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Abstract: As the capital city of Shaanxi Province, Xi'an has experienced rapid economic growth and urbanization under the
economic globalization background in recent decades and still besets by increasingly prominent ecological problems. Xi'an is
also one of the typical cities suffering from severe aerosol pollution in China. Rapidly and comprehensively quantitative
monitoring of the spatio-temporal variations of eco-environmental quality in Xi'an is crucial for regional eco-environmental

guidance and protection. This study was carried out on Google Earth Engine (GEE) , a new cloud-computing platform with
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the merits of easy access to tremendous public resources and convenient processing of substantially geospatial data. Four-
season Landsat images of 2000, 2004, 2010, 2015, 2020 and those previous-successive target years were selected firstly.
Then, principal component analysis (PCA) was used to improve the previously developed remote sensing ecological index
(RSEI) by adding aerosol optical depth (AOD) to it, and an adjusted RSEI ( ARSEI) including greenness (NDVI) , heat
(LST), dryness (NDSI) , humidity (Wet) and AOD was proposed to dynamically monitor the eco-environmental quality in
Xi'an from 2000 to 2020. Moreover, Moran index was adopted to explore the spatial autocorrelation of the eco-environmental
quality in Xi'an. Using summer, the season with the best principal component effect, as an example, the results showed
that: (1) taking the effect of air pollution into account, the first principal component ( PC1) contribution of ARSEI
proposed in this paper was more than 83%. ARSEI could better concentrate the characteristics of each index and provide a
more comprehensive evaluation for the eco-environmental quality of Xi’an. (2) The average ARSEIs of Xi’an from 2000 to
2020 were 0.565, 0.521,0.572, 0.644 and 0.695, respectively, indicating that the urban eco-environmental quality
degraded from 2000 to 2004 and promoted from 2004 to 2020. In the past 20 years, the areas with poor and very poor eco-
environmental quality decreased by 1339.08 km®, which were mainly located in the north of Qinling Mountains. The areas
with good and excellent eco-environmental quality increased by 2241.80 km® and were concentrated in Qinling areas,
southern part of the city. (3) The improved areas were larger than the degraded areas in Xi’an over the past 20 years, and
each district has undergone both the improvement and degradation processes. It was worth noting that the city experienced
the worst degradation from 2000 to 2004, accounting for 29.41% , and the greatest improvement between 2010 and 2015,
accounting for 31.62%. Generally speaking, the eco-environmental quality of Xi’an has been improved in the past 20 years.
(4) All the five Global Moran's I values were above 0.627 in 2000, 2004, 2010, 2015 and 2020, which indicated that the
spatial distribution of the urban eco-environmental quality has a strongly positive correlation. The LISA cluster map showed
that the aggregation distribution was dominated by high-high and low-low patterns. The low-low areas were mainly located in
the northern Qinling Mountains, while the high-high areas were concentrated in the southern part of the city. Based on GEE
cloud platform, this study accomplished fast eco-environmental quality monitoring in Xi’an and will provide method

reference and data support for regional eco-environmental monitoring, management and restoration.
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Fig.1 Study area location and land use map
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Table 1 Data sources and description

TR EE 7 i T B 23 [ 7 PR R[] 73
Satellite data Products Used bands Spatial resolution/m Temporal resolution/d
Landsat 5 TM Surface Reflectance Products 2,3,4,5,6,7 307120 16

