
This article was downloaded by: [Universita Studi la Sapienza]
On: 15 November 2011, At: 06:35
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

International Journal of Remote
Sensing
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/tres20

Derivation of land surface
temperatures from MODIS data using
the general split‐window technique
C. O. Mito a b , G. Laneve a , M. M. Castronuovo a & C. Ulivieri b
a Department of Physics, University of Nairobi, Nairobi, Kenya
b University of Rome ‘La Sapienza’, Via Salaria 851, 00138 Rome,
Italy

Available online: 22 Feb 2007

To cite this article: C. O. Mito, G. Laneve, M. M. Castronuovo & C. Ulivieri (2006): Derivation of
land surface temperatures from MODIS data using the general split‐window technique, International
Journal of Remote Sensing, 27:12, 2541-2552

To link to this article:  http://dx.doi.org/10.1080/01431160500502579

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/tres20
http://dx.doi.org/10.1080/01431160500502579
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Derivation of land surface temperatures from MODIS data using the
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Fast Atmospheric Signature Code (FASCODE), a line-by-line radiative transfer

programme, was used to simulate Moderate Resolution Imaging Spectroradio-

meter (MODIS) data at wavelengths 11.03 and 12.02 mm to ascertain how

accurately the land surface temperature (LST) can be inferred, by the split-

window technique (SWT), for a wide range of atmospheric and terrestrial

conditions. The approach starts from the Ulivieri algorithm, originally applied to

Advanced Very High Resolution Radiometer (AVHRR) channels 4 and 5. This

algorithm proved to be very accurate compared to several others and takes into

account the atmospheric effects, in particular the water vapour column (WVC)

amount and a non-unitary surface emissivity. Extended simulations allowed the

determination of new coefficients of this algorithm appropriate to MODIS bands

31 and 32, using different atmospheric conditions. The algorithm was also

improved by removing some of the hypothesis on which its original expression

was based. This led to the addition of a new corrective term that took into

account the interdependence between water vapour and non-unitary emissivity

values and their effects on the retrieved surface temperature. The LST products

were validated within 1 K with in situ LSTs in 11 cases.

1. Introduction

Land surface temperature (LST) is an important factor in the control of most

physical, chemical and biological processes of the Earth. Knowledge of the LST is

necessary for many environmental studies and management activities of the Earth’s

resources (Li and Becker 1993). The extensive application and significant
importance of temperature in environmental studies and management is the main

force driving the study of LST in remote sensing. Significant progress has been made

in estimation of land surface emissivity and temperature from airborne thermal

infrared (TIR) data. A technique to estimate the surface temperature based on an

assumed constant emissivity in one channel and previously determined atmospheric

parameters was developed (Kahle et al. 1980). A variety of split-window techniques

(SWTs) have been developed to retrieve sea surface temperature (SST) and LST

from National Oceanic and Atmospheric Administration (NOAA) AVHRR data.
The split-window LST method corrects the atmospheric effects based on the

differential absorption in infrared bands (Price 1984, Ulivieri and Cannizzaro 1985a,

Becker 1987, Wan and Dozier 1989, Becker and Li 1990, Sobrino et al. 1991, Vidal

1991, Kerr et al. 1992, Ottle and Stoll 1993, Prata 1994, Ulivieri et al. 1994, Wan and
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Dozier 1996). The most popular form of the split-window algorithm is

Ts5T4 + A(T4–T5) + B, where Ts is the LST, T4 and T5 are the brightness

temperatures of AVHRR channels 4 and 5, and A and B are coefficients related

to atmospheric effects, viewing angle and ground emissivity. A major problem in

using split-window LST methods is that we need to know the surface emissivities in

the bands better than 0.01. It seems possible to have such knowledge of the

emissivities for certain types of land cover, such as lake surfaces, snow/ice, dense

evergreen canopies, and some soils. For land cover with variable emissivities,

especially in semi-arid and arid areas, it is almost impossible to estimate two band-

averaged emissivities to such accuracy. Therefore, it is necessary to develop

algorithms to retrieve LST without prior knowledge of emissivities or algorithms

that retrieve LST and surface emissivity simultaneously (Wan and Li 1997).

