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Abstract: [ Objective ] To investigate the spatiotemporal evolution characteristics of forest ecosystem health in the
mountainous areas of Beijing during 2005—2020, with particular emphasis on analyzing regional variations and the

explanatory power of the influencing factors. [Methods] A forest ecosystem health evaluation system was
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established based on four criteria layers, including geographic environment, vegetation structure, ecological
pressure, and vegetation function. The entropy-weight TOPSIS method was applied to calculate indicator
weights and evaluate the health of forest ecosystems in the mountainous areas of Beijing. Temporal variations
in ecosystem health characteristics were analyzed for the years 2005, 2010, 2015, and 2020. On this basis,
spatial autocorrelation analysis and K-means clustering analysis were employed to investigate the spatial
clustering patterns and regional variations in ecosystem health. Furthermore, the single-factor and interactive
detection modules of the geographical detector model were utilized to quantitatively assess the explanatory power
of various indicator factors influencing the spatial distribution of forest ecosystem health. [ Results] 1) From 2005
to 2020, the health condition of forest ecosystems in the mountainous areas of Beijing exhibited a consistent
upward trend. At this stage, these forest ecosystems were predominantly moderately healthy (41%) or
relatively healthy (48%) , forming a spatial differentiation pattern characterized by higher health levels in
farther urban areas and lower health levels near the urban zones. 2) The forest ecosystem health in the
mountainous areas of Beijing showed continuous improvement, with particularly notable progress between
2015 and 2020, as the proportion of areas classified as " excellent health” increased from 2.43% to 18.65%.
The Moran’s index in the study area exhibited a decline-then-rising trend from 2005 to 2020, indicating
significant global and local spatial autocorrelation with clustering patterns. Among the significant spatial types,
positive correlations dominated, with HH (41.8%) and LL (30.8%) clusters collectively accounting for
79.6% of all significant spatial types. 3) The spatial heterogeneity of forest ecosystem health in the
mountainous areas of Beijing were analyzed at the township level. The results demonstrated that regions such
as Huairou, Miyun, and Yanqing exhibited relatively higher ecological health levels, while forest ecosystems
in Fengtai, Haidian, and Shijingshan districts showed comparatively poorer health conditions. 4) Soil
conservation, Leaf Area Index (LLAD , Normalized Difference Vegetation Index (NDVID) , tree cover, and
population density were identified as the dominant factors influencing forest ecosystem health in the
mountainous areas of Beijing. The interactive effects among the factors showed nonlinear enhancement and
two-factor enhancement patterns. The primary driving factors of forest ecosystem health in the mountainous
areas of Beijing showed distinct variations: GDP and soil conservation were the dominant factors in 2005,
followed by LAI and soil conservation during 2010—2015, while air purification and soil conservation were
dominant in 2020. [Conclusion] Based on the analysis, the health condition of forest ecosystem in the
mountainous areas of Beijing show consistent improvement during the 2005—2020 period, with the role of
ecological services becoming increasingly prominent in shaping overall forest ecosystem health. These findings
suggest that future forest management and conservation strategies should prioritize the enhancement and
maintenance of forest ecosystem service functions.
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geographical detector model;

Received: 2025-01-02 Revised: 2025-03-02 Accepted: 2025-03-17 Online(www .cnki.net): 2025-07-02

AMAESRGEEM A KEE R T KL SR
KRR Z2 B AR AR TR L OF FLA 4R AR B AR R 7 dh
SR ATMERRE . RS RO R RS
AR BAF B9 S T, BE GG 3E 1 B 3T R4 A
GG B e, DT ZE AR R o B AR E R ] R
(NG e IR AU R B [ ) e R 1697 ¢
AR UOR R B B B 3 25 FAS W7 6 e e R R JEE

