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Abstract: To investigate the spatiotemporal evolution characteristics and driving mechanisms of forest ecosystem quality
during the transformation of resource-exhausted cities, this study selected Hegang City as the research area. Based on
long-term seamless Landsat time-series datasets and MODIS products, the ecological quality index (EQI) was con-
structed. The Sen’s slope estimator, Mann-Kendall test, and Hurst exponent were employed to analyze the spatiotempo-
ral changes and future trends of forest EQI in Hegang from 2000 to 2025. Finally, the geographical detector model was
used to quantitatively analyze the driving forces of natural and anthropogenic factors on the spatial differentiation of EQI.
The results showed that, spatially, the EQI exhibited a significant distribution pattern of “high in the northwest and low
in the southeast. ” The forest areas in the Lesser Khingan Mountains in the northwest showed excellent ecological qual-

ity, whereas the southeastern plains and urban built-up areas, subject to intense human disturbance, had relatively
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lower quality. Temporally, 64. 9% of the total area showed an improving trend in EQI, mainly concentrated in the north-

western forest-covered zones and central ecological restoration areas. Furthermore, 52. 71% of the area is projected to con-

tinue improving in the future, while 34. 49% of the degraded areas are primarily located along the urban expansion fringes.

The driving mechanism analysis revealed that potential evapotranspiration (PET, ¢=0. 548) was the dominant natural fac-

tors explaining the spatial heterogeneity of EQI, followed by precipitation (¢=0. 429) , while the human footprint product
p g P 2 y Yy P P q p p

(HFP, ¢=0. 295) was the most significant anthropogenic driver. The interactions between all factors demonstrated bi-factor

enhancement and non-linear enhancement effects, with the interaction between PET and PM, ¢ showing the strongest ex-

planatory power(¢=0. 622). These findings can provide a scientific basis and decision-making support for the ecological

restoration and sustainable development of resource-exhausted cities in the old industrial base of Northeast China.

Keywords: Hegang City; ecological quality index(EQI) ; spatiotemporal evolution; Hurst exponent; geographical detector

0 35I5

BMAESRG R AES R G A, WETTX
SR B R FR KR R R AR 2 A A
TERo BEE"IRALIRS” Al SEE LUK Bl 3 AR A SO
BT R, G A i A A 2SI A vy o i A e E

7, AL /NS0 1R =TS X, R E R A S L &
Jr b X2 T 47 AR SRR IEAL T i R B
FRIR R R B . ENIRALE Tl E AN = A E A AR
X, #5 5 5 B 2000 DOk — B2 E 5 RAMR
=AU R RS IR MR S RSB R
TR A A S X AR SR 5 R E I BUR T
FRARFERFEENNR o IR P 18 I T B A 1 T AR AR
ARG R B GBI T E B TR E T A
BT AEAME R TRAR AT B S = 47
b B SR SR E

H AT, BT @SR PN I SR B T A 77
EER—faniEG afatnik. FHIMRERZ KA
— Ak ¥ ¥ F8 5 (normalized difference vegetation index,
NDVI)S A G 90 4% 4 72 13 (net primary productivity,
NPP) SFIH- T #4524 (leaf area index, LAI) 745 1 —2
HOkR BRI . BARA— BRI B T3k
7 BESRGER—TELN L RS X
A AR DR LA S R G AR TR AT RE
S o RERAN X — A, A A SR B B (ecosystem
quality index, EQI)M 8 AR S B BT (remote sensing
ecological index, RSEI) MO 45 250 £ 30 1 fA 28 #H 40K 3
Az Hrp EQUIR BB 4R U M AE S RGN 5
RERI 2R ZE, BEBENLAR 2 W 8 7 DX S A A )
hERE, EEXBESLEETMH TR IZ
Ry L1214

