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ABSTRACT: 
 
The interpretation of optical Earth observation data (remote sensing data from satellites) requires knowledge of the exact geographic 
position of each pixel as well as the exact local acquisition time. But these parameters are not available in each case. If a satellite has 
a sun-synchronous orbit, equator crossing time (ECT) can be used to determine the local crossing time (LCT) and its corresponding 
solar zenith distance. Relation between local equator crossing time (LECT) and LCT is given by orbit geometry. The calculation is 
based on ECT of satellite. The method of actual ECT determination for different satellites on basis of the two-line-elements (TLE), 
available for their full lifetime period and with help of orbit prediction package is well known. For land surface temperature (LST) 
studies mean solar conditions are commonly used in the relation between ECT given in Coordinated Universal Time (UTC) and 
LECT given in hours, thus neglecting the difference between mean and real Sun time (MST, RST). Its difference is described by the 
equation of time (ET). Of particular importance is the variation of LECT during the year within about ±15 minutes. This is in each 
case the variation of LECT of a satellite, including satellites with stable orbit as LANDSAT (L8 around 10:05 a.m.) or ENVISAT 
(around 10:00 a.m.). In case of NOAA satellites the variation of LECT is overlaid by a long-term orbital drift. Ignatov et al. (2004) 
developed a method to describe the drift-based variation of LECT that can be viewed as a formal mathematical approximation of a 
periodic function with one or two Fourier terms. But, nevertheless, ET is not included in actual studies of LST. 
Our paper aims to demonstrate the possible influence of equation of time on simple examples of data interpretation, e.g. NDVI. 
 
 

1. INTRODUCTION 

The exact derivation of geophysical and biophysical parameters 
based on optical Earth observation data (remote sensing data 
from satellite) requires the calibration and transformation of 
digital number (DN) to top-of-atmosphere reflectance ρ, as 
described for LANDSAT 7/ETM+ - data in the LANDSAT 
handbook (LANDSAT Project Science Office, 1998). This 
calibration assumes the exact determination of solar 
illumination, depending on the solar zenith angle. The variation 
of the solar zenith angle Χ at each geographical point can be 
calculated in dependence of its latitude and longitude, as 
function of day number of the year, of declination of Earth axis 
and local time. Furthermore the solar radiation is modified by 
variable distance between Sun and Earth. The zenith angle has 
its daily minimum at local noon. During a year the zenith 
distance has at noon a minimum or maximum at summer or 
winter solstice. If not available, the coordinates of each pixel of 
an Earth observation scene can be calculated with orbit 
geometry and the given corner coordinates of the scene, an ideal 
sphere assumed (e.g. Borg et al., 2015). For instance the sun 
elevation angle (90o-Χ) of the centre coordinate is given for a 
Landsat TM or ETM+ product. For detailed studies based on 
reflectance it is usual to determine the Local Time (LT) for each 
pixel of the image. Such an algorithm is based on a relation 
between the Local Equator Crossing Time (LECT) of sun-
synchronous orbit and Local Crossing Time (LCT) of each orbit 
coordinate, meaning local time when the satellite is in the zenith 
of this point (crossing) (Ignatov et al., 2004, Wu and 
McAvaney, 2006). LT of the other pixels of the same image line 
can be calculated with help of longitudinal difference. One 
problem arises from the fact that the specification of LECT for 
different sun-synchronous satellites in different papers and 

