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Landscape pattern change and its influence on soil carbon pool in Napahai

wetland of Northwestern Yunnan

LI Ningyun', YUAN Hua®, TIAN Kun®" , PENG Tao’
1 Yunnan Academy of Forestry , Kunming 650204 , China
2 National Plateau Wetland Research Center, Kunming 650224 , China

3 Southwest Forestry University, Kunming 650224 ,China

Abstract; The wetland landscape dynamics and its environmental effects have been considered as a research hotspot. But
researches about soil carbon pool changes driven by landscape pattern changes were rarely seen. To address this issue, a
study was carried out in the Napahai wetland, a sensitive region of global changes in northwestern Yunnan, adopting the In-
situ intact soil sampling methodology and supported by the “3S” tools. Resulis showed that the landscape altered
significantly within 26 years. Compared with 1974a, the fragmentation of Napahai landscapes was increasing, the landscape
shapes became more complicated, dispersed, and dominated by large patches, the matrix of the Napahai landscapes has
been converted from wetland types to the ever-increasing human land use types. At the land level,the patch number and
landscape shape index increased 42% and 12.19% by 1994, as well as 40% and 1.02% by 2000. The aggregation index
decreased 0.56% (by 1994) and 0.52% (by 2000). Landscape diversity and landscape dominance firstly increased
0.844% and 0.847% by 1994 and then decreased 3. 130% and 3. 134% by 2000. At the class level, the changes of

wetland types trended to complexity, the area percentage of water body, marsh and swampy meadow increased form 70. 29%
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(1974) to 72.20% (1994) then decreased to 48.79% (2000) , however, that of meadow and farmland decreased a bit in
1994 then largely increased in 2000a. The landscape pattern changes of the wetland had impacts on the wetland’s soil
carbon storage fluctuation. Responding to the landscape area changes, soil carbon storage increased from 33. 46 x 10*t
(1974) 10 36.91x10%t (1994) and then decreased to 32.92x10*t (2000). With the landscape type transformations, the
soil carbon sequestration and emission form 1974 to 1994 reached respectively 6.08x10"t and 2. 63x10*t. The soil carbon
sequestration form 1994 to 2000 reached 2. 01 x10*t, nonetheless, the emission increased sharply, which is up to 2. 28
times of that of 1974—1994. The landscape pattern changes, the soil carbon storage and its “source/sink” shifts have been
imposed by both natural factors and human impacts. Under the context of geology, hydrology and climate changes, human
disturbances such as wetland drainage, reclamation, overgrazing, and vegetation destruction of catchments have further

intensified the changes of wetland.

Key Words: landscape pattern changes; soil carbon pool; sequestration and emission changes; Napahai wetland

A MU BRI BB T AR TR A A R G AR A A R o L A i A b A
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1 HREXHER

ZNNATAE I (99°37'—99°43'E,27°49'—27°55'N) Hi kb = mg PEALHE , 4k 3260 m, [ FH 2552 hm® , & & 7F
AR 15— 28 B TE G , 520 SR F A s S5 ) T8 2R SR o 2R I Y KR K VAL 10 km 5
T A VT DX A A S S TR v i 2 RV DX P R R 2 XU A, Pl T b B 8 (b FLIRE IR B o, A B N2
i e SR FE L AR BB AR R 5.4 °C K E AN R ZAREE R M ZRAR IR | VK S5 RilK Rl 22 2530T 3t 14 T A LA &
T 23 W 4 VDT - rp ) T 224 S B SR K AR R A 612. 8 mm , FERERN S TP 1 6—9 H ( 4EFK R 76% )
WK L3k, KA TR AERE Y K S s 2 VA R A, 9 A R KR YR | B S R A AE T, i TR LK
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Table 1 Soil physicochemical properties of Napahai wetland

o LB 25 i 24 Tl 2 UK A
2K i pH
o oM/ TN/ TP/ TK/ AN/ AP/ AK/
Soil horizon Texture
/(e/kg) /(¢/kg) /(¢/kg) /(¢/kg) /(mg/kg)  /(mg/kg) /(mg/kg)
T rfe 4.90 288.0 11.8 0.7 1.4 530.00 7.00 65.00
TG b 5.30 107.0 6.4 0.5 8.6 472.00 5.00 68.00
G icg: 5.00 47.0 2.2 0.2 2.3 559.00 21.00 148.00

T WHIZ ;G TR TG WpeZ 1 72 W T2

2 WHRAZE
2.1 FOUUECHE R Bk R A2 Ak
2.1.1  SOREERIE S A
e 1974 4 MSS 1994 4E LandsatTM 5 2000 4E LandsatETM $41% 0 3% BBOE 5, % F RGB543 % (44
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{6, JEAR T S5k K 5 R T 3R 1 56 R BFAE AT GPS ( TRIMBLE GEOCE K5 0.5 m) B &1 S2 b 5 2 45 5 |
AL MR RIR AR R (R 2) .

