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Spatial Patterns and Spatial Autocorrelations of Wetland Changes-.in Chma

During 2003-2013 - _ /&

ZHOU Ting, MA Jiao-jiao, XU Song-jun " & f ‘ P

i iy
(School of Geography, South China Normal Universitys, Guangzhou 510000, Chlna) \ |

Abstract: Wetlands play. an important rolg in malntalnlng _ecosystem functions. Wetlands in- China have suffered intensive human
disturbance, eqpemaﬂy before 2000, resulting in. great los§es#§.nd degradation. Therefore two national wetland resource surveys were
carrled out by the Chmese government during 1998 003- ‘and 20082013 to détermine the status” of wetlands, understand therr'
dynamlcs and pr0v1de substantial data that can-fald 'screntlflc wetland conservation. Based on, the survey data, the spatlal pattern and”
spatial autocorrelatldn were explored using, the standard devra’tlon ellipse as well as g]ﬁhal and loc,al spatial autocorrelation statisties.
GIS mapping was employed to display the re%ults yia the|visualization of the spatial patterns and relationships. Results indicatgfthat
® Changea in the waﬂands of China are 51gn1f1cant and/exhibit | obvious regional differences. The center of the ellipse of the total
wetlands has moved 19 the west, and the degree of %patlal dlfferentlatlon between natural wetlands and artificial wetlands is increasing.
There/is no mgnlﬁ'cant spatial autocorrelation for (hanges in am'ﬁ(lal wetlands. @ The changes in natural wetlands are significantly
spatially autocorrelated and clustered, which are identified by global Moran’s I and local Moran’s I. The hotspots of natural wetland
change dre concentrated primarily in Qinghai, Tibet, and Sichuan. The individual hotspot is in Inner Mongolia and the cold spot is in
Henan. The difference in spatial autocorrelation between natural and artificial wetland changes indicates that natural wetland changes
have shown spatial continuity, while artificial wetland changes have shown strong spatial randomness. 3 Some useful spatial
associations are used to delineate wetland conservation effects. Then, three major or five minor effective protection management regions
are identified. Wetland conservation efforts should be continuously strengthened and improved, especially in the middle-lower Yangtze
River region of central China. The use of Moran statistics helps to reveal spatial autocorrelation and identify the conservation effects in
wetland changes, which can provide a basis for decision-making in regional wetland conservation and management systems.

Key words : wetland changes; spatial distribution patterns; spatial autocorrelations; standard deviation ellipse; local indicators of
spatial association( LISA)
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Fig. 1 Rate of change in wetlands in China during 20032013
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Fig. 2 Quantile maps of the change in natural and artificial wetlands in China in 2003 and 2013

HWK T AreGIS 10. 5, F1) FH b 7 22 40 15 1
43T 2003 F1 2013 AEAN[F] 2R M ) 25 23 A5 1 B
Al BHEERINZE 1, 1R AT A AN 3. 45
LKW 2003 F1 2013 AN [F] 28 10 Hb 34 22 A< Jb-7Y
B A% Jay  AEAR N 43 A 1) 3 355 ) A7 78 W]t 22
SRR R AR G RS 1 M 2 1) 43 A B 25 AR A
. BRI . D 2003 ~ 2013 4F 55 4 23 1] 43
AR 20 8 v SR A ) TE P 5 ) A% 2 20 1
(]S 3 A i BRI R, A 5 A A X 1 e il 34
e B G, 3 B P 0 0 5 -k 1 W
Pk B R TR0 5 )5 2 2003 ~ 2013 4F [ R IE
7S () 53 AT b o 2 A0 8 v o0 3R 30 R [ P I L 4 75 24
0. 3° M [BLEAR 53 A i B ZE D K, K b3 hn, Jact it
/N B B SR b AE AR -PE T 1) B0 B R TR -t
J7 I g i B i L R BT 1) A S R
FEREIN ;3 2003 ~ 2013 45 A T 1125 [8] 534 s o 2

WA R B ) AR R % 76 29 0. 7°, i 1B B AR 43
GiF N Re o e N N R B W N DN RT3 Y
ZR-PU 7 T 4 s R TR -G T e i L 32 R Ty
1) G A3 P 8 O B AR il /s | N T b A7 A ) R AR
rRiEaE. 5 —J7 i, s BT 2003 4R 2013 4FE A
TR [R50 5 [ SR b 22 (0] i 25 0] 40 S R 8K
25574 0. 19 F10. 34,38 2003 ~ 2013 4F (] H 4R 0%
o5 N TR 2 (8] 4y R s . 455K 3
e WS P k] B i F e IS KT N RN IR LTS A =
TR R XA BT 25 R AR A [
KRR TN TR M, 2 W L2 [R] 431 B R K
LRI 5,2003 ~ 2013 4F [H] S8 i DL [ SR8 Hb 53 A7
¥ S 5, A SRR b A [R] A5 Y R 5 RS
FESE I N T AR B A, N TR b 5 AR
T Hh 2 (] 0 SRR B AR 3G N, — 3 AR AR S sl g by )
P R TRVRR B (9 sk s 4



2500 7N 5%

B 41 %

F1 2003 £712013 EFXLEBMTUZEANHIRFBHIREEHESH

Table 1 Standard deviation ellipse parameters of wetlands in China in 2003 and 2013
Bz L AR bR K4l/km S/ km T T AR km Jififh 6/(°)
2003 4F S 109.23°E,36. 89°N 1 670.96 1056.35 5544921.93 70.86
2013 4F S 107.21°E,36. 85°N 1671.93 1 070. 69 5623 413.59 78.59
2003 4F [ SR Hb 109.00°F,37.02°N 1692.04 1038.63 5520 646. 04 70.76
2013 4F [ SRV Hb 106.25°F,37.34°N 1719.10 1030. 67 5565932. 13 76. 14
2003 4 A T 111.44°F,33.98°N 1227.64 1063.76 4102421.97 60. 58
2013 4F N TV H 113.95°F,33.30°N 992.98 1072.49 3345521.71 34.87

