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A remote sensing urban ecological index and its application
XU Hangiu "

College of Environment and Resources, Fuzhou University; Institute of Remote Sensing Information Engineering, Fuzhou University ; Fuzhou 350108, China

Abstract: Urban ecological status is closely related to the quality of human life. Timely, precisely and objectively
understanding urban ecological status has become an increasing concern in the world. To meet this requirement, this paper
develops a remote sensing based ecological index (RSEI) for the measure of urban ecology. As an index for the assessment
of urban ecological status, the RSEI aims to integrate four important ecological indicators which are frequently used in
evaluating urban ecology. These are greenness, wetness, dryness, and heat. The four indicators can be represented
respectively by four remote sensing indices or components, which are the normalized difference vegetation index (NDVI) ,
normalized difference built-up and soil index (NDBSI) , wetness component of the tasseled cap transformation ( Wet) , and
land surface temperature (LST). Instead of a simple addition or weighted addition of the four indicators, the principal
component analysis (PCA) was utilized to compress the four indicators into one to construct the index for assessing overall
urban ecological status. After careful comparison of the four principal components ( PC1 to PC4) derived from the four
indicators, the first principal component (PC1) was found to have integrated most of the information of the four indicators.
This suggested that the PC1 can more effectively represent the four indicators than any of the other three components, i.e.,
PC2, PC3 and PC4. Accordingly, the new index, RSEI, was formed using the PC1 derived from the four factors and thus
can measure greenness, wetness, dryness and heat of an urban ecosystem. Obviously, the RSEI is entirely based on remote
sensing data and mostly on natural ecological factors. The calculation of the index is totally free of artificial interference,
such as assigning a threshold value or weight value during the computing procedure. Therefore, the RSEI can assess the
urban ecological status more objectively and easily. With the change detection technique, the proposed index can also be
used to monitor the change of the ecological status of an urban area between different years. In practice, the index was

successfully applied in a multi-temporal ecological status assessment of Fuzhou's urban area in Fujian province,
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southeastern China. Results show that Fuzhou has witnessed ecological degradation during the study period from 2001 to
2009. This is indicated by a decline of the RSEI value from 0.579 in 2001 to 0.529 in 2009. The fast expansion of the
Fuzhou's urban area was attributed to the ecological degradation in the study duration, which caused the increase in NDBSI
and LST and the decrease in NDVI and Wet. This in turn resulted in the decline of the RSEI as the index is the function of
the four factors. Nevertheless, a RSEI-based change detection has revealed that the ecological quality of the urban center of

Fuzhou was improved in spite of the overall ecological degradation in the urban area during the study years.

Key Words: urban ecology; remote sensing; RSEI; principal component analysis; Fuzhou City
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A S E SO

RSEI=f( VI, Wet, LST, NDBSI) (2)
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BUA BAT G 6 B A IR R Rk, BT NDVI SRARER SRR FR b, A h
NDVI = (p,= p;) / (py+p3) (4)
(3) PUEIRFR  ACFPESEAR 10 F IR 7 R A Landsat B P PG L K Chander Z5 5081617
e bR S HC Y AT
Ls= gainxDN+bias (5)
T = K,/In (K,/L+1) (6)

K, Lo ETM+IRZT AL 6 P B G e e AL AR A 8 S s DN W Z G KA, gain Fl bias 53514 6 I BL Y
WS W E M, 7T RAMGEARI LSRR T B IR A IR BEAE K, A1 K, 20 5 E bR 240 K, =606.09 W/
(m® - sr+ um) ,K,=1282.71 K,
23t NS (6) THA IR T AT HU AR S R A IR A BE N H IR 1ST
LST = T/[1+(AT/p)In &] (7)

K, A K ETM+ 6 JRB DI (A = 11.45 um) ;p = 1.438 x 1072 m K; e MR R 513 FHORUE W2
E'C I
(4) TR AR TIEIEIRA @RS R 2 1B U550 B AL IR ERES i | 3 A0 24—
B EATRIRE RS s 0« T4k, R EEFE AR (NDBSI) 7] By 3 4, B phy 28 SR04 80 BT A - 3345 L
SI il
NDBSI = (IBI+SI) / 2 (8)
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SI=[ (pstps) — (pytpy) ] / [ (pstps) + (pytp,) ] (10)
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AR AR —E WRHEE B . B, AR ICR B 3 5000 28 ok b 18 ke G A SR 8, @it
X RRIE 1 2 [] AR B A (14 B 7 e w8 A (B A AR DG 1, #0 E L M5 BAE R B AT TR 19 1—2 A E ko B, R
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R1 ERERSSH

Table 1 Principal component analysis of four factors

2001 2003 2009

PC1 pC2 pPC3 pPC4 PC1 pPC2 pC3 pc4 PC1 pC2 pPC3 pPC4
T Wet 0.303  0.723  0.179 0.650  0.331 -0.268 -0.889 0.319 0313 -0.207 -0.829 -0.495
HEHHE £ NDVI 0.677 -0.556 0.135 0.415 0.612 -0.266 0.431 0.608 0.605 -0.382  0.503 -0.485
HSH-#R - H5 % NDBSI -0.577 -0.354 -0.376  0.632 -0.555 0.409  0.017 0.724 -0.505 0.443  0.225 -0.720
HhFISE LST -0.478 -0.208 0.899  0.072 -0.531 -0.831 0.157 0.059 -0.611 -0.784  0.100  -0.040
FHIEH Eigenvalue 0.058  0.005  0.004  0.001 0.058 0.006  0.003  0.001 0.058 0.004  0.003 0.001
HEAEE SRR 85.29 7.35 5.88 1.47  85.29 8.82 4.41 1.47  87.88 6.06 4.55 1.52

Percent eigenvalue/%

WAARTERE SR B TR (2) —(8) THELM 4 M EFRIV I G0 G5 — , R B4 T8 PCA , & S 8% 45
BRIOACTR S | DR P B A ST, A SE AP I S S AR HEAT IE AL B TR iR 405 — 31 [0, 1] 208, 8%
JEFHE PCA (£ 1), BIERMIEMILAR .

