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Thank you very much for very useful comments. Find reviewer comments in boldface and our 
point-by-point reply in regular font below. Suggested changes to the manuscript are italic face.  
 
<General Comments> Regional scale monitoring of diurnal variation from the GEO orbit is 
very important. The paper is worth publishing as an AMT paper after revisions. The GEO 
geometry of the sun-the earth’s surface-the satellite are quite different from the LEO 
GOSAT and OCO-2 geometries. Brief description of typical scattering angle of observation, 
modeled-phase function of aerosols and cirrus clouds, and BRDF of the Earth’s surface 
will help readers understating. In addition to random electrical noise and aerosol/cirrus 
scattering, possible error sources should be listed. From the GEO orbit, 2km spatial-scale 
measurement with relatively longer integration time of 2.88s is technically challenging. 
Signal to noise ratio is well discussed. The pointing speed, accuracy, and settling down 
stability should be described briefly. When the authors use a priori meteorology data such 
as surface pressure as an input to their forward calculation, non-flat topography, specially 
over mountains valleys and basins in Europe also might cause errors. 
 
Scattering angles:  
 
We add information on the occurring scattering angles in section 2: 
 
“Likewise, the scattering angle between the incoming downward sunbeam and the backscattered 
upward beam arriving at the satellite varies with season and daytime hour. For the example Berlin 
(52.53°N, 13.38°E), the scattering angles to be encountered range between roughly 90° and 180° 

(assuming the additional constraint SZA< 70°) where the most shallow angles occur in the morning 
and evening during summer. The backscattering direction occurs around noon when the sun tends to 

be in the back of the satellite.” 
 
Scattering phase function:  
 
Section 4.1 describes that the aerosol and cirrus phase functions are modelled by a Mie and a 
raytracing model, respectively. Mie aerosols are assumed to consist of 7 lognormal size 
distributions and 5 chemical types. Thus, the effective scattering phase function for the simulated 
measurements is a composite phase function constructed from the various particle types whose 
contributions are weighted by their respective optical thickness varying with location, height and 
season.  
 
We add some addtional information to the manuscript in Section 4.1: 
 
“The effective scattering phase function used for the radiative transfer calculations is a composite 
constructed from contributions by the various types of spherical Mie-aerosols and hexagonal ice 
crystals. The contributions from the 7 size modes of Mie-aerosol and the cirrus particles are weighted 

by their respective optical thickness.” 
 
BRDF:  
 
Surface reflection is assumed Lambertian for both, the simulated measurements and the 
retrievals. Figure 5 caption includes that statement.  
 



To be entirely clear, we add the information in sections 3.2 and 4.1: 
 
“[We sample the MODIS product …] and adopt MODIS albedo as Lambertian albedo term in our 
measurement simulations.” 
 
“[The geophysical trial ensemble builds on the collection of] Lambertian [surface albedo]” 
 
Error sources: 
 
We add information on other sources of error in the Conclusions. The text also includes a hint on 
our assumption that surface pressure is assumed accurately known from meteorological and 
topographic support data: 
 
“Our study does not assess the potential impact of error sources other than random radiometric noise 
and scattering induced errors. In particular, imperfect instrument performance will have a detrimental 
impact on retrieval accuracy. The spectrometers need to be accurately calibrated with respect to 
spectral and radiometric performance and with respect to the instrument spectral response function. 
Erroneous calibration or in-orbit degradation of the instrument will map into retrieval errors. Further, 
G3E’s mission concept requires that the 4 spectrometers observe the same ground scene since 
information on particle scattering and gas absorption is simultaneously retrieved from all spectral 
bands. Therefore, deficiencies in the optical alignment or in the characterization of the spectrometers’ 
spatial response can have a detrimental impact on retrieval quality largely depending on scene 
heterogeneity. Further errors might be caused by erroneous input parameters to the retrieval algorithm 
such as meteorological and topographical input driving the calculation of surface pressure which is 
assumed accurately known by our retrieval concept. Likewise spectroscopic parameters driving 
spectroscopic line shape models must be known with high accuracy to avoid that erroneous fitting of 
absorption lines causes spurious correlations among interfering absorbers (e.g. Checa-Garcia et al., 
2015). GOSAT XCO2 and XCH4 retrievals have shown that an overall accuracy in the sub-percent 
range is achievable from LEO given proper instrument characterization, high-quality meteorological 
and topographic input, and careful assessment of the spectroscopic requirements [e.g. Dils et al., 

2014].” 
 
