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Abstract—We compared the capabilities of Landsat-7 En-

hanced Thematic Mapper Plus (ETM+) and Advanced Space-
borne Thermal Emission and Reflection Radiometer (ASTER) 
imageries for mapping daily evapotranspiration (ET) within a 
Mediterranean vineyard watershed. We used Landsat and 
ASTER data simultaneously collected on four dates in 2007 and 
2008, along with the Simplified Surface Energy Balance Index (S-
SEBI) model. We used previously ground-validated good quality 
ASTER estimates as reference, and we analyzed the differences 
with Landsat retrievals in the light of instrumental factors and 
methodology. Although Landsat and ASTER retrievals of S-
SEBI inputs were different, estimates of daily ET from the two 
imageries were similar. This is ascribed to the S-SEBI spatial 
differencing in temperature, and opens the path for using histori-
cal Landsat time series over vineyards. 

Index Terms—Vineyard landscape, daily ET, solar and ther-
mal infrared remote sensing, Landsat-7 ETM+, ASTER, S-SEBI. 

I. INTRODUCTION 
CCURATE estimation of daily actual evapotranspiration 
(ET) is essential for vineyards because grape yield and 

quality depend upon root zone moisture throughout the growth 
cycle. Solar and thermal infrared (TIR) remote sensing is 
valuable for characterizing daily ET in a spatially distributed 
manner. Besides, time series from long-term satellite missions 
permit to study the impacts of climate and land use changes, 
and to calibrate process models for long-term forecasting [1]. 

ET monitoring in vineyard landscapes requires a good char-
acterization of land surface drivers in space and time [2-4]. 
This can be achieved with hourly frequency using geostation-
ary sensors (e.g., Meteosat Second Generation / Spinning 
Enhanced Visible and Infrared Imager) or daily frequency 
using sun-synchronous sensors (e.g., Terra / Moderate Resolu-
tion Imaging Spectroradiometer), but the TIR data spatial 
resolutions limit applications to kilometric spatial scales [5]. 
When addressing field scale patterns, it is necessary to use 
sub-hectometric data [6]. This can be achieved disaggregating 
low-resolution imagery, but the loss of information associated 
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with fine-scale variabilities can lead to significant errors [7].  
Advanced Spaceborne Thermal Emission and Reflection 

Radiometer (ASTER) and Landsat-7 Enhanced Thematic 
Mapper Plus (ETM+, referred to as Landsat hereafter) collect 
spaceborne TIR data with 90 m and 60 m spatial resolution, 
respectively. They permit to study field scale ET patterns, 
although the bi-weekly revisit induces the necessity to perform 
temporal interpolations for daily basis estimation [8].  

ASTER punctually collects multispectral TIR data with 
high radiometric quality that permit to accurately estimate ET 
or its drivers [9, 10], also over vineyards [2, 3]. Landsat rou-
tinely collects single spectral band TIR data with moderate 
radiometric quality. Difficulties induced by low quality of TIR 
data can be overcome using spatial differencing in tempera-
ture [11]. Good results were obtained with Landsat over ho-
mogeneous canopies [e.g., 12, 13], but it is necessary to deep-
en recent works on row-structured vineyards [e.g., 4] for 
which shadow and multiple scattering can combine with data 
radiometric and spectral quality. 

To evaluate the potential of Landsat data in estimating daily 
ET over vineyards, this letter aims to compare Landsat re-
trievals against previously ground-validated ASTER esti-
mates. Daily ET is derived from both imageries using the 
Simplified Surface Energy Balance Index (S-SEBI) method 
that relies on spatial differencing in temperature [14], which 
can mitigate low radiometric quality of the Landsat TIR data. 
We present the study site and the data to be used, we explain 
the remote sensing procedures, and we finally compare the 
Landsat and ASTER retrievals for S-SEBI inputs and outputs.  