30° |- i\

Ead
0 500 km ¥
[ i
1571 .
I 1 - Wt
90° 105 1200 E
e 22
o il L

I 20034F 38 HE O30 20034 {4k O3 200348 A TitHh
3 201348 E.z&éJL 0134E {4k T 20134F )\ i

/E3 2003 $9Fu 2013 $¢l§l:ﬂf&ﬁ?ﬁ$§ﬂﬂ@%§ﬁ§?}"
li hg 3 Hlffuﬁlon tendency of Chlna Wf‘t;!pud & i

" dlstmbutlon in 2003 and 2013 /1 O .

2, 3 s ﬂcﬂ’] S ERE| *ﬁﬂéf@l‘/‘ﬂ/‘; ¥y M’H‘;:;“

t%%GwmyﬁﬁlﬁéﬁEE%m%ﬁkiih

mﬂWMKM%mlﬁﬁﬁﬁﬁiﬁ% e
J\Imi’ﬁz*ﬂcﬂﬁfé% Moran’s [ 8504 0.057,Z
K 0. 767, P =0.216(P >0.05) ,F W A T i
AR AR 385 1 42y 23 1) [ A DG 5 A AR 18 b
AR 42 Ry Moran’s 1 38 50(E M 0. 180, Z Ki 3 {E Ry
1.798,P =0.046 (P <0.05) , 2 B [ SR 1 b 25 Ak A7
e 5 25 1 23 1] TFAH & M. Anselin 257 38 23 0] [
AHOCHE ey T Rt A v e 25 7 A 25 ) 5 Bk, PR e e
JoZS 6] R AL B LISA TR 51 M B 2% ] S5 o e m]
AEJE A AT FR Y HARRRAE , TR 2 Jm 3 X AR fa
PEMRBL. PRIL, 76 T0 42 Jy 23 [A] SC K () B6 Atk b, AT
Y b2 (] 5 01 1 O BT B 2 22 P IR R A FH I 25
J ORI BT A SR 0 b A8 T 1 2 (] SC B
FFHAE
2.3.1 &Jmasia | A
B SRIEH AR AL R Ry Moran’s T Geit 4 R 2R B ,
Hiu DX ] [ SRR AR fb LA 35 1 2 (R) 45 SR ARAE, B
F SR NE 18 Tn sl sl 20 1 s 1X AR 3l X A 52 4
Banald b, Moran’s 1 K30 25 FAUESE T K 2 (a) BT
7N B SR IE AR AL AR R A A SR, IRl 3R B [ R

T b AR A A7 I 5 %) 2 (R AR
2.3.2 Juiasial | A
42 Jry s () F A G878 B AR 2 (B SCIRRRAE,
25 B — LA R 1Y) SR AR SR T 3 6 A R 7 S 3
SHE— LN SE R B (A R, T
GeoDa SR H] LISA £ 56 F 4K 1 b A5 £k 1) Jey i 25 [] A
ﬁ%@ﬁ%WMMmﬁﬁllﬁA%%@ﬂuw
I8 P R X A 50 4 R A T s ) T A #gﬁf
leﬁ%m% LI A Moran BATPE 2%
%THB@Z@@?TH% E%%@ﬁvl@ﬁ

RIS 7 5 05 e 0 S
A¢,—%l%@@ﬂﬁmAmE%m%E%
&7 & -
e & Moran’/ = 0.180 (& kit )
fiE-1% i
140 | :
E
£ 040
3
=0.60
=
iy ¥ J?.Jif
-1.60 {IE-1I% -1
(a) ZhAMoranfic
-2.60 ' : I . .
-260  -160  -0.60 0.40 1.40 240

Jiti Moran’ /
4se | (0) Moranfi s 5t j\\/j i

30° |

15° 0

A ’ £

500 km

A i 45 8

90° 105° 120° E
Moran i 5 B
= h-A

{E-0 = E-fE 0 - o BHSIK

E4 BHRIEHIT{LA Moran & = E

Fig. 4 Moran scatterplot of natural wetland change



51

JEEEE . 2003 ~2013 4290 [E B AR Ak 19 23 (R4 IR 5 B

2501

X RIUIE-AR IR X, %I 1 IXJ5 2 il £ 7 AL AL
F9 R0 25 T R B8 B 2 (A TE AT S 55— A
DU BRI 5 A~ X T A8 58 X 7 5
X, FEIIH I X B2 1A 47 76 A 9 1 SR 78 fl
T FE TN Z GG, 5 b S5 G
OGRS R 1B, B R b A
TEM AT AR, MR 2 (a) T LU IR,
(A SO BTG Bk T

o SN L VLA % 4 2 1 GRSt ELA 9 43
A, R Moran #4553 255 15— 4 W] AL 6 )
L IRIBHS AR 5, WP 4(b) . BRI K A A 7E
P PG X, (-G SRS X ) 3 53 15 3
HHSHLIX ;5351 10 A~ (-7 0 251 5 9 DX 0 63
HACEH AR FE W M X, L % -85 55 X 2 ]
F e X, 3586 X 35 1 4R 3 5 Al T Ry 75
X s AR A X.