Landsat 8 OLI/TIRS Surface Reflectance Products 1,2,3,4,5,6,7,10 30/100 16

Terra/ Aqua MODIS MCD19A2 Optical_Depth_047 1000 1

22 R
221 BERAESEHENITEA
7£ RSEI A 1, 51 A AOD #df: , FIH PCA #4%: ARSEL, - 48F5 115 kg 2,
x2 fEtRitEEE

Table 2 Calculation methods of indicators

it T SHE X
Indicators Calculation methods Parameters definition
333 _ # Land OLI X7 i 18 B 1 i 1 %
NDVI[ 1] NDVI = (pyig = Prea)/ (Pri + Prea) p; A Landsat TM/OLI XS )7 i BB Y S S
by, FHH, T, AR R0 B0 Y55 B iR
U LSTy015 2010 = ¥ [(@ 1 Lensor + 92)7 + 03] +6 BE, Lypnor SRS RITSESE , @, —
Lspl2—21] Holt:y = T/ (bylon) 8 = Ty = (T2,/b,) o3 WITHTTS 4 SR ™) | o e LS4t
LST 2000 2004 2010 = Teen’ [1 + (AT,/p) Ine] - 273.15 % i3k NDVIHEERI2 ) A Rk sh
BB, p HHAL
NDSI = (IBI + SI)/2
TR ST = [ (pswirt +Prea) = (Onir + Piiwe) /L (Pswirt + Pred) + (Oxig * Piine) . N _
7 + 9 Landsat TV/OLL PR i B9 3§
NDS[ (2! IBI = 20swirt/ (Pswirt * Pnir) ~ [oniw/ (Paig + Prea) +pgreﬂ1/<pgreen + pswirt) | b
20swirt/ (Pswirt * Pnir) + [oniw/ (Pnig + Prea) + P green’ (Preen + Pswirt) |
Wetqy = 0.0315p,,, + 0.2021p ..., +0.3102,.; + 0.15%py ~ 0.6806py15,
B 0.610% gy 1x2 N N
; N Landsat TM/OLT % {0 Be i) 2 5 3%
Wet[ 23241 Wetory = 01511y, + 0.1973p,.., + 0.3283p,., + 0.3407pyp, = 0.71Tpgny — pi /3 ancs R
0.455% swira
2 I
;gﬂi(’;‘? 311 MCD19A2 7 Optical_Depth_047 7%
S

NDVI; H— b 22 (G R #3550 Normalized difference vegetation Index; LST; #ZE I E Land surface temperature ; NDSI; I —4k 134550 Normalized difference soil index;
SL AR HEEK Soil index; IBI; @3 FIHFREL Index—based built—up index; AOD . TIF I Aerosol optical depth
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3 ERE5HH

3.1 ARSEI fy& 3

A EHARAEGY U2 PCA S5 ] 1, #5440 55 — F 4 PCL B FRAIE {8 5T 8k B A e, DY 2= 7 34946 43 1) R
64.78% .88.48% 67.95% F11 48.11% , Z =R, % 182 F 2 PC1 srlk B A S, Rk, DA 28 6l R I+ PCA
DUHRBESE SR A0 Hr . B3R 3 FIJ41,NDVI Fll Wet fi7 23524 IEAH, NDSI,LST 1 AOD fij 283 4 T {EL, BB NDVI Al
Wet X AE 25303888 B AL 2V FH 1 NDSI L LST Fl AOD % A= 25 388 i i e B ASAE ), S5 S2BrAifs . 26 PCl
RIK 91.99% , fe /N 83.06% ,Z W] PC1 RBHLATHuAE A FR AR FRIEAS B, UK HlE PC1 ##: ARSEL WA 75 %
TSI T A, RSEL S M A4 S B B PE R 85, 808 N 30T ™ XA Hh 55
A S IRBE R 7 Sef it 5 RSEL AYXT LG, #E— 25K 560 ARSET A9-&HRL M

4 45T 2000—2020 4F RSEL 5 ARSEL FUFS5UE A S Y 2E L H A o, MIERERRE,
2000—2004 4 RSEI 5 ARSEI ¥47 Ir T K , 2 J5 ¥ b7t B R V8 22 i A= A A5 SR Ak 5 s, (HLEVAR )
U — B 3 MAE bR 228 M 28 46 1 43 He Sk, RSEL Al ARSEI % K 2218 4 0.018, 2846 1 43 He SR /N T
3.249% , I HEFRIAEH AT ; N3 45 Bk RSEIL 5 ARSEL (18 4= 28 90 5134 g vh S5 T A 4, A48 bR 7 BB
- B 255 (H G R 5 e — 30, B AOD X AR S IR i — /8 R, AR R T B S GO A
{BAE ARSEI HEVAS LAAEL, SEM i3] 1T ARSEL 7ERFST X Az 25 BREE Wil v it & 3
3.2 ARSEI 48ty 21k

& 2 Je T ARSEIL &45F528 4k, 45 26 B NDVI Fl LST BEZE 47 5L 5618 5 i a3 | 17 NDST 5 4% el 18
#OH 2 ST fies, NDSI A%, 2010 4 LATT, Wet BEZT5 e85 18, 22 )5 W) 2 038 5 it %, AoD U2
AL AT AR, 2000 A FT 2020 47 52 FE )85 3G PR A I S F, 2010 4EAH I, 2004 4FE R BLA Je S 1S,
2015 4EFRIA LD