The retrieval of surface temperatures from AVHRR measurements over land has

shown that the problem is well understood from a theoretical viewpoint. Because of

inherent sensor noise and the lack of adequate data on the atmospheric state as well

as on the surface emissivity, however, AVHRR-derived LSTs are currently subject

to uncertainties.

This situation may improve substantially with the availability of new instruments

with better performance for both ground observation and atmosphere sounding.

Such instruments should preferably all be mounted on the same platform to ensure

contemporary measurements. Some of these platforms and sensors capable of such

high quality measurements have recently been designed; such as, for example, the

satellite series in the frame of the Earth Observing System (EOS) of the National

Aeronautics and Space Administration (NASA), the Meteosat Second Generation

(MSG) satellite, and the Environmental Satellite (ENVISAT) platform of the

European Space Agency (ESA).

MODIS is an EOS instrument that serves as the keystone (Salomonson et al. 1989) for

global studies of atmosphere (King et al. 1992), land (Running et al. 1994) and ocean

processes. It scans ¡55u from the nadir in 36 bands, with bands 1–19 and band 26 in the

visible and near-infrared (NIR) range, and the remaining bands in the TIR from 3 to

15 mm. The specifications of MODIS bands have been published (Wan and Li 1997).

The bands in transparent atmospheric windows are designed for the remote sensing of

surface properties. Other bands are mainly for atmospheric studies. MODIS provides

images of daylight reflection and day/night emission of the Earth, repeating global

coverage every 1–2 days. It uses 12 bits for quantization in all bands. The TIR bands

have an Instantaneous Field-Of-View (IFOV) of 1 km at nadir. MODIS is particularly

useful because of its global coverage, radiometric resolution and dynamic ranges, and

accurate calibration in multiple TIR bands (better than 1% absolute) designed for

retrieval of SST, LST and atmospheric properties.

Specifically, all atmospheric channels of MODIS are used to retrieve atmospheric

temperature and water vapour profiles. Band 26 detects cirrus clouds and TIR

bands 20, 22, 23, 29 and 31–33 correct atmospheric effects and retrieve surface

emissivity and temperature. Multiple bands in the mid-infrared range provide, for

the first time, corrections for solar radiation in daytime LST estimations using mid-

infrared data. Taking advantage of the seven TIR bands of the MODIS instrument,

a day–night algorithm has been proposed based on pairs of co-located measure-

ments to retrieve simultaneously the surface temperature and the spectral emissivity

without a knowledge of the atmospheric temperature and water vapour column

(WVC) amount (Wan and Dozier 1996, Wan and Li 1997, Wan et al. 2002). Wan
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and Li (1997) developed a physics-based LST algorithm for simultaneously

retrieving surface band-averaged emissivities and temperatures from day/night

pairs of MODIS data in seven TIR bands. Their LST algorithm was tested with

simulated MODIS data for 80 sets of band-averaged emissivities calculated from

published spectral data of terrestrial materials in wide ranges of atmospheric and

surface temperature conditions. The results of their comprehensive sensitivity and

error analysis to evaluate the performance of the new LST algorithm and its

dependence on variations in surface emissivity and temperature, upon atmospheric

conditions, as well as the noise-equivalent temperature difference (NEDT) and

calibration accuracy specifications of the MODIS instrument are published in the

same paper. As a constraint, this algorithm has augmented probability of no cloud-

free conditions because retrieval is based on two images. This obviously reduces the

portion of Earth areas suitable for its application.

Figure 1 shows the absorption corresponding to water vapour (H2O), ozone (O3)

and carbon dioxide (CO2) in the 750–1050 cm21 spectral range together with the

relative response functions of AVHRR channels 4 (Ch 4) and 5 (Ch 5) and MODIS

bands 31 (Ba 31) and 32 (Ba 32). These calculations were performed for a typical

scenario for the equatorial region, using the PcLnWin Radiative Transfer (RT)

programme from Ontar Corporation (http//www.ontar.com/products.html) in a

clear sky (23 km visibility), with total water vapour content of 4.2 g cm22 at nadir.

It is evident how MODIS bands 31 and 32 reproduce well the AVHRR channels 4

and 5, which have been used in the past to develop SWT and adapted SWT

algorithms. The spectral ranges (figure 1) of the two bands are closer to each other

compared to AVHRR and therefore the usual assumption of linearization of the

Planck function is more justified for any SWT algorithm development. This

assumption requires that the measurements be made in two spectral ranges close to

each other, such that one of the measured radiances may be expressed as a linear

function of the other.