F2 EVEBBIFRE
Table 2 Visual interpretation key system of the landscape types

SO RARRFE P
Landscape types The character of satellite imagery Legend
JKR Water body BOERE O, ST, B RA 50

W Marsh TS A
WAL Swampy meadow YR O R 6 1R 2

47 Meadow s, — M T 3 R R ]
HH Farmland TARBLEE S8 0 AR S5 H B T T 5

£ ArcGIS9.0 EF“ AT FALR R 9 A IEE S0 o0 Dk R TR TR A R e w el MR, O A2 i 3 AN
SR TLE (P 1) dlad ENVI4. 3, 425 300 SBENLAT, [F]ISInor 2R 45 50 B A UG RS R FH IR AR 9 75 1%
WEEIP REE RS R AR e 1 — 2, — BUUTH 0 OB 00, & W0 R 0R 19 3] =W AR 00 JERT 1 70
86. 77% 92.36% #185.74% |

E1 #HiRERinsERNsEE

Fig.1 Landscape classification map of Napahai wetland
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2.1.2 FWERAEL

2 6] A3 B B A il W2 TR A RS S e , 25 MR AR DG AR 9 A SR 7 B U AR A0 ( CA) (BEBREL (NP) |
REFERE(AL) JEARFEEL(LSI) \Shannon ZFEHFEEL(SHDI) & Shannon 2] FEFE 4 (SHET) MSWKF- St
SR A R AT S R 2R AL 50 HT . FIFH Fragstats3. 3 BEAT AT 50 U8 K00 H 8, T vk MOHUAE S
BB ISR
2.2 bt SERRPEAR L
2.2.1 THERRAER

WA ALY R R PRI X VR B TR AR | F ) R b 4 A oW 2R R S i 4—5 e AR ]
In-situ JFR e BORERE AR ) AR ISR /K SCRRAE , 4351 F 2002 4E 11 A ,2003 453 A .6 A .8 J.10 A ,2004
AR 1 AT R R B BR AP O I A A LR O B, B SRR 0—20 em L REE T £ 3R %
(R 3) s ARIRTURAE HUBREE R IR T B B8 S5 B9, I IMH 6.5 o/kg THEMRAGR ",

A EARYE A AR R OKIR JREE R o)) BEE I OB ) AR P 3 ISR AR R - A
HURR RN 25 5 0 R AT

F3 20022004 EREFWER T BEENHRAE/ CPIHRMEE  o/kg)
Table 3  Soil organi carbon content in different landscape types form2002 to 2004/ ( Mean=S. E,¢/kg)

TEHE P ER R AR ] i Bt
Soil depth/cm Marsh Swampy meadow Meadow Farmland
0—20 59.39x12.94 40.89+18.66 26.91+14.55 29.75+4.07

2.2.2  LIEmITIEAEL

LSO I AS Ak i B A 396 AL HIE G 155k S it b - e O TE IR AR B A .

Ec =p(Pc, — Pc,)

K, Ee AFORZEANE AR A - B fE 224 (t) 5 Ec NIFERR BIERABEL; Ec A M(EFR TR
U p MR L R/ (hm?) | Pe,y, Pe, 53 RRITA SR 5 A5 FOM 27 0—20 em + 2R
FE A TR A HLIR & 2/ (kg/m?)
3 EREHH
3.1 FOUA% R AL
3.1.1 mH

26a 4EH GRS R A T A RS AE (2 4) , 1974 AEIR 5L TR AR L R 70.29% |, %8 1994 4E K
72.20% ,{H 2000 4FH1[% 2 48. 79% , 3 B S MIE 5T p 1@ 2R RU LA O AR IR A | S R AR | K AR Al
TR PR B A S/ NG HY 7KK 2000 4F FBE A 01 (R Z240 4751 53 W I 5 VR R R b 522 KR4 o 28 WA /N i)
A TN b3 [ AR R AN ST Bl TR s BEA)AE 1994 AR B A /D, 2000 AF 2K MRG0, X AT fE -
IR S22 P A O, (EAL A BE 75 b i 27 o A 1 A

