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Abstract: [Objective] Forest ecological quality reflects the ecological quality of forests from an ecological
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perspective, measuring the comprehensive capacity of forests to improve the ecological environment,
maintain ecological balance, and provide ecological functions and services. Utilizing medium and high-
resolution multisource remote sensing data, we aim to acquire crucial indicator information that
characterizes forest ecological quality at a large-scale level. Based on this foundation, our objective is to
analyze the forest ecological quality status in the 40 coastal counties of Fujian Province of eastern China.
[Method] Firstly, the primary data source utilized was 2 m resolution multisource remote sensing data. The
bi-level scale-sets model (BSM) was employed to determine the optimal segmentation scale, integrating
multiple classifiers to create an algorithm set. The best classification algorithm for forest type extraction was
automatically selected. This approach was complemented by the use of Sentinel remote sensing data in 2020
and fine forest classification products, resulting in an optimized fine-scale distribution map of coastal forests
in Fujian Province for year 2020. Secondly, forest age was estimated using disturbance onset time features
derived from the LandTrendr algorithm. Additionally, GEDI crown height products were used to obtain the
canopy height distribution map of coastal forests. Building upon the extraction of key forest quality
indicators through remote sensing methods, a principal component analysis was conducted on eight forest
ecological quality assessment indicators obtained through remote sensing. This led to a comprehensive
assessment of forest ecological quality for the coastal counties of Fujian Province. [Result] In 2020,
approximately 50% of the 40 coastal counties in Fujian’s coastal zone exhibited a favorable level of forest
ecological quality. Among them, Xianyou County, Minhou County, Nan’an City, Xiapu County, Zherong
County, as well as the districts of Haicang, Siming, Jimei, and Tong’an in Xiamen, demonstrated excellent
forest ecological quality. On the other hand, counties with relatively poor forest ecological quality included
Huian County, Xiuyu District, Shishi City, Fu’an City, Pingtan Experimental Zone, and Zhao’an County.
[Conclusion] Utilizing high and medium-resolution multisource remote sensing data, the advantages of
remote sensing large-scale monitoring have been leveraged to provide an objective assessment of the forest
ecological quality in the 40 coastal counties of Fujian Province. The research findings reveal that there is
considerable room for improvement in the forest ecological quality of the coastal counties in Fujian Province
in 2020. Addressing the existing issues calls for the implementation of appropriate forest management
measures to enhance the forest ecological quality.

Key words: remote sensing; forest type; forest age; canopy height; forest ecology quality; Fujian coastal
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Tab. 1 Introduction of remote sensing image data
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Tab.3 Forest ecological quality evaluation index system

EELAN AR R PR R FR & [RERES
Index Meaning of forest ecological quality assessment indicators Calculation method

ARk
Forest type (X;)

AL 52 A TR

7B ER
ﬁﬁfcﬂc;lvia ¢ () Comprehensive indicators reflecting regional forest resources,
ge (2 forestry development and forest benefits

e SR PR 2 I 35 K P
Age structure (X3) Reflecting equilibrium level of forest age class

S AR PR BEIRE PR B iR B R A
PN 3= . . o

. Reflecting the degree of succession of silvicultural

Percentage of plantation (Xj) o

activities on forest resources
NIRRT U INAY VPN R Sh v
Forest area per capita (Xs) Reflecting the level of per capita occupancy of forest resources
MR 2 S BIARL Ml 7K
Forest land utilization rate (X;) Reflecting the level of utilization of forestry land
ek 2 e SRR AR
Canopy height (X7) Reflecting forest growth condition
FHER SRR Z TR FEE

Interference level (X3)

Characterizing the balance of forest cover types

S IX AR TR MLk AR DL AR Bt IR £ B PE A

Reflecting the extent of forest disturbance

AR ST 5 L DI A L
Proportion of area of each forest type in relation to
its regional area

X Ak bR IR 5 G DS TR U
Ratio of regional forest area to its regional area

B R S AR A

Ratio of age classes to forest area

N TR A5 ARk AR L B

Ratio of plantation area to forest area

MBI S A D E

Ratio of total forest area to population

AR TR AR 5 0l S TR AR LA

Ratio of forested land area to forest land area
e 2 e B TR 5 AR R s TR LU AF
Ratio of area of each canopy height to

total forest area
AEFRER S TP AR A

Ratio of different interference levels to

total interference area

NT T INRL S H AR AE S R R RN 4R
PRk R, S5 GITE IX B TS AR A 2 o A SR ) 4
PRECHE, FIF 3 BCA o BT R AR AR A T VRN F
WA T, SR )5 R 25 G PR30 S0 B BT 40
B RIRA S TRV (), FREEE H IR
5, AE R B G N8 2 e d R AL, B AR AR S BT RCIR
BRIy NAR (v = 0.50). R (035 < y(,y < 0.50),
H1(0.15 < y(,) <0.35) Z(y, < 0.15)3% 4 NEGY,

