Geographical Science Research HUEERLZ75F 5, 2023, 12(2), 184-199 Hans X0
Published Online April 2023 in Hans. https://www.hanspub.org/journal/gser
https://doi.org/10.12677/gser.2023.122017

FETETREZENEEUHER LSS
BB

LEF
PR LS T LT R ]

Woks H . 2023424230 FHER: 2023F4H12H; KA HI: 20234F4H20H

HE

FEZRRESRAVA SRS, BBEAZIEHBHTLFEE, SAREXBAESTE, EEBRTH
ANEFBEHHEAFEENAANME. Fik, BHRRMTSET AR SEARIRT . KBESHER
FEERN. T, ZCUFETARANR, HTM. ETMFIOLDE R G LR HI1T I E 5R A2,
S3HT2002F2015FE 5 R TR T SR AT H I 22840 R AES KB, EREH, 2002~20154 ], FrE
TR G2 HHRERDOEY, B T224.42 km2, HhHEEMBORE, WA T 130 km2; L7
FRBA BRI X BRI EMFHX; SesRRENEBEERHERX ZSRERAK TR, HiE
¥ RY, T EFHRENFETRATNYS L EAEs, 58&6aFRKEEREN—E RS,
K §Eia

gtazh, WERN, BESK, e

The Spatial-Temporal Variation
Characteristics and Ecological Effects
of Urban Green Space in Jinan

Xuening Xia

School of Geography and Remote Sensing, Guangzhou University, Guangzhou Guangdong

Received: Feb. 23", 2023; accepted: Apr. 12", 2023; published: Apr. 20", 2023

Abstract

Green space is an essential part of the ecosystem. It can effectively control the disorderly sprawl of
cities and maintain regional ecological balance. It has important utilization value in the construc-
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tion of low-carbon cities and human settlements. Therefore, it is of great significance to study the
layout of urban green space to rationally plan the city and improve the ecological environment.
Based on this, taking Jinan as the research object, the TM, ETM and OLI remote sensing image data
are supervised and classified to analyze the changes and ecological effects of urban green space in
Jinan from 2002 to 2015 in this paper. The results show that from 2002 to 2015, in general, the green
space in Jinan showed a decreasing trend, a total of 224.42 km?, and the forest shrubs had the largest
reduction, a total of 130 km?; the land use type changed greatly in Shanghe County and Jiyang Dis-
trict; the potential impact of the reduction of green space is the reduction of air quality in urban areas.
The data preliminarily show that the annual mean temperature and environmental respirable par-
ticulate matter in Jinan are both increasing, showing a certain synchronization with the reduction
of green space.
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1. 518

BEA&E IR TG A R, IR @ A AN, ST RERISGEE, B TS REN T, 5K
A 2 REZE D, 0 AT AR GRS B 1 A7 T R [1] o I T % (7% [R] e 8 22 il AR A PR e 7 [ 2]
ST AR A IR SRR T E 3], BEA Ak 8 T S P B R LA B TR, AR R T M R R TR
[4]. HR5 A2 N HI(EL i COVID-19), 37 4¢ ta 2 [a] (ARSI S 90K, REfE R AT I A2
JERIOAS[S], A NRAEAFRIR & I A= A5 LRl [6]

RO TR S R R 2 7T, BT A s (R S . SRS S IR BT VA, 4
823 [B) A A 200N A5 7 T o 48 T €8 2 ) — 1] p 3 T P () A 17 SR [ 7], S ) 2 R Ao FE 1 s AN T
FESCEE IS T, YR 2625 (R o] DL IR T X — Ui b, XA B AR, s &Fh
IR AT [8]: FEHLER S, TS A S R R Y A RERA . K3, AR AR DA SR S Sk 9]
FEAS R, TSkt s (A S IR T AR . RRPK DL By = 44 2 (A S (25 (R R 48 [10] o 4555 LB 223506}
TR T S €023 V) (A M TR A SRR 9 P 308 T 4 €00 25 () B, 55 40k 71 90 Bl P T A A 78 i 1 DX 3,
FEN T a2 [a fl SR [

