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Abstract:In this study, we investigated forest carbon storage, forest carbon density and their geographic
spatial distributions in Cili County, Hunan Province,with the objective of providing scientific basis for for-
est carbon sink management, forestry carbon sink accounting and government decision-making. Based on
the forest resource and planning inventory in Cili in 2014, we first calculated the forest carbon storage of
the county by using the variable biomass expansion factor function method based on carbon content of dif-
ferent forest types. By using the ordinary Kriging interpolation method, the thematic map of forest carbon
density distribution in the county was produced based on the optimal semi-variation. Among the six kinds

of semi-variation functions in common use,the exponential model exhibited higher prediction accuracy as a
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semi-variation function,with the determination coefficient (R*) of 0. 756 and the sum of squares of residu-
als (SSR) of 0.000 7,and hence could well represent the spatial structure characteristics of forest carbon
density in the study area. Our results showed that the carbon density in the north-central, southwestern,
and eastern parts the county was relatively high,above 18. 84 t « hm ™', while the carbon density in other
places was relatively low,below 15. 77 t « hm ™ '. The interpolation results indicated that the carbon density
was the largest in the range of 11.19—14. 33 t «+ hm™ ', which represented 22% of the total area of the
county,followed by the range of 18. 84—21.98 t « hm ', which accounted for 16. 35% of the total. The car-
bon densities in the range of 14.33—15.77 t « hm ' and 17.40—18. 84 t «+ hm ' were low,accounting for
13.54% and 11. 58% of the total, respectively. The area with carbon density greater than 28. 83 t « hm '
was the least,accounting for only 1.76%. It can be concluded that the forest carbon density in Cili County
is still at a low level. Meanwhile, the quality of the stands is also poor,which hinders forest carbon seques-

tration ability. Therefore,it is necessary to carry out scientific management to improve forest structure and

species composition,so as to enhance the carbon sequestration capacity.
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Fig.1 Distribution map of selected plots in Cili County
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Fig. 2 Spatial distribution map of forest carbon storage
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Fig.3 Carbon density of different stand types in Cili County

AHFTTH L6 Fif 2 28 S R BORE T A B < AR Ry
/NT 2500 R ZEA B TR A 8 AT B A =S
] ARG . e R O8N BT BEBL I 2 5 1R A 2
[F1) 25 5 A /DN, 45 A M PR3 s ) S B b AR
FAR 2 e RBOBR 3R 7 58 R — BE L DA
R A AT 20000 TR 5T b e 4 R A
H19.6% /NT 2500 i B 2] B 2R bR Bk o B AT
A5 1 2 TR AR S R Ml 5 58 Y 2 ) e o4
e I ZE A PR PR SR 10 N P A5 BEAL N 3R 9 32

M /0N o 3 AT R A DR A ZE R B 1Y) R ObR LA™ A DR 4 B
HAUTT I E PR AR A A 25 25 bR 5L N 1k A% 3]
IR TP XT /N, 2014 4F 28 R B2 25 A i A
ik 128 616. 8 hm®, i Z& 1| H Ak Hb i AL 52, 17 %,
b 2R L T B 36. 96 %65,
3.2 EMEEH®REEE

HH 28 ) B 2R PR it 12 43 A0, o ) F PG & AR L
A BT 25 AR R EL 1 IX ik 8 ARG . I X B T P
DU AT 3 22— BT K 28 M, R 2R B A R
iH P2k 353 [ IE A 5K = IR 2 b, R B R R X R
B AR AR D N TR K, [ B R Ik, 2R B
AU g R A G A X b 2 B R R
MR/ Hz N T2 — 28, DRt [ ik g ) 488
1o T R A v 1 DX IR A A D 1 L DX R
NS NS R 7 RAE S N TR A ¥ S k=1

