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Abstract; Spatial pattern information of carbon density and storage in forest ecosystems plays an important role in the
evaluation of carbon sequestration potentials and healthy forest management. Forest vegetation carbon, soil organic carbon,
forest-litter carbon and dead tree carbon are the four main carbon pools in forest ecosystems. Most of previous studies on

carbon density and storage in forest ecosystems are based on the continuous forest inventory system in China or ecosystem
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models; however, there is little information on the spatial variation of forest ecosystems. Compared to traditional research
methods , geostatistical methods combined with kriging spatial interpolation and Moran’s I have been regarded as an effective
tool to explore spatial variation, which have been successfully used to investigate the spatial variability of environmental
variables and to incorporate this information into mapping. Therefore, it is widely applied to analyze spatial heterogeneity of
forest and soil variables. In 2012, based on the annual data from the Forest Resources Monitoring Center in Zhejiang
Province, a total of 838 forest sample plots were established based on a 4 km (' south-north) X 6 km ( east-west) grid
system in Zhejiang Province, and the area of each plot was 0.08 hm®. The portable global positioning system ( GPS) was
used to record the longitudes and latitudes. In this study, we analyzed the spatial variation characteristics of carbon density
and storage of forest ecosystems in Zhejiang Province using geostatistical methods and Moran's I. The results showed that the
average carbon density of forest ecosystems in Zhejiang Province was 145.22 t/hm’, and the forest vegetation layer, soil
layer, forest litter layer, and dead tree layer carbon densities were 27.34 t/hm*, 108.89 t/hm*, 179 t/hm*; and 1.38 t/
hm®. Kriging spatial interpolation and Local Moran’s I showed that the spatial distribution of carbon-density gradually
decreased from southwest to northeast, similar to topographic changes in Zhejiang Province;  which was influenced by both
natural factors such as altitude, forest age, forest types, typhoon climate, and human activities. The, carbon storage of forest
ecosystems in Zhejiang Province was 877.19 Tg C, of which 203.88 Tg C was in thé forest vegetation layer, 656.20 Tg C in
the soil layer, 10.84 Tg C in the forest litter layer, and 6.27 Tg C in the dead tree layer, accounting for 23%, 75%,
1.3%, and 0.7% of the total carbon storage, respectively. The soil layer was:the largest carbon pool in forest ecosystems,
which was about three times as large as the forest vegetation layer, and which was the most important contributor to the
carbon storage of forest ecosystems in Zhejiang Province. There are/abundant forest resources in Zhejiang Province ; most of
the forests are young and middle-aged forests, which account for 76.76% of the total forest area in Zhejiang Province, and
the young and middle-aged forests often have relatively low carbon density, but grow fast. Therefore, we should strengthen
the healthy management of young and middle-aged “forests and enhance the carbon sequestration potentials of forest
ecosystems in Zhejiang Province in the future, in order to regulate the global carbon cycle, mitigate the increase in

atmospheric CO, concentrations, and maintain{global elimate.

Key Words: forest ecosystems; carbon density; carbon storage; spatial variation; Geostatistics; GIS; Moran's 1
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ARE Ml A= Py s % JEE (kg/m?) | Area, BB XIS (m?) .
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Table 1 Structures of biomass models

Ty BRI W, BRI W, BETHER W, B W,

Type of vegetation Root model W, Crown model W Stem model W, Total model W,

B RS 1Hard Broadl W, _0.0549H0- 106820953 W,_0.0980D!-64817,0-4610 W,_0.0560H0-8°p 18140 W, Wy Wy W,

fififE 2Hard Broad2 W, _0.2470H%174p!-7%54 W,_0.2860D-09681,0.9450 W, _0.0803H0 781518056 W Wy Wy W,

FAZ% Pine W,_0.0417H0-07802.2618 W,_0.1377D 48731 0-4052 W, _0.0600H0-79341-8005 W, Wy Wy W,

F2A Chinese Fir W,-0.0617H0-1037p2 1133 W,_0.0971D"-78140-0346 W, _0.0647HO-89%p1-4880 W Wy Wy W,

B[ Soft Broad W, _0.0459 0106720247 W, _0.0856D-2266,0-3970 W, _0.0444H0 7196917095 W, Wy Wy W,y

#1F Bamboo W,-0.3710H° 13570817 W, _0.2800D0-8357,0-2740 W,_0.0398H0-77p 18540 W, W, W, W,

$$ Herbal W] :0'0549[_10‘803001.0877

TEA Shrub W, -0.4098H°>+2D!-0615

W B Total biomass, (kg) ; BEAKRIth H, BAEY)E Herbal average height, (em); G; T Coverage; MEAMBIRIT Hy B Height, (m); D; Hi2