O BRI A T R AR SR T T
BRI FERL T AR, B, a2 R
b BB % 2R A L — I [ b T RO AR ST Bl T

H RS R B B SN P st S o) Bl A
S P AR ORI P B A At DX AR 2B R A AR = 76
AFNT Bl T 43 R B RS A (moderate—resolu-
tion imaging spectroradiometer, MODIS) 2 $F4if 1t -+ 4
MEEASEE R R1 , XA T = DA A=
BARGHE W ERA—BURTIEE —kah i
X —SE B A N RS A R Bl . Rt T4 R
HFERRTENEB T T NS . e ETms
HER R AR e S E R  BRE] T E AR
RGNS IKE S A A R ZI R . HR A
IXEHLHI AT L BUA VTR 5347 2 M 28 T e 1 ik 5%
T LAY MR DG B 23 A, 3 2 IR 2R ELAR R AR 2R
HEALEIB R R, REFZ IR TR 52
AN AIE S Z A SRR A R E ™ (A
B BN A BT A, 2 T ERRE B AR
JRATR T, ATEZAHES R S8 I 52 BOR BRI 55 o
FREX TG 5 T X R AR AT BB A fR e S B R
% 5 e RCE J 1 O B A DX, & KB Al AE AN R
2R R A9 S L BUE RSN B HE A 2R O AL
AR TG BT AR 24 T AR A e RS v
52312 A E PR RIS RO E o
ET I, iz GEE =it 8- & B 2000—2025 £
Landsat 5 MODIS 12 /@25 415 14 2 188 B 113 ) I o AR AR
EQI; K Sen s slope #5347 (Sen &2 {H 1) \Mann-
Kendall #:46 « Hurst ¥5 5% ] EQI I 2= i AR SR Sk
FEEMERHE ; 18 HE BRI S AR AL ) (A4 52 B
TR 28 & = R EQL 2[R 7r i S A FFIR B
M REATLAR , AR B 8 5 A S A AU AR S R G PR AR
R, N DX E 2 (A AR A B S A TR AL & i K
RS % .

1 HRREERSHEERR

1.1 HARXHER
R IX AL T BT A R ALER(129°40"~132°31'E,
47°04~48°09'N) , HitAb /IN>4 220 [v] = VTS J 1 9 ) 22



%588

REAREF 20002025 FB NI HAMNESEAREN T ETHERAE ST 935

et LR R T, GRS IR, KM IRATEIL, 5
AR, 5 X 2B Z AP S R
RZS A5 FARHE , PEALES /N4 2208 vk , DL REIR
PRI R N E 2R EE SR N A T, & T LAY Y
=TLPIE R . 2 X T v R B2 Ui, &
I TR, E AR TR R A A, KR S RE
T DR R BRI . YR AR G IR B A AT =
() S o, s R A AR R B3 AR TR ARSI, 2 X
el EE ) A 2R P S KRR 7 X5 2R R B R X T
ZARMFF B I sKARE S AT, R A
G B RS o
1.2 HIEFRIFESFLE
12,1 AESSHEE

HEEQIFHRENAESSHEE|I CEE = P&
IRE o NGE— AN [F] T2 AR IR 2% A I 18] 53 B 2 1 Bk
= FHFS SR RS RSN , AT 7S A AR BUE S S RUN T 5%
F" R & R RO SRS, DURBRE R B i R
IR R EEEUE

BRI S, LAl 58 8578 55 72 (fractional vegetation
cover, FVC) B S B A B , ELHER A 7 Hhr LR
NS AR 2 B A ko B B N2 5 AR T30 m 4y
R ICHE Landsat TE5 BEHEEE (the 30—m seamless an-
GRS T
Y B3 0] 1% 2 (best available pixel, BAP) &R
7%, R — SN RN Landsat $558% & 120487 —
IEAFR L FEA KT (leaf-on) H RN T = ARG

R rE (gross primary productivity, GPP) I
B 28 A MODIS GPP 4 /= i (MOD17A2H) . HIF
JE =00 8 R A& BHI I [A] 73 3 8 , AR 784E GEE P&
oh, B FEERE RN A 8 X GPP 5t
T8, NI FRENS Landsat 04T [R] R EEAH DL A9 47
FEGPP sl i Bk B, AR TR AN A (7] 73 %
R ZFEEEBES —2FRNE, BEENGEETE
EQT B B 7 5 it o
1.2.2  HARMREKEEE