o T HANPEAN K A X [ SR M 7 f .,
£ LISA S HER 5 R RA . [ 5 T 6
1, I PG P 1 300 B 2 A 1, . e -
BRI BORK < [T Se BS X %
TR 1SRRI 19235 1 6 b A 35 Mt 2
U S, 1 AR R LA B R
R, £ AT 2 () il 1T 7 LA MO
WD 5 R T AR D, R .
K Zhang 4\ 76 £ 4 Ph 15 B GABIBF AN
B A DL AR R AN i A A O
A S T I 4 (6
Vo A R AU R R S LA A S0 A 5 A
A7 B, S5 A TR 4 (b) AT SR H S A S
Y TR D )1 38 24 KT R X
TR V% 457, P52 ol AT A S 1 A

Ff Ejf\j K

5
LISARSHE =~

)
A 14 ﬂ,”‘-{j’ :
3 P <005 Ho v g
. P<001 s .
15° + FhapE O 500 km / i 5

a0® | (I}S“ 1200 E
Es5 BHREMTHERLY LISA BEHE

Fig. 5 LISA significance map of natural wetland change rate
2.4 AR
Moran’s I G175 #r N 225 MR R 48 7R 1

REF
- - 4
1 Y
5o [mm opidpR 0 O00km

1
90° 105° 120° E

B 6 HARIBHIHERL LISA B

Fig. 6 LISA clustering map of natural wetland change rate

T I 1 9K M 75 Al 1 %5 I S I P R AE. S T ot
ARBFE R 4% b DX 2R 0 75 A F 4 s Tl 6
I A5 0 B X R 0 PR
I LS. s

B, TR 4 (b) 4 1 SR IR RSy
=9, Hoop SR 5 Pl - DXE X A AT M
B - LA M 1 480 (R
A X 2 5 - b 2 01 1 4 002 0 25 A 2R
M MO R R A RE K. B G s
5 AR RPIR G J5  F1 SR00H E e
P A R A B AR X AT e
AR A R D B 7 1 200 S A
AT A SRR B T AR X, PR A
S - DRRAR B LA 1 SR L
WX eI 72 2 g vh A6 M X 1 9K 3 M A R
SR e, R AR M R R R R 7
VR B 1L A DR, HC R hy 7 g PG I
DAV BRI 13, L 1 8K 0 M A5 1 R L 4R
S X 185, 9 PRI 2 190 LR 9 3k
7, 37 7 Kl DA 1 B 4 i , R A 7 DX
TR 5 A R T B4 I E B R
M HU AR WS IR IR 1, SR T £ REALIE M AR B
50, JRIF T IR B B 5 5 W TR 2 T
LA B [R5 T bR 0 M W B —
TR AR 53 4b, AR H AR B A X 3
G 7 S 2 X, o 0 A
SR 25 b SO FE SR8 7 A R
-38.77% , & ¥ K, A7 AR X, Bl < %
SR SR IV T 90 A R 4 K O
F 225 50 75 -5 10300 T K> S 390 T AR
TR A TR, HO A Y 1
FIFIIT 2 Ab, 30 b 45 P SRR R X
10 A, 437 K6 43, 5 4 A 48 ARl AR I e
X



2502 EZ8 i) Bk = 41 %
*2 BREMRPEELARSR
Table 2  Effective conservation zones of natural wetlands
PrAr—2 40 PRAr =240 HiLIX
. PR R R FHF U
TRY X :
" (R IX WA SN L B SRR S
AP X ﬁ?ﬁ%i&?ﬁl& ] ‘ - o A A
PAPIRRLIX I R 1| A [ 2 W N W R e N L S T AT S5 1T
PRI SERA TR E X PP AT E X LR ALET ARE )TV BIRTE RS AR TR R AL
1) RGIAE GV | v F s AR AR T IX A A A
- A T LRI 4, L HCR M 0 K 7T o
JTE

Jail Moran’s I 483151 Hy 2003 ~ 2013 4F H &
i 1 I 9% (L AR RS IX 43 A7 1 T I PR
DO )1 DRI, B ] i v Do D b 3 T P i 5 SR S5 0]
AR R 4T 35 Y 2000 4E LLJE 5 9 R
AR b 5 40 S RO % T R T A 4 A —
TR e SR AT e g D M, A 4 BR A A AR Ak B
méﬁmﬁmﬁﬁﬁﬁ%%ﬁﬁmkﬁaﬁﬁﬂﬁ

PRS0 2 A DB (AP TR A T — s
% (EURE IR I A A0 ) ¥ o 16 I 19 , 128 2R 5
g ) 75 A IR AR I I S e 5 R AR

?ﬁﬁ%&@m@%ﬁmM%ﬁﬁnkﬂg%l”

ﬁ%ﬁ%ﬁ%ﬁﬁ@ﬁfﬁﬂi?wwmfﬁﬁﬁ
Emﬁﬁﬁuﬁﬁﬁﬁﬁuﬁzmm%§ﬁﬁ%%
@%%ﬁt{ﬁﬁi%ﬁﬁﬁmﬂ %M 7S

5 Jﬂﬁ%ﬁf%nﬂﬁ%QﬁﬂmﬂﬁWKiwﬁﬂFﬁj

{Eﬁ%ﬁﬁﬁmﬂﬁkim/T¥ﬂﬁlﬁmmw
AN DL R R SR M A5 A T i P 5 SR
K. #0585 2, DU A O S X R0 3
. A, BARIE 1 (b) FIHARIL =4 BRI
AR HIEE 6 2 H I ATE % 2 M 1% 25 (1)
SEHE. I, Moran’s T G511 e A I8 AH 41 b BRAY B 22 (7]
B2 [BIAH AR 5 R B | A 2 s B S Ty
M7 A DA RG0SR AR £ 1) 25 (7]
A 5 2 18] S B