Figure 1. Absorption of the atmospheric constituents and filter response of AVHRR/2 and
MODIS.

Split-window derivation of LSTs from MODIS 2543
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2. Theoretical basis of the algorithm

When the surface reflectance ri512ei is not negligible, the total radiance Ii emerging

at the top of a nonscattering cloud-free atmosphere is given, in any selected

radiometric band centred in i, by the relationship:

Ii~eitiBi Tsð ÞzBi 1{tið Þz 1{eið Þ 1{tið ÞtiBi ð1Þ

where Bi is the Planck intensity (watt cm22 sr21 mm21), TS is the surface temperature

(K), ei the spectral surface emittance, ti the total atmospheric spectral transmittance,

and Bi and Bi the upwelling and downwelling atmospheric mean radiance.

To make practical use of multitemporal and multichannel data, we need to simplify

equation (1) by using some realistic assumptions about the surface optical properties

(Wan and Li 1997). We assume that (a) the surface emissivity changes with vegetation

coverage and surface moisture content. However, it does not significantly change in

several days unless rain and/or snow occur during a short period of time – particularly

for bare soils in arid and semi-arid environments (for which the surface of the ground

is normally dry) (Kerr et al. 1992). We also assume that (b) there are quite strong

spectral variations in surface reflectance for most terrestrial materials in the

wavelength range 3.5–4.2 mm (Salisbury and D’Aria 1994) but their Bidirectional

Reflectance Distribution Function (BRDF) anisotropic factor in this wavelength

range has very small variations in the order of 2% (Snyder and Wan 1996, Snyder et al.

1997). It is therefore appropriate to assume that a single BRDF anisotropic factor can

be used for the surface-reflected solar beam in MODIS bands 20, 22 and 23 located in

this wavelength range (Wan and Li 1997). This anisotropic factor is defined by the

ratio of the surface-reflected solar beam at the view direction of the MODIS sensor to

the radiance that would have resulted if the surface reflected isotropically (such a

surface is called a Lambertian surface). Atmospheric radiative transfer simulations

show that (Wan and Li 1997), in clear-sky conditions, the surface-reflected diffuse

solar irradiance term in the TIR range and the surface-reflected atmospheric

downward thermal irradiance term are smaller than surface thermal emission.

Therefore the Lambertian approximation of the surface reflection does not introduce

a significant error in the 3–14 mm TIR region.

Although there is ample evidence that the emissivities of land surfaces such as

soils, sands and vegetation canopies vary with viewing angle, there are few such

spectral, angular emissivity data available. We therefore assume that land surfaces

are Lambertian, so emissivity is independent of the viewing angle. This

approximation is usually acceptable for viewing angles up to about 40u from nadir.

We can therefore link the surface spectral emissivity ei to the surface spectral

reflectance ri by ri512ei according to Kirchoff’s law.

Equation (1) may be rewritten in a more convenient form by introducing the

quantities:

Ei~eiti

Ai~ 1z 1{eið Þtizi½ � 1{tið Þ

�
ð2Þ

where zi~Bi

.
Bi. Substituting these expressions in equation (1), the equation for the

remotely sensed radiance at the satellite sensor becomes:

Ii~EiBi Tsð ÞzAiBi ð3Þ

2544 C. O. Mito et al.
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The General Split-Window Technique (GSWT) is based on a suitable combination

of the relations derived from equation (3) for two adjacent spectral channels. This

may be achieved by expanding equation (3) around a reference temperature.

However, following McMillin (1975, 1980), it is considerably more accurate,

especially when the wavelengths are close to each other, to expand the Planck

function at a reference wavelength. Adapting McMillin’s results to the formalism of

equation (3), the following system is found:

I1~E1B1 Tsð ÞzA1B1 T1

� �
B1 T2ð Þ~B1 Tsð ÞE2 1{að ÞzB1 T2

� �
A2

(
ð4Þ

where subscripts 1 and 2 indicate the split window channels, centred at the lower

(taken as reference) and higher wavelength, T1 and T2 are the atmospheric

brightness temperatures in the two thermal channels, T2 is the corresponding

brightness temperature of I2 and Bi Ti

� �
:Bi with i51, 2. In equation (4), a is a

shifting correcting term whose origin has been discussed in detail by Ulivieri and

Cannizaro (1985a).