TESGR S S BRI, &Rk CRBONRE, [FIR RGNS S R, TR EE S ) 1 & ps
R S T A5 B SR [11] . 2558 58 S50 F S KM AR B 43 SV AT L 28, IR TR VB HE MEREAT A
FEVEAY, SERM, LHb SRS R, SCEL YO g e sk s (R (R R A A AR A
TR RN W 25 WU AR B 25 A o T VAR [12] s 2R 45 DABRAL AR 7 X, A8 QuickBird 5215000 121 X 1) - 1
VIR SHRE T AT O T, R H LA B Se a0 45 Rgh AT 70 i, 45 AR, FE R AN 55 1) X3,
I ARAR PRSP T R [13]s AR SE RS B 23 (] o F e i s s A8, AR T )0t R 1%, 8 Bl A7) (1 SU B 45
fiE, MAREHIREAENEN T, 25 E8E L, RIUEEE m[14]: ZESMARE Mk, mid
FHIFOT SARA A TR FI SR S RAE M JFEE, BB R B2 I X 5, T SEIILTHT [7] 155 43 3% 6 08 ik
M R S B EE 25, LI, Deeplab B0 A5 BARKMIXTED, 70 ZH5 B B = [15].
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FE 536025 8] (1) A 28 RS F A THT, BRI 4545 B CITYGREEN #E7,  AJF 7t S Hb R 48 1 AR 2SR 45 Th it
WEBR 1 30T SR b RERE W WSCE TS e, BRAE TS B AESR X A, NI 2 A R B 28U [16] s R4 FH A5
N RUBE s B (R 7500, R S0 IR R b 285 4 28 A o TRV K SE PR R, 3R RIS DA 3 N 21 679%000), P iR
RN 52 HLJE T #4252 [17]; Schuch 2500, ﬂﬁﬁ?f’%@‘lI!ﬂﬂ?/ﬁmﬁﬁiﬁm@ﬂﬁﬁ?&fﬁﬁﬁ[18]:Lafortrzza
SRR I, T SR AR (R RR S FR T N R FEARME[19]: AR Sl i i e B RIE T, LA VEN
T A ] R SS ThRE[20] . 45 LATIA, TSkt s ) S AE AT B EAR G, IR B AN T 20
(AR 53, AR AR AR T AR b B A5 % FEdEAT B 7

BT RIRBIETL, 0TS A A AT 000 G048 AR AT B AT T, A TRV 0 3 ARG AN ) 1 X (7% 1 2 3
S PREE IS T R R R AT TR AT, 3R I At s [ DR R ) P R R B T R R A s . B
AR WIS T4k T R BROERRE, 0T 7 MO TiT AR 2530 7T 1 0 BEPE AN BBk, S T HEBh A Sk i R s
LT E[21]: FAF5 M T SR B L AR S IR & B0, s T AR ASHR AR ] 5 R AR A IR 1
RIVE[22]: XIPTHECASRER T B, I E SR G0F dhde = J7 T AR 2SI T v SE AT b, M7 &
AR T ARSI T A R A [23] FE PR AT R LA IR T B, o AN [ 3 T gt 6 S R A )
BHRE PM2.5 IREHHT RN T, S RIN T PM2.5 IR 5 (1 4% 2 A1 R DAL SR [24]

BT, ASCLAGF R TN %, T Landsat [¥] 2002~2015 4 (WIS AG s, 65 e T

S o2 [A] PR 25 AR A S AR S RN AT 0, T Al 2002 31 2015 4 [R5 5 17 38 117 £ €0 2 (8] R ) 25 AR LR
ik, NS HTEE R T R AR . A BRI T A SO AR AS PRI LA SR RO S
2. ARFZESHE
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Figure 1. Geographic location of Jinan
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Drra s NI 2, RIRRKBHIEFE R, HEZ N, ERMAFER, WATRARMEARNE,
A MRS INKESA IS, 0 S AL X A Bt 7 58 DU A AR [27] o 5 e T A i i 2B S
1%, V353 13.5°C~155C. #hil 2019 4F, Frugi i sl 10,244 km?, IREILRILF] 71.21%.
2019 3 I HL X A2 77 KAl (GDP) 9443.4 {278, o EEK 7.00, Hi s —r K 1.3%, 5 5
BK 7.8%, FE=rAEK 7.0%.