II. STUDY AREA, DATA COLLECTION AND PREPROCESSING 

A. Study Site 
The study took place within the Peyne watershed in 

Languedoc-Roussillon, Southern France (43.49 N, 3.37 E, 80 
m asl). The watershed is 65 km2 size and mainly includes 
trellis-trained vineyards (70% of total area) under rainfed 
conditions (>95%), and in lesser extent annual crops, forests, 
shrubs and urban zones. Climate is Mediterranean with aver-
age rainfall of 650 mm y-1 and reference ET of 1105 mm y-1.  

Soils are highly heterogeneous in texture, depth and parent 
material, inducing significant differences in soil moisture 
regime and rooting depth. Watertable conditions within the 
rooting zone are contrasted, including absent, transient or 
permanent watertables during the growth cycle, which affects 
vineyard water status and resulting stress [15]. 
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B. In Situ Meteorological Data 
A CIMEL ENERCO 400 weather station was set upon a 

0.15 km2-size vineyard plot within the Peyne watershed. It 
collected hourly meteorological data of air temperature, rela-
tive humidity, solar irradiance, wind speed and rainfall. On the 
same plot, a Campbell NT LITE device measured hourly net 
radiation. Devices were set up 2 m height above the ground. 

C. ASTER official Products 
We used ASTER official products [16] that included top of 

atmosphere (TOA) radiances over all spectral bands and Top 
of Canopy (TOC) biophysical variables: narrowband reflec-
tance (15 and 30 m spatial resolution), narrowband emissivity 
and radiometric temperature (90 m spatial resolution). They 
corresponded to cloud-free images acquired at 10:30 local 
solar time in 2007 (10 May, 15 September) and 2008 (15 July, 
01 September). These products are routinely generated by 
(1) conducting instrumental corrections, (2) atmospherically 
correcting TOA radiances over the solar and TIR spectral 
domains [17], and (3) applying the Temperature and Emissivi-
ty Separation algorithm on the TIR data [18]. 

D. Landsat-7 ETM+ official Products 
 Contrary to ASTER, raw data only are available for Land-

sat. We used four cloud-free Landsat imageries collected at 
10:20 local solar time on the same dates as ASTER data. They 
include TOA radiance at 30 m (respectively 60 m) spatial 
resolution over the solar (respectively TIR) spectral domain. 
The study area was outside the imagery gaps induced by the 
SLC failure. We applied instrumental corrections using the 
calibration factors provided as metadata. 

E. Atmospheric corrections of Landsat data 
We used the Second Simulation of the Satellite Signal in the 

Solar Spectrum (6S) atmospheric radiative transfer model [19] 
to retrieve TOC narrowband reflectance over the solar domain. 
Following [20], we used the Moderate Resolution Atmospher-
ic Radiance and Transmittance Model (MODTRAN) atmos-
pheric radiative transfer code to derive TOC radiance from 
TOA radiance, where radiances over the TIR domain are ex-
pressed as brightness temperatures. 

Both 6S and MODTRAN required information about the 
atmospheric state during the satellite overpass. We used at-
mospheric profiles on pressure, temperature and relative hu-
midity from the National Centers for Environmental Predic-
tion (NCEP) reanalysis [21], linearly interpolated to the center 
of the study site from the surrounding grid points. We estimat-
ed aerosol optical thickness (AOT) at 550 nm by linearly in-
terpolating data at 440 nm and 675 nm from the Avignon site 
(43.932 N, 4.878 E, 32 m asl) of the AERONET network [22]. 
We extracted seasonal values for ozone and carbon dioxide 
concentrations from the 6S and MODTRAN databases. 

III. RETRIEVAL OF DAILY ET FROM ASTER AND LANDSAT  
We used S-SEBI to estimate daily ET from ASTER and 

Landsat imageries. Among existing methods based on spatial 

differencing in temperature [23], we choose this one because 
numerous studies previously showed it was feasible and robust 
when applied over areas that depict contrasts in water status. 

