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within the densdy populated village landscapes of the Yangize Delta Hain based on an intendve fidd sudy in Yixing Municipa ,
a regond|y-representative sanple of the Yangize Delta Hain. We mepped landscapes & a high atid resolution and classfied
theminto ecologically-didinct features (ecotopes) by the direct interpretation and field vaidaion of features in 2002 IKONOS
imegery usng a sandardized mgpping procedure. We then collected sanples of snils and sediments for anadyss @ random points
within ecotope features sdlected by a regonadly-weighted dratified sanpling design. The five nog extensive land use / land cover
categoriesin the Yangtze Delta Hain were paddy , built sructureswith inmpervious cover , aquaculture , rairfed annuad and irrigated
perennid croplands, which occupied 83 % of the tota area and contained 85 % o the totad SOC gored in the regon s village
landscapes. Regiond scaing andys's indicates that 2 13 x 10° hnf of Yangze Ddlta Hain village landscapes (egtimeted from
Landsat imegery) sequestered 76.97 Tgdf SOC, of which 48 % was in paddy land (37 Tg) , covering 42 % of the regon’ s totd

suface area (0.89 x 10° hnf) . By combining a regionally- sratified sanple of fine scde landscape features with a regonaly-

weighted upscding andys's, the role of land use / land cover in determining locd SOC patterns and the regond consequences of
these patterns were reveaed across a densely populated agriculturd regon of China. Thisfine scde goproach to i nvedtigating land
management practices and their inpacts on il carbon and other ecosysem properties dffers dgnificant advantages over
conventiona lower-resol ution methods for land cover and SOC assessments based on the regond il types.

Key wor ds: Yangize Delta Hain; village landscgpe ; ecotope; il organic carbon densty ; il orgenic carbon dorage

1 /
[1,2]
s 100 2500 /knt 25 % 25 % 1
. 67% , 26 % 5.2
2.31 x10°knT 3. 41 491
30 1000m (6wl
(<30m ) / ,
[3.4]
[’13 25] '
[26 29] , [30 32] ,
, 1m IKONOS
1 H / 1
( < 30m) ’ ?
1
Verburg K
s Landsat 7 ETM +7
( 2000 7 26 28.5m, UTM51N) /

0 30cm )

[4.5]



12 4137
/ , Landsat
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12 500m x 500m “ 1
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Table 1 Comparison o land use/land cover among sampled cdls, site, Yixing Municipal and Yangtze Delta Pain
Land cover Region Yixing Municipa dte Sanple Qorrect sanple
Village builtup ( %) 15 14 1 17 17
Urban builtup ( %) 1 1 0 0 0
Paddy ( %) 33 3 53 45 35
Other agriculture crop ( %) 44 34 21 30 39
Water ( %) 8 13 14 8 8
Area of village landscape () 2127475 114738 8700 300 25
* Percent land cover was edimeted from the 28. 5m classfied land cover dataset and from
the sanple cels corrected usng the regond weighted
Hlis ( o) -
M
[l 182
(1) cow, i ; CD ik "
k M\ PR ¢ ;N
[ I
CDWEcoi = [ z ECO; x CDWJ / ZAi (2
(2) CDWe ( Eootope) | s ; EQO; [
( Ecotope) | ; CDW; i A [
RECOj = CDWECOj X A 3
(3) Reesy ( Ecotope) | A
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IKONOS scene
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Yangoe Delta Plain

} ST
1 Sample cells

Fig | Sample selection of the densely populated village landscapes of the Yangtze Delta Plain
A [T TRl R R AL il 1R A A Landsan $2{% 8 506 Middle-low Yangtze Plain and Studied region covered by Landsat
imagery boundary on Yangtze Delta Plain; B: Landsat % Landsat imagery: C: 500 m x 500 m $450007 % Region covered by 500
m x 500 m cluster cells; D: B3, il % 4 BAGEH FRTSCRE A (TKONOS %) Yixing Municipal. village landscape of Yixing
Municipal and site covered by orthorectified TKONOS imagery™'s E (BFZEREX MEWEE /7 Site covered by orthorectified TKONOS

nnagery and sample cells.

