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Fig. 1 Assessment indicator system for forest ecosystem
service functions in Hainan Province
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Tab. 1 Formula package for the assessment model of forest ecosystem services in Hainan Province

Yine e (SN
Function Indicator Model Formula
Gy =10A- (P-E-C)-F
R LRV s Gy MR AT K & (ma™); PASEIUARSMNE K& (mm-a™); B
Water conservation Regulating flow MM ZEHE (mmea ™) ; CRHIM R 5 (mmea™); ARSI

(hm?); FAZRMAE ST IE R AL
G+ =A-Xo—-X1)-F
I+ G- WAL AR [ 1 (a7 ; X WA MR 3R AR (¢ (hm?-a) )5
Soil-fixation Xy R ol - R (- (hm?-a) ') AT TR (hm?) ; FR AR MRAE S
Uitets1E R
Gn=AN-(X2—X1)-FGp=A-P-(Xo—X)-FGx =A-K-(Xa—X})-F
1735 145 G =A-M-(X,-X1)-F
Soil conservation Gy P MR EOT R & (ta™); Go AT MA 2T Bt R i (ta™!);
A Gy NP MR T TT R & (ta™); Gyyum NIRRT A AL
Fertilizer preservation (t-a™); X, hA Ml -3 X7 {2 A (¢ (hm™a) ™' ); X0 R TOARHE T XU )
(R (¢ (hm?a) ™' ); NoA SEM G 383 5 AR (%) s P SSAR Gy
THEFRE SR (%) ; K SSMM G 8 5 8 (%) s MO SEAR Sy 1
HOEH A MU i (%) ; AT (hm?) s FRARMAE S TIRE B IE R AL
Gy =A- (1.63Ry B+ F pyg ) -F
ES Gy A M E R iR (ta ™) ; By SCIAMR AR 7 07 (¢ (hm?a) ™' );
Carbon sequestration  F .y Ay S AR B AN - 3984F [ (¢ (hm?a) )5 Ry A CO,HH IR

IR R

Carbon fixation and

orveen Sk W27 27%: AR (hm? s ol B E SR I 28
G;ﬁ :A—Nﬁ:#—Bg—FG@; :A'P,ﬁ;ﬁ—BE—FGﬁ; =A-K#|:#—B¢—F
P— o VPR FL LR (a7 )5 G TR SRR TR B (2 ); Gy
AT B AT PP R BT (ta )3 Ny SR SR AC T 2 3 (% )3 Py

. . Nitrogen, phosphorus
Forest nutrient retention £€1l, pHosp

5 SRR MROARBETCZR 5 0t (% ) Ky TSRS ORI ITR 1 (% )5
B J SR AF A ) (e (hmt-a) ™ )3 A9 MRS TR (hm? ) FoA AR AR

and potassium retention

BUREBIE R
Gy =5.256% 10" Qg -A-H-F/L
et T Gy MRS MAFIRAE B T (A7) 5 Qg W SRR S B

Provide negative ions ¥ i (4>-em™) 5 o SEIAR 25 2 (m) 5 L9 85 1 A4 (min) ; A AR
F(hm?); FRZRMA SR IE R 5L
G—yupem = Q—sesi A - F/1000G gy = Qg - A - F/1000

NS Gt = Qs A - F/1000

Atmospheric W ACTS Y <A G g MV — St (ta ") s Gy A PRI AEI I
Environment Absorbing polluting kY (ta™); Gumup W ITMMRIHERIE A B (ta™); O—mum
Purification gases SRS A TR IR — Ak it (kg (hm?-a) ™' )5 Ogpy 8 SE ARG 20

PR AL i (kg (hm?-a) ™ )5 Qggpuqpan N IIARI A7 THTRIBOIUA
A (kg (hm?a) ™ J; AN BRI IR (hm? )5 FORARMAE S DI BEIZ IE R 5K
G = Qi - A+ F/1000

e
G VPSRN AERE A B (a5 Oy A SR 3B T Al A4
(kg (hm?-a) ' ); ANMIMEFR (hm?) ; FNFRARAE S THREIB IE 250,

s

Dust catching

48.87%.51.98%.55.38% M157.36%([€12-B),30 A4F  3.1.3 AT 30 AR, g4 KR
RIGINT 31.96%, B = T55 4 AR w628 ALY BB AF BRI, M A TR SR T 15
AR AR E B AR W R Z 7 RO <0 Fa# (& 2-D). #iSCPrim AR &, RKIAPRTE B
MR, R RN W E RS2 — 2 IEE 58 3 WS A A 26.02x10° hm?, | FHE%5 9 Ik
PR AR B R 30 APR I BN WA IR 54.09x10* hm?, HEK T 145, Hib b
FrErER(E 3-C), SeEBMAN EAERE BRI R, 2R E R A A T Y
AR AR SEAAH ] A KT (E 4), 5 4 K ~ 55 9 g A ],