A. Calculation of ASTER and Landsat S-SEBI Inputs 
Input variables for S-SEBI were broadband albedo α over 

0.3-3 µm, radiometric temperature TS and net radiation Rn. 
We derived S-SEBI inputs from ASTER products following 

[2]. We calculated α as a linear combination of TOC narrow-
band reflectances. Due to deficient shortwave infrared bands, 
we used the generic formulation proposed by [24], linearly 
corrected against that proposed by [25]. TS corresponded to 
the ASTER official product. We calculated Rn from α, solar 
and atmospheric broadband irradiances, broadband emissivity 
εB, and TS. We derived solar irradiance from meteorological 
measurements. We retrieved atmospheric broadband irradi-
ance from meteorological measurements of air temperature 
and vapor pressure, following [26]. We estimated εB as a line-
ar combination of narrowband emissivities, following [27]. 

We derived inputs variables from Landsat atmospherically 
corrected data. We calculated α as a linear combination of 
TOC narrowband reflectances by following [25]. We derived 
TS from TOC brightness temperature, narrowband emissivity 
εN and atmospheric narrowband irradiance over band 6. We 
derived εN using the formulations proposed by [28-30]. We 
retrieved atmospheric narrowband irradiance from meteoro-
logical measurements of air temperature and vapor pressure, 
using the formulation proposed by [31]. We calculated Rn 
using the procedure implemented for ASTER imagery. For 
this, we assumed εB equaled εN by following [32]. 

B. Implementation of S-SEBI over Landsat and ASTER data 
S-SEBI assumes that the study area depicts contrasted water 

statuses inducing a significant scattering in the TS-α space 
[14]. For any pixel with TS, evaporative fraction EF is estimat-
ed as EF = (TH -TS) / (TH - TET). TH (TET) is maximum (mini-
mum) temperature within the same albedo class, correspond-
ing to dry (wet) areas with very low (large) latent heat flux. 
Assuming instantaneous and daily EF are equal, and neglect-
ing daily soil heat flux, daily ET is estimated as ET = 
EF (Rn,d / λ). λ is latent heat of vaporization. Rn,d is daily net 
radiation obtained from (1) in-situ data of Rn diurnal course 
and (2) Landsat / ASTER instantaneous retrievals of Rn [33]. 

We implemented S-SEBI over both imageries following [2, 
3]. Within the TS-α space, we estimated the dry (wet) limit 
corresponding to upper (lower) bound through a linear regres-
sion between albedo class value and TH (TET). To avoid the 
exclusion of extreme pairs, we added (subtracted) an offset to 
dry (wet) limits, this offset being calculated as the standard 
deviation of TH (TET) over all albedo classes. 

Previous studies validated ASTER / S-SEBI retrievals of 
daily ET against ground-based data [2, 3]. The validation was 
conducted within the same study area, over a panel of seven 
locations that depicted a large range of vine water status. The 
observed differences between ground truth and ASTER / S-
SEBI retrievals were 0.8 mm d-1 (30% relative). 
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IV. COMPARING LANDSAT AND ASTER IMAGERIES 

A. Superimposing Landsat and ASTER Imageries 
ASTER and Landsat spectral bands have different spatial 

resolutions. To compare their retrievals, we bi-linearly inter-
polated the imageries to 90 m. We next superimposed both 
imageries to a 0.5 m spatial resolution aerial orthophotograph 
collected in summer 2007, by using reference control points 
with the corresponding projection system (i.e., UTM). 

B. Comparing Landsat and ASTER retrievals 
We compared Landsat and ASTER retrievals for S-SEBI 

inputs and outputs. This aimed to link the differences on in-
puts and outputs, in relation to the S-SEBI spatial differencing 
in temperature. We also attempted to quantify error sources by 
comparing Landsat and ASTER products of TOA radiance, 
TOC narrowband reflectance and brightness temperature. 