documents suggests a nearly constant value apart from drift 
effects of orbit, connected with variation of ECT in hours 
(LECT for mean Sun time). For example, in the Aster project 
(Aster Science Project, 2001) an equatorial crossing at a local 
time of 10:30 a.m. is given considering that the local time 
depends on both, the latitude and the off-nadir-angle of an 
observation point. Only in a table of orbit characteristics a 
variation of ±15 min is included. The same local solar time can 
be found in the ERS-1 documents (ESA, 1992). For 
LANDSAT 7 an Equator Crossing Time of 10:00 to 10:15 a.m. 
is given (LANDSAT Project Science Office, 1998). For IRS-
P6 / RESOURCESAT-1 a Local Time of Equator Crossing of 
10:30 a.m. can be found (ISRO, 2015) without the hint at a 
mean value. This is resulting in a second problem: A difference 
exists between real and mean Sun time, also called as real and 
mean Sun, described by the Equation of Time (ET). It is a 
relatively small variation of about ±15 minutes within a year. 
LECT, LT and LCT are connected for real solar conditions with 
this variation that can have influence on further results of 
optical satellite sensor data.  
Nevertheless, it was found that in the used relation between 
LECT in LT and ECT in GMT (Greenwich Mean Time) in 
connection with studies of land surface temperature e.g. on 
basis of NOAA data, the term with Equation of Time is not 
included (Ignatov et al., 2004, Wu and McAvaney, 2006). That 
means that a relation for mean Sun time is used and therefore, 
the used relation between LECT and LCT as function of latitude 
is also based on mean Sun time. Moreover, Maers et al. (2002) 
have shown that the drift of LECT (the orbit of NOAA satellites 
is not so stabilized as of e.g. ERS or ENVISAT satellite) is not 
superimposed by the characteristic annual variation caused by 
ET. Therefore, it is a presentation of mean ECT. This is of 
advantage in determination of long-term drift of equator 
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crossing. But with respect to variation of LECT (mean LECT is 
used) Maers et al. (2002) present a diurnal adjustment of 
temperature showing the characteristic variation of ET, which 
adds the same periodic signal with a constant offset to all 
(NOAA) satellites. According Mo (2009) “any variation of the 
local equator crossing time (LECT) of a satellite will have 
impact on the time series of data.” Also other authors (e.g. 
Julien and Sobrino, 2012, Sobrino and Julien, 2013) use Ignatov 
et al., (2004) as reference, without hint at use of LECT for real 
solar conditions.  
The objective of this paper is to indicate the need for the correct 
application of Equation of Time for calculation of local time. It 
is shown that the use of imprecise times leads to imprecise 
results of satellite data analysis, e.g. deviations in Normalized 
Difference Vegetation Index (NDVI). This is especially 
important for the analysis of time series. 
 

2. MATERIAL AND METHODS 

It is well known that the crossing of the same latitude at the 
same local time is one of the most important characteristics of 
sun-synchronous orbiting satellites. In comparison with other 
satellite orbits an advantage consists in the much smaller 
variation of the solar zenith angle between mid-latitudes in 
south and north of a single path. It was demonstrated e.g. for 
NOAA-11 satellite that the time offset between ±60 degrees 
varies not more than ±60 minutes (Johnson et al., 1994). A 
further advantage consists in very similar conditions of 
illumination in the same geographic latitude of neighbouring 
passes within a relatively short time interval, perhaps within the 
16 days of LANDSAT repetition rate. Corresponding image 
composites are characterised by relatively small deviations of 
illumination from image to image only. 
If the actual time of each image pixel is not given for further 
calculations, e.g. Sun’s zenith angle, the use of the mean LECT 
for corresponding satellite is helpful, as given for some satellites 
above. 

 
Figure 1. Rotation of coordinate system Σ around x axis with 

angle 180o - ι into Σ’ 
 

An orbit can be described by a Cartesian system Σ with one axis 
from the centre point through x=r, y=0, z=0 (r – semi major 
axis of orbit). This means in spherical coordinates that for 
crossing of x-axis by the orbit latitude and longitude are zero. 
The orbit is located in the oblique x-y plane (circle) of Figure 1 
and its orientation to Sun is nearly constant during a day. When 

the Cartesian system Σ rotates only around the x-axis with 
180o

 - ι (ι - inclination of orbit) according Figure 1 the matrix 
elements for transformation (Mathematik, 1970) of equation (1) 
are reduced to the values shown in Table 2. In this case the orbit 
is crossing the x=x’ axis at the same “equator crossing” points 
in Σ and Σ’: (r;0;0) and (-r;0;0), respectively. 
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aik k=1 k=2 k=3 
i=1 1 0 0 
i=2 0 -cos ι sin ι 
i=3 0 -sin ι -cos ι 