4 PEEEYER (RZEL) J. Trop. Biol. 2026 4
ES
250 A 180 ~ =270, B
— E Z60
g 200 150 S ) 50
N 20z 38
= 150 3 240
3 100 0 g 230
e 60 = = 20
< 50 B
X 30 E{]Eﬂ _% 10
0 > m 0
& Tk ek [k | o | k| ek o | e Z vk Tk [T [ ek | Bk | Bk | o
Third |Fourth| Fifth | Sixth Seventh Eighth | Ninth % Third |Fourth | Fifth | Sixth [Seventh| Eighth| Ninth
1 251 Forest inventory W54 Forest inventory
« KSR Natural forest
o .80, D « N TAHK Artificial forest
£5120 £70
g 5 100 2 60
E5 80 5 20
Ky 60 <30
88 5 40 =20
K E i
E = 20 = 10
22 0 U e o o
& BRI | BBANR | SESIR | BEOIR | HETIX | HE8IK | I
Third |Fourth | Fifth | Sixth |Seventh| Eighth | Ninth Third | Fourth | Fifth | Sixth [Seventh| Eighth | Ninth
¥ A W] Forest inventory 1 A5 W] Forest inventory
=2 AR Young forest = ik Middle age forest
50 E =T MK Near mature forest = 22k Mature forests
= 1 #bk Over mature forest
©
S
g
g
<
=
0
=
B3R | SBAIR | HESUR | 6K | BETIR | S8k
Third | Fourth | Fifth | Sixth [Seventh| Eighth | Ninth
1521 Forest inventory
2 BEARMEBTEZHER
Fig.2 Changes in forest resources in Hainan Province
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Fig.3 Afforestation area in Hainan Province during
Forest Resource Inventory
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Tab.2 Changes in physical quantities of forest ecosystem services in Hainan Province
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Tab.3 Pearson correlation matrix of forest resources and ecosystem services
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Area  Storage .
unit area cover rate  forest Area forest Area
WFR/K IR Water conservation 0.569%* 0.256 0.222 0.523* 0.417* 0.636%*
[# + Soil-fixation 0.349* 0.161 0.197 0.510* 0.335 0.688**
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1 (Notes): *, P<0.05; **, P<0.01,
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Analysis of the evolution characteristics of forest
resources and ecosystem services functions in

Hainan Province

Song Qingfeng'*, Wang Bing'?, Niu Xiang"*
(1. Hainan Institute of National Park /Key Laboratory for National Park Protection and Development of Hainan Province, Haikou,
Hainan 570203, China; 2. Ecology and Nature Conservation Institute, Chinese Academy of Forestry/Key Laboratory of Forest
Ecology andEnvironment of National Forestry and Grassland Administration, Beijing 100091, China)

Abstract: Based on forest resource data of Hainan Province from the third to the ninth national forest resource inventories and
relevant ecological station data from the same period, the dynamic characteristics of forest resources over more than 30 years
(1984-2018) were systematically analyzed in terms of "quantity-quality-structure", and the evolutionary patterns of key ecosystem
service functions were quantified in accordance with national standards, aiming to reveal their intrinsic coupling relationships.
The results showed that forest resources in Hainan Province had achieved remarkable growth, with forest area, stock volume, and
forest coverage increasing by 124.48%, 163.84%, and 31.96 percentage points, respectively. The forest age structure had been
continuously optimized, and forest quality had steadily improved, with policy and institutional factors identified as key drivers of
these changes. All assessed ecosystem service functions had significantly enhanced, particularly water regulation and negative ion
provision, which had increased by over 240%. Correlation analysis further revealed that the area of mature and overmature forests
had the greatest dominant effect on water conservation and soil fixation services, while stock volume per unit area was the key
determining factor for carbon sequestration service. This highlighted the central role of forest quality and maturity in enhancing
ecosystem services, underscoring the central importance of indicators of forest quantity (area, stock volume) and indicators of
maturity. All these findings elucidate the coupling relationship between the growth of forest resources and the dynamic changes in
ecosystem service functions, providing a scientific basis for the sustainable management of regional forests.

Keywords: forest resources; ecosystem service enhancement; policy and institutional factors; forestry ecological projects
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