Previous validation exercises showed the good quality of 
the ASTER retrievals [2, 3]. Therefore, we conducted the 
intercomparison by considering the ASTER retrievals as the 
reference values and the Landsat retrievals as those to be eval-
uated. We conducted the comparison using bias and root mean 
square error (RMSE). Apart from temperature, we also calcu-
lated relative bias (RBias) / RMSE (RRMSE), as the ratio of 
bias / RMSE to the mean value of the ASTER estimate. 

V. RESULTS AND DISCUSSION 

A. Comparing Landsat and ASTER basic products 
We first compared Landsat and ASTER estimates of TOA 

radiances, TOC narrowband reflectance and brightness tem-
perature, for the spectral bands that roughly matched (Landsat 
bands 2, 3, 4, 6 versus ASTER bands 1, 2, 3, 14, respectively). 
We obtained very similar results when considering (1) ASTER 
band 14 only or (2) averaged values over ASTER bands 13 
and 14. The results are displayed in Table I. In all cases, the 
unsystematic (or random) differences were low. 

For TOA radiance over the solar domain, Landsat estimates 

were lower than ASTER ones, by 10% relative, and the biases 
were stable over time. For TIR TOA radiance (expressed as 
brightness temperature), Landsat estimates were lower than 
ASTER ones, and the biases changed over time by a factor of 
two. The differences between Landsat and ASTER estimates 
were ascribed to differences in sensor filters and calibrations. 

For TOC narrowband reflectance, Landsat estimates dif-
fered from ASTER ones. Landsat estimates over band 2 (re-
spectively 3 and 4) were lower (respectively larger) than 
ASTER estimates over band 1 (respectively 2 and 3). For a 
given set of ASTER / Landsat bands to be compared, the bias-
es changed from one day to another, by 0% to 200% relative. 
For TOC brightness temperature, Landsat estimates were 
lower than ASTER ones, and the biases changed over time by 
a factor of three. The differences between ASTER and Land-
sat estimates were ascribed to differences in both TOA radi-
ances and atmospheric corrections. Over the TIR domain, the 
differences in atmospheric corrections were ascribed to differ-
ences in atmospheric humidity profiles. Over the solar do-
main, the differences in atmospheric corrections were ascribed 
to differences in AOT at 550 nm and ozone concentration. 

B. Comparing Landsat and ASTER S-SEBI Inputs 

Table I also displays the comparison of Landsat and 
ASTER retrievals for S-SEBI inputs: 

For α, the Landsat retrievals overestimated the ASTER 
ones. The bias magnitude was similar to those observed for 
TOC narrowband reflectances at 650 and 800 nm, which was 
ascribed to the weighting coefficients used for albedo calcula-
tion. Given the accuracy of the ASTER retrievals of Rn [2, 3], 
we were confident in the ASTER retrievals of α that drove 
80% of Rn, and the overestimation of ASTER albedo by Land-
sat one was consistent with a recent validation exercise [34]. 
Overall, RRMSE values were comparable with previous vali-
dation exercises of albedo retrievals [35-37]. 

For TS, the Landsat retrievals tended to overestimate the 
ASTER ones (Table I and Fig. 1a). The biases were different 
from those observed for TOC brightness temperature, which 

TABLE I. STATISTICAL INDICATORS OBTAINED WHEN COMPARING LANDSAT AND ASTER RETRIEVALS. INDICATORS ARE BIAS AND RMSE, BOTH ABSOLUTE (IN 
QUANTITY UNITS) AND RELATIVE (%). COMPARISONS OF TOA RADIANCE ESTIMATES ARE GIVEN FOR MATCHING BANDS OVER THE SOLAR (COLUMN 3 TO 5, 

IN W M-2 SR-1 µM-1) AND THE TIR (COLUMN 9, IN K FOR TOA BRIGHTNESS TEMPERATURE) DOMAINS. COMPARISONS OF RETRIEVALS OF NARROWBAND 
REFLECTANCE (NR) AND TOC BRIGHTNESS TEMPERATURE (BT) ARE GIVEN FOR MATCHING BANDS OVER THE SOLAR (COLUMN 6 TO 8) AND THE TIR (COLUMN 