 
Table 2. Matrix elements of transformation equation of a 

Cartesian system Σ rotating with angle 180o - ι around the x-
axis into Σ‘ 

 
The Cartesian coordinates can be substituted by using spherical 
coordinates according equation (2):  
 
      x = r cosφ cosλ 
      y = r cosφ sinλ                  (2) 
                                   z = r sinφ 
 
where  x, y, z = Cartesian coordinates in Σ 
 r, φ, λ = spherical coordinates in Σ 
 
In the same way the coordinates x’, y’, z’ of Σ’ can be expressed 
in spherical (geographical) coordinates angles φ’ (latitude) and 
λ’ (longitude) and the relation r = r’. Introducing these values 
including the coefficient aik of Table 2 into equation (1) the 
following 3 relations can be derived: 
 
                  cosφ' cosλ’ =   cosφ cosλ 

           cosφ’ sinλ’ = - cosι cosφ sinλ + sinι sinφ           (3) 
                sinφ’ = - sinι cosφ sinλ - cosι sinφ  

 
where  r’, φ’, λ’ = spherical (geographical) coordinates in Σ’ 
 ι = angle between Σ and Σ’ after rotation around x- 

axis (inclination of satellite orbit) 
 
When using the ratio between second and third relation of 
equation (3) with the assumption that the latitude of the orbit in 
Σ is φ=0o the following relation can be found 
 

   cosφ’ sinλ’/ sinφ’ = cotι                         (4) 
 
where  φ’, λ’ = spherical (geographical) coordinates of 

satellite orbit in Σ’ 
 
in which the longitude λ’ can be separated as given in equation 
(4). 
 

λ’ = arcsin (tanφ’ cotι)  (5) 
 
Equation (5) can be solved for each longitude λ’ = λ’LC of local 
crossing including the special case λ’ = λ’LEC = 0 of equator 
crossing of descending node (point D) of the orbit in Figure 1. 
λ’LEC and λ’LC  has to be used to define a difference Δλ’.  
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Δλ’ = λ’LEC - λ’LC                (6) 
 
where  λ’LEC = geographical longitude of local equator 

crossing 
 λ’LC = geographical longitude of local crossing 
 
The difference of the longitude in equation (6) is independent 
from Earth rotation, from geographic longitude of equator 
crossing and can be expressed as a time offset from the point of 
equator crossing to the orbit point of local crossing with 
equation (7). 
 

toff = tLEC - tLC = Δλ’ / 15 = arcsin (tanφ’ cotι) / 15    (7) 
 
where  tLEC = LECT 
 tLC = LCT 
 
After rearrangement equation (7) results in 
 

tLC = tLEC - arcsin (tanφ’ cotι) / 15      (8) 
 
Maximum and minimum of geographical latitude φ’ are 
determined by inclination of orbit. Its variation can be described 
by varying of λ in the third part of equation (3) with φ=0. 
Equation (8) describes the relation for descending node (+ in 
case of ascending node) of the orbit as can be found already in 
Ignatov et al. (2004), Wu and McAvaney (2006). Equation (8) 
assumes that the daily actual value for LECT is used. In 
connection with equation (8) a relation of Local Time (LT) was 
used by Ignatov et al. (2004) and Wu and McAvaney (2006) at 
each geographic point for mean solar conditions given by e.g. 
Duffett-Smith (1988): 
 

tL = tGM + λG / 15             (9) 
 
where  tL = LT at geographic point with λG in hours 
 tGM = GMT at geo-graphic point with λG in 

hours 
 λG = geographical longitude (λ’ in equations 

before) 
 
