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Introduction & Motivations Thermal analysis

Estimating Land Surface Temperature:

ASTER L-B1 / Landsat 8 between ASTER and LANDSAT 8

large number of researches were recently focused on the relationship between the
land surface temperature and several urban physical factors. The remote sensing 3. Converting at-sensor Brightness Tem
data are recognized as the most appropriate to study the thermal behavior at the ur- \emperat el voLgie
ban or meso-scale. Within such studies various indicators representative of the urban
environment have been used to describe their influence on the different urban ther-
mal patterns. For this purpose several correlation techniques were applied. Altought
global multivariate regression relationships are relatively well established, the statis-
tical analysis used are very often aspatial, not representative of the spatial nature of . ——
the relationship among the involved factors. In order to highlight the spatial nature e e S
and scale dependencies of the thermal processes occurring within urban areas used de = (1-€)(1-PV)Fe,
as case study, we established the existing relationships between satellite-derived Land e Ll b s D S b R TN

321 Regression analysis applied to the thermal imaging highlighted the relationship be-
tween LST and parameters included in the analysis. From the initial dataset the mor-
phometric protection index (MPI) was excluded due to the very high value of statisti-
cal significance (p-value). Subsequently, both models, aspatial and spatial, used with
thermal data with dual spatial resolution, showed a better overall result. This can be
probably explained by the strong inverse correlation that this parameter exhibits with
respect to the Sky View Factor (SVF) variable. This value is about 0.6.
However, the SVF, seems to show a greater predictive power with respect to the MPI. By
substituting such a factor in place of the MPI in the model, the predicted value is low-
ered substantially.
The analysis of the coefficients shows that the most important predictor variables are

1. Converting DNs to at-

Radiometric calibration i
sensor spectral Radiance
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ATM correction

- £, s vegetation/ soil emissivity, which was obtained from (Van de Griend & Owe, 1993);
g =1.0094 + 0,047 * In (NDVI__ )

-NDVI_, =05and NDVI_, =0,2 (Sobrino et al,, 2004)
- Pv is the Viegetation Cover Fraction (Carlson & Ripley, 1997):
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2. Converting at-sensor
spectral Radiance to
at-sensor Brightness
i Temperature
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Surface Temperatures (LST) and the physical-geometrical parameters of the urban en- LT CEEDE those from the spectral analysis, rather than the SVF with an inverse correlation, as
vironment. A better knowledge on the effect of increasing spatial resolution of thermal | - . | A (PP Pt P | | : expected. The greater influence of the parameters derived from remote sensing with
data from space on the overall analysis was achieved by using thermal data from Terra- P A AT N B ChRR MO WA A A e PR S o > - respect to the morphometric ones could be related to their common origin while the
ASTER and Landsat platforms. e % & B s koot : . = | - | 296 morphometric data could not be a more faithful picture of the context.
A Ll .ltfw"ﬂ;p}”tmifhﬁ- i b aigad gl Cf i .-r”‘h..,r; NDVIrmax ((NDVI-NDVI J/ANDV)__-NDVI, 1) E ; : _ 0 i :
el eyt i L4 e A A = s S ‘ The geographic variables (x, y) help to improve the predictive power of the analysis, but
= = TR 1 - gy | the regression cc:riefﬁcllentls are .rn:;t 5|g;1|ﬁcant, perhaps to explain the spatial behavior is
= e T 1 - necessary to apply a local spatial analysis.
L E; E=Eg Fuﬂrw'&hrﬂ& | ¢ |
M et h o d o I O g y ATM correction ISAC {Johnson & Young, 1998] (Coll et al. 2010) i' -; 288
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n order to explore the relationship between the LST and the urban physical parameters we
have:

Conclusions

- enhanced the estimation of the LST through the methodology suggested by Sobrino et al.
(2004), as an alternative to the widely used method such as the TES and ERC;

he global behavior of the regression analysis, both aspatial and spatial, demonstrates