If the linearized Planck function around T1 is used (Ulivieri et al. 1994), the

corresponding brightness temperature equation yields:

Ts~T1zb a1{1ð ÞT1za2 T1{T2ð Þza3 Ts{Tairð Þ ð5Þ

where coefficients aj (j51, 2, 3) are functions of the surface spectral emittances, the

atmospheric water vapour content and the temperature profile of the atmosphere;

their expressions are reported elsewhere (Ulivieri et al. 1994). Tair is the standard 2 m

height air temperature, which can differ more or less significantly from Ts,

depending on the nature of the surface and on the climatological conditions. In the

SWT Tair is assumed to be equal to Ts. b, which does not vary greatly over

temperature and spectral ranges of interest, is a term resulting from linearization

and is given by:

b~
T1

C2v1
exp C2v1=T1ð Þ{1½ �

�
exp C2v1=T1ð Þ ð6Þ

Figure 2 shows the weak dependence of b on typical scene temperatures for the

700–1000 cm21 atmospheric window together with the results obtained by accurate

simulations of MODIS measurements. The simulations for the atmospheric effects

in this work have been performed using the PcLnWin software package. It allows

the prediction of atmospheric transmittance and radiance at high spectral

resolution, as the atmospheric calculations are based on the Fast Atmospheric

Signature Code (FASCODE; Clough et al. 1986) and the high-resolution

transmission molecular absorption (HITRAN; Rothman et al. 1992) database.

The standard built-in atmospheric profiles in FASCODE were used, together with

the atmospheric conditions obtained by periodic radiosounding (once a week)

performed at the Broglio Space Centre (BSC) in Malindi, Kenya. The coefficients

aj were computed for a range of water vapour content between 0.4 and 5.4 g cm22

(figure 3) for the MODIS bands 31 and 32. It can be seen that a2 is more sensitive to

the surface emittance effect than a1 and a3. Analogously, a2 and, to a lesser degree,

a3 are significantly influenced by water vapour absorption. Regressive relationships

Split-window derivation of LSTs from MODIS 2545

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ita
 S

tu
di

 la
 S

ap
ie

nz
a]

 a
t 0

6:
35

 1
5 

N
ov

em
be

r 
20

11
 



Figure 2. The b term for the 700–1000 cm21 atmospheric window for typical values of scene
temperatures and the MODIS simulated results.

Figure 3. Coefficients of equation (5) versus total water vapour content for two values of
mean surface emittance: e~0:9 zð Þa1, �ð Þa2, oð Þa3; e~1 |ð Þa1, 2, 3.

2546 C. O. Mito et al.
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for the two values of mean surface emittance are respectively:

a02 e~1ð Þ~0:34wz1:53

a03 e~1ð Þ~0:02w{0:01

a02 e~0:9ð Þ~0:39wz1:71

a03 e~0:9ð Þ~0:023w{0:01

8>>><
>>>:

ð7Þ

For e1~e2~e~1 and Ts$Tair the first and the third corrective terms of equation (5)

are zero; the resulting SWT algorithm is analogous to that proposed by most

authors. They assume a92 as a constant over a wide range of w; it is evident from

equation (7) that this approximation may cause a significant relative error on a92.

Furthermore, Ulivieri (1984) showed how the a92 values proposed in the SWT

approaches give an overestimation of the water vapour effect, which compensates

for the small surface emittance effect of water bodies.

3. Assessments of the effects

In equation (5) the difference between the surface and the 2 m height air temperature

reflects in the retrieved temperature through the coefficient a3. This effect, according

to the surface condition, ranges from a few tenths of a Kelvin on a water body (Ts–

Tair52–3 K, corresponding to 10% of the total error in the retrieved temperature) to

1 K on insulated bare soil (TS–Tair510–20 K, corresponding to 25% of the total

error in the retrieved temperature) (Ulivieri and Cannizaro 1985b).

