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Abstract: The REDD + partnership works to promote the reduction of greenhouse gas ( GHG) emissions by reducing
emissions from deforestation and forest degradation in the developing countries through positive incentives and conversation
of forest carbon stocks. It is regarded as an essential component of the post-2012 climate regime to stabilize GHG emissions

and engage the developing countries in worldwide mitigation endeavors. If cost-efficient carbon benefits can be achieved
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through REDD+, increases in atmospheric CO, concentrations could be slowed, effectively buying much needed time for
countries to move to lower emissions technologies. We chose tropical forests in Xishuangbanna of China as our study area
and took the most severe deforestation from 1976 to 2007 as the baseline of REDD+. Land use information was obtained
through the combination of Landsat TM images and Normalized Difference Vegetation Index masks. Forest carbon storage
change in the study area was firstly calculated based on IPCC methodology. Secondly ecosystem-based benefits from REDD+
were assessed systematically. Our results showed that from 1976 to 2007, the natural forest carbon storage decreased from
78.24% to 50.52% of total carbon storage, which was the main reason for the reduction of carbon storage in Xishuangbanna.
At the meantime, significant degradation of ecosystem services emerged. This was demonstrated by two important indicators ;
forest fragmentation and soil erosion. For example, from 1976 to 2007 the percentage change in the carbon stocks was
1.4% , accompanying with increasing 8.16% in number of patches, 51.39% in Shannon’s diversity index and 34.07% in
shannon’s evenness index. Meanwhile, mean path area and patch cohesion index decreased by 26.26% and 2.13%,
respectively. It suggested that the forest ecosystem was changing in both carbon storage and forest landscape structure. The
number of patches and average nearest neighbor distance of natural forest increased by 120.00% and 25.21% , respectively,
and the average patch area decreased by 71.98% , indicating the degree of exacerbated fragmentation in natural forest. In
this sense, carbon emission and forest fragmentation were well integrated. Furthermore, we investigated relationship between
carbon emission and soil erosion and high correlation was found. For example, carbon emissions which accounted for 45% of
the total located in the high erosion area, which is 18% of the whole study area. As a result, when forests that would have
been lost or degraded are retained or restored through REDD+, they deliver ‘ multiple benefits’ in addition to protecting or
enhancing carbon stocks. These ecosystem-based benefits may include conservation of forest biodiversity, water regulation,
soil conservation, timber, forest foods and other non-timber forest products, most of which have been demonstrated or
proved in this study. By securing benefits beyond carbon, REDD+ has the potential to encourage countries to realize a

broader range of values.

Key Words: REDD+ benefits; deforestation; carbon emissions; Xishuangbanna
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Table 1 Remote sensing data

B Al L7/ RIERE2 H 1 =/ % LG 3
Data type Track number Date Cloudage Data sources
MSS p139r45 1976-02-24 10 USGS
p140r44 1976-02-25 0
p140r45 1976-02-25 10
™ p129r45 1992-09-01 44
p130r45 1992-11-11 4.16
p130r44 1992-11-11 9.23
p130r44 2007-03-26 8.0 GSCloud
ETM p129r45 1999-09-29 13.0
2007-02-23 0.0
p130r45 1999-12-25 0.0
2007-03-02 0.0
p130r44 1999-12-25 0.0
Terra MODIS h27v6 2000 44 —
Terra MODIS h27v6 2007 £4F —

MSS. 6% Multispectral scanner system; TM: F AL Thematic mapper; ETM . 3 8 3= 50 1% /Y Enhanced thematic mapper;
Terra MODIS: Terra #& 28 19 H 73 FE 3R WAZ Y631 {1 Moderate resolution imaging spectroradiometer on terra; USGS: 32 [E b i 1 #% J&) United states
geological survey; GSCloud; b 3 2 8] 5E = Geospatial data cloud

RGO I X+ R 5 78 Bl A S0 - R/ 00k O R . ARAK TEAHR ARl el 25 el
FHh K s A A R Bl e RS XS [R) B ) R S AG e AT R 7 e, T LB R DT
SRS Bl AREEIE G BRI LY FAO 15 S, SOMOR AR BRI hy FLA - b R FE 7 2 2o 7 e 4t
SRR A b Hb e ] b, B8 R A MR 25 RS A AR L BRI, IS R B R SR ORI A PR A AR Ak
HBYA T BSR4 Y
1.3 5k