Ground diameter, (em); HAYVEYREBRA H, #5 Tree height, (m); L: 1 Crown length, (em); D: % Diameter at breast height, (cm)
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Table 2 Descriptive statics of forest ecosystems carbon density in Zhejiang Province

gl f/ME 25% ERVAS 7504 BRE  CFSE bR BERRH WE I BE K-S
Type Min ) Median ) Max Mean SD CV/(%) Skewness Kurtosis r
. 1.72 5.69 0.00
Vegetati 0.12 13.48 22.81 37.16 182.12 27.34 20.14 73.69
FHBE Vegetation (0.02) (0.68) (0.284)
- 4.52 38.40 0.00
% Soil 6.67 64.06 93.16 131.23 1025.59  108.89 78.13 71.75
5 Soi (-0.16) (1.32) (0.280)
e 1.76 5.40 0.00
&) Forest litter 0.01 1.05 1.60 2.21 8.84 1.79 1.19 66.48

(0.02)  (0.34) (0.053)

http ; //www.ecologica.cn



224 W A LRI PR AR A 2 AR SRR B B s [ A SRR 7533

75 S 2R R A WS A 078 SRR AR Zhang 45817 WS SRR (432 28 S R K< 109 i
5578 S 5 2 10% < A8 5 REU< 1009 5 Ry A5 A8 0 5 48 S5 R 80> 100% B S 5 A8 S, 3R 2 W DL 4R
AT D T ALY RIS T R BN 73.69% 71.75% 66.48% , 3 W @ T rh 4548 B BE
2.2 WTITA RS R Gl RS

WFSE R, M 2 | 0 3 N K-S (32 B2 R W S0 5 2 75 8 T IR S 40 A 77, 38 2 P AR AR B2 O
(1.72) FERE (5.69) T35 20w 3 (4.52) FIERE (38.40) L A& W1 210 B (1.76) FIIEE (5.40) Bt as R H.
PIRF 1 i HIERAGE Y K-S, (HY/N T 0.05, RIAFIABURAFF & L5013, PR 2t 2%
ARFE B | LSRRG 75 2 1) D ks 3000 A B e e . TR 20 WP R 3 2 )5 K= (B 2331 O 0.284,0.280 11
0.0533KF 0.05 , fin B A BE(E FA T T 0 2 WA AL P S AR IR IE 2S00 A |l EA T4 AEL 4307 Wi VT8 AR AR A
A5 BG4 2H LB A3k 5 BSR4 T 1 BT PRI AN R 2 B DR R B 1 T TR E S A i R 1) 2 A, 22

TR R BT B T IEZS A, oA 2R R A

200 - it 100 |- it
80 |- -
150 |- L
| i
L N
60 H \
00 | |}
/ 40
50 |-
/ 20 |-
0 L L 0 '
0 50.00 100.00 150.00  200.00 0 0.50 100 150 200 250
250 +3% 120 | 4%
200 100 ] I
M N
) M P
Q Q -
S 150 |- g 8 f \
g 0 g Z
& £ 60
¥ 100 - A 5
K K40 -
50 { 20 I
O 1 1 I 1 O 1 ke, 1
0 200.00 400.00 600.00 800.00 1000.00 1200.00 050 100 1.50 200 250 3.00 3.50
o0 it sor T HivEH
100 - I L
- 60 |- %4 \&
80 |- N
/ N
60 - 40 |-
40
20 |-
20
0 R oy i | | | O |
0 200 400  6.00 8.00  10.00 0 200 400  6.00 800  10.00
JR i %% Raw data X EEE R Log transformed data

B2 HIEHRMESREHREEERE/ (hn)

Fig.2 Histograms of Forest ecosystems carbon density in Zhejiang Province
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Fig.3 Local indicators of spatial association in terms of Forest ecosystems carbon density in Zhejiang Province
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Table 3 Theoretical semivariogram models and the corresponding parameters for forest ecosystems carbon density in Zhejiang Province

. VAV eS| A ) ) ek

Ky I PN Ry R LI

T Distribution ~ Theoretical N ) Still Ranee/k Nugget/ MS RMSS
pe type model nese ' angesiam Still/ %

Fi#k Vegetation HEEZS FREA 0.63 0.85 14.53 74.12 0.020 0.56

=+ 4 Soil MEIER  REUE R 0.25 0.38 137.28 65.79 ~0.005 0.96

H 754 Forest litter MEOES SR 0.32 0.59 15.70 54.24 -0.010 0.82

MS: FRUEFEH{H Mean standardized; RMSS: FRUEX R FMIRZE Root mean square standardized

2.5 WITTA FRARA S JR Guh s B 25 (R 4 A A )

AT vE B AR AR, 22 ) W VLA BRMRAE S R G B 52 () o AR L (&1 4) R WiV FRpk
25 R G 25 [ A0 A B S VT A T A5 el B I 8 1) VR 1) AR R T ok ek P 4
ME 4 ] DU H VLA RO B |+ 3 RIS 74 0 J2 R0 132 8 1L IX 4 1R 43 A AT — 5 I AR B , 32 8203 F 76
WA VG R ANPE AL LL X 3k B b DX IR AL 18, AR5 )12 R AR AR A T I B2 e, 1k
WK, NS B T 2 K A5t TR IR 2% 1B 7K S 38 18, L3k 8 X ek o, 2 L TR0 ) A 25 3R 85 i
55 X, Bk — EE BIREIR LA M RO 14 SR S kS B E S5 I O ARIE .