AR WoR, % AL 11, 19~14. 33 t »
hm ™ B EMR AR K, R 45 107, 6 hm® s LR
18.84~21.98 t « hm *,/ 29 428. 5 hm’; K F
28.83 t « hm * Wy G Ak 41 B & /N, B3 208. 0
hm®, ZER] 2L i i bR o5 TR AR MR B T AR (9 4026, 5
AR 35%0 A2 AR M A 20 %, Hofli Ak oy s 4%
29 1/4 W) E R AS AR AZ AR MK DL K i AR AR AE 11, 19
~14.33 t » hm * B% B X ] 4, AT DL 28 ) L 32 %2
RG34 ik 5 3 30 S Ak TR . X B E iR AR )
FARY TR BT A 25, N R A80OR H5E AR AR [ ik T BE
ity ST 24 2008 D AR O 45 4 55 A 2 G S )
ER = RO A 1 B U G i e L O N 2B P P
[#] e HE 7 5 1Y) S5 A A, T K [ Bl BE T 2% 0 W AR B
PSR SY /NSTE A NUNR W NS S il = B/ Al g
T 3] Bk 58 7 R 1 A A4 R AR D O AR A S A L 42
1 A ) 22 AR T B T AR OPK [ e T B

BT 2014 AR AR A ELR AR IR K A
B S5 45 G b ge vt 2 v v LA AR (A Y O kL
5% 28 R EL R PR B e 25 % L b 3 45 [ X3 53 A
fiE. WFoRai R RIIT G ZE R 19. 6 %0, Ui W 2R &
i it et LA 5 o R B T 4 ) A OG . BB FHAR 8K
BERY R AT v B 4 47 0, 19 3] 7 2R R B AR bR %% 1 43
A . WIS AT LR w4 2 A E AR AR 48
R AL A AR L 1T L A 28R B e T A B M
— R B TR R A SRR (B2, R T AR 2
BARBHEHARKT 5.0 cm BIMRA S 5315, KA
F 5 AR AR BBk A7 B (A 455 F7 AR 0, A
FEMER)Z VB Z MR R R A
HEIL A T Y 8 AR G b 1 A VK2 A
56 2 B At Al 1 . AR AR/ B RUR
X B i R R AT T ORESE S 2R ELRIAE T st i



B Fo AR T T A (R B T T A 2R B AR AR B A e R IR Y 203

B iz B DL AROMR [ ik B8 1 $2 T4 B I 14 RS o 4
BT ARG . (R, B 0 Ak 2 R I F T LA
BRI FI 2 M8 A A SEbr g L. ik, 7
BAEARBURRTHE T A 0 ZEFF R KRB B 7% M i
1 ik 25 T B9, Oy IX B AR AR 2275 ) B AR 4

S 23k

[1] GRAETZ D A. Biogeochemistry:an analysis of global change[ M].
California: Academic Press Inc. ,1992.

(2] Zak, M, 250, 45, I FE 48 2014 4F ZR MO BB 0K A L Bk

JE R H DX 3 s [ A3 A 4 Ry L], e g Aol B R 24 2 4. 2017,
37(1):69-77.
LI L D,FANG X, LI B,et al. Forest vegetation carbon stor-
age,carbon density and spatial distribution pattern in 2014 in
Hunan Province [ ] ]. Journal of Central South University of
Forestry and Technology,2017,37(1) :69-77. (in Chinese)

(3] XUBEFv, RHGAN , MR E Tl . 55, W0 4 AR MR 25 R Gk itk i Bl 2

JE B A AR A ()], A % 443K, 2017, 36(9) : 2385-2393.
LIU X Q,LIANG M J,CHEN L C,et al. Carbon storage,car-
bon density and spatial distribution of forest ecosystems in Hu-
nan Province[ ] ]. Chinese Journal of Ecology, 2017, 36 (9):
2385-2393. (in Chinese)

[4] #o7 %, akdd, IR 26, AR LA 255 [M. BSOS - i 1T R
11,2006,

(5] XUl ok T3 Ak, A ML L A5 DX Iak 2% b AR 5 Btk 31 Al 530 B T 35 43 A

(0. whmg ol 38 A2 B0, 2012, 31(4) 1 65-68.
LIU J S, ZHANG W L, YANG F,et al. Methods and future
prospects of regional forest vegetation carbon sequestration es-
timation[ J ]. Central South Forest Inventory and Planning.
2012,31(4) :65-68. (in Chinese)

