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Estimation of Carbon Storage and Analysis of Spatial Characteristics in
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Abstract

Against the backdrop of “dual carbon”, urban forests, as an integral carbon pool within the city, play a critical role in mitigating cli-
mate change. Quantifying the carbon-fixation capacity of regional-scale forests is of great significance for evaluating the ecological
functions of urban forest green spaces. Based on remote sensing and field monitoring data from April 2025, relevant characteristic
factors were extracted, and a multiple stepwise regression model was constructed to estimate the study area’s carbon density and
analyze its spatial distribution. The results show that: (1) The cumulative frequency of vegetation carbon density conforms to a
normal distribution, with a linear regression model R2 of 0.858 and an RMSE value of 22.846, indicating reliable prediction results.
(2) The carbon storage of Nanjing Hongshan Forest Zoo is 9 031.90 t, with an average carbon density of 150.5 t/hm?. The overall
spatial distribution of carbon density shows a pattern of higher values at the edges and lower values in the middle. (3) The propor-
tion of high carbon density distribution on the shady slopes is higher than that on the sunny slopes. In the vegetation carbon density
ranges of 0 ~ 50 t/hm” and 200 ~ 250 t/hm?, there is a trend of decreasing distribution with increasing slope; when vegetation
carbon density is 200 ~ 250 t/hm?, it shows an increasing distribution trend with rising altitude. The research results can provide a
reference for assessing the carbon sink capacity and ecological functions of urban small-scale forests.
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Fig. 1 Distribution map of sample points in the study area
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Y B E BETVESH TR AT R, BERAENIA B R
MR AEKAR TSRS R R4 (35) BB EEIRERER, M
MR X ERREENEE. TEEETRESEMEEEER (M),
FUSBGC R 4" SRR AT

TE B Bk 2 ) FE B (Remote Sensing, RS). #hIE{E B R %
(Geographic Information System,  GIS) 043K E{7 2 % (Clobal Positioning System,
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BRIAT MNUEREELENERSGEIEMER S, MR
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PRE/ NMLUATRERAF LR E 2 5.

2 HiBkRS40E
2.1 EREHERIR

A F R B Sentinel2 18 SR EUIR,  1HBRTE N 2025F 48 156,
RSB FROMATI S (European Space Agency) B3 W ( https/dataspace.
copermicusey), TEEIRLR A A Level-2A, R AIFIRA I T EERIE



AR TPALSMEEER R A B NATENBREE | F L

FEk / 2026 5 /5% 434 /55 03 83

MAERE, BEIBDIHIERE, BEIE
290km, HBEISFEERS A5 10m, 20mF060m,
R B 3= o] 78 SNAP (sentinel application platform)
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Tab. 1 Classification table of sample site types

TE, BEYE AEMES. SRS
TTERAO<OEAKX/], FEOAREREMNF
HIMBAL X1, REEAAIAge, (5) e
EF : F5DEMEFEMIO0 mAFERERZE10m,
MR WE EEEFH TR

3.2 FEHBIR R E (A E
AYERTZ—FIEIAMEREAR, B
FitEEye. NEh T RPOKEZE &
SEENBRBELE, MABHERETHER
T8, FBGEITOREMEmEHE
AR, AN BERMNEY B
B (R3), IEMHMTARENERZ
S8, BIIBAENT (E) b 4y
ESHENIMSHALAETE, TTHEE SR
(H) HIRREE. W EEYME AR RIRAL
SKIEA (RN REFNE EZN T AREY)
BEASHITESH) (GB/T436486—2024).
SR DS B 2 B AR B S A S P 2%
BFh(4H) ARG ARG, RBERBNAR
AT, BAHEIAR (1)

C=10xYy" W;xF;/S (1)

P, COHtEWRREE (Vhm'), Wi a3
iRt EAYE (), FARKE, Sh
FEOEAR (), 1 AFEME S AR,

[E3:uESiY] RBWFH /A TR/
Sample plot type Representative tree species/groups Sample size/block

HEkREMH A 1% (Cinnamomum camphora) 4litk, |~ %% (Magnolia grandifiora) 4litk 1

LRGN 44 (Cedrus deodara) . #1#f (Celtis sinensis) E:schk, EAA, Tl s bR 6
EERTEM AR & FE, HillR (Robinia pseudoacacia) {EEACHk, Ffi, FMIHEASHR, B, B (Melia azedarach) A K% 6

e FMt. #9#% (Broussonetia papyrifera) {28k, #i%A (Pistacia chinensis) . ##i (Ulmus parvifolia) 1R3¢