F4 EREEGITL
Table 4 Area percentage changes

O T AL LL ] Landscape type area percentage/ %
Z

our Kl i AL tif frm
Water body Marsh Swampy meadow Meadow Farmland
1974 6.35 24.78 39.17 24.47 5.23
1994 4.04 36.84 31.32 17.84 9.96
2000 4.99 33.59 10.21 41.30 9.91

3.1.2 =[HKFH
51974 SRR LL , AR IATE SORBESEE N T 42% (1994 4F) 1 40% (2000 4F ) , 7K AR (25 45 T i , B0
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T 12.19% (1994 4F) 1 1.02% (2000 4F) , BEHURARE T2 4%, {H 2 2000 4F 18 P40 B ) 2R 5028 15 40
X R DU 7 B ) U) — g B DU g (P 2) 5 SRAEBE R B BN T 0. 56% (1994 4 ) 1 0. 52%
(2000 4F) , B 52 30 8 WA 450 o5 1 23 (R A3 AT A S (R PRI A KA SR B2 R a5,

80 1 BRIK-FBEHEL 25 0 RADKPBEHH
E 20
< 60+ I —
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g 15
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g 40 |
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® 20 5|
firg
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= O 1 1 ] O 7757 1 1 1 1 ]
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< 9.8 | 98 t B 19944F
E o M 020004F
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5 96
2 964 L
e - 95 +
& L
R 902 o1 |
96.0 . . 193 . . )
1974 1994 2000 I Hrit
Ay Year FW A Landscape types

B2 sUZEEETK
Fig. 2 Landscape pattern changes

3.1.3 ZRE

AR O S R B R S B A BT R — Sk (B 3) o 5 1974 ARAHLE, 1994 4F 9 35 24 S 14
RS A3 BB INT 0. 844% F10. 847% , F B SOW ZREPERE N, 45 SO IT 5 T R LU 091 2 53 AFDGH /0N s 1)
HJ5)4341 3 {H 2000 45, 1 35 B98N B, L 1974 4R 51080 T 3. 130% 1 3. 134% , 3 W 5 00 2 R 1
%, A 2O R T 5 T RR LU 081 22 S ARG, RN 50 40 A1, 25 A T AR AR AR R (38 4) R B ) S50 o
ST B AR,
3.2 - RmR I e R
3.2.1  hBiEmfEE

M o7 5 W T AR A8 Ak T3 it i B 1974 4E 11 33. 46x 10 t 3 & 1994 4E 11 36. 91x10* t,2000 4E X% &
32.92x10% t( [l 4) , e AT bt ] A= 25 J80R 3 B VA B AL FE A R F 1 Bk i B BR | (EL BT M 2R B 1 75 A 32
0 AFNFRR A TR, i ith e B 2 08N
3.2.2 R SR

OSSR A T BEUTRRA S 0, 3R & AR R S B (R 5,32 6) . 1974—1994 4| Sk
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RIS R 2T 6. 08%x10* (C, B T 2. 63x10* tC;1994—2000 4, 2R T 2. 01x10* «C, Bk 1 5. 99x10*
tC, B JE AT 20a 14 2. 28 £%, W R HERUTR PRI & A T B KAME , S BRI K= B,

3800
s (@)

a w 9 0|
2 145 090 T x O
2) 25 3
2 8 © 3400 -
% 140 g 5
o < 1
% 085 E S 3200
g 135 | —=—SHDI S 5
2 —o— SHEI g © 3000 1 I s
g 2 1974 1994 2000
s 130 L L 0.80 ° Year

1974 1994 2000 s

Year

4 TEHmEETK
B3 SUSHMETL Fig.4 Soil carbon storage changes
Fig. 3 Landscape diversity changes

R5 1974—1994 FiRMENHETHTE CRESHH/(C:10%)
Table 5 Sequestration and emission of soil organic C driven by landscape pattern changes from 1974 to 1994

1994 45 M2 A Landscape type of 1994

1974 AFs M

Landscape type of 1974 PIUS R EREZ AN Fifa) Bt
Water body Marsh Swampy meadow Meadow Farmland
KM Water body 0 -0.573 -0.302 -0.037 -0.026
JA % Marsh 0.056 0. 000 0.814 0.825 0.117
TBEAL R Swampy meadow 0.036 -2.511 0 0.430 0.340
Hifi] Meadow 0 -1.749 -0.803 0 -0.046
HHib Farmland 0 -0.019 -0.016 0.016 0.000

R6 1994—2000 FiRHEMETH L1 CRBSHM/(C.10%)