FARAZS AR S () I R 23 00 5 P02 U A A L = A
HEDCBOT RS ) BN R R AR BRI AN — B

JE MR I A B 2 — R R A A R b AR
i T B

MR 25 28 G0 A R DT A £E DY 0 45 A 10 T 2 A D
W7 ik AR B A B o AN A b A 2 AT R A A
S ATAT B AR AR R T PR A S AR AR A 2

http. // stbexb.alljournal.com.cn



266 KRR

%039 %

A PN T B R E AT R . BT, R
Tebn A RME S RE PR A B A S
RGN AR IR 0 A R A A
6 b5 AR AR AR U HLE R ) SR e AR AR A
DR E T EBI R AES RGN I RE MRS . B
& SRR P R e, AT TR REE AR AR TE A Y
T SRR B 11 45 (8] 43 B R S R T AR AR bR 0 RR 2
WA E o A, AR R R AR R R
FRMRGE M 5 0 MR A K A B AR ROk R
ISR RS b O A N T AR AR T AN . i R
AR A AL RE AR K P PR AR AR AR A 2SR 58 I
7B AT B, 1 AR IE K W I 48 R AR R R IR B
8y If ] 25 Ak 9

PNVEH (4 6 B WA A B2 38 88 A 5 140 R
2 IR A R 7 WE A 2 Ffr o G v 3 O IR A )22 9k 43
B IR JE 25 55 ) MO Se 5 RN AR, A AR — 8 B AL
5N E M & UL Bk e A IR B T B
BHHE R EEmE e, AR WRAEARR,
3 A3 A B ik A AR TR AR R B IR R T
AR R AT I MRS B K €8 S B 43 A 3k DU T
ROBE /b i B AR B8 BF 5%, JC 1k 0 I OF f X 42 1) A5
e, H R AR MR R VT AN 2 2 R O TR A A A
P, Z )@ MR ) BEAR A L L B TOPSIS ¥, %)
AR B i BB o3 AT B A A BRI, AT LUKS B S e
S VEH X G 2 B Y 25 8, 45 G B R & LR T O
(R B3, RE A% T R 2 o 1 M A % T R A A 45 SR
O RE U8 R ARA 1R 25, DR BB Ok BE A A
T Z 38 br 2Z (8 1 % b, A A T AS 8] 4F 5y 22 (8] 19 90
) A T FE AR A Y B o Ak AL B VE 2 B 5T
T8 5 B B8 br VR HI DR o B 58 A5 A X 2%
MRS RGEEEAR —A B EH X0, FRIZH T
Shy DX ) Y PRl R A A b O A b X
[ AIFFE 6 H B 3 B 38, - 3942 ok i 8 L B 2
T, e 3 FE Ak 2570, A AR Dl W R D0 4
=255, HoAE LR 5 25 I A 2 . DH o, A o 2R S
R G FRE AA R 2, T B AE 2 AR X (R Py )
b (0 AH XS AR R 2E AT % 1, 98 KR, [ 48
s B/ T DX ) & A A2 Ak R 25 TEATE 58 DX 9 S B 1
B0 SCHE B AR T DX R TR 3RO 25 R 0 i Bl 7
L P DT Ak, A I A DX ST Bl 2% 1 Y
AR FTRE AR R AR AE R R ERRAES RS
RPN PR B E SR BR R, 25 LT
R A R Gl D AG 2T RO DXl
A fe S PR 7 0 A DA Rk SR IR 5 I B AR AR
5 2 G A B PR HURS HE DA

AU 5t T R PR 3 I T Ak B SR BT i A
M A 7 2 B b R AR S T b S BUR R
XAESRG MRS e EHB A, g dua T
AHYETT T 2 %0 H 7 B 0 AR AR DL R AR ORRR G A
BRI A SEE RO s R AR SRR S
&5 T AR e ARl % Jy i ik 25 8 % . AR, b
ot T H AT I % £ 25 [R] S JR) 43 AT AN B 4 bR b ST
R THAOCR A BT SOMOIE A B K O R R AR )
B I R Al mt i IXRR AR AR A R G 1 BRI A B UK
£5) NS B Ui N S B R v VO R SR 2R o= B - L
WA TERZME AR BEMESE TR,
6 A2 25 FR G819 e 55 D e 2% JE 4D, S B0V 45 2R
TE S AR 25 22 0 8 A fgdt B R 0 Ty T AT 7 7 Ry B o
ARG ARG M B R n W AHELL , 855
O PR PR BT AE PSSR AR R ) AU B T e T4 A T
1H], B4 16 /> 48 b5 19 2R K2R 28 R G0 il EDE R R
DT 4 T M PP Al RR bR AR S R el REIR O o A Ok
T E e A A DX M R AE i E A% 48 bR R AE X
6] , 8% J5 K 8 AL -TOPSIS ¥ 3155 48 A5 AR, I %
2005—2020 45 b 5t 1 X 2R bk A= 25 R G 4 IR B A9
IF 25 93 A B 28 Ak e 35 #4743 A o R T b HE PR
JE T VT Al £5 6 BR 6T 2RO fd R A 52 e ), O 38 i 52 B
PR e PR 5 RH + Z 18 B 22 BAE T . A5 B AE
WY b 5t L IXRR AR AR 25 AR G 9 il R K P J
e P R, JF R AR TR R AL, R AR S BR B R
PP AT R 22 T BUSR IR A AR R T I A Ry 2R AR
gt e PE A Jr s AR AR 2%