FRMAEEZ | 82 55 58 B 225 ) S0 (0 F HE BRAE W VA8 JL s b X A v 9 J2 I A X L0 B AE T VT8 25 b
HuIX o WA C S M AL AL 5 0T i BRARATL R 7 35 28N 9.18% AT I 5 4 Mb I, 22005 K ik , N % B4
Ha 3300 R F ARRBRI M FLER & 4 S i i VT A5 o b DX 2% B A I, Wi VA8 v 0 b X A 55 4l A b, 4
T ZE T VT4 3 B A AR SE ORI e A A 2 B AR A X D7, D A& A, L3 K B &, 32 B Rk
ZERF MR BATAREE N TR, AR s %, X BRI S A | ARARIIS Y L) e A 2335 20 40 2 52 i 7 VT
B RS RGN JE 25 ) A8 S B R 2 L WV A8 AR B T T — 5 AR AR 25 R G450 43 8 P /KT 3 4
I, AT RE H T A5 RN A PR 28 2 [R) 3 iy, SRR R 1 5 XU R K 35 AN T R MR A g fa R4 A I A IR 2 D
A AR Sk I PRBN IR ™ B, S BRI I A R R R 2 S AN, AN AR R T T M X
TFR R WA e ik b IX 22— A AL AR P SRR T RUAE R AR S R G Ak =, B AT AR IS AL £
AN T 3, HAR IS A, 1 ELN TR BB 6% BE 1 B 2. 45 T AR AR08 i) 122 5 30 — i XY g T 4%
AR o WIS & BTV T AR ARARAE 25 R Golie % i 25 A1 0 A RRAE 5 Moran's T T8 78 I 40 A4 SR B h — 3L
2.6 HVLAR ARMRA 2 R G fith 25 6] 43 A0 R i

JE R AR 2 WA ORI BRI L A TR AR S R G R 208 28.12x10° Tg C, Hor grpfotl
W L IERARETE W ETRAE RN 6.20%10° 21.02x10° [0.89x10° Tg C, ASHF 57454 Wi TT.48 ZR AR W J5 10 Iy v
U AH B | 1l MG T2 T AR AS A4 E L & Moran's T AHES A 00 5 B X W VT4 FRbR A 25 R o fifs 1 55 [A]
OIARRIEAEAT T o0 HT , 5 SRR AWV AL S RGEMAE 20 877.19 Tg C, 295 4 E RS RGE0k At it
9 3.12% AR T U148 2 Y 2926.81 Tg C FIEARE S 19 1820.41 Tg C, 55 TBEPEA 2 # 790.75 Tg C FIZ4
25 DOV BIFTE BT A48 AR AR S Gt i 602.73 Tg C( 3£ 4) , ATRE ST IE R Jrik —EMXER , WiiTE 7
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Fig.4 Spatial distribution'map of Forest ecosystems carbon density in Zhejiang Province
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Table 4 Forest ecosystem carbon storage and density of different areas in China

E R/ X, Tt it W Sk
Country/ Area Carbon storage/ (Tg C) Carbon density/ (t/hm?) References

H1[E China 28120.00 258.83 [20]
pa 2926.81 232.81 [25]
Ak 1820.41 225.30 [5]
S| 790.75 123.70 [30]
WL 602.73 120.80 [39]
WL 877.19 145.22 AHFSE

3 g

WL RS R GET- Y% B R 145.22 v/hm?, Hrp A B 2 0% 5 27.34 v/hm” 2382 108.89 t/hm?,
Witg Y1)z 1.79 vhm®  FiBEAR)ZE 1.38 v/hm®, 248 B 8 R G 2 3 25 (8] 73 A A S5 O |t 3528 A A —
£, EIHE Y A VG R 1) AR b 5 1) 22 AR AT A i R s R AR S R AR AR RS | 5 XU L

J N 8l 4 25 )

WL BRMA S RGERRAG T 29°8 877.19 Tg C, Forb ZRARAT # | 1 &RV )RR 8 AR 2 ik fifh 1 0 ) A
203.88.,656.20,10.84.6.27 Tg C, HHETHITLAE KZHERREAL T iH 2 ARET B, (02 h 2 MR K BB A

I N7 R R T R ) AR AR BRIOR | Bl B 1] (3RS W8 AR SS R e ik R 8 it — 20 82Tt
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