NIL= (1,-1,,)/(L.—1..) (11)
2o, NI TE IR JE I — 8RR, 1, 0 I8V RIE S 0T | WOMEL, 1, SRR IR R 1, bR I e /IME
2ot IERALIS 9 4 N EFREE T U T PCL, ol PC1 R IOBUE AR F I 1 A 25 4k, T — 25 1 0k
% PC1, 3RFWIIR 104 25485 RSEIL «

RSEI,= 1 - {PCI [/ (NDVI, Wet, LST, NDBSI) ]} (12)
R TR AR A R B A AL AR FEXT RSEL AT IE AL «
RSEI = (RSEl,~ RSEI, ..) / (RSEI, ..~ RSEI, ) (13)

RSEI Rk Jor 8 ) 18 J8 A= S48 80, A AT [0, 1]ZMH, RSELMEMIEZIE |, ARSI, RZ, A2,
2 WIEXMEGAIE

PN I X ST X, PEE 2001-05-23 ,2003-05-29 F12009-06-06 i 3 1if Landsat 1417528 214

G oz, R SEAF, SAR RIS AHSE AR, e 2 AH2ZE AR R B R, R ELAE AR 0 2 KRS RIE T 3K

IRAE AR L . 2001 FT 2003 AEAYRZAR R ETM+5214,2009 AEAI521550 TM 244

TSN 3 BRSAR AT RS IE LA 1E AL, S8 5 Db U0 HE A 30 XA R 9 X TR 24 252
km* ([ 1), 585 IE R Chander 252 Fl Chavez ! BRSERY AN 2 BOK: I UG BEAR 0 K B8 (RL 5% e 0 15 TR A I
B DI AR RIAER AR AE MY G BRI A5 T 1T 19 25 57 5 AN [R) sl A AR =2 ] iy B v SR B =k 230 X
AR G0, FLHE R R IR 22/NTF 0.5 A% 0T,

R EAI(2)—(8) 4 llsR AR T 4 AH8FR, SRIE X BT TIERUL , 4 B ATTA BN — IR HTY
185 I FAFSE XA TR VLA B2k, k{0 B 5 A6 0% 5 1E A 3 b 1T ()9 B8 45 78, ak B K R (R /K 8 W PCA 1Y
AT, SR F MNDWT 7K g 507 S w5 B, AR5 RS (12— 13) XEBr i 2 1% 47 PC1 28 He | IE
TUERE B IERAL , 555 3R 45 B AR 0 8 A S48 8 RSEL AR (L 1)

WAZTEE 2 RSEL 80 SR W] LA (o8 b 2ok 3 JER A (A e T30, 9 Ao LD 0 77 A i 328 B A Ak B
TEHEAT B (1) AUMORAREIE  3X X AN R B AH S AR 2Z (8] 1% RSEL X et A S 5 (2) 20K R iR 12 1) DN
(0 R RS3ROSR 545 22 (8] i RSEL X o (40 T™M A1 ETM + (4% e ) Jt ok 828, R 448 F UG DN
ERTEEE; (3) AT 2B AR 4 AN B T 1B, ZEe X A 3K, ANBEH T™M I AR THE ETM+ PR, RN RENS 3L T
DN {E A ORI T SO e i 8, I Z 0[]

3 ZFRMF
3.1 RSEI 58 EM:

2 BN 4 DR RE AR S5 5 RSEL INSETHE, Seit4h R 3R ,2001—2009 4[], fF 58 X 9 4=

AFEHRSEL 2B FREIEHE, 2001 -1 0.579, T FEE] 2009 419 0.529, SR TR T2 9.5%, EAWF5E
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FE] AR I X AR B TF R D) R 2 T A AR A5 IR 1 1 T — 2 R e 20 i R 1 26 Ik S A
P20 LT BERIE B =R B % 1 . M 1 o] LURECE H, A 2001 4F 2 2009 4, #iH 3
Sl DI P B PR AL FR DY R B TR YRR, A ARG — = IR AL

V20014 } 3 20034 ¥

. ?08;#

B1 BMEHXERES (L, RGB: 543 %) 71 RSEI B B A SIEHBIK (T, AP B AR IR A KK )

Fig.1 Images of Fuzhou's urban area (upper, RGB: 543) and the corresponding RSEI images ( lower, black tone represents water area)

F2 BEMH 4 NERERESIEY RSEI 4HE
Table 2 Statistics of four indicators and RSEI
2001 2003 2009
MR S WE EEE HRE @B bk EBEVE R EHE ik ERVE