Because LCT is a synonym of LT in relation to orbit geometry, 
the combination of equation (8) and (9) gives the central 
geographic sampling positions of the LCT sampling method 
(Wu and McAvaney, 2006). Furthermore, if GMT and 
geographic longitude λ of the equator crossing are known or 
calculated (Ignatov et al., 2004), the result of equation (9) is a 
constant (mean) LECT, only influenced in case of NOAA 
satellites by drift of orbit connected with drift of LECT. 
Longitude of equator crossing and the corresponding crossing 
time in UTC (for our purpose UTC = GMT) are determined by 
Ignatov et al. (2004) for different satellites (NOAA, ERS, EOS) 
and for each day on basis of the two-line-elements (TLE), 
available for their full lifetime period and with help of Brouwer-
Lyddane orbit prediction package (Kidwell, 1998, Goodrum et 
al., 2003). On basis of these results and use of equation (9) an 
equation for LECT will be determined describing the drift of 
LECT, with changing parameters from satellite to satellite. 
But as already mentioned, a difference exists between true and 
mean Sun. For example, local noon will change within -14 and 
+16 minutes within a year when using real Sun conditions. 
Neglecting the change of orbit parameters, LECT for real Sun 
will change for each satellite in the same order. This relation 
described by Equation of Time (ET) can also be found in 
Duffett-Smith (1988), and is caused by tilt of Earth axis and 
elliptical orbit of Earth around Sun. More details about this 
complex term are available e.g. in Duffet-Smith (1988) and 

Smart (1949). For this purpose equation (10) for real Sun 
conditions has to be used instead of mean Sun conditions used 
in equation (9). 
 

tL = tLC = tGM + tE + λG / 15  (10) 
 
where  tE = ET 
 
The ET variation computed for year 2000 is shown in Figure 3. 
 

 
  

Figure 3. Variation of the difference between true and mean 
solar time calculated for year 2000 

 
Because the calculation of ET is very complex, equation (11) 
represents an approximation for comparable purposes given in 
Baldocchi (2012) and Meeus (2000): 
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(11) 

where )9856.05.279(180/ df += π  
 d = day number of year 
 ET and f here in units of radians 
 
Nominal ECTs (ECT at launch) including orbital drift rate of 
different NOAA satellites are given by Waliser and Zhou 
(1997) and Lucas et al. (2001). Mears et al., (2002) and Mears 
and Wentz (2009) have determined a global diurnal correction 
adjustment of temperature in their trend analysis, obtaining a 
similar annual behaviour as for the Equation of Time, but with 
different amplitudes. A variation of global adjustment of about 
0.06 K within a year is shown in the corresponding results. It 
was shown that it is necessary to consider the long term drift of 
LECT, caused by slow changes in orbital parameters of each 
platform. Compared with these trends in changes of more than 3 
hours during their life time e.g. NOAA-11 from 1989 to 1995 
the influence of ET is small. Bush et al. (1999) show, that the 
long term trend of the local solar time of the ascending node of 
the NOAA-9 orbit is overlapped by the characteristic cycles of 
ET. 
In many fields of geophysics the diurnal behaviour of time in 
Earth system is described with relation (10), for example when 
modelling the behaviour of minor constituents in neutral 
atmosphere (Fichtelmann and Sonnemann, 1989) for a 
geographic position depending on solar zenith angle. If 
LECT (tLEC) of a date is known (index 0), it is possible to 
describe its annual variation. Solving equation (8) and (10) for 
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two different times (one with index 0), combining the 
corresponding two equations, and with view to orbit 
characteristic that tGM + λG /15 for sun-synchronous orbit of a 
satellite, the difference between the two equations results after 
rearrangement in eq. (12). 
 

tLEC = tLEC_0 + (tE – tE_0)  (12) 
 
where  tLEC_0, tE_0 = LECT, ET for real Sun and defined day 0 
 tLEC, tE = LECT, ET for real Sun and a day of year 
 
