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Remote sensing evaluation of ecological environment in Urumgqi City and analysis
of driving factors
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Abstract The ecological environment quality assessment is essential to the sustainable development of the regional social
economy. This paper takes Urumgqi, Xinjiang, as the research area, preprocessed the Landsat series data of 2000, 2010, and
2019. The principal component analysis method was used to construct the Remote Sensing Ecological Index (RSEI), and the
single factor analysis and the multi-factor interaction analysis method were used in the geographic detector to influence the
eight factors of RSEI (population density, land use type, altitude, economics density, green degree, humidity, heat, and
dryness ). The quantitative detection of the degree of influence was conducted, after which the dominant factors affecting the
ecological environment quality of the study area were revealed. The results show that: (1) The average RSEI values of Urumaqi
in 2000, 2010, and 2019 were 0.21, 0.21, and 0.23, respectively, showing an increasing trend. During the study period,
Urumgi's ecological improvement area was greater than the area that deteriorated, indicating the ecological environment
quality of Urumgi. In a state of improvement; (2) In the past 20 years, among the eight impact factors in the study area, the
single factor heat index has the strongest explanatory power for the spatial differentiation characteristics of RSEI; (3) The
spatial distribution characteristics of the ecological environment in the study area are the result of the mutual interaction of
multiple influencing factors. Considering the interaction of multiple factors, population density, greenness index, and dryness
index are the main influencing factors and key driving forces of the quality of regional ecological environment. Evaluating the
quality of the regional ecological environment, understanding the status of the ecological environment and mastering its
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changing laws do not only aid the promotion of sustainable development of the regional economy but also has important
practical significance and reference value for constructing urban ecological civilization.
Key words Urumgi City; ecological environment; driving factors; remote sensing ecological index ; geographic detector
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&R AL T BRI KRG B, Hidh 86°46'10"~88°59'48"E, 42°54'16'~44°58'16'N (& 1) , +
HUTHI AR A 14192.78 km?, 2 3% [ 7 At [X 25 B 7 oo 3 T RO D [ ARSI 76 S F 1 o i B oy, TS
fENF 3.51x108 A, 2018 fEHAAILE N 74.61%(22), € ARFETT L M AR 5 S AR 50% 0L |, 3k
EAARK, FFEE. ZRAbEBE, hEAILEAC. 1 XSEYMEIR 800 m, B s R (L AR AT, MR 5445
m, FARALFER BE K EE AR E R, #§3Rk 490.6 m. W 7% X & R A KR vE T 8280, 5 AE TR
M, BRIEZERK.
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Fig.1 Location map of the study area

1.2 HURRIRERALE

A 5 3R HL ) B K B AR AT DEM U8 Sk B b 7 25 18] #03E = Chttp://www.gscloud.cn, 30 m>30
m) , EHH X =&/ TF 5%, KA BTN 2000 4= 9 H 2 H. 2010 4 8 H 20 H Landsats
TM #2019 4F 8 H 13 H Yy Landsat8 OLI @ /& 554 (http://glovis.usgs.gov/) . & ENVI 5.3 #ffH
BEAT R SN SE R AR ARZIE . Horhr 2000 4. 2010 4F A1 2019 47 1) kb 1) FH 28 Ja M 00 25040 A N 11 72 ) 43
AN B RS 45 2 2000 4, 2010 4Eff GDP (A 404 2~ BLIAS B4 (LB %) #RIE T [
R B 95 YRR R E B oty Chttp:/iwwweresde.cn/) , A1 HER BN 1 kmx<d km. M E 254
S REARH T 6 (http://data.cnki.net) G THE S F 3R 2019 FHF 7L X & GDP ¥, F45& 2019
SN VB RE L b R 2 A R R TAD KT o B e SR 2 IR 1 BEE 23 e vE R DAAT BUX N G it 5T )
GDP %4l 2% [a) AL B M A B e F 123251, MRHE 4y AR uE Xt 3 31 - Mo R A 28 AU A4 R A B st . MR, B
My KIS, R AR M 6 A — SR kAT T AL #EI26], 2019 4F VRS A MR AAT D6 Bl R
H T 5% [l 3 57 848 = 5 M9 (http://glovis.usgs.gov/) .