For the sake of simplicity, Ts can be assumed equal to Tair, the corresponding

corrective term being almost independent of the other two. Then, if T9s is the

retrieved surface temperature for e15e251, equation (5) reduces to:

T 0s~T1za02 T1{T2ð Þ ð8Þ

and the surface emittance effect can be evaluated by:

Ts{T 0s~b a1{1ð ÞT1z a2{a02
� �

T1{T2ð Þ ð9Þ

Given de5e12e2 and e1ze2~2e, then:

Ts~T 0szH1 1{eð ÞzH2dezH3 1{eð Þ2{ 0:5deð Þ2
h i

ð10Þ

where:

H1~
G1

D
, H2~

G2

D
, H3~

G3

D

G1~{b A02E01 A01Z1{1
� �

czA01E02 1{A02Z2

� �� �
T1

{a02 A02 E02Z2{E01 1zZ1E01
� �� �

czA01E02 1{A02Z2

� �� �
T1{T2ð Þ

G2~0:5 b A02E01 A01Z1{1
� �

c{A01E02 1{A02Z2

� �� �
T1

�
za02 A02 {E02Z2{E01 1zZ1E01

� �� �
c{A01E02 1{A02Z2

� �� �
T1{T2ð Þ

�
G3~{b E01E02 A02Z2 A01Z1{1

� �
czA01Z1 1{A02Z2

� �� �� �
T1

{a02 E01E02 A02Z2 A01Z1{1
� �

czA01Z1 1{A02Z2

� �� �� �
T1{T2ð Þ

D~cA02{A01z A02 E02Z2{E01 1{A01Z1

� �� �
czA01 E02 1{A02Z2

� �
{E01Z1

� �� �
1{eð Þ

z0:5 A02 E02Z2zE01 1{A01Z1

� �� �
czA01 E02 1{A02Z2

� �
zE01Z1

�� �� �
de

z A02E01E02Z2 A01Z1{1
� �

czA01E02E01Z1 1{A02Z2

� �� �
1{eð Þ2{ 0:5deð Þ2
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where E9i5ti, A9i512ti, and c is a correlation coefficient, discussed elsewhere

(Ulivieri et al. 1994).

3.1 Estimation of H1, H2 and H3

Equation (10) was solved by linear regression analysis with least-square-sum fitting

using the 21 sets of emissivity conditions as shown in table 1. The variations in H1,

H2 and H3 with water vapour content are illustrated in figure 4. It is evident how

they are insignificantly influenced if the water vapour content is less than or equal to

3.0 g cm22 and the following modified split-window algorithm can be adopted to

retrieve the LST:

Ts~T 0sz58:87 1{eð Þ{119:59dez46:13 1{eð Þ2{ 0:5deð Þ2
h i

ð11Þ

where H1558.87, H252119.59 and H3546.13 are the calculated mean values of

these functions and T9s is evaluated for a calculated mean value of a9252.23 in this

water vapour range.

For water vapour content above 3.0 g cm22 the following regressive relationships

hold:

H1~{7:61wz82:69

H2~24:35w{182:22

H3~{4:81wz65:12

8><
>: ð12Þ

Table 1. Emissivity dataset used in the estimation of H1, H2 and H3.

e e1 e2 1{eð Þ de 1{eð Þ2{ 0:5deð Þ2

0.98 0.99 0.97 0.02 0.02 0.00030000
0.985 0.975 0.01 0.00037500
0.9825 0.9775 0.005 0.00039375
0.98 0.98 0.0 0.00040000
0.9775 0.9825 20.005 0.00039375
0.975 0.985 20.01 0.00037500
0.97 0.99 20.02 0.00030000

0.94 0.95 0.93 0.06 0.02 0.00350000
0.945 0.935 0.01 0.00357500
0.9425 0.9375 0.005 0.00359375
0.94 0.94 0.0 0.00360000
0.9375 0.9425 20.005 0.00359375
0.935 0.945 20.01 0.00357500
0.93 0.95 20.02 0.00350000

0.9 0.91 0.89 0.10 0.02 0.00990000
0.905 0.895 0.01 0.00997500
0.9025 0.8975 0.005 0.00999375
0.9 0.9 0.0 0.01000000
0.8975 0.9025 20.005 0.00999375
0.895 0.905 20.01 0.00997500
0.89 0.91 20.02 0.00990000

2548 C. O. Mito et al.
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4. Validation results

In the MODIS LST processing, the data in MODIS Calibrated Radiance

(MOD021KM) and Geolocation (MOD03) products were used together with the

emissivity product from MOD11_L2 to retrieve the LST pixel by pixel. The LST

validation results are given in table 2. All the in situ data used in the LST valida-

tion were obtained from the field campaigns conducted by the MODIS Land

Discipline Group during the years 2000 and 2001 and reported in the MODIS

Science Team Meeting of 18 December 2001 (http://www.icess.ucsb.edu/modis/

modis-lst.html).

