and potential for carbon sequestration, can be considered as an

important supplement for coastal blue carbon.

Key Words: coastal blue carbon; net primary productivity (NPP) ; spatio—temporal characteristics; human activities; the
Yellow River Delta
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Fig.1 Remote sensing images and outlines of study area in different years
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Fig.2 Land cover types of study area in different years
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Fig.4 Variation characteristics of NPP in whole study area and different districts
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TS TAR P A 7 X, o BRI IXCRE 2 4 XSl A6 T rf A 77 07 DX T 1T DX 22 1 DR, AR AR ™= 5 I, gk
PRI, OR3P DX P R A 00 DX LG BB 8 e TR DX, DR DX S50 DXy v s A ™ g X L A6 B A8 v 1 4% o
DXFIAZ o DX, BT 11 DRI YT 11 XA 7= g o XOIRDEBEAR — 3, AN [R) b 96 7 5 A vy | V0 AT 0 2 O S 24 Ml
ATTE A 77 07 DRI A 77 07 DX, AR B R A T A 72 07 X LR R RN B A 7 A TARAE = 1 IX (3R 3)
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Fig.5 Temporal and spatial characteristics of NPP in recent 30 years
F1 E30 ERAFAMRBEEZXE NPP £ER
Table 1 NPP results of different land cover types in recent 30 years
I Mean value/( g C m2H 1) S Total amount/( Gg C A7)
T H Ttems
1987 1995 2005 2016 1987 1995 2005 2016

TR HLFEE Wetland vegetation 121.28 94.68 99.81 133.53 189.04 97.96 91.73 80.67
4¢ M Farmland 71.03 52.99 58.81 82.45 18.36 37.19 52.31 79.6
K3 Water area 14.18 13.23 10.81 9.71 1.13 1.39 1.46 2.35
&R RN SRFE I Saltern and pond 6.47 11.45 6.7 3.45 0.17 0.91 1.42 1.48
i Bare land 16.99 19.31 14.64 8.88 5.14 5.45 1.65 0.47
A Building land 24.27 20.93 24.18 30.18 0.81 0.93 1.13 2.24
2238 i Traffic land 37.11 25.38 28.78 34.63 0.1 0.13 0.16 0.29
Tl A Industrial land - 14.73 16.25 17.57 - 0.01 0.03 0.65
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Fig.6 Temporal and spatial characteristics of NPP in different seasons
F2 20162017 FERFASFHNEEREMREEZLE NPP £ R
Table 2 NPP results of different land cover types in different seasons and whole year in the year of 2016—2017
{8 Mean value JEH Total amount
WiH gCm?2H™! gCm?2a! GgC A™! Gg C/a
liems % e hZE Xz gl &% HE kZE X S
Spring  Summer Autumn  Winter Whole year Spring  Summer Autumn  Winter Whole year
AR . 27.32 133.53 21.79 7.88 570.28 16.51 80.67 13.17 4.76 344.54
Wetland vegetation
4% B Farmland 14.37 82.45 10.88 4.18 335.92 13.88 79.6 10.5 4.03 324.3
7KK Water area 3.45 9.71 2.58 1 50.77 0.83 2.35 0.62 0.24 12.28
l~ 3
AR AH 2.17 3.45 1.58 0.99 24.68 0.93 1.48 0.68 0.43 10.56
Saltern and pond
#iHb Bareland 4.24 8.88 2.83 1.79 53.78 0.22 0.47 0.15 0.1 2.85
A Building land 8.61 30.18 6.2 2.38 144.6 0.64 2.24 0.46 0.18 10.75
2238 F L Traffic land 7.57 34.63 5.25 2.1 161.69 0.06 0.29 0.04 0.02 1.35
Tl b Industrial land 6.48 17.57 4.66 2.02 93.01 0.24 0.65 0.17 0.07 3.43
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Fig.7 Variation characteristics of NPP about the nature reserve

®3 2016—2017 £ NPP FERFEIHER (%)
Table 3 Statistics results of NPP partitioning in the year of 2016—2017