J3—J7 T, W LISA K H 5 23 e 1 AR B Hb
PRI (R 2) , R E B RIBHL AP B 30X 3
FLOPATTE VB X, MR AL X 32 240 A FE AR BB A b
PBHLIX. AN FRE DX 43 A1 W35 Ry 4315, 45 b IX 354 0
K. #5532 5 1(b) Al ZRH i X TR
HOSEINTRAN T F SR 10 Hb 1 sk 2 | (E 2 AH ST 98 2 BH
A IRV Vi 1 DX R AT K T I o W b e PR B B S
BeT5 Ge DL R - 26 T TS U, BRI Z Ab, SApEAR
L AUN BV IRITS: R RS IE 7 S IR RPN = R
TR SR I AT TP X A A
IR A A i ) 5 S5 A A Tl RT3 A

BRI I8 I T 2 e S I AT 9K
FIBH AR F 1 L o e B K A

g L TR om0 R M 47 5 SR 7
D3RS Hb X B & 40, AU R TR 3010 ] B
PSR T)| [E PYAh g T A N R | A
R b 4 25 1] 408 3 28 57 A 2 X 3 2 4 AT G 75
BRI RE b D2 T e b (R 7 B e %
VK B L S VTR 5 A 2t 1y
ﬁﬂ%j%ﬁﬁ%ﬁﬁﬂﬁﬂa%@%ﬁ@ﬁﬂ%
VEIR OGP  RLE R A S .
ﬁb%?u%ﬁﬁ&ﬁﬁ%@ﬂ“ﬁﬁﬂmﬁﬁﬂ
S A B U 22 R B M O AR 1
TR 7 N A S [0 M R P g B
BT BR 1T, AR 7E T A 5 H S T 5T SR
BT R B AL A 5
AT RO T A 5 A TR SR W, 4k
B AR AN AT LR AN ] 791 1
26 B DS SO i A A — e R, 22 1) 91
PR /NI VR A 7% 0 0 25 AL 5 G 5 R 3R R —
LW .

4 £t

(1)2003 ~2013 4, o =0 B A W] 5 1Y 2 3
AN 3 XRFAE. SR | ] AR A T H 3 2
RAC-VURE S A S SRy, AEAE R 23 A7 ) 32 8 35T [l A7 A
i 22 5. 1SR b T AR AL AR AR 1 32 5 S0 b 2
() o3 Ai s Sy M AR Ak R 35 T H A AR5 N T8
HiLFR) 2 8] 43 S AR BE AR 3G N, 38 6 AR V8 sl pg A 1)
SIS [RIFR B A ok Bl 4 i 3.

(2)2003 ~2013 4F, A T30 AR b AN FE7E bk 2
23 [a) FAHOCM: , AR 0 b AR A ) A7 7 I8 2 1Y) 45 () IF
A, HEA 2 WAL b ey st , N T fb
B M 23 R FENLTE. SR Moran’s I G138 78 H 4R
T M A8 A ) DX R 7 T 7V L PR O] DX

AT LTS, ¥ 7 LT RS, R B
%ﬁm S [) S BTk



51

JRESE . 2003 ~ 2013 4FH IR ARk Y 2%

(1A% Jr 5 SR 2503

8 AR 4) X 4
Hodr i VERCAN DY )X 3 A4 b XA 5 PR

(3)2003 ~2013 4, H SRR MR 53008 22 5 1]
SR, BARS G0 = K 5

R R HOA BN TR T A M X A il R
PR AR5 2R L TR AR O A 3 X A Rl £ A
X T g D) A A e DR B R B X 22 48 bt AR
H#4F 10 /l\i&leﬁliE'zi&ﬁ?F’iﬁ%Kﬁii&lZ.

University of Ireland, Galway) }b ¥ 5 %ty 2%

Bt B B R 22 [ 37 R R = K 2% ((National

B 14 =

ISR A R IR A SCES T i 4 S S5 3 By |
B E 3k

(1]

(2]

[4] AdRHE, %/@m I, % 1978 42008 fﬁdﬂ[ﬂ{‘j&jﬂ;%ﬁ‘
s AR ?Jr;‘aﬁﬂx 2012, 57(16) :

Costanza R. Nature: ecosystems without commodifying them[ J].
Nature,, 2006, 443(7113) : 749.

THENRE, 3%, 0E, . BT 2RI b E i
LB G AP X HE [T ] B A R =2 2 4l ( FARBR AR
2005, 26(3) : 102-108.
Hua L P, Hua L, Li G B,

strategy on wetland under global environment change in China

et al. Problem and conservation
[J]. Journal of Capital Normal University ( Natural Science
Edition) , 2005, 26(3) ; 102-108.

AnS Q, Li HB, Guan B H,
past problems,
AMBIO: A Journal of the Human Environﬂrhent 20(17.
335-342.

et al. China’s natural wetlands:
i
and future challenges [ J .

36(4) :

current status,

14004141 1
Niu Z (7 Zﬁang H Y, Wang X W, aLp-"'Mappmg wbl]a.nd
| changes in “Chinalbetween 1978 and 2008 [ J] Chlnese S(lence

./ Bulletin | 2012, 57(22) ; 2813-2823. I Y|

ﬁd

[6]

(7]

[8]

[10]

[11]

/| strategies for future |mpr0vemenl[]].

et al. Chln"a% coa%l-al wetland%

%un,Z G| Sun WG, Tong C,

Lod’betvatlon history, 1mp}emcntdllon efforlb ex1st1ng Hsbues dnf/_,f

annroﬁmenl lnlern‘_i_thnal

2015, 79 2541

'E"? AR, 56, S EN RSB T AT (T ]
JB2ER, 2016, 20(2) ¢ 172-183.