e A Al BRI IR AR S R R LR B A& (hupe//nteis nsdi.gov.en/nfgis/chinese/c_xz.htm)

Note: The boundaries of the provinees, the rivers and lakes were downloaded from the web of national fundamental geographic

information system (http://nfgis.nsdi.gov.en/nlgis/chinese/c_xz.htm)
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2
(Anthropogenic Eootope Mapping & Classfication (ABM) ¥ 4
(Land form) — (Land ue) — (Land cover) - (Qowp) + (Type) 2
/ (Type) :
4
(ecotope) 4% ¥ - FPPAri01 : FP(Hoodplain)
, : P (Paddy) , tA (Annual) , / i
(Hydronorphic crops) (02)
/ 1
, im
IKONOS , GPS , Arcgs8.3 12
(.33 311 >2m; >5m
>25nT ; >10m >100nT ( Ecotope)
[4,34,36]
2
Table 2 Ecotope classfication levdsand dassesfor village landscapes
Land form Land use Land cover / Qouwp
ode Decription ode Desription (ode Decription ode Decription
AN Anthropogenic A Aquaculture A Annud « Annud crops
FP Hoodplain C Qondructed E Bare il aq Aquaculture
CA <30m Sl cand D Digturbed M Mixed db Digurbed & Debris
aB >30m Large cand F Fdlow P Perennid  dw Deci duous woody crops
PA <30m Sl pond I Irrigated S Sedled at Decidwus broad e trees
B >30m Large pond L Livedock w Water ho Housng
M <1m HowingMarsh M Mine & Fll hv Hydronorphic vegetation
MA <1m Marsh (0] Ornamenta ir Irrigetion
< 1m > 10m Rice paddy or other flooded ) .
v Marginsof candl P arops nb Norrindudria
<1m > 10m }
WM Margns o Lentic waterbody R Rairfed 08 Other seeled
T Forestry PP Public plartings
ri Hydronorphic crops
tg Tdl graminoids
tr Trangortation
wa Water surface
3.1
2002 1940’ s “ ( 1
2
Hlis 3km’ (12 cdlg)
150 ( , ) 3
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148 51 ( 3 4)
(Ecotope) 26, 23.6 %; / (ug1s 60.0 %:;
/ (U021 42.9% ,
, , 24
V% 86 10 % ,
0 15cm 15 30cm 19. 66 t/hn
14.50 t/hmi ( 3) 0 15cm : 15 30cm
, (ANCSNb06) (ANOMpp05)
0 15cm 15 30cm , ,
, , (ANCSr02)
(ANOMPpp05) : 2
, , (Form=AN)
3 0 15 15 30cm
Table 3 SOC density of ecolcpe dasesin 0 15cm layersand 15  30cm layers, respectively
Ecotope axde and! clescription Sanple (0 15cm) P (15 30cm) P
number Mean (t/hm?) Mean (t/hm?)
FPIPW39 Irrigeted smell-scale mature mulberry 9 25.6la” " 15.82 a
FPRPOW39 Reirfed smdl-scale mature mulberry 8 25.85a" " 14.37 a
FPPAri01 Rice paddy 10 24.15ab " 16.95 a
FPIAac01 Irrigeted sTell-cele intensve crops 6 23.17ab " " 14.52 a
ANDAdbO6 Disturbed herbaceous vegetation with debris 3 22.39ab 14.73 a
FPRAaCO4 1 Rairfed smdll-scale gaple crops 10 20.89 abc " ” 14.83 a
FPRAacO1 Rairfed smdl-scde intengve crops 4 20.76 abc 15.29 a
FPDMdb07 Digurbed woody with debris 3 20. 70 abc 15.47 a
FPIAac04 1 Irrigated sdll-scale gaple crops 3 20. 64 abc 15.32a
ANCS004 Attached > 1 dory house 16 20.62 abc " ” 14.27 a
FPDPdb08 Digurbed trees with debris 3 20. 33 abc 15.01 a
ANRAac04 1 Rairfed srall-scde ggple crops 7 19.51 abc 15.03 a
ANCEr01 Irrigation & drainage ditch with bare il 3 16. 78 abc 1270 a
ANTAtg01 Ranted tal graminoid 3 15. 45 ahc 12.83a
ANCSr02 Paved road 3 14. 34 abc 19.63 a
ANCSb06 Large public buildings 3 13.17 be 9.00 a
ANOMpp05 Public planting woody with linear 3 9.81c 10.74 a
Totd 97 19. 66 14.50
B: NK (p<0.05) Means of ecotope classes with different letters are satigticaly sgnificantly different (p <0. 05)