2 WIRAZE

21 EBRAESEYH
FE R E A48 % RSEI (Remote Sensing Based Ecological Index) &4 fk 274 22 5 I AR A & Uk
T R0 0 % 7T A A IR AL R R B R SRR A TR R R MBS TR B RE. T
& A ANARET, KEHETFXANREEERRRIEmE, W2 AN ESHEREFRMEERER,
BA it RSEN ] LAZR & AR B 78 X AR A A BE (19 5 51281, RSEN 28 B A A FR R HeR ik U F -
RSEI = f(NDVI, WET, LST, NDBSI) (1)
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AH: NDVIZLEE4a r; WET Z2IBJEFa4r; LST &M i8hr; NDBSI & @S A 4845 .

(1) ZRJEehn

23 BEFE AR T DLE S RERIF 9 DX A3 1) A2 KA 55 AR B - T AR AR BRI AR B 2 TR R

NDVI = (B4 — B3)/(B4 + B3) (2)

s B3 il B4 43 il A3 08 BB 1 21 A T 241 A0 B O

(2) ¥RSEFebr

) FH 38 [ 2B A SR S 0 5 B M DA e AR A R 358 (P PR 29, YR REFR AR R WET K
TN

WET = C1B1 + C2B2 + C3B3 + C4B4 + C5B5 + C6B6 (3)

AH: B1~B6 il fCRIBEREIEWE . &, 4. LA, LA 1 R 2 P
K, X F TM &8s C1~C6 43 il A4 0.0315. 0.2021. 0.3012. 0.1594. -0.6806 #11-0.6109; OLI 1% /& 2%
) C1~C6 43>} 0.1511. 0.1973. 0.3283. 0.3407. -0.7117 A1-0.4559[301,

(3) HJEFE AR

BRI HERIRE (LST) HEd RN R IEMIEE RE R, FA Landsat Hd A r#4
AMNE B, THESERE LA, A THER R e KIE. AxN:

LA = gain X DN + bias (4)
B(Ts) = [LA—L T —t(1 — )L {]/te (5)

AH: DN NG ICIKEAE; gain A1 bias /A 8P B 6 M3 s (H S5 EE, 7T DLANAZ 09 S SO 3R
3. B(Ts)NBARRG 72RE; LA LA KA EA RS NN R © N RARLINE B E S
i og NHIRWIRNZ, HIPUEWZS% CR[31]. £&d A (5) fr%ﬁﬁ/mf FELHAT AR SR A 1B
REVE ARG LST:

LST = K2/1n[ﬁ + 1] (6)

A T Landsats 1%, K1=607.76, K2=1260.56; X T- Landsat? ¥ 1%, K1=666.09,
K2=1282.71; X}F Landsat8 .14, K1=774.89, K2=1201.14.

(4) TIEfetr

R T XA T B R R R A MR DL R T AR A R, A ek R R b FR %
(SO FIEFIRE (UBD & A/ENTEflr, N (NDBSD B,

NDBSI = (IBI + SI)/2 (7)

B B B B
N {B;+5B4 [B4+B3 BZ+B5]} /{B;+SB4 + [(84-;}33 + B2+2B5]} ( 8 )
= [(B5 + B3) — (B4 + B1)]/[(B5 + B3) + (B4 + B1)] (9)

(5) AT M
(AT T (PCA)D & 2 i B B MG AR 338 ot i I 10 T v 2 — 1820, Rl e pr i B 1) 22 A F b

HEAT AT 43 AT, DA 31 X S 45 bk e A 28 2 1) EL AR ST I 22 B FR AR SR AT AR B IR .

(6) 1AL H R

AWK TR W iR 4 /\?E.fm, Bl A S EH LR 4 MRS — ks
(PCL) SRR .. BT LA bR EEEEAR, TEE 4 NMebsH—1b, AEARXT:

RSEI = (RSEI, — RSEIy_pmin)/(RSEIy_max — RSElg_min) (10)