10, IN K) DOMAINS. AI STANDS FOR ASTER / BAND I, LJ STANDS FOR LANDSAT / BAND J. S-SEBI INPUTS ARE ALBEDO (α), RADIOMETRIC TEMPERATURE (TS 
IN K), AND NET RADIATION (RN IN W M-2). S-SEBI OUTPUTS ARE EVAPORATIVE FRACTION (EF) AND DAILY EVAPOTRANSPIRATION (ET IN MM D-1). 

 Date TOA 
L2-A1 

TOA 
L3-A2 

TOA 
L4-A3 

NR 
L2-A1 

NR 
L3-A2 

NR 
L4-A3 

TOA BT 
L6-A14 

TOC BT 
L6-A14 α TS Rn EF ET 

RMSE 10 May 2007 
15 Sep 2007 
15 Jul 2008 
01 Sep 2008 

9.81 
6.49 
9.11 
9.90 

10.76 
6.54 
9.20 
9.69 

9.59 
4.55 

10.12 
9.32 

0.05 
0.04 
0.04 
0.05 

0.03 
0.03 
0.03 
0.03 

0.02 
0.04 
0.03 
0.04 

1.5 
2.1 
1.7 
1.3 

1.1 
1.8 
1.3 
1.5 

0.02 
0.03 
0.02 
0.02 

1.9 
1.2 
1.4 
1.4 

75 
82 
75 
70 

0.08 
0.09 
0.07 
0.11 

0.43 
0.35 
0.65 
0.37 

RRMSE 10 May 2007 
15 Sep 2007 
15 Jul 2008 
01 Sep 2008 

15 
13 
15 
19 

19 
15 
18 
21 

12 
8 

12 
14 

31 
29 
30 
38 

20 
21 
21 
21 

7 
11 

8 
13 

- 
- 
- 
- 

- 
- 
- 
- 

10 
13 
11 
10 

- 
- 
- 
- 

14 
15 
14 
14 

15 
19 
13 
21 

15 
24 
21 
19 

Bias 10 May 2007 
15 Sep 2007 
15 Jul 2008 
01 Sep 2008 

-7.27 
-4.96 
-7.10 
-8.41 

-6.27 
-3.57 
-5.67 
-7.10 

-8.23 
-2.76 
-8.48 
-8.11 

-0.04 
-0.04 
-0.04 
-0.05 

0.01 
0.02 
0.01 
0.00 

0.01 
0.03 
0.01 
0.01 

-1.1 
-2.0 
-1.4 
-1.0 

-0.5 
-1.5 
-0.7 
-0.5 

0.01 
0.02 
0.01 
0.00 

1.5 
0.0 
0.6 
0.8 

-72 
-79 
-70 
-57 

0.05 
0.02 
0.01 
0.07 

-0.10 
-0.13 
-0.12 
0.03 

RBias 10 May 2007 
15 Sep 2007 
15 Jul 2008 
01 Sep 2008 

-11 
-10 
-12 
-16 

-11 
-8 

-11 
-15 

-10 
-5 

-10 
-12 

-29 
-26 
-25 
-34 

5 
12 

9 
4 

3 
9 
2 
3 

- 
- 
- 
- 

- 
- 
- 
- 

4 
9 
4 
2 

- 
- 
- 
- 

-14 
-15 
-13 
-13 

9 
4 
2 

14 

-4 
-9 

-14 
2 
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was ascribed to emissivity calculation for row canopies. Over-
all, the differences were similar to those reported by several 
validation and intercomparison studies [34, 38-40]. 