(rong N, NiuZ G, Qi W, et al. Driving forces of wetland change

in China[ J]. Journal of Remote Sensing, 2016, 20(2) . 172-
183.
UGS, TR, U, 45 P T 10 AR TR BT 5

SHELT]. MR, 2016, 14(5) : 597-606.
Hou X Y, Xu X L, Wu T,
scenario analysis of coastal wetlands in China [ J].
Science, 2016, 14(5) : 597-606.
Meng W Q, He M X, Hu B B,
China: a

recommendations  for

Change characteristics and

Wetland

et al.

et al. Status of wetlands in

review of extent, degradation, issues and

improvement [ J ]. Ocean & Coastal

Management, 2017, 146 50-59.

AR, BTG, REWE, S5 b E ) A T G P R A G
BRAFAEAHT (], T ERSE D B HiERELE, 2009, 39(2) .

188-203.

HMS, RARE, RS, AF. TIE 1990 F1 2000 Ak AR T AR
FBEE[T]. hEREE . ERRLE, 2010, 40(6) ; 768-775.
Gong P, Niu Z G, Cheng X,
(1990-2000) determined by remote sensing[ J]. Science China
Earth Sciences, 2010, 53(7) . 1036-1042.

FAREAS, RO, ki, A o IRV AR b O3 A 1 A4
[J]. Bl 2015, 60(33) : 3251-3262.

et al. China’s wetland change

[12]

[15]

[16]

[17]

[18]

[19]

(23]

HuS J, Niu Z G, Zhang H Y,

distribution of China potential wetland [ J ].

Bulletin, 2015, 60(33) : 3251-3262.
XIHF, HARME, BiEE, 5 j?I@ﬁ?ﬁ?%iﬁim%%fyﬂt
FSEmaR R AT ]. AKBEDERE, 2017, 28(1) : 2231,

Liu J P, Du B J, Sheng L. X, et al. Dynamic patterns of change

et al. Simulation of spatial

Chinese Science

in marshes in the Sanjiang Plain and their influential factors[ J].
Advances in Water Science, 2017, 28(1) : 22-31.

XEA, M, B, 5. A = AR R R A A K
HYRSH AW R AR T]. EBEAGE, 2019, 38(3): 856-
862.

LiuZ W, Li SN, Wei W, et al.

wetland changes and driving forces in Qinghai-Tibet Plateau

Research progress on alpine

during the last three decades|[ J].

2019, 38(3): 856 862
B, EWE, T

SUL’;‘E SR AZ ()]

1687.

Wan Z W, Lian L. C, Jia Y L,

pattern changes of wetland in South Poyang lake in the past

100years[ J ]. 2018, 27

(9): 1682-1687. -

M, RIET, fewg. SR T 2R ?ﬂﬁﬁfﬁk"ﬁ{ TH@F

I AR SBR[ )] Hiﬁﬂ e ﬁz 2017, 37

(11): 4366-4373 i / il

Sun N, Zhu W N, Chenng Remote sensing umews(";le@ analysw

Chinese Journal of Ecology,

A5 T AR 280 I8 T S b
élg?,‘}ﬂ:iﬁ??ﬁ, 2018, 27(9): 1682-
Landscape ecological

et al.

Ecology and Environmental Sciences

of wetla.nd Varlanpns and driving factors in estuaring gad co‘aétal

reglon; of de"glze R{ver[] Acta Scientiae (ilr(,urq,stantlae,

2017, 37’(11) #43664373.,

TR, e wn&nﬁﬁm@ﬁwmgﬁgj
Z3[A] EME SPHTLL]. FKBHEIERE, 2010, 21(3) : 392 398,

LluJP L |X G, Cui

multibscalé changes in Bielahong River basin wetlands'[ J J.

Advanées in Wdler Science, 2010, 21(3) : 392-398.

Tobler W R. A computer movie simulating urban growth in the

Economic Geography, 1970, 46 (S1) . 234-

V- W.. Spatial automrrelatlon analyi of

Detroit region[ J].
240.

Mitsch W J. Global wetlands: old world and new [ M ].
Amsterdam, New York: Elsevier, 1994. 140.

TR, Bk, BEL, & IS BB OT IR ()]
Hi 43R, 2014, 69(9) : 1326-1345.

Wang J F, Ge Y, Li L F, et al. Spatiotemporal data analysis in
geography[ J]. Acta Geographica Sinica, 2014, 69 (9): 1326-
1345.

Anselin L. The future of spatial analysis in the social sciences
[J]. Geographic Information Sciences, 1999, 5(2) : 67-76.
JAE A, B, A TR SR Hh A I I A A% R R AE
[J]. FRBEUEZAR, 2019, 34(1) : 26-39.

Zhou T, Niu A Y, Ma J J,
Journal of Natural Resources, 2019,

et al. Spatio-temporal pattern of
national wetland parks[J].
34(1) . 26-39.

R, RVEAL. T RRIE A B 4 [E 2 TR A R Ar S FTE [ ]
HFERLE, 2014, 34(8) ; 979-986.

Zhao L, Zhao Z Q. Projecting the spatial variation of economic
based on the specific Ellipses in China[ J]. Scientia Geographica
Sinica, 2014, 34(8) : 979-986.

x5, éwx, SKORHE, AF. BT S F OG0 T K55
e A AR ()], FREER, 2017, 38(10) ; 42364244,

Liu Y, Lan S S, Zhang Y X, et al. Spatio-temporal evolution of
groundwater vulnerability based on spatial autocorrelation [ ] ].
Environmental Science, 2017, 38(10) ; 4236-4244.