AR AR K, BE2% (Yulania denudata) Zfitk, BA#& (Liquidambar formosana) ZifikkE 16

EHEFHRR 7k 4% (Metasequoia glyptostroboides) #fifk%s 5

GiEo3aa i Bk 1
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F2 BTENEE
Tab. 2 Classification table of independent variables
TEXE TEZWR BE/N
Variable type Variable name Quantity
BT B2 (blue) . B3 (green) . B4 (red) . B5 (vegetation red edge) . B6 (vegetation red edge) . B7 (vegetation red edge) . 10
* B8 (nir) . BSA (vegetation red edge) . B11 (swir) . B12 (swir)
NDVI (normalized difference vegetation index) . DV (difference vegetation index) . RVI (ratio vegetation index) .
EVI (enhanced vegetation index) . TNDVI (transformed normalized difference vegetation index) . GNDVI (green
normalized difference vegetation index) . Cl re (red edge chlorophyll index) . ARVI (atmospheric ratio vegetation
PR AT index) . IPVI (infrared percentage vegetation index) . NDRE (normalized difference red edge index) . IRECI 17
(inverted red edge chlorophyll index) . NDVIrel (normalized difference vegetation index red-edgel) . NDVIre2
(normalized difference vegetation index red-edge2) . NDVIre3 (normalized difference vegetation index red-
edge3) . PSSRa (pigment specific simple ratio chlorophyll index) . SAVI (soil-adjusted vegetation index) . MTCI (the
meris terrestrial chlorophyll index)
F B HF PC1, PC2 2
e e ContrasF‘ Dissimilarity, Homogeneity, ASM, MAX_ Energy. Entropy, GLCM Mean, GLCM Variance, GLCM 10
Correlation
HIEHF IR B, B 3
#3 MIRRABHFEYEAIERBERYRS B oo s BOABIAREL X Xg, oo s %A
Tab. 3 Biomass equation and carbon coefficient table of the dominant tree species in the study area = .
HW“ Tiin i e d BEE (RRER), ejawm%m
i/ 2H B2 A1 S
Tree species/groups Aboveground biomass equation Carbon coefficient {5 A3 SPSS27 1 45 3t 47 & 25 [8] 13 4> 4,
f W = 0.138 x D**® 0.4931 wES m%#ﬁPﬁ% B HH
JTE W = 0.330788 x D"*** 0.4335 F=>010, 383915 B 75 2 B ik B F (Variance
BN _ 2.333
it W= 01351 D 0.500 inflation Facior, VIF) ae,gﬁff\g%@mte&\gt
KA W = 0.1182 x D*** 0.500
B 24
W& W = 0.10615 x D>*® 0.469 %Z@ﬁﬁﬁﬁo
£ (Quercus acutissima) W = 0.2136 x D*¥4¢ 0.4827 AR EHNEERIT S EE2 Y
|l — 2.17522 T N — o N
il W= 018527 D 04546 iF, G EE BT RS T
A W = 0.409759D"®**H® 0.465 et e o
sEe, 1% 3IF 5% (Hold-Out Validation
T i W = 0.1875 x D2 0.4834 BE % B 06 IE 7% ( )
,ﬂ\:ﬂﬁﬂ(lﬁ?} W = 0.1329 x D2-333 0.4956 %*ﬂ%%%—ggé}fﬁ'ﬁ*ﬁEPE%%@&E{]*E%U /Z'fJC
E . APRFSFRREEAGME, kA, #18 (Dalbergia hupeana) ¥ ; s R RiEMAMeE  BEINTETEZ— HEROEEERRNE
2 B4 ifoli g AL 7 = . v .ﬁ,é N N N N
2. B4K (Platanusxacerifolia) , A, 5, WA%42 kg ; D AMIZm, REREH RS T ANE T E . —MEY
WIghge (Traning Set), FAFHIEHEER; Z—
3.3 BB EE IR SR S BRI ERFAETIBEERENBRETEWR (L MIR%E (Testng Set), BT EER A

ATEXRZHERBTEENREES A ENORKERENRELEBEEE, A KB DTN, ZTRTERAR, &

FEYNTERMEET, AMAXEBE HRIERELLENHRBETEEGIRME. &  BTVSERIMERNE,
$ 4 E13 (Stepwise Lnear Regiession,  SLR) %% S ETEFAERIBRT, &I
TEFNSINRE, FSIAFHRELTES HEIARX(2): 4 ERERH

BUtHIS I AR RERBAEE MEHE
PR, UHRESASIAFEZER, EIE7
EPREEENTE. BEZXER, B

16 | @4

Y=PotBxt ot pxte  (2)

AP yHRZE(HBEEE), b

41 R E R ST
NS AR B AR S BIRE
7, BB 586344 ~ 3185799 vhr?,
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PIE R 2NT249 ¥, ARAEZE 4607320 vh',
BRI BEKFT, HOWERTEZE D
fE50200 (>005), NAEIRRMESS
i, T TEMRIANT (3R4).