asteged usng Sudent-Newman- Keuls(SNK) from GM(p<0.001) ; *  * *: 0 15cm

(p<0.01) Mean o eootope classes with agerisk and double agerisks are gatidicaly sgnificantly dfferent (p <0.05 or p < 0.01) as teged usng

independent-sanple T tes between 0 15cmand 15  30cm layers, regpectively

0 30cm
(MAFAhv01)

15 30cm T

26. 28t/hn (

(p<0.05)

4) ,
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[29,30]
4.2 /
12 /
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4 0 30cm
Table 4 The sediment SOC density in 0 30 cm layer for ecotope dasses
ipti 0 30c
Eootope code and description Sple  ( m)2 V(% §
number  Mean P (t/hn?)
MAFAhO1 Fdlow perggent emergent grasslike vegetation in marsh 3 41.97a 6 %
QVIDAhVOL ( ) Digurbed perdstent emergent grasslike vegetation on cand margin 3 32.82b 8%
PAAWag07 <0. 1hn? Sl |- scale generic fresweter livesock cuture in smell pond 3 27.93bc 10 %
BAWagl4 0.1 1hn? Mediunr scale generic freswater crab culture in large pond 5 27.29hc 8%
FBAWaq08 0.1 1hn? Mediunr scd e generic freswater livedock culture in large pond 9 26. 09bc 6 %
AVIFAhVOL ( ) Fellow perdsent emergent grass like vegetation in flowing marsh 8 24. 73bc 7%
CAAWA08 < 30m 0.1 1h? Mediumrcale generic freshwater livesock .
cuture in sTell candl > 24. 61bc 8%
BPMva02  >30m Fdlow weter in large cand 23.61hc 7%
CAPWMMa02  <30m Fellow weter in svall cand 21.87c 7%
Totd 51 26.28 3%
B: NK (p<0.05) Means of ecotope clases with different letters are satigicdly sgnificantly different (p <0. 05)
as teged usng Sudent-Newman- Keuls (NK) from GM(p<0.001) ; § : / : SE / Mean
Landsat 2.13 x 10° hn’ 5
0 N .
0 30cm Table5 CDW ( %) o sample cdlsfor egimating village landscape of
Yangtze Deta Fain and Yixing Municipal , respectivey
76.97Tg( 6) ,
CDW( %) CDW( %)
, 42 % Snple cdll For Yangze Ddta Ran For Yixing Municipal
48%( 2 6) : ' R10. CO5 24.60 9.70
R09. C19 24.10 33.40
5% 11%; , R05. Q05 13.80 5.50
RO7. C29 9.70 13.20
R0O9. C29 8.20 11. 40
0 0 -
5% 10% ! > RO5. C19 7.70 10. 50
/ , R08. Cl14 5.60 7.60
83% 85% R0O9. C14 2.70 3.80
RO6. CO5 1.90 2.60
5%( 2 R06. C19 0.90 120
(PA,RA,IP,IA, RP, IM, RV) R09. C13 0.30 0.70
R0O8. C13 0.20 0.30
1.35x10° hnf (2 6) ,
63 %; (PA) (1P, 1A, IM) (RA,
RP, RV) 67% 17% 16% 53.95Tg,
70 %; , 68%,17% 14%