B ew e owme sE DT B bR WE SER DL RN LR RE SR

NDVI  NDBSI LST RSEI NDVI  NDBSI LST RSEI NDVI  NDBSI LST RSEI

H¢/MA Minimum -0.053 -0.494 -0.555 17.952 0.000 -0.016 -0.917 -1.000 17.557 0.000 -0.254 -0.852 -0.714 19.600 0.000
e RAH Maximum 0.232  0.872  0.531 35.508 1.000 0.298 0.980  0.663 33.326 1.000 0.298 0.947  0.778 36.900 1.000
{H Mean -0.116 0.392 -0.033 23.396 0.579 -0.247 0.371 0.024 23.661 0.553 -0.371 0.313 0.185 26.250 0.529
FRlfEZ Std Dev 0.133 0.283 0.132  2.034 0.215 0.156 0356 0.156 2310 0.227 0.193 0.304  0.141 2.743  0.219

M 2 S FR R R IR LR X AR RIS (NDVI) IR JE (Wet) $5 bR 1Y (B 750 53 10 1) 4B 35
PUABE R T R AR A S A 22 A9 PVE (LST) AT B (NDBSI) $8 bR B9 X NZ 87 LA, i TR E R H A48
e, JETA H 46X (2 TR A LST X b ol GEAR I 5, (it , FUA K HE ML, A RE AT Hu g ) & IE
AL S B9 2001 ,2003 ,2009 4EAY LST 5{E 23514 :0.328 ,0.333 ,0.406, [AFEULHT TR IE A LST 388 T+
fEa, Dh b4 MEFRIIE BRIV TR XA S 2 T RS L, Brdtiy RSEL A= 5455015 21
MIZER G 4 MEIRE HRBREE R A, T LIZEA R 4 4845, A0SR 2 545 F8 A 1% B0 D74 | 398 T 12 Jost S,
BARPRZ A0 B By, A 28R 2R G VAL TR AR 2R B A8 AR AT LU JFEAR 53 B 19 25 A FE AR 4R
AR, 5 A M2 ST A A i, L AT D o b 220 i A S AR AR AR B DR L LU SRS FR BR G e B T B
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T EAE TR RSET A S HE RO ER M 2 — 2R AR Oy O LR 545 B 0.2 S Tal B 23l 5 9%, 031
U2 B PAE RS DER(K 3) B BRI BFMFLN 4 DS I A LES RHEE RSE
G B

£3 BESRHNREMEHEMRLIEIRE
Table 3 Leveled RSEI and the means of the corresponding level of the four factors

2001 2003 2009

RSEI i % ! i £ A i % y
NDVI  NDBSI  LST ’ NDVI ~ NDBSI  LST NDVI ~ NDBSI LST
1. (0.0—0.2) 0.588  0.420 0.663  0.530  0.617 0430 0.648 0.612 0.587 0.401  0.693 0.707
2: (0.2—0.4) 0.696  0.467 0.565 0.420 0.675 0.551 0.576  0.463  0.635  0.455  0.604 0.508
3: (0.4—0.6) 0.732  0.609 0.460 0.354  0.705 0.665 0.461  0.365 0.722  0.605  0.513 0.400
4: (0.6—0.8) 0.762  0.779 0312  0.270 0.747 0.808 0.340 0.249 0.758  0.757  0.398 0.285
5: (0.8—1.0) 0.782 0905 0.223 0.18 0.786 0916 0.248  0.157 0.778  0.890  0.292 0.185

MFE 3 AT LUF ARSI 3 AN v, 45 A48 b 14 34 (B #R Bl 5 A 25 00 1 28 1k i A7 R AR 1) 22 Ak, BRI
NDVI 1 Wet BYIE & FRIH kbt 5 A 28G5 09 i P s, T LST A1 NDBSI (134 (8 00 g — 1911/ b b 2 B0 S Bl
HEZS YOI T T AR TV IR AR A T T NDVI Wet £ F %, 8% LST NDBSI b IS8 M4, X
HE— 25U A T 8 (4 AE S AR B0 SERE S 25 A AR R A S AR AR I

B A S FR BN 25 A R R v LU E AR Z B A SR BT, 3 4 J2 4 HR br A dt A 5 4
BAHOC R K A5 4805 B B Z MR AH G R, BB R AR I 55, 45 48 b AH B 2Z 18] Y~ 2440 OC B e =i 1 R
NDBSI, 7£ 2009 4Fik %] 0.808 ,3 M4 -3k 0.802, 1B e AE B HGET 31X 4 D FE AR 85 03 F- Y HH 5 R %L
HBRTF 0.85,3 MY F-HIE IR 0.864, HHLFE brdn =i 1 NDBSI (14 0.802 =5t T 7.7% , b 4 4545 B F-3{E
(0.709) , =i T 21.9% , WK HT A ST R T AR T AR PR IS BN I8 LU AR — PR s hR T B R B
FUAT — B b5 B g 25 A AR R T AR AR B

x4 FIEHRF RSEI 5 HRIHE X St &R

Table 4 Correlation matrix of RSEI and four factors

2001 2003 2009

e fApERSUBR R CERE . B RS bR JREE e LiC G 5 S P 7

W:: EL=F /G vt = QU 1 O - W:: B LR RE S w: ErcE QU =/ Q1) % -4

© NDVI NDBSI LST  RSEI © NDVI NDBSI LST  RSEI © NDVI NDBSI IST  RSEI

Wet 1 0467 -0.690 -0.528 0.601 1 0578 -0.683 -0.490 0.651 1 0502 -0.675 -0.528 0.606
NDVI 0467 1 -0.919 -0.803 0978 0578 1 -0.952 -0.796 0973 0.502 1 -0.925 -0.846 0.967
NDBSI -0.690 -0.919 1 0.793 -0.971 -0.683 -0.952 1 0.759 -0.964 -0.675 -0.925 1 0.823 -0.954
LST -0.528 -0.803 0793 1 -0.868 -0490 -0.796 0759 1  -0.892 -0.528 -0.846  0.823 1  -0.939