M5 ADHEARAEEE A R] W NDVI AT Wet 2330 F IS LST 2B AFH I H NDSIAAE—E sh, I
A Bl 2B & R 3T A I PR R AR R 22 AOD BEARA7 B 3G KA

http ; //www.ecologica.cn



518 SRR AF T ERT | A T R A AR R T 2 T A A PR O A sl A 2119
x3 IHASTWER
Table 3 The results of principal component analysis
A0} Year 545 Indicators PCI PC2 PC3 PC4 PC3
2000 NDVI 0.6037 0.5549 -0.2281 -0.1458 -0.5041
Wet 0.4168 -0.7761 -0.1643 0.2632 -0.3570
LST -0.4006 0.0321 -0.9100 0.0837 -0.0568
NDSI -0.5445 0.0345 0.2984 0.0965 -0.7771
AOD -0.0681 -0.2954 -0.0607 -0.9450 -0.1060
LLRE 0.2063 0.0197 0.0156 0.0053 0.0015
FROE(H STRREE/ % 83.0515 7.9308 6.2802 2.1337 0.6038
2004 NDVI 0.5843 -0.3844 0.3790 -0.2552 -0.5494
Wet 0.4115 0.7851 -0.0638 0.3358 -0.3117
LST -0.3919 0.2654 0.8805 0.0221 -0.0053
NDSI -0.5656 -0.0968 -0.2313 0.1620 -0.7686
AOD -0.1247 0.3947 -0.1526 -0.8917 -0.1000
LLRE 0.3759 0.0140 0.0124 0.0066 0.0010
FEAEAE DTRREE/ % 91.7153 3.4155 3.0251 1.6101 0.2340
2010 NDVI 0.5324 0.1340 -0.6104 -0.0320 0.5699
Wet 0.4229 -0.5271 0.4946 0.4661 0.2849
LST -0.4476 -0.1745 -0.4830 0.7318 -0.0169
NDSI -0.5372 0.1906 0.2911 -0.0732 0.7647
AOD -0.2203 -0.7983 -0.2540 -0.4906 0.0939
LERNRIE) 0.4191 0.0188 0.0090 0.0078 0.0009
FEAEAE DTRREE % 91.9887 4.1264 1.9754 1.7120 0.1975
2015 NDVI 0.5741 0.0950 -0.6744 0.1156 -0.4392
Wet 0.4447 -0.5004 0.6011 0.1411 -0.4127
LST -0.2152 -0.1782 -0.1264 0.9438 0.1227
NDSI -0.5759 0.2097 0.0555 0.0181 -0.7879
AOD -0.3072 -0.8153 -0.4057 -0.2748 -0.0273
HEAEY 0.2495 0.0177 0.0062 0.0025 0.0005
FEAE(E STHREE/ % 90.2677 6.4038 2.2431 0.9045 0.1809
2020 NDVI 0.5731 0.0896 -0.6498 0.1341 -0.4722
Wet 0.4431 -0.4527 0.6343 -0.0619 -0.4386
LST -0.2125 -0.2274 0.0289 0.9471 -0.0718
NDSI -0.5936 0.2188 0.031 -0.1393 -0.7611
AOD -0.2783 -0.829 -0.4164 -0.2482 0.0072
FHIEE 0.2065 0.0233 0.0077 0.0039 0.0006
FEOEAE TTIREE/ % 85.3306 9.6281 3.1818 1.6116 0.2479
# 4 RSEI 5 ARSEI HiZ5 Rttt
Table 4 Comparison between RSEI and ARSEI
#45 Indictors 2000 4F 2004 2010 4 2015 4E 2020 4
RSEI E 0.567 0.514 0.554 0.653 0.713
£ g g h4g By By
ARSEI il 0.565 0.521 0.572 0.644 0.695
71 rhag hag a5 By By
7218 Difference 0.002 0.007 0.018 0.009 0.018
EEES 0.353 1.362 3.249 1.378 2.525

Percentage difference/%

RSEI: i& 8 254554 Remote sensing ecological index ; ARSEI; i i#E#Y iz i A= 254844 Adjusted remote sensing ecological index
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Fig.2 ARSEI trend maps of each indicator in Xi’'an during 2000—2020
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Fig.3 Seasonal ARSEI distribution trend maps in Xi’an from 2000 to 2020
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Table 5 Area and ratio of ARSEI levels in Xi’an during 2000—2020

-~ 2000 4 2004 4F 2010 4F 2015 4F 2020 4

ARSEI %4}

ARSED Levels N L 1]