2.1.2. Wimii#ig

PRI T E R ECE, TR R, IRIX AU 2003 4EF) 200 km?,  F] 2019 4EAEK 760.6 km?,
T A T R AT 22 . SAEAL ZRAE 2000 4E N 44.43%, ) 2016 4F ik 69.46%. Fh/INTH[28])HRAE I T Ak
FRIRARIG T B I T A K RN 93Ty 1949~1980 4EZ2 12 M FT 1980~2013 AF R . 2= ek [29] MR 45 v B 4
BRI T AL S T RRZE, K g Il i Ak RSB B4 9 2003~2008 4t 5 HIRE KT B A 2009~2017 4E 1 )5 ]
AR B o

DRI, 635 T T 3 T 4 £ 2 (D B 28 A0 0 S FL AR SRS 9, S 5 A A A B LA o 2 ) BV
SEERE O, [ A A A AR T R R R A T S R .

2.1.3. BHEKIE

TEHAT 22 B AHIE IR AR I 7 2 AR AR, S8 IR PR 2 0B [30], B, MR ARERE
PR — T B IR [31]s LR, IR BRI 8] 1) B8 N 3E B 4 Hu i) - b7 A b 5 0. AR Lunetta
SEMBT TR, R AR X, B T T Rt A St P AR A, B T T Rt K B 8t SR AR [32] o MU S
P S PF R TI 2002 4F 3 2015 4E4AF4F 10 A 19 Landsat 38R 505, (HE BT Landsat 528 5l R 4,
WCARIE R (18 B AAR #0210 A, MU ATREMIERR#EE 10 A I8 A% .

TE B AR BOE SRR T M 2 0] B0 2 A TP 808 (http://www.gscloud.cn/) , BEZRAE B L% 1.2002.2009.
2015 A5 FE A G HHE DA SR I T4 0F N FLIRGERIE T-5F B 1 e /= A FF 24 (http://jntj.jinan.gov.cn/),
2017 A E T Gl R R K 2017 A4 E B o SR B ERIE T 1L AR HbAE A FEIRSSF & = A
(http:/shandong.tianditu.gov.cn/). H1 T35 B i (AT B X RIFE 2002 4 2] 2015 48] K A2 it 2 B, B SC
TR 5E SR F SRR 1) 2017 4R AT BUX RIME AR SCH AT 9 X 3

Table 1. Remote sensing data sources
= 1 BRI

AR Pigs FRAZ I (8]
Landsat ETM 122/035. 122/034 2002/10/06
Landsat TM 122/035. 122/034 2003/10/17
Landsat TM 122/035. 122/034 2004/10/03
Landsat TM 122/035. 122/034 2005/10/30
Landsat ETM 122/035. 122/034 2006/11/02
Landsat ETM 122/035. 122/034 2007/10/20
Landsat TM 122/035. 122/034 2008/06/08
Landsat TM 122/035. 122/034 2009/10/17
Landsat ETM 122/035. 122/034 2010/11/29
Landsat ETM 122/035. 122/034 2011/07/11
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Continued
Landsat ETM 122/035. 122/034 2012/10/01
Landsat ETM 122/035. 122/034 2013/10/04
Landsat ETM 122/035. 122/034 2014/10/07
Landsat OLI 122/035. 122/034 2015/10/02
2.2. BIRABS 54
5B ENVI 5.3 B0 22 I AH & B AR B AT B TAb 38 . B 7038, B MA ENVI 5.3 BT