1 ARE#HR

Ab 5y DXL T b 5T A 7Y (397127 ~
40°05'N,115°25' ~117°30"E) , 43 J& #e 1Ly 1Ly Jpk A1 K 47
Bk, AR 29 9 10 072.5 km®, ¥ K 113k 15 . B 1L 4
R B LA bt il X b3 2R me 1)
P AC 2 W T, b 5T M A 22 O ARl B B B T AR
2258 m, IEUH 22 g 0 T EHOE PR R . AR
SRR 10~12 C AR 3 [ K ' 470~660 mm, f#
LN CTE S = ek S I = -3 K N T S L 7 3
X AR 2R 5, TR RIS (Pinus tabulaeformis
Carr.) 7% M (Larix gmelinii (Rupr.) Kuzen) | il #
(Platycladus orientalis) 55 £t 0 B Fl [H HE (Betula
plaryphylla Suk.) BEB (Quercus 1) Hl ¥ (Robinia
pseudoacacia 1..) B (Populus 1) B [& IF AR, 7F AR
PRI LA L4 AR Ry 32 o MRl 3222 S K 4 O 4R R K
P REA NGB

http. // stbexb.alljournal.com.cn



5 3]

S 05 0545 AU RTIT L DR MR AR 25 2R 4 A AT A R I 5l PR 3R A3 267

.k
[ F R
(PP R
[ T

25 125 0 25 km
N

E1 WHEXER
Fig.1 Overview of the study area

2 HRFAE
2.1 HiEkIRS A E

ABIE5E B v B i) I b B A 0 95 DEM A B A2
Sy AER R i RR TR AR
82 HAAKUE K H . 1DDEM B o U5 T i 34 7
8] % #5 = Chttps://www. gscloud. en/) H' ) NASA
SRTM1 V3.0 i 2 B dhs , 23 6] 73 Bk 4 30 m, i B)
arcgis AT B P B EHIEFE bR, 2) M
Bl SRR, A4 A B — B 48 B (NDVD i AR
8 BCCLAD (90 94 7 J3 (NPP) L, R I8 T Google
earth engine (GEE) (https: //earthengine.google.com)
H1 il MOD13A1 . MOD15A2H . MOD17A3HGF {4z
A 23 8] 43 %O 500 m. 3) N H & 2 GDP AU 4
oS E R RE TRBEARER 28E A
Chttps://www. resdc. en/) , 75 [B] 43 HF 3 4 1 km.,
A PM,, e B Hi 4 ok 5T 1 58 5 9 v S R 2 B s
(https://data.tpdc.ac.cn/) , %5 [6] 73 Bk 1 km, H DA
RAEFRM AL KB . 5 4 MR FH & 88, R IR T
KR Y == 8] Jay Chttps://viewer. esa-worldcover. org/) [
ESRI Annual Land Cover #(#& 4 , 25 [8] 43 $E%F K 10 m,
MU R AREE FOW SRS . 6) TR
B R R T 1 o M K 2R GE B B B Chttps s //soll.
geodata.cn/) H [ & 43 B A 5K A EAR B ) A R
PR A | 23 18] 20 JE 3 250 m; SRR 2R T 18 K Sk U
T YAN 252 2N T R 1y of [ 5L 55 804 4 (http: //
globalchange.bnu.edu.cn/) , %5 [A] 43 #E %A 100 mo 7
LT BEAR PRI K 28R B (SPED R TR 2
BOPE #L AT (https://www. scidb. en/) , 45 [6] 43 #E R Ny
1 km, T4 B2 CAD SR 8T 5 555 58 g JL Rk 2 4000 oo
(https://data.tpdc.ac.cn/) o 8% H KK i Fl 25 HUK 55
LBV T E K H R R GR35 O Chttps: //
soil.geodata.cn/) , 25 [A] 73 HE AN 1 km,