A RSEI NEBAESREL 2 4 MEEUH L EHH N FEE 5y . RSEl N A SR
WG (RSElg=1-PC1) o RSElg-max F1 RSElgmin NHIGHE RSElo 8 K AL A5 /ML o 38 8 AE S FR AR
Bl 1 RGN ELF, RET 0 RASIAE M EmZE.
2.2 HhIBIRMSFEER

i R 2% — AR 25 (6] 23 S MR s FL S SR IR R I G i 2 VAR, A 2 R iy
iy 3 2 8] 1) 45 20 2 TR A 2 e 1 ok s AR AR e AR B R FE B, AR S R AL S A UF
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AVES RN R 7T 2 N RS0, BAL 4 NI G R : R FHRIA% . S BRI g . RS
PRI AN A S TR B, A SCAH B DR 7 4R D0 25 R0 58 ELER I 28 5K 43 B IR 3l PR 7 3 A= A TR B ) S i 2

(1D BHFHN

BRI 7 R0 32 22 F TR 00 i 2 B 40 S e R B R 1, AR s

q=1-—=Yk_ Nyof (11)

X q AR ER RSy, AR IME: h=1, --L; L NKEAZHE RSElI
B AR & K 12 0B R4 N AN 53 R AN [ 43 1) DX 380RN 4 X8 N IR RE AR 3 of Fla 253 A A
[ 73 5 H) XA 4= XA RSEN I %2 q RIEUE N[0, 1], q fEBR KR B IR 70 18 ek AR A 4R HU ) 52 i
K

(2) ZHARN

A BRI A R R WA R g md R Z X A BN BEAEH. 2 MATFHEEHRESHIL 5 Mg
B, 4rals: % P(ANB)<min[P(A), P(B)], WKT A 1 B X EAEHEHWAERIELMERIE: &
min[P(A), P(B)]I<P(ANB)<max[P(A), P(B)], W £ k55 : # P(ANB)>max[P(A), P(B)]Zk #
P(ANB)<P(A)+P(B) , M| X A F # 5 ; 2 P(ANB)>P(A+PB) , N dE £& ¥ % 58 ; 2
P(ANB)=P(A)+P(B), I E JhA7.,

3 GZREHDH

31 ABMEIERERD S

% 1 ] LUE H, 2000 4F, 2010 4FF1 2019 AR IR BT HE A5 28 — 3 oo ARFAEAE 7 14 0.1475,
0.0629, 0.0622, HF{F{E TTHk 24> 7~ 82.69%, 89.02%, 88.71%, 3 HIZ14(K PCL Wtk R #Eid 1
80%, Ui PCLHEET 4 MabrlfKE»E R

® 1 OEBRAESREBI LRSS T
Tab.1 Principal component analysis of remote sensing ecological index

2000 4 2010 4 2019 4
RAIE(E TTERE/% FFEE DIHRE/% FPIEE DIIRE/ %
PCl 0.1475 82.69 0.0629 89.02 0.0622 88.71
PC2 0.0276 11.68 0.0062 7.89 0.0057 547
PC3 0.0025 4.56 0.0013 2.61 0.0032 4.43
PC4 0.0008 113 0.0002 0.48 0.0004 113

% 2 A LLEH, 2000 4F, 2010 4541 2019 A/ 5T X RSEI 48 2 ~FIE7EIT 20 a (8] A 10 A
K, 8 0.21, 0.21 A1 0.23 2N #EE . N 4 DNEBIBFRAILEAKE, 3 SRR
T FEFR bR S (E #0220 HS AL 2000—2010 4B sk /D 1M 2019 4EE )& . AEfRbRIERT 10 a 7Y,
M5 10 a D MRHIE . FREFBFRAT 10 a FEAMRFFALM 5 10 a BEHsb . WS TR PR FIIME R E S0 E
i b AN T bR AR AR FE LR, UEHIX 2 NMERR 2 BB ARFE T RSEI B R Ewm R 2. Bk
EBEKRFWIE 20 a (AESHEGTNE.
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# 2 YGEARFNEEMIBIFHIRSEIN AL
Tab.2 Change in 4 indicators and RSEI in each year in Urumgi City

Ty giitHa NDVI WET LST NDBSI RSEI
BR/ME -1.00 -0.02 -20.78 -0.90 0.00
SZON| 1.00 0.02 63.64 0.37 1.00

2000
¥IME -0.02 0.01 8.93 0.02 0.21
bRtz 0.06 0.00 13.86 0.09 0.30
BR/ME -0.76 -0.03 -18.48 -0.82 0.00
i ON | 0.52 0.02 5431 0.50 1.00
2010 1[N -0.03 0.00 10.07 0.02 0.21
FRtE 2 0.10 0.00 17.25 0.07 0.32
B/ME -1.00 -0.03 -16.21 -0.81 0.00
KA 0.60 0.02 54.24 0.72 1.00
200 BE 0.03 0.01 8.87 -0.11 0.23
b 0.06 0.09 1520 0.18 0.33