Gt TR &L R KB G &8 ArcGIS 10.2 #{4FEI/E 2002 2| 2015 4F -+ HoF) FH & 0
2002~2015 F5rEg T A AL I, $2 0GR R BT AT X R s A8 B Excel #4420 B 4 €a 23 () AR AL 1
BURAS [ i BASR e 25 () sh S AR, HIEE PR .. SRR R
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Figure 2. Technology roadmap
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3. T EHERE SIS T
3.1 REFEEEREN

3.1.1. BUETAE

AHIEFENT BT FH 3% S A (TMUETM/OL ) T AL 5 A2 4n R

1) Zar4h4z: BT 2003 4 Landsat7 FOALEGIRGAT RS IE 38 B RR, 05 SRAS e BB AATE %l &5
RGN, T AR SC 030 4 B A e 4, R X A7 18 ol R P B A7 26 A 4 A, AR S ENVI
5.3 Y JEHE1E “ Landsat_gapfill 7 ) b S 347 b 4

2) B K7 B T T I S 1%.(122/033. 122/034) (£ 1), 1) ENVI 5.3 ) Seamless Mosaic
TH TR

3) JUMTHRRIE: JEUERy 2015 4E 1) Landsat8_OLI 3EJ& 5415, SRIETE 2002 3| 2014 4F {3 IK A% ik
gz AR AT o

4) #HET: FIFH 2017 4 E TSI R R E K, ] ArcGIS 10.2 FEEUHF e T & L A, £5 8 ENVI 5.3
(RIAS U 36k B T Lo 3B S RS AT 40 BT

5) & ERR: A ENVI 5.3 [¥38 H%& 51 %€ b5 1.H Radiometric Calibration, 5&#r J& i 1% i 28 £
FEEEHTE 0~10 Z [8].

6) KAAMLIE: ACHH FLAASH T HHHT KA IEA . FLAASH THRETGICHITRIE, M
AT LARE IE (198 S S 51 AR RE, 17 HL o] U7 6 = AIANE = 2 0 2K 8, BB BRI, &
T TR AR S 5

3.1.2. B&#EE

1) a7 RHR SRR KR R

A2 T T X SR 1L «iﬂﬂ%m%ﬁ%»@WTmmomﬂ)«ﬁm%ﬂﬁ%ﬁ@»@wT
85-2017 ) FH 3 S 1) 75 18] 43 B2, A8 L 3R] FH 2R 03 A4 22 b 10 B 4 (0 7 (R R AR SR (0 B (R P A — 2 2R
(#%2), K. REERHL., RH. Luﬂiﬂﬁ%uiﬁﬁ%i@ﬂiﬁ\#%};‘éo

Table 2. Classification system of land use types

=2 THFIREB S KR

— gk — gk g
K RERALU N TI T K E K I,
AR — R S K, . . A,
LI ARG, P E
K N, K. e
T
oA R . B . R

2) PATIIE
Exw%ﬁ$ FIF ENVI5.3 ) ROI TOOL T H, 8hEad ks m D2 EEE B MRiERE
SCNERFEAR, BBGEEA HE’J&E&QHAEEETWEKWM@EIJHT FERI B RERIE, DR RIAH A
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BN, BRI SR E L 3,

AW B AR I R A bR L B B R AT 350 ME T, HIE) A T 80 FE % . R compute
ROI separability T HFATFEARR p BIPETHEL, BERIFEARRI A B IERT & 0 R ER, 450K, EKE
GRS B KT 1.83, AT LAHEAT 202K,

Table 3. OLI image interpretation marks of each land type in the study area
7= 3. ARXAE MR OLI EFIERE

BB KA R & BB HFAE

FIEWR W, K,

5,6,4(R, G, B) 7K AR A T
7,6,4 (R, G, B) IR A EIUARE M
A BN R Sk,
6.5.2(R G.B) RH B3 M
7,5, 3(R, G, B) ARVE 3 TG RN FREE St
- -

G, SA5%, FESM . 'l"‘

6,5,2 (R, G, B) Hofth FERBE X BT, RN |
AR
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Figure 3. Land use map of Jinan from 2002 to 2015
3. 2002~2015 £E3F R L its FI A E

AT B R B KA R %, 2O AR T AR B R - S BT R, IR
LR BN R E R TCHEAT 202K, FE B R T B IR ok, I FE 26, 70 REE R ILIE 3.
B R, B ORRARH, KEOARE R, ORI, 50O ARl .