2504 2N b} =S = 41 %
[24] Zﬁﬂj‘?j? %nu IR 45 2000 ~ 2015 4F H [ g AR AR measures of accessibility to public playgrounds[ J]. Environment
i (R i 25 AR AR R AE [ J]. BRBERR2E, 2019, 40 (10) . and Planning A ; Economy and Space, 1998, 30(4) ; 595-613.
4733-4742. (34] EHF. WHE RIS LG RPXIFELT]. Tk
Pan X D, Li P, Feng Z Z, et al. Spatial and temporal variations PR, 2014, 34(1) ; 31-32, 48.
in fertilizer use across prefecture-level cities in China from 2000 Wang C P. Dynamic variation and conservation measures of
to 2015 [ J]. Environmental Science, 2019, 40 (10) . 4733- wetland area in Henan province[ J]. Journal of Henan Forestry
4742. Science and Technology, 2014, 34(1) : 31-32, 48.
[25] Cliff A D, Ord J K. Spatial processes: models and applications [35] TS, 2LENI, 22300k, 45, 5 9 JR IR SR 0L 2s () 4% 5 1
[M]. London: Pion, 1981. AL, ASFREEAAR, 2009, 18(3) : 1010-1015.
[26] Anselin L. Local indicators of spatial association—LISA [ J]. Xing Y, Jiang Q G, Li W Q, et al. Landscape spatial patterns
Geographical Analysis, 1995, 27(2) ; 93-115. changes of the wetland in Qinghai-Tibet Plateau[ J]. Ecology and
[27] PingJ L, Green C J, Zartman R E, et al. Exploring spatial Environmental Sciences, 2009, 18(3): 1010-1015.
dependence of cotton yield using global and local autocorrelation [36] 0, T8, ’I\Eiuk, S P X R R A S 2 4
statistics | J ]. Field Crops Research, 2004, 89 (2-3). 219- MR T]. BT PEMY, 2015, 37(6) : 6-11, 26.
236. Huang Y C, Wang M, Sha C Y, et al. Ecological security
[28] Zhang C S, Luo L, Xu W L, et al. Use of local Moran’s I and constraints and countermeasures for strategic development of
GIS to identify pollution hotspots of Pb in urban soils of Galway, central China[ J]. Environmental Impact Assessment, 2015, 37
Ireland[ J ]. Science of the Total Environment, 2008, 398 ( 1- (6):6-11, 26.
3). 212-221. [37] Davis J A, Froend R. Loss and degradation of wetlands in
[29] dFouk, G, skC, 45 JET a3 a4 Jr B A v 1 X 3k southwestern Australia; underlying causes, consequences and
223 W5E[ )], MERE, 2005, 25(4) : 393400. solutions[ J ]. Wetlands Ecology and Management, 19995 7(1-
Meng B, Wang J F, Zhang W Z, et al. Evaluation of regional 2). 13-23. - e "’".I, s =
disparity in China based on spatial analysis [ J ]. Scientia [38] Bawa K S,/Koh L P, Lee T M, et al. (ihina,.“lriﬁii’, and the
Geographica Sinica, 2005, 25(4) ; 393400. environment[ JeScience 2010, 327(5972)'; 14§7-1459.
1307 qﬂb)\mﬁw[ﬂl%ﬁﬁﬁ HE GE 4 %—20045M ] b [39] XUJFiE, Jki, k)%, %aﬁ)\zﬂmaﬁ%m 19 141 %
PSR, 2004, ﬁ%?)i‘lialalfﬁv[&xiﬁﬂ:ﬁ Lo e ) R X
[31] qﬂma LA [ R G ). Eiﬂliléﬁﬁﬁ)jg—zom[m [l. @@zm& L 2017,25(10) ; 1105-1113. | w-f
g q”.%ﬁﬂ:’.ﬁfifi 2014. i | - Liu F Z Zhdng P, Zhang Y B et al. Assessmem of r}le space
[32]..."7§nsehn L, Getl% A" Spatial statistical analys'is aﬂd ggegr.a‘“.. 1_(-‘— nelghborhogd effect on natu_xﬁ reserves based on tempgral’ ‘and
" informatior systemsL]] The Annals of Reglo J cé i spatial changes of amd‘clal objects: a case study_on -Shapolou__..
g _26( 1): 19;-85 W I".- natlonf%]f nature reserve.{l J 1. Biodiversity S(,lque 2017, 25
[33] ‘Talen E, An@ehn L. Assessing spatial eqully_. an evaluatldn of (10) 1}: 5'—11}3. il _J
|"l | e g




HUANJING KOEXUE Vol.41  No.5

Environmental Science (monthly) May 15, 2020

CONTENTS

Comparison of Three Receptor Models for Source Apportionment of PM, 5 in Shanghai; Using Hourly Resolved PM, 5 Chemical Composition Data - ZHOU Min ( 1997)

Impact of Differents in the Concentrations of Ozone on the Chemical Composition of Single Particles —«+xesxesvereeresesenenssieiennen WU Meng-xi, CHENG Chun-lei, HUANG Bo, et al. (2006)
Influence of Secondary Organic Coating on Hygroscopicity of a Sodium Chloride Core; Based on Mircro-scale Single Particle Analysis -+ ZHANG Shu-jia, XU Liang, GUO Xin-mei, et al. (2017)
Comparative Analysis of Pollution Characteristics of Carbonaceous Aerosol Components in the Atmosphere Between Urban and Suburban Areas «eeeeseesersesesiemenienenenenins

LI Xin-yue, ZHANG Kai-shan, DENG Lin-li, et al. (2026)
LU Ping, ZHAO Xue-yan, YIN Bao-hui, et al. (2036)
-+ XIE Wen-wen, LU Rui, MU Fei-fei, et al. (2044 )

Distribution Characteristics and Source Apportionment of Elements Bonded with PM, 5 and PM,, in Linyi -+