3.2 RSElI B=3 o

MRYE CERHREEMBARIIE) RSB PR kR, g KA ST BEE IR 0.2 K kR
N5 AL, AR (0~02) . AESKE (0.2~04) . AEX K (04~06) . AEBE (0.6~0.8) M
AL (0.8~1.0) 14%] RSEI (= A A 2, FFo &Gt 331K 3.

K2 LEARFTEBRALSHEIMELS T
Fig.2 Spatial distribution remote sensing ecological index value classes in Urumgi City

MAEZIATE BRI S [ ME 2 kG, BRERESHEACX IR EZEPERIL GRRRXD
FIVERE (BEARFE) B ERHIX . 20002010 4E1 10 a [AAESHEEFRERAE T %, {H 2010—



HEHHE A 0% SEARFT ARSI I PRI S KB R T2 #r 7

2019 FEABHE R EH I SE. HE 3 A&, 1T 20 a (A1 5T XA [6) A S PR 5 i S T o T AR AR
WZEF IR Hrp, AR A0S g 2 AV 22 10 X AT o S T AR B 4 B AL 2000—2010 4 43531 38
TnE] 2.86%F1 13.38%, 1fiF| 2019 X AN TH AR H 43 LL I ifi 43751 R B 2] 0.19%F1 3.69%. £
IR B N — R X IR B A o AL = AR, I 20 a (A EE N RE. A SRR
N R BT ST 48 EE A 2000 51 75.91%:% #9820 £ 2010 5 1Y) 64.09%, 17 2019 4 S IZ 1
TN 75.28%. LSRR ER LI XA 20 a B2V HHINMEE . 20 a [MAESHERE— A
R X3 7 S AR 0 E 2 b 2B 5 b i s, 1X 2 NS TRV I s T AR ) 85%.

3 HEEMRESTRAI M S

Fig.3 Statistical chart of ecological grades and area rations in each years

N T =B Mt T IXAENE 30 a ARSI B SF AR IR, A SO 9T X SEBR 1 D0 KR I 2%
FH 2R SCHR[B7] 45 H 7 FE 8 AR S IR BEEH A 7 7y 5 KRR 0.3, 707 &l (RSEI $R4UE
<-0.6) , &% (-0.3<RSEl fR#(ffi<-0.6) , A4 (O0<RSEIl #%({E<-0.3) , &4 (0.3<RSEl 5%l
<0) Ffife (RSEI fR%fE>0.3) . /& 4 Az 3 Al%0, 2000 4FZ 2010 4EHH], LI R R
AR S AR EE B 1.14%, AR L RO TEAR & S AR EE Oy 32.20%, 6 W AR AR BRI 5T AR 4 () THD
MR TR . 2010—2019 4 18] £ AP0 55 58 A2 4 AR o5 S i AR EE )y 39.76%, A2 3R fA T
UL BT AR EE5] D 8.03%. 3 10 a SR ARG o7 AR 22 (O AR EE IR N B2, (H ARSI BT i B AR
T A BB AE R . AL 2000—2019 4E 1 20 a [A] AR 524 58 57 5 A 4 1 T AR o AT 58 IXRL TETAR 1) 7 0
oA 22.49%, T ARSR TR R AR I LL A 0.41%. Ui B #E 4R F B E ARSI 20 a A SHER
BRAIFHES.
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Tab.3 Detection of the change of RSEI level in Urumqi City from 2000 to 2019

. 2000—2010 4 2010—2019 4 2000—2019 4

e i AH/km? 5 /% [HiA/km? 5 /% HAVkm? i /%
e 0.001 0.00 0.00 0.00 0 0.00
6 156.37 1.14 1104.65 8.03 56.91 0.41
g 9058.09 65.75 718473 5221 10621 77.10
At 4435.82 3220 5470.91 39.76 3097.87 22.49
R 125.88 0.91 0.02 0.00 0.37 0.00