S5 G 0 SCH AR R TR L RO | 1 R 8K
P AR RO 45 R ] SPAW B F  InVEST % 4 F1
Arcgis B TTHAK IR I 5 L B0 FF i . InVEST
AR L 5 A 0 1) 2 (R4 L Bl A Ak R eT Ak R A5 BB 6%
A TD RS 6 b T AR 2R S R SRR 55 T AR DT B2 T A
it 09 20 B i 0 o 2 SR R 2E Rl FEY DL b
U B4 4 82 — Ak bR &R A Krasovsky 1940 _Albers,
25 6] 43 38 R0 250 m, FFHEAT I 22 33 40 BT
2.2 /I TOPSIS i%

AHESE 38 11 AL -TOPSIS ¥ % b 570 L X 2R bk AR
BRGERE AT, LLIRAS 2 18017 2 00 AN 25 44 o

AR GE X 1E G 1] B 48 b >R FH e R e/ IMEFR HEAL
DX 1] 788 R - DL 4 A % £ AR A 2 2R G £ B e ) 19 1 PR
(95 %) FI T BR (5%6) Ay 7 I IX ] FEBR , 5% 2 # {5 ik
FT bR AL Ab 1 4 bR oAb 1 D SR R I, N 2R

2, — min ( x,-j)

y

(1)

max ( xl-,) — min ( 1',,-)

B max(r,j) —xy
Vo=

i

(2)

max(x,j) — min(x,-j)
A=(y,) (3)

A, R R R B s min () A max () 43 90l 9 9F fr
FE AR R/ B KAH, BIAE B 09 1 B AR B, & {5 X[
JLHEAN A 08 1Y, A Y, R i AL i bR AR (e s A
P YA D SR B 5 o kg R I A B A s e A

IR 0 (B 15 A TR A A B E O
W, 25 45 b AR 10 P 3R B A 75 21 m AU 7 A6 BF
MRV, AN

=Y,/ > Y, (4)
_1 n
Ei:mz,:1p’7]np (5)
1—E,
W= (6)
m— > E
V:AXw,-:(vij) (7)

Kfp, HIH LB S (B E N & 18 05 15 B
w, N A FE PR AL 5 0, 8 bR HE A IIAL S BYAE s VR AL
FIAGE AL AN R
23 ZTEBMHEX

25 6] F AE 5G9 At AT T4 9% b PRARCHE 1) 25 ] 4 e
PR BRI, A5 ff I 5 2% $8 80 (Moran’s DR
Bedb il X AR A S R G @R Bk EREH . |
Bk — 1~1, >0 B A7 76 25 8] 1 AH 3G, <<0 B £ 75 25 (1]
TR DG, =0 BEASAEAE 25 (0] [ AH O, 48 0B B8 5, 25 )
AR SR . R B 3L 2% 48 5 (Local Moran’s I J it
— A>3 (8] @ PEAE 5 HAR 48 2 8] J& 1 {8 = [8] (%) 25 18] A7

http. // stbexb.alljournal.com.cn



268 KRR

39 %

Ktk 4w - m (HHD AR - (LLD (& - i (HL) 1
-7 (LHD4 Fh iy,
24 BELSH

KM K-means BE 7k R FAETSREASE M
B R J7 T RE R RRIR I A B AR AN R G (E R 1 X
WS R REREENE R DX A HE AR 5
R RN PIR R 2O R A RN E I UL
Sk H O 5 3D T A A B AR B 45 R IO Y KCEG IE
Ja BB EEREM R OEEZLE A
Z A REAR Ak B M 1k
2.5 b IEERSS