( 6): (FPPAYiOD) , (FPIPdN39) |,
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(FPRAac04 ,ANRAac04) (FPRAZCO1)
(AW) 50 - i Arca
, 0.1 1hnf(ag08 aqld) 1 hm' _ 0 E3eArblag SOC
X 40+
(aq09) : 0.1 hm' (ag07) £ I
, 1% 2 5
2 201
0.5% : (B @A) =
(B PA) , 7.4% SRU
7.1%( 6)
(C9 ""PA s P 1A FA RP TA
AW RA FW DA DM CE
) : TR/ R
(AN 04) (ANCS 02) Land use/land cover classes
C3v , I
(ANCSb06) 2 /
4.3
/ Fg.2 The area percent and the SOC percent of !aidi use/ land cover in the
Yangtze Delta Hain, repectively
' PA: Paddy & siher floodea crops; AVY: Adqueculture; CS:
Built gructureswaii inpervious cover ; RA : 1
/ ) Rarfed arwed croplands; IP: Irrigated
(7 perenniad croplands; FW: Fallow water ; IA: 1
, Irrigated annua croplands; DA: 1
( 500m x 500m cdl S) Digurbed area covered annua herbaceous vegetation; FA: 1
’ Fallow area covered annud herbaceous vegetation; DM :
’ Disturbed area covered rrixed of herbaceous, open
! woody & tree cover; RP: Rairfed perennid croplands;
y CE: Built gructureswith bare il ; TA:
Managed for regular harves of non-crop herbaceous vegetation ;
12 >1.0% / Note: Land use/land cover
(CDW) clases that area are >1.0 % only are charted
(5 7)
0.65 x 10° hn' 0.1%
(7 2.95x 10° hn' 1.4 %;
0.42 x10° hn' 1.9% , ,
, 33.3% ,
<4.0%; /
0.02x10° 2.95x10° hn' : 2.6%
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6 0 30
Table 6 FEcotope area and SOC gorage in village landscape o the studied region on Yangtze Delta Pain
/ (%) Area (%)
Land use/land cover and ecotope code Aread totd (10° hn?) OC o totd DC(Ty)
Paddy & other flooded crops 42.1 89%4. 67 47.8 36. 77
FPPAri 01 41.9 890. 52 47.6 36.6
Aqueculture 14.8 313.93 10.6 8.18
FBAWaq08 5.0 105. 70 3.6 2.76
CBAWag09 4.8 101. 76 3.5 2.67
CAAWag08 2.6 55.00 1.8 135
BAWagl14 1.0 21.48 0.8 0.59
PAAWag07 0.6 11.89 0.4 0.33
BAWaq09 0.5 9.78 0.3 0.26
Built gructures with inpervious cover 9.4 200. 88 8.9 6.83
ANCS004 7.0 148. 24 6.7 5.17
ANCSr02 1.2 25.58 1.1 0.87
ANCShb06 0.5 10.00 0.3 0.22
1 Rairfed annua croplands 8.7 184.94 8.5 6.54
FPRAacO4 4.8 102. 44 4.8 3.66
ANRAac04 2.9 61.86 2.8 2.14
FPRAacO1 0.9 18.66 0.9 0.67
Irrigated perennia croplands 8.1 172.19 9.3 7.13
FPIPdA39 8.1 171.83 9.2 7.12
§ Tota 2127.48 76.97
>5.0% / >0.5% ; Land use / land cover clases that area are > 5.0 % only
are liged , in which ecotope classes are conprised and are lig only that areaare >0.5%; 3 4 ; Eootope descriptionis saw in table
3andtable4; §: 0 30cm ; The total areaand 0 30cm SOC dorage of village

landscape of the gudied regon on Yangize Delta RHain

7 /

Table 7 Comparison o egimating land use and land cover areas with surveying land use area in the village landscape o Yixing Municipal