[60 XUl sk T Mk A1 4, 45 BRI 4 T Bk 30 W I AR [T, v

MOl 38 A R4, 2012,31(1) 1 61-65.
LIU J S,ZHANG W L,YANG C J,et al. An overview on mo-
nitoring of forest carbon pool and carbon sink [ ]J]. Central
South Forest Inventory and Planning, 2012,31(1):61-65. (in
Chinese)

(7] EfCAETA MEPK. & XU F AR A S R g b & 1

A58 05 2 4 B L) ], Mol B 9545 B, 2010(2) 1 107-112.
WANG M, LI G C,ZHONG G Q.et al. Integrating ecosystem
process models,remote sensing and ground based observations
for regional-scale analysis of the carbon storage[J]. Forest Re-
sources Management,2010(2):107-112. (in Chinese)

(8] Jgrda, A, £ G, 5. 1L 7R A 75 WA bR Bk £ e 3 S BF 5T
(1. WA MRl B4 . 2016, 46 (3) 1 63-68.

(97 WXL, k5% S, 552, B T FRARBE USRI S50 9 2t J0 0 14 5
A B B R i U LA B XK e TR [ M Sk I .
Moll 2 15 ,2017(3) :52-55.

[10] FANG J,CHEN A,PENG C,et al. Changes in forest biomass
carbon storage in China between 1949 and 1998 [J]. Science,
2001,292(5525) :2320-2322.

[11] XUEAE AN IS . o R ARk 20 25 B HoxE 4 3K 5k ~F- il
MTTIRLT . A 45 5 4. 2000,20(5) : 733-740.

LIU G H,FU B J,FANG ] Y. Carbon dynamics of Chinese

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

forests and its contribution to global carbon balance[ J]. Acta
Ecologica Sinica,2000,20(5) :733-740. (in Chinese)

TikE o, XA At . T 2R AR A 1) 2R 4 i R A 7
(1. A 25241 . 1996, 16 (5) :497-508.

BROWN S,LUGO A E. Biomass of tropical forests:a new es-
timate based on forest volumes [ ] ]. Science., 1984, 223
(4642):1290-1293.

BROWN S,GILLESPIE A ] R,LUGO A E. Biomass estima-
tion methods for tropical forests with application to forest in-
ventory data [J]. Forest Science,1989,35(4) :881-902.
BROWN S. Aboveground biomass estimates for tropical moist
forests of Brazilian Amazon [J]. Interciencia, 1992,17(1) ;8-18.
BIRDSEY R A,PLANTINGA A J.HEATH L S. Past and
prospective carbon storage in united states forests [ J]. Forest
Ecology & Management,1993,58(59) :33-40.

SRR BT, X 0 BT AR bR BT IR S A ORI B
WA AR A i Je A2 5™y [T ], Mol B2, 200945 (9) : 13-
17.

ZHANG M Z,WANG G X,LIU A X. Estimation of forest bi-
omass and net primary production for Zhejiang Province
based on continuous forest resources inventory[ ] ]. Scientia
Silvae Sinicae,2009,45(9):13-17. (in Chinese)

W )R A DR AR IR e A A R A R A ).
Ml 5 #REERHE,2020,36(1) 1 73-77.

SR AR T LR A5 MR FISRAE B X W VLA AR AR U
4 T R A (R 9 R i (. O AR A5 2 4R 2013, 24.(8)
2241-2247.

WL, RS L B A5 AR B bR 1 2 i () AR R AR AR
[J0. ZR AR5 BR824 . 2020, 40(1) £ 30-38.

BRSO . R H I T2 B ARAR S AL G o 1 5 ) o A WE ST (D], W
IR AR AL MO KA, 2014,

R R AR 3 LA B MR T R bR B R S ) G A R S A AR
[D]. 22JH . 22 3230 K 2%, 2015.