Wi H A=K A IX mAE X SiH A=K hEIK mAEE X
; Low NPP  Medium NPP  High NPP ) Low NPP  Medium NPP High NPP
Ttems Items
area area area area area area
T AR 1
FlHEEE Lijin County 12.9 82.1 5.0 A . 5.2 46.9 47.9
Wetland vegetation
B X Kenli District 32.9 55.3 11.8 A& Ml Farmland 7.9 91.8 0.3
] X Hekou District 48.2 38.2 13.6 Ik Water area 95.5 4.4 0.2
, hEA ?
-1 IX Reserve 31.0 50.1 19.0 HIFRAHIL 99.7 0.3 0.0
Saltern and pond
E1- 47X Non reserve 41.1 49.3 9.5 #ih Bareland 98.9 1.1 0.0
1% X Core zone 77.9 14.4 7.8 A5 FHb Building land 86.4 13.2 0.4
ZEup X Buffer zone 59.0 24.1 17.0 2838 I3 Traffic land 78.5 19.5 2.0
S IX Experimental zone 27.3 53.1 19.6 Tk b Industrial land 98.2 1.8 0.0
A New estuary 30.4 51.0 18.7 STt The whole 38.3 49.5 12.1
Z3 1 Old estuary 32.8 47.2 19.9
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SLAA A 118°40’ 118°50’ 119°00’ 119°10'E
3 TitE54ie . , : | :
S N
3.1 il %[ A

F 5T DX b AE B DA 35 R P35 2016—2017 4F
JEH NPP ¥3{H 4 570.28g C m™? 2™, H A W W AYZ=TY
%5 HZ NPP Giikik 3] 70% ., MRk R T8
1o O B RE 77, X 2 IR 1 HE0T — A DI M AR A TR 2 7
PRI TS N2, e NPP SEAIR TR F AR R 7 15
FI AR B DX B0 4B B NPP M 10165 C m™2 a1,
FEILIR A, — 7 1 7] RS2 A SCR T AN 25770 328 J%
ORI A MR NPP 2558, %8 T W25, 1M
HAMBFFEAEAESCR AT 1 91 2 2 4 1 3 B8 ORI ER 4

37°50’ 38°00'

37°40’

. A X

o . O AP X
A NPP RO EASEE 5w =0 5 3 — 5 T, 2] = A U i b 0 - K
FEHE NPP AR AEAE 3 K4 0 0. A I NPP 1 —
{EAC TR A, 0 335.92¢ C m ™ a™', 5 RAHAHIR] ik 8 2016—2017 £ NPP 4 [X
Y HA S SR AH (R T4 E 4% H NPP $4{F 426.9¢ C m™ Fig.8 NPP partitioning in the year of 2016—2017

a ' R HBIX 4¢ FH NPP #{i 503¢ C m~2 a 'R
SE T HLIX A% [ NPP {1 405.7¢C m™ a™" %) 2 JE S 0T — £ Y508 10 - e R BRI A, DL S AF A 58 X A
FH NPP M4 THEIR AL , B = M YA FH 2 22 BA 1A 24 19 [T Bk g

5T IX NPP R 35 (R 25 Jp Stk . 1 38 7 55 28 R e A ROR L J2: NPP e (R, = 2 5|
FHARFACH PR - B e[l 52 m , Bnr 465 Y8 v b B e 7 o e 7 A2 ol 58 ) B Py o Bl 52 B FH A B2 AR TT %
AT R AR W7 b OS2 T = M AT 2820 o HL b e 7 25 A = Ak s (&1 1 NEd 2) . 1987—1995
AEJIR] WIS DX B 0 b T2 B R A A [ A5 D b L 190 /D B, B Ta) A 1 0 S A 1T O TR S IR
by, AELACTE 0S50 FRL A 08 0 SR Y58 108 2 R 42 Tl A D, 38 b T R Y i 92> | AR T AR DX AR BT 2R 4
1995—2005 4F- 1B [0] | 2 Tuf g fo Ve 1 DX Sl FH R il 194 T B2 3 10 17 %0 588 1) SRS | 7 JHG Al 7 "8 1) o £ oAl
R T IR ML /D ;2005—2016 A HATE] , — 7 T FE B2 ok 1 ER FH 50 Bl s A AR 1) 4k 22 34, 55 — T TR 3P X
MRS XL AR 0 A R AR K sl AE I e BT (3R 4) .