42%%@%&%?@%@@&@%
“RE EFREEENRAM
Wﬁ@%kh&%ﬁﬁ%ﬂiﬁ&?@ﬂ
AR, AEEHAR=0858, RMSE(E A
22846 Y, ER >06, MEFLGARETE
WRESERTNERE, EGESEXRE
NERRETES, REPETNEF 6
VF<10, RBAFEESZNZELL MR
B, DWIE /2178, - F15 ~ 25, ZREZ[E]
RIEAEXMENRE, R ETUNEE T
(%5).

HEEHEEEINTEIL A (3)

QZ

C =251.745D + 192.134A + 12.859R
— 0.079P — 76.096 (3)

A, CHREZE, DAHDVIE, AXARV
&, RARVME, P AEL.
B EMBUNEEL S SR (&2)

TEY, BERNTUNEMSSUEREE
45° AL —%BE% £, FUUEFISE
MEZ BINRERN, FAERITFHN&MEX
. ESTEY, tVEWEEENHEOE
B, AR RTUNR SRR, &R T
FTRAR G R ROE,

M FR R 70% B A BB A R I 2R £5,
Tl 0% EURMRELUFE, ATEER
BERIE. AEATH, WIFERTNA A
0815, RMSE{E42590 Yh!', REFIFETLE
MHES R AR EAERETE—E
ANRZE, ERIREE IATEK, TIUAE
SRS R XA AR B 2 B,

43 MRRBEEITHSHRERRE
L6 1T AT R 2 B 8 S A\ AcMap
1087, BREREEIMAME TR ET,
PSR AR HEE = a0 hE. M
=S[ENspt (Spatdl Analyst) AEERAPEVE)X TR,
B AKX ARMBBEEHTENL AH
0 ~ 50 thr’, 50 ~ 100 tht', 100 ~ 150 th’,
150 ~ 200 ¥hm’, 200 ~ 250 thm’, >250 t/hn’

ANEXE. BB, MRXAEIL. &l

R4 AT ERARERITR

%ﬁ%%@ﬁ%ﬁ‘ﬂmﬁﬁtﬁwﬁk
EZE200 ~ 250 Y, FFERIX
£rh7E100 ~ 200 thnt, EH
% éi/\¥ﬁ%£150 200 i’ FOBKHE, A
FEZNLINSGS, PERNESR, XFE
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B BT SRR ARERK, 2
WEERAK, WMAMRRER SANRE
ZERF 0 omIA b, SR ARRFRE
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ZANYEFRXE, EMNRBELENE L
& NET—IReNEEE IRzYE
R IRFTES BRI FRMRBRRF S
EEKR. HRXNBRBENREX FE2EH
HERDELABRT B BEFLHENTZ
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Tab. 4 Descriptive statistics table of vegetation carbon density in the sample plot

T T 491 FRofEE &kKE &/IME [oLEsang BHRE HEEEE (W)
TE e . > =
Variable Average Starjdgrd Maximum Minimum Stat@hcal Degree of Asymptotic S|gn|f|cance
deviation value value testing freedom (two-tailed)
FEHbAE gk 2 BE (t/hm?2) 211.7249 60.7320 318.5799 58.6344 0.078 55 0.200
o CRARFMATIR,
RS BREERZESERLEREK
Tab. 5 Table of stepwise regression results for carbon density
CES R & ]
Independent variable b t p VIF R? variation RMSE D-w
RVI 0.473 3.403 0.001 7.373 0.818
ARVI 0.280 2.173 0.035 6.345 0.025
22.84596 2.178
Y In) -0.144 -2.671 0.010 1.108 0.012
DVI 0.220 2.287 0.026 3.527 0.014
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Fig. 2 Scatter plot of stepwise regression model fitting
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Fig. 3 Standardized residual map of stepwise regression model
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Fig. 4 Carbon storage model verification diagram
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Fig. 5 Carbon density grade distribution map of vegetation in the study area
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Fig. 6 Map of the distribution of forest vegetation carbon density with slope direction
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Fig. 7 Map of the distribution of forest vegetation carbon density with slope
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8 Fig. 8 Map of the distribution of forest vegetation carbon density with altitude
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