4 2000—2019 4F 5 & A FF T RSEI A4k Il
Fig.4 Change detection diagram of RSEI in Urumgi City from 2000 to 2019

3.3 ABNEREZLMEARRUSH
331 HBEFRMSH

AW T E R A SRR AN, BT RN D®E BRI R, kR, S5
FI. SRPEARPR . WRERAR . AVZIRR AT ERAAR 8 MR TR NE AR R (K 5, mTRARE, A&
BREAR, SEOHER, JUTRIEAAE EER, EEZA BT RIS, BB e 0 AR E
A E T B PRI S ] A A R G i BT R AR . RIS TR B AR W i AR AT 0 4
FFEPEE T IXVERE N 3 km>3 km [, SREUE I bl s A9 REAR R, ST 1595 A4>. SR 90 53R
HCAN [ 473 AN TR s I P D1 A B R (A B R ELHEAT DR R0, A5 H 45 TR e AR S A B o B (R R M R
R A NN EF et ai A
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5 PRI T2 8] o3 A1
Fig.5 Risk detection and interactive detection matrix

BRI F 2R &5 KRB, FrAwINE T8 P AEN 0, X RBTIE KRN E 7% RSEI 7% 8] 4 7 4F
AEXSIAT 2 2 M, S8 AT AR A S B8 20 Fe o S Ve kAT 70 M. g (R0 RSEN MU MHBREE, 22Xt
6] 73 SRR AE A RS /. 2000 47 FABRE IR IR R BEHR AR > 1 BE 45 b5 > 22 % 2 FE > BE 4 bk > 1 o oF FH >
MRS EARAR> N VR L. Hoh SRR AR BE 545 g (29K T 0.5, & 2000 4EH/F 7 [X 18 AR S
TR EFE T 2010 FHIMERE RO : IAFEIRAR>T B8 bR >4 B2 Fa bn > g o> 28 5F o > 10 JE 4
fr> A > AR, o, AERAR (9=0.706) & 2010 4B A SA RN ESH T 2019
IR RN . SRR > IR >0 BE AR AR > N 1185 B2 > 2 T 4 b > 1 Mo ) T > 28 55 85 B > FE R o
Horp, AJERPR (9=0.653) RAREFZIASHE R ERAN ESH 1. ZEpk, & 20 a KEFFIX
IR E IR bR — HRAESHE IR T 2 1, JAl ST 58 X AR A PR b (0 R i B2 B2 AT T 22 57
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F4  FEERTIRMEGE R
Tab.4 The results of single detection

VeI 2000 4 2010 4 2019 4
q 18 P & q Hey q 18 P& q Hiy q 18 P & q HEFFP

bR 0.179 0 7 0.349 0 3 0.095 0 5
MR 0.526 0 2 0.168 0 6 0.326 0
bR 0.857 0 1 0.706 0 1 0.653 0 1
TRk 0.252 0 4 0.368 0 2 0.046 0 8
Y=L 0.07 1 3 0.067 0 3 0.166 0 4
+ $ ] 0.235 0 5 0.077 0 7 0.091 0 6

Wk 0.2 0 6 0.345 0 4 0.52 0 2
LRI BT 0.263 0 3 0.199 0 5 0.072 0 7

332 ZETFRMSH
W PRI &% T AR L VEE R, R B ANEAE 2 B MR A, AN [ AR R AR A A R

M 5 4t

SEHT, PP AR 2 A] A EL A AT DA SR PR PR SR A ) — A 5 mi B8 BT DO T EE— 2B AT

e ISR
=20

M D] 5~ 3 R AR P G oo A A A B4R B0 (8] 70 AR IO AR BERE L, X 45 DA R AT S AR o 22 AR

—RBALEE 5 FEDL, . ARZRTEIKES . DN T ARLRYEIRES . XK TSR, oL, AR GR. K
ST RIR I 25 R A0 6 Fras

T XURRGRESRIR, X2 FoRIBEEARIR, X3 RIRMEIRIR, X4 FoR TR, X6 RoRANDEE, X6 &m LA, X7 Rni
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Fig.6 Interactive detector results
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Fig.7 Comparison of LST results with MODIS surface temperature products in 2000, 2010 and 2019
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Tab.5 Combination of detection factors
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