3.1.3. T HLER

ASCAEH ENVI 5.3 [V F BE T2 AW 2 R 2 15
FEPEAN &5 Frf L 2002, 2009, 2015 4F (14 B e e o

tH# 4 AT RLE Y, 7E 2002 S50 8Bl U ot 22 AV 40 22 K R LA A b, U iR 25 R 4y
WRZE /IR K AR o DR A P R b LRI 3, TR Y S S R R, R B2 R A A
0, By 15 3 e FH B R B V] B A0 PR AR FE ARV VR I AR 23 R 23 R 175 100 B0 ™ B . ARG B2 2 80.01%, Kappa
FE0N0.72,

H7 5 FTLAE Y, 76 2009 20 RBm b, H 4015 22 R 201 22 B K A LAt P M, 8 205 22 A o
R/ KAR . KRB R R, HLEE T K FE BUSE U B 6, R RO A NS
4 80.21%, Kappa RN 0.73,

BH7 6 FTLAE Y, 16 2015 o0 R Bdm b, HE iR 2 AR 0 iR 28 B K AR R R P M, B 20 i 22 A 40
REE RN . SAKEE Y 80.87%, Kappa RE 0.75. Mo JAEBEVEM 45 T DUR I, fRPEm)
K FE 5 AR 0 ) 288 T R 0 3 DR 0%, S2 A0k 8 S T b D R T e ) B i K

/

FrA M SEPRIE L. 2002 B 2015 E 4025k
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Table 4. Accuracy evaluation results of land use classification in Jinan in 2002

4. 2002 i L FI R 5 2B EIFMER

KA A B L PRIE B oAb H Total Error C (%)
AR 1998 66 200 42 35 2341 14.65%
A H 69 505 20 46 17 657 23.14%
A H 222 23 820 21 21 1107 25.93%
R E 21 53 18 499 15 606 17.66%
HoAth I 4 43 22 49 17 261 392 33.42%
Total 2353 669 1107 625 349 5103
Error O (%) 15.09% 24.51% 25.93% 20.16% 25.21%
7E: Error C = 4502, Error O = J§/0iR%. S4AKEE =80.01%, Kappa=0.72.
Table 5. Accuracy evaluation results of land use classification in Jinan in 2009
= 5. 2009 R L FI A S LB E TN ER
PICEN A H WUHRL AR . HHL HAM M Total Error C (%)
KAk 1067 33 76 35 30 1241 14.02%
A< H 37 351 41 15 10 454 22.69%
A H 67 41 520 22 17 667 22.04%
R HEL HOHL 31 21 17 267 20 356 25.00%
HoAth I 3 23 19 16 15 170 243 30.04%
Total 1225 465 670 354 247 2961
Error O (%) 12.90% 24.52% 22.39% 24.58% 31.17%
H: Error C= H40%2%; Error O = JREZE. MR =80.21%, Kappa=0.73.
Table 6. Accuracy evaluation results of land use classification in Jinan in 2015
F< 6. 2015 R T MR 2 EEE TN ER
IKAK A< H WM PR B HoAth i 3 Total Error C (%)
AR 1067 21 67 33 35 1223 12.76%
A< H 19 330 18 25 26 418 21.05%
s dathiil 77 22 367 27 60 553 33.63%
MR B 32 31 20 567 24 674 15.88%
oAt I 4 42 26 18 39 467 592 21.11%
Total 1237 430 490 691 612 3460
Error O (%) 13.74% 23.26% 25.10% 17.95% 23.69%
7E: Error C = 450%%; Error O = J§/0iR%E. SKEE =80.87%, Kappa=0.75.
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3.2. REFENSTLHIHT

