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Abstract

Heat island effect has been a significant factor contributing local climate change at the city level. As a necessary infrastructure in
urban system, Wastewater Treatment Plants (WWTPs) have been recognized as a contributor to global climate change due to its
greenhouse gas emissions and huge energy and resource consumption. But their impacts on local climate change have been hardly
studied. Landsat TM/ETM+ images, infrared remote sensing imagery, were used to study heat island effect of nine WWTPs in
Harbin by retrieving surface temperature during 2000-2013. Results showed that heat island intensity of nine WWTPs increase by
53% during the time. Principle Factor Analysis and multiple linear regressions showed that heat island intensity of WWTPs are
positively correlated with treatment volumes, urban surface temperature and negatively correlated with discharge standards,
construction condition and treatment process.
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M9 JEIR T 5 KALEE) ™ 2000-2013 [ #4 B ik B AE E EAEHTE 1.4-6.0C 2 [0], FIEAMEESs MG
i o

MRYESCHRIAT, W00k T LR AT RESE M TS K AR EE ) AR R f e IR R, Hoh R EARE. FE
RIZ . ATt TG B DL AR K G SR H# V5 KA B ) # S 5 A 5 . AR DAAE It 73R B,
ANFERGKAEE T2 ARBRRAE . DAL AT B HETBObR 1 # 2 h5 ZK AR B ) 1 BE Y Vi FE AR == SR 55 i
A FIFRBE IR SE 520 . Rk, SN T 30 T ARV5 /K AL 3E I8 A7 2% A5 At DR 35 06) 40 I ot B 1 2 il B L
BRAR, A CHIG KRR EF). B TR (C). AT EP). HiMbrAE(DS) A 3 1 s 22 T5 7
T /KA F TP B3 T A RO FE B L V5 KAL) RE BAA AR VT K AR PR B AR R R S5 K AR B B e R AT
T BT RV T R B eI, R RS XA RE, B 23 AEIEEIEKER
BEIESR], KFUILEGI R R E R R, ETRIEON 2, EAFHEE “RELTEK
Jit TORAS” A “AbIR T2 X PR A Sl WA S A o S . C=1 R L, C=2 RkT
it T BOIRAS: P=1A AIO,P=2y A20, P=3} CASS, P=4} CAST. LtlEit, FIH ArcGIS Bt i =s A
M TR, THEA AT X R A TR P Ty f5KGE) 5 & o mE s Dy B
R KA FR T SRAETT B oh O EE S Dy

BT 7EAR 2215 L T 520 R 6 V5 K AR B 40 I8 8 B PR S AN 2 B — 1Y), B B 2 AN DR 3 2 B R4 FH 52 0
KA AR E . DRI, ASCRIA SPSS Geit 0 i ik i S i A i vg K AR B T FA R . WHIL 5 %
HASE K 2 TR MRS KR, HESRED, 2ok RIS R IR(R=0.302) i AL & 45 A
M, HERREAI L BN . 2 Bl 2 th T R SR Y A AR AR B A7 0 R 1 B AR DG M T
fERIRUE DAERAAL oF . Rk, A TVHBR R B 2 AT MR %, AR SON RS AT R i .
TR AT TR R E A AR R, EEREE —E R 2 Rl Al S, EHH G —
PP ATV RAE, TR A LSS Tabr 2 A L. A A

FIF SPSS Guit ik B i ) R 70 M D RE AT F RS 00T, B R BEEAT A G AR B, DU &
Z I EA MR WIER oM AR IS 5, KMO(Kaiser-Meyer-Olkin){ii vy 0.649 JH85iE 1, [,
IRYE Bartlett BRIZ R IRZE R, P {6<0.05. Z5& Bl PITifadR, A LHE 38 82 [BAAfEA DG, &Gk
ITHEF 8. Wk 5 fr, BEARERNRHIEE R T 1 BB ARy, Bk, Bsr 1A 2 nf$ BV N oy
PN E R BRI T 2255 78%, 5 T FEMNARER.

REEWMDTNER: BBEHNEHE

A MIGRHF A LSRN TR I7 AN

ot TTER%  BH% it Ji E 1% 2H% ait TTEN%  2R%
1 4.132 59.034 59.034 4.132 59.034 59.034 4.097 58523 58523
2 1.340 19.149 78.183 1.340 19.149 78.183 1.376 19.660  78.183
3 663 9.466 87.649
4 380 5.422 93.071
5 335 4779 97.850
6 107 1522 99.372
7 044 628 100.000

RWOT: ERG 53T,

LI T ITETRBAS B A 2 — R AR “RER T, O T E AT R SR )
R AR —RAC R, AR e K7 2350 AT IR e, el Je A9 2 A e e il 7 JE R 3% 6 s . 3R
HUE AR IR AL B 5 00 B kB il 2 T A R R & BUE B XHEOR, MR R, Elin 15
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WK F Rs kAL ER BRI S OB DU AR SR, TS HERARE DS, d:#hAt
BT Z Py i AKALSE BERUK B Dw RFUJE, U ARRRA SV KL (B B AE T A ).
FiE, WA 1 AE CBIRETET . MM 2 LT ST RA R AR A, B ATR
“HERHTHET .