IR E mean * 0.562  0.730 0.801  0.708 0.855 0.584  0.775 0.798  0.682 0.870  0.568  0.758 0.808  0.732 0.867
3a MM

Mean of 3 years

s IR R D — R S I E AR PR AR R B A XH R, L 2001 4F Wet Jgffll: Mean, .,y = (104671 + 1-0.6901 + 1-0.5281)/3= 0.562

Wet = 0.571,NDVI = 0.754,NDBSI = 0.802,LST = 0.707,RSEI = 0.864

3.2 RSEI $5 5028 ALk v
TELL L 5 AN SR Er B Heml T, v] X 98 X A$AE 0 A= P8 O AR A T o Fam AR Ge i (& 2) FI2E(EAR
ARG (P 3,36 5) , AREAS B AR5 8 A AR R4 7 B 23 284k 4347
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90 - 82.0 @ 20014¢
= 20034F
65.5 68.5 0 2009
56.3 0. 451;
53.0 48.7 49, 65
42.1 44.6

1% 2% 3% 4% 5%
Level 1 Level2  Level 3 Level4  Level 5

B2 2001—2009 F & H 4 SIS E AN TW 3 @M EHEX 2001—2009 £ RSEI L4 E

Fig.2 The area change of each RSEI level from 2001 to 2009 Fig. 3 Chang map of Fuzhou's urban area between 2001 and
2009

SRR, M 2001 4F2] 2009 4F , A S0 R 22— 9 (1—3 20) B A B T 28.5%, hifh | R %%
% (4—5 9%) B S I TE AU R FE T 26.5% (181 2) , EBABFSE X AR S i B R I, AR ARAG I il 45 SRk (3R
5),2001—2009 4E[f] , A= A 41478 22 Y FHGE 69.32 km?* | 24 (5 WF5T X AR AY 28% | 1M A= AR 55 4R T FH N 25. 96
km® A5 10% ., WZS TR, AR A8 A AR 25 1 b s 35 22 00 A A6 3k X A9 V5 mg 1 Ak (1B 3 i 2t &
BE) |, WA S A AR b i b R B A AT 0 (B 3 PR WE T O RIBE) o AP 3T A ) R R v A
A= AR AR A TR R, PO a0 A S Ik X e Rl | A S ek

*5 TN
Table 5 Change detection
255 Class 4475 Level LA Level area/km? KB Class area/km?
A% -4 0.04 69.32
Degraded -3 1.17
-2 13.27
-1 54.84
ANAE No change 0 138.69 138.69
ZE4f- Tmproved 1 25.19
2 0.77 25.96

3.3 RSEI A5 Fi
R T 2 e 2 T AR RS AR, P ST ST AR AS AR | AR ARURT S ke T A S A Ak B, i et
S4B NDVI, Wet \LST NDBSI \RSEI % @522 471 RAE SR J5 LA 2546 8 RSEL S A48 &, ) NDVI, Wet
LST NDBSI & {4 A8 i #4135 4 B 434 @4 bméﬁaéﬁ%ﬂ‘” SR 3x3 WA B2 AR 0 RAE Ty I, BRI
FAGORAE 30000 ANEE L, SRS 2 (0 RE SR BT 28 A R AG 0 SRRy 1% T LAk G /D g B s AR S bl R Fir e SR
FIZE SRR e, IR MIFSEIX 3 AMEA Y EIB*%@(*;%&U%ISL&T 1919 i EPERT )

2001 4 RSEI = 0.136 Wet + 0.634 NDVI - 0.517 NDBSI — 0.339 LST + 0.414 (R*= 0.919)
2003 £ RSEI = 0.181 Wet + 0.579 NDVI — 0.524 NDBSI - 0.502 LST + 0.406 (R*= 0.933)
2009 4= RSEI = 0.133 Wet + 0.578 NDVI — 0.443 NDBSI - 0.532 LST + 0.470  (R*= 0.989)

MFTAT R RT LU ), 4 AN EFRTE 3 ANAFG BYIZ AL A R AR B DR BT Ok, B0l — DR bR, LR BT i
(R 4 DR R A SR OCHEE bR . A TEAR 1A SR B A X EDR TR (3R 6) ,4 I Harx A 48 BTk iz
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K& NDVI SR JE MUK R NDBST ST Il Wet,, HiH NDVI Fll Wet (1) 2508 1E A8, 1 W A= 2508 1F R 00,
Ifii LST F1 NDBSI S i fl, e X A SR M EH . X538 1 4 NMEFRRTEE— E s PCL A STERS LA W)
B o VE—A3 0T R AAR Y () R E AL AT LA, BUR NDVI B B K IE 5200 77, (5 i T Wet BYSZIR J1%%¢
55 , BT LI AE AR TE T SE 0 ) NDVIFT Wet FOZ5EA 5200 ) AN SR BTS20 (% NDBSI Al LST, X AE 25k 171 11 5%
M (1Y) NDBSI A1 LST (%) 255014 46 XA 2 AR AL IE 20 1) NDVI 5 Wet 19 RECZ A, H 3 AR F 22 ] ik
27.77% , H R BEE A AT 1 F RIS R (£ e6) .

