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The quantitative estimation of forest carbon storage and its response to land use

change in Fuzhou, China
LU Jun, LIU Yafeng, QI Ke, FAN Zhengqiu”

Department of Environmental Science and Engineering, Fudan University, Shanghai 200433, China

Abstract ; In this study, remote sensing (RS) images, land-use data, and forest resource inventory data were used to build
a quantitative estimation model of forest volume via the stepwise regression method. The carbon storage and carbon density of
forest vegetation in Fuzhou from 2000 to 2010 were analyzed using the Biomass Expansion Factor ( BEF) method to correlate
forest volume with volume, biomass and carbon storage. A land use transition matrix was created, and used to study the
variation of forest carbon storage in response to land use change in Fuzhou. The results showed that; (1) the results of
quantitative estimation models of forest volume which were build according to different type of forest ( Evergreen broad-
leaved forest, Evergreen coniferous forest, Mixed broadleaf-conifer forest) turned out the effects with the adjusted R* being
0.599, 0.679, 0.694 respectively. All quantitative estimation models of forest volume passed the applicability and accuracy
test. The calculated total forest volume in Fuzhou was 2.097 x 10" m® in 2000 and 2.594 X 10" m® in 2010, revealing an
increase in volume over the course of a decade. Of all the geographical subdivisions of Fuzhou, Yongtai County maintained
the greatest forest volume throughout the decade, while Changle County contained the lowest forest volume. (2) Total

carbon storage by forest vegetation in Fuzhou city was 12.499 Tg in 2000 and 12.642 Tg in 2010. Thus, in ten years, forest
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vegetation carbon storage increased by 1.430 x 10°t. The vegetation carbon densities in 2000 and 2010 were 18.694 t/hm’
and 18.708 t/hm’, respectively. (3) The carbon density of forest vegelation in Minging County, Yongtai County, and
Minhou County, which are located in western Fuzhou, remained high during this ten year period, and was observed to
increase overall. In contrast, Luoyuan County, Changle County, and Lianjiang County, which are located in eastern
Fuzhou, experienced declines in the carbon density of forest vegetation, as a result of increasing socio-economic and
anthropogenic activity. (4) In these areas, the forest was mostly converted to shrub and crop land between 2000 and 2010.
As a result of this change in land use, forest carbon storage in Fuzhou declined by 1.711 x 10* t overall. In addition, soil

carbon storage and plant carbon storage decreased by 2.230 x 10’ t and 1.489 x 10* t, respectively.

Key Words: forest volume; carbon storage; carbon density; land use change; Fuzhou city
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Table 1 The Exchange Parameters of Forest Volume-biomass

B Fl Forest type a b £ iR References
[ 2 Broad-leaved 0.8389 43.4173 (7]
£ Coniferous 0.5894 24.5151 [8]
£TRETE Mixed conifer and deciduous 0.8136 18.4660 [29]

PR DR A i SRR R IIAR . C=B? C.;p=C/S . C JWRAER (1) ;C R E iR, R E M
Hw RS 0.5 p MIREE (1/hm?) ;S N A (hm?) |

3 #R5ITR
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AREERLRY [ A8 T S 2 e RPN R (R 2) .
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Table 2 Regression Models and Parameters

AT AR . R IBIE R
Forest type Models Adjusted R*
CE LR Y = 110.23 = 0.039 x TM5 + 0.069 x BI + 0.079 x GI + 0.184 x 0.790 0.612 0.599
Evergreen broad-leaved forest RVI+0.039 x (TM5 + TM7 — TM2) /( TM5 + TM7 + TM2 ' ’ ’

Y = 48.942 — 0.0584 x TM4 + 0.0629 x TM7 + 0.0106 x DVI -
W ERET AR 0.0529 x TM5/TM4 + 0.0174 x (TM5 + TM7 -

0.803 0.760 0.67
Evergreen coniferous forest T™2)/(TM5 + TM7 + TM2) + 0.038 x TM3 x TM4/TM7 + 9
0.046 x M
EIRAE Y = 5741 - 0.189 x J{HE - 0.111 x TM2 + 0.196 x TM1 + 0.
PHRIBSM 9 x WL - 0 K 0.835 0.796 0.694
Evergreen coniferous forest 497 x WI + 0.145 x IR

a=0.05 AT SRR R, SR F AR A 4G50, F SRR AR R SR B AR T R TR S AR A [
AR v (8 52 FF O R B0 501 0.790,0.803 ,0.835 , B IE B AE U430 0.599 ,0.679 ,0.694 , RER 4 Hh [ et &
R 5 EE 2 MR R LA RO,
3.2 AU PRSI BORS B ik
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Fig.2 Actual and Predicted Value of the Forest Volume Samples
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Fig.3 Classification Map of Forest Vegetation Carbon Density in Fuzhou
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T [ - TR G 5140501 R B 1.25% ,0.52% 1.05% , A I Hi i BRAR Ak 45 /IN, 284647 0.01% .,