PVEE AR, B T GWRK A58 78 i) i L L) 3 DR ARBR i & 25 [ 43
i [D]. w R AR AL ARl K2, 2019,

WML D E A BRI A5 5 VTLVE A B R AR A 25 R Go i %
25 [ AR SRR AR LT ] AR 252 4. 2019, 30(6) - 1885-1892.
PAN P,SUN Y J,OUYANG X Z,et al. Spatial variation of
carbon density in Pinus massoniana forest in Jiangxi Prov-
ince,China[ J]. Chinese Journal of Applied Ecology,2019,30
(6):1885-1892. (in Chinese)

LART . v HUR AR E Y I 2 RS B A RO T (D] K AR
o B 2 B BF 90 2 B (AR L S 3 5 Al A S R ) L 2016.

] 2 96 e S AR AR AR 7 A% SR Bk A R Ak i O 19 A5 4L
[DJ. dtxt . E AR B 22 B 58 B » 2008.

BOHT AL W00 A A T BT N O A ) R R AR 2 A
FASAREAE 43 BT () ). g m Mol R 2 24l HARRE 2, 2017,
41(4):129-135.

DAI Q S, HU J, LI ] J. Estimation and analysis of variation
characteristic of forest carbon density in Hunan Province u-
sing continuous forest inventory data[ ] ]. Journal of Nanjing
Forestry University: Natural Science Edition, 2017, 41 (4):
129-135. (in Chinese)

XNSCHE %, . T S AR Y 25 B i i S AR A
AR AT L], P LAk B 27 4l . 2017, 32(1) : 69-73.



204

T b bk B 27 4l

37 &

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

LIU W J,AN R P,LIAN J J. Temporal-spatial characteristics
of reference crop evapotranspiration in Ningxia[ J ]. Journal of
Northwest Forestry University, 2017,32(1):69-73. (in Chi-
nese)

FAEPIEEAR B, (R R A R BR R ICHE -3 A R
o7 )RR AT ZE 0], 09 UMk 22 B 2 4 . 2020, 35(6) : 40-51.
WANG S F,CAO Y G,BAI Z K,et al. Spatial characteristics
of reconstructed soil texture in dumping site of loess open-pit
mining areal ] ]. Journal of Northwest Forestry University,
2020,35(6) :40-51. (in Chinese)

MBS R R G RBREEESANAH TR R
JRAERTFELT]. PY IR 2E BE 2 412 2019, 34(6) - 82-88.

LIN Y H,HE Z S, YANG S H,et al. Spatial heterogeneity of
summer air negative oxygen ions in Yongtai County[J]. Jour-
nal of Northwest Forestry University,2019,34(6) :82-88. (in
Chinese)

) 3. 2 B b o R/ s AR Al R HCEK B 3 AT 5E [ D).
WO E R, 2017.

Yl EH R ERP . BAEERA RN ES RGNS
REPEAGLJ ). ARoll 5 3R BE R} 2, 2019,35(5) : 39-48.

LONG W,WANG Y J.WANG ] D,et al. Evaluation of eco-
system service function of key non-commercial forest in Cili
County[ ] ]. Guangdong Forestry Science and Technology,
2019,35(5) :39-48. (in Chinese)

BAEMLR. W E EA BT AR IR KR AR
HIRT SRE S A Bkl 5 . 2014,

e, g, B, AF L B R R AR G i 2R A S
RGNS r EAT L) ] IR AR AL, 2020(1) - 39-44, 48,
e 2R ELAL AR BE IR IR A SRR g4 (D], Kb . h B Ak
WA R4, 2016.

FAAE, O, B2 & T AR AR 4 X 2B N IER
SrEFELT ] PEALMR SR BEsF Al 5 2020,35(3) 1 165-170.

