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Carbon storage and its spatial distribution characteristics of forest ecosystems in

Hainan Island, China
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Abstract: Carbon storage in forest ecosystems is one of the largest and most active components of carbon cycling in
terrestrial ecosystems, its carbon storage level and carbon sequestration potential have been of great concern. Research into
the spatial distribution characteristics of carbon storage and carbon density 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. Based on the latest distribution
data of forest resource inventory and field sample —plot survey information, the carbon storage and spatial distribution
characteristics of the forest ecosystem in Hainan Island were studied using the InVEST model and spatial statistical analysis.
The results are as follows: The total carbon storage of the forest ecosystem in Hainan Island is 338.15 TgC. The carbon

storages of aboveground organisms, belowground organisms, litterfall, and soil are 85.12, 18.73, 2.90 TgC and
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231.40 TgC, with 25.17%, 5.54% , 0.86% , and 68.43% , respectively. The average carbon density of forest ecosystem in
Hainan Island is 147.66 MgC/hm’, of which 37.17, 8.18, 1.27, and 101.04 MgC/hm’ for aboveground organisms,
belowground organisms, litterfall, and soil, respectively. The carbon storages of forest ecosystems in different cities and
counties range from 8.55 TgC to 35.40 TgC, with the highest in Qiongzhong County. Among different vegetation types,
rubber forests show the highest carbon storages, accounting for 27.72% of the total carbon storages of forest ecosystems
across the Island, while the tropical montane rainforests possess the highest carbon density with 249.64 MgC/hm’.
Regarding the altitudinal gradient, the carbon density of forest ecosystems shows an increase followed by a decrease, and
the highest carbon density occurs within 600—1300 m above sea level, and the carbon density ranges from 200.37 MgC/
hm” to 228.86 MgC/hm’. The spatial distribution of carbon storages of forest ecosystems in Hainan Island has a significantly
spatial aggregation ( P<0.01), showing a pattern of high in the middle and low in the surroundings. In the future, we
should strengthen the protection and restoration of natural forest resources, achieve scientific management of forests, and

optimize the stand structure to realize carbon sequestration and sink enhancement of forests.

Key Words: carbon storage; carbon density; forest ecosystem; spatial distribution; InVEST model; Hainan Island
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Fig.2 Vegetation type distribution map of forest ecosystems in Hainan Island
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Table 1 Carbon density of different vegetation types in forest ecosystem of Hainan Island

Ho b A4 e -
/ﬁﬂ? Forest *E%E%.ﬂ {\boveground Pelowground Litterfall Soil cz}rbon
Origin category Vegetation types blomass.carbon bmmass'carbon carbon density/ density/
density/ density/ ) (Mg/hm?)
Mg/ho?)  (Mg/ho?y  ME
KA AP BT bk 63.32 6.09 2.48 124.26
Natural forest F? L T SR b 45.98 15.36 1.29 102.37
AT LU 3 2t ] - A 61.48 12.55 1.42 145.04
ARAHT 1L Hb R A 64.68 13.77 1.71 189.48
AT L b R AR AE AR 56.11 13.17 1.49 160.65
PR FR AR 56.74 13.82 1.64 153.20
PAFIE 2 P R AR 48.49 11.04 1.41 108.66
HEAHK 11.53 3.27 1.58 66.40
EAR I 38.90 6.84 6.82 141.79
ATk JHFE A o AR 44.17 11.77 1.10 105.72
Plantation ) 33.06 4.24 1.31 69.39
ARRRHL 20.02 4.09 1.03 34.63
AR 49.08 14.25 1.27 124.52
Pk 23.11 4.79 1.86 98.03
HABHTA B 41.93 8.50 1.39 87.04
ZETEAR R 38.66 9.05 1.39 94.49
A 31.14 5.66 0.91 99.47
Ty 28.21 5.13 0.99 96.30
FrR 40.62 7.38 1.05 99.60
¥ 24.80 4.73 0.63 70.57
A 26.58 5.37 0.23 96.51
Hofth 22 55 R 15.22 4.51 0.95 81.45
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Table 2 Carbon storage and carbon density of different carbon pools in the forest ecosystems of Hainan Island

- H_b AR Wik R Ak iV Wy ik 474 ,
sb kI YR TR SR e s
Aboveground biomass Belowground biomass  Litterfall carbon Soil carbon
Index Forest ecosystem
carbon pool carbon pool pool pool

it & Carbon storage/ ( TgC) 85.12 18.73 2.90 231.40 338.15
R BE Carbon density/ ( MgC/hm? ) 37.17 8.18 1.27 101.04 147.66
5t Percentage/ % 25.17 5.54 0.86 68.43 100.00
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T 27.72% , ARG BARGI AR AR T 2BR SRR S OB B it £ 43 S0 A 17.48 124.07 (17.25 ,18.07
TgC F116.85 TgC, HIRK MIHE I R AR AR i% 2, 4 59.00 TeC, o5 AR 17.45% ; FRUCH BETRRHZ BEAE P
5, K 36.28 TgC; F /DI RAZ AL BRAE R, IUH 0.30 TeC., MR [RAEHEEB BB RE EB , T ORPRAY R 25
B, KZ & T 190 MgC/hm?, v il 25 5 e s 19 2 20 A0 108 w5 v 30 Ll DX 4y L b W A, 3 )
249.64 MgC/hm?® , HYRSEFHT 11 TR AR AE AR BT A b FRPRORI #4611 Ml i 8 ] bR, 49 331 A 231.43 225,41
MgC/hm* I 220.49 MgC/hm*, N TAKERE BT 59.77—187.94 MgC/hm® 2 8], Fe AR A4 S 43 A 76 Vg b IX 11
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Fig.3 Spatial distribution of carbon storage in different carbon pools of forest ecosystems in Hainan Island
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Fig.4 Distribution of forest ecosystem carbon storage and carbon density in different vegetation types of Hainan Island
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Fig.5 Changes of forest ecosystem carbon storage and carbon density with altitude in Hainan Island
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Fig.6 Distribution of forest ecosystem carbon storage and carbon density in different cities of Hainan Island
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Fig.9 Spatial distribution of hot spots and cold spots of carbon

storage in forest ecosystems in Hainan Island
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