RGEHE (RUR FEAO) SRR T E R el R
g AR MR E 1 km S HRRIE H BUELSE , R E
5% B 5T (climatic research unit, CRU) F1 WorldClim [&
REEAERL, FHEE & B E s - ek (L3R
JE£ ) SR VBT GEE £ NASA FIDAS #8854 Ak iy 4 Bk
HEE [F A £ 5 T 75 A BUK (potential evapotranspira-
tion, PET) #0485 U5 1 B FE R 52 R AR HY 2 BRI/
I IEE AR HIUR BUE 48 (WPET) 27 P, B0 i IR T [
FHR R GRS ORI R R E m R R RS

nual leaf—on Landsat composites ),

P EEEE,
1.2.3 fhEBRFIRSIEE

N E7E (human footprint product, HFP) ¥4z Sl
T Mu 52 42 A B 4 BREE B i A 2 i B 4R L 1%
BHRGERk T ANIEE RE HA F R [R)AT e AN AL 18 B Y
FENRES L &, SR ARG 58EZE& 8
GDP RJE T S IR IR R 2 808 F 5 2 (B [E GDP
23 [R) 43 A7 A B AR B 4R 10 N 1 28 R A R R T
WorldPop R Bk = 73 R A O Ge it Eia £ .

I AT 3 25 B R S R g A R k) ey A B
KA EIR BRI T T AT, E4e R
ArcGIS - & K F A A% BUE #5552 AL bR R 48— T
WGS_1984_UTM_Zone_52N; R, LS i i f7 G 5
TR B AT BT R AN M AR R A
BRI 2 () PR EE R AEE 30 m, AFR BT A/
— 20 B R ST AR AR A B B SR T 2R MR AR (E VA
PEATANE | BRI B 2000—2025 SRS R AR S &
gt s e HLAK B R 7 B I S £ SR
1.2.4  FRMRSS A 5 R B040E

FIRFAFRAREEI N RS R G R R TR, AR
T 78R B AR 73 28 28 [ B R IR T E R e s R
5 BB 7308 & A5 B 22 Bk 30 m K4l b R AT 5 3h 45
= & (GLC_FCS30) Y, AR E S FE AR
MRTFRIGE . AR FTHRBUZ EHE 5 H Y & AR B H-
PR VB RETR SR e s AR A1, A F IR SEAN[E MR 73 EQI
Gt HT.

2 HARFE

2.1 EZRFEREBIFMELIE

A FREET( 2 EAE SR A TSR AR —
EBRGREEAL)D, FEULALFVC F1GPP 34K
ISR M AE S RER(EQD) , B FH 53
WK,
2.1.1 KEESSHEITE

MR RS R (FVC, RHId N Fy) RABIT S5
#HY (dimidiate pixel model) BEATAE 8 . ZIEAL R &
Jufs B B aitE Al LR A A a, Bt E AR

Novi = Npvii . ( 1 )

N DVlveg N DVIsoil
Ny NBTTHY I — HAEHEEEL Vv TV pyiyes
53 BN Al AN A AR R G e B NDVIE , 18 & 5k A Bt
FUX NDVISA B 75 [$145 % BLA5 XA (5% F1 95% ) HI R
FUE 73 R RL R E R E

- AR AL (LAL, S Hid N L) - HESR AR R 2
T X (B e 2B FE X)) |2 S uE T+ R A AR 256

Fy. =



936 O I iE

E42E

[ SRR R T SO . AR R i AT
B TR AE 1% 45 50 (enhanced vegetation index, EVI) 55z
LATMg g, AR m A g S id A i E AN
L,=3.618xE,-0.118, (2)
SR A= T3 (GPP) : EEKIE T MODIS GPP 7=
5 (MODITAZH) , B ECHR B33 Y AR i 2 B o 0
B, TLRREIMEEL,
2.1.2 fEbRH— 5 EQIAEE
NIHREERENZE R, Bk AR ZE R TR
B Bk 3 MERRIEUEIE— R0, 1], R fFEL EL
IR E RS ER RS R RIEE(EQD ,
HEARN

