Point-to-point reply to the review report on manuscript: “A new approach to estimate reference crop evapotranspiration from geostationary satellite imagery: practical considerations”

We thank reviewer 1 for the careful report provided. As indicated below, all remarks and suggestions therein have been taken into account in the revised version of the manuscript.

Response to Comments by Reviewer 1
The manuscript entitled “A new approach to estimate reference crop evapotranspiration from geostationary satellite imagery: practical considerations” provides an interesting study about a new approach for assessing reference evapotranspiration combining remote sensing data and weather forecasts. In the revision process some concerns and comments have been identified:
	
Lines 13-14. Following the information indicated in Line 49, also weather forecast is required in the proposed approach. This must be indicated in the Abstract

Reply: The reviewer is correct that we also use forecasts of 2m temperature in the operational estimation of ETo. However, we must stress that the main driver of ETo is solar radiation at the surface estimated from satellite observations, while the impact of temperature in ETo is of a lower order. Near surface (2m) temperature is an auxiliary variable used to estimate the most appropriate values for the slope of saturation water vapour and for the latent heat of vaporization, used in equation (1) of the manuscript. Ultimately, a monthly air temperature average could be used in the absence of air temperature forecasts. 
We have therefore changed the abstract to indicate that ETo is primarily (although not uniquely) derived from MSG observations: “the EUMETSAT LSA-SAF operationally provides ETo primarily derived from the European geostationary satellite MSG”. The text in the introduction has also been changed to stress that the methodology used for ETo estimation “relies essentially on remotely sensed estimates of global radiation” and is “complemented with air temperature forecasts provided” by ECMWF.
The role of near surface air temperature in the estimation of ETo by the LSA-SAF (i.e., METREF data) is further indicated in section 2.3 (end of first paragraph).

Lines 109, 111, 218 and 253. Some mistakes are done in “Anadalucia”, “Cordoa”, “lysimter”, “equation”, respectively. Please correct.

Reply: We apology for these mistakes. The text has been revised accordingly.

Line 137. The equation is not clear. Please revise. 

Reply: The text has been revised accordingly: “Empirically, [3] found that f(Ta) should be kept negligible for temperatures below 15 C (i.e., f(Ta) = 0, for Ta 15 C), while for warmer cases it increases linearly with temperature (i.e., f(Ta) = 4.( Ta 15) , for Ta >15 C ).”. 

Line 166. Please, define bias here (the first time that this term appears in the manuscript).

Reply: This is a good point. Bias is now clearly defined as “the mean difference between measured and estimated values”.

Figure 1. This Figure must be replaced by a graph comparing ETo measurements in situ (in one axis) and ETo provided by LSA-SAF (in the other axis). It is required to explain if these measurements in situ are from lysimeter or by the weather station using PM. In addition, the ground conditions for this weather station is required. Figure 2. The same comments than for Figure 1.

Reply: The figures were modified as suggested.
The description of the data used in these figures and in the manuscript in general has been clarified (please see figures caption and modifications to section 2.1).

Lines 196-199. The equation (Ta-15) was found for Cordoba and it is described in the reference [3]. A discussion about the use of this equation in other locations is required.

Reply: Following the comments by reviewer 2, we revised the manuscript such that we clearly state that according to the definition of ETo, as given in [1] and further detailed in [4], one of the main requirements for validity of PM-ETo is: no local advection occurs over the surface, thus the flux between the two levels is only vertical. Therefore, the conditions at the reference level zM (solar radiation, wind speed, and VPD) can be considered to be the same over a large surrounding area. For such cases, where LAE are not accounted for, no correction is needed for LST ETo values. Nevertheless, estimates of ETo following PM-ETo do incorporate LAE, as the latter modify near surface air temperature and humidity. So, LSA SAF estimates of ETo over sites such as Cordoba may be corrected as suggested in the text (i.e., using a linear dependence on Ta) only if LAE are meant to be included in the methodology, i.e., when users would like to be close to PM-ETo. 
Concerning the reviewers comment on the validity of the equation derived for Cordoba site for other locations, and as now indicated in the text (please see text introduced after the advection correction equation), “For other sites with similar characteristics, LAE have also been found to be well described by a linear function of air temperature, although, the regression coefficients are site dependent. This is not surprising, since LAE depends on local features, such as the spatial distribution of land cover /vegetation type of the surroundings, or orography, which, amongst others, will determine horizontal temperature and humidity gradients”.
Furthermore, an indication on how the additional term f(Ta) may be calibrated is now given in the end of section 4.
Lines 220-222. Could you provide additional information of the origin of the term 0.8Q*? Which values could be considered outside of the April-September period (to be considered for example, for natural vegetation)?

Reply: The 0.8 number was meant as an indication for the ETo/Q* ratio under LAE-free conditions, i.e., in these cases, ETo is roughly 80% of net radiation. It should be stressed that it is not meant as an alternative ETo estimate, although that has been done in the past. The value of 0.8 is found from the Cabauw data set during the growing season (now explicitly indicated in the text). Here, we consider this a rough criterion to identify cases where LAE (or surface aridity) play a significant role, i.e. when ETo that is above 0.8 Q*. We considered the Apr-Sep period to include the growing season, partially overlapping with the driest period of the year, i.e. when LAE become relevant.  
In the case of natural vegetation (i.e., non-reference surfaces), the assumption that the daily ground flux is small and that maximum values of evapotranspiration are limited by net radiation in the absence of horizontal transport of extra available energy, are largely valid. It is, however, outside the scope of this paper to present the ratio between ET and net radiation, for natural vegetation outside the growing season. Here we only consider reference crop ET as defined by FAO, i.e., ET over well-watered grass.

Lines 271-274. Authors indicated that “ETo estimates using FAO PM methodology are very close to observations for both Cabauw (LAE-free) and Cordoba. The FAO PM methodology requires input data collected over a reference-like surface, otherwise…”. Where was located the weather station in Cordoba? Because analyzing the previous sentences the weather station in Cordoba must be on well-watered field conditions. However, the RIA station considering the text in Figure 5 was located over non-irrigated surface, and then this cannot be considered a reference conditions under the weather conditions of Cordoba. Were considered data from two weather stations in the same site, one under irrigated conditions and the other one on non-watered conditions? Could you describe the ground conditions and location of both weather stations?

Reply: The various data collected near Cordoba are now better described in section 2.1: “The Cordoba site, in turn, is equipped with a lysimeter (hereafter Cordoba lysimeter site) and standard meteorological instruments. (…). 
On top of the above, we will also consider as an example of an operational weather station installed in climate regions with dry, hot summers, we will use data gathered at site in Andalucía in Spain (RIA, close to Cordoba) described in [16]. At the RIA station, despite being about 1km from the Cordoba lysimeter site, the observations are often collected over bare soil. These data are considered here to illustrate the aridity effect on local observations and their impact on PM-ETo”.
Although all input data required for PM-ETo are observed at the RIA station (also available freely), the surface is certainly not well-watered reference grass.
[bookmark: _GoBack]These data and respective results reflect the operational problems end users face when applying PM-ETo using weather station data such as the RIA Cordoba station. Very often station data as these are used without further ado to calculated ETo. It is show that using the Slob-deBruin approximation for net radiation, an estimate can be obtained about the joined effect of LAE and surface aridity.  
