Response to the comment of reviewers on “Aerosol optical properties during dust and biomass burning episodes retrieved from sun-photometer over Shanghai” by C. Shi et al.
Anonymous Referee #1
The work by Shi et al. studies the aerosol optical properties of desert dust and biomass burning episodes in the Shanghai area. Undoubtedly, a study of these characteristics in this specific area is of great interest as it is pointed out in the introduction of the paper. However, I have two major concerns that have motivated my decision to not accept the manuscript for publishing.

The first one is the data treatment described mainly in section 2.2 (I will comment later several points). The second concern is the insufficient number of data used to fulfill a study of these characteristics. I reckon that three months of data, from March to June not including July and August, potentially affected by biomass burning episodes as the authors assert, is not enough to properly describe the events that occur in the area. As a result, the authors only have considered 10 days with 5-day data for each type of aerosol which in my criteria is not representative enough for evaluating “Aerosol optical properties during dust and biomass burning episodes”.
The data treatment in this paper is based on a reliable retrieval algorithm, which has been used in several published paper (Li et al., 2007; 2008; 2013). This algorithm shares the core code with the one in AERONET products (Dubovik et al., 2002) and poses difference in two parts (detailed description in the second reply of major comment) .

As the observation continues, eight-month data in the revised paper has been evaluated. 17 episode samples （comparable number in several published paper such as Kim et al., 2004; Yu et al., 2009; 2013）are chosen with scientific and reliable evidence representing dust and biomass aerosol. As these two kinds of aerosol both come with regional transport, the first evidence lies with the HYSPLIT model (along with NCEP re-analysis data). The second supporting material is the governmental publication of particulate and gaseous pollutant (listed in Table 1), showing different characteristics in dust and biomass episode respectively (PM10 in dust days and Pm2.5, CO in biomass burning days). The third is from MODIS (satellite) true color image in dust source region (http://rapidfire.sci.gsfc.nasa.gov/cgi-bin/imagery/single.cgi?image=crefl1_143.A2013086034500-2013086035000.2km.jpg); MODIS fire-map for biomass burning (http://earthdata.nasa.gov/data/). Additionally, public media’s reports also serve as another evidence of air pollution episode in this region (e.g.  http://sh.sina.com.cn/news/b/2013-06-13/081350567.html;http://www.sh.xinhuanet.com/2013-04/11/c_132224696.html). 
Table 1 The Air Quality Index and Mass Concentration of Particulate Matter of Selected Episode Days in this Study

	Episode
	Date
	AQI (24 hour)a
	Prominent pollutant
	PM2.5b/μg·m3
	PM10/μg·m3
	CO/mg·m3

	Dust 
	30,Mar,2013
	53
	PM10
	31.69
	79.82
	0.42

	
	8,Apr,2013
	97
	PM10
	57.06
	141.51
	0.55

	
	9,Apr,2013
	94
	PM10
	69.25
	140.92
	0.71

	
	10,Apr,2013
	107
	PM10
	57.58
	143.39
	0.64

	
	17,Apr,2013
	128
	PM10
	70.66
	164.88
	0.59

	
	24,Oct,2013
	81
	PM10
	54.32
	128.18
	0.73

	
	17,Nov,2013
	123
	PM10
	63.81
	254.74
	0.55

	
	25,Nov,2013
	156
	PM10
	80.72
	311.36
	0.81

	
	26,Nov,2013
	178
	PM10
	102.33
	342.61
	0.79

	Biomass Burning


	20,May,2013
	152
	PM2.5
	106.51
	120.39
	1.21

	
	21,May,2013
	122
	PM2.5
	117.47
	151.20
	1.15

	
	11,Jun,2013
	163
	PM2.5
	114.38
	133.35
	1.33

	
	12,Jun,2013
	158
	PM2.5
	122..19
	140.38
	1.41

	
	19,Jun,2013
	129
	PM2.5
	112.32
	150.37
	1.19

	
	23,Jun,2013
	104
	PM2.5
	100.59
	127.24
	1.23

	
	28,Jul,2013
	103
	PM2.5
	79.98
	99.61
	1.45

	
	27,Aug,2013
	78
	PM2.5
	82.78
	100.32
	1.36


aDaily AQI was calculated according to national standard 2012 put forward by Chinese government. 

bAverage concentrations of PM2.5 and PM10 were calculated using hourly-averaged data from 7 a.m. to 6 p.m. in each observation day as CE318 mainly worked in this period. 