3 ZR G

3.1 EEERTFHRNEIER
301 R Ak R AR BUR B R

DN VEA AR S R BRI s G B, AR TR 4y
JEBENLREE ) )7 454 GoogleEarth 1% & B 4h %
FLREA SRR T 1 667 DMERAEFEA &, Xt 5 4
FATIRBEATHE B IR (R 4. IRAESE BRI
U s LATI R ST IR 43 S 4 SR R R BB 4 Rk 3
90% LA I, 15 B B e f 55925 7 VR K IX IR bR 2

BUSR AU 50 B — o Il 1, PR R R R
JE SEVEAN ARARAE S B RS . AR BRI 25
Ferb, A ARHL I B P ORS BE R AE P38 R B e, BRI
T RS B2 88.89%, HoAx T #i AR & 4ERFTE 90% LA
by Fe T AR T S RE AR 5 5 AU TR, SREURE
FERSA N %, (AR ETE 85% LL b, i 2 5 8240 it

3.1.2  HAARER TR H5FH R @mARG I

ASHIF FUAR e ¥ A 2B SRR 2020 4F AR AR
= EAL AR R AR IR B R R AR Sl R
LTS AR AR AL (] 2) o AT FTIX MR DA
ARy T, SR AR A LG A6 77 1) 28 AR 7 1f)
BT P B, SR I 2 DX AR i P R
/b, R VU R T R TR AR TR XL T T
il X SR T DX AR i R A D, Al B [
B R = B AERME S AR

A A T T XAEAT 40 A Bk, ASHT 7TH%
A% B AR AR S R T AR K /N B P R S5 R a3 i
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Tab. 4 Validation of the accuracy of forest classification results in the coastal zone of Fujian Province

. _ % AR E E
1< i ADBECUHE e e R e g SR KeppeRK
. Artificial ~ Plow . Tea Overall Kappa
Region Accuracy Trails  Woodland  Orchard . Waters  Mangrove .
surface land plantation accuracy/%  coefficient
e PA/% 94.12 91.89 88.89 92.86 88.46 88.24 95.83
Th‘ﬁi . UA/% 91.43 82.93 9231 94.20 85.19 91.84 95.83 91.11 0.89
Ningde City
F 92.75 87.18  90.57 93.53 86.79 90.00 95.83
. PA/% 92.31 88.10 89.74 96.25 88.24 87.10 97.37
Ha . UA/% 85.71 86.05 94.59 95.06 93.75 93.10 97.37 92.71 0.91
Fuzhou City
F 88.89 87.06 92.11 95.65 90.91 90.00 97.37
PA/% 9231 94.00 91.67 92.31 85.71 87.18 94.87
I;%EEFH . UA/% 96.00 94.00 91.67 88.89 85.71 89.47 97.37 91.51 0.89
utian City
F 94.12 94.00 91.67 90.57 85.71 88.31 96.10
PA/% 89.13 93.88  85.71 91.30 86.11 84.62 96.30 93.33
SR : UA/% 95.35 85.19 9231 95.45 86.11 81.48 92.86 87.50 90.20 0.88
Quanzhou City
92.13 89.32 88.89 93.33 86.11 83.02 94.55 90.32
‘ PA/% 89.19 91.67 9091 93.88 83.33 92.31 96.00
Eljﬁi . UA/% 91.67 91.67 9091 93.88 88.24 9231 9231 91.96 0.90
iamen City
90.41 91.67 9091 93.88 85.71 9231 94.12
o PA/% 93.18 93.33  91.67 93.65 87.10 87.23 91.67 93.75
e
Zhangzhou City UA/% 93.18 91.80 91.67 92.19 88.52 89.13 93.62 90.91 91.32 0.90
93.18 92.56 91.67 92.91 87.80 88.17 92.63 92.31

VE:PA. UA. FARMRERAEEFEE . H PR B RIF4iiT & . Notes: PA, UA, and F represent producer accuracy, user accuracy, and F statistic,
respectively.

- FRMEHY Forest type
I 7" Ak Broadleaved forest

[0 £l AR Coniferous forest

R3S Mixed forest
[ RBE MK Orchard economic fores
I ZEBEFEAHK Tea garden shrubbery
[0 5 Mt Trails
I 2T AR Mangrove forest

HAlb Others

0 30 60 120 km
I

Fig. 2 Extraction results of forest type distribution in Fujian Province coastal zone in 2020 based on multi-source remote sensing data
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Fig. 3 Forest area statistics and forest coverage of coastal zone in Fujian Province in 2020
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Fig. 4 Forest disturbance levels in Fujian Province coastal zone
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Fig. 5 Spatial distribution of forest age in Fujian Province coastal zone
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Fig. 6 Verification of GEDI canopy height
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Fig. 7 GEDI canopy height classification of Fujian