WFFEHESE UL 2 BF 5% B AR S& 0T REDD+PIRRAN A S 54085 . B Jeds T DR BIRAR , R4 A bl 4
EC(NDVI) |, SR P92 1 DX 14 -+ R AR AR S, 302 43 BT B 80 FAE 830 25 1 BE Al ZERRALON J7 1T
FIFH TPCC J5i% , 15 20 VG SR AN b X ZRARBSRAK AR Ak, PPAL REDD+ML BRR I8k 25 5 6 A48 Rk 28 v i, 5 45 56
TEARMBEREIL S TR bl R TR SO T A R AR Ak, 56 T8 3 K 5 2 (RUSLE ) ¥EAG - 3842 0k, 43
AT T S AL Z R KL R
1.3.1 IPCC IRESMIE HITE Ik

RAECIPCC M | b A AR R AOl AR R ASGE A8 1 ) , i AL 6 =343, BTG 2B ) it (LB) B B
A HLTT( DOM ) Bk J2E 11 - 365 HILET (SOM) B I 3 Hevh | 3 A= 4 AL 3 b 36 70 4= 0 i (AB) Rt 3B AE 4
H(BB) SEA L AFESEA (DW) MG % i (LT)

SR A T AR
Croa = CrptCioy+Cson (1)
T, Cpg A S R G SBRERAE 1 (1) 5 €y TR AW BRAE 1 (1) 5 C o WICAHLBTRRAE & (1) 5 Cyop N T
A HLBTRRAR L (1)
o
Coou =Cpy + Cpp (2)

L, Cpy WIEARBRAEEL (1) 5 Cp ARTEE T BRAE (1) o
b A S AG RO BRARN A 2 1 4 B LA 18- 07 V6 N33 1 B A 252 T A 35 A W R P AL AT B

http ; //www.ecologica.cn



1122 JAE = 24

_________________________________________________

s

_________________________________________________

————————————————————————————————————————

: B :

! Wiy i !

M IPCC i | whk )
g B -

: N |

| “anmninn |

. w ], FUE o |, AR AT |
E WAk Rk [T T t !
D HAH .
D 1
o A A |
X = [ omewan |
. RUSLEf HARMEM @ !
PR ) g '

1S | |

ik Y el Bl = X
_____________________ g 0 2 S

(RBR) |

________________________________________

B2 HRiES
Fig.2 Research framework
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panel on climate change; RUSLE . & 1F 1438 ] 13 772 The revised universal soil loss equation
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Table 2 Parameters in carbon emissions evaluation

- HFIIZEA - HemR B PR 2 SRR BORLK R
Land use type Soil carbon density Vegetation carbon density Total carbon density Source of data
FRARM Natural forest 99.57 45.30211 144.8721 [28—29]
FEARM Shrubwood 109.2 9.534 118.734 [28—29]
A5Bil Tea garden 20.662 12.1768 32.8388 [30]
#JKEFE Rubber plantation 104.7 66.79645 171.4965 [31—32]
i i Wasteland 60.6 4.935 65.535 [28,33]
7K B Paddy field 103 0 103 [32]
FH1 Dry land 61.9 0 61.9 [33]
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Table 3 Selected landscape index
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AREA_MN BEHF- 24T AR AREA_MN BEHLF- 241 A1
ENN_MN -y I SRR B COHESION SN R IR
SHAPE_MN R ARAEEL SHEI Shannon's 4] 45 %
SHDI Shannon's ZAEMEFEEL

NP: Number of Patches; AREA_MN: Mean Patch Area; ENN_MN: Mean Euclidean Nearest-Neighbor Distance; SHAPE_MN: Mean Shape Index;
COHESION : Patch Cohesion Index; SHEI: Shannon’s Evenness Index; SHDI: Shannon's Diversity Index
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Table 4 P Factor in RUSLE model
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W e ogm BB X g i s
Natural Shrubwood  Tea eard Rubber Wasteland Paddy Drv land Land used Fls
forest SHTubwWe0c 4 garden plantation astelant field Ty ane for building 5

P 1 1 0.6 0.8 1 0.01 0.55 0 0

RUSLE : &1 (13 J 1352k /7 F2 The Revised Universal Soil Loss Equation; P JK £ AR5 R F the erosion control practice factor
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