£3 BN 2000—2010 £ i F AEARIT
Table 3 Area Changes of Different Land Use from 2000 to 2010 in Fuzhou

) #ihk A i e B i AL
Year Forestland Shrubland Grassland Wetlands Cropland Settlements Other land
2000 6685.90 1080.47 99.07 603.02 2674.04 819.49 5.63
2010 6757.83 931.11 104.65 571.27 2612.19 971.37 7.19

342 ORISR

FE ArcGIS BRI TEUE A FE B oA, 5 38 s R AL A C R 1B B8 5 S 7 Excel 2648 it 5
+ HF RS AR, 45 R WLk 4.

2000 4EF 2010 4F, & M A PSRV R AR 0, BER R Hb O 32 A0 38 R B 5 A R AR AR, e 1k
TR 113.69 km® ; Bt 3225440 Ry 15 FH MR ZRAR , F AR TR AR 5353108 109.59 km® Fi1 61.38 km® , FRAKFIEE R H
O R A AR R EAR IR A A, e R AR G, AR R R A B
HtEAT T Ak, e m BN 14.67 km® Fl 88.85 km® , AI LU H 28 0% & JE AU T 7 i SO0 (i I b 1 R i
B Bk 4Gy s P b P 5 B K Bk e T A B OR B . AOMRTET R A FE 2 T T R AR PR 5L Ay gt B ] R
RIEAF,

FEFRMOR LT 4 1 2S5 A0 A0 B A B b, B R R S Ak s o B, AR Bk L% 1k T 88.75
km? , [FERHb ) B AL T 61.38 km?® , A B 2% AR BE AR HE AR ) BRI AL T 113.69 km?® , 7 T 47 i fb i 2
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Table 4 Land Use Transition Matrix from 2000 to 2010 in Fuzhou

2010/2000 i Bl HEA KA R FUSN i 4 it

Grassland Cropland Shrubland Other land Settlement Forestland Wetlands Total
HiHl Grassland 88.68 2.29 1.15 0.00 0.71 6.20 0.04 99.07
#Fh Cropland 7.01 2478.11 8.40 1.12 109.59 61.38 8.43 2674.04
#EK Shrubland 2.89 36.20 919.92 0.16 6.85 113.69 0.77 1080.47
FAFHH Other land — 0.00 — 5.63 0.00 — — 5.63
HEBEHIHE Settlement 0.02 0.69 0.03 0.00 818.61 0.11 0.02 819.49
FRA Forestland 6.05 88.75 1.59 0.28 14.67 6573.50 1.06 6685.90
i Wetlands 0.00 6.14 0.03 — 26.93 2.95 566.96 603.02
ST Total 104.65 2612.19 931.11 7.19 977.37 6757.83 577.27 11967.61

3.5 ffift 0t A AR AR A i

AR A8 3t 1 FH 288 0P R R ¥ R AN ] e AR I S 28 Stk 2 8 R Ut 4 1 22 5, A SRR M T 2000 4F 2
2010 AF ZRARBR i A2 AT - A S Y AR A 0 R 7, RMAAE B3k 2 B SR AR SIS 290, LB AN A
i P2 AR B U T 2 L BRI G SCRR ™ (2 5) o RIS Aty e il b i i AR R L2 6,

x5 AETHFAEE T IERZEENEWRZE (t/hm?)
Table 5 Soil Carbon Density and Vegetation Carbon Density of Different Land-use Type

iR 2SR IR LA B 25

Land use type Soil carbon density Vegetation carbon density
FRA Forestland 93.9 18.7