Province coastal zone

ZE SR bR R AL b, BT AR AE S E VRN 4R
Frfhk 2, 15 305 TRT A FR b BAASUE, TR FriEie s
FRPRBEAT A A% 53 #7, 18] Pearson AHIC R R &
TR A CRE T o S5 RN 5 Fw, W5t fi N
TCARTH AR B 5 H A 48 B 22 1) B AH G B2 B2 AN LA
{HARARGE M AR T 238 NI ARARTHAR S AR
e JE AR IR R 6 iR AR L TR £E 0.01 7K
P ERILE AR R R AR ER 31T KMO
(kaiser-meyer-olkin) fil Bartlett £ %, 15 %] KMO {4
74 0.738, Bartlett £46: P fE/N T 0.05, 135 4R b %
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x5 HHRERRETMNIERR Pearson X REL
Tab. 5 Pearson correlation coefficients of forest ecological quality evaluation indicators

e STy o

Ij:'dt]; Av;;:z{\%alue Standjfd{%fiation X % % X X X6 % A
X 0.794 0.269 1
X5 0.556 0.329 —0.657** 1
X3 0.569 0.216 —0.039 —0.13 1
X, 0.325 0.178 —0.058 0.156 —0.241 1
Xs 0.225 0.233 —0.643%* 0.821%** —0.119 —0.028 1
X 0.795 0.276 0.524%* —0.485%* —0.044 0.001 —0.475%* 1
X5 0.578 0.271 0.414%* —0.830%* 0.005 —0.041 —0.736%* 0.207 1
Xz 0.209 0.236 —0.558%* 0.689%* —0.064 0.194 0.559%%* -0.29 —0.571%* 1

VE:* P<0.05, ** P<0.01, Notes: * P<0.05, ** P<0.01.

i Z (A7 E— B A e . 43 b, Bk FoRE A
JR PPN PR AR 1A B A — i BAH SR BE At nIE S
BEFE R o3 BT AR

R A 47 i A1 07 R 22 A0 B2 v D R F AR R S T 22,
SR FH 32 153 43 B 0 2 B ) AR R AR 38 o VA
FaARHEAT 32 B B, TR ) 48 r R 8fs A it
ITRCE TR . 1 e T80 RECSFHERIF 7 1
AR THE o 135, BRI & ERr 18577
22 R RE 2 TR AR SR INAE B LA R0 J7 Z MR 2R, 15 2]
LA/ REL BERKGRER S REA LB
FIBFRARBLE GR 600 T T SLERELH 4 A
By, 43 BIRCAE Yy Yoo Vs Yy b 4 D FE RS T7 2 i
BRI 39.37%, 20.54%, 13.37%, 12.84%, EF
J5 ZERRRER N 86.12%, S HEAFAE IR TR

MRYETHE TS S fa b BUE , 45 & e bn it o=
WA HEAE, TH & B IR AR S 2 25 & 0T
MR v,y RMAERTEIFM IR ARXA

Yy = aX1 +bXo +cX3+dX4+eXs + fXe+gX7 +hXg

ﬁ':':':yw)y‘jﬁﬂiﬁi?gfﬁ %jﬂéﬁa X]\ XZ‘ X3\ X4\ XS‘

KXov Xon Xg 73 RIS AR L AR o2 6 e 0 25

o N ARG E . NSRRI AR AR R 2 5 J2
L T ELAGR: as by o d. es fr g h NSRS
(IR AR, M 0.139 2. 0.157 4. 0.089 2. 0.087 2.
0.159 5. 0.104 8. 0.124 3. 0.138 5.
342 HAMAESREERIFN

MR BT 45 8 AR B AT U, 15 B & B £
MAESRELZ AN TR EE 8. KRS
BRI AR L AR i R A % B A L
ZHR LR Ao & 55 () o A B (B 9) . 45
& & 8 59, AIANEFE AT IL 50% K E SRR AES
= O /) S N ST e s S D W N S RS
FRMA S T B IEAFAEBOR 3T 25 (8] o 7E B3R
b Al R mE T BRI R AR R B AR AR
AR R, TEX IR X ., BHX, £EKX,
[ % X RS RN RWESRELS SR
AR B B Rl FI5X., PEGA LK
X, AP, ifzs. GRa kU, fMEEES. A
I 7/ AN i Ly 7 SR N A RSN A 2 9 %
PR PR B X I AR AR AR 3 T i, MR N

Fo6 KMASRYRNESER

Tab. 6 Results of linear combination coefficients and weights

2 A SEL SN Z K y

##fiName h h € Y Comp(f/sT\itl; :jo)rj\e%cio%ﬁcient W:fg%/ %
X, 0.2929 0.5220 0.083 0.089 2 0.284 6 13.92
X, 0.493 5 0.282 4 0.087 5 0.102 1 0.3218 15.74
X, 0.026 0 0.0250 0.128 9 0.968 9 0.1823 8.92
X, 0.027 7 0.003 3 09321 0.135 4 0.178 3 8.72
X; 0.453 4 03146 0.139 7 0.147 5 0.326 0 15.95
Xq 0.082 7 0.720 8 0.028 0 0.000 2 02141 10.48
X, 05295 0.008 1 0.048 5 0.0169 0.254 0 12.43
X 0.420 1 0.168 8 02783 0.050 6 0.283 1 13.85
HEAEHR Eigenvalue 3.149 1.643 1.069 1.027
TERIEE 39.37 20.54 13.37 12.84

Variance explaination rate/%
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Fig. 8 Comprehensive index of forest ecological quality by counties in Fujian Province coastal zone
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Fig. 9 Distribution of forest ecological quality levels at the county level in the coastal zone of Fujian Province
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