F6 MRARBARKLILE

Table 6 Coefficient comparison of regression models

i i) S S IR A
AE)Y Year (éi‘ ml\ﬂ]i*\?lﬁ Eﬁ’&%}i?ﬁ mii{,[rlr; 2%0F Difference *
2001 0.136 0.634 -0.517 -0.339 0.086 11.17%
2003 0.181 0.579 -0.524 -0.502 0.266 35.00%
2009 0.133 0.578 -0.443 -0.532 0.264 37.13%
Y4J{H Mean 0.150 0.597 -0.495 -0.458 0.205 27.77%

w« Z20F{H = (INDBSII + ILSTI) — (Wet + NDVI); 285 Hef] = [ (INDBSII + ILSTI)/(Wet + NDVI) — 1] x 100

Bl 4 2 NS FRBR I HUS TE 3 dERE S M A TG DR 28 EA 15 RSELIE BN C R, A2 RUEAESRIE
SR NDVI Wet 5 RSEI 1 3 4552 K] A7 & 0 A= 25 S £ i 52 M (1) NDBSI L, LST 5 RSEI 452 1, #X
TR P T g SRy 28 A 25 AR P i AR BBt ) SR 3R X, 2 Ay 1 7 L X5 B0t % S it ) Sy A 2 A R 25 R
PR X AR E S, IWEF AT LIE %A AR 5 2 0 () NDBSIL, LST 5 RSEIL (145 52 5 1 &)
FEFE R T E F 2R ) NDVI Fl Wet, 1% 0] NDBSI F1 LST 9485 1E & S 80 B 4 2 B, B 28
JITRES A4 67 TR MR S 1 A I T S 06 B NDVT A Wet 2 A1, MITTEIE S T b AR 56 (1] I B R 22 B0 M 15 1

45,

RERR AR B RSEL

B4 ZHEREHERE
Fig.4 3D-scatterplots of feature space

ZRG oK, L NDVI AR A AE DL A1 L NDBSI A A2 (9 S 50 FH b X 30 i AR A i 52 e ) ek, 5 NDVI K
T NDBSI, DAEHTHY 2009 AEEERITIN | Ak H 2R3 0 0.173 457 1Y) NDVI 5820 0.226 HLA7H) NDBSI, #fig
ffiAfF5E X A9 RSEL $2 7+ 0.1 Bf AR S i A DA sy, (HJ2 AN AT 20 2, AR IREE (Y LST A9 17 1 5% Ml 78
2009 AEC IR . TCIRSE M 2009 AF [l RIRY A R ER BT PCL A BTk EE#F AT L&, LST 7E 2009 4 (1)
SN Bt T NDBSI, XL TN T T4 2007 4E DLk 23R 4k AR FR Ry < Kb sl B B,
T NDBSI A% 2 A E TS 7K 17 % 30k 7 b 6 3 8 A IE ARG R H 5 M A KL R,
1, s ) A AN A T 14 L9 X A Sk T A S T R A e B
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4 ZHig

LREE WRRE AR R R AR IS R G A T B R 4y, 7 UL IR A ST Y 8 R A SR B RSET AT AR
IF AR BTG B 200 R i 220 3k i A 2 o o B AR AL Eizﬁ\%‘éﬁtlﬂ fRFLRFE () NDVI 2R
AHEH RSEL B TRk A, T B A 4 2 3 A 25 R e B A S I (R 3%, (ELR AN T 20 S, AR BB i
(1) LST 1 NDBSI B Z55 4 F AT AR I AR B A 52 0

ST ) RSEL A 348 8058 56 TB B e B R, UL A AR 48 05 o0 3, R b 8 5 348, LT T3 fai i, 1%
BATA A AL EE | BB A, 3T A 285 i ) W DU RN PEAN B T —Fp 00 PRl | B AR . B TFI%
FERETI 25 5 7R 48N KX 2001—2009 4F 8] () A= 25 T b A — e R BE 1 TR

RSEL =22 1 FH T fifi i ok 32 A 40 X, AN 38 B R B 0 7K 3t IX (e ) o R o 28 A 0 1 i 5 4
(wet) T ZERIRE AN HIEAIREEA DG, WIERBFSE X A KR /KR, S AR A LK, it 510 wet A BEE
1E S WA B A - SR ARG LT, AR I K R K AR

References :

[ 1] Ochoa-Gaona S, Kampichler C, de Jong B H J, Hernandez S, Geissen V, Huerta E. A multi-criterion index for the evaluation of local tropical
forest conditions in Mexico. Forest Ecology and Management, 2010, 260(5) : 618-627.

[ 2] Sullivan C A, Skeffington M S, Gormally M J, Finn J A. The ecological status of grasslands on lowland farmlands in western Ireland and
implications for grassland classification and nature value assessment. Biological Conservation, 2010, 143(6) . 1529-1539.

[3] XuHQ, Ding F, Wen X L. Urban expansion and heat island dynamics in the Quanzhou region, China. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 2009, 2(2) . 74-79.

[ 4] Gupta K, Kumar P, Pathan S K, Sharma K P. Urban Neighborhood Green Index-A measure of green spaces in urban areas. Landscape and Urban
Planning, 2012, 105(3) : 325-335.