6 EFHEAELER: Nese M 5Em °

J% 5

1 2
AbEEKE MR .862 -.375

WA FEEE O 728 335
KA ST RSO REES (A8 .926 143
VKA SO EE R (A ED -.748 -.391
Hechr e -.895 151
it TR VOIS .031 958
TR T2 =777 -.094

PO RS .
Jeltik:  BAA Kaiserbr eI IEAS e
a. JEFEAE3VIEA ST

B DR T TS R RS RECERE AU B B> 5 IR BN R R RIES, W

R(12)F(A3) 7w .
F1=0.235F + 0.162T, + 0.222D, — 0.164D,, — 0.231D5— 0.047¢C — 0.188P (12)
F2 = —0.326F+ 0.207T, + 0.053D, — 0.247D,, + 0.163D5 + 0.707C — 0.026P (13)

Hrb, F1, F2=FE BT
F={5/KALFE | AL BE KB (IR
T =37 Hh 3P 11 (<C);s
Dy=i5 /KA SR O RS (A ED)
Dy=15 /KA 3 5K RO RIEEES (AE)
DS=i5 7K Kb 3] AT 1 H K HE RO 5
C=i5 /KA BE (g Uit TR
P=y5 /KA FE) EARAEE T2,

F SPSS Guit i A AT ey /K AL B ) F B i FE R R TS AT R 7 FL A T R F2 s kK ab B
PG TRE WHI 2 e E R0, 38Rk FL IRT5 WHIN BE Gt 22 538 & ULk M et (i
KA, brdELRECH 0517, p E/NT 0.05, H BB 72047 ANOVA 55+ p {44 0.008
(/NT0.05) , R*=0.672.

WHII = 4.144 + 0.517 x F1 (14)
R NAHRNAN2(12), AT A2 WHIL S hrEf 5 i) SR a6 48 & 2 [ R, 0 s((15)Fs:
WHII = 4.144 + 0.121F + 0.084T, + 0.115D, — 0.085D,, — 0.119D5 — 0.024C — 0.097P (15)

HARAE) AT LA, V57K #GRaRE WHIL 548K R By 3T R -FRE T, /5 K #E
BT A DR Dy RIEASCHE, W S HEBRAE DS, V5K ARER) B BAAETT RO IR B Dy BRI
TURZS CRIEMARAFE T2 P 2. BT % TRE CArditk REGL /N A EZERRAE F2 A7+, A
WX AP Rz AR & W R 7R BRI G ARV T V5 /KA B ) ) #0  O 5 FE WHIEL, R 3l k2> Adh B K

F. $2EditheitE DS, RN HIRZE T #GE 8 Tyo MIARIETS /KACEL) 2k T2 A R AL B R ),
#% CASS Al CAST LZitt AIO Hil A20 FHREA BT FRIGT5 /KA B )~ F4 S 9R EE WHI. T AR [l A A 45 2
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W] LU DU LE Bl i R B ol (Dy 4B/ HImBARAETL (Dy (KD HIT5 K ARER] ™ CRrntng XAy di5 X
WK AL BT ) R 5 WHI B H BN

3 #Zig

I R FH IR AL A R R B B IRl S T I RIS K AR B (3R IELE . Il MODIS &R ™
AEAT T AR, Z9RRY] Landsat TM/ETM+ 153 SR RIR Z 5 MODIS HURIR AR MER =i, 4
FERERG o ASSCHBI AR SRR 73 A A 22 Je R [N B A B, W /RIS /K AL 2R R 58 WHIL 55 4b 2
KE Fy TR EHERE Ty A5KACEE) BB I S OB Dy R AEMRME, S HERsHE DS,
TI/KACFET B FAAELL D I BE 1 Dy I TORZE C M BRI TE P R AR i SR 7R E RS /R
VE TG 7K AL B | (R RS 5 EE WHIL B g D AL BEK & Fy Sl chedE DS, [ I3 Dk 22 300 7 4 5 2
2 Tuo AR AT I $i i BB AR 73 B 2 3k — 2D F T35 7K AL BT A4 B RONE ) 58 B DTk e

REFERENCES

[1] Li, Q.; Zhang, H.; Liu, X.; Huang, J. Urban heat island effect on annual mean temperature during the last 50 years in China [J].
Theoretical and Applied Climatology, 2004, 79: 165-174.