Possible disturbances as orbital drift have to be included into 
equation (12) additionally. The inclusion of tLEC of equation 
(12) into equation (8) results in equation (13). 
 

tLC = tLEC_0 + (tE – tE_0) - arcsin(tan(N) cotι) / 15       (13) 
 
where  tLC = LCT, ET for real Sun 
 N = geographic latitude in nadir view of satellite 
 ι = inclination of orbit 
 
As shown before for some examples LECT for sun-synchronous 
satellites is given only for a mean value. This equation can be 
used to determine the actual ECT for real Sun conditions when 
using for tLEC_0 the corresponding mean value tLEC_MEAN together 
with equation of time tE_0 of the same day. 
Equation (13) only applies to the nadir point of the satellite 
orbit. Therefore, the local time for all pixels of an image line 
have to be corrected by using their respective length difference 
  =  - N  to the nadir point of this line by an additional term, 
converting length difference into time difference according 
equation (14). 
 
tLC = tLEC_0 + (tE – tE_0) - arcsin(tan(N) cot(ι)) / 15 +  / 15
      (14) 
where  N = geographic latitude in nadir view of satellite 
  = difference of longitude from pixel in nadir view 

to a pixel in the same line 
 
When using the ratio between first and second relation of 
equation (3) with the assumption that the longitude of the orbit 
in Σ is λ =0o the following equation (15) can be found. 
 

λ’ = arctan (tanφ sinι)  (15) 
 
where   = geographic latitude in Σ of Figure 1 
 λ’ =  
 
For determination of mean LECT of LANDSAT 7 satellite the 
available TLEs and the STK orbit determination software (AGI, 
2006) were used. 
For demonstration of possible influence of ET to satellite 
products a LANDSAT 7 scene of 2nd June 2000 was used, as 
well as an atmospheric correction procedure according Holzer-
Popp et al. (2004) in which the correct ET could be modified. 
 

3. RESULTS 

The result of calculation of toff in equation (7) for a complete 
LANDSAT 7 orbit with an inclination ι=98.2degrees is given 
with respect to the equator crossing of the descending node in 
Figure 4. The variation of toff is not only similar to results 
described already by Johnson et al. (1994) for NOAA satellites. 
It is a characteristic feature of a sun-synchronous orbit. 
Knowing the actual (mean, real) ECT of descending node, the 
value can be added to the offset of this figure. Equation (8) 

describes the dependency of (mean, real) LCT as function of 
actual latitude and the two orbit parameters tLEC and inclination 
ι. 

 
 

Figure 4. Time offset from LECT of descending node of 
LANDSAT 7 with an inclination of 98.2 degrees 

  
The STK orbit determination software (AGI, 2006) was used to 
calculate mean LECT of LANDSAT 7 satellite in UTC on basis 
of the TLEs. The regular use of this software at acquisition 
facility in Neustrelitz has demonstrated over many years that a 
good agreement exists between calculated and real orbit 
parameters. Therefore we presupposed that the computation 
accuracy is well for calculating ECT. Ignatov et al. (2004) have 
pointed out, that their reconstruction of different past ECTs 
(TIROS-N, NOAA-6 through -17) was within an accuracy of ±2 
min, using the same orbit determination software as mentioned 
before. The annual variation of equator crossing (mean LECT) 
of LANDSAT 7 platform was simulated for this paper by using  
NORAD orbit elements provided by CelesTrak ,within the  
System Tool Kit Software developed by Analytical Graphics, 
Inc. (AGI) for each 21st of all twelve months over year 2000. 
Equation (10) was used to transform ECT given in UTC (it 
corresponds to mean LECT) into LECT for real Sun. 