3.2.1. BFYFE

H P 3 Mgt 4 R a5, 2002 4EF| 2015 35 T i ax (o A AR 22 N i sy, Bt y) &2 BTt
R, Ja SO, R — B RIS, IR T 2000 fERSIDEY B, B R TN T AR B AR
I, RS R TR0 R R, B DAL A MR AR S BT, Rl A R AR O T
WG, BEEF R RS, B A bt BT AR A b R TR OB kD> o B TR
BIRENEEMN, BUFHGBUR, #HoMRARIRBIAS M EZEN:, K HASEHEE 5S>, Bri
RHEXA T LT

FRAE LR F AR e, PR 2002, 2009 1 2015 A4 A5, #rirma Ti7 LuoF FH AR AL A5 100 2
9 2002 £ 2009 4E A1 2009 | 2015 4F#H N E .

RIEBIE it S m N T 224.42 km?, ZRALIRE N—2.81%, 2002 43| 2009 425 (b g 5 &
BT 2009 4E 3 2015 4E. W17 7 WL, AKAARAE 2002 4E AR My 527.3 km?, 2015 £y 432.88 km?, L
Hi 6.60%48 /y 5.42%, ARAUIEE N—-1.18%, & 8 il B f /IR R B 2870 . ARGE R AE 2002 4F 1) THI AR
4 1730.53 km?, 2015 4£5 1600.53 km?, LHufsily 21.65%7% Ay 20.03%, ZEAbIEE A—1.63%, X LKA
AR 7 0.45%; A< FHAE 2002 4EHITEAL Y 4091.10 km?, 2015 4F 2y 3817.07 km?, L1 51.19%4% Ky
47.76%, APALIR S N—-3.43%, (HAFVERAISE, 2002~2009 4FE 4 HEARLE /D, 177 2009~2015 4F4% H T
FUOMAERG I, 3X 5 BUR I BOR RIS KR I R IR ISR 2 A 56 v g Rk, A 2002 4E1)
1027.91 km? | 2015 4E4% 4y 1693.39 km?, ELHI M 12.869%18 K 5] 21.19%, ASLIEE A 8.33%, &8 1bIE &
K R R 2R A Hh 2002 4 5 S AR IR 7.70%748 5 2015 4 (5 R TRIAR 1) 5.61%, F40IRE N
2.09%. [T A<, HoAh MR F AR 2002~2009 4 ¥)75 4018 FE B & = T 2009~2015 4, — 77 [HiA& KN
2002~2009 FERF[A]EE BEAOR,  — 5 TR DR A e A0 ok [ GO T A A i @ e B, AN RO TAES 3
25 1) AR

Table 7. Land use change in Jinan from 2002 to 2015
= 7.2002~2015 i Ea T LA A L IER

IS [ (4F) eyt KA A H WM ARERH HARAH JEResE SRESE
i A% (km?) 527.30 409110  1027.91 173053 61532 573433  2257.83

2002 43 L (%) 6.60 51.19 12.86 21.65 7.70 71.75 28.25
A5 (km?) 426.20 3806.32 159259  1679.41 487.65 5886.56  2105.61

o 75 (%) 5.33 4763 19.93 21.01 6.10 73.65 26.35
i A% (km?) 432.88  3817.07 169339  1600.53 44833  5958.79  2033.41

2o 43 L (%) 5.42 47.76 21.19 20.03 5.61 74.56 25.44

A Eﬁigg?ﬁé;?% ) L8 -3.43 8.33 -1.63 -2.09 2.81 -2.81

3.2.2. BYZTEILAFAE
ARICHFIH ArcGIS 10.2 S A4-HR G rE B 17 AT BUX R, i/ 2002~2015 G F35F a1 L A1 FH AR 4k 1
(K 4~6).
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Figure 4. The change of land use map in Jinan from 2002 to 2009
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Figure 5. The change of land use map in Jinan from 2009 to 2015
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Figure 6. The change of land use map in Jinan from 2002 to 2015
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Table 8. Dynamic change degree of green space in different periods of Jinan
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Figure 7. Change chart of environmental quality in Jinan from 2002 to 2015
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