F4 PRREBEAHFREMRBESLEBENL kn’

Table 4 Variation of land cover types caused by outline change of study area

1987—1995 1995—2005 2005—2016
H Ttems Wb bk sk Wb st Wb it B i
Decrement Increment Decrement Increment Decrement Increment
T HAEYE Wetland vegetation 74.29 49.56 33.50 5.23 4.22 6.25
# it Bare land 1.11 9.15 3.15 4.54 0.29 25.20
7KK Water area 0.10 1.64 0.57 15.20 0.19 37.32
leiiﬂizﬁiﬂnd 0 5.45 0.41 81.59 0.13 26.48
2238 F b Traffic land 0 0 0 0 0 0.52
&3t The whole 75.50 65.80 37.62 106.56 4.84 95.77

5T X PN S st e 7 S5 2 AR ZH R P, 1987 AR AR 8t o5 B R 0 LU (68.9% ) , FLVR M AR HB (13.4% ) FilAk
H(11.4%) , HAZEA G AR R 10% , XANEFH R 5T X 36 78 5 2SR o 2332 3] [ AR R I 29, NS T
AR X BN, 20 tH20 90 ARAR ISR | N 210G Sl )2 i 1 22 X 0F % X M 22 78 T 2R AR ok T BB, 1995
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ARG DX 30 b R 0 T AR B S 080N (45.9% ) AR T R4S A H (7 e T 2 31.2% 52005 471 i AE B (39.6% )
AR H (38.3% ) T AU L-T-H5F-, 45 HURFRFE L 5 HL ARG TN (9.1%) , #itdh 7 HL R iR A1 (4.86% ) . Bl A
ETF LR FH AR A AN | NS0 1 R 5 i) b 2 7 26 2R R 0 B 711 2016 4 4k R A
8 X ) B R 755 (40.0% ) |, IR HIAE DY b7 Lt — 2B RRAIK (25.1% ) , £ EURIFR B ML 7 EL 3G 28 17.8% , #
o5 R R 2.2% (K 9)

NDVT JE A9 Az KR O i 5 8 3R A I, B (b 80
MFRBCIETE 7 AN () b 38 7 56 26 A8 v | A FE 0408 b A
Bl ELA B = 9 NDVI, R FH 33 5 5t 0 A 35 ) 0 468 s 6%
(K 10) , 31 30 452, 10 M AR B A H Y NDVI #{E 2
PLSE TR RS 7E 1995 AERE R RAR, 2
2016 AFik B fe . X —J7 T & T 20 20 90 ARAR
TR PR ABETE P G 28 H W37 B0 SR 00 5, S 9T = A 9
A IR LA K5 53—y T, 90 A AR 2 0= oo po—s o
] = N R T B A 0 300 9 B, 77 1 = Rk 15 Year
P BT A VR A A F B BR T B 90 AFAR LK R
SO BUK TR G B AR XIS S M g9 Temporal variations of the proportions of main land
T BRLA K 21 2 AR R E AT FIAEZSTH K cover types
TARN TN b F A R 5k 1) A Rk in B
DX 3 () R AR AN AR A NDVI SR T 18 AR Bl Fn 4k B NDVI 76 AR R 245 b 22 AR K, HAR i 22 7l
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Fig.10 Temporal variations of NDVI indifferent land cover types