 
Figure 5. Variation of LECT determined for each 21st day of a 

month, calculated by means of STK software of acquisition 
facility for mean (triangles) and real (asterisks, connected by 

dashed line) Sun of descending node of Landsat 7 for year 2000. 
Variation of ET according equation (12) with ET of 21st June as 

tLEC_0 (solid line).  
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The calculated values of real LECT for descending node of 
LANDSAT 7 are shown by asterisks in Figure 5. Already with 
help of these 12 points it is obvious, that the variation of LECT 
for real Sun is very similar to that of ET in Figure 3. The nearest 
value to the 10:06 a.m. mean of these 12 values is given for the 
21st of June. If using the tLEC_2106 and tE_2106 for this date as basis 
(index 2106 instead of 0), it is possible to describe the annual 
variation of tLEC with equation (12). The result is given as solid 
line in Figure 5. There is a good correspondence between these 
two curves but with increasing difference in the second part of 
the year. The third curve, the mean LECT (triangles) 
determined without consideration of ET shows a small decrease 
of LECT with a minimum in October and an increase in the last 
two months of the year. The maximum of deviation in year 
2000 is around 2.5 minutes.  
As can be seen in Figure 5, ET crosses four times (on days 107, 
164, 245 and 360) the mean value of year 2000. It should be 
mentioned here, that a small change of crossing dates (also ET 
of a selected day) is possible, comparable with change of e.g. 
vernal equinox from year to year in Gregorian calendar (Duffet-
Smith, 1988). In case, that LECT for real Sun (tLEC_0) is 
available or can be determined for a day of year the variation of 
LECT for real Sun can be described by equation (13) without 
additional use of orbit determination software if the drift of orbit 
during life time of a satellite or time interval is with 2.5 min as 
found in our example with LANDSAT 7 in an acceptable order 
of magnitude for data users. 
An automatic atmospheric correction (Holzer-Popp et al., 2004) 
was used to demonstrate in a single experiment the order of 
magnitude of influences of LECT variations caused by ET to 
Normalized Difference Vegetation Index (NDVI). For the 
purpose, two computations were carried out with the same 
LANDSAT-7 ETM+ dataset for the region of Mecklenburg-
Western Pomerania (Germany) on 2nd June 2000. The first one 
was made under real LECT conditions including an ET of 1.93 
minutes calculated for this date. The second one was carried out 
under simplified assumption. At first, to avoid changes of 
resulting parameters, e.g. NDVI, caused by changes of 

vegetation within a year, the data set above was used as 
reference. Secondly a simulated time offset of 30 minutes based 
on real variability of ET between -14 min and + 16 min within a 
year was used. As mentioned before, if using one data set in 
minimum and another one in maximum of ET it is difficult to 
compare the results, e.g. on basis of NDVI, due to seasonal 
changes. 
Figure 6 gives an estimation of the order of magnitude of the 
deviations of NDVI when using a mean LECT. Figure 6a shows 
the result in the RGB combination of ETM+ bands 7,5,3 after 
the automatic atmospheric correction using a pre-classification 
and real atmospheric data (ozone, water vapour and aerosol) of 
the same date. The relative difference of the NDVI (|NDVIoffset-
NDVI|/NDVI) calculated with a hypothetical and without time 
offset, is shown in Figure 6b. Within the large and relatively 
dark region on the right side of Figure 6b the deviation (with 
some small exceptions) is consistently in the range of 0.5 to 
1.5 %. In the lower centre, the deviation is in the order of 2.0 to 
3.0 % and the cloud-free region in the upper left part (Denmark) 
shows deviations of up to 8 %. 
 