Table 6 Sequestration and emission of soil organic C driven by landscape pattern changes from 1994 to 2000

2000 4EH WA Landscape type of 2000
1994 4 S M2 AY pe P

Landscape type of 1994 Kk B ERE A X ) A Bt
Water body Marsh Swampy meadow Meadow Farmland

JKAK Water body 0 -0.026 -0.043 -0.068 0

T3P Marsh 0.568 0 0. 407 2.055 0.072

TR PFEALE A Swampy meadow 0. 065 -0.964 0 2.656 0.087

B ) Meadow 0.009 -0.408 -0.379 0 -0.032

HiHl Farmland 0.025 -0.087 0 0.049 0

4 IFig

4.1 [ ERIRI T WK Ry B - SRR 25 1) 5 el

8 74
ZPEY TR S 7 R T A T R R 4 K U £ » §§ ) 6.8 o
FRALTHORUT BORAS 19 1 807 =4, JETAL BB S 28 H
DX, Bt iz gy 5t b kR S Ui A T AN W 1 R A g5 LI, . | |
BRI F B, 47 ROK RN A W 22 99 4 OB 995 1999% 20005
REAEAT PR, — F 52 W 390 R A A B e, 5 MEERESRE

%‘E/\J{/ﬂﬂﬁiﬁ%{ﬁﬂ E{E@ﬂfﬁ% 7j(§ @J EEHJ]‘@ l%‘ 20 ﬁéﬂ 80 Qg Fig.5 Temperature variations in Napahai region
AR AR S A A2 2 114 35— 350, A Vg 1 DX 1) S f Al
EHIFEIRAE S 5 20 tHhad 70 AT 60 AEAR N 50 AFEARAH B, R ma v X R A9 AR 80 AR A AT
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0.4 °C,0.6 CH10.2 °C ;90 AR UG HEIE e I, HAS 7= B4 HoAth L X | 1998 4F LIS (1 4F - 24 S T ot
#E 30a(1961—1990 4F) SARHE T HIE 5.6 °C (] 5) KK 2B #3205 R 5 K R &
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FLER A T EURAE /N HERCE R

e ) 1 DX ER T SR OHEAS 3 A B A WA AL 3 A, MR AR S Iy s - DO B R A IR R
HRSTTE AT b TR 1 0 IR T e ] R L A B b 2 A5 A B A | e ST AL TR T 4 4R Tk iz A AR o
FErb A A TR R AL T S R R, 23t DA A T s B 5 98 9 A S e UL R R Sk AR R A <3 T
T T SO0 Ak AR 0 55 T LRI T RE
4.2 NN TR RS JR) K - SFEm 2 1) 5 1

FHXHAIRA- B0 2 PR 5, R A A DX 28 5% e e ) [T, A2 498 B U5 R ] X6 M8 b PR 5 77 A T IO 52 i, 20
TH2g 60 AEAXLIAT, AR R BN IR IR RS . H A 20 28 70 A1, RS #5137, 2 T K
EHEK IR KT K O, BLE AR, FRARKAL B3E S5 B 151k . 2000 AFARXT T 1994 4F A AR KR
AR PR AR X AR (&1 5 ), I8 b 55 U0 T R 0 R 36, 12 058 b 55 00 B Ay S5 U %) i o, 3 W HE 7K S8 R AT A 1Y
NAE S TR R BN ZE 0 0 A 2 R SR AR i %) 5 S5 DR K S 1 b 5ol ) SR AR SO AR s
Jai ARk, R S B AR A s> R

ZoHE K ST R R RAR R, O T S S T IS SR R A 055 B2 0k T i b 3 Ve ek W B LT
T IFBERHETG S AT, ks T R HEE A, SR HUTT En  areHECE n ; DABCBCR 2R R 7 i
Al A R R A 260 PR T PR AR R B (2600 £ 07 ) 132. 5% 1 BT, 18D T A HLY I VA A o, R
B AR B B A BRI , U e B TR B T 2 I R i T - R ML TR BT A4 5 TC Y B
W7 , 5 D ) 38 R R A - 33 LR /L 68. 83% 0 I T RRHERL ; A PRGBS K A R AL G A= 36 5 2
SFAAE B3R B YA T LA B 7 RN 80% Bk 2 20% —30% )| FRAK R 22 1B AL R N 55 T AR
WA RGN K SRR SR DI RE , Y VTR T 4008 i) b b A IE R | 0 SOOI AR R A A | 1
R UTRRER SR i s e F ek,
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