Pointing capabilities: 
 
We add information on the pointing capabilities in Section 2: 
 
“Given small ground pixel sizes and relatively long exposures for a single sounding, G3E's satellite 
platform must feature precise and stable pointing capabilities. Absolute pointing accuracy, amounting 
to 0.2 - 1.5x10-3 rad, is less critical than pointing stability which is estimated to 5x10-6 rad over 2 s. 
Pointing speed including settling down to start over a new E-W scan is on the order of 30 s.” 

 
<Specific Comments>  
(1) Page 6956, Line 17: Authors mentioned the availability of a 2000-pixel detector. Brief 
description of how the use of wider spectral range improves retrieval is needed. 
 
We add some ideas on how a 2000 pixel detector would improve the concept in section 2: 
 
“Implementing 2000 pixel detectors for all channels would be an appealing option since spectral 
coverage or spectral resolution could be enhanced. The NIR channel, for example, could be 
extended toward shorter wavelength to cover a larger portion of the emission signal from plant 
fluorescence. The SWIR-1 channel could cover an additional CO2 absorption band on its 
shortwave side to further enhance the information on CO2. The SWIR-3 channel could benefit from 



enhanced spectral resolution to better disentangle the overlapping absorption by CH4 and H2O 
provided that the required SNR can be achieved.” 
 
(2) Page 6957, Line 2: In addition to viewing and solar zenith angle ranges, description of 
scattering angle range between the sun, target and the satellite will help readers’ 
understanding of scattering by aerosol and the earth’s surface reflection 
 
See our reply to the general comments; we add some information in Section 2.  
 
(3) Page 6959, Line 19: The authors use MODIS MCD43A41 surface-albedo product. Is it 
MCD43A4? Nadir albedo is sometimes too conservative to estimate SNR. MODIS BRDF 
MCD43B1 products will be helpful to estimate the BRDF dependency (non Lambertian 
portion). From the GEO geometry, bare soil and forest at high latitude show stronger 
backward reflection. 
 
Yes, it is “MODIS MCD43A4”, not “MODIS MCD43A41”. Corrected. 
 
Thank you for the hint on the MODIS BRDF product. Changing the surface reflection properties 
from the Lambertian assumption to a full BRDF implies a complete reprocessing of all the 
simulations performed. Given that our estimate is on the conservative side, we decided not to 
implement a full BRDF treatment for our initial performance assessment but to consider it for future 
investigations.  
 
(4) Page 6960, Line 21: The brief explanation of why authors selected “factor of 0.7 to 
extrapolate MODIS albedo to this study”. 
 
The factor 0.7 is a rough estimate for the reflection properties of vegetation surfaces (e.g. available 
through the ASTER spectral library, http://speclib.jpl.nasa.gov/). 
 
We add the information in Section 3.2: 
 
“[factor 0.7] … which is a rough estimate derived from reflection properties of vegetation surfaces.” 
 
(5) Page 6967. Line 17: Why is “a substantial improvement over the nonscattering 
assumption?”  
 
Statement removed. It was indeed useless. 
 
<Technical Corrections> (1) Figure 3: Why is all-included black line narrower than colored 
single molecule absorption? 

Actually, to my eye, the all-included black line is thicker than the colored ones (at least in the pdf 

available from AMTD in combination with my version of the Acrobat Reader). The generating 

matplotlib routine uses linewidth which is a factor 4 thicker. So, no change here.  

http://speclib.jpl.nasa.gov/