[2] Bk, T ST IR s R B S T L[] MR A, 2015, 40(3): 5-8.

[3] ML, 5Ki i, ARAIEE, BRI, ARE PR, R RCEORAE KRB AR SIS W I o (52 P T et e []. S AR kA7, 2013, 41(2):
187-190.

[41 B&RE, WEsr, £33 38 RTERR ST M I AR A [9]. 65 ¥R 5%, 2013, 29(4): 165-167.

[5] Wang, X.; Liu, J.; Ren, N.Q.; Yu, H.Q.; Lee, D.J.; Guo, X. Assessment of multiple sustainability demands for wastewater
treatment alternatives: A refined evaluation scheme and case study [J]. Environmental science & technology, 2012, 46: 5542-5549.

[6] Corominas, L.; Foley, J.; Guest, J.S.; Hospido, A.; Larsen, H.F.; Morera, S.; Shaw, A. Life cycle assessment applied to wastewater
treatment: State of the art [J]. Water research, 2013, 47: 5480-5492.

[71 Mo, W.; Zhang, Q. Can municipal wastewater treatment systems be carbon neutral [J] J. Environ. Manag. 2012(112): 360-367.

[8] ZFWK, ELIE, VRV, 15 /KI5 YR AL BR KRR HE BN HARBR AL SRR 9], AR 5 M8 TR, 2011, 33(2): 117-121.

[9] Chunyan Chai, Dawei Zhang, Yanling Yu, Yujie Feng, Man Sing Wong. Carbon footprint analyses of mainstream wastewater
treatment technologies under different sludge treatment scenarios in China [J]. Water, 2015(7): 918-938.

[10] 1 5K J AN S A 22 B 2 R AU A8 A m) o A N REFE A A AR A 38 — O 55 SO M), dbst: A E 250t il 2013:
59-62.

[11] Barsi, J.A.; Schott, J.R.; Palluconi, F.D.; Hook, S.J. SPIE: In Validation of a web-based atmospheric correction tool for single
thermal band instruments[C/OL]. San Diego, California, USA, 2005: 58820E-1-58820E-7.

[12] Sobrino, J.A.; Raissouni, N.; Li, Z.-L. A comparative study of land surface emissivity retrieval from noaa data [J]. Remote Sensing
of Environment, 75, 2001: 256-266.

[13] Becker, F. The impact of spectral emissivity on the measurement of land surface temperature from a satellite [J]. International
Journal of Remote Sensing, 8, 1987: 1509-1522.

[14] Sobrino, J.A.; Jiménez-Mufoz, J.C.; Paolini, L. Land surface temperature retrieval from landsat TM5 [J]. Remote Sensing of
Environment, 90, 2004: 434-440.

[15] Sobrino, J.A.; Jiméez-Mufbz, J.C. Surface emissivity retrieval from digital airborne imaging spectrometer data [J]. Journal of
Geophysical Research, 107(23), 2002: 2401-2413.

[16] ELEEE, Z0CIH, 4ok, BRAiogr, xR it T2 TM6 % By 3t 4 B St A< it i [0]. [ BRRE /K, 3(61), 2004: 28-41.

[17] Weng, Q. Thermal infrared remote sensing for urban climate and environmental studies: Methods, applications, and trends [J].
ISPRS Journal of Photogrammetry and Remote Sensing, 64, 2009: 335-344.

[18] Schwarz, N.; Lautenbach, S.; Seppelt, R. Exploring indicators for quantifying surface urban heat islands of european cities with

-12-
http://www.ivypub.org/RSS



modis land surface temperatures [J]. Remote Sensing of Environment, 115, 2011: 3175-3186.
[19] Memon, R.A.; Leung, D.Y.C.; Liu, C.-H. An investigation of urban heat island intensity (UHII) as an indicator of urban heating
[J]. Atmospheric Research, 94, 2009: 491-500.

[EE ]

LUedRME (19820 , &, W, WLwFRE,
157K AL ¥R ik R LT 5o
Email: cathy.chaichunyan@gmail.com

2 EOCH (19800 , H, W, tE, W
PR, BB
Email: Iswong@polyu.edu.hk

4

SImEA (1966-) , i, W, it #H
RIS, EEHFITEYIREN. M5
Hh e, IR XA R 5 PP
E-mail: yujief@hit.edu.cn

-13-
http://www.ivypub.org/RSS



	Study on Heat Island Effect of Wastewater Treatment Plants in Harbin based on Thermal Infrared Remote Sensing Images

