
Dear Referee 1, After receiving your comments, we immediately prepared a response, and the 

following is a point-by-point response to all the questions. 

 

I have two main questions on this paper. Firstly, why do you focus on sun duration 

instead of incident solar radiation at land surface? In which sector or subject, sun 

duration is indispensable not solar radiation? I think this should be highlighted in 

introduction and also should be discussed in detail in discussion. Secondly, is there 

any released sun duration dataset? If not, why researchers not establish such dataset? 

What is the bottleneck in theory and in technology? If yes, please compared your 

results with other similar datasets. 

Thank you for your valuable question, it was a pleasure to discuss this with you and we will 

answer it in the following two points: 

(1) The incident solar radiation at the land surface (SISR) can accurately invert solar 

power potential and involved in climate change and agricultural production. The two main 

ways of inverting SISR, satellite remote sensing and ground measurement, are presently 

biased. Satellite sensors invert SISR (also known as incident shortwave radiation) from 

reflectance information on the land surface, which is very susceptible to atmospheric inverse 

radiation from clouds and aerosols [1, 2], and therefore the current high spatiotemporal 

resolution and continuous SISR datasets make it impossible to accurately assess the 

radiological resources of the region. More importantly, the SISR ground measurement sites in 

the Chinese region are very few (145), much fewer than conventional meteorological stations 

observed by sunshine duration (SD) (2408), and therefore the large-area SISR verification is 

difficult (These have been added in the revised manuscript). 

SD the is widely used for SISR estimation and was presented in FAO56 [3], and 

subsequently many relationship models with SISR have been proposed for the SD to the 

maximum SD available (N) ratio [4,5]. Several studies have estimated SD to predict solar 

power potential [6, 7]. And SD is also an important indicator for assessing climate change 

trends, and researchers can understand the spatiotemporal variability of solar radiation 

through high temporal and spatial resolution SD data [8] (These have been added in the 

revised manuscript). In addition, some researchers have found that changes in SD also affect 

the probability of human diseases [9, 10]. 

Therefore, we believe that the study on SD estimation is easy to validate, and the SD data 

are more credible theoretically. Until the radiation observation system in China is well 

developed, we believe that the study on the estimation of SD is valuable. 

(2) As SD observations are founded upon the accumulate of solar radiation, there is no 

explicit remote sensing inversion model for SD. This study fits the Ångström-Prescott model 

with SD and Himawari AHI radiation product at all spatial locations to derive the parameters 

a and b based on different time series. The validation results proved the accuracy and 

efficiency of our method, which was better than a study that estimated SD from diurnal 

temperature range [7]. Meanwhile, other studies on spatiotemporal variations in SD are also 

carried out based on the interpolation of site SD data [8] (These have been added in the revised 

manuscript).  

 Our SD dataset has received a high number of downloads and visits since its release, and 

a high number of reprints in mainland China, which proves the value of developing this SD 



dataset (http://www.gis5g.com/data/qxsj?id=2563). 
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1. Why do you choose Himawari AHI? Compared to other shortwave radiation product, what is 

superiority of this product? 

Currently, geostationary and polar-orbiting satellite data are widely used for the 

estimation of radiation indicators. Geostationary satellites have a higher frequency of 

observations than polar-orbiting satellites and are widely used to generate radiation indicator 

products (These have been added in the revised manuscript). Since 2015, a new generation of 

geostationary satellites such as the Himawari and FY series have been launched over the skies, 

in particular the Himawari AHI, whose high temporal (10 min) and spatial (5 km) compared 

to other global satellite products (e.g., Modis or Landsat, etc.) has been widely used for the 

estimation of different radiometric indicators on hourly and daily scales [1-3], and comparing 

with FY-4, Himawari AHI is superior to the AGRI sensor carried by FY-4 in terms of temporal 

and spatial resolution, reflection band sensitivity and accuracy [4]. (These have been added in 

the revised manuscript). 
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2. Please give more information on the algorithm, accuracy and bias of Himawari AHI Level 3 

shortwave radiation in 2.1 section.  

Thank you for this comment. As the AHI merely offers references [1] to the methodology, 

we have chosen not to include the algorithm, accuracy, and bias of Himawari AHI Level 3 

shortwave radiation into the 2.1 section, given the comprehensiveness of the article. The above 

collection of algorithms contains a greater number of formulas that could potentially impede 

the reader's access. 
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3. Lines 73-75: Do you want to describe the calculation for surface solar radiation? If yes, I do 

think it can be obtained by using TOA solar radiation minus solar radiation attenuated amount 

by atmosphere.  

We apologize for the confusion, the thinking of the original paper Lines 73-75 [1] is 

essentially the same as your comment, which we have modified considering your comment in 

the revised manuscript. 
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4. Line 107: I do think the citation should be (Angstrom, 1924). 

Thank you very much for your suggestion, we have corrected it. 

 

5. Why do you keep four decimals for R but one for RMSE? 

We are very sorry for the unattractiveness of the article brought about by the different 

decimal places, and have uniformly changed it to retain 2 decimal places. 