4. DISCUSSION 

The nearly constant ECT or corresponding LCT of a selected 
latitude is one of the important characteristics of sun-
synchronous orbits. The term “nearly constant” includes small 
disturbances of the satellite orbit around the Earth and 
disturbances caused by the characteristics of Earth orbit around 
the Sun. The latter effect is connected with a seasonal variation 
of LECT of about ±15 minutes described by the Equation of 
Time. It was shown with the simple assumption of a 30 minutes 
time offset that the use of a mean LECT can have not only a 
strong influence to the results of automatic atmospheric 
correction but also on results based on these corrected optical 
data. It is assumed that atmospheric correction commonly 
includes the correct use of ET. Nevertheless, the inconsistence 
in determination of LCT was found with the use of the above 

 

Figure 6a and b. The region of Mecklenburg-Western Pomerania in an atmospheric corrected Landsat-7 dataset (rgb – ETM+ 
bands 7,5,3) on 2nd June 2000 with LECT for real Sun (a) in comparison with the relative deviation of  NDVI when using a 

time offset for ET of 30 min . 

 

 

 

a)                                                                                                 b) 
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formulas but without consideration of Equation of Time when 
no temporal information of a dataset was available. 
It was already shown in studies about troposphere temperature 
that the long time drift of LECT can have an important 
influence on trend analyses of climate. Bush et al.(1999) are 
showing in their long term trend analysis of the local solar time 
of the ascending node of the NOAA-9 orbit the characteristic 
cycles of the equation of time. Mears et al. (2002) present in 
their studies about correction of MSU (Microwave Sounding 
Units) middle tropospheric temperature for diurnal drifts a 
global diurnal correction to 9 NOAA satellites between 1978 
and 1999 with the characteristic behaviour of the ET. Therefore, 
concerning LST analysis, it is necessary to check whether the 
neglect of ET is resulting in a part of diurnal correction 
parameters. This part is in the order of magnitude up to 0.08 
Kelvin as can be found in the results of Mears et al. (2002).  
The use of the equations for determination of LCT without 
consideration of ET was found in connection with simulation of 
radiances with the method of local-crossing-time sampling. For 
example, it is necessary to examine whether it is possible that 
the combination of the measured radiances with a small 
difference in LCT can result in small deviations of simulated 
brightness temperatures.  
The results of a simplified change of correct use of ET show for 
example, that the influence on a value added product on basis of 
bottom of atmosphere reflectance as vegetation index NDVI is 
relatively small, but in some cases up to 8 %. The background is 
that the deviations for two used bands are going regularly into 
the same direction. On one side this paper shall convey an 
impression about the dimension of ET caused deviations in 
NDVI, which is connected with the atmospheric corrected 
values of one band. It should be noted here that already the 
calculation of top of atmosphere reflectance is required by more 
accurate calculation of Sun elevation. Studies of Jiang et al. 
(2008) show, that there is a dependency of NDVI magnitude on 
satellite ECT in the unadjusted global NDVI data set. 
Furthermore it was shown by Jiang et al. (2008) that one of the 
significant problems in the unadjusted NDVI time series on 
basis of NOAA satellites is the obvious dependency on satellite 
ECTs from different polar orbiters. But in some of the presented 
time series of unadjusted and adjusted NDVI the typical 
variation of ET within a year is obvious.  
On the other side no reason was found why in the field of 
climatology the Equation of Time is not included. A lot of work 
has been done to determine the drift of LECT, e.g. Ignatov et al. 
(2004) have fitted the LECT drift by a mathematical 
approximation of a periodic function with one or two Fourier 
terms. It should be of advantage to use the complete formula of 
e.g. Duffet-Smith (1988) describing additionally the deviation 
between real and mean Sun. 
A simple formula can be used to determine the actual LECT for 
real Sun within a year on basis of its value on a well defined 
date or on basis of a mean value given as orbit parameter and 
without inclusion of additional orbit determination software in 
the processing of data. In case of satellites with a drift during 
life time as NOAA satellites it is of advantage to eliminate ET 
from the mathematical description of such long time drift 
effects of equator crossing.  
The determination of LECT of satellites with stabilized orbits as 
e.g. LANDSAT 7 shows for year 2000 a variation of about 2.5 
minutes. Because the accuracy of time calculations is essential 
in Earth observation it would be of advantage when the actual 
LECT for real Sun will be included in the metadata of such a 
remote sensing product. 
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