ABIEFE A FH SONG %5 Bl 119 2 8500 I b 2 45
5, fi% D B Ak b 3HAE AE B B A N R T AE A &
B RO ARG R B, B e R Arcgis 10.6 81 g i
M T H AT 250 km X 250 km ¥ 9 5, S5k 25 (E )5, 36
A2 164 TT2 A4 RAE B 25 B B4 g A, 9035 5 Fil
B T ik CAE TR BE L 8K TR1 W o300 %5 L JLAe] [a] B
B 22 ), 4~7 25 18] B B i, AR A Q {1 i K v U 32 1
Foe A 11 B Ty 32 AR T 50k P AT PR AR S 5
SR IR EE - U]

3 ERE545W

3 tFRURBMRESRZERETEEFHH
311 AW LRERAKRAZZAEREFNKZHE
AR KA My PB4 R R R A SR Al B 45 R R
e R PR R I 4 45 £ B ) PN R SR, b A B T 4
M) A0 85 ), 0 T 6 T A B T B . TR, A 2SR
IAE B 250, R AIG A2 25 IR 55 T g il A kR Ak
I VT A R bR M B T LR T R b B A A A 4
R AR 2SR T R IR 55 T RE AR R R R AL o F 2
PG MR AR 2SR )RR 2 g 4 oE D2 A
FAER — B R 7, 27 AR AE S R G BRI R R
(B 2) . fEMEHEAE b, 25 6 8 58 X0 1 AR S0 Ry
FRAERIAL S U5 5510 F R 3R B B i) i
P Tr R 56 BT R ACCLAD ) G T
(NPP) [ JH— LA W AR BUONDVD TR B (AD Ar
HEAL P K 28 B A8 B (SPED A V8 B [ P A 7= Bl
(GDP) KR % R RE A W) 2 R M R s R
L4516 A48 b5 B A 48 05 J2 , A8 g2 b o Ll IX AR bR
HBRG RN ISR AR .

B2 ZWESRGERRENEEFERIE

Fig.2 Mechanism of criterion—level factors in forest ecosystem health

R JH Bk 71 315 2 2% PF A 48 AR RO AL, B AR
5 PV R A L 1o MBS SRR 8 AR A 7 HE
W0 JZ 22 18] 45 ) — o D) S22 P9 R B A7 A 22 5 o D E JRE 1]
FLROR T A8 5 BE 45 b 1 1 29480 = AR X H A [ 1

B, 22 W AR PR A 2 2R 0 A B O M A A 2R S IR
5 IIRE b AR ) BT R AR AE 25 AR G A R Y AL
Ffg /o IHERE N L BOR A o B ER BT I 1 v 4%
T4 AR A E R BOM 4, il 9 2 fE DY 1 AR e e

http. // stbexb.alljournal.com.cn



o505

S it e A5 AU T 1y DR A 25 R Al BT S 3K 5l [ 36 0 # 269

T8 b S - e AR B, A B I RE IR T b AR RS A
T o B e e, AR SR TR T ATRD SPETES 5 7
WEE S, NSRS GDP X 24t &2 3% N2 W7

FCE AR BN e AT L B i AR AR A S R G R K
IO A BRI e 2% bR A 25 B8 R, D0 Al 2R bR BT JEOR 4 A
AR, 4R T R A 25 e 55 T fE

Rl ERURRRESRERBRTENERER

Table 1 Forest ecosystem health assessment indicator system for mountainous areas of Beijing

H b )2 )2 &b )2 fH 3% & HE
F R E /cm 60~140 0.07
e~ W/ () 0~20 0.06 007
0] 1~9 0.07
1 /m 24~1 500 0.07
TeAFEE/ % 0~100 0.06
- z%m&iifﬁﬁ/Fg-rrij-a*1> 200~500 003
VA —fb A 1 35 % 0.6~0.9 0.05
BHAES ARG W I R4 B 1.6~7.0 0.11
T R DAY 45 s 1 AR/ km ) 0~120 0.03
I ﬂsﬁé#&éﬁi 1.9~2.7 0.05 o6
A= R/ ot 25~3 000 0.03
Wik 7K 25 B4R 4L —0.1~0.4 0.05
KU FE 1 /mm 0~30 0.08
— j:i%ﬁ%“/(t\-hm’?) 0~200 0.15 0.3
G/ EZd 0~1.5 0.05
Wb KSR/ (pgem 77~120 0.04
312 R LRERAKRAEASZARET ALK 2015—2020 4 A 25 F G (gt RS Ak o W 2, 000 55 {edt e b