Area/km? Ratio/%  Area/km?> Ratio/%  Area/km?> Ratio/%  Area/km?> Ratio/%  Area/km>  Ratio/%

2% Very poor 527.13 5.23 2271.66 22.50 1624.46 16.10 408.69 4.06 349.73 3.47
2% Poor 2324.65 23.04 2184.69 21.64 2281.49 22.61 1819.16 18.05 1162.97 11.55
H145E Medium 2499.28 24.78 975.66 9.66 1067.50 10.58 2067.74 20.52 1573.45 15.63
K 4F Good 2444 .83 24.23 1374.53 13.62 1016.10 10.07 1615.38 16.03 2205.68 21.92
Wl Excellent 2292.29 22.72 3288.88 32.58 4100.86 40.64 4167.53 41.34 4773.24 47.43
SRR Total area 10088.18 100.00 10095.41 100.00 10090.41 100.00  10078.50 100.00 10065.08 100.00

MESTRIETE (P 4) , RAFRIR A5 2% DXCRE fr oA T 00 22 g Tl s ey (I e X i XN 1T A 2>, 52
NETE SRR, LA ISR LR MO T2 R R T RAFAAESIATE . PSR XA A, 25
EPERIGLL, iﬁa%%ﬂﬁ%ff?ﬁ%*ﬁ?ﬁf}_ﬂﬁE& CONHEL, Qb i B X R BB i) RLIX K22 X
JLHBAE X L XIS, N A S, G 16 shil R, X A2 AR Bty A AR
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Fig.4 Distribution maps of ARSEI levels in Xi’an from 2000 to 2020
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2 6 F1El 5 K 2000—2004 4F: 2004—2010 4F 2010—2015 4FF1 2015—2020 4F P4 22 1 A= 5 3098 T 25 2%
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Table 6 Variation statistics of ARSEI levels in Xi’an from 2000 to 2020

Bk A &
i Bz i Degradation No change Improvement
Year Area/km?
-4 -3 -2 -1 0 1 2 3 4
2000—2004 4 R/ km? 0 119.67 901.11  2091.05  5777.45  1678.66 12.63 0.25 0
LR/ km? 3111.84 5777.45 1691.54
Lt/ % 29.41 54.60 15.99
2004—2010 4F WA km? 0 1.26 26.06 451.03  7181.67 2774.53  144.14 6.67 0
YL/ km? 478.35 7181.67 2925.34
Hefil/ % 4.52 67.85 27.63
2010—2015 4 KT F/km? 0 2.08 25.41 535.88  6666.22  2379.39  869.49 94.90 0
LR/ km? 563.38 6666.22 3343.78
H il % 5.33 63.05 31.62
2015—2020 4F KR km? 0.02 4.53 44.60 567.51  7252.38  2101.75  500.01 82.80 4.93
L FL/ km? 616.66 7252.38 2689.49
L4l % 5.84 68.69 25.47
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Fig.5 Spatio—temporal variation maps of ARSEI in Xi'an from 2000 to 2020

3.4 AERIE TR YA [R] HAHOG

FHI 2 kmx2 km A% AT RAE  BRIR MR IL R 2252 AL, B 6 2 ARSEL 5 IE4545 (NDVI, Wet)
I FEHR (LST NDSI AOD) Y PUZERS K, % 58 AOD MHa bR, £ K AR R En B 5 HATR IR R
M 6 AT, ARSEL # K, NDVI Fl Wet 18K , AOD /]y ; ARSEIL #K , NDSI Fl LST /]y, XF i AOD 8]

1.0 AOD 10 AOD
0.9550 0.9520
0.8 0.8419 0.8 0.8425
0.7288 0.7330
=06 0.6156 = 06 0.6235
2 0.5025 2 0.5140
0.3894 0.4045
<04 0.2763 < 04 0.2950
0.1631 0.1855
0.2 0.0500 0.2 0.0760

5 ,
) 05 0273 05
Moy, 1% W€ tsp 90 0% W

Bl 6 ARSEI 5&45HRM 48 = E
Fig.6 4D scatterplots of each index and ARSEI
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Fig.7 Scatterplots of Moran's / in Xi'an from 2000 to 2020
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Fig.8 LISA cluster maps in Xi’an from 2000 to 2020
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4 e

SIS N KRR E B, SAEBL2XFRZEY], AT RSEL Eal b, 51 A AOD #5458, f9 8 T
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