Characteristics and Sources of Microbial Aerosols in Urhan and Mountainous Areas in Autumn and Winter in Xi’an, China

Pollution Characteristics of Cooking Fumes, Particulates, and Non-methane Hydrocarbons in the Exhaust of Typical Beijing Restaurants

HE Wan-qing, WANG Tian-yi, SHAO Xia, et al. (2050)
XIA Xiao-sheng, CHEN Jing-jing, WANG Jia-jia, et al. (2057)

PM, 5 Concentration Influencing Factors in China Based on the Random Forest Model

Spatio-temporal Variation of PM, 5 Related Relationships in China from the Perspective of Air Pollution Regional Linkage Control and Prevention +«+:++++steresseesrsnsessscnnsiiincninnnnen
--------------------------------------------------------------------------------------------------------------------------------------------------- YANG Wen-tao, HUANG Hui-kun, WEI Dong-sheng, et al. (2066 )

Characteristics of Spatial and Temporal Evolution and Invesligation of Air Pollution in Guangdong-Hong Kong-Macao Greater Bay Area Based on Ground-Space Observation Data  +++++++++++
--------------------------------------------------------------------------------------------------------------------------------------------------- WANG Yao-ting, LIANG Jia-cheng, ZHENG Zuo-fang, et al. (2075)
Hydrochemical Characteristics and Formation Causes of Ground Karst Water Systems in the Longzici Spring Catchment ~ +++++++s+ssee- TANG Chun-lei, ZHENG Xiu-qing, LIANG Yong-ping ( 2087)
Tempo-spatial and Retention Analysis of Total Phosphorus in the Three Gorges Reservoir «+:teseseereseesressicnnsiinisicnnsenns TANG Xiao-ya, TONG Si-chen, HUANG Guo-xian, et al. (2096)

Vertical Distribution Characteristics of Dissolved Oxygen and Chlorophyll a in Typical Tributaries During the Impoundment Period of the Three Gorges Reservoir «+:esteseseesesuersvsnsenennsnees

""""""""""""""""" YANG Fan, JI Dao-hin, WANG Li-jing, et al. (2107)
Spatial-temporal Distribution of Nutrients in Hanfeng Lake After Official Operation -+ ++= FU Shi, NI Jiu-pai, HE Bing-hui, et al. (2116)
++ LIU Xin, SHI Bin, MENG Jing, et al. (2127)

Spatio-temporal Variations in the Characteristics of Water Eutrophication and Sediment Pollution in Baiyangdian Lake -
Spatial-temporal Distribution of Suspended Solids and lts Sedimentation Flux and Nutrients Effects in Xin'anjiang Reservoir, China

L (2137)

. (2149)
Succession Characteristics of Algae Functional Groups and Water Quality Assessment in a Drinking Water Reservoir - L (2158)
Effect of Artificial Mixing on Temporal and Spatial Succession of Algae Community Structure in Jinpen Reservoir «+:«-sesseseesessersenseneeees . (2166)

Spatial Distribution Characteristics and Driving Factors of Aerobic Denitrification Bacterial Community Structure from Baiyangdian Lake in Xiong'an New Area During the Winter Freezing Period
ZHOU Shi-lei, SUN Yue, YUE Ge-cheng, et al. (2177)
-+ ZHANG Hai-han, WANG Yan, HUANG Ting-lin, et al. (2188)

Spatial and Temporal Succession Characteristics of Aerobic Anoxygenic Photosynthesis Bacteria in a Stratified Reservoir -+

Response of Chromophoric Dissolved Organic Matter Dynamics to Different Hydrological Scenarios in the Two Largest Freshwater Lakes Connected to the Yangtze River :eoveoveoveresesenseee
..................................................................................................................................................................... GUO Yan-ni, LI Yuan-peng, SHI Yu, et al. (2198)

Distribution Characteristics and Influencing Factors of Chromophoric Dissolved Organic Matter in a Northern-Side River of the Qinling Mountains in Summer —«+«ssseseeeeesemenseenenenneens
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LIN Zi-shen, HUANG Ting-lin, YANG Shang-ye, et al. (2210)

Distribution, Sources, and Risk Assessment of Polycyclic Aromatic Hydrocarbons ( PAHs) in Tributary Waters of the Lower Reaches of the Yangtze River, China ««+«seseessesseseseseneees
............................................................................................................................................................... JIA Tian-gi, LEI Rong-rong, WU Xiao-lin, et al. (2221)
Temporal and Spatial Occurrence of NSAIDs in Taihu Lake and Relevant Risk Assessment —«reeoeeeeeererensiemenenninininn LIAN Jie, LI Yi-fei, WANG Xiao-xuan, et al. (2229)
Occurrence and Ecological Risk of Eight Typical PhACs in Surface Water and Its Impact on Daphnia magna +«+-++«ssseeeeeeeseeressssinenennenes XU Xin-lei, LIU Jian-chao, LU Guang-hua ( 2239)
Distribution Characteristics and Migration Rules of Pollutants in Sediments of Reservoirs with Eucalyptus Plantation, Southern China «+«+esseseeseeeeees ZHU Ya, LI Yi-ping, LUO Fan, et al. (2247)
Mechanism of Urban Black Odorous Water Based on Continuous Monitoring: A Case Study of the Erkeng Stream in Nanning »+ LI Yong-xin, WANG Wei, HE Mei, et al. (2257)
Relationship Between Source-Sink Landscape Pattern and Antibiotics in Surface Water in Peri-urhan Watershed — «+++++++ * LI Min, TANG Jian-feng, CHEN Li-ding, et al. (2264)
Molecular Chemo-diversity of the Dissolved Organic Matter Occurring in Urban Stormwater Runoff ~ ++++++++++- NIE Yun-han, CHEN Hao, LI Lei, et al. (2272)