WHoE B AL s 1l X R MR S RGP &5 S
g R F N O B 7090 DA B AR R T4
{H 2005—2020 4F- 4% {4 522 14 fin (4 8 % , #7591 )2 2015—
2020 4%, A8 fb 5 Sk B R o AR B D) BE R P 5 R B 45 H
N F 2 [8] £7 76 A0 8L B 25 50 A A% R . 2005—2020
A A3 2 1 0, A Bk A 5 R R 0 Hb X A (R
17 38 5 b | M 3R AR DX 1) 0 (B I, {H R #E ) g
PR 25 [] 43 A B0 R 400, 55 0] B R 0 25 R A AR K
KFR o BRI F 25 1) 4 A A8 4k 2%, 2005 4F &
TN M X R B AT O B R AR % = b
#2010 4F W) % 28 7 58 11 X CHE BE PG & | 5 F DL &
173k Vi M DX, 2020 4F R 7 88/ B K, A 4 4
PR VIR VB T Sk Y RER 43 M DX . A I (8] 2 Ak T
I , 2005—2020 4F , #F 5% X 09 A2 25 R 01 B 7 40 {2
T B B

HY T 3 W], AR AMRAE S R e fid B KT i R 1) AL b
Fho KT Clt BRER L A e A g R B0 A0 3 22 43 A
W B FERR ARG X, IR (22 i 22 b IX
LA A A LE VS 5 1L AR T Sk v v G A b
B[] 25 Ak i B Sk B (IR 4D, 2005—2020 4F 4 14 5T
LI X AR A 2 R G0 22 5 s P AR (d R TE AR 0 T
100%6 . 69% . 45% , %5 #f- F0 PG 5 4t 3 T AR 43 0l | ot
19% .446% . 5 2005—2010 4F F1 2010—2015 4F 4 Lt ,

X fi Eb A 2.43% FH2E 18.65% .
32 tFEURFMESRESGRETURRTEMERX
XEMR
321 FLEAKRASZRZAAMEEELES>H N
BF E) AR Ak B Ok A (R 4D, 5 2005—2010 4 il
2010—2015 4E 1 . , 2015—2020 4F 1 75 & 45 filt Fe 22
R i 3 . NS )8 fh 1 ff B R L 2005—2010 4,
A0 7 B 1 X CHE R PG 8 0TSk 1 PR L B L 7 AR D £R
M RGN 1% LA L, 55— 40 X
CHE PRARFR TSk W AR B I AR MR B m e
AR 2 1 X fet 3 o0 B EG L 2010—2015 4F S A I A9 28
[i1] 722 b #4381 DX fede B 430 b T P S L X i
SHE FRE . T 2015—2020 4, #F 58 X 64 % 1 X 38 4
JREAMERG I T 5% LA L, HAT 16%0 (1 M X 3 T AE
BB 1% LA BRI
322 AR LERARAESALMEE T R AL X R
B 2005—2020 4F , db i K R M AE B R S
Moran’s I 48508 43 5~ 0.45.0.48 .0.48 1 0.54 , 1E
1% K L. 45 R KW, AN R G E
e at I X R A R G BA W A2 | H A
KKFR . EDRGAE R LRI b X B A
() 25 18] 42 R AN, 48 R 7E 2005—2020 4F 2 e
Je FHi R

http. // stbexb.alljournal.com.cn



KRR AR % 39 &

(al) 20054 (a2) 20104 (a3) 20154F (a4) 20204F

b I IE 55
MNo-02 MMo02-04 [@Mo4~06 [EH06-08 [108~1.0

(b2) 20104F (b3) 20154F

2|
0~02 @Mo2-04 [MMo4-06 @EMos-08 [CJ08~10

(c1) 20054 (c2) 20104 (c3) 20154F

ENo2-04 @EMos4-06 EMo6-08 [08-1.0
(d3) 20154F

tienlid
WNO0-02 MMO02-04 [@EMO04-06 [@M06~08 [J08~1.0

(e2) 20104 (e3) 20154F

(e4) 20204F

(B H
- s Eh% BBy @ 25125 0 25 km

B3 20052020 F It ZFLURHZMRESEEREZT BTG

Fig.3 Spatial distribution of forest ecosystem health in mountainous areas of Beijing from 2005 to 2020
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