[ 5] lvits E, Cherlet M, Mehl W, Sommer S. Estimating the ecological status and change of riparian zones in Andalusia assessed by multi-temporal
AVHHR datasets. Ecological Indicators, 2009, 9(3) ; 422-431.

[ 6] Moran M S, Peters-Lidard C D, Watts ] M, McElroy S. Estimating soil moisture at the watershed scale with satellite-based radar and land surface
models. Canadian Journal of Remote Sensing, 2004, 30(5) : 805-826.

[ 7] Yuan F, Bauer M E. Comparison of impervious surface area and normalized difference vegetation index as indicators of surface urban heat island
effects in Landsat imagery. Remote Sensing of Environment, 2007, 106(3) : 375-386.

[ 8] Xu H Q. Analysis of impervious surface and its impact on urban heat environment using the normalized difference impervious surface Index
(NDISI) . Photogrammetric Engineering and Remote Sensing, 2010, 76(5) : 557-565.

[ 9] Carlson T N, Arthur S T. The impact of land use-land cover changes due to urbanization on surface microclimate and hydrology: a satellite
perspective. Global and Planetary Change, 2000, 25(1/2) . 49-65.

[10] Zhang Y S, Odeh I O A, Han C F. Bi-temporal characterization of land surface temperature in relation to impervious surface area, NDVI and NDSI,
using a sub- pixel image analysis. International Journal of Applied Earth Observation and Geoinformation, 2009, 11(4) : 256-264.

[11] Nichol J. Remote sensing of urban heat islands by day and night. Photogrammetric Engineering and Remote Sensing, 2005, 71(6) : 613-621.

[12] TImhoff M L, Zhang P, Wolfe R E, Bounoua L. Remote sensing of the urban heat island effect across biomes in the continental USA. Remote
Sensing of Environment, 2010, 114(3) . 504-513.

[13] Goward S N, Xue Y K, Czajkowski K P. Evaluating land surface moisture conditions from the remotely sensed temperature/vegetation index
measurements — An exploration with the simplified simple biosphere model. Remote Sensing of Environment, 2002, 79(2/3) . 225-242.

[14] Feng H H, Liu H P, Zhu S D, Bai M. Influence analysis of urbanization on land surface temperature in Dongguan city. Geography and Geo-
Information Science, 2010, 26(3) : 87-90.

[15] Zhao Y L, Zhang L J. Study on method of quantitative assessment of fragile environment. Scientia Geographica Sinica, 1998, 18(1); 73-79.

[16] Crist E P. A TM tasseled cap equivalent transformation for reflectance factor data. Remote Sensing of Environment, 1985, 17(3) : 301-306.

[17] Huang C, Wylie B, Yang L, Homer C, Zylstra G. Derivation of a tasselled cap transformation based on Landsat 7 at-satellite reflectance.
International Journal of Remote Sensing, 2002, 23(8) . 1741-1748.

[18] Todd S W, Hoffer R M. Responses of spectral indices to variations in vegetation cover and soil background. Photogrammetric Engineering and

Remote Sensing, 1998, 64(9) : 915-921.

http ; //www.ecologica.cn



7862 JAE = 3%

[19]
[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

NASA. Landsat 7 Science Data Users Handbook [ 2012-08-05]. http://landsathandbook.gsfc.nasa.gov.

Chander G, Markham B L, Helder D L. Summary of current radiometric calibration coefficients for Landsat MSS, TM, ETM+, and EO-1 ALI
sensors. Remote Sensing of Environment, 2009, 113(5) : 893-903.

Xu H Q. A new index for delineating built-up land features in satellite imagery. International Journal of Remote Sensing, 2008, 29 (14) .
4269-4276.

Rikimaru A, Roy P S, Miyatake S. Tropical forest cover density mapping. Tropical Ecology, 2002, 43(1) . 39-47.

Kearney M S, Rogers A S, Townshend J R G. Developing a model for determining coastal marsh “health” // Third Thematic Conference on Remote
Sensing for Marine and Coastal Environments. Seattle, Washington, 1995 527-537.

Wang Z H, Ma H Z, Zhou D J, Sha Z J. Integrated evaluation of eco-environment based on RS/GIS: a case study of the South-to-north Water
Transfer Project in Yalongjiang River. Journal of Salt Lake Research, 2007, 15(1) . 1-4.

Williams M, Longstaff B, Buchanan C, Llans6 R, Dennison W. Development and evaluation of a spatially-explicit index of Chesapeake Bay health.
Marine Pollution Bulletin, 2009, 59(1/3) . 14-25.

Reza M I H, Abdullah S A. Regional Index of Ecological Integrity: a need for sustainable management of natural resources. Ecological Indicators,
2011, 11(2) : 220-229.

Chavez P S Jr. Image-based atmospheric corrections-Revisited and revised. Photogrammetric Engineering and Remote Sensing, 1996, 62(9) :
1025-1036.

Xu H Q. Modification of normalised difference water index (NDWI) to enhance open water features in remotely sensed imagery. International
Journal of Remote Sensing, 2006, 27(14) . 3025-3033.

Xu H Q. Urban expansion process in the center of the Fuzhou Basin, Southeast China in 1976—2006. Scientia Geographica Sinica, 2011, 31(3) .
351-357.

Liu Q L, Chen Y F. An assessment of the urban eco-environment quality in Fuzhou city. Journal of Fujian Normal University: Natural Science
Edition, 2006, 22(1) . 112-116.