5. Conclusions

A simple extension of the SWT for LST determination has been set up; it is possible

to express LST theoretically as a combination of the brightness temperatures in two

spectrally adjacent channels, separating the atmospheric absorption and the

surface emittance if the water vapour content is less than 3.0 g cm22. For any

realistic value of the atmospheric water vapour content above 3.0 g cm22, the error

on the temperature estimate depends strongly on the accuracy of value of the

atmospheric water vapour content, and the algorithm takes advantage of the NIR/

IR MODIS bands, which allow the estimation of this parameter (MOD05_L2)

with a 5–10% error. In both cases the algorithm should be used in association with

the emissivity information from the reflective bands to retrieve the surface

temperature.

Figure 4. The H1 (*), H2 ( + ) and H3 (6) functions versus water vapour content.

Split-window derivation of LSTs from MODIS 2549
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Table 2. Validation of the 1 km MODIS LST product.

Case
no. Site

Latitude
Longitude Date

Time
(UTC)

CWV
(cm)

In situ TS

(K) e de
TMODIS

(K)
TMODIS–Ts

(K)

(I) In lake sites
1 Mono Lake, CA 37.9930uN

118.9646uW
25 July 2000 19:18 2.1 296.01 0.989 0.006 295.8100 20.2000

2 Mono Lake, CA 38.0105uN
118.9695uW

6 October 2000 19:11 1.4
(0.62)

290.17 0.989 0.006 290.6641 0.4941

3 Walker Lake, NV 38.6972uN
118.70802uW

18 October 2000 18:57 0.81
(0.95)

290.56 0.990 0.004 290.2904 20.2696

(II) Over grassland and rice field
4 Bridgeport, grassland 38.2202uN

119.2693uW
30 July 2000 05:57 2.4 283.24 0.988 20.004 282.7110 20.5290

5 Rice field, CA 39.5073uN
121.8107uW

30 July 2000 05:57 3.0 293.02 0.988 20.004 293.0480 0.0280

6 Bridgeport, snow cover 38.2199uN
119.2683uW

12 March 2001 06:36 0.4 263.50 0.988 20.004 264.0254 0.5254

(III) Over silt playa
7 Silt playa in Railroad

Valley, NV
38.4617uN

115.6927uW
18 July 2001 18:35 1.25

(0.86)
321.2 0.968 20.008 320.5721 20.6279

8 Silt playa in Railroad
Valley, NV

38.4617uN
115.6926uW

20 July 2001 06:21 0.64 287.4 0.968 20.008 287.1168 20.2832

9 Silt playa in Railroad
Valley, NV

38.4617uN
115.6926uW

21 July 2001 05:26 0.69 289.7 0.967 20.006 289.0860 20.6140

10 Silt playa in Railroad
Valley, NV

38.4630uN
115.6930uW

21 July 2001 19:05 0.68
(0.92)

320.1 0.9680 20.008 319.0526 21.0474

11 Silt playa in Railroad
Valley, NV

38.4630uN
115.6930uW

24 July 2001 05:57 1.01 290.7 0.9670 20.006 290.4274 20.2726

CWV, Column water vapour.
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The LST product has been validated within 1 K, with in situ LSTs in 11 cases over

land in the atmospheric WVC range of 0.4–3.0 g cm22. It is expected that the

combined use of Terra and Aqua MODIS data will improve the LST quality

significantly. In future work we expect to validate the LST products with in situ data

from the tropical region. In this way the accuracy of the algorithm can be

ascertained for this type of atmosphere, where water vapour concentrations above

3.0 g cm22 can be expected. This will allow the exploitation of the MODIS images to

be acquired in future at the BSC Equatorial Station (Malindi, Kenya) for LST and

SST estimates in the Central–East Africa area.
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