Major comments: 
a) Section 2.2.

1- There is no a single reference about direct sun calibration. Where, when, method etc. 
The direct sun calibration was performed in 12th September 2012 at the Izaña Atmospheric Observatory (16º 29' 57'' W, 28º 18' 32'' N, 2373m) with Langley plot analysis. The sun-photometer was then sent to Beijing to do inter-comparison with the China Aerosol Remote Sensing Network (CARSNET), showing about 0.006-0.012 difference of AOD between calibrated and master result. This information has been added in the section 2.1.

2.- It is not true that the method suggested by Li et al. 2008 is an improvement for the classic algorithm (Pag. 11017 line 13-16). The used of “an alternative calibration method” is much more appropriate. Note that afterwards the authors contradict themselves (in pag. 11018 line 6.) since they state that the method has a comparable accuracy to the laboratory “AERONET” method.
The “improvement” may be an inappropriate description here. Our algorithm shared the core code of AERONET one, in exception of two parts: a gain-corrected solid angle was introduced; 72-month averaged ground albedo (error~10%) derived from MODIS in 5×5 km around the observation site was utilized. Relevant studies (e.g Li et al., 2007; Li et al., 2008; Li et al., 2010) have proved that the accuracy of this inversion is comparable to AERONET products but it presents to be another reliable inversion algorithm. More detailed discussions are in the next reply of comment.
3.- Pag. 11018 - Line 9-10.

AERONET inversion algorithm uses geographically and temporally varying (16 day averages throughout the annual cycle) surface albedos for Version 2 retrievals. These

spectral surface albedos are midday black sky albedos from Moody et al. (2005), and

are based on MODIS data averaged over a 5 km radius of each AERONET site (see

Eck et al., 2008; section 2.3). Therefore, I would like to know which improvements are contained in the method proposed here.
In this paper, we employ the aerosol core retrieval code developed by Dubovik et al. (2000, 2006). It is universally regarded as the standard inversion algorithm for AERONET observation. While two parts is distinct from this classical scheme: a gain-corrected solid angle was introduced to produce inter-converting calibrations coefficients during direct solar irradiance and diffuse-sky radiance measurement; 72-month averaged ground albedo (error~10%) derived from MODIS in 5×5 km around the observation site was utilized. In detail, the ground reflectance is assumed to be Lambertian with albedo obtained from a 6 yr/ half-monthly average MODIS value (Li et al., 2006). The cloud screening by using the triplet direct-sun measurement stability (Smirnov et al., 2000) and almucantar measurement asymmetry is also performed in this algorithm, same as AERONET one (Holben et al., 2006). Consequently, the retrieved aerosol property parameters in the paper include the particle size distribution (typical uncertainty~25%) and the wavelength-dependent refractive indices (typical uncertainty~ 0.04 for real parts and 40% for imaginary parts) as well as other aerosol optical parameters like SSA (typical uncertainty of 0.03) (Dubovik et al., 2000; Li et al., 2009, Li et al., 2013). So the “improvement” is not an accurate description but it is more appropriate to use “a partly-changed algorithm based on the comprehensive AERONET one by Dubovik et al. (2000, 2006)”. The revised description has been added in the revised manuscript in section 2.2.

b) Rest of the manuscript

Pag. 11012. Line 5. The sentences is confusing and imprecise. Note that aerosol properties such as scattering, asymmetry, and particle size distribution are not inverted, they are obtained through the inversion of AOD (thickness as the authors say) and radiance measurements.
The imprecise description has been revised.