 

https://doi.org/10.3969/j.issn.2095-1973.2016.01.010


6. Please add significance test when you showing R. 

Thank you for your comments, we have added Figures 3, 4 and 9 accordingly. 

 

7. Why do you fix the parameter of a and b across the whole China. Is there no spatial variations 

in the two parameters? 

Thank you for raising this critical issue, as in the first response, the previous studies on 

fitting the Ångström-Prescott model with SD and total radiation were often based on different 

moments at the same spatial location, and the parameters obtained cannot be applied to 

locations where there are no SD ground measurement sites. This study fits the Ångström-

Prescott model with SD and Himawari AHI radiation product at all spatial locations to derive 

the parameters a and b based on different time series, therefore, the parameters a and b in 

this study do not vary spatially only temporally. 

 

8. Figure 3: Why there are many SD estimations with different values (close to 12) when 

observation is zero? 

Thank you for raising this issue, the reason for this may be that the strong light in almost 

most of the area under a DOY leads to Ångström-Prescott model larger parameters and over-

estimation of a very small portion of the image elements that contain aerosols, clouds and even 

precipitation, this type of phenomenon accounts for a very small portion of our study, and 

these will be added to the discussion in the revised manuscript. This aspect of the Ångström-

Prescott model will be improved subsequently. 

 

9. Line 178: Why estimated SD less than 0 happens? You should discuss the reason in detail in 

discussion. 

Thank you for raising this issue, the reason for this may be that the thicker clouds, 

atmospheric aerosols and water vapor in majority of the area on that day did not have much 

effect on the ground-based SD instrument (the atmospheric longwave radiation contained in 

the direct radiation was not affected), but had a significant effect on the shortwave radiation 

from Himawari AHI L3, resulting in SD less than 0. After changing the image elements with 

SD less than 0 to 0, the validation results are still substantial (Figure 8), indicating that this 

part of the neglected longwave radiation is essentially less than the threshold for SD 

observations (120 W/m2) (These have been added in the revised manuscript). 

 

10. Figure 9: I am not sure the correlation coefficients is for spatial pattern or for temporal 

variation.  

We apologise for the confusion. It is temporal variation, R-values are those in Figure 8, 

and we have added explanations accordingly in the revised manuscript. 

 

11. Figure 10: Why only choose 28 September 2016 as a case study? Once you have long-term 

MODIS AOD data, please try to analyze the relationship between simulation performance and 

AOD level for whole year or four seasons. 

Thank you very much for your comment, we have changed to an annual average 

comparison (These have been added in the revised manuscript). 



 

Figure 10. Comparison of annual average ground measurement (a) and Himawari (b) SD in 2016, 

giving annual average AOD of 550nm (c) and the wind speed (d). 

 

Figure 11. Same as Figure 10, but in 2023. 

 

12. Once the value you showed have units, please give. Such as in Figure 11. 

We have added in Figure 10 and 11. 

 

13. At last, you should show the spatial and temporal variations in SD with your datasets. 

Thank you very much for your suggestion, we have added the Empirical orthogonal 



function (EOF) method for spatiotemporal analysis of SD in the revised manuscript. 

“EOF analysis of mean annual SD grid-data in China from 2015-2023, the spatial variance 

contribution rate of the eigenvectors in the first three EOF modes are shown in Figure 12, where the 

explained variance of each mode is 30.44%, 23.47% and 19.0%, respectively, with a cumulative variance 

contribution of about 72.91%. The variance contribution rate of mode 1 eigenvectors in Figure 12a 

surpasses that of other models, making it the predominant spatial distribution in China. The mode 1 

decreases from western to eastern China, the northwest China exhibits extremely low values, but there 

are exceptions in Yunnan Province. The mode 2 (Figure 12b) exhibits a dipolar-type of distribution 

decreasing from the southern to northeast China, and the mode 3 shows a tri-pole distribution decreasing 

from central China to sides. Generally, it can be concluded that the SD decreases from western to northern 

China. Figure 12def shows the time coefficients of SD from the first three models in China, the SD time 

coefficients of the mode 1 (Figure 12d) shows an increasing trend from 2016 to 2023, with the minimum 

time coefficient in 2019 maximum time coefficient in 2021. It can be seen from Figure 12ef that the SD 

time coefficients of the mode 2 and 3 show a decreasing trend, and both are positive in 2016 and negative 

in 2019.” 

 



Figures 12. Distribution of eigenvectors contribution rate (a-c) and time coefficients (d-f) for the first 

three modes of SD. 

 

14. Please discuss the simulation bias in SD dataset. Please also discuss the limitation of the 

current SD dataset. 

Thanks to your suggestion, the discussion on modeling bias has been added to the “5. 

Discussion” based on the answers to questions 7 and 8, and the limitation of the current SD 

dataset has been also added to the “5. Discussion” based on the answers to two main questions 

in the revised manuscript. 