For Rn, the Landsat retrievals underestimated the ASTER 
ones. Larger differences between Rn retrievals corresponded to 
larger differences in α retrievals, which resulted from the in-
fluence of α on shortwave net radiation, the latter amounting 
to 80% of Rn. Overall, RRMSE values were similar to previ-
ous comparisons of Rn retrievals [9, 11, 34]. 

For the S-SEBI inputs, the RMSE and bias values were cor-
related. Similarly, we observed low scatterings within scatter-
plots for these inputs. Therefore, differences between Landsat 
and ASTER retrievals were systematic in a large extent. 

Fig. 1. Comparison of Landsat and ASTER retrievals on 10 May 
2007 for (a) radiometric temperature TS and (b) daily ET. Scatterplots 
of (c) ASTER and (d) Landsat retrievals within the TS - α space, to be 
used by S-SEBI when computing evaporative fraction EF. Continu-
ous line in and is the 1:1 relationship and dashed line is the linear fit. 
Scatterplots are displayed as probability density function. 

 

C. Comparing Landsat and ASTER S-SEBI outputs 
Table I also displays differences between Landsat and 

ASTER retrievals of evaporative fraction (EF) and daily ET. 
We analyzed these differences in the light of those observed 
for S-SEBI inputs (α, TS and Rn). 

For EF, the Landsat retrievals overestimated the ASTER 
ones. We could not link the differences on EF retrievals with 
those observed on the S-SEBI inputs used to compute EF (α, 
TS). This was ascribed to the spatial differencing in tempera-
ture on which relies S-SEBI, since it tended to offset differ-
ences in temperature. As compared to S-SEBI inputs, RMSE 
and bias values on EF were close and slightly correlated on a 
daily basis, while scatterplots depicted low scatterings. Thus, 
differences between Landsat and ASTER retrievals of EF 
were systematic in a moderate extent. 

For daily ET, the Landsat retrievals tended to underestimate 
the ASTER ones. The differences between ET retrievals were 
quite correlated to those between Rn retrievals, but not to those 
between EF estimates. This was consistent with a previous 
study that reported small EF changes and large ET changes for 
a 35 % albedo change [41].  

The average difference between daily ET retrievals from 
both imageries was about 0.45 mm d-1. Given the 0.8 mm d-1 
accuracy on the ASTER retrievals [2, 3], that of the Landsat 
ones was about 0.9 mm d-1. Thus, the latter was close to the 
accuracy usually targeted [6, 23], in spite of differences be-
tween Landsat and ASTER retrievals for S-SEBI inputs.  

We finally addressed the obtaining of close estimates of dai-
ly ET from both imageries in spite of differences between 
retrievals of S-SEBI inputs. A typical example is illustrated 
with Fig. 1 for 15 Sep 2007. For S-SEBI inputs, we noted 
differences between TS and α retrievals from the two image-
ries as exemplified for TS in Fig. 1a. However, both instru-
ments captured similar spatial patterns for α and TS, as illus-
trated in the TS-α scatterplots (Fig. 1c and 1d). Thus, the spa-
tial differencing in temperature within each albedo class tend-
ed to minimize differences on inputs and therefore to provide 
similar estimates of daily ET (Fig. 1b). 

VI. CONCLUDING REMARKS 
Three main items have to be addressed as concluding re-

marks. First, we observed non-negligible differences between 
ASTER and Landsat retrievals of albedo and radiometric tem-
perature, whereas these retrievals were derived from methods 
that are widely used to process ASTER and Landsat image-
ries. Second, we obtained similar Landsat and ASTER retriev-
als of daily ET, in spite of differences between retrievals of 
temperature and albedo from the two sensors. This was as-
cribed to the S-SEBI spatial differencing in temperature that 
permitted to offset systematic differences. Third, daily ET 
could be retrieved from the two imageries with an accuracy 
close to that regularly targeted for further applications, even 
for row crops such as vineyards. Thus, it seems possible to use 
historical Landsat time series to assess seasonal, inter-annual 
and long-term trends in daily ET within vineyard landscapes. 
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