H RTINS0 b e 7 55 2 R R Bl A ORI AR fh s o T WF5E X NPP B 23 43 SRR AR, 3 30 4F
o 5T X TR AR Y T AN T 406 ek, 4% TG FRR IRTHE K 5 1987—1995 AT 11 ] , b ¢ 78 75 2 A A A8 Ak st A
ARBLAIAEE S E NPP B 8 9 [ 5 1995—2005 4F-J1[0] , 3t 3 7 55 2R R4k 2 5 A7 | i A e A BOIR B A T 2
5 NPP PIEAAE AR ;2005—2016 AF-HA R, A 8% A KR BUEETHHE K 1 NPP b THE T M 36 788 55 R A FE AR Ay
KB NPP TR, 5T IX NPP SARA T T [RIES ARS8 X 4 A T X FR 3P X NPP BRI T — 2257, X
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o, /2 PR b R 7 5 A8 BRI AE OB e 1Y, AR B pR T O o 5 X AR AR DN b 3R 7 55 S AUTE 1987 AF LIV
RS0 32,107 1995 4 LISk A FH R 32, 3 B 13T 30 4F R A KA NPP 3530, A4 IX PSR4 o 22 ()7 i A
BT NPP 55 T 047 XA 5 4200 DX AV T S AR T VS 1 o7 ', I el YR Mk A IX T TR, 322 ph /K S A
AR B NPP B AR I, E6 430 O3 DX AR 28 R e fese B AT S 2 ; 22 W 1 NPP 78 1995 4 F11 2005 4F
TR 1T AF B 2 3 A e A A DR AP R A B T AR A AS T N8 e 312 2010 4F - J 1 BT i 18 A A /K TR,
B SR T A O XA AR (A5 2016—2017 4F B 3230 1 55807 1 X 48 NPP JeAs—3

— M IA , H HAF B AR TR el WA ) EE A B, O B A 2Ry A R AR FOULSE A
ARG A U B SR A T A S R G BRI M AE B R A W B e O | AR
LB ARG FEBLSE AR TR F & IR, & B 2 F AR 25 R RN, 38 40 01 FH O 42 T a1 g
71, e AR AR 5 R R S B g A g FIAE B s e KA B EE AR . A U s 45 b
78T 20 T2 90 AEAR R HUAR A A T B LI 4K I NPP SA{EZ W32 71, EL7E 2016—2017 4EJ¥ NPP R 5 i
FEIXIY 45.7% , IR A% S ki A IF A& T BB R, {H i T i IX. | p 30 AT B A Ak
Mk AR B ELAT 5 55 [ e e ) AT 1 sl A mT 5 A SCRY i Bl Y | a3 ml AR A A W (BRI
TN A B VR T MR A | 2D AR 7 B 45 AT RO D 2R i (i
32 g

(1) 3 30 4R BFFEIX. NPP HA (B LA i 28 5 0L 5 T A SO B 4 1 4RI, 1987 11995 ,2005 2016 4 2
T IX NPP YI{E 554 94.93 163.90.64.56 ¢ C m™> H ™' Fl169.54g C m™> H™';2016—2017 4F & NPP ~F-3{H K
294.38¢ C m™> a™', AN 710.05Gg C/a, FI W WA ZT 255 HE e T HMZET

(2) W55 X NPP ELAG B S f 2 () S otk . FEE B NPP A Fb i) 11 X R B2 ) X 26 30 H B K Ay Ik ) 96 sh 2k
H RO DX PN NPP SAME B 5 5 R4 X A0, AR 3 X 526 X NPP M = F 2 vh X FIAZ 0 X, 24 3A) F1 X NPP
PIEAE 2016—2017 47 B 50T O DXCREF 5 W AR B R 55w i NPP I (ERL S, R e H, FOf LR 2 Al
DB S A IG5 2016—2017 4FBE NPP 43 X Z5 3R 7, AN [\) 43 DX T AR F R BN/MR U AR 72 71X (49.5% ) IR
FEHIIX(38.3% ) AR E P2 X (12.1%) o BFFEIX NPP R 28 43 5 1 e i 2 7 55 20 AR e A= RO i 3L ) 5
M EE IR, 7 A AR A EE R IL[FERS T | 3T 30 47k , AR DX 100 AR B T ARSI 4 i, A | P RS it T
FRRHHE K, 33X S 1 BT ST X NPP FRAR Y 325 A 520 140 90 AFAR AR 2 KRB AR T, A sk T #F5%
X NPP [ K,

(3) VR HuAE AR FUR BT X 40 A0 e ) 1 b 6 7 25 28 8 B2 il i B ou ks . =3 2016—2016 4F
B NPP YJ{E 354 570.28g C m™ a™' F11335.92¢ C m™> a™', B 3t 94.29% 3 30 453k | i@ 4G g NPP
ST A T NPP S DT I, 0 A Y 2 g e ol Wk T LR A R TR A (67 TS Vg L X
D bR A AR TR AR B ELAT 3¢ e [ B8 0 R ) BB 2R 1Y | RISl e W e ) L B AP 52
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