Xu H Q. Analysis on urban heat island effect based on the dynamics of urban surface biophysical descriptors. Acta Ecologica Sinica, 2011, 31
(14) . 3890-3901.

Tang F, Xu H Q. The relationship between urban reconstruction and urban heat island effect based on remote sensing technology: Cangxia District

of Fuzhou city, China. Scientia Geographica Sinica, 2011, 31(10) ; 1228-1234.

S 3k

[14]
[15]
[24]

[29]
[30]
[31]
[32]

BB, NESE, RAER, AR, ST sk0 AR SE T RE R IR 520 /3B b3 5 Hh E SRS 2010, 26(3) ¢ 87-90.

BB, RIS, Ma5S A R IREEE PPN 7 IR IETE. M3EAL, 1998, 18(1) : 73-79.

TARME, DN, B, VAT Rs Al Gis 4TI A SR ARSI —— LB KL RHEZ T TR X O . EhWIsF9T, 2007, 15(1) .
1-4.

TR, I 30a AR M AL L0 IR TT YT R BERE. MEEALA2, 2011, 31(3): 351-357.

XN, BRAC&. AN AR S PR EE BB I e [l o BT AR RIS R 22 . SRR, 2006, 22(1) : 112-116.

WAk, BT T MRS BB AL T P RO A BT AR SR, 2011, 31(14) ¢ 3890-3901.

JHAE, TRIARK. 1H 3 s 55 3T 305 000 56 2R 1 18 AR 95 —— AR N T & 78 7 IX R f8i). bRl ) 2011, 31(10) ; 1228-1234.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.24 Dec.,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

The problems in red soil ecosystem in southern of China and its COUNEIMEASUTES ««++ssrrrreessrrrrreeeiiiitttaiit e
.......................................................................................... ZHAO Qiguo, HUANG Guoqin, MA Yangin (7615)
Fundamentals of Ecology: promoting ecology from tradition to modern: To Commemorate The 100th Anniversary of E. P. Odum’s
Birthday ««eeceeeeeessmmmmmummmttienti i BAO Qingde, ZHANG Xiufen (7623)
Food chain length theory: a review «-eeeeereeereeeiiiiiii ZHANG Huan, HE Liang, ZHANG Peiyu, et al (7630)
Autecology & Fundamentals
Foraging and bed site selection of Tianshan argali( Ovis ammon karelini) in Central Tianshan Mountains in Summer —«+eceeeeeeeeeeeeenees
......................................................................................................... LI Ye, YU Yuqun,SHI Jun, et al (7644)
Inhibition of pine coneworm, larvae Dioryciria pryeri, on herbivore-induced defenses of Pinus tabuleaformis —««+-e-oveeeeeeeeereceeiecnnne.

.......................................................................................... ZHANG Xiao, LI Xiuling, LI Xingang,et al (7651)

Response of periphyton to nutrient level and relationships between periphyton and decay degree of Potamogeton crispus «««+++esereeeeees
.......................................................................................... WEI Hongnong, PAN Jianlin,ZHAO Kai, et al (7661)
Correlative study between chemical constituents and ecological factors of Notopterygii Rhizoma Et Radix of endangered plateau
Plant  ceseerrrriri HUANG Linfang, LI Wentao, WANG Zhen, et al (7667)
Induced changes in soil microbial transformation of nitrogen in maize rhizosphere by 4-year exposure to Oy «+eoeseerereveriesiaeiiniieainn.
................................................................................. WU Fangfang, ZHENG Youfei, WU Rongjun, et al (7679)
Changes of digestive enzyme activity of Tegillarca granosa exposed to cadmium and copper «««-esssesereemeeieamneiiii,
....................................................................................... CHEN Xiaoxiao, GAO Yetian, WU Hongxi, et al (7690)

Population, Community and Ecosystem
Population dynamics and density of Bactrocera dorsalis (Hendel) in different habitats — «eoeoeeveeecereneeeennn. ZHENG Sining (7699)
Litter fall production and nutrient dynamic of Cinnamomum camphora and Pinus massoniana mixed forests in subtropics China -+-------
....................................................................................... LI Zhongwen, YAN Wende, ZHENG Wei, et al (7707)
Landscape, Regional and Global Ecology
Assessing the spatial representativeness of eddy covariance flux observation stations of terrestrial ecosystems in China — ---e-eeeeeeeesnes
.................................................................................... WANG Shaogiang, CHEN Diecong, ZHOU Lei et al (7715)
The coupling relationship between variations of NDVI and change of aeolian sandy land in the Yarlung Zangbo River Basin of
Tibet, China «««eeeeeeeeereemmmmmmmmmmmneni e LI Haidong, SHEN Weishou, CAI Bofeng, et al (7729)
Effects of higher resolution image and spatial grain size on landscape pattern in a small watershed of the farming-pastoral zone «--------
............................................................................................................... ZHANG Qingyin, FAN Jun (7739)
The changes of soil organic carbon and carbon management index in alpine steppe  «-+«+s++seesseerseeuernresitentienitntt et
....................................................................................... CAI Xiaobu, YU Baozheng, PENG Yuelin, et al (7748)
Spatial heterogeneity of soil organic carbon and total nitrogen at small scale in subalpine meadow and Picea meyeri forest in Luya
IVIOUIEAIL v cvveemeeeenennnnenenemnmneunenenetneneaneeneaeneneeenenseneneans WU Xiaogang, GUO Jinping, TIAN Xuping, et al (7756)
Active pools of soil organic carbon in subtropical forests at different successional stages in Central Hunan, China «+eeeeerereeeeeeeeens
....................................................................................... SUN Weijun, FANG Xi, XIANG Wenhua, et al (7765)
The impact of sheet and gully erosion on soil aggregate losses in the black soil region of Northeast China = «-e-esrerereemeeeneiieieean.e.