WANG J J.MENG ] H,GE F X,et al. Division of small man-
agement classes based on forest functional zoning[ ] ]. Journal
of Northwest Forestry University, 2020, 35(3):165-170. (in
Chinese)

2Rk, W) A AR R S R SR A B B S RO A ) (D],
Kb - AR OL BB R A%, 2015,

T e RSO . W) w8 AR A B 5 A LI, v Akl B
HR 2, 2013,33(7) :136-139, 144,

YIN S H,ZHOU W P. Estimation and evaluation of Hunan
forest carbon sinks[J]. Journal of Central South University of
Forestry and Technology.2013,33(7):136-139,144. (in Chi-
nese)

RN, T B ORAR L A5 ) T A8 AT AR AR B 32 R Y
HELTT. PRI MO B R 2 41, 2015, 35(1) : 71-78.

LI B,FANG X, TIAN D L,er al. Studies on carbon concen-

tration of main forest vegetation tree species in Hunan Prov-

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

ince[ J]. Journal of Central South University of Forestry and
Technology,2015,35(1) :71-78. (in Chinese)

SRAEAE AR T R RE L AE. WT VLA ARAR YR 95 W Bk 9 B 2 R) A8 5
FHIELT]. Mol BH2#,2014,50(2) 1 8-13.

ZHANG J J,FU W J,DU Q.et al. Spatial variability charac-
teristics of carbon densities in the forest litter in Zhejiang
Province[ ] ]. Scientia Silvae Sinicae, 2014, 50 (2): 8-13. (in
Chinese)

F B MG A A S R M. Jb 50 RE 2 R
#1,1999.

gk, MERE L B 2, L ST ST E N CFL R b i Wi 1L 48
BRI 2 (8] 43 70 WF 58 (1], A= 45 % 4k, 2012, 32 (16) 1 5275~
5286.

ZHANG F.DU Q.GE H L,et al. Spatial distribution of for-
est carbon in Zhejiang Province with geostatistics based on
CFI sample plots[]J]. Acta Ecologica Sinica, 2012, 32 (16):
5275-5286. (in Chinese)

I, HE T GIS Y M T AR AR B Ak i A ) 2 A RE AR AT 5T
[DJ. /R AR AR K%, 2013,

WANG Y Q,ZHANG X C, HUANG C Q. Spatial variability
of soil total nitrogen and soil total phosphorus under different
land uses in a small watershed on the Loess Plateau, China
[J]. Geoderma,2009,150(1/2) :141-149.

LIU Z P,SHAO M A,WANG Y Q. Spatial patterns of soil
total nitrogen and soil total phosphorus across the entire Lo-
ess Plateau region of China [J]. Geoderma,2013,197.:67-78.
RS H MR, 0B A H R KA (09 R [ A5 5 eR AL
B L) ] K BEIRAT ST . 2016,5(5) :469-477.

R R T MG B R 22 W AR SR AR AR R T A
Py 23 () 3 [DJ. WG R AR AEARlk K2, 2017.

MR B TR E L L T I G T A ok B B A 1 Y
B AR S 23 M (], DU B . 2019,40(6) - 71-74.
Filg s, ZIE AR N S BT I B AR AR B A )
LT, AR ML F 4] . 2016,47(6) ; 283-289.

XUHIR » 2 07 , £ F. GIS &5 ) 2 7 J5U B 45 07 g [ M. b s B
2 AL, 2005,

gk B, R — WL, R DL FET landsat TM £ (19 K% & 08 2R
ARG 23 AL AR JRy S HC DGR T ], AR T2, 2021,37(6) 1 1-9.
ZHANG L C,ZHANG Y F,DONG L B. Spatial pattern and
correlation of forest landscape in daxing’an mountains based
on landsat TM data[ J]. Forest Engineering,2021,37(6) :1-9.
(in Chinese)

R LIRMERS. BT web AppBuilder B9 H 2% AR PR A LR
GiAg ()], FRAK TR ,2020,36(4) :38-44.

ZHANG J,XU Y N. Construction of county forest resource
management system based on web AppBuilder[]]. Forest En-

gineering,2020,36(4) :38-44. (in Chinese)