#Fh Cropland 89.0 8.4

FiHl Grassland 90.6 13.9

A Shrubland 91.9 16.9
A Settlement 86.1 9.7

1BH Wetlands 91.2 13.3
FAFHH Other land 78.3 6.7

T b A FH AR £k, 2000 45 21 2010 474N T AR S BAR F 08 T 1.711x10% v, Herp - S8 e it f ok /2,23
x10°t, ML BRAE /D T 1.489x10* v, A FHASfh S A b 5l T RRHINL AR 1 oAl FH 1 28 A Ak S 30 Ny
B HETICAAONE | SRR TR/ 1.49%10° v, HEMUR 22 109 R ZRAR 1 B A% A | SRR sl 1.17x10° ¢, 4 98/ e fith
R 79.07% ; HURAK O ARbR ) @ 5 b st Ji i SRR F L AR Ab B itk A i il R 2.465 %
10* £.4.90x10° t .8.6x10% t,7.7x10%t ,6.1x 107 t,, HoAth FFI 3th 2H 7Y ] ZRAR 1) 5% £k 32 B0 R B IR MACBA I, S e fs e 148
T 1.32x10°, W ie 22 189 SRy B 1l 1) BRAR I e Ak, B AR S 1S 0 8. 10X 10% 15 AR YO VEAR | B VR b | 1k
FH Hb 1) ZRAREE AL | B fidi 16 4 43 501 A 4.32x10%1.,5.02x10°t,2.39% 107t 1.90x 1071, Ak A ZR Ak 2 18] A9 + 3l
I R 2 A s S ) Bt i et 728 Ak TR B i FH R R AR 8 452 o5 3 8 e i e i 2 1y 1275 | RS A Oz P R

4 #Hig

1) AR FRARIS TR | R S ] bR | S I b B IV T 28 8 R Aol 00 A 78 19 52 A 56 3R 8504 331 0.
599.0.679 ,0.694 , B R AT, HAT e = Ak DUDRG B

2)2000 42010 454 T FRMAT DL B fith 2 S 53 31 0+ 12.499Tg \12.642Tg , ik % £ 43 5114 18.694 t/hm? |
18.708 t/hm* , FRMAE BB At S IG N T 1.44x10°t, [EITEH K ZEEL )45 B 00 BROMRE A0l 235 B 5 AR DR R i 7K
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Table 6 Forest carbon storage change brought by LUCC

R4 M R es 1711 M A SR A
+ A P R 2R T AL AL AL AL Ak
Transition of land use type Area/km? ASCD/ AVCD/ ASCS/ AVCS/ AFCS/

(/hm?) (/hm?) 103t 103t 103t
FRM—UEA Forest land—shrub land 1.59 -2.0 -1.8 -0.32 -0.29 -0.61
FRA—FHE Forest land—grass land 6.05 -3.3 -4.8 -2.00 -2.90 -4.90
FRM—PEHE Forest land—crop land 88.75 -4.9 -8.3 -43.49 -73.66 -117.15
R BE ML Forest land—settlement 14.67 -7.8 -9.0 -11.45 -13.21 -24.65
FRM—VEHE Forest land—wetlands 1.06 -2.7 -5.4 -0.29 -0.57 -0.86
FRAR—ARFI I HL Forest land—other land 0.28 -15.6 -12.0 -0.44 -0.34 -0.77
HEAR—FFHR Shrub land—forest land 113.69 2.0 1.8 22.74 20.46 43.20
FHL—FRHK Grass land—forest land 6.20 3.3 4.8 2.05 2.98 5.02
HEb—FRHK Crop land—forest land 61.38 4.9 8.3 30.08 50.95 81.02
A HE—FREA Settlement—forest land 0.11 7.8 9.0 0.09 0.10 0.19
i H—FFHK Setlands—forest land 2.95 2.7 5.4 0.80 1.59 2.39
ST Total -2.23 -14.89 -17.11

SCD: -3k % & Soil Carbon Density; VCD : FE 8 k % & Vegetation Carbon Density; SCS: £ 38k fifi 7 Soil Carbon Storage; VCS : FE # ik fifi =

Vegetation Carbon Storage;FCS:ﬁM‘ﬁj)%ﬁf% Forest Carbon Storage

3)2000 4F3 2010 4F, #7322 IS A R FRAR, LR B b RE AR, - b R R TR AR b R 2 A Ak
B, BEAFIR IS 205 1 SRR R M R A

4) i F - H A AR R, 2000 4FE] 2010 448 1 SBRAE E I8 T 1.711x10° v, Horp - 58k fig 2k /> 2.230
X107 t, HLWERRAG F /D T 1.489x 10 v, bR ARk A 13 i T BRFERL , B AR 22 1] 5 - 3 A1) FH 2% 460
T AR it AR AL AR B AR FH G ZRAR G4 o 33 4 sk it 2 1 125 RS AR I A F AR
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