/ § B 5B
Area deviation Relaive
Q@ ed code imeti 3 i 5
mpared co Edimeting Area(10°hm?)  Surveying Area(10°hn?) (16°h?) deviation( %)
Paddy 51.76 54.71 -2.95 -1.4
Aquetic and trangtiond 26. 68 24.43 2.25 2.2
Built-up gructures 12.15 14.14 - 199 -38
Rairfed croplands 10. 16 7.27 2.89 8.3
Perennid woody crops 5.77 5.35 0.42 1.9
Perennid woody vegetation 3.57 3.60 - 0.02 -0.2
1 Annua herbaceous vegetation 2.53 2.51 0.03 0.3
Irrigated croplands 1.92 0.39 1.53 33.3
Cther types 0.19 1.69 - 1.49 -39.8
Totd 114. 74 114.09 0.65 0.1
8 : cbw / (a) ; Thearead theland use / land cover classeswas etimeted using the regiond weighted ( CDW) ;
(b, ; The surveying area of the land use dasses came from Arable Land
Qudity Qurvey and Appraisement of Yixing Municipd inJiangsu Province; B : (Area devidtion) = a- b; BB: (Relative deviation) = (a
- b (a+b)/2}
L ( 8) L L
0 15cm (68 )
: : ; (61 ) :
) , 0 15cm
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(10.99 19. 02g/kg) 0 15cm 1994
(14.62 g/kg) 1983 (12.31 g/kg) , 1994
1983 (] , 0 15cm
(0 25cm) = 0 30cm (9. 17 g/kg)
(14.04 g/kg) , (12. 74 g/kg) ,
180 , ( ) 12. 88 g/kg( 22.20g/ kg) , 2000
16. 45 g/kg( 28.37g/ kg) , 27.8 % 100 , 85 % (
) , 15 %
Table 8 Comparing SOC, bulk density, thicknessand SOC density with other study references
g
Regon of 0C Bulk dendty Thickness S0C densty Nate
sanple il (g/kg) (g/om®) (cm) (t/hn?)
Yixing Municipal 15.78+4.98%  1.05+0.15 0 15 24.15+5.91 (2005) §
Yixing Municipal 9.71+4.25 1.20+0.13 15 30 16.95+6.47 (2005) §
Yixing Muricipal 12.74+2.58 1.13+0.09 0 30 41.10£6.96 (2005) 8
Yixing Municipal 15.19+1.96 1.30 0 15 29.62 (2003)
Yixing Muricipa 17.14 1.28 0 15 RN.92 (2002) [
Yixing Municipal 14. 62 1.30 0 15 28.50 (1994)
Yixing Muricipd 12.31 1.30 0 15 24.01 (1983) 1
Jiangsu Province 9.17 1.30 0 25 29.80 (Nsx0) 13
Taihu Region 14.04 1.30 0 25 45.63 (Nsx) (=
Lixiahe Region 11.72 1.30 0 25 38.09 (Nsx) "=
Ningzhen Hill Region 10. 09 1.30 0 25 32.79 (Nsx) '[=
Region along Yangize River 8.47 1.30 0 25 27.53 (Nsx0) 1=
Region along the coagt 7.31 1.30 0 25 23.76 (Ns) 1=
Xuhui Region 6.73 1.30 0 25 21.87 (Nsx) "=
() Eat China (plow layer) 15.86 + 4. 42 1.18+0.17 14.13+1.73 26.06+7.78 (NsC) 14
( ) East China (plowpan) 12.39+5.74 1.38+0.19 9.46+2.97 15.90 +8.81 (NS) 4
() cChina (plow layer) 16.58 +5.81 1.18+0.14 15.28+2.61 29.48+11.35 (Ns) 4!
( ) China (plowpan) 2.66+6.77 1.38+0.13 10.24%5.11 17.43+13.38 (Nsx) 4
( ) China_(whole topil) 15.01 +6.20 1.26+0.14 25.52%7.71 46.91+25.73 (SNs) (4]
B: Sandard devitions; { : , l.309/cr’r13 , Buk dengty that was not shown in the reference was filled in with
1.30g/cm® , §: The sudy time of sanple il *SNSC ,The second nationd il survey of China
0 15cm (
8) , , 15 30cm
; , 0 15cm O
30em (4] (s8]

[13 25]

65.59 x 10°hnt ,



4146 26

90%, 0 15cm 2.207g™ 51. 76 x
10°hnt .0 15cm 1.25Tg, ,
(53.87 x 10°hm’ ,2002 ) 114. 74 x 10°hm’
, 0 15cm 2.35Tg ,
: /
, : <30m
[3.43% 37]
( )
/ ,
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