-oversampled the LST ground resolution to 15 m for the thermal data from ASTER image, and B | | _ | the strong effect of spatial resolution on the thermal processes occurring at urban
30m for the thermal data form Landsat 8 image; Indipendent SWNAME _________ IDATA CELLS _INODATA CELL _[CELLSIZE |MEAN __IMIN __MAX _ IRANGE _|VARIANCE | | s > d :
LST LANDSAT 4441863 51437688 30,000 303,073 295,794 315,366 19,572 25,954 hi ' q tiated By . th | £abs dat a— fe et
: . : : 5 ; e : : ] N1S Was demonstrate Inspectin e values O e determination coerncient an
- applied an aspatial multiple regression analysis (i.e. no geographical location is considered HEULAINLIS A 2a8/920] O 30,000 S |EE=],000 BT, DU 2000 0,102 : : 2 f E -
in the estimation of the model parameters); PV LANDSAT 55879551 0 30,000 0,114 0,000 1,000 1,000 0,013 residuals provided as outcomes for the two thermal images.
’ In particular, the analysis of residuals shows the need to integrate the explanatory vari-
. : : . : LST ASTER 18016147 9372195 14,896 303,294 268,783 323,882 55,099 82,895 ' ' Told ' '
 applied a spatial multiple regression analysis ._ ables with variables more descriptive of the urban environment, such as the analysis of
NDVI ASTER 24371679 3138370 14,984 -0,087  -1,000 1,000 2,000 0,023 Impervious surfaces
PV ASTER 54717¢ 129 00 00 ' . . .
EVASTER 241170 0 322 012 00 EEd L 0082 The overall results of the analysis are rather satisfactory and could allow to predict the
SKY VIEW FACTOR 1539705 606570 10,000 0985 0,106 1,000 0,894 0,002 | | - | _ | variations Df surface Femperature with respect to v‘arlatlon of the urban p:farameters,
StUdy Area & Dataset MORPHOMETRIC PROTECTION INDEX 1437265 709019 10,000 0026 0000 0,723 0,723 0,002 ASTER: x-axis = predicted temperature; y-axis = observed LANDSAT: x-axis = predicted temperature; y-axis = ob- such as the introduction of vegetated surfaces, which would produce an increase of
temperature (ASTER LST histogram is shown in the bot- served temperature (LANDSAT LST histogram is shown faCtDTS NDVI and PV
tom picture). in the bottom picture), ’
LST ASTER AO| 2146284 0 14,896 307,566 293,010 322,220 29,211 54,184 1]
PV ASTER AOI 2146284 0 10,000 0,219 0,075 0,597 0,521 0,003 | |
NDVI ASTER AOI S TAE DR B 10,000 0067  -0.450 0.546 0.996 0,014 _ s v e e e v e i o o e e e '?.5
| f B .
LST LANDSAT AOI 2146284 0 30,000 305,370 298,087 313,732 15,645 21,458 il " 1{?‘-% | 4
NDVI LANDSAT AOI 2146284 0 10000  -0,099 -0321 0310 0,631 0,017 | e |
‘ PV LANSAT AOI 2146284 0 10,000 0,205 0,114 0,429 0,315 0,003 L . : I 2
S In the table above are presented descriptive statistics of parameters used in the two models: ASTER and Landsat 8 LST; the Normalized Difference Vegetation Index i
|' e A ER - SE L i ‘*Hﬂ-_‘rtjhfﬂu'hw_ll‘l (NDVI) and Vegetation Fraction (Pv) obtained as described before; Sky View Factor (SVF) and Morphometric Protection Index (MPI) as variables descriptives of the urban ; - . . !
. winter and yot dry summetr. settlement derived by two different digital elevation model available for the Apulia Region. The showed data are referred to the whole data extension and to study area h______ﬂ-“_ _ F v L o — _ . | | “ |
SHHEE NSRS (NS AN Y BTN SR S N} named Area of Interest (AOI). | | o | | S o i :
MULTIPLE REGRESSION - LANDSAT| | | | EFIEIN A ek MULTIPLE SPATIAL REGRESSION - LANDSAT e B Parameter used: | | A 4
ASTER Level-1B PARAMETER VALUE PARAMETER  VALUE -NDVI; PARAMETER VALUE PARAMETER  VALUE - NDVI; | s | - ' |
- 1 _ - 5 = 1E [
DATE OF ACQUISITION: 06 July 2001; (approx.10:00 a.m.) R2 0,808 R2 0,826 -Morphometric R2 0,835 R2 RSN - Sky View Factor; [ fF H K
GROUND RESOLUTION: 15 m (VlS ) Vnir) and 90 m [T|R) R2_ADJ 0,808 R2 ADJ 0,826 prtEE.tlﬂn index; R2 ADJ 0,834 R2 ADJ 0,851 -.Vegetatmn Frac- | o o o ol e v e e e e e e o o e e e e e e e | L0 e s wh e b e wh owe we w e e e e e we v we e w s 75
' STD_ERROR 1,420 STD ERROR 1,426 Sky View Factor; STD_ERROR 1,317 STD _ERROR 1,323 tion. ASTER: Residues map between predicted and observed  LANDSAT: Residues map between predicted and ob-
SPECTRAL RESOLUTION: 15 bands (5 TIRs) -Vegetation Frac- temperature. served temperature.
MULTIPLE REGRESSION-ASTER | || [ [ IMULTIPLE SPATIAL REGRESSION - ASTER | [ (Y ——
SraTantay o ar o PARAMETER VALUE PARAMETER VALUE PARAMETER VALUE PARAMETER VALUE
= — I.:jf';l.,:li'lli‘:_” ]t‘r II, 'ii *-::I'_ JL_" o Rz D-*ZEE Rz DFDZB Rz 0.!581 Hz 01605 Carlson T.N., Ripley D.A. (1997). On the relation between MOV, Fractional Vegetation Cover, and Leal Ared Index. Remate  study of Shanghal, China. Remode Sénsing of Environment, 115 (2001), 32493243
-Ly:dl'l —":IIB- 'i:i’:':*”;‘l :::-';:T?P; 1 I-!: 4"-II~III'J":* : RZ_ADJ U; 285 RZ_AD.’ U; 028 RZ_ADJ U; 581 RZ_AD.I D; 605 ;2;;II:H:III;;:\:::::”;;::‘;;; j-:l, Caselles V. (2010). Validation of Landsat- YETM + Thermal-Band Calibration and Atmos :Thl::‘nﬁljJEGJ?:L;::;LS:ETEI:?;::I:;rltt1:;:3{::1'1II:I::H_:I”':.JUH"mc Temperature retrieval from LANDSAT TM 5. Remate
. N M e T L fes ey o phere Comection with Ground-Based measurément, [EEE Trams. Gaosel, Remate Seriimg, vol, 48, 11, 547555 Sensimg of Erwirorment, S04, 434-440
ESOLUTION: 11 bands (2 TIRs STD_ERROR 4,631 STD_ERROR 2,598 STD_ERROR 3,545 STD_ERROR 3,592 S e VoM K b e e C Ao el g R o . s i’ S S0 SR T, M
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