Regulating Effect and Mechanism of Calcite/Chlorapatite Mixture Addition on Transformation and Transport of Phosphorus in Sediments
BAI Xiao-yun, LIN Jian-wei, ZHAN Yan-hui, et al. ( )
WANG Zhi-giao, MA Jie, CHEN Ya-li, et al. (2292)

SUN Peng, ZHANG Kai-kai, ZHANG Yu, et al. ( )
* DING Xi, ZHANG Xue-wei, ZHOU Run-sheng, et al. (2310)
)

)

)

Stability of Ferrihydrite and Goethite Nanoparticles Under Different Environmental Conditions
Sunflower-Straw-Derived Biochar-Enhanced Fe( )/3,04 ~ System for Degradation of Benzoic Acid

Non-activated Peroxymonosulfate-Induced Degradation of Sulfasalazine; Kinetics and Mechanism Investigations

YANG Zhao, LI Jiang, XIANG Fu-liang, et al. (2320
ZHAO Yuan-zhe, YANG Yong-zhe, WANG Hai-yan, et al. (2329

Pollution Characteristics and Removal Effects of Antibiotics in Wastewater from Large-Scale Pig Farms in Guizhou
Nitrogen Removal in Low-C/N Rural Sewage Treatment by Anoxic/Oxic Biofilter Packed with New Types of Fillers

Nitrogen Removal Performance and Nitrogen/Carbon Balance of Oligotrophic Aerobic Denitrifiers «+:+xeessereresesesssssnnisiniininn WEN Gang, WANG Tong, HUANG Ting-lin, et al. (2339
Bacterial Community Shifts and Nitrogen Removal Characteristics for a SNAD Process Treating Anaerobic Digester Liquor of Swine Wastewater (ADLSW) in a Continuous-Flow Biofilm

Reaotor (CFBR) +evesseevsssssssssmsssiisssits st bs s8R0 QIN Jia-wei, XIN Xin, LU Hang, et al. (2349)
Characteristics of ANAMMOX Granular Sludge and Differences in Microbial Community Structure Under Different Culture Conditions ~ ++ JIANG Ying, GUO Meng-lei, XIE Jun-xiang, et al. (2358)
Start-up of an Integrated Process of Denitrifying Phosphorus Removal Coupled with Partial Nitritation and Anaerobic Ammonium Oxidation +««+«++++sssessessersenesemeneninnininensiininses

.................................................................................................................................................................. CHEN Ya, YIN Wen, ZHANG Xing-xing, ef al. (2367)
Construction and Application of an Evaluation System for Soil Environmental Carrying Capacity ««+=s+«sssssesssssssesensssneneneenes LI Xiao-nuo, DING Shou-kang, CHEN Wei-ping, et al. (2373)
Synthesis of Magnetic Biochar and Its Application in the Remediation of Heavy-Metal-Contaminated Soils »«+sessessereeessesnereens WANG Jun-nan, CHENG Shan-shan, ZHAN Wen-hao, et al. (2381)
Remediation of Heavy-Metal-Contaminated Soil by EGTA Washing Enhanced with Reduction Solubilization ZHANG Jin-yong, ZHU Yu-ting, WANG Ming-xin, et al. (2390)
Toxicity of Chromium to Root Growth of Barley as Affected by Chromium Speciation and Soil Properties ««+«+xssereereeeserereneeencneens FU Ping-nan, GONG Xiao-fei, LUO Li-yun, et al. (2398 )
Effect of Fertilizer Reduction and Biochar Application on Soil Nitrogen Loss in Purple Upland - +++ WANG Shu, WANG Zi-fang, LONG Yi, et al. (2406)
Relationship Between the Composition of Soil Aggregates and the Distribution of Organic Carbon Under Long-Term Abandoned Restoration - -

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Xing, ZHONG Ze-kun, ZHANG Xin-yi, et al. (2416)
Effects of Biochar Application on Soil Microbial Nutrient Limitations and Carbon Use Efficiency in Lou Soil - WANG Qiang, GENG Zeng-chao, XU Chen-yang, et al. (2425)
N,0 Emissions from Tea Plantations with Sorghum Intercropping and Application of Big Urea Pills  «+++-++++-++ +++ ZHANG Ke-bin, LIU Xin-liang, KANG Man, et al. (2434)
Effects of Different Forest Vegetation Types on Soil Nitrogen-Related Microbial Communities and Functions in Jinyun Mountain -+ WANG Ying-yan, WANG Fu-hua, LUO Dong-hai, et al. (2445)
Nitrous Oxide Emission and Denitrifying Bacterial Communities as Affected by Drip Irrigation with Saline Water in Cotton Fields «+»++++ GUO Hui-nan, MA Li-juan, HUANG Zhi-jie, et al. (2455)
Effect of Organic Matter Promotion on Nitrogen-Cycling Genes and Functional Microorganisms in Acidic Red Soils CHU Cheng, WU Zhao-yue, HUANG Qian-ru, et al. (2468 )
Effects of Simulated Acid Rain on Soil Fungi Diversity in the Transition Zone of Moso Bamboo and Broadleaf Forest ++= WANG Nan, PAN Xiao-cheng, WANG Chuan-kuan, et al. (2476)
Differences Between DNA- and RNA-Based Bacterial Communities in Marine Sediments LI Ming-yue, YANG Yu-hong, MI Tie-zhu, et al. (2485)
Spatial Patterns and Spatial Autocorrelations of Wetland Changes in China During 2003-2013 ZHOU Ting, MA Jiao-jiao, XU Song-jun ( 2496 )



	组合
	封面
	中文目录