Pag. 11012. Line 7. Note that alpha=0.7 can not be considered as “small” value while

studying desert dust events. This value is more representative of mixed aerosols (fine

and coarse mode size mixture) with desert dust. See Kim et al. (2011; ACP) and Eck

et al. (2010; JGR) for more information.

The authors agree with this comment. According to relevant research in worldwide, the Angstrom exponent of dust aerosol is around 0.1~1.0 (Dubovik et al., 2002). The long-term result in Beijing in dust storm was about 0.5 (Yu et al., 2011). It is a fact that dust particle can be polluted (by collision, contamination) and mixed with other types in the long transport way to Shanghai (He et al., 2012), so the value could be decreased to some extend but quite rational. But it did not totally change the typical episode while dust was still in dominance in the atmosphere (PM10 as the major pollutant in surface). Dozens of former research conducted observations of dust using sun-photometer in the ambient air (e.g. Holben et al., 1996; Reid et al.,1998; Kim et al., 2004; Che et al., 2009;Yu et al., 2013). Using a “moderately small” as the phrase could be more appropriate and “mixed” was noted in the manuscript (section 3.2 “performed to be more representative of mixed aerosols with dust type”).

Pag. 11015. Line 19-22. When the authors state that they used an optimized algorithm

based on the classic one introduced by Dubovik and King (2000), do they mean that

they use a new algorithm or is it just the data treatment? Which kind of advantages

does this new algorithm have?
The algorithm used in our study can be described as a “partly-new” one. It shared the core code of AERONET one, in exception of two parts. The advantage mainly lies in the reliable ground albedo in algorithm derived from MODIS. The detailed answer has been done in the reply to major comment 3.

Pag. 11020. Line 7-10. Statements of these characteristics can not be done comparing

5-day data of each type. The same reasoning would be valid for multiple points along

section 3.
Same as the reply to general comment. As listed in the revised table 1, we have expanded the data in the experimental period with valid evidence. We deem the episode data now could represent the aerosol properties as the number of samples is comparable to the former research (e.g. Kim et al., 2004; Yu et al., 2009; 2013). 
Minor comments:

Pag. 11012. Abstract. The authors use several acronyms along the abstract without

defining previously: AOD, SSA, YRD, etc.
The definitions have been added.

Pag. 11016. Line 5. Is it really necessary to know that the sun-photometer is located

on the roof number 4?
It has been deleted.

Pag. 11025. Line 22-24. I do not think that the definition of AOD and alpha should be

done in the section "results".
We describe the precise definition of AOD and Angstrom exponent in section 2.2 (Pag.11018 line 15~21). The revised manuscript has simplified the sentence and addressed the significance of these two parameters in the “results” part.

Pag. 11025. Line 20. "The peak at fine mode was sharper than coarse one". That

means that mode width of the fine mode was smaller than the coarse one?
No. It aims to show the peak value of fine mode was greater than coarse one.

The authors have made revisions on this description.

Pag. 11029. Line 12. The ASY is not inversed as the first moment of scattering phase function. It is simply calculated. The parameters retrieved from AERONET code are the size distribution, the refractive index and the sphericity parameter. The other aerosol products are derived from them, including the phase function and by extension the ASY.
The authors mistakenly mixed the definition and inversion method here. Actually, the asymmetry factor was inverted in the algorithm by using the sphericity parameter (Li et al., 2008). But according to Mugnai and Wiscombe (1986), the ASY was defined as the first moment of scattering phase function and represents an estimation of the asymmetry distribution of the dispersed radiation. So we optimize the description of “inversion method” and “definition” in the manuscript.
Pag. 11033. Line 8-10. This can not be considered as a conclusion from the present study.
It has been deleted.