.................................................................................... JIANG Yiliang, ZHENG Fenli, WANG Bin, et al (7774)



7910 A % R 334

Variation of soil fertility in Eucalyptus robusta plantations after controlled burning in the red soil region and its ecological evaluation
.................................................................................... YANG Shangdong, WU Jun, TAN Hongwei, et al (7788)
The spatio-temporal variations of vegetation cover in the Yellow River Basin from 2000 to 2010 «+ecerererrrerreririeiiiiiii...
................................................................................. YUAN Lihua, JIANG Weiguo, SHEN Wenming, et al (7798)
Long-term dynamic simulation on forest landscape pattern changes in Mount Lushan — «+eeeeeeeeeeeeeieiiiiiie,
................................................................................. LIANG Yanyan, ZHOU Nianxing, XIE Huiwei, et al (7807)
Species habitat correlation analysis in temperate-subtropical ecological transition zone «««+eseseeerrerrrririiiiii
.................................................................................... YUAN Zhiliang, CHEN Yun, WEI Boliang, et al (7819)

Responses of Qilian junipers radial growth of different ecological environment and detrending method to climate change in Qinghai

PrOVIICE v+ ereesrnsnsenenemsuneneinetienetieneneaeeeeeenaeneaes ZHANG Ruibo, YUAN Yujiang, WEI Wenshou, et al (7827)
Resource and Industrial Ecology
The pattern of ecological capital in Daxiaoxinganling, Heilongjiang Province, China — ++ssseerererersmariiiiiiiiii,
................................................................................................ MA Lixin, QIN Xuebo, SUN Nan,et al (7838)
Research and implementation of mobile data collection system for field survey of ecological environment «««+«+eeeeeeereeeeeenieaeiean..

.............................................................................. SHEN Wenming, SUN Zhongping, ZHANG Xue, et al (7846)
Urban, Rural and Social Ecology
A remote sensing urban ecological index and its application ««r«e-++sssssrrsrrrrrirt it XU Hangiu (7853)
Research Notes
Genetic diversity and DNA fingerprint of Pleioblastus by ISSR -+------- HUANG Shujun, CHEN Liguang, XIAO Yongtai, et al (7863)
Comprehensive evaluation on photosynthetic and fluorescence characteristics in seedlings of 4 drought resistance species —«+e+eeereeeeees
............................................................................................. LU Guangchao, XU Jianxin, XUE Li, et al (7872)
Stock difference of Coelomactra antiquata based on nuclear (1TS2) and mitochondrial (16S rRNA) DNA sequence and secon-
dary SHUCHULE  «veveresssommmmmmenrtrne ettt MENG Xueping, SHEN Xin, ZHAO Nana, et al (7882)
The mechnism of the characters of inorganic carbon acquisition to temperature in two Ulva species «=«+eeererrreeeeeniiniiiaiii. .
................................................................................. XU Juntian, WANG Xuewen, ZHONG Zhihai, et al (7892)
Research on changes of dynamic characteristics of rainfall though Platycladus Orientalis plantation canopy in Beijing Mountain

AT@@ +ve v e emnne ettt et et e e e e eaeas SHI Yu, YU Xinxiao,ZHANG Jianhui, et al (7898)



(EBZFR)2014 F£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

2D M2 A T, K 16 FF4%,280 1T, B N E M 90 Jo/ M, & 4F 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

AERGERER T 7 HEHMEE LU HITHRE XIRE B ¥

£ & % i ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) )
CEAT 1981 4 3 A G (Semimonthly , Started in 1981)
{33 24 (201312 H) Vol. 33 No. 24 (December, 2013)
b2 L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of

Mtk b st i X 18 5 ACTA ECOLOGICA SINICA

IR LS - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China

Hi% : (010) 62941099 Tel; (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn .

shengtaixuebao@ rcees.ac.cn

; gj i‘gﬁ N Editor-in-chief WANG Rusong
* ; rh ﬁijl},_%z,,_%z, £ Supervised by China Association for Science and Technology
fp R 22 o A 2SR 0 Sponsored by Ecological Society of China
Hidil b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M T 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MRS A . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m :
HE B i - 100717 Add ;16 Donghuangchenggen North o
L7 : (010) 64034563 Street, Beijing 100717, China T N
— Eﬁ“[%";‘% i%“ég%@ espe-net Tel ; (010) 64034563 S =,
ESNETT b E bR E 5 5 6 E-mail ; journal @ cspg.net ‘C_'-" _g
Mok AL ET 399 {24 Domestic All Local Post Offices in China = g
MBS AL . 100044 Foreign China International Book Trading g .O_
s2E e Corporation ~
{;nﬁfzﬁ U 57445 8013 %5 Add:P.0.Box 399 Beijing 100044, China B E’;
[S°R 1090933 WIMATF £17 HEBE RS 827 ESNETRE M6T0 =4 90.00 7

CN 11-20317Q



	1.pdf
	全页传真图片.pdf
	中ml.pdf

	stxb201208301223.pdf
	3.pdf
	英文ml.pdf
	FD.pdf