EQH — LAli + F%Ci + GPPi X 1000 (3)
K E g N ERMES R ARG L, N

H-TH ARG BAEX B Fy o NS | SR AR 25 FE AR X 2
FE 1 G o AR i SE I A IR B R Y
2.2 EQIZ{bEBMFEUEIHEE
SRR R AR EQI A A 23 ¥ A8 J A T
Bk, RA—ERANIES RS T iEA &
175347, FEALHG Sen BFZE A1 . Mann—Kendall {7 3 7%
g A0 Hurst F8E0 47 o
iR Se sk T HES 5% Sen RER R 73R EQI
ML . Sen RERA FTHEAZA

x’.':x"),Vj> i. (4)

B = Median

i
HHd:8H EQ“Q@C%%‘Medmnjﬂ’*‘{é@léﬁx,x/ﬁ\%u
HNE VR FEREQL 248 < 0, EQI 2 FFE#H 48 >
0,EQI £ At

FIHNFE Sen RERA A , AR 58 B F Mann—Kendall
REAFARGIGTED T, LB R EQI P41 M58 £, 5K
L EQL 51| 1Y 5. 2 PEHI M, AT 4347 EQI A2 {55
ETF Sen R Z A 111H (8) 5 Mann—Kendall 1656 25 1 &
(Z) BIFF5 B BUER /N, AR 708 EQU AL AR 534
BERIN A EE RIS EARL AT EF RO G
> SRR, BAA S RMMIILER 1o BEsh, R
53 EQI N [8] 551 A 758 22 it Bt , 3t 6 2 IS K 43 A iR
72, #— 25 | F§ Mann-Kendall 223 #0536 7% (L&
Zi 1t & UF (torward statistic) #13% % 82 i & UB (back-
ward statistic) ZiT B FH) . 24 UF /1 UB phZk £ B fE
DX () PN & AEAH AR I, 125 R R AR AR 3 R H 78 DR AR
AR R A SRAR M GE e 1, DU E N R 3 4R
KIEAZ BB E A
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o, o REARECE , RIS AR R EUR .
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Tab. 2 Classification rules for future EQI trends of Hegang

Sen fEfGIHE Hurst 51 BRIt
Sen's slope Hurst exponent trend persistence
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BRGS0 B PR E TG
2.3.2 RESERAHEN
EBRGHEL MR RL O EANE R, 18
I8 2 A R B 1S Y g RIS PR fek 57 4 R AT )
q. MRS Rl [A) & 75 1 78 13 [F) B s sl As e L F B
RORTER 75" WA 7858 " s R 2R B8, LUK H 2R
MANERRGFEE S S

3 ZRE5HH

3.1 EQI= B34

M EH% R , 2000—2025 S5 54 1 EQI 2B P
At R R B 73 A3 s, PR B it R R
TN R ARG S QU H ER R Rl
IR R R B B X 2 AN FHREBCR, EQLUHE SRR I
MBS B DI H, 2000—2022 4225 8] 4346 o =i

X (E,>90) 2IH R 5Kk LA FEREE 28G5 ;
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W H N A [F AR R A SRR S R e,
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10 000 =
sl 8 EQUAfE + ikaz 1100
forest area mean +sd
92.85 92.68
8639 195
8000
80.04
7 613.6 0.0 100
CV:3.6% (CV:3.5%)
~ 6000F
s 185
<3 5
E[/ S
E< 80 .
' -
40001 (CV:8.3%)
175
2 000F
1630.3 = 170
(CV: 12.8%)
o : : 05 33 les
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Fig. 1 Forest area and EQI statistical characteristics of
different stand types in Hegang City
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(b) 2000—20254EEQIEHE 43413 A1 I 4]
(b) box plot of EQI data distribution from 2000 to 2025

2 EQIf£2000-2025 £ A ) 545 1E
Fig. 2 Time-series characteristics of the EQI from 2000 to 2025
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